-

407586

BEST COPY AVAILABLE

Complete Transcription of Project SUNSHINE Conference{

Held 21-23 July 1953

L

320 US ATOMiC ENERGY
T COMMISSION- - -}

- DM Rles |

CLASSIFICATION CANCELLED
BY AUTHORITY OF 7oty ~2,2 G -tF - 3 NON-CCRP f

A sypammIE=y A
ﬁﬂdﬂh._aln m; & [J‘h:hul.llld‘ /,

[REER"




PRV

420818

Dorr’

This is the oirculated sgenda for the FAND-Oabriel Conf

which I hope all ef you have available, The starting ho . /
wrong, it was a mistake of ours and I am sorry, so it the

nmorning segsion will be a hilf hour shorter and 1 am go to

elip ay introductory comments,

The purpose of the Gabrisl Project you probably know, mos{] of you,

The Question is whether an atomis war leads to widespread [destruction

of husan 1life separate from blast and ordinary bomb effec
is, for exauple, whether the radioactivity intreduced by
explosion of atomic weapons is dangerous and at what
becoxes dangerous, Fow, there may be other aspectsy I s
Lulejian here - which are nonradicactive Sut which might
worldwide effects. A suggestion of the Coloncl's - Just
atanic weapons, I think a very interesting one, which
videsproad 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 atosis
in the province of Cabriel will be the quesiiom of wer
radiocactivity, HNow the purpose of the RAMD-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 [interested
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
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1IBBYs
{ continued)

‘

assumptions is that you can rake, in considering this projlem,
it 15 30 sericus a Qquestion that 1tmstbcputtaupo:
test, 5o the purpase of the RAND-Uabriel has essen
set up an experizental test program to determine which o
various possible cets of assumptions ons might make in
of tbe Cabriel préblen. fo we shall be discussing a pro
the point of view of vhat wo may learn in the future
from the point of view of what we know now, I think one
quite cortain that the earlier Cabdriel concl@im are p
rouchly right. I believe that the data will prodably
the correctness, but it is Just that the problea is such
cna that 4f there by any doudt about the correctness of
ascumptions we must settle it by direct experimant, 7Th
a8 new slant which we hops that the RAYD-Ozbriel will

into this problem,

Tae have asked you geatlenenf to coxs here to help. The
of experience represented in this room can in a short
tell us whether the directions we intend to take - that
directions which program we intend to recoxzend - are }1
right, There are seversl basic questiocns involved and
cose ovt during the oourse of the pruent.ttﬁn. ¥e hopq that tho
agenca will prove useful and interesting and oo the sec sheet we
have set forth, for the aftermocn sesalons, some discus
oo vario:s problems, ¥e intend to convene this morning

1:30 this afternoon to present a sort of general r'MuHof the




LIBHY,
(contimed )

Lar-

whols problem, ¥Wednesday and Thursday will be filled cut
ncre detall, but in the afterncon we bope to split inte
of seaimars 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 cf the msasurement of the
the fourth is one vhich ve vish nov t0 defer until, say,
tomorrov afterncon, though thers may be scae hallway

we would hope to put it off until kncwledge of the techni
aspects has been presented, perhaps, If there is any

ses further we might discues 4it, tut I think at the momengt W

will put it off until tomcrrow aftearncon on the classificktion

policy prograns,

It =ay De rather time ccnsuming, btut I would rather like
introduce you gentlsmen to one ancther, I will just
nanss = would you aind holding up your bands or standing,

will just go dcwn the list, Swofﬁomphwhtﬁ‘m.

Rell call

Ve would like very much, as you listen to the presenta

during the nsxt two or three days, if you would msks notgs on

your particular fisld of interest, Particularly if they]are

criticsl, if you don't agree with the presentaticn o
cenclusicns and vrite thess dcvn end leave them behind

your



LIBBY
(contimied )

- fication questicn, We bave two parts to the rAXp)

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

three panels, if you sc choecse, I think that the saag
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 ve disbend, 1a abcut 20 mimites, for mcrning coffee or
begin the formal pmesentaticn, I would like to raise Yriefly,
for your information and considerstion, a rather
problem in the Galuriel task, This is vhat ve call the |

that cocurred in the first week afiesr implosion of a b
would be wvhat we called local distribtuticn, and this

autcmatiocally be classified information, And then we sqid tiat

e A o i e o e
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(comtimed )

Ty

the dlssexination of bosb debris ca & vider tasis might Wil
be unclasaified information, Inscfar as the purposes of
Gabriel are conoerned the isctcpes involved fortunstely spe
10 have very little significence fcr long-range detection or
very 1little possibtility cf revesling any details of our ¢
personal cperations, The precocupation of this yuesticn
vmmselytmawmp-rwmlfmihnthn_

of doing the testing and msasurezeat are so great that 1§ would
be alncet iopcssible to do it cn a alassified basis,

it seeas pecessary to declassify it. Kecv, I aust point
that it 18 nct entirely a questicn of RESTRICTED DATA,
at this point I might ask Mr. Morse Salistury to m ake alscrd -
of dafinitive statement, Mr, Salisbury is head of the
Informatica Division, 1s that oorreot? mm )
Information Division of the Wasbington AXC, and 42 yeu &fa®h
chject I would like you to make & scrt of definitive '
of the wcrrles, cutaide the RESTRICTED DATA question,
may be involved, Ry the wy, this ocnference iteelf is
classified infcrmation, that is it 1s desired that the «
of this conference not be put in the newspapers,




SALISEURYs

" aain outlines, There is quits a bit of particulariza

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

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

that could bs done if you wanted to plunge into all of] the
possibilitiss of trouble, not in the field of revelati
technical material that would aid the opposition, but
field of psychological irpact at home and abroad. At
your basic problem is that thers is en under-current,
ground swell of uneasiness going thméh the populatiod pretty
much cutside any rational consideration of what the h
and the effects of atomle weapons explosions are. P
it comes out of a superstitious fealing and after that,] there-
fore, because of this idea a type of reasoning that
weapons explosion being followed by tormadoes, being fo
by extraordinary rains have been the cause of these th N

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

adbout their belif that atomic wespons explosions are re;

sponsible far weather auouug a‘na ought to be stopped,
This has manifested itself in statements of two Comgr -,

even, and letters have come from Congressional Comait te
the Air Yorce, the Army, the luﬁwr Buresu and the m
agking for statements on whether or not there is a con-

noction,
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SALIS:UXs

TELLZR3

SALISBIRY s

" spbculation on the subject. How, in the interational

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

It is am argueent sgainst avowing that the United smﬁ-
government is making a study of this character.

This is hard to understand. One doss not cozbat mju;ico
with absence of study.

One does combat prejudice with fact and the point herefis that

until the study is coxpleted we do not have fact. You

& thing that is in proceas of becaming, not in process
beirg and the epeculators go ahead and speculate about
the propagandists in the international field go shead
use it as a clud to beat you with, There is also, in
domestic field, a growing feeling that the fallout
is putting the health of various comxunities at hazard.] We
have had to pay considerable attention to this idea h» |
sexi-gnnual reports - both lhe thirteenth, which a
January, and again in the fourteenth, which will app in
July. The atirring up of amnother 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
until you 0 have results in hand you don't touch off




SALISBURY
(continued)

Y TRBY;

field you have, of courss, the possibility that, as ia|the

case of the germ warfars propaganda drives of the Sovi
group, this ~ if avowed officially and made a point of

openly for all the world - may be seized upon and made %hn

basis for anoiher type of propaganda campaign and we
suffered considerably from the gera warfare caspalgn
are still suffering from it in the international relati

fisld. These are the basic things clear outaide the
position of whether you want to withhold the facts, the
toéhuiquu, etc., etc., from the world for putposes of
protecting our military and technical position.

Thank you, Kr. Salisbary. The principal isotope with wiich

we ars concermned is strontium 90 - gs will be ssen ls

so what we are talking about is collecting samples to

determine the distribution over the world and parti
in the biosphere and particularly in human bodies of th

20 year isotope produced in imthlng like 5 parcent fispion

yield fros ordinary atomic weapons. This is the prodl
got the samples and to determine what is the distribut
and what is the result of the firing off of some L0 bomb
How, the previous Gabriels unncn'mod that there would be

real danger. The estimates varied somewhat, bul they all

agreed that the present level of radiocactivity is likely

be very small. Is this not correct, sir? I don't beno#-

to
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(continued)

VOICEs

- Ty

any of them had any real worries at the present time. |Row-
ever, thers is enough as a result of the bozbs that hafe been
shot 30 that wscan answer the vary important question, Fmat

would be the distribution 4f you did have an atomic e 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 unnecesszgry 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 thinge.
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 can actually be gotten. Iﬁ is difficult foF me
to ses how thaese semples can be gotten with surficiont -
patch and in sufficlient nuxber 2a in a sufficiently
economical faction so that one can proceed with this u+v
on a classified basis. IIXTEEXEEEXMFXXXEIE

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

/0



VOICE:

(continued)

BUGH®Rs

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 »

& 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 Ur. Libby has indicated, the discussion renlly
of the problems of classification and such matters of policy

will coma someshat later after the program itself, ¢
scientific crientation of 1t, has bacome somewhat more] clear
in our xminds. For that reason, I thirk he has chosen have
that panel concerned with those things actuated somewhjt 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 problems which are not related jo the
scientific issue, but do conoern themselves with puc , o=
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 fr¢m where,
and when re do wish it, under what clrcumatances must jt be
collected. Having decided those things ‘hen one 1s in
position to consider what ars the ways in which one car] proceed

to accurmlats this maote-~ial - together with the neces

/]



EJ_HER: documentation of 1ts source and a0de of collection, Ijam quite
(continued)

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 cnce you get to
that concretec problem of how do we do this particular ge
I, mysalf, do not feel particularly apprehensive about [the
problea of sampling collection withmt.pnhncity, as f4r 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 wjich
attands a large scals storic weéponl program, and, of dourss,
e the

tehind that then lies our judgements as to how axtensi

wiole atoxic energy program in this courtry may be so thad & -
ths hunan objective is certainly pertinent and vory xuch te
the point. The problem of obtaining human material ‘
usually far more difficult than those of classificati
Those of you who ray have from time to time attexpted
aatopsy raterial, for sxample, 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 autopsy mgterial, g
spasking, in university communities where therse are ws
known zedical schools, where the idea of autopsies has

ot —‘";f”'ﬁ‘j




BUCHER)
(continued)

-t Enargy

developed over a considerable period of time than theje i
in a remote community where many faotors come into p |
having nothing to do with the question of medical mot
There are very many difficulties {n this area, ut 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 deal of autopsy work and human ma
from that source, at least, I think can bs assured wi
very great difficulty at all. There ars some other ar
whers we can obtain human material through other types
functional spproach relationship. In each case a whol
of special problems attendant [rom that locality, bat
are not classification problexs in that case, and they
revolve around other matters, so that I think from sy &
point, as I look at the prodlem of sampling, I certal
agree with Dr, Libby that sacples are fundamental to §
program and must be obtainsd. I am perhaps not gquite s
pessimistic as he is, that samplas canrnot bs collected
thers is widespread information. The prodlmas of coopezatiom
of peorle and ao on are, of course, complex ones. I hoge that

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

/3
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¢ Energy

exampls, with the Departzent of State various persons phe
mast come into this sort of thing and juat how we go
to do particular things,

Thark you - Dr. Bugher. I would like to say that I ha

never had anything but respect for the magnitude of th
problen of presemting this task or request for informafiion

to the public. I have never been convinced that it t to
be put into the papers. FKhat I would say is absolut

essential is to be able to talk freely to pecpls who

be able to help you. Now, I don't know, magbe 1t wouldibe the
best thing to put it into the paper, but I hand't that
particularly in mind. It was more & questicn of being tbh '

to tell peopls frankly and clearly that you were aftar
90

8 , and why you were after it, and why you needed the
sa=ples and then they =zight be able to give you better
than you thought about - and might take an enthusiastic
terest in helping you, snd send it to you and pay the
themselves, and it aoctuslly comese The government 1is

any alscrity frequently. It is so discouraging for an
pental man %0 see how slowly things happen through the

certainty - that this slomess will result from classifi
and this is the basis for ry remerks. You just woa't dofit.

4



LIEBY:
(continued)

Departmert of Enorqy
Histeriac o T

Toma
P

It {an't that 1t couldn't be pushed through if you r
wanted to do it - and give up a lot of other things - bht
it just won't be dons easily and well on a classified
this is =y position.

/5
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BUGHER:

LIBBY: (or KULP)

~2rgy

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? ¥i1ll 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 don'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 exaample, suppose you were making a oruise o:t of
FallBeeeseo(I may say for the rest of the people here
Er. Kulp 1s connected with Columbia and the oceanogr work

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

say that you would react as followss You would say, 8

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 soce cores and atrain out this fine micrqpcepis
life, bottle it, and then to bring back these many galloms of

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

o]
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KULPs
LIBEY:

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

strontium assay problem and realised that the o
there was no minor intereat to oceanography itself in

male the measurements yourselfj not only collect the
but go right through it and furnish the data. Have I guek
Yyour 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
distritution in a certain period of tize, whereas if you
Just ask any ship of a major line and ordered some barrs
on board simply because the captain was interested in

you ysars to do the sacw thing, As far as the bottom sam
meoncamod, that's a problem of techniyve, and only a
vessel equipred with very special equipment to take it,
aight ouilynnt.u few sanples anyway, |

I doa't believe that I presented Dr, Bugher?s point quite fright,

I don't believe you would have sent out a classified vessql,

dona? Or you would have given him an excuse for that sam
was only & part ou wanted it,

Loat T ’\r,'?‘]
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LIBRY)

BACHERS

nenartmant of mnergy

1 think we're arguing sbout something we might pom:;
debating a ocovple of days from now, But I don't think thi
once we get this saxple of sea water that we would eonf
ocurselves strictly to 8:-90, and, the opportunities would p
too great to do other things, I think we'd be interested] in
the organic constituents - elezents which are present

various and all amounts,

Vell, I'm not sure that, unless someone else has a poin
cament, there is any pwrpose in continuing this discuss

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

noon or maybe Thursdzy, but this will be the cnly tise foy the
whole group to discuss this, I would much appreciate yow
leaving comments on this point, end if anyons has any rexqrks
to make,...%rs Bacher, would you care to make a remark?

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

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

in not being farced to msks premature conclusions to avoid any
announcements and discussions, ete., and I think this was Rh
point that he was trying to make, This is certainly a prufient
thing to do, On 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
boujp what

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

N
V)
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BETHR:

Danartraant 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 aof 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 detaciment and a 1ittle understanding, we
never solve the final problea -~ this then comes back ag inte
the final problem of public relations —— and I'a sure thaj in

that stage Vr, 'Saliabury would agree too, that you're go
have wide .diesemination, much greater understanding of
problems of radiocactivity 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 in part to bo Jndgod not
by the protlem of the difficulties of collecting samples,
also by the fact that finally this is sozsthing 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 more|than .
the public knows, and it seems to me that we have everyth to
gain by making public today a large fracticn of what we kn
Just to alleviate public concern about the matter,

e
v

/9
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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, 1 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,

LIE2Ys Deiff:“_’"“‘”“tﬂé&?"é@&anu are g ful and enlightening,| we'll

have coffee and

40




LIBH ¢

KELLOQs

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
agrociates 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,

laet several nonths in an hour or so,

turn {t over to Bodb Napp, who will tell you in a little
about sample rtudy,
arbitrarily divided the Cebriel study into two parts,

Az so-e of you already know, we've
Te
then as Part I and Part Il, Part I concerns the esrly fa

by this we rean ths fallout which occurs in the first few

in the

by going
Il

re detail

days, and Part II, the world wide fallout, which we've be
this worning mostly., Thers was a good reason for this a1

First of all, it seemed that Part I, the early fallout, ¢
considered a type of weapon effect, and therefore it was
that 1t would have to be kept classifisd in most 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 sites, So we felt that it was a good idea to treat
separately, and what I's going to talk about is Part I,

fallout,

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

Denartment of Energy

T R I
Phliademimnta Ty
SV S

brought

21




X711L00g down te the ground in the first few hours, First of we

Incw that if sand gets intc the cloud under the right ¢

tiong =

wetll specify what these are later - that it may conbine]with the

radiosctive material and may then bring the radicactive

terial

down to the ground, due to the fact that sand, at lsast {n Nevada,
is large enough tc fall, and from the height of the mmshyocm, reach
the ground mywhere from an hour to four hours after shoy time,

Another inportant mechanism which is wniversally recogni
way far bringing down radioactive material, is rain, H
éon't have very many well documented cases whers rain ha
radiocactive material down to the ground, soc we can't rel

scavenge debris in a good desl of detail, and I'11 tell
thoze in a 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 mechanigms to bring those down. I mentio
as a possidle wzy to bring these down, 4Also, we must ¢
diffusiong that is, the verticls tranport by motion in |
This 41¢ also a factor wiiich we have had to look into,

The purposa of the present study then, wus to understand t
various factors that I descridbed, and, in a scuse, we have
lecked at this from a rathor academio viewpoint, feeling

Dorartmant of Tnergy
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_cloud, and I'Al give you

first step was to got a basig understanding of the
processes involved. Te felt that we had to do this befofe we
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
of the results of thi?. ¥e pave
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also heen interested in where the cloud stabilizes when

stops moving upward, bocause the initial distribution in
radicactive 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 7 show this first slids it will demonstrate the pointl 15t2e
mcre clearly, ¥e have & plot hers of height of poeit!omH 10,000
30,000 and 20,000 in feet, versus yield in kilotons - for] instance,
5, 10, 15, 20, I have plottéd here some data points, in fhis case,
all from the Nevada tests, and thoy den't follow any very

eyste-atie patterny thet im, thay don't fZ£ fcllow exac
1line which I have dravn, 7ut T think they give a gocd
the trend. In a few cazes we've also plotted bLottoms,
ere still in the prccess of scaling all photographs to gef more
acourate and more points to plot on these curvee, These dash
lines here I'1l mention because thay refer to a theoret
calculation of where the centers of clouds wculd go for
atzospheria conditions. The first thing we tried to do
sae how this mean curve, if you will, thes colored line,
change if we axploeded them undsr corditions w.ich are
disrferent froa those in Nevadn, ¥e'll discuss this ucre

tine conditions in middle latitufle, so we have rolatively jmstable
conditicns and a very high tropopause, And this lowest
where we have wintertine conditions which are extremely sthble,

-
PN EE]
[N ;

N
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Ve bappened to choose a mean conditicn for cantinanikl polal alr over

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

ference in thess tuo caces and to0 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 ‘m this case it never|dfd reach the

bombs, on saying that tropopause 1s the height at which {t
I noentioned 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 .

represcnt the haight to vhich the rain {a rein-bearing clowda usmlly
gres -- the mximm height to vhich it gxa in summsr, and fhs m.uesiion

is obrious, I think, if you accept owr data, that if we got|a bead of more -

than sbout 5 KT under Hevada conditicns, that all of the delris 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.

EETY S

Ty
.

The gross transport is due to the wind and I think metesrolqdgists can umally

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

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

" saextranomsor of data on upper air nds. Another

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

25



tended, elongated, and diluted. uosphggno‘o ¥

shear, which we bave tried to &o. gc‘nﬁaﬁsoﬁ

very important in the edsence of precipitation or sand scavél

bave ﬂE«onoﬁ.»uBm E?-»ﬁﬁﬂioag»oa coeffic

the transport, -&gﬁoﬁéinﬁ%%

-guau-un. Ve .ﬁo»unog&oon%wgu:i 0

Sﬁoﬂnoﬁn’gﬂ-ﬁ:_hg%niug v

slides from Colonel Lulejian’'s data. 1511 present vhat th
nagﬂgégéggﬁgﬁogin

data was {1lustrative of the kind of thing ve get in Newnda]
11ke to go into this (n more detall eventually to show bow }

==




WEXLER1

XELLOGG: (11)

LULESIAN:

affected by surface conditions. For example, supposing it
over & ¢ity or over an agricultursl country or scmething
the time being let's Just look at 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 day I gusss, after the shot poscurred. This
is for TRBLER/SEAPPER No. 5. We'll Just look at it to ehow the
typimptumvitchm%aawpmm, then & seooniary
Vtmmtutmdinmm. This is past the Lincoln +» Unfortumstely
I 8on ¢t have & scale ¢of miles here, but it s cn the order ten to twonty
nieafrmemmdm,cndu:w'uemmuitI anything very
wvrong about this. What's that? Seventy-five miles,. I should bave
had the scale of miles on here., These arrovs thet are § here corress

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 oftde,

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

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

Dr. Vexler, that other maximn is that one percest tlat we }tuph;nby
Btokes law, and {t alvays sccurred that way; it night de vm, it aight
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Nthﬁctthtnmmmmmmum there vas a
strong inversion, but that cne percent of the total, mo tion.

Could you give the walus of the rad{osctivity on the highesq eontour of
that secondary maximum as compared to the first in ground 1

Yes. 7The lifetime dosage of ten roentgens, ItunﬁrmLmhm.
Down hers it's omae.

What {s it at ground serot

Down here it's not marked.

Actually sir, right at ground gero it was really high, 2, but 1t wvas

& very smll area, very, vory close. Ecwever, hare {s that will
ansver yowr question. Around ground sers, if you will take whole
percentade of the boxb that was dspositfed -- it wvas & tely 1§,

mumtmmumwuua#. In other words
it}s & mmll amount arcund grownd sero. Fall [or totalt ] hotivity of the
b deposited on the grouvnd -~ the percentags would de 1$. | Although it's
& vory high rate, i%'s such & small area that the total curiks are very

amll. 25% off.

Do you happen to know the height of the towvert Anﬂvhtmmmt
300 £'t. tower, yield 11.8 KT.
I desduce from these mumbers that 2/3 of the bamb didn't ccay down.

1'4 like to go into more detail latar since ve don’'€ have very much time

-

Tiergy

8



KBLLOOGS this morning, so let's go to the next slide, which shows casas

(continusd) - ,
TUOLE/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 cemter in]this case is
acre intense -- it's 20, and the next cne 1is 10, the naxt 1} 3, 2, ete.
mﬁmmwm:mummm saximm,
and that is the point I wvanted to make, this primary point ; the
socondary maximm corresponding roughly to the time it for send %o
fall back dova out of the mushroom or upper part of the s The naxt .
-lmOGOQ

WEXLR3 What wvas the totel falloutt

W ~JIAA: That wvas ﬁ‘ and incidentally, if you bave & minute ....

In this case we have very low shear, so the maximm was greqter, however
for some reascn cnly T§ came down.

TRLLER: Is 79 of 255 more usuml....

LULEJIAN: ﬁumxwmmm@um.

LOWG S 90% remains up.

Lule)iang If 1%'s & 10 KT, 300 ft. tower, 9505 usually stays wp.

KKELLOOGE Now the mext sisde; This is TUNBLER/GNAPPER tower shot nmutthr 8.
Fourtesn KT, 300 fL. tower. Again the secondary maximias you went to
tell the fraction bdrought downt

1 JIAR: That ws 5.

o Departmer- ~!.':., P : ’
KELLOG3t H;gf._\_..ﬁf-km‘trwtim. The centar bare correspcnds in this case to 5 roentgens
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lifetime dose.

The next slide. This is an attempi to explain somothing
Colonel Lulejiad's data ém tarms of the fraction which is
finction of the height of burst and yield, As & mstter of

eans out of
as a

it ws

presented o us as a functicn of a ratio, the ratio being over yield
to the 1/3 pover, and thers seams to be scme comsistency in fact that

st & gwface Durst vhen this ratio wvas serc, hiight wvas mpta.'very
large fraction. There is differing opinicn betwsen scme of poople who

shot that
as to Just
how much 414 ccme down in ths first few hours, but it seems o have been
vary large, perbdaps between 70 and 1008 is & representative Pigure, slthough
I must talk about this tomorrow with Dr. Cadle. As we g0 larger valuss
wmammNWummvmm&mmM«:lWMu
ws that 2ero scavenging occurred vhen the fireball was calylJust & little -
bit above the growd, and vhen wll the pictures shoved the dhet going up
1nto the mushroom, we though that this ves scmsthing thet had to be explained
Defore we wemt ixto 1t any further, ad 50 this is & tantatife explamticn,...
mnmmwnxm'tmnmummmh The
muslroas goes up, the dust column is always formed, but it
mmumm'tmw&mmm. _
mmummm,wmmsurmo s Where ve
have dust going uphnd mixing with the hot fireball when it’s|still in an
early stags, and then I think in this case wo would expect & vithoutboinc
into any more detail than Just saying that the dust and the ten apd
cass of &
does not show

studied the JANGIR surface shot, which is the only ¥ewada g
Yo can point to. There seads to Le some differnce of

vaporized radicactive matarial were together. Then wo have
lov air burst, vhich {s a 4ifficult one to explain, bocm.u
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scavengiag by dust, and as & temtative explaneticn I think

can invoke

the fact that we Dave very strong internal cirvulation seff wp immediately,
mnmmwmumm«m thlnk,unﬂa
strong intermal circulationalfféf causes the dust columm td move into the

firedall in this wvay, and the air gets in firat, The redidactive material
almost immediately spreads itself out into the doughnut of the cloud,
and later the dust vhich contimues to pour imto the merely circles

around the dcughaut, and nover reachos the redioactive eorq, which is now
hers and here, and this, o8 I say, is a teatative explavation, and we simply
felt that we veren#t happy sbout cbservatiors wntil we hod jocm '
this occurs. Ncw if we can have the lights..,.
Ve're going to move on to vhat we've dong adout neajt, and rainoud
is a more 4ifficult thing 40 talk about, Becsuse as I've ndn
have any well documented cases of raluout, vhere we can m

that these vere the conditimms, therefore out hypothesis sgff ‘
m«mummwu. 'hhs'nnmatmmrm ol o rainout

mmmm;nmumnmmms‘m« - stive particles.
We sypreoched this by loocking at ths langmuir theory far cqdllections by a

3/




m) drop of small particles, taking into account the fact that particles
vere provadbly solid and had s higher density thaa that of waber, and
wum@um&twm&myuﬁ.nﬁm by rain
for particles of greater than sdbout 2 microns, The very 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 snd wwe felt thet there was smething lete in
msmm,-mmmuuamwmui:wtm
414 bring down radicactive materisl, evem saversl days after]the explosicm,
radioactive material must therefore bave boen very small, further vhea
m’;mstmnuoruwmmmuw'u-ppu:’[aumm-:
finely divided particles, I won't go into the detslls dere, nnd/g!cn |
vants to comment on this....

~ BELL} I don't vant us tods respcasidle for saying that this materiil is in finely

divided particles, not that 18 is or is mot, but we Just dont Xnow, beceuse
ve are sanitary engineers, and we suspect that it perheps is but ve don't

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

aboutf

De!’jg\r,* Boat oL r e

Hig -
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1'11 say thet my suspicion is that 1t's smaller than 2 micrins.
hat was the evidence?.

xmmu-mwmu,mmmtuhhuu
talk sbout a great deal more.

Lot me take two mizutes. The rain in Magsachusetts 1s redicpctive, and

m&whmmnnnmmmmpmmm, redionotivity
is removed to only 505, Now this mormal pwrificatiom process is precipitatiom
of sliminum hydroxide. Is this carrect? .

That s carrect, Yyes sir.

And this makes a flock vhich is filtered out, and itis a wmter purifie
csiionm. This thing removes caloring mtter, the '»u, vhich
makes the water coloved, ﬁ'l-apo&\nur filtration « There's
scme form of redicsctivity which resists this,
!mouulnﬂm‘rqm-wuuﬂfm‘umm ution.

Well, you bave te take those things in solutfcn vhich would ve
wmu&umwmu,_naammm. t&tinim
product yield curves and you say whet are those redicactivities, It's
samthing of & pussis. We ca the basis of this vare ting what ve
eall "hundred angstrem rubles® and it's & camcept. I am o convinced
that this typs of evidence proves the existence of small 18al particles,
but it certanly dces indicute that thare is scmething vhich to be
investigated about the physical form of redicactivity vhich down {a

Baosochusatts ralnstorms,




Departr- i .- ..

> Hizian

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 about that and I would like to 4o more of an eladorate
study co that, ammmm,um'xumv:[:me,ux

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

yet,

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

by pecipitation. X think, the public welfare pecpls at Oak
dcns some work on this -~ I'1l have to dig that ocut of the L

Ridge have also
brary. '

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

mterisl over & long period, vhich therefore expbasisss the |
elements, vhereas the bosb haa instantansous production, and
empahsizes the shxrt-lived elements, and therefors you gat &
different scrt of dlstriduticn, '

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

" KFLLOGS That 1s somothing that we certainly looked st. I was
to say that we went on, having decided that at least the
theory would not ascount for the saall particles, and we falt
thgt one should certainly investigate all the possibilit for

tringing down the wmall perticles — we lsave open for

mopent whether they are szall or not, The evidence seems| to be

that there are ~ for sa air burst - lgrahtmwll

where there is no contact with ths sand,

L ITSENs Isn't it true the raindrops somstimes are eleoctrically chirged?
KFLLOGGs That's right. Etan Oreenfisld looked into this in a doal
of detail,and observations in a normal cumulus cloud 30 to

L0 - or so - primary charges on a cloud droplst in a cumulis
type cloud, so in a norwal type cloud there is a charge. [ I¢
occurred to us that there might also be a charge om
particlss ~ dus to the fact $hat they are emitting elec
those that are beta enitters, VWell, we didn't get very

hsve ra-icactivity vwe have a very large production of
well above the normal background which ocours from ¢
and naturel radicactivity in the «ir, Therefore, the drcpletse

Cepartmant ~f Toarey
Histerian's ... .2
ARCHIVES
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(continued)

v

are very quickly discharged and would fluctuate repidly flom a
unit sinus to unit plus and back to neutral again becsuse]af
collscting small fons in the air, and the sams would be true in

general of the small radicactive particles, They also
be neutralized rapidly by the large atmospherie ion contept, so
1t appears that we could not invoke any electrical chargep as

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

Brownian in motion would do, where we had certain conoentfation
of cloud droplets and a certain concentration of radiocactive
raterisls of sub-micron sire, it turns out thst Brownisn poticm
could be quite effective in bringing the radiocactive ratefisl
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 PFromnian motion becomes quite unimportent and the
turbulent motion would bring these particles together, T|hope
you will stop me, Stan, if I say anything that is differilg
from your findings. The turbulent moticn can acoourt forls -
slow collection by the eloud droplets of the radicactive

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

of the calculstion in which, %o demonstrate ths factora vod,
gore gpecific sssunptions have been made about the conditjons,

but it could be calculated for other conditions and gi oauntially
the paze results, This is a logarit mic scale of particlp diameter -
that is diaceter of radiocactive perticles - starting herejwith a

Mnnartoasnt Af .»’:mqr—r-\’

7

36




KELLOGs
(continued)

BE“':‘:""' ot et

hundredth of a micron, 10th of a micron - 1 =micron, The
ordinate is fraction scavenged out of the cloud, in which
rain cloud and the radicsctive material have besn togethey for
one hour, Brownien motion and turbulent effects have opejated
for one hour to bring the particles into the clcud
At the end of one hour, rain starts and s xmoderate rain o

2,5 millimeters per hour occurs for one hour, Now, the £a1l.
ing through the cloud - as Langnuir jredicts - will out
the cloud droplets quite effectively, the cloud droplets ng

in the crder of 20 or s0. So in this region, off the gcale,

we would Lave something that might correspond to the ses
of the cloud droplets themselves, Now, this lerge value
correspands to the scavenging of the radioactive partie
directly by the cloud {alling raindrops. Ye have large
collection efficiencies for the large radioactive particlbs - as
I mentioned, Over hers at this end of the curve for very|small
particles ws have a large fracticn of the small parti taken

into the cloud droplets, and so when the rein occurs it

to find any pood mechanism for bringing the radioactive mpterial
down in rain - unleas we imagins that the cloud droplets the

or more, In this case there might be tims for soze of
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veriffication of whether this analysis is right would ke
find out what the particle size in the rain was, and at
we are looking around - in the ahsence of any informatiod of
particle sige that is brought dowm by rein - end nerely
to say what one would exre ot to happen ~ and lds is our pest

guess at the morent,

will there by civen any consideraticn to another possid
mechanisn for bringing doen radioactivity -~ say froa the -
Juet by entrainment cf thid air in the rain,

¥e haven't considered this - although it will be implied
what I am roing to &say about what could happen in a ¢ type
of shower, I don't think I have answered yowr question,

¥exler, but perhaps we cap talk about this this aftern

I mean any grezt volume of water coming down « take a
bath - or Niagara ralls, 83 an extrene exanple - brings
terrific quantity of atr, You ses, this just by showar
blowing away, The question then isy In an ordinary r
how much air is actually transported down without any re
Langmuir's collection efficiency just by simple en
‘tho air in the falling water,

Fell, if we can talk about sozcthirng that we do reoognt
definite downdraft, that is the central rain core of a
stora with its asscciathd downdrzft, I think maybe I can fanswer

part of your Question,

k11
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GRIOASs Could I ask s layman's question - Is thers any experimen
evidence that indicates whether radicactivity is incorporjted
when the H,0 is in the water phase bs, the ice phase,

| KELLOGs Ko 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 |a
hailstone that we could not get a radic-autograph - despife the
fact that we had a thousand or two thousand dpa throughou].th.
nass 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 s core,

LULEJIANS I aa not sure oa one point on Dr, Fexlar's Question -« go dack
to sand again, In the sand, we have more or less consl its
100 microns, more or lsss. We have a lot of evidence me
at lLos Alamos -~ froz 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 R
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you might get more sntraimment in rain, But we do have

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

13 not as concentrated as rainfall as far as nmass is con

evidence that 1 micron particles that should come down in pix
ponths come down in two hours,

I am glad that you mentioned that, becsuse that recalled
to me that I had coxpletealy forgottem abouts ¥hen you hav
thunderstorn ecoms along you get temperature drops in a ve
tine, temperatures below that of the prevailing wet bulb/temperatures,
showing that the drop in temperature is not something due jo
evaporation of the rain into the air thers, The temperatuje &rop
is so0 large that it could only have conme from very dry air|at

great heights that have been brought dom to the ground
coolodbycnporation..' This has been a subject of some
years ago by the people in the Buresu, and I think that
their conclusions were that just on ths basis of an odse

texparature drop and the prevailing distribution of ths po
temparature - that such sir had to cozs down froa haights
20,000 to 30,000 feet within the course of a single

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

They would be cutside the thunderstorm, That is, they unt:
radicsondg - pravailing bafore the thuniersiorm situstion,

0
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~ on how we set the weapon off and not on ths atmospherie

the only way they could match the temperature minimum
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

reference up - this was written in a paper sometine in
by somweons in the Rydrometeorological Section of the
I forgot about it until Lulejian mantioned it. I think
air satrainmont probably is & fact that should be 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 ha
discussed this a little bit, and we can say that it 4

It 1s deternined mare by the eonditicn 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 partiocles that cannot come to the|ground




KELLOGs by gravity, and we leave open whather they happen to hav

(continued) f
& maximum density ER at 10, a tenth, & hundredth of a ¢
Let's say they are too small to coms down by gravity,
thoy aould 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 obviouvs things that come to a meteerologist's

of air, So, the first thing that we wanted to talk about] then,

layer of radicactivity betweea 30,000 and 10,000 feet,
corresponds to about the height where it would be for a w
of batween 20 and 30 kilotons, Now, this is above ths usy

radar echo, which go wp hther than 20,000 feet, and perha

to 30,000 feet, I trisd to visualise what wculd happen in the
course of the development of a thunderstcrm, ﬁu is the puav
stags, and this 13 the next stage, when it is called a
cunulus, and you will notice that my arrows ars drawn baseft on
the report of the thunderstorm project, These arrows ghe
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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 drwwn 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 »
for subsequent storms, Possibly if the downdraft is

thundarstora, 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 dowm,
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The next case ws thought oufht to be considered to satisly the

immediately - not an hour or two later, as sugpested befpre — but
ccourring right at the time of the explosion?® I tried

unstable conditions, 1 may now be saying somathing whic
be in agreament with everybody hore who has studied
Let's say tentatively that we gould have a condition
small displacement vertically in the stem could sed off
storm st this point, I should say here, how, that this {s definitely
in the stea that the thunderstorm would start, because tje time
sequence for the development of a thunderstora is in ths jorder of
one-half heur to more than an hour, whercas, this mushroda cloud
Er six

ws would

gouéomingmwndrmhu its ceiling at adbout five

minutes, Wow, 1f this thunderstorm were to develop hare

have essentially the same story that we had before, the
difference now being that the debtris might be in the
wpper part of the thunderstors syatem ftsslf, Sinos this is well
above the minus 209 {sotherm, nwu]dcxpoctthuéobc
but ice particles and, as I understand the picture which been

gathered froa radar etudies and flights through thunde s WO

do not expect this mursé'l to fall down to the ground, Yecause

the ice particles in the uwpper part of the thunderstomm very
slowly, 20 then we can say that in these two caces of erstorzs

we do not get rainout of radioactive material by the thumfierstorm

¥




KELLOOs itself, but the thundorstors can merely result in verti
(continusd)
nixing of the material,

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

demonstrate snother thing which is implied in the fact

we say a thunderstora canlt result 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
yst, because I think that will coms ont in the next caseg] whore
we try to show what m ght happsn under a more orderly sy
things, where w2 have the cloud traveling through the | and
diffusing in an orderly way and in such a way that it come
down into the rain-bearing level, and then subsequently
scavenged by rain, Y would like to turn this cass over Ir. Rapp,
Incidentally, before he takes over, let me say that this the
case that was disoussed in an earlier RAND report, which ja lot of
you bave reed, It was also discussed in a recant AFIVP

coantamination by rainout,
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It 1e possible for the circulation around a thunderstora
to bs a complets cycls? It occurs to me that doth cases
of the late thunderstora and the sarly thunderstora would
perait the rain to btring down tho‘pu-ucha, not on the
first way up, but after thsy had coms dowmn and themn

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 expsct the cycle %o be complete in
an hour, but on an afternoon whes thunderstorms 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, I 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 i,
excapt that there is this possidiliyy

~r

How do you reconcils your findings with Pr. Elsenbud's
findinys about how much does come out in rainstorass?

Let me have Dr. Rapp answer that.

#ay I ask how many snd how comaon are thunderstorss that
g§o above 30,000 feet. Is this one in & hundred or it is

quite a comson thing,?
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the thunderstorms. We have been looking at the top of

Well, I don't know what the statistics are for the top"'[:

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 tropopaunss, although I as not sure how

accurate the information is. I wouldn't have expected -Ty

thunderstors to go above the tropopauss.

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

That would change the height scale on the diagrsa soas,

-

ar

tut I think that the general conclusions would be the
that the radicactive material would be pushed out the %o
first,

I aa a 1ittle unclcar as to what the next variation is
going to bYe. Is it going o tako up the sort of extreme
obvious question of what happens if you set off a domb
& good hard rainstora?

I rada't planned on ‘aking that up. I was going to talk
about wmhat would happen at scae much later time.

ey
4

47




LONG s

KELLOGCs

KELLOQG:

Departmnet of Eroorey

A

)

Isn't this a very odbvious one in this category?

kell, you can say the saze thing adout it that I said,
adout 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 amushrooa, Now,
for a low yleld 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 a ground shod
in a hard rainstors would bs 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-oud

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

ure out systems whereby you could rajin material domm.
first such systea that I know of was devised by Colonel

Holzman in which he assuzed the cloud to be a cylinder '!Jch

was distorted by shear. The cylinder extending from the

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




RAPPy availability of weteorological data than by any actual cpn~

{ continuad)
sideration of the cloud. This cylinder of cloud was th
assuned to be torn by shear, expand at soms slow rate an
1005 of all the materials that came in contact with a ra
area was considered to be deposited on the ground imzedig-
tely. Thisstudy was the only ons to my knowledge in w
sany bosbs were considered, Colonel Eolsman was trying
estimate the hazards froas a caszpaign of bombs in a2 small
area. There are aseveral things with dus apology to Colorfel
Holzoan; that are wrong with this. 0One, the cylinder of’
atozic debris did not extend uniformly frow 20,000 feet
down to the ground. 1t is generally higher than this
80 when the RAND study was zade, I cao call this the 2::]

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

expanded it assuming that the =zaterial was homogeneously
distributed through this cylinder. #e considered the

cbserved height of the cloud, expanded it horisontally anit
vertically and assumed that all ﬂurmtﬁorm below the
-15° 1sotherm was brought down to the ground ia the form bt
rain. #e didn't take into sccount the shear of the wind,
80 that was ons thing thst was misasing. Thean the people [rom |
AFSEP worked on the problem and they said well it f» si]_ﬁl
to consider all the material brought down as soon as it hjts
the rain and they allowed for a finite time of scavenging
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 out rapidly, then dilution begins to tske offect so that

and they mads another estimate. However, they stuck to
the expanding cylinder with the homogenecus distribution #ﬂﬂ
thay did not consider a vertical change of the cylinder.
Cur latest wodel, Yark iI .'odel, allows for a different
type of expansion of the cloud, %o have considered a clohd
to expand according to a Fickian 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
haven't considered the shsar. But this now gives you a
ploture of what our cloud looks like at the end of six
hours. Te start cut with an elipsoid of hoxzogenecus cone

centration 3 kiloseters thick and § kilozeters in dlase

and we assuze that the center weat to a height of 10
moters. 4s 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, 0.1% to 0.01X ot- the original concentrztion.
You must try to imagine that thess shells initially, when
the cloud is homogeneous, are all together, we are wpat

Then as it starts to spread these low cancentrations apre




RAPFy a vhils after a 1% line has expanded it gete s0 diluted fhat
( continued)
the central concentration falls down and these shells co
tract again., I think this next picture will help you
visualize it. This top section 1s the peak concentratiod,

shows how the hottest part of the cloud varies. It is

right in the center of the cloud and it starts cut at

and falls rapidly in kL hours it is 10§, This lower ﬂ,:I
shows the hsight of the spherical shells that contain a
certain fraction of the initial materials. You wild Rotp
that the 107 line immediately starts to contract dus to
the dilution of the cloud and it disappears in Lk hours
when 10¥ is precissly at the center of the clouwd. The 1f
line continues to expand for about 12 hours and then i%
slowly starts to contract and thess other onss are still
expanding out here about 2 hours. This is the type of
diffusion picture we have used and now lats go back and ook
at thls' ons sgain,

VOICEs Row do you compute thia?

RAPP, This comss out of the Fickian diffusion law. Ye used a
diffusion coefficient of approximately 108 centimstars er

second and this is siazply the solution to the equation,

SPERCS: I don't belisve that it matéhes with the instrument re-A- .

ings that were taken in Havada.

Departmant of £

H:Q‘t'-- e




-

YOICE:

RAPPy

PLANKS

VOICEs

VOICEs

14
“

LULEJIAN:

PLANK:

APPy

Departmont of Enerqy
F : Rl -

This is a mass rating rather than a radiocactive rating?

Yes, this 13 a smass 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 rata of decay of this thing is 2 minus 2,2 rmI::
e e

there is some scattering data which would show you th

Is 1% the center?

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

cloud. If we can find an isokinetic layer this h whsro _

we fly, because this is where we get the most materisl,

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

¥ell, we usually started in at one hour and call it a day
after about $ hours,

Bell, let me say that this model 1s set up and is highly
idealized. ¥We belisved that the cloud would not be con-
tinuous and sxpanding like this we are siamply trying to
see what guch a model would bring down in the way of rain
outs,

Com
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Are these values in cloue azreeacnt or not?

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

If I understand Plank correctly what he is saying is tth
in the first two hours the peak concentration goes down

inversely with tiwze.,

Tes that i3 in the first ten hours.

This is vhat you would get, it seema to me, if yom had diffusica

in a plane regardless of the diffusion coefficient,

0id yow get Dr. Betha's remark. That it is the apjroxinste

obsarvational would indicste that ti " tonal todedl
perhaps be squeesed dowa more to a two dimensional.

L

That's right. ¥ell, we are quite sure of that. We trisd
the maximus vertical diffusion. Ve believe that the dif
coefficients should be much, much ssaller in the vortical
in the horizoatal and therefars, it would correspond more
%o diffusion in the plane than this particuler model. We
to g;t hare a model of diffusion which would bring the ma

to take
fon

than

closely

tri“.

A wum

amount of radicactive debris doun into the rain-bearing lgvel

in guch a way that we could make sons sort of analysis of
mchv stufl would be rained-cut.

2
)
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. fHEs Is there any experirental evidence on the marmitude of tie

diffusion coefficient?

RATP2 Yo, there have been some estimates of diffusion cosfficignts
nade from the clouds., Dr. Machta, of the Weather Bureany has

done soms work on this, but these diffusion cosfficients
free atmosphere m extremsly rough estimates. This one, 06,
was chosen because this would give us a scale of motion
than the cloud and therefors not tear it'up, but 1t vas
biggest one that would give such a motion. If we go to
larger diffusion coefficient the scale of the motion is

to be big enouch to tear this cloud into 1ittle whisps

gone all the way back to Bicbardson's collection ef K valges,
which he made in 1976, I don't think anybody holds a brigf for
thoss tolday, . We went on to this and made a rough integrafion

of the amount of raterial that was under the 6.h kilome lemil
at different tires, it one hour the gradient is stesp (rigure 2)
and you would expest very littls ia there. By atout threy hours

another 1line Lere to make some sort of a calculation. At
6 hours we have made a csloulation and assuming 100% scayenging
over 8 small area of just about one-half a square mile we
have gotten a dose rate on the ground of adout 70 mill
per hour. If this diffusion had gone along and we had 1
soavenging. Now let us go back to ¥r, Greenfieldh pic

o aetmant QV%r g it on here g0 that

3
S

can look at it. This represents

B A
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the type of scavenging you would have to deal with, 1
scavenging vould"occur only for particles larger than »
microns, If we were down in this rangs, less than ,01:,
would get fairly high average efficiency snd would bring|this
stuff down, but here, between 0.1 and 1., unless we ean
with some riew mechanisnm for bringing it down, we vould hive very
1ittle scavenged cut. ¥e went on and calculated ggain fqr 12

being diluted, enough additional material had been b
inlo this rain-bearing level so that the deposition on
was about twiece what we got in six hours. The caleclatd

2L hocrs shows that the deporition Legan to get sraller,

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 we might like to try to test on what little d3ta §s
available. I think, for one thing, we must take into asqount

scme better law of diffusion, We ure vhat is tviihblo ow, we
know that this doesn't give us a good picture ef ciffusi
the ataosphere and ¥r. Tdinger will speak more full on tHat this
afterncen. Ve need scume batter lav for diffusing this cjoud,

Another point, we need sore more experimentally determingd values
of vhatever constants might enter into wtatever diffusio

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

ey




" (Continued)

LYL-JIARs

RAFFs

e
Denarimais ”

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

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

account., None of ths mbssquent models have sttempted itd coasider
shear. So, this must be taken into account and I think
thing wrich rust be takea into account in arder to get a v o
able viodel 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 xany calculati oa
these admittedly inadecuate models, ws do it sirmply to sep what
the trend is and to ses whetker we are aprroaching what
obsarvations of raincut are available. I certainly wouldh't want

to guess as to what the estixzats of the haszards 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 & straight line scavenging curve, ma we
loose anything in view of the fact thatndon'ﬁknovduv on
s0 wsll? Why not go ahead 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.
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Well, that was my q:;ation, does that make a lot of difffrence?

That bfings up whether you koov the activity distributlop within
the particls sise.

If for some reason we ¢01ld discover scme mechanism that|could
bring down 100r with 100% scavenging or if the 3% twtorpnro

%o 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 dea's undart:
how there can be any doudt about the diffusion law., I ¢ \ 3

there wvas o:nly one difrusion law,

Well, lets put it this wxy. 4is lorg as you are talking
mollecular diffusion then there is only ome diffusion 1

Howsver, when ﬁu start talking about diffusion of rmat
different scnl.u of motion in the atmosphere which may

to the large scals motions of the cyclonss and antieycl
thea you have an entirely different problem of diffusion.] 1I¢
1is intimately tied wp with the size of motions which ars jpread-
ing the clouds, We should de very technical about thie At '
always speak of eddy diffusion so that this point dcesa't|bother

pecple. Anything elee?

1f the molecular diffusion vere frportant it would seem z? ne
that you can ealculate the diffusion coefficient, '
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Well, the molecular diffusion you could, but this is so
this acceunts for eo littls spread {n cozparisos with
caused by the motions of the atmosphere that we complete
thes molecular diffusion in comparisaon. I think the X vg
molecular diffusion is 10 to the minus onc, shore here we

? and 103 .

ing of diffusi.n constants of 106, 10
These units are square centizeters per second?

Yes.,.

Otber questions?

zall -
novement
neglect

Llue for

are talk-

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

talked with Frofessor Libby and his proposal, which was
an assumption to part of our parer and used for calcula
was that these small particles which fom in the first

stages of the fireball itself are incased in small water

lets, That ie, one of the reasons that you see¢ the ol
is dus to the moisture that is collected condensing to
droplet size. JHe¢ has made an estimate of the calcula
that and given us the sise 15 to 20 microns whrich, if he
correct in his assumptions, would cause the scaven;ing
to go wp fairly high in short times sc that some of the
ARDC have twrned out on the indicatoer 75 to 90% scaveng
efficiency for heavy rains, That nay be ons mochani:zm

might answer that type of questio-.

We had thought abcut this problem, The only thought we

v A=y

1t wvas that we are talking hers about the cloud that goe

de
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_ﬁﬁ%n the drops. It is my irpression, I know that at le

above the rain bearing level. Then we have two problemsf one,
it is prodably rather dry up there and it might not last [for s
long tive and the other oné i{s that &t would have to

down,

One theory is, I am not a meteorclogist and since I am
here I had tetter be carseful ol what I say, thore has beef soue

is between 15 to 20 microns in sise, it is as 1t rises p
evaporated but at the sape time a conaentration mass of t
that 1t wculd de reintern encassd in otler vater dropleta] VWhether |
that changes the sisze distribution I am not in a position|te say.

I certainly don't want to get into any argument about the

As far as I am concerned it 4s the biggest cuesticn mark

whole problem,

I would 1ike to tm' this opportunity to point out, for
benefit of whatever value it iz to thoss ¢f you who are injerested
in the theorestical approach, that there is a rossidility of a

very simple enpirical approach which comes about beaause,
least from our observations and I think from others, the
dust burdsn of the atroaphere is vary' airidar in particle gize
and spectrum to the particle sisze distridbution ef this debyis.
Thers is the opportunity of measuring atwosTheric dust b
before and after rainfall and also the particle sise spec
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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 lot of dust present is almost & tidble
corpared with what is ordinarily present, particularly i urban
air, There was so0 1itile that it has adways been my irpriessicn
tiat for all prectical rurroses under certain conditions

scavenging eoffect is 1007,

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

Yo, that is right. It is prodadbly more.corrlicated than khh.

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

inplied that thas it was 100f 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 dacpbud'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 fi'om the mefear~
t it zust be a very effective
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scavenging arent no matter what you say about the particle
distribution.

I hope that the i-pression has not bsen given that this Jart I
is purely theoretical. (m Thursday soraing ve will bave [the
presortation ¢f experirents that are to be proposed to

on seme of these points, :id yo: heve a remark, Dr, Hol

I just wvanted to mention that the effect that Merril Tissgnbud
described is also noticed with radar and fluron decay prefiucts
in the atmosphere. If you measurs thess products before
after a rain-storm you find that the scaverging efrect ig very

cozplets.
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Denpart-e

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

such interest i{n 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
conforence 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 trassport, and
usion into this room for we have a feeling that this will
be the largest of the various seetings. At the end of thg
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. 4As I indicated earlisr this is prisarily
an outline of experiments to be done. The prodblem is -ho?
will people start dying as & result of an atosmic war, and
we focus our attentiom on the radicactivity. It fan't thdt
we haven't psid soms attenticn to other physical effects
but that we ars rather convinced that the radicactivity i4q .
the most likely to be 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 can do soxething about on a
short range and so we asked the Division of Biology and
Yedicine to tell us what the most iaportant and most dan;J'-

oys fisslon products wers, or the most dangerous radio-

éa



LIR3Ys sctive products given by the cwnic‘bdnb. | llc sxpectied o

( cont tnued) -
1ist of some length ranking the most important on down,
but the 1list was quite short and consisted of one isotopp,
and this is Strounu”. Now I've given a sligntly in-
correct impression; there're are interest in other uo\ip—u,
btut the interest in 3!'”, as 1 undarstand it, far ex
that interest in any other isotope., With some Justifica:

tion we can say that our probles is reduced te the study
of 5r’0, 'Now this is ia aany respscts a fortunste develgp~-
mnt, for r¥0 15 a beautiful thing as far as seasuremsn
1s concerned. 1% would be very difficult to divise an
isotope sasier to detect in low quantities than sr79,
This is the resalt of the fact that it has aa yttrium
daughter, the 5r°° dacay is a fora of yttrium 90, this 1f
a 20 year half-life. The yttrium decays with a 61 houwr
half-life and exits a 2 ailliocn volt beta ray. This be
ray is sbout 1/2 willion volt. This is the cheaistry of
the tri-valence elemnts. This, of courss, is an alke-
line earth so the chemical separation of ytirium and
strontius is quite a sizpls matter in principle., Kow
sess immedistely that processes utilized eould consist o
two things. You can use the poparntlon of strontium Yy
4itself as an elexnent separsted froa tha sampls and place

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

CQ”““"—“" .2 - wj
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LIBBYs In that case you get not only this ®eta ray, but that de

( continued)
ray. Two for each disintegration. That's one way of do
it, the other procsdurs is to not bother to separate the
strontive at all, but just te take the yitriua dewghter ofs
of the sample., I sort of parsonnally favor the second, {
being & little bit more easy. However, which ever way
you do it, it is possidle to take a ton of saaple and cong
sider detecting the strontium in 1t with something like
S0% efficiency, becsuss of this dsuchter relatioaship,
For exsaple, we can take the yield of the material froa
a 20 kiloton boad, 20 kilotom bosb equals 1 kilograa of
fisaionable material. mw about four aoles. The
strontiva cores in sbout at S¥ fisaion yield, 20 we have
about & over 20 and sbout .2 or 1/S moles of strontius’,
That is about 1023 &r90 atons yield, If we get a uniforn
distridution of a 20 kiloton bomb over the earth's surf.
we therefors get adbout 20,000 se70 atoas per square centi-
e tey tfu" a 20 kiloton boad, Kow the 20 year life means
we have to have 15 million 510 atoas -- means that you
have one disintegration psr minute. Ais the average
11fetine of Sr90 {s 1§ million ainutes. Pe will have
fros this 20,000 over 15 million as the disintegraticas
per ainute per square centizeter. Since we can detect a
zinizua something like 1 dpm without working too hard, I

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

L 4
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LIB: Ts going to have to take perhaps a factor ef 1,000, we need

(continusd) ‘ !
1,000 square centizeters of area, s> if w take a 1,000.
square centimeters then we get an order of one 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
products were distributed uniforaly over the earth's
surface, is detectable now anyplace on the sarth's surfa

by taking the fallout on an arsa so. Of course, we've

"had a sreat many boabs since then, one notices for exacp
though, that the raiiocactivity hasn't gone a 20 year 1lif
tine; mecans its all around, or eassntially all of it is
still here froam all the bogbs that have ever been shot.
This 1s an intsresting point for the reason that, refer- |

ring to our earlier discussion, we have the oomhtiﬁ S B

between the strontiunm sssay and the particular banhl‘
utilised would be very poor probably. WFith the numbsr of
bosbs that have been shot we perhaps can rexove that .
problea. It looks, 1a theory, to be quite practical,
now thes procedure would de something like this, take your
process of your sanple of soil or of ssawmater or of
vegotabls matter, human material, anieal asttsr, caleine
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

Depart~n-: o -
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( continued)
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rubidiva 90 which is two or thres minutes, I've forgottea

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

the sinimum of cheamical impurity. As you first purify yqur
sasple for the tri-valencs elenents which would follow U]is,
taen let it et for a week and then add & tiny bit of eagrier
and p':rify as5ain. There secrs to be no reason why you
can't handle a ton of sample in this munner. So I perso
ally believe that though no one to dats has ever xunarnT
Sr70 ( ian't this an sxtraordinary situation, this most

dangerous of all the isolopes, for some queer reason, ha
never been measured - it just hasn't been done) {t will nbt
be at all difficult to measure the 5’0 that is due to t
atomic bombs any place in the world, iell, I say not ad
all difficult, you wmust get the sazples and you must procpss
thes, bat it is not a cajor operation. The ﬁ.r_u corclte
sion is that the worldwide contacination dus to atcaie -
weapons «ill be concerned prisarily with the &0 distri-
bution and z0 the RAXD-J4BRIEL proposes that the wourld de
asssyed for Sr70, that this thing be done. It seems thad

there's no way of guessing what will happen. Just consi
the various doubtful points. K¢ know, at ths present tizgq,
something about, at least ¥r, iissnbud tells us, the distyi-
bution of ordirary fisslon products. Sr’° is not am ordl:
nary {ission, it has a krypton precursor., It's borne in fnis
fashions This i{s a 33 second half-life and then it goes t
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whichjy 3 minutes I thiok it is. Tnen finally it gets ba]:.

During the period of a minute here, or four or five minu

here, but particularly this minute here, the fireball
have cooled down to the point where most of the phe
which decide the particle site distritution of the falle
ars over. Yow you have the picture which is rather fr1
ening in soxe respects, that this most dangerous fission
product is now leisurely deposited on the outside of all
of the dust particles it touches in a nice soluble availe
able fora so that it will desolve in water. This would h;
one thing that distinguishes it from the other flssion

products and =ages the precsent data - I woulda't say vort#-

less ~ but one certainly zust check to see whether there
isn't an enorzous fractionation of 8679 as coapared to cb#
ordinary fission product. ¥r. Spence was telling ms that
this was true in the case otSrM, which has a simtlar
precursor history, though that krypton is a longer life

thing.

1s 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 1iks to say that we've analyzsd some of the UREINHO

fallout radiocheaically and thers was far less strontius

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

So this is another argusunt for the assay. Fe really dog't

know azything about it. Now it msy be that in the bigge
bosbs the fireball stays hot long enough so thati there's
some ho;s of incorporating this stuff in a sort of an

insoluable coating. [ think one would say there was uoﬁ
evidence in ordinary fission produc-ts that the stuff is

incerporated in aluainux 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 Lave moltea droplets which entrain and dissolve
the fission product. This is a wechaniss, this makes yoJ
sort of rubies, wvhere the thing is protected chemically

from the action of waters. 7This would make the strontl
less available to the biosphere and would be a happy th
but 1% does seem that in low yield bdombs that the stront
is just about as availsble as it could possibly bde. MNow
maybe the ideas won't fit, but thie is ancther point and
another reason for it, S0 we have atundant reasons for

doing worldwide assay on a0 .

0

Is the Sr'" content of the ataosphere known?

3190 does not occur in nature except insofar as its produjid

by the ssall avounts of radioactivity,

»
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Any assay?

<amper
a

There's never been an assay of Sr9° of any sort.

We have started Sr9° deternination on a large usortuni
of fallout materials., I have no data now., The stron-
tivm's been separated and se're waiting for the ytirimm
to grow in. The only Sr’° that ws have is on those
bones that 1 told you about.

¥hat is the &'90 yield froa therzonuclear weapons?

%ell T don't know exactly, it's probably high., 5% in
ordinary fission. There is, of course, & question of
the typs of weapon yleld, but I think in all thess things
we csrtainly get a lot of it, HNow tomorrow we'll have a
a0re thorough go around on this subject, and I hope that
ons of the medical doctors will speak to us & few minutes
about the reasons for strontium being such an important
isotope, We'rs not particularly competent in this field,
but I think we're all curious.

Icnuthu&thoﬂghtuun--bnomwthu
strontium is the =ain isotope - to ask shether soxething
like plutonium, an alpha eaitter, aight similarly be

ixmportant as a bons seeker?

o9
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%ell I think these things were next on the 1list as bLeing
dangerous, How much lower I doa't know,

About Mo

10-3 would correspond to the relative lifetimes., The
ensrgy in plutonium is smuch greater and xy gensral i=-
pression was that an alpha-active substance is more
dangerous than a beta-active acting substancs in a
greater proportion and correspond just to the energys
the energy concentration means that its acre dangerous.

I1'n surprisad that the ratio is only -’.

10"8 includes the half-life, energy and all tbe other

Tactors.

Then, it probably then includes a greater eollictin
sbsorption of strontium by bone. Pecause, if it were
only the half-life and snergy I would expect the ratie
to be less.

Talking about the uptake of calcium that has fallen out,
Fe're not talking adout inhalation now, There is 2 very
large factor of diffentistion both in the uptake im-
strontius by plant snd from the uptake of strontiua
from the plant, by the digestive systea. Of courss, you
have an additional factor there at least of the order of
1,000 to 10,000,

N
ey
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As compared to wstrontium,

Tes.

The strontiua is wore easily taken up?
' Vuch» Yore.

Ctrontiva s 1like calclum and caleiva is the major elsasqt
in the body and strontiuam is like calciva except probad
less solubls so if it gets into ths bone chemically I
suppose there's more chaice of it staying there than
calciua and so like radiua we expect that strontium wulJ
stay in the bones. Now we sort of guess at this poind

about the distrivution, We doa't know anythinz bdut we'
still got to get 1t, because othcﬂiﬁ we don't kanow wha
saples to take, The uinintorut of the mmn 1-, °
course, in husan lives. It is quite clsar that the blo-
sphers is the most important saxple reala, that ig it is
atsolutely necsssary to sample living zaterial, food stn.frl
for exazple for husan beinss. 7irst of all, of courss,
husan beings themselves. Then there are foodituffl and
the soll which sapplies the food and the ataosphsre axd
oceans. A1l thaese things are to be tested. In the pus:[:
{gnorant state howsver, it is very difficult to estimate
how many sasples will be nseded, how difficult the szeasurg-
nents will be, because the difficulty, of course, will be

[ SRR LY 4
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(continued)

direct function of the assay, that is the abundance.

Rs proposs that the experimental problsa be divided into
two stages. ¥%hat we call a pilot assay and then later a
full scale ul'q. 4nd s0, at the wﬁnt, we're more con-
cerned with setting up the pilot assay program. 4 set of
sawples may be 3, L or S5 dosen maybe as many as a 100,
wisely selscted in the various realms, that is human
material in the biosphere, meat, that is whether you can
use pigs as a substitute for human baings, foodstuffs
which are likely to contain calciup, such as ailk and
vegetablesy various kindas of vegetables contain caleium.
Using the caleium content as a guide to the likelihood of
finding strontiumj strontiuvm data are quite poor., Then
to test the oceans, test the ataosphers, test t.hi solls,
Ffe do enough in the first uf. of 100 samples to zc‘ .-

notion as to what the facts of 1ife are,

It's pcrfectly obvious that there's the widest type of
fluctustion to de expected in certain of these. Te
would, 1 think, expect to find that the sea niéht be the
best mixed of all the realas. Zo seawster is & good placd
to begin (o get a gensral notion., Ve have soms ncasure~
ments on seawater, in progress alrcady. The ataosphere
will be next best probably, Trere are very curious

questions here that we heard about earlisr this morning.

7
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Problea of saapling ia the ataosphera is & very di.fﬂcu#
one. If we find that there 1s worldwide disseaination
of fission products and particularly strontius, it s

to se that 1t 1s extremely likely that this material is
transported above the weather layar in what you call the
stratosphere. 350 we have to saiple it. ¥e have to te
how much is up thors or ws have to prove that it is wp
there. ¥e havs various ways of sacpling this, I think {}e
simplest thing is to take sowe rainwater sazples froa

various parts of the earth's surface several aonths afte;
any bozd has bean shot. It seens very likely and reasont
abls to as that auy fiasion products of strontiua that
get below 30,000 feet where your rain is scavenging the

air all the tise will have been washed cut rathar quick
If you can go to Southera Chile next Thanksgiving and -
a bucket of rain and find strontiva coming out of the
heavens, 1 think it's very good evidence trat you have
stroatium in tho highest layers of the stratosphere and
stratospheric transport. But, regardless of wshat the

inplications are, if you find strontiua couing out in

rain six months after any bosb is shot tais is an impo
fact in itself. So thare's no doubt that we need to co
rain saaples and to measure them. e need the ocean saz
bocause this is the next best mediums, How shall we meas
the ocean, what shall we do abtout it? Tell, strontium is

3
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( continued)

LIBBY;

. 1iving satarial we, of courss, are greatly interested ia

. ¥y measure. I think I learned a little froa 4r. Rn‘ollor

1ike calelin. Calcium metabolisa in the ssa leads diucrl:

to the deposition of calcium., Strontina will wove along

ia this place. 50 we should look, I taink, { You correc
me Yr, Kulp 17 I maks mistakes in this) but it would s
to me that the type of ocean samplss we reed are the
followingt Ze need the top and the hrottom, the freshly
fallen sedimonts, to see whether strontiuam is in the sea
shells that are just formed. e noed the dissolved
aaterials in water itself, we nesd porhaps articnlate
satter which is not yet sattled and I should think these

three thingsare the important things to acasure,

Fall don't you need perbaps the seawater and maybe
especially for fresh water fish bonel', or, Libyy?

Oh yos, of course - 1 was sort of putting that into the
blosphers. This is absolutsly necessary, liow taking thd
biosphere and taking the sea as a principal residence of

the strontiua content of life in the sea - zost of which
of course is plankton. Flankton that can bs saapled; 1t
howsver will perhaps be easier and cleveresr %o lst the
eat the plankton and then measure the fish, so you get
imnediately to the prodblea of measuring firhss and yor; g
immediately to the problea of the lifetime of the fishes

44



LIBEY: that some fishes live much longer than othsrs and you
don't want fish that are too old; he seeund to think
that a tuna fish was v.ory good and then you just take \n#
bones from a tuna figh. So it would seea that yon could
saspls the biosphere of the ocean pretty sazily. You
take these bones and calcine thea and pro-ess thsm and
measure the yttriuma &{n them. Its perfectly simple.

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

LIRBY; %¥ell, 1 think I mean principally lateral sixing and
vertical mixing to perhaps a depth of a thousand meters,
thru the 1lifes sons anyhow. Certainly it isn't perfectly
aixed in the full depth, bat it is mixed in as far u.
1light exists in the sea to any appreciabls extent down
about 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.

What do you think ir, Kulp about this? Low many samples
would you estimate ought te be takem, say of the Atlaitie

Ocean in this pilot assay?

KULPs 1 would think I would take about 10.

T O P L R
Copartirant o8 iy
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~ and effort required for a resl assay that has real valiq

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

Tou would take that many,

Actually your shells are such jood integrators, the oysters

and clams that you can get at the fish markets probably

contain & groat deal,

I think there is no doubt that the ocean and the bilo-
sphore in the ses and the ocesanic lifs can be messured
rather easily and rather directly.

Is there going to bs ons of your goals in the pilot study

to account for ths total strontiua?

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

such strontiua there is and how much it fluxuates and
that you can figure out how many sazples you are going
have %0 measurs and estizate the cost and budget and t

Is there & lead to make it easy for yourself at the lh:I
va

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

Zell yes, surs. That i3, I think one of the things we v
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 the

I

o problea of working cut the methods of measuring it even I
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very difficult and aftsr all aren't we really concerned l:bout

whether ths 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 ws mustn't slip in just because it is convenl

to just stay at hoas on this., Incidentelly, that would
make our jobluch easier 1if iln could just stay at honme,

but I don't think it answers the problem. Now 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 to be done and I think some of this ought teo be

even in the pilot progras 80 if sawplss are being takea
anyhow a2d could be tested for S° it would be & very

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

ed in the past. Kow coming to the huaman prodles -~ 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 times, 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 guite
easier 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 is a lack of informa adoud
 Zegal and religions eustoms and the diffisulties we have
getting sround these, One beillent thought, I don'$ whether
we transxitted to you,Dr, Bugher, « gomeone had the no of
using miscarriages as somsthing that night <= the type of material
which might avoid the religlous and legal diffSoultics apd 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 sufficientt &

LIBBYs Fell, I don't know whether there 1s enough in $t, 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 dons and thay|only ame
putate them 1n cases whore a child has & disease and theq you den's
know shether the saaple is real cr not, .»,

BUGHR; off 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% wps

LYEBYs Yes, T thin: we ndotbtedly want toj but in the pilet ssday T think
parhape 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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Again, if the question is, 'does 4t get into bomes of living
manmelg, {$ would sees on a pilot study you wouldn'$ bejat all
mmMmlulmothrwmm,th-

¥ell, you take a pig «

xm'tmwmm.umt-wms-u
muum»ﬂdqumm,mh, oounld be
snswered = whother you oculd tee animals, | '

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

Muommlnwmmquumh .
mmmmm oguhavom,

manndtmh_. The question of how many seaples of you
are going {3 want i arder to ses what the content of whiat is, is
a diff1onlt one that T would say in the absénce of any ofher number
we'lve got Lo take two ar thres of each of these kinds of |food stuffe

and masure and select then from virious perts of the cognt:

I beliove statisticlans can help a great deal in the congignmen
dthluspludtoodtutoindicatothomu v-
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computation of th-‘runltc e gel,

LIEEYs Te have one with us and I hope in the dissussions this
that perhaps some of these statistical points can de
out becanse you sre gquite righty perhaps one of the most
things we want to Xnow firom this pilst ywogran i how senples
you are going to have to measure to get any reliable !
andthhmuﬂatm'nmhmomﬂumd
kingtdgatwaortofinﬁuﬂmofﬁhmtm.

CADIES Yes, we've Sust gone thru the procedwre,

LIBEY: How there will be varions outoomes of the pilot program, It;q
| be that strontium cones down right near the sits, ¢
worldwide, or 1t may be that 18 hes practisally unifors
distribation, These could be two general reeults, Fow |
ﬂutimtmnwud,ﬁm,m&m“nﬁ
mm«cmammmq ml!athlum
nunmmuuuauwummuua
general bulldenp in the humen body snd of things of this
whioh should ecatridute to owr knowledge and prediction of the
dumdge it can do, m,usromma.thwmAu
either of these extrems results appeared on the pdlot p
we would still want to meastre ¢everal hundred and perhaps several
thousands « I & not sure = dbut certainly several hund
saxplos in order $0 acconplish an assay of the world wb
be of sufficlent validity to high officials pipeing

ted
the

Denartment of Enargy’
Histarian’s Jifiga

pommm ey




Dn"arfm r‘t ot
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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 rogran 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 oully,
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 L you hed & &

that 1s, if gone wniversity ar sooe private eompany went jout snd
di4 this even though you misht be supporting 18, $t nighf canse
you less embarrasaxent, Now we have in mind ¢ niadey of answars
to these questions as %o how it can be done partieulariy[ia the
Pilot stege = vhere we think of the arder of seversl dostos of
sazplesjand T think there 18 no doubh thet thet oan b dfne 00

thet 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 ahgwersdle and be possible to eons! |
varfous ocotractors asd typos of errangsents that oould be made,
Now lodk, this is not only just a matler of Gelriel, soond
%o ne that the cr’° distribution in the vorld mey be a thing of
real fundamental interest in various fields such as hydrplogy,

perhapes certainly in occeanography, I believe perhaps epe

i



Histerian
AF

Denartment of Traray -
fan 7 a

woteorologists might learn scmething from the dis of
this material, I think there is no doubt that these varl
muwmmmmmwmm 4

think that thers would be no lack of interest in wrking ha ihis -
if 1t cculd be kapt out so that pecpls eonld discuss ra
freely, these general fundamental spplications of the da Now

pression that we are indefinite cr wssertaln sbout whab vp mesd, : . -

mtnmhmnﬁph. Te mean to measure the wor! ,sw

the world for Sr°0, And this, I hope, we will be given

and important ons, X don't think anybody can gusss this, ‘It'l
got to be moagsured and only in this way will a real tothe
worldvide Gabriel sver be cbtained, This is the scrt of frend of *
thought that we have had here this summer asd I think
a groat deal of documentationy mofthhviu& t
lw&.?m.ﬂlmhmmmﬁtmm“i
natters,

L
:



LIEBYs

HILL:

_Then the fallout material sticks to the gum paper, they

s [

¥o want to go over the details of the worldwide GABRIEL morning,
Feo are most anxious that there be free and casy disoussiqn, so dn'd
hesitate to interrupt and ask questions. The first of tle offerings

measured the real isotope, muu.mmemm' a8 you

products, because of 1ts krypton precurser, ¥e'll see % v
can do, ' 1

I notics that the topls of my talk is present knowledge,| It is
really not as all~inolusive as that, even mﬁu-!u
ve know adout the whole jroject, Bom,M!hn

we are parhaps from the danger point, MNr, Fisenbud's prpgran
consists of sending pooph@n~pap¢'h£ohnput6ut

up and sent in and ashed and measured on a beta ray
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would be so small that the constitution of the gaumms from
the fallout to these counts would be negligible, Fith i

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

was treated, The samples were taken oncserery 24 hours ofl 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 renge 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 wes by 8o peans unifotm
.ggu?«»oavﬂ.ﬁuwﬂooa»uﬁoa.m..?g
stations by state and sverasge them, In some sases there pw
stations in a state and in othr caser one ar twe, In thbe
I tack tho values around the boundary nearest the bound

44



and averaged thostin, uaui.:l.a&torﬂ?lﬁvi
which these values were placed that thers ware ganeral

that s, from the test site outward, thers was s general|trend of
falling dff of the sctivity ani this ssened & mre falr yay o tread
1,

¥ould this messure any estivity brought down by raint

g:-ngnsﬁﬁgwugwgggﬁoﬁ*%‘a_ .
that's the effisiency of collection, I plan to discusa fhis later,
Sinoe ¥erril is here I hope be will tresk ia at axy time|if I sxy
.%Eovpoggﬁﬁooaoﬁuwuoﬂﬂ.ﬂ.nna v myw

these reparts were publighed if you don't mind, a.ﬁ- ....o refer
" %o that for just a few moments, oanrpneﬂ..»-.clh , .‘w |
%o complete & is business sbout the averaging, If you J

from all the stations and divide thea by the musber of
got & slightly Jower valus, but % checks farily weil sof th
tadly  fairly good valus, It 1s about 1500 es T remcadle, On his
basis then, you get about 2x10™2 owriss per square xile fa the aversge
g?q&.lonuﬁgw.uoa. |

These are w.oﬁ.»oac

Yes. Tow the total valus for the United States takes a Jittle analye
sis, ﬂiggaszgovwgggoﬁﬂ. ion par

R




LIEYs

HILLs

Libd:-s

chﬂ!"f

wnnt Of Eﬁn“gv a

square mile, multiplying by a fev nillion miles, square
18 6,6010™2 megacrics, 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, Di4/Ad quite large percentages of the
putwmlﬂbemmwrwbytbocmdawlor
end taking his figures whore he gave a range of valtes f
timate of the parcantage of that prrticular bosd which
im:'nzoomuoreh.muu,x:mto&un valus

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 about
Bﬁ.crmnf%ctthwﬁ-cmwtmtnmr
nrtn. _That 1s Just on the Tnifed Ctates, Eow the wor
sitoation in the TIMBLEA=SHAPPIR = _

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

It's 3/200,

About 65, v-ryma-uun.. |

8]
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HILLs

3

Department of Evergy -
Padapiowia 777 0
IR R R A B SO
IR T
| |

Yos, dut you'll see that this 1s,..the.s you'rs making anl inference
whioh {5 mjustified, nrﬂwongﬁslcﬂ.goan N..l

afraid, TYou difn't aocomt for all of 1t by a leag vey, |the

woriduide regiment, there ware anly 16 statioms setivated] ant of
thess caly 6 made measuremasts all during the period, whif:
from April 1st o past the middle of Sme, The other nind wers mot
sctivated mtil about the tine of the 4th shot, and they Heported
for the period after that, The waximus fallout cbeerved s ix
Seotland, sbout 610 disintegrations per uinuts per square foot,
again extrapolated to January 1, 29525 mintmom is gome quebtica =
cne staticn in this nine which didn't reparh for the vhole sartss,
reperted nothing, The lowest valus from those stations weh 6 ant,

baking & correction for the fraction of material which hatlbess

put 5 {n the last S explosions, ome has to up these valuep toseee
hn, so that,,, I can't wp sero .BJ.IF...?S gives yoh scme
idca. The szme thing was done,,essthese were aversged in,|,.vtth
fasﬂggngsoqg.;: At

the amomt of stuff that went in, Now an that basis, the jorlde
wids, wll I should say further, these stations did not eofw
Anyshers near the shole surface of the earth, even as spe

variation wes from 60° north to 35% south latitade, This shoow
for sbout 40,000,000 square miles, that is the total of &

—

Ao
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LIEEYs

HILLs

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

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

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

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

& matier of playing eround with nmibers a itile bity :me-
frankly constructive, Kay I erasze thist

unmhnmmtmmhtmm ichan
oollapsed three of the weeee

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

mntytuuymtodfwgbpmhgoaf&n
astivity pub vp worldwide, I sspmmed first cme could tht
mmmadhb?ﬂ.wlwﬁnﬁdv

aocounted for here, and you osa wark beckwerds and find
Mdmﬂmmﬂdhnhdtohanmamh_m average
for the rest of the world to ascewn for the total sotiviky, and this
oomes out to be, I think, s eompletely unbelievable s 852

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




LIEBYs

HILLs

S5r~VILLEs

: - 0 .
me o ‘

-ﬂgrg.aﬁyﬁggiﬂsﬁ??
Frevalling winds are largely from west to east, so that wordd
f&ogggég-oﬂa&hg.gg

ga»ﬂaﬂo-g«ogbl.u&-b-oﬁﬁw 1t's comp
believable that cne would have found that muoh for the a

&o.lg?ﬁ«w-oﬂgg?g?uﬁ neglected,

and the polar reglons, would be something 1ike 20
vﬂ&%k&og#‘fso%?aﬁ. you use
this value, then you wind nvgngnl.r.ﬁnr-uﬂ YeooI'n

sorry, only about 13 ar'so parcent of the sotivity = 151,....

How if you take the, fust take a gusss, say wel), suppose
wers 502 effiolent, You still soce wp for the.necessary
up the bocks, of 350 for the rest of the world,

gl!lﬁﬁﬂ.nz&&izi You were fo11
that there 15 stratospheric storage, thet the activity :En

(ne can say that either of the order of 60f of this stuff ste
in poriods longer that the pericd of mcasurement, or the
of the colleotion of the papee are the arder of 10 to 208 <h=s

ouof«ub&uouu?»ﬁ&?ﬁ%é??&ﬂiﬁ&n

i
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8. .ILLE;
{Continued)

EILL:

EISENBUDs

HILL:

EISENBUDt

EISENBUD:

fallout and that isn't in the picture at all here,

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

paRpere

~

I think wve have good evidence for that.

There certainly vould be a question though as to wbether
y Ilu'

efficiency of collection would be the sane during
during dry fallout, '

Vell, ywknwlnmmlhrnport,lthinkuuﬁth
original BUSTER-JANGLE report.

Yes, I remenber that, H‘

In?aquarcfoottmwmmanhnminm Hin,

wilE: ¥ _l:hmff""“‘:

wvashed into it. chmmmu.qhuaemat.

pruumblyvagotmqthmmtmdm Ine

collections vers meds by Dr, Wexler's group, But, o thg

wmlo&lutwmthiuubluthnam

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

blov off and, although the instructions vere to slvays kee

Deﬂar’rment .:-f GRERLY |

Higtorizo's 00723 - :
ARCHT b

g nd

e

e
cem

90



LIBBY;

LIBBYs

half inch of vater in the tray, in some places this
&ome. The varisbility ves in the dry parts of the
mmmmg\mﬂmmwnh,m
yielded higher collsctions, even vhen it rained, This -
couldn't account for. Water vas being spilled in the

of transfer. ‘meumthimvehnanoconﬁ'ol'mr Over

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

Could wve have a little description of this mmd yaper

Gummed paper uses the same adhesive vhich is on the

Kleen label, vhich you can stick on ladoratory glas and
pull right off. It has very nice properties, It
1tsadhssimum:d&ramoftmcuhmacﬁi
vhen wet, Owintcrpretationotth.factthatwvmp“
highly efficient collection vhen it rains, is that the |
Mmmmwa\mwsmdmfnom:t.ck,_
letting the vater run off, Nov, ve 4o knov that 50§ of|is

1s ruming eff. Of course, our interprethtion of that {s thad
this 50% s in solution, I is mads up of solids in thi forms
" of very fins particles, But the percentage that runs off is

fairly unifora - & lover Linit edout 308, upper limit
8od.

Then you wvould not necessarily dissgree with Mr, lLong's

statement, Mr, Long suggested the missing 80% would be|rain

vhich you dida't catch cn gumned paper.

DeDa”‘”G:"* A T,
H":"f.ﬁﬂ:,,..- ) o
figioric

N

F—riiore o

Ry K
N acliy. o300



EISERBUD:

HIT.Ls

LULEJIAN;
EISENBUDL
 LULEJIAN:

EISENBUD:

This gets & little tricky now, doesn't it Merrillt T
given sampling station, the fraction of the tauont
Mmmbimtmmwmmshﬂmh
80 the sctual collecticn efficiency for that statica
the vhole period might de quite different for the
stations,

R

I think you will find fram an analysis of the dats, once
mmwmmmofthBmth
down by precipitation, In a station vhere it rains ca
aversge, fallout would be about ten times as high as
fallout in the case of & staticn vhore it dfdn't rainm,

Then, you would say the collection efficiency for a
polnt of viev would be what - ebout 50%. nen,oam s,
then ..e00 — . Mnm.muhm ,
4 you use 50% for the efficlency, vith & cons{deradle
unaccounted for. xhaven'tmanmmtmmy,m'
1t must de on the erder of 70 to 0% 2

Do wve take any ocean saxples heret
o

You don't have the fallout on the surface of the vater, fhen!

I understand thet in the TUMBLER-SHAPPER analysis, mjmw-
polations, on ths basis of data from fifteen stations

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

A ]
“q momartmont of Enargy
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(Contimed
LULEJIAN:

LBLEJIAN:

HILL3

six square feet, one square foot per station..eees

mmnmmmtmunmm,mm]:._ '
sazples you have, emuummmwthamuu of [the, ..

m«m-mmmmuuummu.s.um, h
uniformity of the wey in vhich dats can be related to dfstance

from the test site,

Can you then relste this to the rest of the world, 134
question, Why are you worried vhen you can't!

m,xtmtmammmMMeuuamT ST
don't think we ought to take the full group. I doudt this
mntoumwreoodirremtmmt.~

Mcoﬂainlymdﬂfemtmorgomgma.‘ : L
I think coe has to say o be falr, that as far as the WliNdag ? s ¥ o h&s
situstion is concerned, TUMBLER-SNAFPER, {t's only the

" {nddcation. It looks as though maybe even in this s ebon AR A “'
out of the eight shots were tover shots, you still have il .3
not sccounted for quite a bit of the activity put wp T N
the time period of measurepent,

The question of the ocean vas raised, The area of the

Atlantis Ocean, I would imagine, wculd bave an: sctivity
oediate detween the U.8, and Eurcpe end, therefcre, ve
Was this taken into account?

This, essentially, vas vhat was token into account, pertfcularly

area in wveighting the values.
r‘.\'nwrw'-v,...;.‘. I
Lt Toenay




HILL:

LIEBY)

LIBBY:

E TNBUD:

.mmmmmammmu.wumt ,

Vell, it seems to me that though this would bde more profi tably

mummmmmmwa“l
scavenging, I vould like t0 hear your answer to this dong

do believe 80t

I think 42 you vait, Dr. Libby, until the Ivy it vill become
quite clear that.....s '

Jo, 1 vant these TUMBLER.SHAFPERS,
I see,

Thase lovw levels,

The trouble vith all of this is that so many of these questions
are reised after the fact. mwunm»mf
wvnaohctoboabhtoeatmmﬂtoitamt. It

plot as & function of time, mmmmm sy, the

mmqummnmum,ném

before the test seriss « andthhm'tw“ym,

fluctuaticn ebove and below sero reflecticn of the :
of background counting, Then, all of & sudden the sctivity wes
epiked up to & very high value, vhich might be 10% or
times as high as 10T, Then 1t would drop very rapidly oh the
ronamgaaymumummmmmm”@.

-
e

EIATRR SRS

nro- N
“rergy
.
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EISEMBUDS

o

vhile, but the integration of this cwrve that we would
would be such that for all practical purposes all of
activity would fall cut 4n cne or two days vhen the

vas passing over this area, then ve vent to pick it wpha .

the second tine arcund, the comtribution into this vas 50
minor that we neglected it. 1In the labaratory ve bad

problem of counting 300 £o 600 sarples & day, Ve dec
arbitrarily cn the basis of our experience vith this sor} of
thing that we would neglect counts of less than about 30
disintegrations per mimits per square foot. Remsuber noy the
things that were contribuxdns to the totals for the test|period
vere counts of the order of thousands to millicms, BHow Thil
mmrm,q@tmmmm%mw
a contimucus drip - the only vay I can describe it «
vent cn until the beginning of the UPSHOT-KNOTHOLD
s0d nov ve're picking 1t \p sgain as UPSBOT-KNOTHOLE
¥e find egain thet Ivy 1s back in the picture, This ¢
mmormcronu.mmumamsam

Is tat extrepolated, or actual!

Actual, Remenber now that this is six months after the fact,
aftar the detonation, 80 ve're dealing with long 1ived |
fsotopes. This is only a fev days after the detonstion. |These
Jorhoars d.ﬁer R per day we reccrd at the end of the
represent & very significant fallout, end since this is
not perceptidbly diminishing we expect it to go ca for a

epart
peo
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EISENBUDS
(Centinued)

VOICE:

EISENBUD:

LIBBY;
. EISENBUD:
LIBBY:

LIEBY:

LIBEYs

tima, Vowmmknovhovlon‘nﬂnmmm

tharu'umﬂnrutofbtsa&tacoduwmt'lpm
i¢. Mthrohmmnycgnttm For Ivy there
definite evidence of ataoepberis storege end egi in hi
eohsmktomatnwmmkmmdwm,w

do

find drift from the early test seriss vhich we wljltbli

tine,

thmmgamtgm\mdbetoniw‘l

Well, the instrumental beckground in our laboratories
the order of 6 counts per minute, The actual dackground

oa
[of the

fallout papers prior to Ivy was probably cne count a minte, I

pean there- is an indication that thore vas & vey
Phucufnlmm
50 oo

Tou get scme stuff from redom, do youl

¥ell, this doesn't bother us, because these comts sre mide

several days after collectiomn, -
I o0,

LT PRIV NP S SR

!mtakamqumfootormmcrmmndm '

the residus - mummmm,umm

Daypar B
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A_ANBUDs

LIBBY;

SCOVILLEs

HILLs

I NBUDs

EISEHBUD:

LIEBYs

Departmen’r f‘f & Aerty

F*

. 20 minutes,

Yase

mm:mtywmmm,mm

It'llntunbettortmtm,nh&namywd
which gives, vell, 455, We count to 640 count nov,
usdd’to count to 20 minutes, but we didn't get €40

¥arrill, how &0 you calculate your total bets '
your disintegretions per minute per square foot. That
lead to considerabls error,

HBe diin't do this, I &14,

mmunmpom,mwmemmgu
tomdththhmm@notmhnuhnﬂnmh
™ seal these ssmples into polyvinyl strips ca tipes,

The windov 1s negliyible, 1t's of the order of 1.5trm-

or 1.7, B0 we are getting scme sbsorption of soft

msumummmmmmarm“mwfu

there is a longer life involved, These are softer,

What wo bad hoped vas that our eccounting methods vhich
systems vhich ware selscted on the basis of expediency

L 4
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LIEBY:

Derartrant of Enerny

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 a good possibility of that, You st T
h&p@odm‘bobookn,tbenmmnmylgomm,by
standardizing, this would be very helpful 4if you could i
falrly soom, it isn't a very dbig jod, amd write dovn as
function of energy what your counting efficiency would bef and
then convert back ¢to betacuries per square rdle as a resud S
of this, That would give us & muber vhich might differ
spprecisbly and might be more valuashls,

= -, &N s ~:.§r:§1;‘§::1
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LIBaY:

SPEXCE)

LIBBY:

SPEINCE!:

EISENBUDS

1

wss that it could account for 1% of the sctivity put w
from the vorldwide sampling and here wvhile a muber of
still leave scmething to be desired as fur ss covering
of the wvorld, you still have & mach larger oumbder and
mich more widely distridutad. In this case the aress
used in determining the avorage frm these 49 staticns pl
U.8. stations were a 111 millicn square ailes, say
million for the wcrld, This is sn indicstion that
there vers large quantities cof material that stayed in
upper atmcsphers for & pericd longer then the 61 days
Marrill says he is now finding. Clesrly, if you ccgpare
tvo, even 1if you essums that this sort of thing 1s
the real efficiency of the gum papers, you still have 50%
of the Ivy which is unsccounted for,

Do you agros with thess nuzbers, Mr, Spence?
I neitber agres now disagree, I an intearssted,

It doesu't shock yout Mu,mtum-dmtht#od
youl

ImeomeMunmsupwm.

Yay I ask hov much of these percentaces were arrived as. vas
agreed that the questicn of efficiency was inveclved and youf think
1t {s sbout 50%, Doas that require that you multiply the 8|6

vy 21

l
[

¥
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Actually taking them at face value the efficiency twrns out to

Well no, I an going at it the other way. Vhat happens is
that 1 you assunze that half of the fallout is within 200

the defficiency 1s 50% and then it ccmes about 35% $a the
of TUMBLER-SSAPPER U.8, vhich I don't think is a bad estimhte
of the fallout,

But, according to the fallout within 200 miles that X -
ated, there was only sbout 5% of the total within 200 mils

I vas told that fewv if any of the collsction stations for Ivy
at the test site ware in the line of fallout,

Vell, »n»u-ﬂgggnﬂwac%oﬂgsb-
Bob Repp = iea’t 1t trus that the activity from Ivy spresd
out all over the northeast and northvest Pacifis pretty

Tes, 1% 414 sproad out, dut the point 1s that is thare werq
some secondary fallout mstter, such as you chbeerved from
Esvada, as Cclonel lulslisn has measured, you would miss
corpletely in Ivy because this would be in & laxge sectioa
ocean,

Certainly one must take this into account. A very informatiive
sggrgngoggowaogﬁ
even considering that they are heavily raided cn the U.S., pou

. N
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BETHE:

HILL:

Vr— B

EISENBUDs

VOICE:

RILL:

LIEBYs

EPERCE:

(coatimed)

#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 &s worth menticming. This 330,000 wis

the total for Iwvoc Jims over the 61 days, extrapolated frem
Jamuary 1, 1953 and sctually 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 1a that part of the world, I guess,
hv:mu&dmmelmmmnlvyatm!

I have no informmtion on 4t,

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

%¥ell, I have a very difficult tinmes relating the elcse-in

fallout quantitatively to this dats., Howevey,

1t night be poasidle.
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BCOVILLE:

ADANS!

CADLES

Nanmar

Tt

" NRDL mads scms messurenments, The fallout was quite

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

that 1t wvasn't an extrese problam,. Is that rightt

iadble,
I suspect it 13 a much bigger faction than vhat you are
ing about here. Cerrtairly mors thea 1§ of the totsl.
would dominste all thess other matters.

The station layout was not directly in the line of the
It vas pretty much upward, rather than dowoward as I .

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

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

I would 1fXs o get bold of this data and fnclnde §8 4f &
possible, Eowever, again 1% might be fairly amislesding,
suspect that is 1s & much diggar fraction of the total
of fallout than vhat shows up here, mn,mhmtoio
11ttle careful there, The earth is & 15t of square niles
you, depending co how much area you consider and what
you considsr a repressatative part. You ses, in the case

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

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

SOCVILLE:

SCOVILLE:

HILLs

YOICEs

ADAKS:
YOICEs

ADAME)

Danartmant af Enoragy

miles of the test site. Actually, the intense part of {3
d34n'¢ cover this whole ares by any means. Thare vas & s
under the dovawind direction of the projectica of the
oa the basis of Colonal Lulejian's values, this only
for wore than the total fallout in the U. 8., it is true,
still d1dn't account for a large fractioa of the total

and,

i

mum:ummmmmummm:trau
b

vhlck almost nothing landed close in, end the Ivy ebot,
a8, ves & surfece shot,

On the other hand 2t went swfully high,

18

That is true. mmmmwmmm@d

not too badly from JANGLE,

Did you astunlly got contours from this?

Yes, the data 1s very pour, vhich everyone will adanit, but]thoy
aTe 2ot lxyoff by orders of magnitude mmtmmurcdo

from JANGLR,

Have you tried to analyse to £ind out ¥has parcest of the fativity?

I don't know vhether JRIL has or not.
Have you analyszed the contours at Ivyt

You moan the integrated fallout?! No, I dida't work oa
particular project se I dea't knew, I Just repest these
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wontimwd)

LIBBY:

EPEUCE?

HILY:

Depart=s -t =7

from sancry from resding the report. I might ssy though

the Qifference « I wonder if snybody here has cbserved

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

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

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 8 figure 1ike 103 or even 208, 1t ish't
golag to change your eonclueions any, 4s 1t? I don't be
that it wos way high 1ixe 50%,

Furthermore, you have Riserbud's evidence thas it is stil)
eoming dowm - it mt de up there, & lod of {¢,

sncther interesting thing sbout thet, You teke & U.8. -
ment ovar 8 tvo week period, vhich wve are locking at a%
precent time, and find thet the fallout during thst tvo
pericd, extrepclated now to 1 Jamuary 195%, will vary from|ssy
10 4 per a per squmre foot to say perheps 100. It ceens t4 be
quiulwmm&mmmdth‘mg
may bo atiributadls to rainfall at these collection staticgs.

« It
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EISENBUDs

EILLy

GRIGGSS

EISENBUD:

GRIGGS:

BEILL:

Depar*;v~:1; =7 T e
Hirtoo o

Do you think that if you were to teke this data you wvers gatting

nov, and you got before at UPSHOT-KNOTHOLE, and sart of £]t 1%
fn betwoen, by guess, and extrapolsted back to Jamuary 1,|2953,
would this be a dangerous thing to do? Ityr«:bab).ywou:l.cF
wouldntt it?

I would make one statement cu the desis of wvhat I have

from the date so far., That is 1f more than 1§ can de '
for in the period W61, I guess this is up through }NeS0
thing vhich vas the start of UPSHOT-KNOTHOLE,

I would epprecists 1tumcmldutmmyorthhut7thﬂ
I cen analyzs,

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

I 4oa't quite understand this, Do you mean to say that
Teel during the tirme detveen 60 and 90 days than fgel In
first 60 dayst? |

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 crder of magaitude.

You dave oo Indicaticn of & fellout or rats of falloutl

It would be very intoresting to try to keep track of this,
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BETEEs

HILL:

fapartmaont of 27070

ile Fpmrooan
FITRd N

becsuse if ve cnoe get scme idoa of how long a period of §ime
this took to come down, or & reascnabls fraction of that
this would be Lmportant from & biological bassrd point of
If 1t stays up thare several years it certainly means \ there
is a stronger tendency to get more uaifcrm fallout cover
world, Alsgo its decaying sane and £ it should hapoen te
mym,m-mmurmumoru,m(m
well ther you would really gt a desunition and a bagard,
murwomermn@mtbaxvten%tm,quh
The time cf firet fallout chserved {a the U, B, ocowrred
in los Angales sod §t cccurred about aix days after the
The station receiving it last in the U, 8. vas Atlants,
and that uas scme 23 days a’ter the sghot. The stuff wvag
d1ffusing, by thig tine fairly slowly. Furthermxre, the spaticns
\p 1n Main, the extreme corper of the U. 8. got it euwrlier] thea
414 Atlants, Georgis. IV must of gooe over wp there end shrd

ueiwmmananmh@mﬁh
the sourthern pert of the U, S |

This couldn’t have been the mwm

Bow shout that?

Yo, I think thet §t is two cloud, Cos went esst and ooe
west, and I think the cloud that passed Califoraia was &
mllmomtofmwmtbatnmopﬁhdwat -
end Vaxs Ioland, I believe, and possibly the west coast of[tbe
U. 5. The bulk of it heodod east and I think probably his|
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RILL:

SCOVILLE:

LIBEY:

SCOVILLE:

HILLs

Depart™ T

. cloud 1s there or note

Malms first bdecsuse it sticks out a little bis,

It {s interesting ia that connection, that the minlmm ¢
cbserved 1n the U. 8, fron Ivy vas k20 and this cecwred
at Los Angeles and San Francisco, The maxtmm valus ves
Fort Worth, Texzs., I would think that this would bear o
your statenent thal they were different clouds represent
one of amaller fragments,

Bas any attaxpt bLeen mads to correlate the railnfall vhich
at the collscting stations with the sverage rainfall 4n

In the reports I havs, Eiberbud's report ca Ivy, there srel|enly
a fev statious, I guess it ves the TUMBLIR-SNAPFER, you
Tev stations bar grapha plotted vith the yreoipitation :
mnsattheuzwulda'tmroramthattuumu
coryclation. Soms days vhen 1t rains you wowld get & pesk
other days you would got vein and 1o peak, I think that i sld
depends on vhother the rais ccurs vhen the lntense part of

Cr the lavel frcam vhich the rain fells,

Thore has been no attempt to study thist

Bot as Tar as I saa concerned, I dou't know vhethar Nerrillidlas

done much of this or not,
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ba3ENBODs Ur. Westen's group is doing this and is going to write ih Part II

of the report.

BELL: The biggest fallout was in the last two Nevads tests andlalse
that big one in the Pacific. Rained and water sanples tikea
throughout Massachusetts came from the Able-"ix bdlast of|this
year and the thing I would like to ask - what appears tofee te

clouds

cams over and in eastern Massachusetts fros sbout 10 stafions,

ve & fair exanrle of rain in east Vassachusetis when the

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

HILLe Well, there is same indication of that in *isenbud's rep

low valus given thers 1s LPO, the other one was in the
hood of 1,000 or 1,100 as I rsmexber it, You do get sharp
variaticns in small distances, this is for sure. I don'V] koow
whether any attempis have been made, in this case there J*Ml,r
was po rain. The probability that there was ra.'m getting| this
was pretty small, To you know about this?

Bills I don't know.

HILLs It »ight be accounted for by differences in rainfall, fh%] are
very sharp out in this area, for exarmrle,

RETHES If there are such big fluctuations couldn't it be thal yj have
nissed one place where there is ons hundred times the in nniw

and which contributes?

2
¥
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BETHZs

HILL:

ETSENBUD:

HILL:

w—

This is always the possibility that you ean't avoid tely.

You have got to consider it as a possibility, I think | ll
rather unlikely. The great difference between the Ivy % and
the Tumbler-Snapper shot, using ths same methods for collesction
and 30 on, and the fact that most of the conditions .of Ivy
shot, the fact that ths cloud went so high and se on, woRld tend
to produce this longer duration of the material, The fagt thad
Mr. cisenbud is still getting it, indicates that this ably
isn't in the wrong ball park, but you naver can be coasplitely

sure that you haven't missed the hot epot,

Eisenbud's present findings, of course, show that there ]h a
90%

lot of activities, still up, whether that is higher then
107 they don't tell you,

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

enough to find out in a practical way. Fow do you feedl
that, Xerrill?

Well, if you could hold wp Castle for about two yesrs eould

coning on early next spring or late in the vinter. It not

going to be possidle

¥ell, one thing is clear} the largs areas of the ocean
it i3 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

data. Also the polar regions are rather inaccegsabls. 1lso 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 collectioen, 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 om the water. Tha} was

very preliminary.

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

I vant to point cut that the esstern Nassachusetts area ig 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 in thea Aocauu
1t has gone along with ths mud, '

I think so.
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8Ys It seens highly rrobable.
HILL: This would make it interesting to look at the Lake Mead -imuu,
wouldn't 1t?
TH-I2 Or some of the sanples taken 1n.tho Orand Canyon silt rttonl.
CRIGCSS Aren't there two factors in this problem; one, that of errosion

and transport of material and second, the time lag be rainfall
and appesrance in a stream down below. In Massachusetts|isn's
the sscond factor also important?

THEISS I don't quite understand the second point.

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

YOICEs Yes, that would be a possibility. Much of thn uhr

evaporated,

CRIGGS s It ia not necessary, for your criterion, that the ma
physically eroded, Like in a place where you have rapid
with or without erosion you might get mere concentration

THEISY I think that is s0 and I think that the nature of this
would be very irportant. If it is fonie in form it will
ba absorbed. If it is sorme of this fine ultra-small culate

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

HILL:

LIB:Ys

B‘u.l.l

: LIB3Y:

Well, a solar action would probably be at least as i.lpar+nt,1t
not more Lmportant, than the tire dslay on that,

I think 1t is very important and also ths ion cxehnngcve acter-
istics.

Well, a lot would depend too on uhether the stuff was sol .

or not,

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

| property to average soil 1t can bs soluable and still go qub on

taennt of Enargy

Halia
RPLv]

the 2011, Cf course, alkalis and things like that but SfHit ia
sny polyvalent ion from what yocu say it would jJust go outh the
soil, apparently.

Would this be likely to be in the wery surface layers thai are
ixpartant agriculturally or would it have to ise:*upread pr-%-v
deeply.

well, 1f §t is dissslved I thinkit would be in the surface|layers
and that has been the indication of mest waste products
reactors, but if we have some of this new form of matter
of these 1little corrundum beads I think it will go down dofpcr
in the soil.

¥e are pretty well convinced mow, Fr. Theis, that our mosd

dangercus isotops 18 not going te be in ths form of a ruby,

The ordinary fission products may be but nat this stuff, '
stuff 1s likely to be soluble so it will probably be in
surface soll, from vhat you say. It locks as though we hawe %o
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HILLs

MITCHELLS

\n«nf‘?‘f‘ﬂ"’é"" of Energy

U

saple so‘ls, Tris is chemically a very difficult probl#-.
Take & barrel of dirt and treat it.

I have jJust a few more renarks. Time i3 getting stort naybe
T had better put them on. On the basis of this it is

to aski are there any lessons hers as far as & present egtinate
of the worldwide hasard? If you go on the assu-ptien '
Strontium 90 is the dangercus character, it is of inter te
calculate the total amount which has been produced in alll the
bozbs that have been shot. Actually, 7 did sdjust for thh Lk
that have besn shot in the U.5. Thia gives approximately]$9

kilograms of Strontimm $0 that has been produced since

rile you get, say, 40 to 50 micrograms per square mile.
looking at the results hers oa the worldwide Ivy you ses
the ratio here can be rather large from the maximum, say, |to the
average which 19 almost 100, Also, you will have areas
will have almost none as is indicated by some of the g.n-
cut observed. So that this ¢ould be a wide range locallyqd:
Fowever, Dr. Mitchell hus made an estivate and hs will
sbout this later, I Just put it eut for coxperison that 1
migrograss of Strontium per square mile gotten into ths bipsphere
and into man snd uncder equilibrium conditions over s 20 ye
period wo:ld be shout tolerance level on ths basis of -
was it, sbout £x107> microcuriss fixed in the skeleton?

Kicrograms, in other wr&s.
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HILL:

LIBIY

RILLt

LIZNYs

JISINBUDs

L

T ,:w.m;-\,'

That s right, so that it doesn's looky on the basis of this,as
though we need to worry for the -m, dbut thers are large
ranges of uncertainty. T can't help feeling, in spite of|what

Eas been sald about the effects of errosion and wea » thad
there are a lot of factors in nature vhieh will tend to (Yt 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 prolfably
even to soms extent in the upper atmosphers,

I can't believe it wo:ld atay up there so long as to doc#.

¥ell, we don't know,

Well, rerhaps we have learned one lesson from this look & the
data available at the present and that is that there is sthff ia
the atmosphere and it does stay thers for quite s while vorld-
wide dissemination is extremely likely. This is not a ming

conclusions,

Oh, another thing that is inwolved in this is the effect
fractionation which I think it would be very interesting you
could, in your samples, get some indicatien of the Mon $f the
total activity there that is due to Strontium 90 as a funciioa

of un aftar the shot or distance away from the shot,

Lo you still have those saxples, Mr. iisenbud?
¥We have only a few of them., They are being processed.

Oh. excellent,
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EISEN AUDs

LIBLYs

ZUTHES

HILLs

LT

HiLis

lbyou have anything to say on those yet?

Vell, I called yestarday when that question emme uwp and [they still
don't have the mumbers. I hope to have them by umm-H

Well, that will be very interesting.

In the Ivy outside U0.,3. you wrots two rows of numbers, -ﬁut do
they refer to?

Ch, well the situation thers is that there was some 86 711110!

squars miles in wich thers were no stations at all in vhat

I did was take the stations nearest, say the onss down ow
and

the eq: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 valus of the fallout, as

for less than 10%.

Can you tell us once more bhow the megacuries are normalis

time?

Yes, what you do there is tare the expression cut of the Wesapens

iffects Hand>ook which gives you the number of deta curies] per KY,

Ry |

1+

S
L
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" BETHE:

HILL:

BETHES

HILL»

EISENBUDs

W:XLER:

EIS:NBIDs

It 45 13.7 wegacuries per XT tires T to the winus 1.2, i the

relationship.
inaudible
And »0 this i3 really normalised at one day.

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

the sxze as the samples were.

These nuxbers are the coefficients,

They are normalized to the nuxsbers given ic the ¥eapons Zffects
Handbook for one day.

loss anyons bave any data on the rate at which voleanie losions
are eliminated from the upper atmosphere. I\ seems to me \ 3
there is a possidbility of getting that data from solar oat%tun

cbssrvations.
At Krakatoa there was one golar obssrvatery taking in
Francd. It took the dust st Krakatoa vhich is 6% south abfus

three zonths to effect the raiisticn values st Mount Pelies,
Frangs and the values stayed below the normal for about
years. That, of course, would mean consideratle quantitieg of
dust, enocugh to interfere with radiation and it still migh
have been quantities for many years afterward which woald got

shov up by such crude measuresonts,

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

WEILER1

GRIGCSs

WZXLER:

HILLs

WEXLER:

That would be very bard to de froe Juct one point etatidn,

1 thought that there was an observatory in the Sahara a’ the time
of Krakatoa.

Ko, that was Katmai, the Smithsonian station in Xatwrai, R912,

That was effected by Yatmal.

well, this showed peaks as the thing went arocund the \de

several tinss.

It nmxy have, I don't know. As a matter of fact Yount Pejier ghows
the saxe thing. It wasn't s uniform deprsasion, thare ale ups
and douns. The averape was about 10% decrease in normal]for a

reriod of thres years.

¥ould 1t be detectable for pericds more than three yearsf

Not by such crude icuurmnts as pointing a tabe at the|suwm. T

With one of the spectral measurements, probadbly yes.

PYLIE
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YOICE:

?

Vo1l 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, wbotll speak on Sr7°,

I just thought I would give ycu & fev brisf remarks
the relaticnship of Sr7° and calecius-strontiua metabo
in luxans as ve have put it togethsr for pxposes cf
project, 8r'° is the eritical elsment imvolved in the
tern hazard, primerily because of its bone seeking pro
Since we know that bone is cne of the least active of
structures of the humsn body se far as dymamic equilibrl
is ccnocerned, we're able to state that these elements
are bone sesking tend to get into the bone and stay
If we follow calcium or inert strontiua or also radim
have figures which emable us to indicate that after an
uptake of the elsment that the material becomes
and that after it Lecomss mineralised, its rate cf
froa the bedy 1s 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 crder to relate the

3
H
oy
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MITCHELL
(contimed )

LIBBY;

MITCHELL:

 —

strentium problea to the Sr°0, in other wrds the inert
ltrontimm&mhinm.mhomnt,h%mﬂl;d
the 87 ocntaximation, we have run up against the fact fhat
not very mach s known about stromtium metadolism, It ib
presumably Jjust a trace elemsnt withcut any metabollc (lum
and has noy bean studied, Eo vhat I have trisd to do is]te
take scae of the known values vith regard to ealciua and|vith
regard to the analyses on lnert strontiun and give scme
otthoqmnuhtinupoctnﬁthnmrdtothndnpodﬁnr“
ef radicactive strontium,

O of owr figures, uaing the standerd man as having 7,
grans of bone vith 1,000 grams of caloium 1s an
ons to remssader, During the process of growth of the
vidual that would be about the figure you would get,
this oaleiva in this age during the growth years 20
and this being 1,000 grans ocaloium, So that a groving person
wuld accumilate caloium, starting at birth with about
grans of caleiua, amd going up to 1,000 grams of caloiuam
the time he reaches 20 yvars.

What psroentage of the total calcivm he ate is that 1.00«#
crana? .

That would vary vith the diet, Fe's accumulated it at

10C milligrams a day, on the average, The bady will to
keep caledum in equililrium, That is, if you taks in an
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MITCHELLs exoess ancunt of calciua more will be excreted,
(oontimed )

LIBBY, Sc what 18 ncrmal calclua content of the food per day - db
you happen to Jmcy that? |

MITCHELL; Ko, but about .45 grans wuld be the minimal intske to kepp
a perscn (adult ) in caleiiun equilibrina,

LIBEY: 8o 1t about 20 percent as a minimm efficiencay.

MITCHELL: Yos, the bulk of calciun is excreted in the foces, This
Vill vary considerably with age, For instance a groving poy
in this part of the curve ill need abcut 1 1/2 grams as|a
minimug intake to keep his growth rate geing, That is . 4
recomaended intnks and that has a margia of safety that
mitrition pecpls put in, The bulk of the calciua geis
mtdhfhtmuyonlnnnw calolun diet, If jom
gotonclomulcmuatdmtothopomvheuapol
deal of the calciua is absorbed, then the tulk of the ex-=|
cretion in negative calclma balance vill be in the urine,|

LIRBY; Its still about 80 percent excreted even in the negative
balance, That is, you said {50 is a minizal and you teke|ia
100, Is that rightt

MITCHELLs Vell, for these pscple let us say you bhad a persca taking|ia
nc calcium at all, & certain amcunt of caloium will be exy
creted and that we'll attezpt to reach s ainiml figure apd

Departmes™ 77
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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 fa 20 -
and the actual rates vary, I have these curves if axyer
vants t¢ lock at thea, incilentslly. Starting for
at the age of cne year, the person is scoumulating calcivm st
the rate of 150 milligrans and that goes dcwn to the age |
4 % 5 = to vhers he needs 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 allligraas of ¢
Se¢ if you are interested in any spot checking or any

IRPEEA 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 emalyses of human bene, so that in the
absence of any further data we Just assumed that strontiw
is being 1aid down in the sane relative proporticn to ¢
and 80 using the calciua curve yvu can then meke an es 7
as to the amcunt of strontiua which the body is depositir
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LIBRY:
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that ocue from bones of pecple vho died in 1914, vho
served as cadavers, and tisa varicus pecple uho died in 9
at varicus ages, wre aualyzed, and the figures are all
the same order of magnitude, appreximately an aversge of
percent of strontium, so that shatever variaticns thare
in the strontium intake and the diet, as opposed to ths geople
vho died in 1914, vho were all adults which would indiom
a distary regime in the 1850°%s ete,, otc;. and the ouwre
pocpls who died in 1UY9, cocvering overything from foetus
up to adults, dut thare wvas no really aignificant diff
in the amount of strontium found in the bones of those pacple.

The data actually stema from scme work that vas done at C
UGIA Yy a worksr by the name of Hodges, and it is quite fn=
terosting that this thing was of such & zmll cxdar of
magnitude, and the total range was rather sxall, that (s
legving cut one umisual ease of hydroocephalic infant, tb]
rangs wvas 017 %o 029,

Is this percent of body weight?

Ro, this is the percent of strontiua in bons ash,
Mthtm-mu.owrormm

Ko, .C17

But .07 ga

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

in crder to mke the bone grow wider, se that there

are mechamisss for rather evenly distributing this ma
Ithahonabwn,tormm,thatuyonhum
marked thing 1ike a red dye at a certain time of bone »
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LIREY,

MITCHELLs

that that material will deposit end remin fixed in the
but 4ts relative locaticn 1a the bone All change, In o
werds, as wore bone 1s 1ald dovn this material will tend
be put in toward the center because the bone is growdng
sc 1f ycu vers to fix radicactive strontius, for
at a particular polnt in the bone, the bons may grow
it, and . this aight de locatsd 1n one portion of the
whereas ¢ the parson vere subjected to & stealy state
radicactive materisl going into the bedy cover a paricd e
yoars, 1t would appear to be pretty uniforaly distributed,

Dr. Mitohell, are you mking a point that if & younger
person incorporated it within his bone that {s mcre

damging?

Weuld you repeat the questica please? S I

Be asked, is it more dangercus in & young perscm becsuse
muﬂ-mmmmuuumm@

No, I vasa't particularly {aplying that, although I thi
1s nare dangercus in a young person because the insult tq.
a young person is going to stay there more than inan e
perscn, In other words, there 1s going to be roTe of &
turncver in the clder perscan vho gots the aszme ancunt of ..
msterial than in ths ycunger person, It is the younger
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. (contimed )

person that deposits and mineralises a greater amcunt of [it
and 1088 of 1% 1 going to be avallable for exehangs vhifh
takes place, In other wards, you can lock at it in this
'ﬂo.ﬁw?ggos%iyéfgdﬁn
ancunt that oomes cut in any dynamic equilibteium vhich
exist, say for instance, in the dexands of pregrancy,
wosan vill mobilise calcSum, Well, she will mobilise
last pert that was depcaited not the first part, or not
an equal part so that if that women, for instance, has
Eélggﬁagii-gﬁp«?%
the part that is ;oing to be mcbilized in crder te

material for the fetal development and also it won't be
part vhich will go into the milk, HNov, there are animal
sxperimants to show this, Rather large amcunts of rediop
active strontiva vhich vere put in and the amcunt which

appears in the ailk and the smcunt vhich appesrs in the
fotus Telates very much to at vhat time the mother vas gjven

the dose, not the smcunt she has to have, But the time
vhich 1t vas in, So that if the material is really
1sed and & ecnsideradle period of tims passes, even
she has a oonsiderabls ancunt of radicactive material
1t vill not be passed in any great quantity to the fetus|ef
the milX, vhereas she might have a smaller amcunt which fus
g?&ﬁ%fuﬁ-‘ggggosﬁr
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MITCEELLs
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MITCHELLs

VCICEs

.

of that will appear ia the xilk so that the mobilimadle

caloium, and presumbly other radicactive bone seeking
elemsuts are the ones vhich are more recently laid dowm,

This locks 1iks an 8ee vhich we had for humsn sasplicg

my not be so bad, thhmtohhdnmhp-inml%
to avoid lsgal and religious difficulty, Are you saying
that this material would reflect the diet of the mother

pretty faithfully,

To scme extent, yes, HNov vhen you deal vith miscarriages

puhvohhmdthﬁyuhhnhhﬂdmh'# '
foetes, KNov there is practioslly no ealcium laid dowm in|the

fetes the first { months and thea the fetel ourve goes
thing 1ike this (ses chart), With this deing 4 wonths, a
this being 9 months, amd this being sayl 28 grams of

in the fetes, and about &0 percent of that is in the last R

m.
Yost miscarriages are under 7 months, areatt they?

Wll, I wouldn?t knov the figures oa that,

Do you know that,Dr, Bigher? Does anyons knew that? (uh+tc)'

Actually, that is ona weight to weight basis, Ifyouum.\#

get human milk frox wed mirses, you would be better cff,

You would?

/%
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LIBRY:

COoLR:

Neam=-"

" carriage material you have to realisze that it has deea

xu,mmmdmwo:mmmzap?,

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,
Ecw are you golng to do that on a worldvide basis?

Tou'll have to ask the anthropologist that,

There are a oouple of points about that - in your mis~-

dicated that the acoumlation of strontium would represe
only that which vas there & shert tize dafore so that
would really be making & sampling over maybe 8 2 or J »o
paricd,

Vell, that's very good, the adult structure being a
that is tuild up over 20 years, the pre-stcuis pericd,
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 depens cn vhether yowr envircmasat has a

/7
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LIBBY:

MITCHELL:

Ding-e

& few months then it drops down, you might =niss the high

upomornﬁi. &mpoumhvoahighcpmonw

axposure entirely,
(&, of cecurse, Oh. M.

One assunption a lot of pecple have been meking and that
that at the peak of fallout, that time is important te
it adght nct be, in cthar wvords, ve don't know how long
takes for that material to travel thru the cycls befcre
finally gets into the human, That apparently is still
unkncvn, Ia fact, it ccnceivable that &t night be
up in certain places and not de getting to the humen at
until it reaches a certain threshhold end then it might
over in scmething 1ike fortiliser cr somsthing 1ike 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 American man going through life will eo~| -
cumilate this 7/10 of a grem of strontium, Ve tried $e
calculate vhat the ratic of redicestive 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 microoumrie oz 622107
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 ocut to
faotﬁntmwulduodnlmndrdnﬂlionumuthv

=
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Dot

of stromtiun to &0, 1n the distary intake of the persc
bring that person to toleranee im 20 years. Mow, that

emablas you te meglect all the unknowns with regard to
of excretion and sacunts of retention and things 1ike
you aceept the figue of gradual accumulation of 7/10 of
graa,

Would you repsat that figurs again, sir?
Pardon?

This 1s Sr7° to strontium, 1 in & hunired aillica if all

1r

the body strontiua hes that composition, m.htal-rlnTO. B

Is that ocrrect?

That would be & tolerance doss accumilated over a pericd
20 years, lwluthmn,‘htmw,wmhﬁna
1ike that at all times, then by the tims he reaches his
adult pericd, the amcunt of additicoal mmterial Le would
taking in would equal the amcunt he was taking cut, ia

words, the equilibrivm there presvuably would not om/o
fwrther sosuaulaticn of the radiaticn, msmlngﬁat 1t
a constant amcunt throughout the whele srowth pericd and
into the pericd of adult 1ife, That wounld be coe way of

lceking at this thing,

What 1s the bic-half life of strontinm}

‘ '
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Eo body kncws - at leest I dcn't, That is the Molo
half 1ife, mwmmumwmmb:j
retention aml excretion rates, and there 1s & Iot of infod=
maticn on that oowing cut ncw with regard to short-tern
effects with rather large doses and vhether you cen say
is the same thing wvhich 13 geing to apply with atlwmite
over & pericd of 20 years, I dca't know, but I would be
olined to say that you camot extrapelate from that kind
data,

40 cr 50 years, This is really just a gusss bassd on
45 eliminaticn,

Imﬂdthinkthnboncsﬁmmwmuwarnpm

m&mmm:rsmmu«mo’dm,mcht%-

roughly 30 years,

Taking your figure, Iulmlnhthilnalw ,
per inflividual as the tolerance, is this correct?

Yes, No 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 mlcregrans of radicactive strontiun mixed into that, a

person eeting off that type of lani, mothewwrdamt%.
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MITCEELL:

ILVEs

MITCHELLs
VOICE:

101G

NITCER LL:

101G,

all his dfetary intake frum that, or yeu cculd put it
other vay, that acre would ocntritute the tolerance

to the diet, 20 that if all the land that a persca ware dating

off of seese
270 micrccuries per acre?

zmdmmor&%mwmuMncpwwﬁuh

the same as this Lere,

Is thet the mrevicus figurs on the avatlzble strontium per

acre ~ vas what?
60 pounds per acre and it came cut abeut 27000 grams,

Available stromtium (chatter )

That's the guastion, is that available strontiua?
there tends tc De, at least I've got very casually tbe
from an agronomist that there is very comonly quite a
difference between amlysable material ard available m
you see if you'lve got ...e

Vall, thess figures would apply cnly if the sams ratio hejd

in readicactive material,

Brt there 18 no reascn why one weuldn't think 1t cught to
that is to say if you've gct a bicsphore drift techniqus |

feeding radicactive strontiua dcwn on the ground, one d+

3/



10NG: bave & sizeadls factor between the availability of this zhdice
(continued )
active strontium,

MITCEELL: Vell, that would bave to be investigated £f you mnhd
thls type of stand, In cther wirds, tie assunption ihst‘
zeds in this atuff is that the thing s full of unkncwas
to vhat the path way, particularly the quantatative path
of strcntiun is, and se I get up this mcdel to take inte
things ve do kmw, whick is that we socumilate 7/10 of
grams cof strontium’ over the growth pericd and thea lock &
it as & tracer axperiment and say how much of the same
of biclegically availadle strontium you have to have, for
instance, if Dr, libhy'sa 1dea about the ruky were ecrrect
then ths whcle thing would just be no dice, se that the
assmpiion is that whatever amount you have times the fachc

of availability, that these figures would set up an te
ncdel,
VCICE: mmntdhuoughttouudhbhumt.wﬁ.'

becauss the soil pecple have done & great deal cf bese
exchange wcrk, Mresumadbly cnly base exchangeable ltronti+
1s available and this would greatly reduce the emocunt of |
strontiua 90 you need to put cn per scre, It is very likdly
that 1 pert aveilable per hunired is svailable, scmething|
1like that, The other one lmndred beccmes availabls mrcv+
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LIBEY,

T
-5

t

ncrmal process of weathering, btut this is a 20 to one
thousand year tims scals,

Do you kncw the axcunt of calcium in the top soil? The
tctal axcunt cf calciua? I have a figure of 10CO pu'u
nillicn, as the available calcium content in soll, and
you knew the tctal calelua then perhsps you eculd find

frectica of availsble strontium by using the sane figm‘oJ tug

I don't ¥new that,
I don't know that either,
The figure is 365,000 parts per millicn,

Cf total caleium, ard if one figure of 1,000 parts of
availabls calciux par million is trus, then one part in

Ia cur laberatery welve done sone bass exchange work oa
stromtim 90 uslng ncrmal clay, mormal agricultural clay
nm,aﬂwrmwﬁ.uyuwumm«ih '
ﬁ:.od,umvnuahh._

P you sey strontimm nitrate scluticns?
B>, I mean what ., (salt)

It 18 Just a - Just Ailute aguecus scluticn,
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VOICE:

And that would be made available,

Thatts right,
mtvmﬂhunvpcfhfommumchnmuhnﬁ

to reduce the factor of availability,

I have , scas different

solls taken in different parts of the country shows that
mwmmmmmmu
magnitude, nnumtcmhmu-quulmmpq
.8 to about 38,

4s far as I know this stroatiun thing is just a general
VTS .

De you have ary ecmment Mr, Thels?

I don't knov a thing about ohexlistry,

mmum.mmmmmxuuhq
uy guy over the head before he sven wuld give me any kind

of a figure, and he just said a thousand seensd reasc
for top scil, tut 1% ocertainly oould de off ia the order
mgnitude in either direction,

Could we obtain variahle information 1f ve were to doperifdic

amlyses of fertiliser from sevege disposal plant such as
Mllusukee plant producing milorganite?

the

EY,



LIBBY: umwwu&.‘pdulpht

MITCHELLs Well, I think it would be a pretiy gocd reflectiocn 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 when he was cut
the first time, That was the problea of inhalaticn of
altdmm oxide, New, though, you seea to think that is
too much of a problem, I’11 at least mentica it,
cxide would be the ruby 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 known as Shavers disesse,
Dr, Shaver being the criginal describer, in which material
1s actuslly set and fixed in a scrt of filrotic process 13
the lung, and so that possibility 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-




MICHELL
(contimed )

PIESSET:

MITCHELLs

Denartyans -0

to t‘ll.yuu at vhat level the alumimug cxide has to
before the lung vill respend that wy, The Alumimum
oration of America, in response to an inquiry of nmine,
raised the question that maybe it is not alumirmm but
1ts ocontaninated silican, Apparently there is the poasi
that the alunirmun ﬁ:ldo is not the agent with which wed
concerned, I don't know, If you do want to accept the £
that alvaimn axids vhen inhaled vill be fized Jyou can
certain calculations as to the amcunt in air which would
s hasard, Yeking the original tolsrance level of 6,2x10
sicrograms, I took 1/7 of that as the tolsrance level,
because cf the fact that the lung has 1000 grams, as oppo
to 7000 grams: of bone, and neglecting any difference ina
tissue response, the aannht of air breathed in 24 hours
is 20 nillicn oo and over a pericd of 20 years that ocams
out to 1.5x10™ oo, Atomanoolnolvmldhumh
1n the lung if the air had a concentratica 6:10 micro=-
gaas per oe, There sgain that's an Aalqutlon of eelwalt%
retention,

Woulda®t you infer that for the particles to be retainsd
would have to fall within a narrow range of sizes, liks 2
5 microns = found Yy the HJ pqoplo.

There ars apparently all sorts of you might say arbitrary
vays cof handling that and I think the blological commissic
Just roughly state that 25 percent of inhaled material is
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At

retained, Am I right on that Dr. Western? That fu-mH
mhnhﬂythina--;uﬁlhbmm.

¥, Bisentnd i3 our expert on that, in that field,

Whatever the factor of retention is then you would have
reduce this mmber, since it is wvorked cut on the
of 100 percent retentiocn,

My I ask ycu a saall questicn, Dr, Mitahell? m;sr%?
You mean as the hasard?

¥hy is it the important isctope? It4 like for you and Dr
Vestara to develop this in the next 5 mimtes if you ocan,
iy 18 it more impertant than other radicactive materials

/137



~ RasCHELL:

skl

VCICK:
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well, qwm,orumw-unbuxmumm

that as fur a9 the insult, the smallost possible thing which we
might be concerned with, umthﬂumxmmmiﬂn

sullest amounty would be the carcimogerie effoct of
Wt doea this term ™insuli® msant

Wall, it msans daxaje to tissuss == dmace of an

sorte Ve are seeking then the threshold, in other vords, [the

point at which we are concerned on the lowest poaxible

to the fact, for instance, in the bosb condition that 1t
going to be raticactivity, since dust snd climstie change
mﬂ:ntwwmmdmauad%w
canstituting a hasard, And then you begln to ecncern y
with the blological effects of radicactivitys Wll, ve

instance, that radiosctivity can eanse necrosis of tissuse| Bud

hmtmmhwummd.shpnbﬂga
Wﬁmhmﬁmhmam

mmdmdmmamwun. Sothn‘ 13

mmuorﬁohuﬁum.wmﬁnmmm

mmwmmu.muunﬂmu ‘

1ifeting, you would be killing all of them, :q!vhau.

ymmzﬁht&p&lﬁ%mmmmw

dana e} itmtﬂotﬁm,ﬁhnﬂudzniﬁcmtm\q

instance, vhen you take the radiuma experience <= now xy
here are pretty general; but of the pesopls who had
bons dus to radium, the incldence of bone saroomss wes

=

L
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twanty=five parcent, and the incidence of bune ssroma
geoaral population 49 probably cn the order of 01 or scp
thing 1iks that =~ neybe one in & thousand, 5o that you jou
thea not be conoered primarily with nsarosis of bone bec
by the tine you got that you vere killing so many pecple
the long term dus to carcinogencsis. How vhether penetis
offects wuld ocour in even maller mmounts than ex

don't knowe And, I haven's sesn anyons who is willirg te
expross en opinion en that, 8o that would be coe 7pe of
possibility, But all opinion soems to center ca ¢ ,
effact, and ratiation and carcinogenesis will tis in ad
to tals extanty sud that 1s for a given urdd of tion,
longer the pericd of tize in widch the anisal lives, the
greator the probabllity of the sarcinoma developinge Bo, R
& certaln saounh of radfant energy in & hummn vould be s
nore potentislly daazing, say than {8 & wouses I tudnk of
of the original work that was dome, mmm.m‘
mummummummv
mmwm.mmm-u’
mﬁuahmtmummma,uw‘m
vith ansvers {had vers, siy, oa the arder of 100 to 200
greater tan tuy actually Zmund they were ahle to pub in
huzan being, FPart of that relates to the mathematics of
mbd:invottboemmotomtumlmpm
tire, I think ve see 1% generally in population with
in carcinoma generally, That, as the population stays in foe




BETIEs

MITCHYLLs

ares of life longer, Sn other words as the life spm

longer the incidence of oarcinoma is godng upe Blaply
whatever stimnlii are accusulating over the yexrs hawe a
geatar paidod of tiqe in which to sote 50 thal this
us into the reala of the carcinogenis effect of radiaticny as
being & critical thing, Now with pegard to strentim ma
oFposed t0 others, it relates to the fact that the me
stays flxed, and Lf the blological half 1ife ix-we very
(the turnover of isolopic ¢srben s relatively ahort) X
think 1398 seasured in days oo & biological experineat
Just goss oute) Whereas we are measuring this thing in
of the 1ifetine of the individual, so that the mmount
cote fixad in boos, 1% becaces the phyeical half 1ife
uo:mmnmwmmmmwm.

-

is

mmumumummyn-m-uum
orrdiomﬂ.ﬂty,ummm&idxmpﬁh
Mnummmmmm.msmmi o
you thah you elisinate the first carben? ' "

Wall, if you keep increasing the smount of radicactivity]fyom
wm,mmmmgmuwmﬁm-
1114y of gotting carcincmas developedy 50 thet Vhatever|the
source 13, strontim happens %o be the type of thing, in
othar words sy 1s radlum so irpertent? For that saw rh
that the enovnt of radiun you take ia 1s very smcll cosg
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== well, in fact, the anount pf redium 4s probably in

St carcinogenic efiscts than perhaps even the onuount of
ioactive potassim, And yot radloactive potesaiunm dosmn
constituts, o my knowledge at locasty & carcinopenio

radiua does, In other words you can't accewlate encuch pf
the potassiuma 4f you reach an equilitrium stage you have
anottar protlem, In othur words Af youlve got an insult
to & certaln level, t.‘auyoumldhmieerhinm
prodability of carcinoma occurring fram redloactivity,

8o wwong other things the fact that the strontium is come

centrated {n the bonos and not distributed equally all Uobuch

the body makes it worse?

Vall, yes, in other words the acount Usm is related to 8| |

sasller total mass of tissue, That's correety

Im't 14 slso & finotion of the Zach thad the sirentio hey
got really o= 1ttw Smportant for four oounts = I dm™
how mach carbon 1y produced, bub {ts produced in about S
1n fission yield, 5o that this mesns that it is coe of
m almaonts, It's sasily absorbed because cMu

nomally abscrbed into the bodys 4t steye in the body for §

period wiich 49 long compered to its oun half 1ife, ind
these three thin: s onbdned, it secms to mo to make it m

extronely dancerous slaueht, otboramtwhopoteaﬁ.njV~
th

rore dangerous becsuse of their radistion, don'$ compets
stronties in these oM_ lovals,

- o

° El

3
el
.
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N There's enly one possible weakness, in that chain I've
mumm,mmtumummmm‘p
cinma of the bons 1s fraa alfha radistion. And, is 1%
clear that the sme lethality will be characteristic of Jeta
rays?.
No, but there's gmwsa radlation in this stuff, too. Il#-b-
ber yeading a very gricily story of a dozen or two dosem
poopls that had a lot of X-rsdlation for I think for ratijsy
mrmomeummunm,mmqmmnu
hundred thousand R and twenty yesrs later out of groupe
twanty (these fi wes I am maidng up but they are tely
richt) 1 think three were still alive,; and one or two of ‘“ :
bad had their legs mmputateds

KITCHELL vell, there 1s encugh direct wperimental evidence in

%0 show that stroatioe 50 is & bone tmor prodness par )
lence,
LIBEYs Ckays Do you acree, s Lawritsen? Mﬂuwbockhlﬂ#gnl :

with that statement? ' : - .

LOMGs ' Is the question, *Is ths beta ray as bed?®

YOICZ; ml,xdtdn't_mukﬁut.bnmthqnﬂiymm#h“
thide ¢ s o ¢

BUGHER 3 I think the snswer to the strontim thing is that we!ve speske

ing 0f = that's an experinentsl polnt snd there's no que
about that, Ve have not had the casparable experiment in
n“pmtwmddmgmmumdmd

- 142
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LIBHY:

BUGHER §

D??'?"?""’ IR .-‘,

nmalignancies in bons ia cian derive partly from the
dssonstraticns of sarcooas of bons produced in rather
doses of strontimm, plus the historical experisnce of
in bones in man, wvhich is quits cloar, So that there is
an inferencs hers a8 far as the hunan situation is ©
I think the uncertainty is not the fect of the incitarwn
sarcona t0 bone from strontium 90 deposition, but caly
the magnitude of the probadlity, the actual raserics)

quantily.

I wonder, v, Dugher, sinoe you are on your fost 4£ you
teks & fow ximites to tell us about the Diviaion of

and Modicine's overall plans cn Gabriel, You see wo are
tracted out of the Mvisica of Blology and Nedlcons with
Joint interest of the Alr Foros, and as I undarstand {¢,
have scme other studles in progress vhich i1l probebly

supplenent this onee xmnmmumumuuuht |

group 1f we had & rough idea of vhat sort of things you
in mind, 4f you wank to tell vse

I'21 make 4% very trief, bacsusze 4t doss f1% in with what
besn under discusaion hare this morninge I belisve 1%
twrought out yesterdsy morning after the preliminsry
wvhich Dr, Kicholas Smith conducted on this problem, 4t
quite evident that he had exhsusted all of the available
tion end nothing to Ye gained thorefore by continued )
slong those linos, We nseded qualitative data from which
to wark, Conssquently, two years a;o the pro.ram vhich had
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mmmmamwmmmn
nnﬂ.onidm scashist ro-oriesnted to give greater
to same of the specific protlems, I think in just a fow
aimites I can cive you & penerel ides of what is gairg
now, with the idea of deriving reliahle dsta w:ich Pro
tmhumlwmdimsingomminwdortodoﬂnm
that Ir, Iibhy mentioned yesterday «- to give
checks on conclusions which zay » drawn fion somevhat
Mﬂmﬁmm.‘mm,itmm
thes in dollare, will saouwnt to about a million and &
dollars & ysar, which you can uwse any factor you wish to o=
vord o scientific nan-yoarse, They fall into a mmbef of
troad categorics, Ons is the performance of the wespon
1tself, in terms of distritution of fallout over given lefd
masses, That program Mr, Risenbud has had in hand md

you are already faxiliar with that, Aumm&

1toelf with what 4s the fate of mme of this material s»
fallsy or after it has fallen, in the ons case to tw

and 1n the othsr case into watew bodies btoth fresh and

The question of the fule in the soil has Desa under inves
ticn Ly the group at UCl4, Mre Larson has I think bean
us same.of the rosults of that, and we have been working
with the Departacnt of Agriculture in regerd to the distrijue
ticn of saue of this materisl in soils, and to a certsin
oxtant of the movenent of xixed fisxion products in soils,

%44
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" which was yesidual in the fusion materiel of that site,

There are & mmber of additional ressarch projects ia
parts of the country which deal with one or the other of
speciel rhases of the a0il roblem, ﬁwﬂnwcrkm
besn done by UCLA began with the study of the original
Aanagordo detonation site and concerned itrelf not only dth
the plok-up of mixed fission products in plants and
ﬁmummzauuwmwmm{etm

type of study vhich was developed there $s now being
to areas of high contamination around the Nevada site wi
tachnigues which have grown, you might say, out of this
experieace, The present tine finds quite a lot of eghasls
upon the particle sise and cheracter of the material that|is

mmuwmwm.a:unn&m:.& |

mwmtummmmmmum'm@n.»-
muwunummmmmhmmmm
may be Crowa under greszhouse conditions from soll conles
wifs this materisl, s«-mm-r.mumm;
experinents have been conducted &b Pelteville in Nerylsnd,
Departoent of Agziculte station, and have revolved

sort of thing vhich has been ronticned, the relaticuship
replaceable calcium of the s0il to the plckeup of stren

S



the plant iteelf, The relationship is exponentisl and

Nowy vith regard to the water situation the » tudies widody are

under wvay are really jJust jrelininary, Youlve heard same

aboyt the work being done in Massschusetts, that is beling|suppe
laeanted Ly a study of the reservoir at Troy, New Yark, [n the

Mnﬁxuahidvsbud&uothhﬂudh;nbnnemdnc#od

(not adequate, I think) and & mmber of stresms have bees
involved in studies over a mmber of years particularly a
Oak iifdss and of course the project at Henford has been
much intercsted in the modification of the Columbia River
faunse We have likewise smaticiputed these things at the
Savannah Rivor area and a general surwiy of the tiological
balance there bas just besn awmpleted to give a lime for
future cocTarisonss Now continmuing in the water area; oo
conoarned very much with the factor which have beea man
The fact that 0 many of the foed qycles which are
huﬁhn_m'orlzinintu»u. There again we
mm.nmuummo:mwnn
say be ploked @ particulartly exphaticslly by the plad
mmmunqmumwmmm
ency %0 acnceatrate 1s perhaps more marked in the stroatiy
caldum coaplex than it s with respoct to any other of ¢
radicsctive isotopcs of dl gnificant half-Yife, This is no
lixited to the plamkicn, but one firds the sane thing ooc
1n vericus foms of 1ife, for exaaple, the mosquite Larva

1tesl f, oven though the water itself nay not be high ia stjone

tim 47 O sediment in & cass of & bottom burrowing larva

s

orl Pttty high mwmﬁmmtmdhtth.mtphhd-=

w by the rosquito Larva 48 quite surprlsingly hiche Such
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tomornrommlmmmmdh

cycle for maall minnows, fish and they in turn boows fow

lager fish, Eventually w find that we may have an

conocentraiion ia the bones of such Lfishe It 43 trus that|soxe

fish Lonss are conmumed as food, liow, the axrino life is|a
fascinating prohlem in Lteslf, and we do not feel tiat ond
should restriot his view ¢ agy one isotppe but rathar
atlespt to maks a falrly complete study thst had boex
ot in cowection with the salmon of the Cclundis River fof &
nmberotmmdﬂwpi&quofﬂxwﬂmmdo‘
isotopes g tle salnon has been measured, Tiat tles in
studles nmade at Bikimi and &t Priwetok lagoon vith re
to the distribution of fissiom products in the fish in
aress, 7The work at Kml"crd has bLeen assoclated with that
the lidversity of washington under Ir, Donsldson and i 1
Mg,Iﬂdnk,tolmminhmnunmeh
Blologye Thess littls salaon fingerlings have toen

locse fram the laboratory, huve gooe out o Mgs$ Sound
m,ﬁmbmmtmd(ﬂwmm,MM)M*
Alaske to ¥ Southern Califorria Pendnsula and then 4my hre
nor roturning to thelr Mirth jilace whibh is the laloratory
and are returning of their om fres will and a certsin
tion of those salmon whilch were reloarod as infanls now muim

in through the gate and are svailalle for fu:ther study of|a nice

intezrated procedure, It is, I think also possiblas that we

Y o



will have significant information from the genetics of t
fish as tize goes on, If one turns ‘0 the land mimals, b
ariginal cattls wvhich were beta burned sb Almaagordo were| talom
in churge Wy Iry Conxr and he can give you any infeo
dosire on these, sad in addition, that project vas sisp
part of the troader study which he has conducted at the
University of Tennessce ca the fate and effech of the wx
cus radiation factors, particularly fission produot, notefl
strontiums, in lerge anizals, A grest deal of the koou] |
wo have concerning the distriution of strontium in the Kne
and 1ts relation to the growing porticn of thalooe, it req
has been derived from thct work, That is the large an
story. Kow, fram the standpoint of what happend in the wieo

systen we obviously are confronted with the problem of megdsu
© ing the cycles introduced into the groving plant 1ife sod ftn
effacts of thoss things in aninals with the chjective of |

getiing s sort of prediction factors which osn aprly td the

hman situation, You cany I think senss from the discussfons
yesterday snd today how much 18 missing in the way of b
information and the matter n%&ﬁw«é DH

digﬁaggﬂoag:g&&g no .

that 1n san ve have been conducting rater trosd sthlies, |
In one instonce analyses gmgcl??gﬂ of
the normal camposition of the body with reference to a goe
many trace substances fncluding, in this case, also the nopw:
content of radim in the bodies of individuals in differer
parts of the country, That {5 a long snd rather arduons ahw
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tical procedure, It will have informatioa of valus for |
various things, In the field of gensral ecncern with end

results wo have, of course, the contimued interest ia 's|redium
tobe

pationts some of whom are the survivors of the originad
dial painters in the Few Jersey factories aod another
cosposed of thoss who in the thirties vere given actual

m-oumctrmﬂsdtmprmtltmld&uT-

thing good for them, It was & misguided mnd entirely, X
think porhaps you would ssy unethical type of medical

tice waich was limited to & very mall ares of he cown
but we are indsbied to that snfortunste episcds for scme
extrenely valuatile inforration st s now developing,
ficulty in all this eres is that the period ef induction
the anataxical results, vhether its & tumor oF sovore
ney be rather longe In the case of the Czochoslovakienm
miners, for example, it was an average of 17 yesrs £
mwamumm-hmwws

lungs vas finally recognised, nﬂuomot‘{h-fm
earboryl workers in England 1% bas been about 13 yesrs, oq

thnimum-mbenmcmiwmtioﬁot
thiange We therefoxe umgtmmmumu_m
specifis information as we can and alse we would

1ike to make it clear thct the canclusions ef confersnces puch

as these also serve to orisnt the emphasks that we've
the ressarch progrsa for the future so this is a feeddack
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VOICE:

BUGHER s

g*’

otmminidchﬁwimanmm,uthqmn#.u
reguld in more amphatic treatment of particular problens fn Uw

fature,
Are there any cuestions?

I hoard you have a speech the othar day talling the
xiners to look out for cancers, W¥Was that mdasquoted?

It vasn't a misquote but it sounded 1ike one vhen I saw 4
later, It's ons of those things that is hard to present
belunced way becsuse %w situation exists where one
thntmiquhuard. If there mgy be a hazard t'en sgten=
tion should be paid t0 it, In the minds of many pecple
soon as you pay attention to samething it proves that
nhlnrd, Now in the connection with the Colerade mining ’
pmbha,uhmmawhpmmmmwsuu?m#”
first tioe an extended industry in the mining of lowegrade
ores, ’nanimummﬂl,mdforﬂnwtmtmtﬂ‘ﬁ;
ped with the type of machinery and handling equipment that| -
ardinarily s attached to larger rock mining operations,
They're dusty, therefore, The measurement of radon
traticn in thess nines, in many cases, has shown & conosn
tionmiqhhndquuih HMche It is casparable, in
instances excecds, the recorded radon levels in the Cerzan
mines which I mentioned a few minutes agoe We do know
cmrd&tlmavuﬁmmﬁmcmof&aﬂ:m

u!
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the Oerman niners many years ago, thoss who sctually wc

ground, However, the mines were mot mined for wanimm, ¢

was only scmething that got in the way., They were deposi
alckel and cobalt with considersbls amount of arsenie
s host of othar things present in amall sccunts, They we
highly silicious, The miners all desveloped silicoain,
were doing dry mining snd the smount of dust was fantas
The early reporis were that a ainor working st his d

st the end of his shift often tinmes would hove the nasal k

sage completely blocked with dust, and they would have %o

the materisl oute 8ilicoals, the, was s vory commoa picth

and aloag with that, tuderculosis which alvays accampanie
played a parte After years of prelimicary pathology
1t would bo sn mderstatement to call an insult, oa
elojed, In that cosplex, how much was due 1o rudon ne
knowse The present thinking favors the emphasis woa
radoa or the daughter rroducts of radon as being f:portan
Henos, tho conossn with the Colorsdo ares, It's & ques
thinking wvell t:le say be & hasard, If 1t 1s & hasard, v

to keep our eye on it and meamhils on tim chance it may b

si;nificant hatard, see what wo can do about reducing 1t
we actually do not hawe any proof that ths mining opera
will in fact load o an increase in lung cancers We have
further fact that pecple have lived in Colorado on the p
quite & good rany years and 4t is not noted &3 sn wres ¢
cancor at the rTresent tire,

the
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I vondered if 1% was possidle $0 shov a graphical relstion a
shortening of the life span and the amount of stromtium ia Yoldy,

or scmething of thig soxrt.

This tolersnce figure 1s the one which people are welling $o that
thnnhcithrmhpwhuynntmtbtttmm

dstected as significsnt. The faotor which would 1ssd to really serious
injury is & thoussnd or more, in all probability,

Well, {f there are no more quut!.om,‘lh'. Solomon (Harvard) -

Yoy I lave just one gemeral interruption «- I got & pretty g
from Dr. Mitchell of why it looks 1like strontium 18 & dad asfo
a mach less clear picture as to why nothing else is a ted
Mmmdwﬁtmnamm, coe might oconsider g
1wu,:dparhpomofﬂarmdrﬂuub¢u¢uuv‘ vhich are
produced 1 sufficient quentities to be of interest, The '
vary bad if, on the shart tera dasis, peopls were directly &

I mosn, if you axve nod around {8. It has & half-life of atopt 8 days,
nnmuummmmmums;imm have sdout the
sy muber of atoms as iodine formed as you do of cue of strontivms,
1% would be comcentrated in & mach smller organ, the throid]over ant
anﬁmmwmunmwm

You bave perhaps a factor of almoet 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,

S o P
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(centinued)

1LIBBY:

SOLLMCN

because most of it gets awvay defore man is 4irectly exposed it The

qaestion of plutonium came up yesterday, and there are o atm
vhich were discussed and I am not sure that they need to be )
Coe of the prineipal coes is that it 1s not takes W by the !
systams -~ either plant or animal -- ¢t0 & dagree that 1s
comparadble to that of stroptium. Exsept for that one thing 4% would be
sbout equal toxicity with strontium in the humss boly, The
1s trus of the rare earths. mymmmwwm
systems, 50 that we Dave Bothing that spproaches stromtium a factor
amm‘,mmm. '

¥r. Solomon will talk to us on the sampling problem. : B

I vould 1ike to divide viat I am going to say Into two parts{ The first
represents scme of the conclusions that cur growp that met )
afternoon arrived at in respect to ansvers and questiocns of nm
to samgle. The soocod represents scse grisaly stetistics T dollee
the last couple of woeks sbout the availability of kumsa cmm
thing that ve all ccooluted vhen ve talksd sbout the problem o
was that it was nocessary t0 have sz organic evolution of &
progran. ¥We wers 00 much in the area vhere ve did not now
to oxpest that 1t was going to be quite important to mcdify
progran in the light of experiences, so that as soon as yoe
you would have to begin to count them and de yrepared to
along the line, Then, ve thought perhaps 1t would be bdest
& starting place to see vhat we really wnated to 4o, ard we
tarms of two questions, which we agree represented what w

e
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1ike to write this on the Yoard. The first one was what we ¢
pre=-pilot quary and this was Risendud's samples. 7o ses if the
akemeictus %0 1 thems and hov much. As Eiserbud said,

an gurs that ve would all agree that wve wvant to 4o the same thin
samples also. You don't have any dones, bave yout

3 ....uumw.mmmmnm
heavy fallous, wasn't it? What would be more importent would be domes
from ecms other place. ... (discussion adout mutopey ¢

day -~ they were pagative -~ dut don't throv tham asmy, they
muueomnmnumintmmm).

tion per minuts per kile, or cos or tem. Then, the secced tMin
we called the pilot query. ‘ :

(Explanation on blackbdosrd -- how much strontium 90 exists
livestock, foodstuffs, and humn bodies Within arees of know] fallout.)
I8 secmnd t5 us thet we would de very well advised to tade A

Eisenbud'e fallout studies in the hope of finding some kinds bt corree
lations between fallout, and Detween any cue of these sets o
I think, although it 1s2't spelled out here, ve sre all avard that the
amn body represants the bazard vhichw would 1ike most $0 ¢
mztm,mmnummm,mg._

Depariee ~
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" hoped to gt from local

mumummumunmuua:a - um
uuhﬁmmmmamm x thnu
mnmuummmmmuuuu

xmmmmummeemmm o] be expecteds

Borthern Ttak, or Sowthwest Idaho vould be ooe.
um,mammm«m,nanu nnnhl
mwmu.w&umnm«m mm.
Then, going down strean, we 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 we didn't specify & place, but you should specify a plach vhare you
bave good camtacts, since Gouth Amsricans are notoricusly lad in )
sasvering letters and things like that, Thes, England, and fimlly, Japen.
Those fouw — you ses Northern Utah, Kansas, Nev Eagland ot 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
semples and ve 4ida't ecme to very much ia the way of conelusions. Ve

thought we would have to taks scme water ssuples, drinking we ,nﬁh"-

towns where there vere resarvolr and purification systems, vamm
sexgles before end after the purification to see hov much was| 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, aypcks of
Livestock and ve vented t0 bave their banas of young 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 cowld find a eorrelation between béne meal, which is

ccmmarce and the amownt vhich 18 ¢aken up in dones of young
ve might be able to chiain smeples from all gver the earth by
scme bone meal, From Russis you might get & reascoalbe 1des |
this as t0 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

eollapsed.

Bow what I would 1{ke t0 40 defore I go m to the informtion p

naen smbjecs, I gather from some of the RAND pacple that the

mtwhnmwmmmemaamm&qhw :

T T Ay
. 4
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mnmum&umrwummuummahmh

Wam«m«mmuum

I would 1iks t3 say that instesd of the seupling panel umm

most scperately and discuss those questions Solomon has relsof, and them

if thay Mavs tims to Join thom later ...

Isn)t there somaons vho wants to say that this &s all wrong?

possible utility of the u-pmmm-apmmm.mx,

cane up &3 & sltamets o supplescet 10 you pre-pilot theary

™is wn't

availadlg -- this wvas {nformation we didn's have, Ke says that he has -

saxples and oayore is quite welcome $20 wvants t9 use them.

I think certainly anything we caa g% in the re-pilot quony

- TLtle s L7
Sl
r\-" :
' m - Mg hgp-«-.a—.( .\ .
A

w,mam'-mnupnmm.menmmm

ﬂdamunmm-nhmmmmmhmu
et ve would 1ike to 40 joobebly is to hit Sait lake.
importaut to piek & place siere there 1s o good medical
went 0 get Jumen mamples. If you cam 4o that, it is
wmnﬁmammnmmmum

It ts

e

do'eol"

vhon you
mtte
Vecause there

sre lots of universities there, but we picked & town or
there is a wiversity vith a msdical mhool, then the vhole
gotting luamn ssixples is vastly simplified, I wderstand

ty vhare
huuut-
1¢ &
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LIEBY:

—t

very cocperative veterimarisa in Vtah. You know him, I presuhe. Yes. .

Would you eollect rainfall semplest | )
Wan«wnmthmmw,ma‘“ gw‘:‘;l..
We want to pick places that are pretiy vell covered by ‘s sunpling

progres, 50 ve have scms mosns of relating this to vhat he £ umm.
n:tmmnmmuammm«mhmtm'_',j. :
of the bottom, ‘

xtuwmmmn:mamm’ Ao
the taperature eyele during the year, there is sotually sa wgtwr
stuff o the bottom in mixing which might, if it vere o "
sedimeutation, Dring it up and make it strontivm svailable st b
I% might be intaresting to smple sedinents as well.ss the v

m«mummaunmuqmnumu,f |
m'tmmmmmmm-;m,ooowc
mummmw,muwmuw

zmmmmumnmmwmu
mnmwwmammummmmm .!nw
m,nﬁt&nmmmgmum\utm'nm t.h. Somsbow
or other maybe we can §et scas of these ensvers. Negbe you, Mf. Elsetod,
can maks your sample measurcaents, end I aa doing scoe work Meu

Derar'wnter Trom the coean, and maybe you esn make some moAsuremnts Ve vill ot

Lot
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& half & doaen answers which will serve in this pre-pllot which
Vill give an 18ea of vhet you have on hand - ¥hat the problde is.

1 think, 1€ X may interjoct scacthing, the dollar sign seems fo look my
wiy & 11ttle B, that $he Jroblem fs £irst to gub clearly infmind whey
the est plan 15 — the best plan 49 cne vhich is also the oop to deterning
the xintmm cost to schisva the thing which bas to e dans... vhat 1t costs
than. ee

I don't think anybody hore knows ~- Vo can guass..e

Ancther thing I wazh t0 talk about 18 — I did & ittle wok frying te
£1n4 out bow svailodle Mumsn mterial wxld be Sust looking afound im
the Boston ares. Mmmmmxmmw#wuml
board. Ome {8 that 98 purcent of the calcuin in the dody 1s iu the skeletom
mwmmzmummw&.
wmmumuwnm«w umﬂ-. |
Mm’tmm%uum,hm. Ithn _
g0l place $0 lock, Now, mmmmmw uii,“h
Muunumczwmmmmmmn od
dxy, spd & tooth weighs 1/N of & gram. So,memhouto
between 50 ad 100 grams worth of testh every day. This is
nckody wamts it. You oan 40 somothing 1iko the smns sort of thi
Forsythe Dentel Infirmnry which specializes in children, and ob you might
very eesily be ahle to get & diffarcoce Detveen the testh of child
and the teeth of ma. I would hope, myself, that we oculd £imft some very
go0d sorrelaticn betvoen testh and skelatons, because if ve cab £ind thad
ewchtluthnnﬁnhanwtrmamuﬁtm n
alsost sopdere. There ought to be & perfectly easy meaas of |y
“"-n-»mmmnmm bushels of testh fram tims to




But the &ifficulty is that the twrmover in the toeth 1s very hlow,
especislly in an adult. I would only be & good nmber of ysals from now
Mnmbummmaﬁwhthom“m
tolerance. ... |

tinme,

¥hat adout childrent
m.mthMt,mmmthhmm.

I don't kmov caleimm, dut phosphate goes into the testh st a
remarkable rate, it is & more metabolic tissue than you thikd

Ve have analyzed toeth after the administration of both cals
strontine end cospared them with bane... certainly the
If you got & tooth that is hwt forming, then you get a nice

Actually, children's bones are much the hardest to get, and
very well ba thay would be useless. sec,ﬂmnexmzjr
mant, but if testh bectms casy t0 hendle, and if you can ged
quantities even if you hve a tenth of the up-taks, you still
Bow, I lmve got scms more statistics -- Mossachugetts is &
Azybody, that is snything, vhich is born after the 25th vesk
be buried -- and 1t eosts you $25.00 to have it buried, and
necessary by law, Itlecomes relstively d1fficult to do this.
same figures on the Boston XY Lying-In Hospital. It has
births every year. Only 75 still births, vhich is quite 1NB
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LIGBYS

LIEBY:

529 miscarriages pricr to the 20th week. No¥, yOu &re gt
point where done focmmtion is not very great, 50 1t decomes

mummmmmmmmmu
births that came to sutopay every year. The ssoumt of bone
mmmmuumsmyusuum,mn; ) ¢

ma.bol.smdmci\uam mumm

adout. soxtmuwmumunu, ummﬂmm

othar states have different laws than Massachmsetts and
it would be very hard ¢to get enough material,

We have & legal paper from & law fim in Vashington on this Be
mmmwmmmwnuuunmwj.

lase hospitals,

mmmwummmammmmcphm

The state of Washington soems to de sbout the moet Lideral,

And acoarding to whet you said, you sre msmwnﬂ»ws

caleivm,

The statutes rdquire a death cartificate for stillbirihs

that age.

Eowever, the lavs governing the disposal of that doly are thel sams as the

lawvs governing the disposal of adult bodies, and one can gt

through vill of the parent. This has t0 be an instance
vants to dedicate.

xtmzmmmummm-nwuauwm?, Whas do

‘...S\‘tj.;

/6/




Fy o

i |
Histosian's © 03

,.‘

mmmm-—unmmmuumﬁ

numwm/ur'm. The bone 13 80 suall and 1% pas to be
ummmmwtmmnxw, b4 that they
are probadly out, snd also if we couldn't get them in this _' , vhare
ve get our best carrelations, ve wouldn't know quite vhat ve dodng.
With children you can &0 a little detter, fout I lesrned to sy groad
pleasure and surprise that you dm't get any boms fregmmts odt of
chiléren's operatiocns, Gmdmmmtmﬁiumm ma
cootirme the growth. A% the Children's Hospital thers are 3 mm

mummhtmwm There is & reasonabls amo d’m
tmmmmmm,mmommmmausrm
per day., If we would estimmte this as 120 grams par bone we wguld god

mybe 20 to 30 grams of Bbone & day and taking the calelm concgutrs!
mu(mmwm)-mm'um-nm hup.

nmmmmamwmmu re «-M—T b

cones to 2.2 €0 3.3 grems of ealcim & €ay, vhleh 18 still & rhlatively
mmll maber, In sdults it turns out thet you can do consilebadly betters
Tou take & figare which I 1ifted from s pathologist. I Bostpm, this is

at the Peter Yan Briggan Rposital, there is cne suipsy per yesr per
bospital bed, and this gives you & resscmchls figure that yoof esn epply

to other hospitals, exoept that it tawurns out that more peoply 41 st the
Briggem then thay 4o other pleces, Owver the country parhope Rhe figure
of 1/2 en sutopey per year per hospital bed would Do quite rdascneble,

Hov, i€ you vork throvgh the pathologist st autopey, you canlovt sumples
es largs as whole ride, which may veigh from 50 to T3 grems, }trcuthu

}n:-n'r’f Q’. okt ':":Y

T N

P

] .
PR |
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LYHBY3

KOMAR3

P _,-:\l
Ve '%ﬁ"h“‘--{ M i
- agfeon c
1 SO )

oo hospital in Boston coe ought ¢0 be abls to got some vhare B

50 and 100 grams of Bone every dsy. The mext question that ydu need s
coe that is reslly much more cutbus, Thig is how much
there be in 100 grams of Done i terms of &, I played arcc
this on estimating the avalladle calcium content in fields,
their figme of hov many disintegrstions there were par
I cams wp vith 2.8 4pa por grem of calelum, this is aud

the total amount of stuff svhich is up there.

This is one thousands to the tolerance, according to Dr. Nitche s dad
a Kilo of calofum, 50 thnt glves you & tiousandth of & !

Do these check? That is 2.8per gram and a kilogren ... and isa
thousandth of & microcurie,

FBow, this is in the earth, and tho qusstion is what is in maal Naze you
got cut of the regiomn of mking & guess of the aratledls calcfum and of

mking the goesses of hov mach of ths calcium that 1s availad in the
earth 1s going $o be avallable a mn. I found aescadle o
in the literstwre, none of 1% very good, axd I 4idn't Reully ok
1iteratwre search, but roughly It locks as though there 18 »
auimmmanMnm Flents , plok vy
calcium against strontiux 2 %0 1 and man will, so I Just tool] a figure of
A. hat 30 you think, Dr. Kamr, hov decent is this? -

Our experience bas been that 1% would be pretty much the
aM&&uhMMt&WMWMd
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, A

3ag been quantitatively the some as calcimm, I think Nerrill
MuMMMMMWﬂN&

mummammwwmmmcmtqm

of 1t dome over $ to § years ago. It is old work snd it
not be right.

There are & serics of experimcts which shows that a8 you low
percentage retained got closer and closer to the ealoiwm

e that in the lover levels you could probebly take Br Kowr

as correct.

Hov much ealciug is there in hairt

Nothing serious

v weld

/¢y



oOLOMON g

VOICEs

CCMAR s

VOICRs

HILLs

wnliiier

Flammic — you take sll the rest of the body together
includes bair, and you get only.73%; 20 there can't be
appreciable in heres I haven't seen a bair analysis, but phen
it's gone this far if there were anything larger..

This represents a turn-over pretiy well, doesn't it¥ is
understand 1t, 1t should be formed from calcium intske day Ly day.

are deposited in the bons almost quantitatively reg
turn-cver and regardlsss of growth, and it is just by
exchange process. It oomes about bocauss your bleod is
and your done is so high so the storchometry of it puts
stuff into the bLone. S0 if you really want %o slmplify
you csa talk sbout ths amount that's ingested, then you
that a given percentags will be absorbed and we have gool
figures of that. You can say alaost quantitatively that
is going %o go into the bone and Lits going to stay
the amount that circulstos is so small that it is n
the amount that oirculated {s in equililtriin with the he
soft tissuss and the endoginous exaretion. But this is

I agree.

Vouldn't there be a point though that if the naturel sty
mhmmmmmyomdhtroraum




LR

| A thnmtovu'mdionronuumthmwﬁdh
(continued) & “m

COMAR s

w“ "p

% That's right. I think we have to divide the problem
@muumummaam"
dmothoooncspuonofth-htnormwm
}hoﬁurthhthhghgctﬁnghtohmﬁnm

,}woohblo anocunt of bone formed. Thers are almost two 4
X
”‘”muuu. In the lstier case theny ycu can make your ealc

v\“"

nxpmumnrxmmotmnmmu’
_;Mzcthon@n-u,lmnkuhmwwdwmuh
“erme 1n viich T had. T assme that in adults, 258 of
uhimumbommmhanmm mum_"
: Wmofﬂntﬂtﬂ.amu‘lhﬂumlﬂMIt

: "!dna'tknwmmhawdommwrkonﬂutor NG

;ﬂlhmummﬁmmwm!otwm&m_:
%hmrnct.

Mthuwuldwrkoutthatnmpaboumh yisld
‘ Llanofmdmmdatwthotadpn,mkcmcf

_ ‘mmor-m And so a lnndred grams of bone would yal
mzntegrmonp.r-mu, vhich 1syvith your

/ &é



b.(.aD!Dll ) nhuv-l;mmhh. 80 it means, therefore, that ke
contimied :
s one~to~two day oolleotion from a medium sised hospital give
yousunmhuhlchmhumﬂo,nﬂmtmbm&o
that in terms of teeth, negleating the uptake factor. .
LIEEY; But 1sn't there a question that even if you can messure i}, it
gecas 10 me you need bdone ash fiom the whole body. If et
scasbody's rid, doemm't it matter vhose rid £t 1at
SO0LOMONg Yesy but you can get, I guess, btone ash from the whele »
tut that would decoms terribly diffioult to do. Vhat one| would
have to 4o, would be to get a correlation,..
LIBHY Cm'tmgetpmttsﬂmpooph“mmhghdhn#gﬁ
thely ashos?
S010K0N; Ye3y T would think so. We've thought of crematorium robt#!.n(" et -
82 & posaibility — don't rob them, gob the pernlssion. g .‘
BILLs mx,dﬁn'tmhnuurucdu’Wmm .
that vork 1s going on at the Taiversity of Rochester oo :
Couldn'$ that material be available?
BOGHER 3 There are two places for that sort of thing..
SOLOMCH3 ¥hat one would want to do weuld be to establish a rela

between whole body ash and then ribs, becanse ribs are
very easy to get, andmmgatri’bs&malotétp
you have scae idea what this would mean,

RCHWES .
Af . | /67




bwHER

SOLOMON,

MITCHELLs

LIBRY,

MARSEAIL:

-

mm&ﬁ;nvnmtmzormmm'mr-
[ - ]

that are old pecples, &0y N years of sge. It's mot qui
good as you would like,

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 milk,

I might just add one thing hers. Two people Ly the
Spires and Burke at the University of lLeeds m veing
sshes, and they've memtionsd the fact that the thing
limitations on thelr investigations,

LMMMM

LSkt e

mmmmummwormpuumow

iwportant. Mr, Marshall, mu.umormmmrf,
whmmarwummmmmnum

gmnnties, because until this quectln ot 'u!at u h
ve're after has deen answered more precisely than it
his bDeen answered,; and before any gussses kave beenn 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

nergy
Looan'n Citice

Anﬁhh“:s 7

315

ot

atary

-on
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-—LSEALLY
(continued)

mmm‘mmthamlmbmoMoAM
and ons of the functicns of a real pilot progrea would t
£ind out precisely this, Any smmpling design has to prod

really two things, Om,muﬁlluofmqmnuv:w |
after and also an estimte of ita tutrinle varlability, |8
it turns out if this thing is very peeked,the way to go
this problem is to pick & few points initially at rendomy and
then sazmple arouné it in Mg clusters. This would mean
you take many samples near tids point, if the thing is v¢
If 1t $s quite mucoth, then one spreads his samples o}
that this gives you the optimal estimate for a fixed amoyr
of money. Hhmzt'nmunqthomthlilfm
Naw,mmdaomhmnmmw
Bothntmmau:m;oiuhhnbhn&ﬁ Cas
tomwtomtoumtmtuumgy'"@p

pmaoratmtx-uwmuv)qmum'
aapling problem. unni&ntu&;sid.dlmum
of getting the sctual material, I think that we ought &
getting a correlation betyeen scaething caloulated from
data, for particulsr aress. What I would have in mind &
fact thet the food distrituticon in this country is so wilesy
that one would try to taks weighted averege of say a ol
mluhbmnnosaivmducuwwchwrwﬁ;u‘ﬂs

DTN . /69




milk supply and water syply area. The country-wide av
on scae aversge welghting is very heavily in the mtdwosy for
the food produsing arees. Then, we should try to
a specific area a potential exposurs to this risk and
relate this to the amcunt that ons found in peoples' b
taking account of their sges. I think that in view of
faot that it is probably going tc cost us a falr eaount
money to get the smples, they ought %o be designed vary|cares
mxg.mnu.mmwmmuvmmmypuuru'
the analysis. Ve can't assune ahead of time that we are|going
to get very good ansvers, but at least we ought to have {a
mmtuwmmmmtmtm_
give rough predictions frem a seriss of detonations us
of the work that vill go into the tramsport and so cn,
us 1f o certain mmber of bombs of specified yiald are m
off youghly in thoss locations at this tine of the year :
mmm.mzummuwmum'
Efsnetud's data indfcates thet it falls off fairly _
f.0.5 the fallout - from the alte of the detenatien. On
other Ik hand, if same of the material this morning
that if you are locking at soil, this thing is liable to
very pesked, then you are going to have a big protlem.
you are ocking at human bonss 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 depend on whether this

A‘mh-munmmuw,i.e.. the Mg

_ASHALLs
(contimed)

g
«
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MaeSEALLS

(contimaed)

LIBHY;

MARSHALLs

LIBBY;

‘mm.oammmyorm

L

mmmuuaur;mmmm. :
11ttle caloulaticn, 4f &% turns out that ssy & hundred
or #0 of bone material were enctigh te allow you to taks
neaswenent vith & guess of & lundred dollars for the &
sis of this partioular sample, cne, I think, cowld in
country — the caloulatics I did for ten eities assming
that cns takes acocunt of varicus age grows, start say |th
an age growp of from O to 5y 5 w0 10, 10 to 15, 15 to 20} and
20 and over) perhaps, that one might take thres smples
each age grop totaling 300 grems, rundoaly sort the
into 300 grem wnits, analyse each one, and get his cow
This 1s all for cne city, and for the varicus age growpsy snd
got an 1des of how the fallout in the ares and the oov
sverages related to the smount of 57 in humn dones o
the fnocticn of age, from the past experienses. From
one might be able to try some predictions, depending wy
vertatile ane found 1t and cne needs, T thtnk, in sach oo ¢
umm.nmmmumnmhm””
Mﬁomouotptﬁncumormmhm &
dists vithin & particular sres, , |

Take o ALV, oase of the human sswvage of M
You've certainly got an encrmous aversging alresdy in

Yes,

m,mtmmmaouummnmmumm
permmotar? zoumm;m.umz..pmvm Yorage for.

17/




LIBEY s

MARSHALL s

SN
~7

YOICE: f/ iy .

MARSHALL

MARSHALLs

VOICEs

YCICK:

VOICE:s

LIBBY;

Ko, PR

Vell, I
ovar time, that is; this week...

Oh,y I ses.

mmooqmdohudhntmn;:ut

Vhat I would really bs interested in 1s the variation bLejueen

hman beings living in the ssme ares and eating roughly

the

same diets, m&hwmmwhwmn,hﬁt'lmtm.

Can't you get this variability bty using pigs?

!u,mcomm‘urrupip—xmmoompt
variation in pigs, tut I'm not so sure adout...

Tou are mot going to be able to take a vhols famtly and
all their Lodles. '

B

i

i

xmmbmummwmharw

city, of age w-w ﬁ:n.u .

smounts that are in tlcod mxy be encugh.
It's a lot of blcod.

Fow about hair?

Mommﬂdmmmmmmh_mof*

How about fingernails? and teeth?

Iwﬂdwmcmmmuwmm
a‘Ll_thH.nty ly such a tremendous emount, You

= ;""._:

Yeybe they can. Maybs 1t sn't eo diffioult, l\m"uﬁ F a E

o P
AIEVER A ety e T
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ho.CHEILS
(continmed)

LIERY:

SOLOMON:

YOICE:s

SOLONOK

- COLMARs

LIBBY;

" KITCHELL;

1t in bones you are | .

have infinitsly more troubls mseswring it in anything

What 48 the stuff that makes you get your teeth clesxs
that caloimm containing? Think of all thess things you ssh
got gratis, and then use your maximm sensitivity, sand
maybs you can smmple pecple without killing them.

Flasma has five lundredths of & percent of the total body
calcius as sgainat 96% in the bones, end almost 1¥ in the
teoth. Nverything is weighted against you.

x-mmmmrmmhhmmwrng
layer of calciwm from the bones? :

There {s a possitdlity that scme of the versinates (1)

bring same caloium out. X don't knowe But it hes Deen e S iade 78

t0 bring lesd out. Caloimm versinate has bem proposed S

w-m,mmumm-m %2&5
=

umw, :m-n-!.totm-imh.

' mmmtmuuummuawmwm

of that, s0 you eee it is a possibility, xm-zm&rgm .
aversge person would be in teras of tolerance. I stppose|very lows
Oudoom'tbow,hattbobmuotapcmnuhnh» w_
thopmodofapomvﬂlumtun;arqmim dose
otwmmtmtu.m,nmm 8 3f you
pick & sempla of blood totay, you bave x swmaty Jou il

nmmwwmdxMAmmnbuo yours
L ES /173




Phe

 OOMARs

LIBHIs

COMAR¢

MITCHELL

SOLOMON:

& person tock scns material in yesterday, and none today,
wouldn't e in the hlood) it would be in the bones, It !
dcpoaitd Just about imediately,

1% Sust

v.unmmm.mtmamms:”mmm

agoy and we'll be glad to make blood, hair, bones, sto.y

mlhblotouvmuhomtommthqﬂuuim

you whatee

: aid
How much/they bave in thea?

Ve gave thes abotit & aillicurie, scme five midlicuries,

Could you send me some Dons ash? And also some ash from
parts? Just half a dosen parts. It.wuubowx:uq
make & rough fdeas L .l L

-.\-.}1\..-

I'dh;hdto. !hh\duginuntunhofmw
mum.mmm. ‘

"4
v n’

mmmmhamummmtu

munu.oosmo:mmorm

A possibility ccmes to mind of & tirescme thing to do. Fiom *

Dr. Comar's suggestion of the bloods You get so much of
nmmmmnmmmmmmmm
one of the techniques of ocllecting Llcod is taking it

L A

it.

mmm,mmmmmtmm%m

-~

174



- L0MCY s
(continued)

SOLOMON;

LIBEY:

_aowml ]

LIBHY,

MARSHALL:

LIBRY

the blood from clotting, EHow if this were so, this ien

resin 43 discarded; it Lsn't used amy more, If it were #p, in

any largs blood progran, one ocould get a tremendous ctm
resin fyom wbhich you would ocnly have to dilute, which gmu

do quite easily m“id;'tmmmuwm

Ancther possibility is vhat is thrown awvay in the gamms bulin,

Doesn't all that blood come from adults? mtwﬂdhwmo

Host of ity I suppose, does.

On the other hand it ocontains the lost caloimm, and that
stuff that would have the strontium in it.

Uithuﬁnlt,bmmmmtmmnﬁm.

bat the calcimm fn the blood 1s still in the hlood, and |
still circulating, and so that's not & valid objestiom
would require getting inm touch with the Red Cross and 1

scme of the details of their hlood collectich. You oan h

dated bank Hlood toos

You think bone meal is scmething we ought to play with
statistical point of view? Yake the Chicago stock '
m. |

Velly here again I thirk it's a question of —= vhat 1s ¢
questicn you are trying to answer?

9 and wve find this to be something or other,

Vell, mponwowmbomnulmmﬁuj::im

s the

K
This
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wsBYy uhﬂhtt«tp&tmﬂmhﬂmmtndhﬁmlm.#m,

(continued)
or scmething?

‘lgnn I don't think so, unless this place that the pig came had

MARSHALL)s sone special significance for you. If, for instance, he '

from the outakirts of a city in vhich you were also other
samplas, this might be rslated to other things that you out
about this oity.

JBBY 3 Ve have variocus kinds of ssmples vhich have a lot of &

already in them, We have this milorgsnite thing, we

bones, snd there are several others of this class which
mind immsdistely.

- ~iw. Ratnd o

get and probably not too bad to anslyse, they sre scmething one
would do, but do they snswer the question: uhnthtbon*c*
encunt of strontimm in smerican cattle? Dnmtronwt#u-rm
you could find out about., |

MARSHALLg I think the situaticn is that since they are very muchtluh

JIBEY Some of these saxples we can probably gét from abroad,..phat sort
of Gidrg. Momlmwﬂdgot..mlthmkpmhuy;:hm,
and stuff, |

SOLOMCN: Aotually, maybe fertiliser msnufacturers cught to be into,
I don't knov all the oumponents of fertiliser, tut scme pf them
cone, very wide parts of the world. A lot of theny I aa g Vi1l

calcium,
i)

Y
o
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ECLZMAN g

Any coe else have a question for Mr. Narshall? Bot‘ou#u
leave the sampling program, I'd like to mention a subj
Colonel Holsman is oconnected with, Seversl weeks ago we
oonsidering this stratospheric storage, and conoluded
ve did this morning, that it probably exists, that there
probably a lot of radicastivity in the high layers of
ataosphere, and the question is bhow to prove this. It
obvious frcm remarks this morning that rainstorms and
vagaries of weather make the assay of rains a rather
way of estahlishing it quantitatively, Sonwndarhw‘

get the radicactivity cut of the air. We asked Colonel Hbolsman
to msks soms measurenents on jet atiroraft vhioch are
out of Kirtland, and I'd like to give him a ocouple of
to tell us about that. xmmmaummpm,
there 1s some radicactivity cn these airplanes, and as I
wnunan,wqmmnw-mmmtpﬁ
knevw of? '

That's right, Dr. libty. About a month or so ege, Dr. I4bYy
requasted just a yss-and-no answer as to vhether any of
Jets were picking up any radicsotivity., So we ran a "quicke

and-dirty" test cn this. There wers about fifteen alr .
Vs made sure that thse airaraft wers nct theae which nighg bave

e
1
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W _ZMANS
(oontimed)

LIBBY s

¥~ TMAN

’ .}Triﬁ%‘.‘?:‘ ’

porticipated in anp atcale tests, and simply tock swipes

Wﬂm.uﬂliM“Mow;I

forgotten the details, but about half of them shoved ty
sbout twloce that of background, indicating at lesst that

vere getting scmething., These experiments vere designed $
to give us an answer as o vhether wa got something or 't
get anything, and certainly that can't be used quantita .
Ve would have to design an experiment that would be more
mmm,mmmmtmmmwmﬂw
or how high they were flown. This stuff might have been
acountiated over many months. 7The fact thet we just

1t did indloate that they plcked up scmasthing, and if
dosign an experiment properly,; I sa sure that at
at least for our airoraft, we oculd 4o something that
contritute. Colonel Eocks is my boss here, and I'm sure|he
wuld be quite willing to do sxything we can o oocperath. Ve
have our hesdquerters reprosanted here...d think Col
mum,m»ummthwmlm,mt
got into jets over Korea or some other place, the '
mmtmtmmmmmum,mu t
Muaotaftnwmrduohﬂ.qm,mx'nmw
get data,

You have radiation menitors at moat of these beses, don'&yoﬂ _

Yes, we do.

vt . anay
8

: "‘é I.' N e ,\". T
‘ e Difize
A - - 7%




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
How about Burcpe?

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

t-,andﬁ:hthl.nghupoldunwofupmunx
particulate matter. The yleld, otm,\mddh

1ew, Mthuohpmhﬂ:chtof:hﬂthhw \-o

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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KELLOGG s

Are any rockets being fired st ¥hite Sendst
M&n’twwwlm._

T don's think that eould cagpars with saspling from the j#tu

1n the stratosphere by & method vhich vould involve sends)
talloons. The sdvantags of balloons s that they can g
at present, higher than arny cperstional aircraft that ve |
xmmtmmmwtumwmm

%o have balloons in order to ssaple the stratospbere at fhos
levals. In fact, 1f we can consider the transport azything
1ke horisontal, then ve wuld expect to see the debris f:
m.zmmum-ss,ooonwmmmu” o}
niddle latitudes. In trying to imagine vhat belloon sempling
vowld 1ock 1ike; we have been inquiring about scue me
doing 1t sintlarly — cu & Dasis siniler to cur present el
scnde petsorks, In the history of wpper stosphers resehroh —
I can't remenber back, tus I cen read about the great odpt
the early radicscndes — it was § considered quite & tafic
%o 6o it. Yov ve have upwards of 30 staticns in the U.S
making two scundings a day on a routine basis fer a
noatral cost. Ve inquired about the cost of sending wia
plecs of cantustivity equipment which could actuslly be| -
inserted into cne of the channels of the ordinary rediofes

3
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ELLOGG s
(continued)

taking advsntage of the telemetering already existing
big stations all over the world, NMessuring the oo r
would be ons wey of doing it. The other obvious vay be
to measure the radioactivity. That is, Yy some methed |
Geiger oounters properly criented so as %o 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 = dut it would appear to be rather hard to do.| IS -
involves quite a lot of instrmmentetion. 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 redioactive elowd,]

LA
[P B
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13ks to have us all think a little more adout.

w1000
LIBSY: Vell, fine ¥ill, but how many ysars will this take?
KELLOGOs Some equipment was duilt for Sandstone so ve would have bask-
ground in this instrusentation but I don't have the de of {t.
LTSI It certainly could pot be organized before Castls, could ht?
KELLOO S I wouldn't consider that it couldn't be. 1 think that, 1,
you see the telemetering is an important part of it,
If we can devise the output of our

already availabls,
tivity equipment to adjust a variable resistance which is] roughly

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 FE00

equipsent.

LIB3Y: What loed will it carry? IS
KELLOCG3 Ch, this is the gear exclusive of the balleons.
HNLZNAXS This wes dons at Sandstons very successfully, I get the feeling,
' 2re Lidbby, that many of us here are thinking ian terms of .
material hanging uwp in the stratosphers for long, long pcﬁodl
of tize. Although I have bYeen getting more and more sway |from
petecrology I think that this is a very wrong concept becguse

air froa stratospheric levels can come down many, meny ¢ undl




v ZMAN:
(Continued)

WEXLER1:

LIBSYs

VEXLIRe

L1811

WEXLER:

L1B3Ys

VOICEs

HBOLZMAs

of feet in the ordinary weather situations. For example,

that might be at the stratosphers today, might be dowm ml::u
e s

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 caxe down to sea level?

VWell, you take an average between two days and six months] nq'bc.

o & year,
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 sleope.
see air doesn't flow horigontally, it flows down, and if
have an uwnusual 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
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(Continned)

LIBBYs

HOLZHARN:

YCICFs

HCLIMARRS

VOICE:

3

purging itself even at very, very high levels and for rosson
I thought that some of ths data that, mllinmor:[thor
pmetboeli:Wmdu:lnualotot
information u to how much the atmosphere is purging itsslf of
this dedbris.

Do you iragine that it right be at great heights? That d- radio-
activity might be at great heights?

Well, I got the feeling from your rexarks and othere that|this
thing might hover at stratosphsrie levels ....

Ien't your point coming to say that your guess would be
radiocactivity, sssuning & period two or three months af

that the radicactivity would be pretty well distributed?

That 18 right, It is pretiy well distriduted dat it is
being purged and that data even at lower levels can de yued 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.

If this wers trus then it would ssem that :isendud's data
shov this, becanse let us assune that there is a six monthl half-
1life then he ought to have a six mcnth olopo?on his £
he doean't have that.
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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. Yost of his stuff is delow the rd.#c\t layer.

I think that it is the oprosite. KNarmely, thatapparently

is no ocbvious decay yet from Ivy.

ng wp

there

¥ell, I would like to go back to this Frakatos. Maybe w

could

squesse something out of that. Now there was a ten fold Kemanu-

tion in solar constant.

108

Yo, tan fold because there was a tea percent increase

the

10 ons percent difference and it took them thres years got

thl".,loi peak down to 1% vhere they could no longer de
the change so that is really the tem fold over a ¢

yeoar period,

Well, the only thing I sald was that there was a 10% d

as an gverage over the thres years.
Oh, I thought that 1t started as 10%,

Ko, you take 1005 as normals.
to 100%.

You are talidng about dust content,

It went down to 90f and thin bdack
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Yes, this is referable to the nmass of dust.,

It depends on the sises. But about this -tnh;ﬁhoﬁe
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 shove into the strhtosphsrs,
then the direct exchange between it and the lower atmosp
becomes much mors diffieult to do becauss there are no 4
surfaces that really penetrate up. They >m 'msuy hori
up there. So, to get things way high up they are likely
there except by a very slov process of diffusion or f.
Very slow, but none of this very rapid quasi borizontal 1
scale of exchange that Ben wvas talking about.

How bhigh?

X wuld say that if you get up to 100,000 feet.

My recollection is that in the case of Krakatoa is that
cbserved brilliant sunsets ia the Sshara desert and other fplaces
and they parsisted for a matter of months and posaibly a ypear.
These things were such as to indicate the presence of dust] as
scattering at a very high altitude well adbove the tropo .

That is right. That is how they estinated the height to \A:ich

the stuff went. At least 100,000 fest.

There was persistence of this dust in the high strateospherp a
long time.

ARCHIVES

B YRR

/86



{ LERs

GHIGASS

WEXILER?®

LIBSYs

WEXLER:

L'}

atao:phcn, tb.nt 1. the pomnont gases ars ntrmly un

AN SRS
LalnivieD

Yes, and it gracdually settled down. Thsy are able to delect that

by eptical effects, gradual decrease in height of ths maln body

of dust.

1s this conaistent with your ploture?

Yes, I think so because that went well up sbove the low
of the stratosphere vheres it was effectively sealed off
isotropie exchange for lower atrosphers. This is also
by some moisture measurements that have deen made, The

up 100,000 fest and it shows that in the stratosphere
phers is extremely well stratified vertically. That is,
are layers meist or rather moist air and dry sir. This
oxtremely lov rate of mixing. On the other hand, all t
nnta that havc bnll made Micah t.hat tha coupouuou

It sort of gives ynu an idea of the time scale of mixing
is somouvhere inhstween probadbly days or wesks whkers mols
precipitation, evaporation and things like that can
tified and the time required to do uniform sixing. In
connection, are the samples obtained by rockets too small

analysed?
T don't kmow, Ve don't know vhat the content is .

They get samples down to the order of a courle hundred s

11 guess,
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BILLs
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. This discussion seexs o me to indicate that the pilet

7ot

- nElee
U

Lo o
\ S i -
";‘;'IJ,,,JL..:)

which we have up there is only part of the question and

other pilot query which we had was what is the distridbution of

radicactivity for Strontium 90 in the world today? I

they are two quite different probless. To detersine as tk

hasard requires one set of measurements, 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 hazard -u long as you had fallout.

da'‘s

I think, on the contrary, that you prodably would, In or;u- te

back wp finding the radicastive Fegross in South Africs.

find 3 radiocactive person in feuth Africa and say hov in

You

world,

¥aybe he tock s trip or mayde he ate Alazkan canned salm s and

you bezin to investigate and find that the rain 1s redio
with Strontium.

But the fallout takes scoount of & great deal of this. x#"oth-r

words, one is mutlﬁl and the other is lcicm;

Thare i3 anotber ixpeortant thing. If you analyse, say ia
pilet study, over a period of woanths you find that a _
amount of stuff 1s blological 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 doun't see how you are going to e

with any competence,

.

Znergy

Vi

olate
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I am not going to argus against it. It soens to ms sctually a
mech more fascinating proble= than finding vbat the human|hasard
is. It 43 just that if one §s trying to put thase inte 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
tion are obvicusly so serious and so important that I thi
thing leas than a worldwide assay or an assay that doesn!
scod samples spread all over the world will be unsatisfac
¥a do not know whether Strontium goess with the ordinary fijsioa
products; this has to De settled. ¥e have very good re
:uppo-inz that 4t will not ge with thenm, thattbeuhtb g
fr:cumucaandunhantodouunv. Oh, the th
thing is thclmuf-unummttbodxiupmsna
carry 1% all over the world, urtdaly in tho atmosphere
very probadbly in the ocean mronh. at least as far as th suro
face layers are concerned, 3a, I doa't think isclationism ‘
any proper roil in this, 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.

r“ O M
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LISBY:

"cheai¢al yields so it hasn

Our own backyard is, after all, 3,000 miles in one dimengdion.

Isn't that a fair sample of the world?

Yo, I doubt it hesause the world is ec mush bigger 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 take more samples in this
than in any other continent.

that becanse it i3 more conwvenlent that this assay would

We musta't slip into the

I doa't believe 1t wil),

question for this confersnce though. That is, if you

in the leagus of the pre-pilot and plmbque'rin _u se
mtumtlmmmwdsnry”umdamfw

Well, I vill answer that in the following way; it is & qubstion

of whether you will operate at all or not,
to whether you are interested in Gabriel as such.

It is a quesi
Nobody
interested in analysing a fev isolated bone samplss Just
fun of it. Peopls will do this becauss they are intere
the Cabriel project, so if you don't keep ths gensral
of it in mind you are not even going to got the pﬂot.act

any reasor to do it. It isa't useful to Spence in gettin,

... T wonder someshat though whether tris is & terridly ui:rm PP

lon as
is

for the
d ia

se

. That is wiy Strontimm 90 has never becm assayed, Nobody Jas had

radio-

e
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I was :I.l:wobsod by what Hr. Solomon sajd, nemely that thel sampling

thing, by its nature, had to be a daveloeping thing and &
seens t0 me that worldwide aspest could very reasonadly

Just
pad

Thmlynumthltthdcnlmcntnncnrphuwﬁwlm

assay. That is =y anewer.

I would like to suggest that we breax off for lunch in tvI or

three minutes. let me Just tell you what I think we can

a detsction. Of course all of this has to be worked out
proven. BSut the detectadle levels, of course this means
you ars going to work hardest on these. The lover limit,

I would

say, 1|abwt1dpuuzdthintob;oantuuedinmmun
sampls up to 100 pounds. NMow what is ons dpm - that is
nillicnth of human tollerance. The person who 13 just be
to feel the effects of Strontium; i\ is contained in one

of calcium in his body, In other words, there is sbeolutd]

difficulty in detarmining Strontium in human bodies 1f it
any whers nesr tolerancs, Now whe knows what it 1s now?
don'd evea know what eslculations can be madej I can't
guess., Ia m. willing to guess what it might be now? l
you say that it 1s a thousandth of lmran telerasnce at the
tine then one gras of caloium is the minimus you will be
for this saaple, Jow, ths present saount of Stroatiua in
world, The present assay; vell, we say & 20 kiloten bord

ss

1 gram of Strontium per KT roughly. With a S7 fission yield we

kave this many Strontium 90 atons produced froa kilctoa

and
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Departmert of Erargy

divide this by the area of the earth this number comes okt

20,000 Stroatium $O atoms per square centimeter. If we
we shod off say 1,000 bombs this would be per kiloton

present assay $s 1 dpm per square centimster. That is
know from the rough overall yield figures. That is how

there iz, in other words the limitsd detectability is e te
one square centimeter for uniform distribution at the L.
The lmman tolerance 1s equal to a million square coentimethrs,
That i3 the ingestion of ths Etrontium in an ares of a ion
squars centineters, that is 10 meters square - you awallgy that
much, you are wp to human tolerance at the present time. | I
don't know that any other remarks at the present tixe d be
particularly pertinent, HNow, naturally these ares the est
things to do and it will be easier to do Richardson's, 3 ¢an

be done I am quite certain.,

Historiz~"s 2:7ice
ARC:4Z3
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~~LLo0Gs Aftar the discussion of yesterday afternoon, in which

«f

&

KRANISHS ¥ would liks this morming to discuss brlefly the results of

the separate seeting. If we can't tell what we &o > W8
should Ary to outline what we doa't know—which I is

quite a bit, We wonld 1ike to conclude the morning sedsion, -
after the coffee break, with a discussion of the GARR
probles, glving sous of the results of the old GASRIEN" and
glving soms of the tentative conclusions ef the class uf.iea
policy mesting of yestarday which turned sventually int &
technical GABRIKL discussion,

nulolhuwuldnkototmtcyum,ﬁthuqflu
progran involved in Part I, I

over the possibilities, nesds, snd advissbility of
experisent where we oould follow the debris in the s
what I have to say now may be reslly thought of as a
the fasters, and I shall try to state scus of the dis
mtwmmmmmmm.ru
Benefit of those who dida't bear it. Because I thisk a
interesting factors did cone up,

i - .,*'p o

I'11 take first, our original sttitude toward this, In fooking
at the local fallout piloture—~by this we mean the f.
out, in the first few 2ays——we found that ane of the
ficult paramstiers to talk about, much less %o get ayy
laates o, was the vertical transport of debris. Early Wexler

™ L SO e b Tem s
Dpres SF perhy
.. Ry
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( continued)

P oS
- Y . BT

maotioned that this vertical transport debris is sort 4f a
dead horse--] think trat was the term 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 mever be & reslly pree
way of dealing with this because it's such a variable

will be only fer rather specific cases.

In arder o £ind out more ebout this business ef the
of the debris 1n the atmosphere after he first few dayp,
sewned to us only logical to at least think about soms
an experiment which would permis us to track it, and we|wanted
nod ouly to consider the work that had besa done befors

- abla e ogongvoal&ofgfﬂifn.grf ’
dinenaions, g’aﬁgfoouagguvﬁ’ai&-ﬂ e
to see 1f thers was't a u!E,Eﬂ&E: uttle s

more sladorately, R»o:noo»g-ﬂiﬁpo?n-
need far 1N, ?giggi n_-n!a.b.. to use

alrerafy to follow the radicactive cloud, nlhralawﬁ!..uﬁn_
bdriefly, Evaséh&;?%:c&b&guﬂ

for about an hour or twe at the most. vaoooln-»uvo-, ble te
triangulate wry well on ths cloud froa the ground, afted adou$
an houry and even from the air it Lecomes rather hard t4 follow

1t after a fow hours. One has to resort Lo methods invilving
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KELIN0Gs
(continued)

]

tines and kmown parts of space, and finds the numder of eounts

the Alr Force in which they have flown horisocatal trackk scroes
the path of the clsud on reguler schedules, and so havelbeea
@??oggggﬁgogsgogg. .
Rowever, in the casss that I have happensd to have .
alreraft never wont up to the height at which the inittfd debris
vas distributed, Thay must have been flying throuch thy fallows -
part of the cloud and not getting into the original muskroom. I$
would de possible, with aircraft, to get up into the smghre

!ngﬁiﬁpg.g.&gega?‘
craft operstions, I think, here, it 1z o 5«8?«!._.,_.
53!5?%&2?%-5 Bl_
NIXE shot which, although the estimates vary, thers is acre
mont that {8 &id penetrate into the stratosphers, The | -
.5&5.§5§&.§??g§ hnds,
80 this is above any practicel ceiling for test airc

The other altarnative, then, is to consider balloons, bet

balloons can get up very high, Shere is snother reason e
thinking that balloons might be & practical way of doir

/45




KELLOOG
{ continued)

‘-W

824 Ahat 15 because of the way they cut through the .
the atwosphare s shaped, and the way & cloud soving th the
ataosphere is shaped. This 1is a slide prepared by J idinz-t,
and those of you who were here the first afternoon sawthe slide.
It shows a sketch——and this is a fanciful sketoh, but |t is
based on the way ons would expect the atacsphers to
showing the cloud at the end of, rowghly, one day, and|taking
two cases: one a rather unrealistic case in which is no
shesr and in which the cloud simply spresds through to|the sctiom
of gross turbulence and fine-scale turbulence together|end, as
Jhpomtdeut(nm'tgowmnmmmn),m
would mot expect Lt to be homogensously distridbuted; if would =
bs pulled apart and would present wisps and hot spots
and patterns, Then the argument weat on to indicats ¢

- - X

eloud, insteed ef being in a pancaks secticn of ths &
would actually De spread out in & long belS., The
hcommi&vaﬁntwmlm%'um ia
mstuﬁlxm,homluprthmw:,uﬂml} om

o scale, m-hmmhngcdodraiu‘otcnehs ud ad
the end of ons day; as T said, these horisontal are -
conservative, This shows it, as one would expeot it td de,

sxtrexely flat, Now, in the case of low diffus there

was soms arguvent yesterday to indicate that the dif.

Pamem: b0 o m
N . AR S

Pt

" actually we alwost invarishly would have shears, ard s the
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KFLLOGAs would usually be rathar small in the
(continmed)

ritbon cloud no wider then my stick, On a day whon X
strong convective activity stirring, the layer
cloud might go down to the ground by the end of the
it would bhe a little bit thicker.

I think this shows one things that is, 1f we made a b
traverse through it, we would get a long sliza this ,» Whereas
s few traverses through it vertically would intersesct sloud

this way, with the line correspending to sa airoraft flighty
or slicing through it this way with a dalloecn—but I ‘
show this slice in order to show that one would not hafe to have -
.mammmubmmmummmtmm

of the cloud, R

LIBBYs Ihatcxpoﬂuntmmpropocm‘d> | 1

KFLLO0Gs m.unu‘nporhuntwhuhtwldb.omsmhhhro thl
| elond 1n thres dizensions from the time of burste.
LIBBYs Are thess balloons staked out, or 0 they go along uthn’t'b_
KELLOGC | Fo, these are sounling balloons ia the sense of a |

being mede from the ground upward, exactly as the louldl

which are sent uwp twice a day all over the world now. [he idea

S ' B T,




JFLLOGCS
(continued)

of sending an
density of the radicactivity im 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, ef the balloons, It

turns oul now, that Pete Kyckoff tells us that the Air|Force

is algo in the preliminary stage of developing a s
squipments using, however, instead of couniers, the
meant of conductivity. 4 few flights have bLeen made
show that the instrument is practical and, presumably.
I 3 quoting you right--it could be dons detween $100
£200 per instrument, or something im that regiom, if e
wanted to produoe a lot of thess,

The radlosonds Detwork already provides llﬂ‘lm% |

telesmetering stations. It alse providas erews for
ballocns. This is an atiractive ides, Mom;,

it means one does not have to set up the balloon-laun
netwark—it's already there; one would merely tie ea ex

The quastion of how long we can track the clowd using
oconductivity measurensats czw up yesterday, and none

uz was quick enough to make the cslculations in our
however, T figured frox what was said yuurdv,

ently the rate of creation of ions by m-h rays ia the nzial

T Tmery
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BETHEs
KELLOOSS
AJLIERS

LLOGQ:

WYCKOFF(?)s

KELLOGO

in which we are interssted, hth.viclnityotﬁo\w%an,
is about ons {on palr par cubic centimster par ssocond, | Is this

right—to m-mmhmurmuuuux:lmt b ¢

worked backward, using the recoabination coefficlent

the

ousber of atzospheric lons, and caze to the conolusion phat it

woald be adout one psr cubls cantineter per second froajcosale

rajs at arcund 20 kiloavters....Yhat's that?
That sounds rather low.
Low?

Yes, I think it is low, Will,

Well, the nusber mtmmmm‘awaw#rh

1onos per guble centimeter.

aorael T .

The mobility 1s vary high up there, you inow,

Fall, just taxing the musber of iou palrs—this muber wis

mantigned—and if one uses the usual 10% for & yescsbina
cosfficient of atmospheric lons, then one mlm thad
1,000 iom pairs yer cubic contizeter and this rate of r
tiea would be equilibrium for one Son palr produced per
centimeter por sscond.

liom

oabina~

I think that we could ralse this by a factor of 10 eas
Is 1% & factor of more than 10?7 ¥Well anyway, the muwber
ion pairs foroed by atomic cloud 20 KT, and roughly the

oo raLn e
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KFLLOGOS
(continusd)

YOICE:

EELLOGCs

which I bave indicatsd there, taking into account decaly would
be in the order of 400,000 lon pairs per cubic centimsber per
sescond in ope day. |

Vhat tizs elexant? SR i

One day having expeaded so tlhat the volums, this is
in the cloud, has expanded dus to this Idnd ef diffus

the end of two days, three days, four deys, §t will of

when 1t would get down to the level of cosule rays, I
would be sowething in the order of a webk before 1%
down in the center of such a cloud to anywhere
coszic-ray ica produstion. This is cne thing which had|te be
estizated first. I dou't think 13is estimats is Qnm-jr

curate one, Mudauugmtthstmowldmm :
uvivuh-ukmaoudtor:tlmtautmofm_ The
ides of finding where the cloud goes in the stratospher __"_ ]

vary attractive ons, because I thisk 1t is largely a met
conjecture now as to how vertizsl diffusion does uu
the stratosphere. I agrse with E. Yexlor in izazining
would be very slow, Vertical diffusisn in the wppor
the stratosphare certainly vonl&.bo very sloW,

e have some evidance, though, that suggests that w
diffusion in ths lower part of ths stratosphers, which
stable, is rather high. This 1is based on observations

2T Inargy

B}
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XTLLOO:
{ continued)

TEILER:

KELLOOG:

WEXLER:

EELLOGOs

the a

cleuds which have
which show, in fast, that as one goes from ths relstl
wnstadls troposphers whers ws have the dscreass of te
with keight, inte the stratesphers where we have
thersal reglons, the swoke piftl 'hich gosatac . rate

puffs over Nolloman Alr Force Rase in the sumser of 194§, Thls

ttat when yom got ${nte ths stadle layer the diffusion
slovar. Xow, what takes place still further en up is -
matter of conjecturs and, a8 I say, I wotld be inclined|te
Wmmrahdnm:nllﬁwchthhw on,
But 1 really con't think that ws can ssy that definitely yet.

FL11 these mwmtz...do they actuslly dateraine a fhree-
dinensional shape of the puff before and after? '

There were thiree photolhecdolites, and 4t was possidle 4
deterzine the ghaps. 2n effcrt was zede to separate tha effech

of stear.

¥as there any indicatien of non-isotropical...l mean, wep thare
any elonzation of an axis In certain directiona? -

Yes, but this almost zlwxyw {n & horisontsd .

Fow éo you know that most of this was not dus to fmsntropie

e S e .
e~ By, et W
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LR
(continued)

KELLOGs

VOICR:

“OICKs

KERLLXA0s
E. PLE3SETs

YOICKs

VOICZs

KZLLOOSs

potions rather than ¢ ion?

The horisontal olongltunmiumduhmtolh

80 it was only the spread at right angles to the shear|that was

considered. When I drew this, T was islying that we'Ys

elisinated the sffects of shear froam the data, ‘

The Signal Corps has been trying to measure width by
up sroks trails from rockets, mdhubunmuaou
the diffusion rate is so great that they don't even

to photagraph 1t,
This is the horizontal?

Now this is just disaipation of the vaper trail itself,
smoke trail,

1've heard this too,

-

It just breaks spart.

Do you think this in the region belew 100,000 feet; orﬁn@ -

up in ths wery high region above the ozone layer?

T don't think 1t went up that high, Thirty-five miles.

ting
becauae

a chance

Then thes'd de gotting into a regiom of steep lapee “'f lﬁ!-lo

I've bad to caspress it decanuse of the sise of the

Thie 1s the 35 miles hare, and then we get s decreass

ture with height, and we have very good evidance for a

SR
-
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uf€LL00
{ccntimued)

aixing turbulences wp there, Imuwhlcb#thm%-'ro
manummmmm nnpaiath,tutlnv_
con't have di.nct eridence for d1ffusion nuo in the -
yet, and we could gei evidencs if we could get b
the cloud and track 1% for sven a few days, as is

Tua purpoze of nentfoning it was eimply te pet ideas s o
poople a3 to whetler 1t wos practical or mot, So far, :thS.nk
the only real chbjoction which has been raised 1s that the
right bo saze other way of doing 1% more soonoxically, pecs:

the 1dea of a large network of balleon soundings is rather hore

aircralt, which would have to ba Jet alrwcaft, wp to t
heights, uhiahxmkubuqm:;mat; The ss

the informtion bu&mdmnotmkingmathq‘ih
what the xaterial is like,

It is, in principle, perfectly mnmmm
balloons; Mh,tonndlupungmqu.*f”
Teights as mich as & ton have besn carried by Genaral ¥
polyetiylone ballosas up to 80,000 feeks We'd like %o gp
Mgher. ¥ could, presusedly, if you want %o out down oh the

weight to a fow hundred poundss we could get up fo & 100000 feeh

with thess bigz balloans, Therefore it does suggest that|if we

wanted to find out what scrt of zatarial is im the stra
one could slso use balloons in this case. First of m,‘ gotting

Defn% ment of EnerQ.V
HEIRN'S Gffiea
AT "”ﬂ,fr:s

tratosphere
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(continued)

gggﬂggggg
uggvoﬁg&nﬂﬂur but perhaps mot

E»orgggigggu,gdhp_f. )¢ 4
¢ had & zumber of lamnching ststions one eovld alert|the leunch< =

ing station whose trajectory would interseet the cloud,

gpplonﬁsqsﬁogig- \hay're not sasy, cosaic- ,
aoﬁhgaag%«!»&gi? »

nany times, have been recovered., It imvolves tracking
ing the equipsent off the ground by a a land party,

ugooowzdl»w ¢ discussion open, now, I've seen a
pocple, some of thex nodding, and s soas of thes shaking

Fecovel'=

g-uoanci e varicus suggestions, I would like tolhave
gg?-i&ﬁ.%gi&.glgg

R el -+
o W L AT N

How far do you think you can track with Gelger sowuters} As’
I undarstood you, w’gue»u-oogpr-o-nnﬂ.json
ths balloom, mﬂgu&-.ﬂg?ﬁa:!ﬁ:ﬂ‘,

too dilute or weak? -

ngﬁwgkgsgogﬁ!?’
sounters, but I would imagine that if one had an anti

oo»n-nooﬁngangnggﬂﬂwﬁ.
because in this case one has a possidility of
cosmic ray counts from ths radicsctive countsy - -

¥
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R
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WYCKOFP:

EISENBUDs

KELLOOC:

KRAEISHS

KELLOGOs

They measured the SANDSTONE olouds over Washingtom, whing
Osiger sounters and balloons, 1

MHWWMMW“MO‘W' -

2

They had a project called WOBY DICK im the Air Fores, the
original HOBY DICK gear wers rathsr sxpensive and wanted
ummuh&,ntbqpntiﬁ.wmyﬂu . Oud
of all the ones which they know came down in this , theay
recovered every ons, Yvery ons was sent back, either hy their
sending out a search party or just being mailed dack YWy some
faraor, :mm‘mum;rmzom.x they
know some of thea went down in the ooesn, but the they
know landed ia the country——thay got every one back,

That wss the alr sempling achieved? \Eug was thwnalﬁcl ':-.;':' .

zade uwp?

That's a;oouwnu, and we talked sbout mtmtmw.,f

The question was, %wamwmm.,_ L

balloon?® Smdmnwtimmimnmhmn
then about the smell particles in the air being the

problem—what is the real distridution of particls .
the saall range? It was suggested that one ocould use

mningimunngthhtoconoctthnonrycuun

Departmart of Energy
Hizt 75 Office
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| KTLLOOSS
(contimed)

CATLE:

KELLOOOs

CADLE:s

EISERBUDs

The third alterustive, which is, I think, cbvicus, is [that one

sould pap wp & tank with alr and collect the whole

& way that you oould find oub anything about them, I
Presumably, be keeping to the sides of the tank after
thes domn,

I'd 1ike te point out that the thermal presipitator is|ealled

mmmxmmm,mxmmmmt
-mnuﬁuthubomuhinodtodahhomﬁu‘

30 cc's per xinute, So it's tarrifically lows or, in ¢ther

words, it's only reslly affesctive for very high conoen

for particles, I don'$ think 1% will be wseful for whft you

have {n mind,

Supposing one imagined a constent-level ballocm
the altituds of the cloud and running ome of these
several hours. ..

Even at soveral hows at 30 co's per minute you sifll !

got very much,

Yell, they would be better off uaing the powsr
authority to run an electrostatic proolpitn;g ) 4
wuldbonchmrocconoumiohmdh Flltration
aut‘ho, bomuotmrnqnirmummtopt
through any kiad eof filter,

Danorkmant of Tnerny
e

L
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(SLL00Gs  And another thing, & balloon which hangs in one plase jtens te
exhaust the air around ft. I think you'd be reoire
after swhile 1f 1% was & constant-level ballocn sittidg in the .
eloud, Tbocthrdhmtivouhbﬁm you ge

~

upj in this case you will avoid any possibility of si in

your own cloud of already sanpled alir, 8o you wounld a

1ittle faster device for a moving balloom, ‘
EISE¥BUD: Others have sampled air through sa slectrostatis tator

with about ten pounds of equipment st a cost of

around £200, |
HOLZVAY: Fill, 1t seexs to me that the problea isa't focused top well -

here. You're not really trying te follow this eclomnd,
yous you're trying to £ind out how much activity ia up| there

and what is the rate at whieh it falls out—isu'$y ﬂulrtbn g TR
real problem here?

14
-
|
"
&

KELLOOGs I tried to; 1f I'd been writing, 1'd have made & new .
hesding. The first sectlon hesding was, "Following thh dedris
to deternine tha deusity in space over & period of tim¥s the
second was, *The possibility of using balloons to bring back
ssaples®, I consider this as really two experinsnts, 3
Uy first intsrest would be the first that T nentioned; [that is,
using some method for tracking the density .‘ut debris, gegardless
of what it is made of,

207




«CLZMANS

KELLOOO:

CO2KSs

past—by msteorological winds, l'ho latter prodien-i2
£1nd out how such s really up thers afier & lomg pu
tims and the rate at which it is being scavenged—Iit
z¢ i3 the roal problem,

0f course your wind analysis doesn't tsll you amything
density; 4t merely says that a part of the cloud 1s ¢
here, 1f it was 21l there would now be hers, and what did

trajectory snalysis to demonstrate that, That we don't fkno
1s how it moves in the vertical when it is follewing thq

trajectory, and it was suggested that we do have & very feosp
cut of the surface now, to show the density in a long tmp
dizensions at the surface, ¥e really don't know what p
fellowed by the delwris in getting to the surface., We caf
work backwards, using a columnation ef trmctori;l and
sbout diffusion. IA's generally a rather poorly coatr
experinents we cen only use our winds plus an observaticg of
ooe plane, in this case the surfacs. I would like to
obessrvations in }-dimensions.

This observation in another layer of the atevspheare
indeed a 4difficultl ons when you consider you are using % pOn:
and having the difficulty of having them where we want thems

byn)
Lo
-

J0Y



(continned)

KELLOACh

Comparing that to the data that were on the board yes
muunmo:mmmmrwrm
on the guaed paper, 1t seezs to ms 1tke the rangs vas
oven with the musber of stations—40, U stations—it
from thousands down to tens. You Lave the saxe

of balloon sanpling which might nover give you an
great -ign_iﬂ.cmc.

As I undarstood, the reason for thubig_puh_h
timatthnmundmdmhmmnjmuonotthu-
the proper kind of rain stors, which resulted in the ve:
concentration at the ground. I would expect that there

um«um;mm,ummummm - 4 nod |

be homogeneous mdxing,

209
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3
)

As Jin pointed out yesterdsy, there would be discontinui
in the free air docsuse of the way turtulence sots, that

the finite size of the eddys involved, But I wouldn't
to bave the big differences vhich are dus to the big
in rain. Vhen locking at the Thunderstorm Project
uhere they have the very fine netwerk of rain gauges,
nesber the extreme gradiants of rainfall in the rether
area that cocurred there.

gsgétgagéfg%ig
the other day - showed & tarrific variability of radiosctlvity

in & small area; eastern Massachusetts -

QBEE.

- apressed in teras of occunts per liter o nu..._u.pou
stand) nov that indlcated s terrifio fine structiure of th

distribution o ng&b&graﬂaﬂ«guﬁ
gg»uﬁo?ugsgg, Ect

I'n at & Joss at you understand, Vill, s how you osn wit the
guog-iggoigghagg _
strustare that 1s shown wp by means of the ground samples hnd
alse frem vhat you'd apect of Jim Edinger's argment. 3¢
therafors; 1f you can't got the fine structure, you have
be content vith getiing scms crude spproximation as to, "

vhether most of the activity is within layers likely to

\«
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\ _LER3
(continued)

KELLOGGs

WEXLER ¢

WEXLERs

armwmuunmm,ummmw .

layers. Now would this information be of walus to you?

Yos, I think 1t would be, because although ené would mothmev - °
tded

the fine structurs, I think that we could parhsps get an

sbout the fine structure by just one aircraft flight ss
which —= looking over the alrcraft flights to get an 1d
vhether thers vas fine structure or not. I vas

this more or less orderly rise to a peak at some region
fall cn the other side ss they pass through the reglon.

Mmthnthqmnly-oothmthrulﬂm-ut
I understand, by ths sampling technique, taken over scms

& long time peried.

But it shows, though, that the size of the oloud,

¥ ]

the vings of the aloud, 1s lerge emough 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
— and the other point I mede esrlier ws thet I bave s
that the fine structure on the ground in rainout is
just s reflection of the discontimities in the rainfall,
than the discontimuities in thoe air to begin with,

But W11, that is mot borne cut by these Massachusetts
vhich are, as I understand, sll reduced to the sams
rain, over a small area in & situation mpposedly i

Denartrment of Energy
Historzn's Offige
ARCHIVES
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Y ICR:

BELLs

VOICE;s

BELLs

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,
scme 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 saxmples — of about ten ssmples — sixfy-

five tinmes,
Vhat was the range of the rainfall variations?

VWelly that's kind of tough, because I didn't try to
the quantity of rain, Itookthatfrﬁtthe.nﬁh;.at'
veather hureau and other people arocund thersj because s

change the reading.

a oub

in

mdmhnditmm't:mtpmm:u&meonnhf
out and expect to gt any quantitative results. xm'c....--";__
know sbout 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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—ALERy of the precipitation schoes in the horisontal
(ccntinued)

: Jou oould see vhether that {s & more or less mifora p:
tlon, That recalls scmething in my mind T heard abou !
baven Ledoratory also this spring. They mads meas
r-dmumyunm,marortunmpmorm
there was nothing, and then at the end of the storm it
matter of high counts. And there they figured that £t
Just a conjfunction, that the radicactive aloud came into|the
place with yain to then bring 1t dowm. xtm.umrM
thing — rather sharp mountains there — uhich again indlcates
tbcvwﬁnclmthat\nﬂdmhbl:bcmsd]naﬂ'
Yy ourjpresent coarse network of radioscnde stations,

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 sproads in a big flat 1l e Saboosd

u&.hmdmton?mjocttomd—aummm
this, Dick Coons — as T recall sesing the results - T 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 w into this layer and snother oxfuilus
might not.

WEXLER: mt'nﬂvluqlthmmnu:enoouldgotmtmtl~
measureaents @ to vhethar your radicactivity wes vithin

| i
Toonrirent of Energy
._.:-,_;; Tien's Qffice
aul\;Es




CGOR3 3

WEILER:

KELLOGGs

range of your rain or above ity that would be some useful informa-

tion, But I don't think you're ever really going te ge
mm,nm‘o-dmbmlpumufﬁo‘doﬁh
fine structure, I think that's just beyond our present
axpaiility. , A -

Rfmmm-pmo,m-tmmldn'thubhh
ity because then really vhat you need would be fine
structurs of rain, which, well maybs it exists from
rain networks, tut '

Hell, radar could give that to you. Then I don't know
you'd do with it if you did have it, even then, ¥hat,

would you do with 4t? Maybe I'm putting words ia your

tion initially ia some eclumif vith the distributica
—m-mmum-umuwn
be the vertioal motions? !u,tmth-ul.tthtm
au,bvdom-thﬂ'oﬂumoehn.mm”
uuumummarmmummthh
MMeualm}onwfmtoom

I don't meen to ixply that it vould be an sasy analyeis,
would be & very difficult ons — excesdingly oomplics
do know wich directions the vinds went. If ve have a
sonds neticrk, we know vhere the debris was initially
obcntiom&ttb.tntﬂll_ﬂk. Vo;unt’putﬂu_u

Deparicant of Eaergy
- Hittorians Dffice
FRCHIVES
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\ _L0GGs
(continued)

WEX1IR:

XELLOGG:

Ko lOGGs

S0LOMON s
KELIOGGS
SOLOMCN

KELILGGS

and the other fastcr 1s how fast does this thing mix?
the cne that we don't know about; and it seens to me thap we
could use cur methods of thres-dimensicnal plotting whloh
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
as I ean make cut. That i3y there are ncns - no A
large enough to really socount for sny gravity fall, ‘

Then it would be a gaseous problem. i . 2

Essentially gasecus. Ve hnvczﬂ-imnpcueham
20 microns has very small fall velocity, !eu;ctdo\lv_" '

particle vhioh, it has been suggested, hmhhhdou
the peak of the mmber density curve, thnmwmhﬂ *

fall at all, msesured in a matter of dm. , f ' J'w o

. r .
i & -] -

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. - e -

>




B 74). +7]

Well, as I see this problem; Will, you measure a

distritution of stuff at the ground and you'd like o
it got there. You know vhare At started; you kmow the 4
tion is the Uhited States, and you'd like to £111 in the
vening mechanism that lrought 1% dowm. And you say this

wallER g

[striboe

is an

air bursty; so we dcn'¢ have to worry about fallout. Vha
mthcmthnmmw You would like
invcke turtulent diffusica of vhich aduittedly ve Inow
littlee There is soms disagremment as to the intemsity

tably, differing by orders of magnitude.

KELIL00Gs I'd 1ike 20 say that we'd perticularly like to know this
the stratosphere vhich we could obtain fycem tracking the

olouds in the Marshall Islands.

Could I get clarification en that?! I don't quite ses
particularly vish to kuow this in the stratosphere for ¢
resson = it doean't seem to be terridly consequential to
local fallout problem and for the wrld wide fallouty
cmbum"mw, well, thuMhpiubh
dlstrituted extremely brosdly and thare's good evidence
1% ocmes dowm very alowly. I can see vhare '
this night de interesting, tut I don't quite understand

then

KELLOGGs

— lP |
- - : /’

1t fits dnto the 8r° problem.

Un lam, Vell, as I said earlier, I'-notqmuhludofglv;n‘
nmmmhﬂmlmmmmwﬁdmm“?hw-'

&/4




A__100Gs
(contimed)

WEXL¥Rs

R Lo Energy
. Taa
LN

‘ - stratosphere or whether we ocould oconsider it as trapped

ever, I think thers is prestical justiffoaticn for
fast the materisl will diffuse in the stratosphere
we are ocnsidering «— a lot of the argment yesterdsy
mwmmmmmmmm“mm;um

o |

This would be a direct measurement of whether this was
How for the local fallout, I agres, we're not so
wvith it becsuse 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 Ye axceedingly pussled, because this is
supposed o be particulate matter trought down, And the:
sayy vell, this shows that this Lenguair collection
doas mot apply to this prohlen. I'tmmmw,
duoould&huuéoa“ﬂum'lnmjwﬂu _
high counts and high ratnfall?® And then I vould look
this air entraimsent tusiness, that is, air getting
in the rain, I don't knov of any other mechaniss that
do thaty that 1sy ss far as frontal preaipitation 1s

concemed. As far as comvestive thmderstors precipita
1s concerned, it might be this terrific turnover along

lines that wve discussed yestorday, Buti%#pp;m&ly

¢
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e LER g place from the faot that temperstures at the grousd drop] dova
(contimed) w1l below the levels they're supposed to drop dowm if the alr
stays the sames and if the air wes occled by evaporatioa
+— falling zain, Vell, but supposs, on the other hand, you did
mtptlool,mumoofﬂu'hlnmuthmw. s,
Then that would eliminate tbe rain as a possible
mmum'amhmmmmm
nected vith rain, Well, them I would invcke, fivst of

large mass movenants of air vertically on isentzopisc su oi.
You may not have to go through a detalled fsentropls an )
you may Jjust make use of general meteorclogical oonsidergtions

of descending alr commected with antioyclones and things|like
that. In that wvay I'd try to interpose possitle mechanijms,
depending upon Bov the date in eech particulsr case seeny to
egree both metearologleally and redicectivelye To ald tf the . - .. .. .. |
interpretation and to aid in putting forth reascnable |

anisme, Itbxvu@l:mm,mtu'njmtum
ummmmmumw, hiod
\n'nmmuu mmmmm ht
Idon'tmthtthq'nmuvnﬁnfMMth is

mummu'mmwpumw "_»
uhmz?anmhmammofufmt.uah X
decids whothar 1t wvas poseible for this cloud -~ redicactilve

oloud = to have been caught in the rain area or mot, and

-

1ike that, I don't think it will throw any light quantithtively
that 11 ixprove our wnderstanding of vertical ¢ o

bo/}'4




LIBEY;

WEXLERS

KRAMISH]

Naybe it w1l be & residus sort of a thing that we can agktrilute
to nothing elsey but diffusion, but scmebov I feel that
tatively 4t vill not improve our knovledge of turbtulent
xnmotm_mmtxnmmmmtu; stmoe
Mlt'lmhbhvwmmmmoﬁup .
that are spoken about with isentropic moticns, and in anjunstable
atmosphere much lowver than pmmuvi oconvective
such a8 thunderstorms, 4

You would sy then, nMotth.mrtofthingthatl&[::w
tud's doing and Machta {s doing ~ and alsc oollect more

Yesy and I go along with Will's yecommendation except I
thizk I'd dignify 14 tykbe vord axperinenty Just sayy yopy st
es & contimuation of the present cbesrvations - which isjwostly
in the form of horiscatal traverse Yy airoraft - lnh t '
travarses by sny mesns vhatscever - umartnrb.uoon--uh-
they become availables .

‘N
PO St 3 i
A T

?hhhtwdm utmanﬂlytumm &tl‘u
Q'oo'oouoom. hmtwmmﬂuom h&.
m,mmmmmmwm., _

No. This is the whole pwohla. 'nnt'u the m_me we'rp
discussing.

Otven & redicactive eloud placed 1n the stratosphere, dops it
ever schisve & uniform distritution, and if eoy how L

po-srioant of Energy
T e i

Ve

PR ]
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KELLOGG s

WEXLYR 3

LIBEY

VEXLFR:s

Is this relative to the present problem! If this ve
cloud is within the stratosphere, is it a alose-in pro - i
it's gast? ' ‘

u,wumpmmpmummmﬁa#.

It has %0 do vith whether you would went to get wp t-hou*nh
& balloon or not and measurs 1%,

I would say this - that £f this is an airbwrst and you ge
gas only, and if you know it is releasedy well within the
stratosphers, then I would think that Bisentud's colleot
net at the surface of the United States would give you
indications as hvhothorit'n pouihhfbrthntltn

wvould be a useful bit of information - ummpoaiu
ummmmuwntumnwm

p-rumhrtut.

-

Well lock, umpuxwthnmw»
wﬂummmmmmm,m’
Prove that the stratosphere bas redicectivity ia 481

Kot necesserily.

- s



M,

VEXLER 3

LIBBYs

HOLZMAN,

I don't know much about metecrology, of course, tut ur o
vill

unmtumunmwmmwi
bhave reined 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 down below®
Vell, that vill have been six months since...

But rain iz a pretty spotty thing.

on,mmmmm;tmrummmhmm‘t

longer than six months? I was assuming 41t wuld de sho
to wash cut all the dust, ‘ '

Ask the advice of the metaorologist ~ xy fealing is tha
hwm L M“ . hh IR TR 3

cowpletely weshed cut in six months, Mhat do you think,|Bes

()
- . 7

Voll, I feel as spprebensive as you are. I don't think Jou

H M
E2RN

can state for sure.'

Vell, let's put it ancther way., Fov can we tall? It
seen 10 me that there's a weshing out time for »
metter in the lover lsyers. Nov ve don't know what it
maybe; tut this wuld be a thing vhich would certainly

»

be over & yesr, would {t? It would e shorter, perhaps,|than

the time for stuff way uwpstairs %o ccme down and diffuse]

T




B8y
(comtinued) -

LIBHRIs
YOICR3

LIBREY:

PLESSET,

through into thovu&‘hvm. If that's true, it v
bom;mle_o. 1f you ccntinmne to meks these ©

out in & more or less wniform fashion sll over the

¥ow let me ask this; Dr. Lidly. Is it possidble for the
moit'amwwammmuthwL
atmosphere again?

I should think not.
Vhy not?

How ocould 1¢? ’
Atmmﬁﬂmmuum

Ohy tut £5n't that very winor as compared $0 — I mean,
m.«:nmmmmmupm»mmt )
mmummmmxm

xmvtm,ummnum-m,umm,, :
certain srees in the wruq SR AT B .}

a

Imttdnmhnkhthmumd%o
memmﬂlwm.ﬂlﬁt'l
mediate. xam.mmmatmwm-
mtmmmdxmm&ouwim:m




WEXLER3

LIBEY;

WEIL¥R

GRIGGS s

YOICRs

KELI00G:

Vell, protably not, bt the real question ccafronting
vhether ve're going to have redicectivity reining out
the next twventy years even if we don't shoot bomde. Ian|t .

And you're mmmuormmmnmouh%_

storage and that the atmosphere can almost drsve.s

It diffuses almost molecularviasy I mesn, very slowly)

small diffusion oceffioient ocmes down and then gets into] the
voather sone and gets rained cut.

Vell, I wish we oould think of cne thing at & tiwe, £ -

meumummummumnm+ =
that's & separate mechanim, and what not. lov!.f\n'n
going 12to the wrld wide, loag u-., long range.. wﬁf AT

ot gty e w i i P pnig |

xm-zmmmwmmmmmh _ :;:,j",_" .

L b LR AR
respeat. !wmmmnlhm ., R
traverses, | DA o v '
That'Il be ¢ matter of language, Lut we'll retwa to 1% affar this,
Yos; T think the point 1s, sre ve talking about local o aje we -
talking world wids? Actuslly, uhat I intended to talk abot wes
np:vpoodtorucpu-hunthmmm%u would

be, andthcqppliuﬁcnotﬂnrsﬂhtobothmﬂd, I
is rather svident, . e L., : AT
?




waDLEs

LIBRY:

GRIOGS 3

VOICEs

VOICE:

WEXLER$

Ineidentally, 1% may be pertinent to paint out thet
tasiness of the dispersal of dust aight beoume quite
At losst the air pollution doys, those that are ecns
such messurements as rate of dust fall in the eity and
mum,mmquummt;& '
viat they are measuring may, that they may be messuring
sane thing several times, In other vords, the dust
they measure 1t 1n & spot, and 1t 1s redispersed Yy a
storn and comes doun agaln, and they've messured
more dust fall than s sctully prodused in the eir.

I don't Inow wvhy, tut 1t strikes me &s unlikely that a
mmqu’mu'lMM

on,m,mmuptmummm“’ .
‘t'l MJ’ M C e R 4;; e 9«4 ,"M’{a- .m:@!&iﬁ &gwj}ﬁ;

mmamumwm

mcmmmmmmwm

e

T

Ch,y nol

Well lock, Wumw.mmmmﬁwm
dovny I mean swppose scae of the stuff was completelye.. | ” lml

muwmmmmmmmsmqu; f‘

. {:,.,,-\.f‘»g‘}

=3

a4




AXLERs
(oontinued)

VOICE:

YOICEs

that 1t%4 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 oould get back, even 1f...

Vell, oould 1t get back %0 salt particles?

I think {t's a one vay street.

Vall, I'n veoy lad that you've elintated cne pcu&hln+ S0

-~

your mwuma..

o «,\';,;, FIELUTL A e

vall, mmmummmu-, wumdvﬁ .

ummum'ow-wumomw o

w: S ' ) }i’" LS A
!umummwmv%tma__ _

ormuammmm.ummm,u )
mmmmmmu,ammm'
Wiy 80 ve nesd & Bg progran ocasisting of samples Crom n
places to find out if this is true? I should think that
mwm-mwuumm _
ma-w-nnmanammuummm. :

: - e e
lp”. Mv_ ‘-.!
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| ~ICEs
~ (contimed)

PLESSET:
YVOICEs
YOICR:

VICROYYs

YOIoRs

YOXICEs

WICKOFT:

P ntine

W.Mmammumhmm

th..mlnhrﬂuhhrm,hth-mtm

WWMMMM Nov Peta Wyckofff has
mm.m:m-smumuumum oredit

MWMWMMmm M mob

forthhwmon. Re didn't find snything last
1s the degiming..

But you need tc know the leaksge rates
Oh.m,whjuuMhdonhowmm._
Rov high oould you go?

Seventy thousand, and ve have gone wp to sighty-five,

Mmmwmmmhmﬂﬁhmmtﬂ‘ot
ncuvtw mtmmmthu.

N iv—vmg‘fiﬁ

g

umhammmm;whm
!u'nmna‘mhdmunldsw

!ﬂo__ )

This

: N
(WA AR L e e

Vell, 10 seems o ehock protty wall With wiat ve vould egpet | -

Mnnlowvﬂm~wdmuou1tm§imnm-

iumm,nuwmmmmwmm
and there undoubledly is, 1t ves much smaller than the
ray valoy,

=72




“WiCE;

VYCKOFZ

LIREI;

VICKOFY3

KELLOGGs

WICKDIY;

LIBRY;

WICKOFY:

LIBBY s

WICKOF?T,

Vouldn't it have beent mmaller in any case!? Imn,vht#mt ,
of instrument did you use?

Conductivity Reters.

Don't have any wa -tho mit;tvﬂv.
It's quite sensitive, Ve were able to ohase the m#z

aloud for instance, for thres days, and got very positi
tracas of the outline of it, and other pecple have it

mch longey.

vl

In atrcraft. Anctmmmmrmmtouy,n&# Z
cloud {tself, ‘

And that might have beem a thoussnd square xiles bg st that time?

b, yese ﬂou.wthomdq,mmhmqmmv%ﬁm
ummtﬁ.itmmm |

vm,mmmmumm..umm.w
mmmmmtmmmm.mwmh
mmmoruunn,quuamzm,
mwummmummm
w,wcmwlmupuwmaw

Imﬁmﬂmwﬂﬁhwhunnbhtoﬁndhmhhl%rl
cur level of detections R




~SENBID

KELLOGO:

EISENBUD;

BACHER 3

LIEHY

BACHER 3

KELLOGO s

BACHIR;

- LIBHI:

EILL;

KELLOGG s

o

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 disiztegration per 10 oa to o
comaic ray beckground,

That's an exsesdingly high oconcentration,

I sbould think that it is pretty big.

nmr-n;apmnwmmmmwuaﬁ
1t's about 200

It's 1,000’&: of ocosmic ray beckground.

Whtch s 1,000%%¢

s i ) - i mmie gy e,
-y e A e A T S L S Y

The Nike clond,

s«:umwum&.mw- -un.-w«%um o

ml!ithoﬂ;lﬂ&“d’nﬂcm.

¥hat you need i3 a suple, & large volume of air for

seothe mOst prastical thing I can see is rain sampling on o glodal

besis, in pericds vhen they haven's shot bombs for a long

umwthmmymahﬂwlb‘dlmth ‘
moTe or less right svay, wntil the CASTLE series starts,

Welly, I think, Mcmhﬁhpl'dlﬂnbhﬁuh
The first 1s to go back & 1ittls to the sessica of hov long

A2Y



~£LI0Gxs
(continued)

WEXLER;

KELLOGGs

YOICK;
KELLOCG s
VOICEs
XELIOGGs (1)
KELIOGG

-SULESIAN; (1)

L
P

redicactivity stay {n the sir. I have here an JRL
scme of you have already sesm published in the Jouwrnal
physical Research. The NAL pecple made studies ca the
tration of natursl radicactive decay products in the a

and came to the conclusion after their messuremants, andlafter

making cartain assmpticns about the rate at vhich they
produced, that the "mean 1ife of each substance due to
radicactive 10ss,® that 1s due to some sort of
removal process, "was about tem days.® Iﬂﬁnkﬂlt
the questicn of how long redicestivity, once it got into
lower layers, would last. '

Bow 1ol
Vell, their obssrvetions were made at the gromd, but
Dea'tthuo'thhpmmlthom
rhnu'notaw. thmmuhml Mﬂ-:-
m':mmmww.coinzw'_ o

Yeose

Radon frem the seil and it's decay products.

wmmmwmmumwuuu%
11ke that? - T

. PR}
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- LOLEJTAN,

LIBBEY 3

LULEJTAN

BOLZMAN

— T

Vell, I talked to the man who wrote Uty and be ws
the fast that this might be used for the world wide pro
4t xight bo the came wey vith Thomas and Bally here — I

he wvanted to get cut of that..pecple were uaing this for
world wide problemy; 30 I don't know vhether we can say

yoars == because I belleve with Dr, Wexler and Colonel
vhether there is any uniform usshing cut ia ths whole a
and certainly that radon is net going to answer i¢.

Colons) Lulejian, do you think it possibtle that 1f ve find|ratn

in Chile next Thanksgiving that is redicactive that thls

T

mommhthtuwubmuy_@'thﬁv, 20 vy say

—;A i —.‘Nir‘ .. - - i
K :.’wi,f‘rif vt gy # o

o to & thing 1ike tiat] Certainly 4% is not based on thal} '

ourselves, Ve find that it sems to be & functicn of the
inversion how much lack of uild vp there s in this

I don't know why you thirk that this Ls an escleris ressca
storage laysr up there. You might think of that as delng
formly distrituted and then as ocaing down slowly. I think
is the evidence of your getting scns redicestive washout
dem. Bou whethar it 1s stored vp thers ox
xjutmnkuhamvtormmm. '

ety

F3C



BILLs

Vhat wve are debating is vhethor it 1s worth taking
of rain and vhat we can learn from it. Bov ve have se
evidence yestarday that there 1s to be scme fission
ve can't accomnt for, Now maybe this is Just poor
or sampling, but there seems to be sone evidence that apout half
of this stuff is nissing.

The same techniques vere used for Twuablur/Snepper as Ivy,

and there is a big discrepancy., If there is stuff mis it is
presumably in the air. 7Ths most likely place would o be
high levels, it seens to me; Colonal. Of oourse; I the
veather wvashas out of the bottom 30,000 feet a lot detter than
it does the rest of it.

R <

. e,
= Cast f" '::14\,?-[1_?
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BOLZMAN:

LIBBY:

EISBNBUD:

WEXLER:

YOICE:

LIBEY:

EISEXBUD:

mnmmbhnchni-. They can bring stuff $o Chile, 1a
ohnnwnm,mdnrpmpnemmmun rein vithia
a veek. That {s eftber an argument for or against high jevel storage. = - .

I think that 1t wvould be interesting to notice that 1t gikes & background '
fnforsatica of the distribution. '

I think that we ought to make measurements anyhoy though;| they are easy
to make, You have & statioa in Scuth Aserica, dodt you, §r. Eisenbud?
lshthomumnuandtbcnmmfmthnmmt'thnwwm
can explatn this partfcular rainfall, vhetber be has to ifvolve high level -

%

Yes.

artp or unusual treasport across the squator.

B 0
ool

Caa't domething be done to make these fallout measureseatd more ueeful ia .
uruorntmn-nlctthmtmw“muhtnumn ‘
measu cments to m some 1des of bov’ the muommw u related to "t >

h ".,\,.;-'-

It bas Yeen doow.

umm;mmmntwunwmmtmﬁ

and rainfall.
That bas been done at Upshot-Knothole. What they ua{;m three
stations around the country to go out vhea precipitation s and’

collect rain at 20 minute intervals for the duration of precipitation.
woatfef Toemay

o3




\
»

YOICR:

WEXLER;

YOICE:

LIBBY:

GRIGOS:

LIBBY:

HOLZMAN:

- X atnlhap.thtnmthiﬂotmwotuhaomnﬁimldwnﬂ

Those data should be very iateresting. e

One thing that seeas to me vould be very fportant Ls y bov etfictent 1s
your method of eollsction. The amount of stuff vhich is
Just took 50% out of the hat and this is something that
control quite accurately. We would have to see vhat tha o:ﬂcioney is and

thea ve would be able to at least get rid of one unce

T think that 1t i{s very important to u.ﬂ.iuguuh betwveen ptuff tht s
brought dova by rain and stuff that {s not drought down nintoln
adbsolutely certain that you have those tvo categories,

mm.upumormnmnmm'th.n-morm;nnjirm,
radicective clouds floating around during periods betveen[tests. N

to get sone {dea of the stuff deing upstairs.
ntuumumhu?thtvmmmrlytoéo.ooOfu&

Vell, 1f you m do mt and have & nloh--tm m Ho. 'fa omrtmt
voa't help because you don't knov what height that -tufr pleked up ate .

That's right. It is so dilute that you have to take qui
to get anything, and it is 30 014 that you have to take

I don't vant to be used ss an argument againgt Will's p
think that, say, uhsl]{onmurmntmmunu-
the thing is distridbuted with altitude and maybe scae 1y prograa
vhere ve might be able to get some rates of scavengiag or
the activity might be wvorthvbile. My resarks vere mainly




HOLZMAN:

KELLOQG:

LIBBY:

agatast doing this from aa understanding of turbulence and things of this
sort. WVhat I am iaterested in finding out 1s vhat the digtridution of
this stuff {s vith sltitude and hov long it stays there. Otlidltb.‘
obhtohnm-iuulmofhn:onmtdty ts vhich
might give you this. Distribute them around the earth or thing of
this sort. You cculd get a balloona program, oOn a very scale vhich
would give you some fdea dut the focus of the prodlem bs to deternine
Bov mich 18 wp thare and vhat its distributioa 1s azd vhat|1ts loss from
the atmosphere would de,

D“!Mrﬁaﬂmwnunantthwtomtm,ulttuthg!
thinkﬂuthrryua;lt,mtwm'tuubhtomthu ht‘orl-j

funcy analysis of 4iffusion rates but it will be some diredt evidencé om
vhere the material goes vhich wve do not at present hnﬁ! '

Y

ADA 12 you can Just throw addttional 1{ght as to vhetber
mntotthmudmmuyhnﬁorﬁ:
m.un'mr&uu tmportast because if thls is stre
nmmummmmnmuumn-
mtmmummumubothdwmmuum.

,Ionu. you gentlemen hasard a guess as to the urrmm cdorH!lcunpr
H ) o 3

X lasbasted those things yesterday and thafore r:ﬁﬁ_ atsaliowed myself.
I just dou't bellevs s musber can really express the complefity of this
vhole prodles. Coaprising a vhole range of scmething that gffects
cigarette smoke to thunierstorm. They all enter into this Jusiness

but T do think that ve have pleaty of evidence, indirect evidence, that

Tttt F Energy’
T |itige

-
vl

]
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KELLOGO:

KRAMISH?

*

the atmosphere ts capable of maintaining stratificatioa Nooets for long
periods of tinms as shown by moisture which argues thcu-wuul
then st other times it is capsble of going tmm mrsmup.‘
Bither nruuny, by means of convection, or slant-vise,|by weans of ~ - L
adiabatic processss,

I think that we all agree vith you on that it is very difffeult and yuns
through a big rangs of variatiomn.

Ve will forego the individual reports of the comuittae
interest of getting a discussion of Gabriel started. As
already know, the conclusions of the old Gadriel report

vould require of the order of § x 10> or around 10°

bring the vorld wp to & mhtm'hnlotu’o. n

that it has bLeen {roned out, and I would like to ask Dr.
short talk om that.. -

Nost of us vers rather perturbed at the vide latitude of

of then. One of the questions vhich ve discussed (this p:rucuhrly
Leuriteen, Bacher, and myself) s the question of the tolerhnce dose and
htmmtormmouemmeduthdpunn,m had seversl
mmumwmmmmmanmmmzm mm
folloving. There is an accepted tolerance figure for gamsajrays for vhoh

Department of Energy -
Historian’s Office “
ARCHIVES ™
- .
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COMARs

BRETHE:

body radiation which {s 300 mr per week and 50 mr per
mhﬁomn‘brimotu”ummo,mmuk
of 82°° you need to have in all of your bones in order
pover of does. 7This is a very simple matter of arithemet
that this is sound because the particles vhich finally
electrons in elther case s0 thay are particles of lov s
mzfmunmroﬁummm, I suppose you
right mmber, except for one thing, nesely, that your
not the most sensitive dmu vhich you have in your body
doee 1s meant for the most sensitive part of your body.
anemia first. Ifmus_u-thauutohnmdouor
this figure ought to be 10 microcuries of 8r° throughout

Didn't you have to take the bone volume {2 this calsulaty

Ta this calculation we assune the usual 7 kilograms of
that the fonization, the musber of ions falling, is in p
mass, vhich {s very nearly correct. .

many milacuries
get that same
and I believe
the damags are
ifie fonization,
get adout the
is probdbadly
the tolerance
think you get
ur per dag, tbes
4

and v said
rtion to the

N

for even distribution compsred to vhat you would actually

particulate distridution in bone, and this is a value of

get from the
Ia other

words, this 18 not a good value dut it {s the dest ve havg so we vould

say that the 8:°° would be deposited mot ia all the booe
1/10th of ths bBone of the bdody.

T suppose that this depends egain upon the ags of the
way we vanted to proceed Ithink,unqelo&.tqvhat

g"“”"‘.m?ﬂt of

N 3 M .
"4"?"i'.“' a I
DRI R

ARCHIVE
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B iR

SOLOMON:

P

LIBBY3

LIBBY:

BETHR:

LIBBY:

R ]

saying. XNauely, @nonrymwmmum
hulofl:’ommumtmofhnmuougi
sdult, I suppose, you would get c-pouuca'-mxy-cm'
mmmmm;ua”ume.u:ntmau
exist 1n that part of your bone vhich 1is recently depost
you would have to get the same level of 8r°° per calefum
radfoaetivity,

to a certain

ticn., In aa
m,-hxtlt
1 would alse

, and therefore

get a damaging

4 think that Evans has got some unpublished estimations v.#a there are

bot spote of ealoium 45 in the bone that are as much as fi
mean dsposition., I baven't read the peper, and this is J
Ihnhcadn!thinkmiitwnrywnbo_mtcm
distridution.

ve times the
some gossip

The meas free path of the radiation is probably adout one
This is sort of average. numicboaoortof-nn

!on, mhnabmtvomnoavou cmrgy l.ounw
emiuurtormtwtum. mmu;u«u-m
nmuummusmmuhnmmslmu
aqunantmmmp. :
mn.ntmmmtm vater,
Yes, 90 you may get 2 millmeters.

80 any structure finer than that {s of no consequence.
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SOLONON:

COMAR?
BETHE:

CONAR:

LIBBY:

BOLOMORK:

&

B . e w
I baven't seen 1t but I would consider that these are d.p#.ltim in

aress larger thas 2 milometers.

Wbat is the scale?

These are rather gross structures, oa the order of 0.1
There ave definitely large spots that you see vith your eyes.

Anywvay, isn't it trus that if you have a constant ltn).. oﬂl activity,
constant through your 1ifetise, all this doesn't mattar?

This is very true, and if you are talking adout that, thnHum that
even aistridbution,

Loar oY

I think that ve can assune safely that radicactive atoas
the samg vay as nonradfocactive atoms because tha bvoldy ce

I have assumed that strontiua is deposited the sams vay s
there 1s o differentiation, If you are talking sbout s
ﬁﬁththmuﬂn%tiuorcmhnlcmuntt » ‘
umzt,muwa-ﬂmunumuumx, thea tdoon't
matter vhat the details are.

!ﬂﬂiNMu.qm&sthmmmornrwtm

I Jus$ dom't know enough about anatomy to knov vhat the trafecular
approach to the hematophylic system involves. Does this go|down elose

20 vhers the red cells are =made or not! Because if ik goes
to vhere the red cells are asde, then you have got the prod
leukenia. xuv:mmumnummw
e Dw' *‘of Energy

33y



BUGHER: I thimk, Dr. nm.‘i that the provlem 1s sosevhat eimpli
this 1s an intricate cos vhich has been vorked oa by & i

radiologists and the National Committee for Badistion Profectica and

derived at the sccepted tolsrance figure for Ir”, whiek s } dcmnru;

vhich eomes not from the %00 milliroentgens per week but the relationship

of the radius sauple, and that bas deen rceonﬁ_.rnd by cofference with
various groups from Britain, for exampls, and from Canads and has been
further adopted by the International Commissicn so that eould, X |
think, accspt that as the standard to vhich wve are

BETHE} Vell, I'sn sorry I can't agres vith you on two accounts. say thnt_.‘:l.
alerocuris {s the acceptable dose of rsdiual! I thought tmm'c:l
yesterday that there wvas a factor five in effectiveness pe} energy.

BusEER? There were twvo aw, actually, and they are not entirgly ccosistent
by about & factor of five. The 300 milliroentgens per ves) refers more 5. - -
to & gamma ray type of situatioa, ) | |

BETHE: | xmtumumthtmahﬂnmthtm:-

SOLONONs mmtu&wmmmh;wiumﬂﬁuitu
slong the gamms $ay treck. |

ERNIR: Mmu‘mtmmmnmmmw.

SOLOMOX: !o,'butnfutorofﬁnorlﬂfornlph:msuw&deohum..

end this 1s Just because of the increase im the mm:oﬁﬁsmmwx.
This also is trus for beta rays.

Denart~ant 4f Energy
Foer s Offica
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_ beta topies, you came to five microcuries--vhich certain

Vell, it strikes m¢ as a somevhat lovw 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 almost

¥hen you take 1 microcurie of radfiuz and if you then

1dentical.

into account

thods, Dr. Bugher,
10, vhich is vha$ “

the ratio of energy of radiua as eompared with .tmtiuﬁ vhieh {3 adbout -

10, and in sddition the factor five for effectiveness of

the accurscy of these numbers.

{sotopis versus
ly agrees vithia

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 which exists, and the gene
that of lﬂemurio body bturden for Br”.

oa vhieh n-~

Well, I thiak that it makes & difference vhether you are

dmheunemuru. If &t 18 formed right from the
mnu.uuwummbou,mmm't
faotor of ten. It seems to me that it is in agreement.

With this I agree entirely.

. T T.ﬁg‘v."‘-*!r

-al.ucuptné‘ u
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'l‘hon h naotlar factor, Dr. Comar, if you assunme tht i
boum:; the accepted value of spproximately three-
is dased primarily on oceupational exposure, hovncr,
International Committes on Internal Dou bhas not bm

of ons-tenth of that, so it seexs more appropriate that

make a coaparison and use a valus of one-tenth of the .3 'mmkfor

the case of unifors deposition and uss the valus of 1 micjocurie mn
you are asking the comparison directly with radiusm, I-v#ulmta

poiat out also tbat the exmparison fitk radium is not mede

in the vay he

indicates bere but 1s mede experimentally on small saimaly, 1% is trug.

What does the eoupu-im say?

The mp&rhonm that one microcurie at ltmtih ig~-
the cftnh of ttmtiu and ruliunum the u:n n m

of ten to one sctivity. m.cmthcmriumlnnl
annizals as best as ve can {nterpret them. - 7

| Vell, 1f tais 1s s0, this, I think, eontradicts everyt

heard Ntm, asmely, that mtnm {ounization is ve
errmm than dilus fonization. It contradiets, for ins
statement vhich {s usually made adout seutrons being much
than ganxa rays, and so I zust say I Just doa't unds
be.

affective

hov this could

¥ay I ask 1if you have taken the enargy of the ytirjum dsughier into account?

H?Sf.

beﬁarhﬁwt of Energy
~r’s Dffice
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CLAUB:

BETHE:

e accepted permiasidble dody burden of 1 microcurie pre

Only the ythiuz. That is eswntially Jjust the ythium, W
2,000,000 volts maximus beta ray energy which, unde
ythius muuber and that is about §00 kilovolts sversge
is 9oo,.im I certainly von't argug-abofis 50%.

Y

Doesn't a good deal depend bers on vhat you vaat to use

safety factor of ten, so if ve are attempting to keep
of body burden of the pojulation dowvn to an sbsobute saf
we stieck to the 1 misrocurie figure! If you have some
mind, them probadly ten is more realistize than 1. :

s

Well, 1 wvanted to get a figure vhich could be compared td other figures,
vhichmeouonlymdot&rthntﬂgunvhichuuﬁmnorhu

by arbitrary agreement.

.

EER S 3L Vel T T

Vell, thers prodadly {s a safety factor of ten in the t hundred ar
pormk,too, 1sa't there? m-ualncwpondtobo ‘l.lf!-‘ ‘

-

MWnprmkumublymuﬂnn
mmotruum. mshmnmcmrnon-tm hvhwnnh
io these internal emitters to go along the one-tenth ai radium

staniard rather than the gamma nuabers,

Nov as far as & nonuniforsm distributiea ii concerned, I you will
be all right as soon as you talk about a level of stromt
ecalciuam vhich fs being absorbed rather thaa sbout total

strontiua, and I think it {s important to try to elimina

relative to
of
the c-pcmndnd.
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BOLOMON:

KRIEGER:

fastors of safety or wncertataty vhich you bring in by first calculating . .
one thing and then anotber and forgetting what you have ted before, f:
and that 1s vhy I would like to caleculats s unifora distgidbutiocn and thea

ask vhat is the ratio of this to total calefum, end thisratio to total =~ -~

calcium should be all right sven if wa have a noounifora Pistridutiona,

But {f you ¢onsider the ratio of strontium to calecium are three
sets of figures that are available I think, Oos is that Fomsr finds

that animals take up strontius at the sane rate that take up

calciun, This is one set of figures. Secondly, there isa set of
figures {o the ltterature about a coupls of other investifators in |
vhich 1t 100ks as 1f animals take up caleizum twice as rabidly as th.} |
take Wp strontius. In other words, thers 18 & tvo-to-cne ’eoupttnhn‘?
factor. Thirdly, there is the dats the Krieger bas vhichlvased wpom - . -

PR
P A

Just tha dlstribution of the normal strontius to caletum fatio 1a matter BEis

as it nov exists, there is & factor of 100 Detveen the s0]l and man,

In vhieh direction? EERRRE N V -

Boil has & higher ratio of stroatima to calelus.
M:ntio & you get for sotl?

The typical Eastera American soll i{s the ratfo of about 3§ strontiua atoms

to a 1,000 calciun atoas. In the results of investigatord at UCLA, the
ratio for adults, that is froam 5 years up to 72 years, is pbout §.5. The
7 {5 on the veight basis rather than atomic. ‘ '

i o
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KRYBQER:

XRANIEHS

KRIEGER:

LIBNY;

KRIEGER:

"This'1s 33 atoms thea per thousand?

Yes. - d

Could I htn_ & fev mors of those fijures?

Yor natural vater ths figure is sdout 33. For sea vater It

The aversgs for the earth's crust is about k. The averag

that is the legumes, vegstables, grasses, trees, and bus
Could you also give the data you have on & different cult

Soas Japeness figures are rather incoaplete. Asari tes
assgys oa 11, what ha called proto-historie, specinens.
592 to 2,1}3 parts per million of stroatium. Using the
575,000 parts per millioa caleiua for American husan done
ﬂtht@mhh.?to.es. Ee also reported a
Jresent day bons, s tibia, sod the result there is 2.2,
th-u 1s dscided Aacrepsncy, %

Xleven, tvelve astually. Kleven for that renge from .7 to

Isn't there reasom to guesticn those high mumders for the

oh, the

groupt .~

- IR, IR X

11s naturel

d4dn's they?

vaters? They all came froa that ose very esrly investigat
Within a relatively recent publication of the Departaent
they still refer to the results of Robinson in 1517 es the
DGQQF*W
Hicind
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DEHAVER

-~

Oanptthcvdmformutumnndm mal&ﬁhthm

Eorqm-utholhmd%zj.

Didn?t you have Knollts figures?

Knoll gives two valuss, 8 and 9, for surface snd lubnr+oa waters,

MImntun;ct,tnoudnmmchl— t be? ~
our and
elay, end 1% 18 very hard to see viy thare should be s 1§ or & 100
fold enrichment over the rock flour which I think reads }-2 on the -

feldspars and things like that? m,aholonhrock

scale.
Intbﬁpdghborbodotznwvbahbtnttlom

That was Encllfe data and I think the theory was rather
done, 80 that is all the data we have on the soil, but X
Mﬂhaquomuuk;fmuouimhdi;

Ithwmtmnmnmthhm&dnm
&hutgadnumdwrauummmm‘hﬂw
vnlnuotthmtlo

mm'ummnmmmwmo:mu.%u.

You see the water value there, 50 maybe the scil repre
nearly the water valus, and the desper rocks not.

Thers is some evidencs of that exchange to the sea.

f“-“f
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WESTERN

2 would 1ike to post some conflicting date. I doa't
scurce of it, I mean the ultimate source, Odum, from University
of Florida, in 1951 published in "Science® scme work thit he had

done for a Dostorts thesis, I believe, in whish ha 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 oosan had & value ranging from 1.9
éapcndi.n‘ upon whether it was sandstone, shale, lines
ots., blus mud, ets.

Ilmapmtnthcthoumd.wunutauwthnm‘muutéut

It is a ratio of strontium to calcium in atoms per cne s Which
I believe 1is consistent with the othsr, and he quotes

scae 50 fossils of ocean 1ife from the early paleosolis th receat times,

fossils using a speotrograph and checked those very clo
indeperdent standards and methods.

There are no soil snalyses as Krieger says. I talked to Robinsom
Mnmornmaindthosooldmlyﬁnthaho

- Departbont of Energy
Histqriz: s n1figa
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SOLOMOM

KRAMI SH

and 1917, as far as they know, are the most recent ones|that have beem
nade, and I suppose as good as any.

I talked to Dr, Fleisher at the Geological Survey some ago and he
qu-kapumammmmm

Xy evidence I Just put out in self defense is based en 1y upon the
up-take body aniaal of Sr70 — as compared with say caldium AS, and
also the endogencus, 80 we feel very definitely that are treated
quaniitively in almost the sane way. Of course if you htn
different fractions in the soil, although you thirk that| strontim
would ecour in the ssus chemfcal state as caleiup, but thers migt -
possibly be a fractionation thare, but certalnly after i} gets to the
animal ve feel that there is no rucu.omtion?

'Puhapunmh‘muddthmwmu An d
have an idea of what the wicertainties are ws can disc
ssparately.

a8 vwe

these

The next seotion —= how much available caloium thers is soil, I
wnderstood yesterday that this is supposed to be 1 part thousand
-~ 18 that correct?

s

This estimate wvas gotten by calling up a man whoa I have
at the Waltham Field Station ~ and saying = 1f you had td make a
guess, what guess would you maks, and so it is not terrdi

The old Gabriel used that,

Can't we do better than that?




) () varies tremendously froa 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 nusber 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 nusber of boxbs linearly?

!“, d"

s m’rmm.w synonomous with exchangesble?

0f oourse, you are lsading 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?

Bo, I think the finding is that calcium and stroantium are
szmutmmwum-mmmmun
Xr. Larson has some data on that. '

Dpe
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KRAMISH

»D2¢ MITCHELL

"to 3 inches ~ this is eonfirmed dy the plutonium

We have observed the activity frem the Alamagordo bombsjover &
pericd of § years and cannot find any pevetration than 2 1/2

That 1is the gross fission product activity vs, the activity,

After the 80 inches of lesashing we were net able to
activity penetrating the soil any desper than 1/2 ineh,

rhoplmhthnthamdnmon\dnmtm vated areas
will they not? There will have been consideradle
due to plowing and other human operations. So wa pro
differet situation here vhere plants can get the »

This 1s the important area too, “a

/

As & dusd bub daring meteorologist, can I interject myse]f into this

" subject of which I know nothing? Lets Just take the muher of people

and mltiply $% by this figure here to get out how mch A you
want to innoculate sach perscn, Won't jhat give you at Jeast the
xintmm nusber of Soubs? |

That would hardly oums cut to be a little less than L.
That's something I didn?t know befores

mngnrohotlgrus:”dnmum’wphto#dn

pu'niuihld dose, |
’ Depart-pert nf Energy
Histgias'= {fice
= ARCANES oy




ha(LER

DR. MITCHEIL

S0LCMON

Well, you've got a lower limit now, mmmuﬁcnm
il 1%

k,xumttmtognmumlmt.mxutniﬁgugac

wWhy donft you try to get an upper limit first?

Idon'tkmubxto;otmnppcrl&dt.hwww,m!y%uvﬁojﬂ
with what I did and maybe you can then criticisze it, '

!wmmdmtot&”mtmmdntu
assunad that 99,99 per esnt of 1t was wnavailadle, it stil
bring the total popalation of the world %o 7 1/2 per cent{ of the -

Jou cans out with last night? mmmm
the bozbs you dropped so far « « o about 9 kilegrass

11/2weﬁtotitomwdcdbhdom

We tried to avold Sust that sort of things And instead
wvanted to assume was that the strontium which has bem od 18
distributed over a 6 inch lgyer. Now this may be a wreng '

7.5 inch is the standard top .oummmvazxm‘ 1. Jtop soid
wmoandthiowrksmtummotmdmm
of orop land. '

Denartmant of Ed prgy’
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ANCHMNTS

50




MITCHELL

220 grans. m.umm’mm

Yesf that's right.

Then we have used esseatially the saus pusbers and withfthess . . .

nunbers what I get is that & mg/sq, mile
the nusber you want. 4 milligrans of &”wmx‘o
gve you in equilibrium of 1 microcurie in the bonss of

person,

-I'nne_t

That?s 4n 20 years growth?

In equilibrium

ir M'o
will
aduld

-

mxmmmwm-meomummm%d Are

theay ocaparable figures?

!mhhighor,x'nnrrytow. mz-mmww,;

»dle, I think, is what you saids

That's right.

mmnxmuwumumnm mm:.'” |
of calcium in the bone and 1 mierocurie of 39S, meufsiar’- -

sdorograss, therefors this is 5x10™2 of the azcunt of cal

First of all you are condng to a falacious conclusion in

of reasoning. You are going to finally state that the afount of

strontium deposited is related to the mmount of calcium,

is caly true up to the point of sertain optimal calcium Intakes

In other words if you
feed him both cal

and beyond that it doemntt hold.
with & calcium deficient

W
i

-
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MITCHELL

W™ HELL

you get to a ceartaln point in which the body has its

muupugﬁlemmafmwudmd nov as
thumdummoth-nmun sit wp to
a point of optimal caloium intake. Beyond that point addition
of wore calcium doss not eause a further redustion in tie
deposition of strontiume

Mht.hhnﬁnhnm 20£ of the strontium?

I couldn?t give you a quantitative figure, exsept ths

levels off i1s probably becsuss of the fast that strontd
behaving sxactly the same as calcium. Thers {s a diff

calcium being deposited any additional calciwum you give ih, first of -
€11 wi1) be taken out by excretion metbods and the 1
point may have arcther type of mochanisa of deposition
quantitative relsticnshp is eoncerned and it would be at|that point,
for instance, where the addition of more strontium might npﬂu

mmmm:eddumm'h

I afrald I 4ldn’t understand, I 4o not understand
talxing about the ratio of depositicn to intaks, or whe
talking about the ratio of strontium to calcium,

Jou are
you are

In other words if you run a ssries of experimants with v .

amounts

{ 7 sfice

I I
[RSUTTN s

Dennpimoh %f Energy




" JITCHELL

of calcium intake starting with a low calcium intske

a standard

ssomt of strontium as you increass the calofum intake [and this has

been dons with rafioactive strontium). The strontium
Jou roach a certain point of calcium intake them this
off, then the addition of further calcium does not eut
dspoaition of strontium,

o8 down until
levels
the

I think this 1s & singls dose experimant which doesn®t dnter inte
this type of caloulation, $n other words this 1s sort of] an isotope

nass effect and that's our old ploture of a single dose
i3 already formed,

¥ell, I could be wrong but I would certainly think the
apply in a growing animal, '

MMmruuotmwumh-omannmrJtom

caloium,

Those were tracer expsriments,

Tris 1s & single doss, You could do the same thing with
If you tock ealeium AS instesd of strontium 89 you would k
thes szae resultsj that is an isctope mass effect,

I think this 1s & second order correction. I think that
sach unfirm ground, I think this kind of a variation is
than other things that we are considering,

This 18 a theory related to what wo discussod before and
on which we couldn?t agree befors, nsmaly if you fed

Tty
LI P |

the bone

3
thing woyld

caml

L it ok

JE; Y
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bably geb

are on
ss inportamt

nt.hopom
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SOLONOH

i .
D, Lo

T e =

calelus 4n a certaln ratlo 1o 1t Eipoxited 1n the sano fatioc or in a
differest ratio? Now I have sssumed that it i3 deposited in the same
ratio, as it is sald thare &s soms evidence which was priesented before

that strontium is deposited in a scaller ratic than is WMat I am
doing therefore now 1s to make perhaps a slightly pes stic assump-
tion, but one which agrees with Mr, Caxarts findings, that 1s

that they are deposited in the ssme ratio in which they fed,

Kell I thin that statement is inoorrect nows To my mindlitts
incorrect, because 1t varies depending wpon the particuldr ratis you
are using. |

oomes out Lo an order of magnitude whars ths correction
£oods The difference bdetwemn thede two puzbers is a f
doesn?t ascount for that,

umdmmrhmnhmdluabmuhth
Ihmw%hmmnmm«otnﬂ, down 6 inches,
wiiech is 15 cuble centiusters, which I call 30 grans of
that caleims in this is 30 xdligrans avallable calotu

therefore strontiua to the extent of 5x1071% times .03 neans
1,503 gans of stmum” por 33, cetizeter and is the sam
as 1.5 xiligrans per sq. kilometer or A miligrans per mile, Now

if the arsa of the earth is 500 square kilometers and ths
mﬁﬁwmmmowmmuhmof&”. Omk.lozruof&-”

. g o ] 259\
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'mummmmmmu

L

is pvoduced in one megaton of fission and therefore corresponds
with 800 megatons, XNow that is not a large muber, is about 100
times what we have had, '

Ys 1t necessary to take the comt of the matural stroatikm which 1s

availabdle hare in the soil here in these caloulations orinot?

It is only necessary to the extent that the uptaks of cntium and
calcium may be different. If we believe say take sone
from this colum, Then it would seem that the stromtiu
ratio in the soil 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 physiologlcal data te indlcate
stronticm end calofum are handled differectly in the bused body or
in tbe snizmel boady and that 1s the fast that at the poinfof
mneralisation, in otiwr words the uptake say be stmilar,
m.m,mm».mmuoa.mm

bt 4€ you
det and

rlchuenhd; he will develop rickets, the point there §
the animal will abeorb the strontiua and vill put it into
part of the boae but he will not mdnerslise it. Thereis aldifference.
Whetber the differsnce is cut of 1ine completely, I doa't Moo
least it does suggest that thers oould be a point &n the
of strontium on a completely adequate diet where this type f
wontt hold,

- -*
‘ Gonartrgnt of Tnerny
’ o iitadanTa UM
* £ H P |
_ : B R



‘«

I think that's reflected very well in this table here. Hmttmtiu'
saleinm ratio is only about from a Senth to & bundred of|the calolua
strontium ratio in various parts of the earth's surfecs, | From that

~ you should be able to throv in other fastors scmmdare Wee .

100 into your 800 megatons, and that's getting to be a of a 1od
of tons,

Exsept for Dre. Comar's experiment,

patibls at all, I'a only saying that ot tracer levels of
the material is handled in the same way. Its true you % replase_
caldm\dthltmtiu. Mdmmuﬁrﬁu

n‘aniulm.muldmndnutryhmﬁmuu' 16.1“"
mtmmhm,htmrmtmwmhm :
nmummmmmwwamtm-nm

wnmmummmwvmuur utlu
mmarmummum.m mx-uu Mar
mmumunmwmmmummmzm bean

experimentally accepted,

MWmdmulnhWMm»mmtm&m_md other
1s going up to equilibrium. Thess are really quite diff.
ments, Mhm&tﬂn;twmwht#mhto

oY Hns cr?ah’; ”ff%ce



MITCHELL

KRANT Si

is that in the adults at least only adoud 25% of the
is axchangeadle.

But I thought that all of the assumptions which we make ahould
be that the part which is exchangeable is in plases whi moxm '
to tissue which can develop carover. Imft that right? tho outside
of the bone, and tharefore, only the lsvel matters and the astual
amount..

I followed the same line of reasoning that Dr. Bethe did
I ¢14 1% with strontium instead of with saloiua and ons of ths ressons
that X 414 {t,besides the anes I've meationed so far, is '
um-th«ttﬂn?ﬂbof@painwmnmtd
the skeleton. A growing psrson deposits an aversge of 10¢ alsrograms

of strontium & day and ite pretiy easy to caleulate thal fo 49 gotilng

far 1n excess of that da kis diet, 0o \hab there 1s some deleotive’ - < -
mechanism in the way in vhich this staff te being depositelle 13

Far in excess with rsspect to the excess Lo the excess

5o e knowr the connection between those twee’ =~ * :

Tes, but tall me Lt the only mmber in wkish e are dntfroste
or the only two nuxbers — these two rusbers, afults and ,M—
over so0il may be? mmahumclmddéfmm cus
before as discredited because it {3 an cld msasurement, I
mmmvaummtcmmmnamu
very much lower mmbers. ‘ : l '.\- -
Be"n"” “Jf ;E:Yérgy
Histeri=n'k Ctfice
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It might be water as well as soild,

Even if you take silt compared with the thm'quetutorol.
10. Is that in your nuzbers thers already? '

No this &8s not in my mmbers, I assums that the samw rajio of
ctrontiw;mdmdumctninthohmMouhm
I further assume that in the scil there is ene part to a
of available calciwm, Both of these nusbars may be off,

The things we're recommending will throw a rsascnadle
1ight on this becausa out of our pilot program assmuming 4} is done

numwmmmmmm-mwmu"
values? ‘

Fow about asasure sewage?

e suggested feces becauss there is scme question sewage
containg all kinds of stuff which has gone into the ayﬂh
pot of Mman erigin,

:«,IMuummnnumsmwMWaw
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mmxm s wp ars wide
m‘mun- omtent auong different groups ocur limdt
to be dictated by that pertioular growp, I wonder if we
mmmquh;,wthouﬁwum
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SO0

KR IEGER;

8CICMON

KRIEGER $

KULPs

~ abstracts, We're getting coplies of these papers Yy Asari

'anhunlynuomtv

=

Itookth.uuuloiumbntnlmfwthmn
uM'ammmﬁmwu. ﬂaumh
mam-amwhwmm

Mo'uat_mfolddittmm. Ommm.ldhuna
and the other wouldn,

But vhat throve some reliability ca proto-historie
the cne modern-day sample that he quotes, Ko has a
1860 parts per millicn in this relatively modern saaple
strontizm, vhersas the UCIA figures are 160 parts per
mmrmxm-mmmmmemm The
factcr 18 almost ten percentage of caloium oontemt, I hav
seexn the crigiml paper, These axe figures takea from

the Barkeley Iitrary. These results vere published ia
Swroal of the Cheatoal Society of Japan, and the holdin

¥

mum«mmmmhwmwm+
uqh,htdmﬁhlun'tmthﬁhmw
mwmthmmummu&my"

IS my be interesting to check the strostium caleiua ratio
rice. The Jpanese dist is prodadbly high in rice and very
in protein,

I thirk there are good physical chemical reascn for be

‘ Pena rtrr ent of Energy

PN
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ﬂuuunn»!lg eluun ng-?a:gfﬁgﬁoga
Bl#?.??l&-&:?%ﬁiﬁ&«&l.
#a.&c!.nglgcshriq ¥
vhat you got 1a the bonss, the resson being that the et - .
ticular sites o these slay pertleles are ideal for the e
radins of calolum and, therefcre, ss far as base
conosrued, you would expect an enrichuent in faver of cafl

to the crder of 1 to 3 toward the poiut 3, Bince we v
direct experimsntal ecnfirmatioa that it is takea inte :
bons as it 4s 4in this scurce, 14 seoms to me thatts the|
mizber wve should underline,

. oWy Cf course the scil is total strontium against total .._j_u.
and your figures are exchangesdls,
KULPY Yes, H....&Ecuwuirllg ﬁE.».

bard experimsat, Ea-ﬂ&goﬁﬁ?uwm%b 190
tine, gﬁ-%iﬁuzg
Eﬁstgugsﬁﬁtﬁi

C. LATRITSEN: H-J»«Luoggougggﬁoa%%
gnﬂ?uﬂoﬂggﬁogﬁgg
oa a3 arsble area oa & Eﬂggnﬁl-gouoﬁ

«cag???nvoggngggm
you igggﬁogaﬁoﬁnﬁnﬁﬁ
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C. IATRITSEN:

(oontinmed )

HILL: °

IAWRITSEN:

HILLs

IAURITSEN:

IAURITSENS

HOL2AAN;

liger cooes

-\-;‘5-‘

stroxtiua vhen you cultivate & plece of land, Thess fighres

may be very much too Yov,

On the cther hand, I don't knov what the source of
fertiliser is, tut they might not be contaminated,

Bat you need to replace oertain things that you take out
of the soil,

If you're replacing though strontium with uncontaninated
strontiua, this is in your fawcr,

That 1s quite true, 1f you do that, but vhat if the ferty-

I don't kncw, I Just raise this question,

Wost organie fertiliser, and that certainly would be
other parta of the werld, and you would collsct the stro

froam the ares vhere you raise the focd, This wuld evea pe

true of sexweed and fish bones,

Mtouﬂutthhmtotﬂ.uhviﬂ:thn%lhﬁ‘v

rangs problam. Supposs all the future bouds sre surface

bursts or nesr—swface bursts and thea in the fallows, ah

least the major porticn of it ccmes down, say withia 1,
square niles, You have a tremsndous dilutiocn factor vhen
sarth, It seeus to me that all these facters, hq
Débékrho

ARy

t of Energy

Historiq’s Oifice
LA OMIVES

263



BOLZIAN:

RAPP:

MITCHELL:

BOLZMANs

SCICMON:

| var eanpaign, would inlicats & very sericus hasand ia

local ayea, Itmtouth:tmblum;htt.oﬁt.“
protty mich = even for alr tursts, mhnmruﬁh
belleve ve might go into surface burste and you'd gt try

Concentration falls off with radius, !ou“oould .uﬂ;h+o
changes in oonceatraticns that would be several order of
-:dtmdmmne-mofthooﬁirhmtht)%‘
sre taking into acoount, '

vee include scurces froa ¢ther areas, In cther wards,

fact thet the stuff falls out in an arsa doesn't necessarily T

make 1% & Mological hasard, You can prove that Xy brf
focd scurces in fyrom other areas, T

oAl

Yos, tut 1f 1% falls all over an agrisultaral ares Suid’
the European ares, and so forth, the plaizs of Germazy
ethuphuo.itmuuumlﬁmefw.onw
mmunmnmtmamu.mhna%k
50,000 times that you can take oxre of, It's a 1ot of

lcose factcrs I'm worried about. There is a problea, '
;Mpmuﬁw.fuaﬁmimmum
soem to be very vell pointed, |

One milligram per sq ml is vhat you need, 'nnt'lnot‘q!.* -

to be hard to depoait,

Tanar -




FRAMISH:

COMAR s

MITCHELLs

KRAMISK s

MITCHELL:

LIBBY:
XBLICCGs
YCICE

1CHG:

What are these mmbers?

Is the {clerance dose fcr say cattle the sawe as humns
ocrreated on & veight basie?

woacn'thnmwmﬂiauaucrtb-hlmmbu I
dust wondering ~ I'nonlywthhthtl'nmm

pathology on the fairly lov levels, not nsar the to .

I've seen this a year after sdministraticn, Of course,
may get werse becxuse you'd expect to ses effects st low
levels if you can hold it & longsr timm,

Economically, most cattle are killed not mich cver 2 0 3
Jears, sc we don't have to worry.

Verrying alout food supplies probably.

rmumuwunmmmquuun

to develop sarcoma, don't you think so? - ¢ oo oo

These sre varicus Cabtriel figures {studies),

A=bcabs, Hominal A-besde,

Kloholas Eaith and Dr, Claus - and vhat I just calsulated
m4.1o‘um.mxm.mmumuuu
hovtogohuhlnmtohthl

May I interject cne questicn ~ da I right = just as a

trying to get a fesl for this = Au I right Wt your figwe

Der 1 -
AN =

[ SR
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10m
{ocntinued )
. yy:i 1

ICRG s
IAURITSENS
WICES
IVIEJIAN:

BUGHER 3

BETHE:

If cne wuld, yes.

wﬂd.onpfm@we,mouemwmn)/mﬁjz

uth.

mmmmmuamummuhﬁ
reascnable factor tc put in, is that ocrrect?

Yos, also that there are other factcrs in the opposite
directions,

(Challenging figures on board ) = ¥o, 4x10* = I'm scrry =
800 megatons '

Dr. Bethe, mv..qmmuvduuumn#
used 1 _, cmies to get that 800 megatons,

This 15 one 4 curles and I want to say & vord about that
thls mimte, In the case of radiua we were 4014 by Dr.
Righer yesterday aftermoon that one teuth microcurie

1s considered the tolerance doce and that pecple have

fron 8 xicrocuries and cns perscn is alive with 40 sdoror
curies, So that scmething 1ike 200 (7 ) times the sccepled
tolerance dose might be the 50 percent lethal dcse.

Ve 4idn't mention the lethal dcee,

You didn't, but you mentionsd the minimm and the meximum, |

m'mumamtmmnmmaaoumw

-t a0 Y I3
Ponartee o ar Tigan
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THEs
(oontimed )

EISENBDD 3

MITCHELLa

Muumwnmmmnvdumunﬁ.

One ease of bone tumor, as I recall, wvas 8 micrograms of
radium body tarden,

Cne osse was 1.7 micrograns,

Mhthvnhnctthtomwuchimo-twylﬁ

arden and s still alive,

\bmmmummxuauﬂmmmmm'-*

it for 40 years,

sommldnythttmu.lﬂutomm-dmoﬁ
ococasion pxoduce sericus effect,

Right,

tock 10 microcuries as the tolerance dose of strontium,
unifermally distrituted, thea that wounld mean that 200
mm;mmmmmmzmuw‘
nedml’bod-.

Iuﬂlihumamowwﬂouu&mu
redlum figure, That is the populaticn risk in the study
drdm&dmwmdzmmnmphpﬁm

night very well miss say 1 psrcent of the 2 tdllion vho
a mch lover tolerance than these figures suggest, In ¢




‘m)

LIBBY:

YOICE:
LIBBY:

CIAUS: -

'mw)m-e-rmumzw-mmm*

vords, the statistislans will tell you how much ef &
you would need tc catch these other pecple, and they
gresent ia a population at risk of the sise of 2 billion
very consideradbles mumber, 8o we den't know, I mean that!
eonplately unknown figure in tsrms of the very amll
of redium cases that are unier study,

The mmber of radium cases is somsthing like 200,

I would say about 200, will you agres to that Dr, Ccmar,
Quite sl ,,,

S0 you oculd say then that the figure vhich X caloulated
might indicate the point at which yeu get troudle is 1

oent of the cases, An that would be the definition of

offoct,

Is anything being dene about the Japansse pecple? Did

ot axy strentims into thea? '

Troa vast?

ma-m. Was there any falloui?

of,
Ho has bones of an individual of Nagasski, btut thers's a
qQuestion as to vhether the 8r’° came directly or sub~

sequently ty exchangs of soll containing fissicnabls

‘ -

[ S

margy
SR
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BUGHER
_ (contimed )
. EISENBD:

cha

mterial, Hov long after the boad 414 he dis ~ 24 hoursy

There are two sets of samples, The first growp of vhe
Mﬂm.ﬂwﬁvmmﬁﬂw o
boubing, They esse in later in a rescus ospacity, sy | =
Japaness military, vithin 2 or 3 days after the bombing,| In

that group a4 mizber of individuals in ths last twe
doveloped lsukenis, Tt was thought that possibly these
pecple were subjected to residual redisticn, s wvere
sanples of their bomes, We A14 £ind scae traces of
radiaticn 1o this material, I8 was in the crder, as I
it, cf axround a dpa per grem total aqtivity, These
will bave to be locked at again, Thess my be very
significent samples. The other set were two alacst
plate skelstcns, wblch we got from Hegasski, These fodth
vidnals vho vers sbout 1,000 0 12,000 from the blast,
vedly brned and d86d 4n abous 20 to 26 hours, They
mmummmmummmﬁ =
These doldles ware extumed about a year age amd nsterial
st %o uS.  Those beaes asssy fyom 10 £ at most 100
distutagrations per mimte por gran of stromtive 90, x‘u
wry paxsling, Vetve sent for scil sanplss fyom those
greves, n'lmpadbhthat,mﬂ&nm -
cut hare. '

[ I

Dr. Comar told me this merning that if they ingested
8r%° 1n water you cculd expect o largs fracticn of whad

! ‘.i".'%:'; L



ot ¢

‘yorczs thay tagested to be deposited 1n the bone La 30 wimtes| Oa’
thdhrhd, uamamumm
thay would have teo Sngest to shuv at this time, uu

strontium 90, ibmalnpmhuotoontnl&m
they vers negative,

LIBSY; msmudrﬂmhouthnloulfamwmquhrnl& '
RISENBD: There vas encugh residual amd rediation sround Xagasakdi

acooumt for total body dose for arcund 3 roentgene, I %

know vhetber thess pecple ware in that part of the oity -

the residual rediation was high or not, These data vere .
(‘ wuwwwmummn

days after the blast, B ‘
o : P c e e T e Ras e g s e
LIBBY) It wuld be very interesiing to examine the scil ia thad

greveyurd, ' )
EISENED s x«wmwmmmmwig

uuwn. nmtmm-”uth.nu.

SoIOM Mm the assunpticns cn the other hn mhrhlumil ’
Bov 80 they differ from this? ‘

BETHE: Dr, Claus assuned 2,000 microouriss body Nntrden as the
lethal dose, Although he assuned a mich larger figures
bare than I have assisd for sericus effect, largsr Yy &

=R factor of 20, he ocaes cut vith a smller mmber of
Derartmer

’ fimreoio Nl
Hizsiorizls 200iz2
g furma
Hﬁmr‘:;_e




IETHE
(contimed )

IhaMISHS

YOICE:

LIBBY:

Hiz

J ‘

This fs cbtained by different assuxptions, nansly ¢
of the sort that Dr, Mitchell menticned befcre, then you

mmmmm.rmmmmum+n

gots into the body, It ssem {0 me that it is much mre
resscoable to talk about levels (1) that is that

90 is a oertain percentage of the ocaleiua which you have
you, And I think that by talking adout levels rather

talidng about perosntages of the scil getting inte the

you vill axrive at a more relisdbls figure, No matter vhe
or mot you take imte acoount the ocllsction facter of 10
mmmmmnm'mmufmzmm
a moe reliabls figure to go vith 100 nicrecuries,

mnm.m«z—:ﬂnmmmm

vhleh e would 1ike to 1sclate, e can't exactly find owd) ..o

vy, They assawd this is the ease,

s Lo Saltat - s

m.mdﬂ-mm.ummhmmm

umlbm”otmmm’nhofw an
wmm.m-uhmmmnumm
Mw.wmumlﬂwkk. Yas,

I $hink there is confusion here about vhat fission yield

Deqartmﬂnt of Fﬁe“ﬂ‘! ' ‘
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ClalBy

HILL:

LIRAY s

KRAMISHs

LIBBYs

LIBBY;

ve find out? Thuls, cf course, is very importan conversa

I think it would be very interesting toc take a poll -~ a

Also, it was pointed cut Yy Teller a ccupls of years agolat
ond of cur discusaions that whatsver appears in these t
15 sinply something chesen by Hick Saith and heve Just )
carriesd threugh up until the tine Teller oalled atfentie

the errors,

MhQWdZMkudmﬁmMﬁmﬁd

fission yleld, and I think there is a slight other factor
tharomonthlmbcofﬂuiouwktthtmn+.

MW¢£WIM1:M:WM+Q

argument fcr the experimental program nct only Just assay
btut also biological, Is there any fesling on the part of
cne ia the house that we should not shoot any ncre bombe

secret ballot = Just to get an idsa of the feeling,
I dontt think that’s a gued ides,

Bn's arpment {a very convineling ~ that 18 = a factcr
of 1000,

It 1s an interesting arguaent. Remaaber that the ocean is
groat cesspucl and the natural thing is for the continents
%0 wvarh into the sea and the strontium will be deposited

20\



LYBBY
(contined )

CIATSs

LIBBY)

Clalss

'tmnwmow-. if ve were to furnish the power

in the 1imestons eveutually and ve don't know bov fast
ocours, 86 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 bottos of the cocean,

There 4s & point that I world like to ocall attention to
that hasn't been menticned yet as far ss I laww, I fimd
it very diffioult to get conocerned about what's going te

happen to the human race if 80C megatons or 8000 mgatons) o

boubs have to be discharged befcre we san reach possibly
sericus level, On the other hand, if pover reactors come
into being in any appreciable amcunt we wvill have very
sizesble amcunts of fission products and ¥ ocnce mede a
caiculation vhich may or may et de absclutely ecrrect =

qun-mmmmmsumulmunamunH
wwumrmhmhhummummmh
10% nowinalils boads. :

mtmuamu@.

That may not be adsolutely correet, I vent through the
fimathw%@&ﬂn'tfiﬂwmhu,ht
anvay scasthing of thag crder, It vill not take an awful
hthuutontrmxﬂmposdbhhanrdintmof
mmmummm«mum&w«m
the sarth's surface,
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LIBBYs

 CIAWS:

LIERY:

CIATS

LIBBY:

CIATS

BCIDEN;

CLAIB:

VCICE)

fuel?

Yos, Wt xy goodness, you certainly wouldntt de thet,

Nothing has to be dons, tut thay are going to remain oa
earth's surface and they are ot going 4o disappesr for

avfully long time. And I think the results of studiss of|

this kind will have a great dsal to contritute to our £
detarninations 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, but this, numto-.umunn-fu

difficuit prodlem,

This is quite & sericus problem, The questiom of ses dis-
posal is ons vhich has come to the fore many, many times,

Intiﬂdm'tmﬁvmmﬂdzthn’upum-t#

1ot 1t solidify and drop it. Doesn't it lsach eut?

Vs :ut not prastical ia large quantities,

mmuwmmwmmwmmﬁ
reactors nov?

No, itts in the fission produst, I don't think 1t's re~
leased into the atr,

What about chemical processing for recovering your unspent

- r\ﬂv\f-")F

mant of Eneray

~rian’s Offce
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HILLs mt'omuﬁmnu-umrmuuww-d_onﬁ
run inte the Columiia River?

. CIAUS: No, as of now all the comcentrated cnes sre stored in tanks,
but they can't keep on doing that indefinitely, It's aa
extremely sxpensive proposition,

BETHE: Is the strontiua let cut immediately?
KRAMISH3 That goes off in the solution,
BETHR: But in that case vhea Iat the

strontium cut tco.

HILLe . % 4s beJd lent 1t? -

XRAMISH: Tt 1s dscayed alresdy. It is not let cut immdistely (cheftter)
and thet stromim 1s 1n solution and is resdily
M, Thels, vhat's the 1deal vay to dispose of & bucket
of strentims 907

THEISs Vell, you Jow sbout the sxperivents at Brockhaven, (chattbr)
fissica =~ lsach the fissica prcducts off ca Wilamite
and fusing it and changing {ts mineralogle compoaition

 renlering it relatively imrt, tut this I think, Dr, Cla
suggests Geep disposal on land as weli. Thers is scme
about that but I think 1% might be feasible, I thirk, I
don't knov, the best way of disposing of the material - &ify
nines have boen suggested, |

. Cepartmdnt of Energy
Histerifpn's &i%en
AREHIVES

AWM




LYRBYs

CIAUSs

LIBBY:

VCICE:

LIBBYs

VCICE:

I thick that strontium eculd be gotten into limestons
be pretty safe, Cf cowrse, the cther fissicn products
not necessarily be held ut the strontium would be held,

Woll, if you had your stroztium 90 Lsolated in a bucket

then 1t wculd be sasy encugh to put it lnto conarete and pink

it

I vas hinting that since it Is the one ve're most afrald
perhaps we shonld use the disposal vhich would take care
the strontinx,

You mean put it into Iimestcne?

Inserd 1% 1ato limestone = I'1l have to dsfer to the
chawlsts 83 to hov rapidly that process wuld take place,
but 1% be a 1ittle Bt afreld fnaseich as vater moves mo
rapidly through Ussstona, |

18, but I thick the great tulk of the lizwetons as J
it against leaching acticn in vater, The strontivm ia
soluble than the ealctum,
ITIDEONEYEERRS,

It would be cheaper than jutting in in the ccean,

(IR I I R R T I R I D

s 1y
F3Y RERRT IR

-
';',:l'-.,i:'-‘-:'- R

It xight be vell to preciyitate it, powp St in, cr depost
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VOICE:

Clauss
LIRBY:

CUEB:

LIBEYs

.

CLAUS:

LIBBY;

Fo, 4t sesxs o me the ocean s the ileal place, M4
take 44 ocut and &rop it, (chatier)

At 48 1oto concrete. (sbatter) = in conerete blocks (or
bulk? )

That's nct practical,

It iantt?

Well, would you cbject to just puping it down to the coeps

deaps in tulk?

You eantt do that - that's mot practical - (Mhr)

The conparable prios for dropping blocks 1s maay crders
guitads were  drop 1t and led 44 fall
Muihu.ﬂ].{n.w"”h . it it

The other possibility is to spread 1% cver appreciable
of the cosan's purfase st mot grest deptis, that wuld
off pretty fast, then the question 1s = you have got all
stronting in sea water ~ will it work back on the land ¢!
way or ancther to be a hasard? |

w.n.mnummmnmmmeawumu&m#q

out here = and that is - if ycu disturd the plankton, de
you disturd husan lives? Of ecurse, the plankton arve
durabls as far as radiaticn is concerned,

Loraer !
faka v T Y ma
Histzr's 700 -
. _ l"‘m e

J
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CIATB:

HILL:

LIBSY:

EII.I.:_

HILL:

TCICE:
VoICE:

- YOICEBs

VOICE:

VCICEs

Fro: stulies made so far we don't belisve that we would &

turd sea life sericusly Ly that amcunt of material if ve
got good, rmmwgod-umumnum.m{

smcunt of time,

Ycu don*t have to gc very deep before you get cut of the grea

vhare there is much life either, do ycu?
No, that's true,
It*s alsc awfully slow mixing,

Hov much would it cost to puap it belcw say about 300 mg
Idon%uﬂuaﬁdﬂtmmtwnhd-qu
blcecks,

It depends on the bulk that you get your fission wodwots| -

in, At the present it 1s pretty big,
A concrste tall would eertainly fall,
Dcn®t you ccnteaplate a strontius separstion process?

No, taks the whole thing and say it is pure strontium,
since strontiun is the bed actor,

%all, it is probably sheer tulk,

Vell, of ccurse, they bave the sclutions, that's right,
they have t¢ evaporate them or else thay couldn't put  -’
into concrete, 1

[emnnt:




EILLa

CIAUS;

BIlle

LIBEY:

CIAUS;

MCRSE:

YOICE:

ETHEs

That wuld take a lot of calories,

Yell, even as of ncv they evaporate down considerabdly,

Is there encugh heat to do this in the pile to De u
o do the evaporating?

I vould think though that the waste is full that aight bd pre~

dicted on the assumption that ths strontiva is the thing
be acst eareful about,

Vell, that's one thing that we'd like to find cut, and I
think ve sculd get a lot of good guiding evidence from a
study of this kim,

_esesese 808 how strontiun moves if we did put it iato theises,

muupwunmm-mm-m-.

Vell, what h%mtmtthblutmtry#l

into vithin interior drainage?

Itmﬂmhbhhmﬂi;ibhaﬂalﬁ(bym,wmn+
wrTying abous the next geclogical eram,

I mst say that I'm consideradbly more afraid of an atomie

war than of power resctcrs and I think this is ratder nt

from the figures that we have writien down here, and if
say that a 1000 megatens wculd give the tolerance level
1f you say that MIKE sade 10 megatons, you need cnly a 100

AN\



 BETHE:
(eontimed )
CIATB;s
: ETEE:
BILLs

SCCVILIE,

EETEE:

oftbnotop’gtothotolmmhnl cee
MIEE megatons weren®t all fission prcducts,
Vell, more than half cf it vas,

Itve used the figure 2/3.

nmmotonklmmotitcmmdmmtu[(c
has ever been found on ths earth's swiace,

That is true, if you can rely c¢a the fracticmaticn that
cnly 1 percent ccass dowm, then that is an entirely 4iff
story.

Vell, I don't think that reliabls over a long term
compared with the half-life, It.?i still ccming down
acccding to Ef{sentud, -

219



RILLs

KELLOGO

RILLs

KBAMISHe

BETREs

CRINGSs(T)

_hhnhr-indmlmm, that in the estizmates wp

fov hundred miles.

.
3
T

ndiénmmrmfdlmirormh, there was this big
uncertqinty sbout the possibility of falling out -wunk

This assuxption you can't forget,

If this were exploded over land, and this few hundred
43 still over land, I would expect that a good possibili

1s that an apprecisdble frastion, say 10%, would £a11 out |in

wonb 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
sise should be larger for a large dosby If 1% 18 lerger
almbc&,thandzhtmmumwm :
age of fallout, even for sn air burst, within a fow |

What kind of predistion does this msks on the changs in
particle sise? N '

Itnhsapndicuonthatmpouihlomuumthi‘h .

to the time scale.

R

Denarfrent of T
'J‘;:jv-n»);-»\'.\ )
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SCLOMON3(?)

LIBOYs(?)

SOLOMON:

YOICRs

EISEHEUDs

KRALISH:

Edward made soue statements about 1t being 6th root of the yisld,

Weoll, we count on Seoville's memory, at least it seems tg be
a 1ittle more than the 6th root and a 1littls less than i
root. It's presumably, perhaps five times as much far MIKE as
4t is for standard boubs, Isn't that sbout right? Iwen
seconds versus three seconds,

Would it be desirable for us to suggest a delay in futurq tests
uatil you can get some better evidence,

We must got busy and work these samples, I think the fesrs and
worries of this group are a wvery strong srgusent for the
govermmentts collecting then sazples, I don't think there's
bcatquerulpzmounodbyukmavmormtmt;
formally, but maybe it would, I doa's think so.

Certainly the pilot samples would be enough %o produce mdpt of
the undertainties in my calculations,

Yell, T don't know, that's pretty hopeful, I'm afraid..

don'$ inow vhat you're going to find.....we may gust to coee

like, lock at this sksleton over her®.......Ny gosh, wvho
have guessed that result? Full of 8r70 in twenty-four

The skeleton has betwesen 10 and 100 dpm.

Are we ruling out coupletely the inhalaticn hasard, We
eventually going to have a continual drip of this atuff ths

W\



[kt

O_ISHs
(continued)

MITCHELL,

YOICEs

KRAKICH?

WESTERNS

_staosphere. I'a wondering if we shouldnt't consider this.., -

%o, I'a thinking of a mechanisa that Dr, Kitchsll mentic
retentica in the hinge, what tolerances we can expect of that,

I have those figures, but, Idaoh:nhhnoﬂntuﬁibh |
sccuxulation in the skeleton,

Yes.

Dr. Western has besn making some calculstions on this forjsome
tine, od zaybe he can get 5058.cuve

Could you mske a few resarks, Dr. Restern? Z

The inhalation hasard is very difficzlt to estimats like|al)
these other things, One has t0 make sny nusder 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 coxps down i
3.

think you'd have a very good chance of breathing all thh materisd
that we consider being small encugh to be drifting
long periods of tizme, so I should 1ike 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 iz after it enters the lung, I
. . T

qt
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(continued)

VOICEs

WESTERR)

mimmnuumsx,numnmohhm
5% what 1% inhales, and I get an inhalation hesard ting
depositica in the skeleton of sbout the same order of tude
a8 T obtained by making assumptions scmewhat similar to .
which have Just been discussed froa the point of view of
indigestion, I have a faotar of difference of S, I
these assumptions up here assums only exchangeadbls calci
don't they? Isn't that right, dido't you use a figure £
exchangeable caloium up here?

Yeue

And the figure I had was to correspond more to the total
of calojwm 50 on that besis the irhalation hasard is
about 1/5 of that indicated hers. ¥e are talking about
Wdhmduhtt@oqmdimdwbatutohmc
not enter in. I might indicate also that if one begins
oconsider the inhalation hasard as being relstively
as oot might if he finds & certain mumber of processes
place, preventing the staff from betng picked up by
Experisents of Dr. Larsen show that in tice there is e
unexpected cessation of uptaks so that the inhalation
might becoms relatively fmportant, Then one also might
consider the hasard due to 5190, It is commonly sssuzed

dcn't have the fastar of safety here/that we have when
sdout 1t coning to the the food

Dosvmartr s ot T,
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Wo_.ERs
{continued)

week exposure would be sbout trice that, 5o that I thi
in thet particular case, we probably are not interested » ,

have & compounded tncﬁcr of low uptaks both by plants ayt Yy

the body. 3o that on can't fule out inhalation hasard,

mu:mmmx-annlmucmnm&m
Holmsan's suggestion that we might well be interssted fa |

highly concentrated falleut of rain the use of surface
If one assunes that the material.,.that one is using a &
bosd, and the materiazl falls cut within a period of
four hours, cne may be intarested in the denial of the
the land in the future, PBut a rough computation indica
that the primary haszard to a population living in that

that would be required to give tolsrence effect which
eo:putodwhercmldinthmndqginmthm
mmhnw;ﬂmmt&unmgm
the matarial were unifomly distributed over an ares th
would bave the nmber of curies of strootimm to give

mmmm,mumtmmmu-umm

nbwt5m1npu-aqumuhlth1nkg_

hﬂm&uviﬁhnpcﬂodottbmorfmmltb
radistion is sufficlently high at that cencentratios the
2000 roentgens would be the external radistion of sa .
unprotected individusl in an open ares and during the f

strontium or in inhalation hasard,

Departmant o
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JAWP ) /|

WESTERR:

VOICRs

WESTERN)

-~ KRAXISHS

F—

Yes, but Dr. Western, if you do thst, does't it mesn thit
perticular farm produces lethal vegetables fraom then on. 1-'

Maybe, Well, the point of the question is probadly mcre

serious for the bombing of & large area, If we are
about where ths number of bombs becones serious, The
point that I'm making is that if you use surface weapons
a farily large ares, we're not going to worry perhsps
about shat might happem in ten, twenty, ar thirty yecrs.

¥hat do you mean?

Well, no, what I'm saying is if you produce the smcunt
would give you an average conoentration of strontiwm,
produce & tolersnos effect, and this, of course, frem
picture would require from ten to twenty years to

the bodyy this is anly a tolerance effect, If the bones jwe:

1244 down in such & way that the people who lived in tha
were subjected to the fallout beginning within four
wouﬂumwnmwmmmzmm

1ike two thousand roentgens, ﬂtbc_ywmmpmteotdm

mwmg&mmw-ammmﬁk SoI
mm&ucmuodupct,.uménthlou-
strontim,

would

¥ell, I think one factar to consider is the ratic of the huder

of people cultivating that ares to the mumber of peopls

dopemmupontmpmducuorthatmmlmmqnﬁh_'

that ares, and I rather imagine in certain sgriculture ajeas this

n

Al oo Tl RN

ratio is rather high,

z

ot Thrray
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N
_Mm: w.mmtucamu,i;mmmmmuumtm...
YO1CEs In that area, bub I'm warrying about the pecpls who livejoff of that area,
PLESSETs notudmrimtinwmhgurdumprmﬂm
KFAXISHs I think it =might be.
BEEHE; tacncmcmumma,u;ummamyhthatm{m'tnm
WESTERN: ®ell, to answer your question, Arnold, Ono 18y, evesecsooll in

the first place, I'm talking enly about tolerance conc

of 5070 as compared to extremely high concsntration of
radiation, mnd sscond, if you are talking about
you have two possibilities in case otnrtlﬂ. One 1s ¢

devots 1t to products whisch may be less critical than
products, that u,mmmanmof}(oum&i
lbhtouuitprodmmwna,hgmnprmmk
cmmmmmmmmﬁwom
ated, And ancther is that 1f 4% 1s & small ares, in geofrel the
anmu,uwy'umatornAnhrpmﬁ' |
will be diluted with products froa other uncontaminated '
20 you get soue factors of safety there, and as I've
pomudmt,ybuhnoamhrd”mtomkthhmtm

it happens, and you can do quite & 1ot to alleviste the Nasard,

Lo¥0s Now, there's cne fact that I was curicus to ask_abowt, J got
the impression that in Mr, Bethe's calculstion, thaithe




laxCs
(continuead)

LIBPYs

LARS N3

That's what you're doing, isn't it, Dr, Larsen?

assumption is made that all of the strontium 90 which £

oa
the ground is available, One knows that solls have re
pronounced sxchange characteristics..l.can one guess,.. M

I wonld take it that this is a rather pessinistis as
and T was ouricus as to how pessinistic it is, Hawve
been done in putting strontiwm $0 into ‘ordinary soil and
finding out what is available?

Yes, We have been looking at various shots, and the one

in depth, and about L #q. feet cach box was 1n this
snd we distributed this over the territory of predisted
We cans back with half of what we had distriduted as oon
which we could measure by survey utcrs. I'n hh one,

and we have grown S crope of radishes commtinly on
the observed values, for exaspls, 6a Jumuary 15, 195!, .
disintegrations per second per gra of plant dry utcr ;
last erop came off in 9/19/52, of radishes, and this
Kow the controls that we had growing on the same nﬂ,
without any contamination, read, ia this crop 1/15/52
it was 1.69 d/s/gram and over bere 9/15/52 we were get
2.




Lisgs

LARSENs

SOLOMON

LARSEN:

SOLONONs

; LARSENy

VOICEs

LAFSER:

Can we have same of the internmediate crops? Say July?

Yos, obeerve...this would be L/15/52 reading at 9.9, At

1/1/52

we are reading 1.8, and the fourth orap was hanezhd...*'hu

is reading adout 2.60

Aren't your controls just the thing we're trying to measyre?

I mean this represents the fallout that hasn't been
fractionated in any test. ’

The controls supposedly have never received any fallous,
because they were collscted froa San Fernando Valley,

Yes, but if the stuffts leaking down all the tire,

- there's
Oh, but thapds radioacuvuy from natursl sources,

Gh, yes, you've got E-42, FYor all the potasslom 4 the wprid -

you have ,012f that's radioactive,

This was before MIKER,

You have rubidium, which 15 natural., You have the
thoriwa seriss. You've always got that to eontend with,

sy 4ime you fertilise, why you're adding radiosstivity, | Now
the 1adino clover was added or planted after we firdshed
with the fifth crop, and we ook five crops of that off,
I have the last bit of data which came off on Kovember 29 1952,
Ideg yor pardon. Just this last acnth, And the ted
flat was 1.86 dps, the controlled 1.6 dpe.

o et e

proges

.....
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M2, CHELLS

LARSEN:

BETHE:
LARSEN:

KITCHELLs

LARSEN:

with the animsl feeding, there are 100 disintegrations '

Iutwomrmlqumnﬂmbnywxotw,~ ot
huwningthncropﬂ

Yos, we feel that quite significant qumt.itm appn.rod. X
don't have the figures with me right now, [

The 196 microcuries wers distributed over how?

Your square feet,

How do you account for such & large érop from the first
to the last one if the radicactivity in the soil is mair

¥ell, by decay curves and energy curves, the only thing
%o have been able to pick up here is Strontium 89. It
been a selsciive sbsorption, jff apparently. Now we kn
other crop datg that we have done where vo hln tlhn sofl T
sgrioultural 0114 from {hroughout Califarnis wod New Mefioe
and contaminated at the rete of 100 disintegrations per e
per gram of sofl, th'nm]ﬁm;rmtcaphtg_: Ic;ngin
you sows 1dea of what happens here.. mm,gﬁéuu_u' SR
take the scil to the plant and we alse try %o cover this|up

i VN

ELTRE

ey

1nit4slly per grame. The plan in the leaf matertisl which|the
besn was the zost important, the barley was the lsaesd
and had 1420 disintegrations per second per grem of p

natcrmandirthhphntnnfodtothumhdm

dose fed, In other words, I got these figures from mo

- ea-t-4et of Energy
ST TR nifica
: ’ B REISE fbal
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_ LARSENM:
" (continued)

e
s

oxp&imtndi.d. 1.8% of the Strontium h‘ntdmd
dose of 131,000 d per 8 fed daily over 17 weeks, Plant
ntmnmmcmmm»uvmhwmﬁoq
ncrmdnlytndin;ofabwtﬂOOdp-go, that 1s plaft
dry material, Cesiun is the lsast important, cerim 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. Ve have studied the fused materisl
trinity on this sort of a thing, experinent, and we have
fused material 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 a plant ca detonstion, On this
series out ehare ve, along with cur fallouk studies, wo

trapped animals, the native rodsnts and shod the jackrabbite

is
is

L asd

that are in the field, 'nhadzoodfcrmﬁﬁthn%m

Upshot 2 went ia the north sasterly directica and was nok
mmmmmmmpdddmowmtho’tm_

mdldurhlnnpnnxcnn. In addition we had sampled| -

that area in October 52 mdllcvanbcr...!nm&optabor rsl.

!oumbointomstodinmofthothingnntwndonjl.
L]

On the rabbits & day plus 8, d plus 22, and d plus 32 da
The casium, lung, liver, lag muscle, and fanr.{ 2

»
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KELLOOS

LARSEN;

VGICEs

LARSIN,

I, -
e
=

It RPN ]

.l - e iy
e .o -
L *

Would you define the casimm?

That is practically all of ths GI tract in the rabbis, | The

blologists object to calling it the GI tract. New thc
figures I aa putting on the board are disintegrations
mincte, rer 100 miligrazs of ash,.

{chart should be used here)
Wiat was the initial date?

It was Varch 2, I belicve, S5inse we wersa't such good
marksmen in September 51, I couldn't sawple lungw,
previous work has all been head shots, If you are
with a larger bomb and mcre activity drops down hare
activities are going to go uwp, butthqotm_hcu that
general pieture, Ifymplotthodocqcmo“mf
exsaple)fthe activity here and of this ssapls you would
that the slops of the sctivity will spyroximate the s

is represented by this decreass. Thohd.t-nf.tlml
toldornenﬁ.mdtouu.bont)ldm Iblﬂm
tm.mt,uzmmkmu-hunwmumn

this morning on particle sises, It tppnutovh:t'wm
ocbserving here in the lung, w.wmabhhdMnimonutn

of our air sasplers this time the actual particls cigo
on the air path, This was done by a tecimique that we
to adupt to turbidimetric size aslysis co the actusl mawh

1 | L

29\



(continued)

‘g
. oot

less than a half a zicron at 43 milss of the sirborne jaterial,
Now this ccourred on & sample that was collseted at te
four hours and the same picture held at six to eight N
The soil sample ocollected 2l hours after debcnation ia|this
same location had .tho naximm activity in the particlesise
fraction of 175 to 350 microns, I sort of go along wifh the
idea that if we study intenaively what can happen in

. ' ~
first 200 miles after detcnation we are going to come with
scst of the answers that can be applied worldwide, if
will, or at least within thes U, &,
% g;:‘;a

| aaa



ke MIT LA:S80Ns
~ LIBDYs

L.

LARSORs

~ 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 4 dam to thet in o1
versus thet which goes oub to 2000 miles, Bud X this

can be ironed out between the progrmm that Kloenbud 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 ve can find the tine, volre going to ry 1%,

It certainly seeass to B¢ very impartant, I notice
finding strontiua 895 now strontium 69 has the same
character as strontim $0, Iialoohulh)nﬁoﬂ
that can enly be chemically available, 90 1% asy de
selectively absorbed in your radishes, Hob becears off

chealstry of the radishes, because its availatle, e e
rest of the fission preducta are held beck physi -
This is vhat we are hoping 10 irca outy I W1l be
interesting hmmwum

ia

u.m-mm«u«mnnmmun
mﬁu,udu,mumwummnd 'rl
not enly golng with respect to the usual definittion .
dvinuum,butnmumawm
prove whether or not that fixed so-~called fraction

) rpnartr-nnt of Energy’
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~ LIBBY:

LARSONs

LIBOYs

YOICE:
KRAMISH¢

WESTEI s

I think your report is extremely inporiant Dy
13, 41f you could poesitly manags to neasure

Tou see, & [rocram like this, Or. Litdy, 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 been collected,

It's possitla you see, I think, to % sce
to measure, I've been hoping that soe of these
cidmpﬂﬂnlvonldtwtunnﬂ.xxumlm-
ummmtorncbcauiw_mldiﬂ;m
wmcamx,watlumtofud.-
low level for a price, or else hive equiyment which
can buy, or give this service so that 1t would be
sibls vithout having to do 1t yourself to get a 1ot

. P T A
RV SIS B COPS A IR £ g
-oh B 3
- )

Dre Western, would you 1ike to have the flocr}

I was making & mental calculation a moment ago whils |
talking and I was trying to coordinats xy data with R
mmmchm.muuhdmup\dthchmbocﬂ A,'g




LIESYs

I got cns of my factors inverted; let me make & oo
tion on ons of the statements which I had made, I
have said that a valus for external doss of material
falling out in the concentration which Dr, bethe
about first as being s tolerahbls dose which I think w
8/20 ucrom-iupor-q. m,., I'n neing oo siere

square anile here as being essentially equivalent to
The extarnal doss as the materisl falls out within h how

square mile would correspond to this socerding to
culation which I had made [reviously and heve o pep
Igotmofuvti:wﬁo&mmwumﬂmvm
If you want t0 go up %o what he mida}-um
dangerous there, you would have to suliiply these faqglo
k7 10,0005 then you are gatting W to the pointe |

“
LR

Consider this points In France wbether you fight ¥
and you use bimbs against the Bussians, you vin tw
bat then, are the farms ruined? In other words, I
say 2,000 r, total doss, would be samsthing 11ke a tap
cal use vhere the bamb comes pumping into the ground nd
ogplodss low over the troopse Togotthutundotogp: )

[N L R
Tonprtment o

Q¢



tanination of the ground (100 tirss this 2000 r) theg would
that farm de rulned?

I think this 1is Col, Holsman's point and it's a vexy
interesting pointe

WESTE:M¢ VWell, it depends on ths interpretation of the data
DIre Hothe had on the board, If he puts in a factor
hundred, then we would say that the large areas of
sort, we would worsy about thep,they might get resuliss
if they axre very small arezs, w night be able
then for sccething,

COL. LULEJIAN) Sir, in that respect you might be intorested in this
e th&nmjutmauotﬁmm‘ndm
covered 2500 sq. mi, and we think that from these
lations it deposited 2 curles of strontivm $0 per
rile, which would make it somothing liks 2 or 3
and the dose rates informally caloulated would be s
indicated here (somsthing 1ike €0 » infinity dose)
the reality of the situation in measuring, thls is &
uhd.emq_ At the maxdimm thers was nothing over
Troentgens infinity dose, FEere is & situation vhere
tm'mtdmdoptpmSmntmu'm e
outside the vicinity and yot you do have 2 curies of
tlm”p&lq.-i. B:w,muymhmtmwgiu
there and you da put population in, is it posasihle
aight just stir up dust by walking sround and inhalefa

'Dep rtment of Energy
H‘%*Tﬁﬁ.’!’% Office

AQ¢




portion of \hls so that 1t might be & haserd locallylse
we would 1ile to more or less disband in this case '
Cols Holaman's point of view and actually ask the
ference that in the adsence of injection and {n the
sence of depositing a lot of strontiumm 90 per sgusre
locally in a tactical situation, 1s there any hasard

PLESSETS " How is thls 2 curies per square xile cbserved?

LULEJIAN; Itwucdzahhdfmmobmdmofmf.vuhﬂo-
sited in the dosert,

PLESSETS In other words you were assuming that the normal gro
fission [Foducts « « ¢+ Woll, then shouldn't the
reduction fector or smething 1ike £t be apart of 8| |

' v i m:.;," " Fik
ORINGSS I want to find out what this is , . &
LULEJIANS IS should be 60 ¥ iafinity dose s calculated by Dry | |

Wastern's point of view,

LIBEYs  But you've got a nev guastions Even though there is #-
vegetation, u 1% sti1) dangerous?

. LULEJIANS mmmotm-umntmmrinnz-hujmw
1 miulthonuhuu'dumput,inw.cmzc::]oot

strootium S0 per sjusre mile; but tomorrow, if we 8

Qenartz#ént of Energy

i rene Difice
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LIBBYs

LULEJIAN:

LIBBY»

 LULEJIANS

LIBEYs

- BUCHERs

1

wvar and we do actually shoot a lot of basbe (possd
miltiple drops cn cos city) this might go wp, say,
a factar of 10, and yot no vegetation; is there a
problen? mmuunumnbomimmuu

hasard; we don't eat the dirt; you might Weathe it

e « +» how the Japsnsse study strontium? °

No sir, that's a different problem, I’don'tmhouﬁn
mnnmmuwmwmmdwa

drop « o o I dontt quite understand that. It could
been o o o It doesn’t cone with owr sxperience in o
donestic zons, I can't understand 3 roentgon life -,
doss, And incidantally, this is & tower drop and in
mhu,otuw,mmldnhmlwﬁud

uu”maqmmo;m”vinbom.rrm, ”
however, You wouldn'd cover 2500 aquare wilesj you
more likely cover 100 square xiles =- it will be &
areay

¥hen you walk around on test Qreuupthen, domv#cr
nasks?
I don's,

Do they ever meamue those macsks for lctiﬂtjf.

‘!hou\d{ommrld.ngi.nmut.hntmdust'mdh“

[t e
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LIBSYs

BUGHIR

HOLDER:

¢™"¢ QUINM,

. puErRs

falrly hghemirdent Fadicsctivity often have the filtre

shecked, and they micht be quite high,

I-thodmtwumnw-mm

I think that Cels Quina and his crowd had quite & lot|of

those filters in connection with the operation,

Saoe of the NRDL persomel, after the undergroumnd
went into the test ares to recover sauples and they
respirators Lasued to test personnel and when the re
pirators ware removed you could sce about 20 B ¥ per
by nostril proding,

The materisl weuld get into the nostrils shen you'tre

mmmhnwmwﬂum‘::j, |
" _‘,g . el
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