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This is the circulated agenda for the FAND-Oabriel Conferched, ” .

which I hope all ef you have available, The starting hour] was (vas

wrong, it was a mistake of ours and I am sorry, 90 1¢ meare the

worning session will be a hhif hour shorter and I am going to

clip ay introductory coments,

The purpose of the Gabriel Project you probably kmow, most] of you,

The question is whether an atomic war leads to widespread destruction

of human life separate fron blast and ordinary boeb effects, That

is, for exmaple, whether the radioactivity intreduced by th

explosion of atomic weapons is dangerous and at what levels it

becomes dangerous. Now, there may be other aspectss I seq Colonel

Lulejian here - which are nonradioactive but which might fave

worldwide effects. A suggestion of the Colonal's < just

atomic weapons, I think a very interesting one, which might have

widespread effects on the climate. So there are various fepects of

the Cabriel Project which are nonradioactive, but I believe it is

most likely that the most serious effects of the atasic war falling -

in the province of Gabriel will be the question of world

radioactivity. How the purpose of the Rill-Gabriel is ta consider

this problem in all ite aspects in a sumer study and to present

the conclusions to the Division of Biology and Wedicine, kh

Washington AEC, and the U.S. Air Porce I believe is also finterested

in it. There have been several Oabriel studies in the past uhich

have been vary good, I think, but which have had the comion weakness

that they did not proceed to a testing of the conclusiong, We have

taken the point of view that no zatter how reasonable a det of
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aasumptions is that you can rake, in considering this problen,  
it is 20 serious a question that it must be put to experifental

test. Se the purpose of the RAND-Cabriel has essen been te

set up an experinental test progran to determine which of] the

various possible sets of assunptions ons might make in attack

ef tne Cabriel problea. fo we shall be discussing a protiles from

the point of view of what wo may learn in the fature sord than

from the point of view of what wa know now, [ think one pould be

auite certain that the earlier Cabriel conclusions are pyobably

rouchly right. I believe that the data will probably sulfstantiate

the correctness, but it is just that the probles is suchia serious .

cne thai if there by any doubt about the correctness of fhe besio

ascumptions we must settle it dy direct experimant, Thig is perhape

a new slant which we hope that the RavD—zbriel will havé introduced

into this probleme 7

Te have asked you gentlenenf to coms here to help. The breat wealth

of experience represented in this roca can in a short tibe, Ithink,

tell us whether the directions we intend te take — that ps, the

directions which program we intend to reconnend - are 1 ely to be

right. There are several basic quasticns involved and these will

cose out during the course of the presentation, ¥e hop@ that the

agenda will prove useful and interesting and on the secdnod sheet we

have set forth, for the afternoon sessions, sone discusgion panels

on variozs problems. "Fe intend to convene this xorning funtil about

1330 this afternoon to present a sort of general reviewlof the
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whole problea, Wednesday ani Thursday will be filled cut

mere detail, but in the afterncon we hope to split inte

of sesinars or discussion panels on several subjects,

firat of these is connected with the metecrology part

Principally, the second one ia a sampling on the wr

basis, the third is a problem cf the measurenent of the

the fourth is one which ve wish now to defer until, say,

tomorrow afterncon, though there aay be scue hallway

we would hops to put it off until kucwledge of the techni

aspects has been presented, perhaps, If there is any

see further we wight discuss it, but I think at the momenk we

will put it off until temcrrow afterncon cn the classification

policy prograns,

It may be rather time ccnsunming, but I would rather like

introduce you gentlemen to one ancther, I will just your

nanes ~ would you mind holding up your hands cr standing] I

will just go dcwn the list. Scae cf the pecple my be

Rell call

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

during the next two cr three days, if you would aske notes on

your partiouler field of interest, Particularly if

critical, ae you don't agree with the presentation cr

conclusicns ani vrite these dcwm and leave thes behini
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that we can use thea in the preparation of the final

This, I think, would be one cf the most valuable contributions

to be aade and I hope there will be encugh time left the

afterncon fcr you to do this,

We have, in the disbantingcf Panel D for today, a préblex of

redistributicn, ‘These exinent gentlenen selected on Fane] D,

I would suggest that ycu distribute yourselves among fhe other

three panels, if you ec chccee, JI think thet the sanz

problem has very important aspects which you might fint in-

teresting ani in which ycu might be helpful, The protiles of

measurement of these enall amcunts of radicactivity whitch

are invelved in ecne of these sanples might alsa

some of you, and the Panel A, which is principally metgcrology

aight also be of interest to you.

Before we disband, in abcut 20 mimtes, for acrning coffee or

vegin the formal presentation, JI would like to raise Uiefly,

for your information and consideration, a rather

problea in the Gabriel task. This is what we call the plass:

. fication question, We have two parts to the Raw

that arbitrarily decided all the dissesization of atomib debris
that cocurred in the first week after implosion of a be

would be what we called lecal distrituticn, anf this

autcaatioally be classified information, Ani then we said that
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the dissenination of boub debris cn a vider basis might wpll

be unclassified information, Inscfar as the purposes of

Cabriel are concerned the isctopes involved fortunately spe

to have very little significance for long-range detection or

very little possibility cf revealing any details of cur c

personal cperations, The precocupation of this question

very largely from my ovn personal fears that the diffic

of doing the testing ani measuresent are so great that {ff wuld

be almet Japcssible to do it on a classified basis, Hevever,

this is the question Y want to bring befcre the group f

your infcrmation ani consideration, the question cf whetha:

4% seens necessary to declassify it. Ncw, I aust point

that 4¢ is nct entirely a question of RESTRICTED DATA. things

at this peint I might ask Mr. Morse Salisbury to m ake alert

of definitive statenent, Mr, Salisbury is head of the

Informaticn Division, is that correct? Technical and %

Information Division of the Washington ARC, ani if you dints
chject I would like you to mike a scrt cf definitive sta _y

of the werrles, cutside the RESTRICTED DATA question, whict

may be involved, fy the wy, this ocnference iteslf is

classified infcraation, that is it is desired that the aris

of this conference not be put in the newspapers,

  



SALISHURYs

' main ontlines. There is quite a bit of particulariza

. at all, who ere quite sincere, but who are quite doguativ

 

Mr. Chairmen, this can be very briefly stated in ite    

   
  
  

   
  
  

    

 
that could be done if you wanted to plunge into all of] the

possibilities of trouble, not in the field ef revelati

technical material that would aid the opposition, buat the

fleld of psychological izpact at home and abroad. At

your basic problem is that there is on unter-current,

ground swell of uneasiness going through the populati

much outside any rational consideration of shat the h

pretty

and the effects of atomic 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 tornadoes, being fo

by extraordinary rains have been the cause of these th

Tt has been quite troublesomethis spring just frou the]

volume of handle of lstters from people who are not nal) lous

about their belif that stomi¢e weapons explosions are ret

sponsible far weather anomalies and ought te be stopped: 
This has wanifested itself in statenants of two Congr Gi,

even, and letters have come from Congressional Comsit te

the Air Force, the Aray, the Feather Bureau and the ayc

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

noction.
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speculation on the subject. How, in the international

 

May I ask whether this is an arguaent for or against

classification?  It is an argument against avowing that the United Stat  

  

  
  
  
  
  

  

 

  
  

    

  

government is making a study of this character,

This is hard to understand. One does not combat preju

with absence of study.

One does comat prejudice with fact and the point here

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

a thing that ia in process of becoming, not in process

being and the speculators go ahead and speculate about

the propagandists in the international fleld go ahead

use it as a club to beat you with. There is also, in

domestic field, a growing feeling that the fallout

is putting the health of various communities at hasard.| Ve

have had to pay considerable attention to this idea in |

seni-snnual reports - both the thirteenth, which a

January, end again in the fourteenth, which will app in

daly. The stirring up of ancther round of discussion

what are the hazards in advance of being able to say *

atudy has revealed, thus and so," is likely to be h

rather than helpful. Certainly, I should think that nolone

would say that when the reaults are obtained they should be

withheld, but I do think that prudent people will say

until you io have results in hand you don't touch off
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field you have, of course, the possibility that, as inithe 
case of the germ warfara propaganda drives of the Sovi

group, this ~ if avowed officially and made a point of

openly for all the world — may be seised upon and made

basis for anovher type of propaganda cazpaign and we

suffered considerably from the germ warfare campaign

are still suffering froa it in the international relati

field. These are the basic things clear outside the

position of whether you want to withhold the facts, the

techniques, etc., etc., from the world for putposes of

protecting our military and technical position.

Thank you, Nr. Salisbury. The principal isotope with witch

     

  

 

  

 
we are concemed is strontium 90 - as will be seen ls

sO what we are talking about ia collecting samples te

determine the distribution over the world and parti

in the biosphere and particularly in human bodies of th

20 year isotope produced in sonething like 5. percent fispion

yield from ordinary atomic weapons. This ie the prodl

get the samples and to determine what is the distribut

and what is the result of the firing off of some 0 bomb

Yow, the previous Jabriels indicated that there would beino

real danger. The estimates varied soneshat, but they al}

agreed that the present leval of radioactivity is likelyite

be very snall. Is this not correct, sir? I don't beitef
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any of them had any real worries at the present time. [Ros-

ever, there is enough as a result of the bonds that hate bean 
shot so that wecan answer the very important question,   

  

    

    

 

   

   
  

 

would be the distribution if you did have an atonis

you see, though we are very much concerned in det

amount of strontium in your bones we have no fear that Rhe

azount to be found should scare anyone, so I wonder,

Selisbury, zhether there isn't sone unnecessary worry apout

the magnitude. If yourealize that overyons sho waars

wristwatch has such more radioactivity, exposure to r

activity than would result from this kind of thing.

this is really a very tiny acount of material, I tiink

this pute it in a very different light. Of course, my

the samples oan actually be gotten. It is difficult fos me

to see how these samples can be gotten with sufficient

patch and in sufficient number as in a sufficiently

economical faction so that one can proceed with this as

on a classified basis. TLCRARIESELEAIXXELS

If you wouldn't aind sir, I would like you to make ar

or two about this ~ if you wish. The question is of ¢g

concern. I would like the whole conference to think a
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VOICE: It is,in ny opinion, perhaps true that we just can't
(continued) \

this assay on a clessified basis. Now, I may be quit@ wrong

about this - it is a question of procurement of the .

a question of whether you think you can procure enough samples

from sll over the earth, particularly the type of h bodies,

dn order to make this mcasurenumt possiole.

BUGHERS I think, as Dr. Libby has indicated, the discussion

ef the problems of classification and such matters of policy

will come somewhat later after the program itself, t

scientific orientation of 1t, has bacone somewhat more clear

in our cinds, For thet reason, I think he has chosen have

that panel concerned with those things actuated somewhit later.

Tie points thet he raises are, of course, very pertinent to

the program with which we are concerned and Nr. Salis

made clear some of the problems which are not related the

scientific isme, tut do concern theuselves with pu>- , re

lations and political questions in which there are alnést

endless raszifications. From the standpoint of getting |material,

I have felt that a firet thing is to define precisely

material we naed, whet material we wish to have and fram where,

and when re do wish it, under what olreumatances must Jt be

collected. Having decided those things ‘hen one is in

position to consider shat are the ways in which one cam proceed

to accuculate this mote-ial —- together xith the neces

boat Tnereyy

 

/]

 



EGCFERs:

(continued)

_f “Aareny
vied

 

documentation of its source and mode of collection. Iam quite 
prepared to agree that a syste of sanple collection

in itself classified is likely to get into considerabl

difficulty. On the other hand, there is almost always more

  
  

   
  

   
  
  
   

 

  

than one way to skin any particular cat once you get dam

that concrete problem of how do we do this particular t

I, myself, do not feel particularly apprehensive about ithe

problez of sanplinzs collection without publicity, as far as

the objectives are concerned. Or. Libby has mentioned ithe

importance of securing human material and which is, I tihink,

very fundamental, in this program. Ultimately that is}

the point. The probles of obtaining human xaterial

usually far more difficult than those of classification

Those of you who ray have from time to time attexpted got

witopsy caterial, for example, in this country will eppreciate

that the problems vary fron region to region of the cc wy,

end actually from cacmunity to community. There is 1 lesa

difficulty, for example, getting autopsy material, gendrally

spaakinc, in university comsunities where there are we!

known medical schools, where the idea of autopsies has Been
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developed over a considerable period of tine than these is

in a resote comunity where asny factors come into p |

having nothing to do with the question of medical zot

There are very many difficulties in this area, but I

feel that we can solve thes and, just in passing, rec

you that we have operating in Japan at the present t

progras supported by the Division of Biology end Medicine

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 be assured with no

very great difficulty at all. There are some other ar

Where we can obtain human material through other types

functional epproach reletionship. In each case a shold set

of special problens attendant from that locality, but

are not classification probleas in that case, and they

revolve around other matters, 30 that I think from my 8

point, as I look at the problem of sampling, I certal

agree with Dr. Libby that sacples are fundasental to +

program and must be obtained. I am perhaps not quite s

pessimistic ag he is, that samples cannot be collected

there is widespread information. The problezs of coopesetion

of people and so on are, of course, complex ones. I[ howe that

as the progran is more clearly defined that specific objectives

are named, then we would be in a position to discuss, f
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 BUGHER:s exampls, with the Departzent of State various persons
(continued) |

mast come into this sort of thing and just how we go

te do particular things.

LIBET s Thank you ~ Dr. Bugher. I would like to say that I he

never had anything but respect for the magnitude of th

problen of presenting this task or request for inforza

to the public. I have never been convinced that it t to

be pat into the papers. Fhat I would say is absolut

essential is to be able to talk freely to people who

be able to halp you. Mow, I don't know, maybe 1twoul

best thing to put it into the paper, but I hand't that

be the

particularly in mind. It was more @ question of being

to tell people frankly and clearly that you were after

tr, and why you were after it, and why you needed the

sa=ples and then thay might be able to give you better

than you thought about - and might take an enthusiastic

terest in helping you, and send it to you and pay the

themselves, and it actually COMES. Thea governzent is

any alecrity frequently. It is so discouraging for an

mental man *o see how slowly things happen through the

certainty - that this slomess will result from classifi

and this is the basis for ry remarks. You just won't dofit.

pepe of Energy
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LIBBY s It isn't that 1¢ couldn't be pushed through if you r
(continued)

wanted to do it = and give up a lot of other things - bat

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

this is sy position.

Denartme ct cf Enoray
. : we

Liabayin coo t= 4
ien on
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The main part of the earth's surface, of course, is oceah. Do

you think, Mr. Kulp, that we could obtain samples of th sea

water from the top of the bottos, that is, the newly £

sediments, and of the microscopic life in the sea? Could we

obtain this on « classified basis? ¥111 you tell me wha} your

om slant would be about being asked to furnish these sabples,

(a) on the basis you were told it was on a Sr7? assay and, (b)

you were told...I don't know what you would say, Dr. Bugger,

that it was...for general purposes? For classified purpéses?

Fe have some programs, for example, dealing with quantities of

trace elesents in human bodies from various parts of thefcoutry

in which we don't say we're after one thing — we're trying te

get as much information as we can, In the marine field We would

like the same people not only to tske sr, but to think/im

terms of their own interests,

But for example, suppose you were making a cruise ot of Boods

Falls.cooee{I may sey for the rest of the people here

Nr. Kulp is connected with Columbia and the oceanographid work

with Mr. Ewinge) What would be your slant? You see, I would

say that you would react as follows: You would say, surd, we'll

de this, but then forget about it, and you wouldn't actual |

take any real interest in it, and naturally it's real trauble

for you to take some cores and strain out this fine sicrascepics

life, bottle it, and then to bring back these many gallorm of

water in barrels; it's real trouble, and you gust wouldn® quite

ayay
oe
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strontiua assay problem and realised that the cceanceraplly —

there was no minor interest to oceanography itself in

results of these assays -- that you might be so interestad as to

make the measurements yourself; not only collect the samiles,

but go right through 1% and furnish the data. Have I guepesed.

your reaction ccrrectly?

Pretty nearly. In the worldwide assay, I think the {ep .

point is that we're on a classified basis, and it would b

impossible for theze research ships to get a wide enough

distribution in a certain period of tise, whereas if you gould

just ask any ship of a major line and ordered some barrels put

on board simply because the captain was interested in ti

protlea, you could get a complete sampling of the &tlanti¢ in

a matter of a couple of nonthe. Whereas if you had to sefd out

@ particular classified ship to get these samples, it would take

you years to do the sace thing. As far as the bottom sangles

are concerned, that's a problem of technique, and only a #esearch

vessel equipced with very special equipment to take it, bit you

aight only want « few sauples anyway, |

I don't believe that I presented Dr. Bugher's point quite Fight.

I don't believe you would have sent out a classified veasdl.

You would have asked Dr. Kulp to hsve given the saxples wilthout

his knowing why you wanted them. Isn't that what you woulH have

dene? Or you would have given him an excuse for that sanpie which

wasonly a part ou wanted it.
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    I think we're arguing about socething we might perhaps:ba

debating a covple of days froa now, But I don't think tha!

once we get this sample of sca water that we would conf

ourselves strictly to sr, and, the opportunities would f

too great to do other things. I think wetd be interested] in

the organis constituents ~~ elezents which ere present

various and all amounts,

Well, I'm not sure that, unless soneone else has a poin

coment, there ig any purpose in continuing this discuas

at the moment, Fe'll have this panel perhepes tomorrow

noon or maybe Thursday, but this will be the only tise fo the

whole group to discuss this. I would much appreciate you

leaving comments on this point, and if anyone has any renerks

to make...e¥. Bacher, would you care to make a remark?

don't want to force you to, butecee

Well, raferring to a remark that Morse Salisbury made, cexteinly

as long es one is making a study of a situation, it's praden

in not being forced to make premature conclusions to avoid any

anncancements and discussions, etc., and I think this was Rh

point that he was trying to make, This is certainly a prutent |

thing to do. On the question of how one goes about colleching

samples, etc., I have to confess sufficient ignorance of tf

problems involved here that I don't think I'm really e

to an opinion, but if you lock further ahead in the probles of

when you come up with some answers, and mow a little aboup what

2a
- “
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your conclusions are, and then have a problen of final peblic

relations, we're faced now with a situation in which is

probably no area in where there is morehocus pocus and

understanding than in the general problem of radioactivity and

ite effects on hunans, And until we are able sorehow or bnother

to put down some of this mystery -- aprrosch this probleq with

@ little detachment and a little understanding, we probably will

never solve the final problem -— this then comes back agalin inte

the final problem of public relations -- and I'm sure thaf in

that stage Hr. Salisbury would agree too, that you're going te

have wide dissemination, mich greater understanding of th

problems of radioactivity than you have today, and this w

only be done if a good deal of this problem and its findings ape

laid out in the open for more people te know. So, the quastion

of what haprens in-between ought in part to de judged not nly

by the problem of the difficulties of collecting samples, px :

also by the fact that finally this fs sonething here the publie

is going to have to becoze much better educated than it today

if it's going to understand what the problea of the futurel is,

It seems to me that probably here the group at RAND a

knows quite a bit about radioactivity acd quite a bit nore] thas .

the public Imows, and it seems to me that we have everythiig to

gain by making public today a large fraction of what we kn

just to alleviate public concern about the matter,

5 “ VT asay
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I don't think we'll ever know about radioactivity, Kot

that everybody will be satisfied. I think that if we wan} to

dispe], these fears that exist, we must publish the facts we

learn them. Because of public relations, I think that itiis

quite clear that in trying to say things, one might say

much, When sombody publishes prematurely that he has a qu

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

profession. It, however, had never bean proposed to combat this

evil by classifying research on cancer, but by the mst faithful

and better understood methods of professional ethics — you

do that you sre called the name which you deserve to be cz

It seeus to me that insofar as public relations difficultil

are concerned there is no doubt about it that they are trependoua,

and that the most careful thourht should be given to these

relations. However, it also seems to me that one of the sharpe

criticisus that can be leveled against us, is, that we keepjsecret

Questions which influence the welfare of the population of |the

earth, And I think above all, that I would like to see that any

justification for this eriticisa is avoided. I believe that ~

teday we know enough to quiet down a lot of the doubts whidt

exist even in the minds of very intelligent people. I think that

one should be very careful about what one is saying. I thi

that any attempt at keeping this general discussion secret

give rise to the king of suspicion which then will die prepisely

eeeWhich will then, I should say, will die very much harder than

the completely unjustified accusaticns about germ warfare.

LIB2Ys aoarfenecoanents arec ful and enlightening,| We'll  have coffee and

#0
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The presentation of the results of the RanNDCabrie] study. The

firet hour will be devoted to the local problem, that ieJ the

fallout in the first few dsys,. Yr. Fill Kellogg and his

astcociates will present this raterial.

Fe will have to go rather fast in order to cover the worl in the

last several months in an hour or so, I'm going to start] by going

over, very briefly, some of the work that we've done. Thm I'll

turn it over te Bob Mapp, who will tell you in a little mbre detail

about sample ctudy, As suve of you already know, we've rather

arbitrarily divided the Gabriel study inte two parts, Felfefer to

them as Part I and Part II, Part I concerns the early fajlout, and

by this we mean the fallout which occurs in the firat fewlhours or

days, and Part IJ, the world wide fallout, which we've bem discussing

this worning mostly, There was a good reason for this ditiston,

First of all, it secned that Part I, the early fallout, cquld be

considered a type of weapon affect, and thereforeit was dbvious

that it would have to be kept classified in most of its agpects.

Also, we knew that there was a good deal core data avs ue on the

close in fallout, due to the routine checks that are nade [ero

teat sites, So we felt that it was a good idea to treat this

separately, and what I'm going to talk about is Part I, thp early

fallout.

Just to throw this problem into focus, let me nention a few things

that I think sre universally known about how the material Es brought

ad

 

a!

 



KrLLOds
(continued)

Donartment 9 * Energy.

‘. ”

 

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

tiong =

 

knew that if sand gets inte the cloud under the right cone

we'll specify what these are later - that it may cosbine|with the

radioactive material and may then bring the radicactive gaterial

down to the ground, due to the fact that sand, at least in Nevada,

is large enough te fall, and from the height of the mshiocm7, reach

the ground myrvhere from an hour to four hours after sho§ time,

Ancther inportant aschanism which is universally recognised es a

way for bringing down radioactive material, is rain. Homever, we

don't have very many well documented cases where rain hag trought

radioactive material down to the ground, ao we can't rely on the

recults from the test sitcs in order to establish how thiB siprht

occur, and we have gone into the mechenisasg whereby rain pan

ecavenre debris in a good deal cf detail, and X'l) tell yim about

thore in a minute. The snall radioactive dust particles which are

less than 20 or 50 microns are so sasll that their rate of fall 4s

negligible, and we can consider that cravity will not bridg these

down to the gourd in the first few hours, or even days, and we must

look for other mechaniazs to bring those dom. I centionad rain

as & possible wey to bring theze down. Also, we must consid

diffusions that is, the verticle trenport by motion in the atmosphere,

This 4e also a factor wiich we heve had to look into,

The purposes of the cresent study then, was to ctnderstand sea

various factors that I described, and, in a sense, we have] perhaps

lecked at this from a rathor academio viewpoint, feeling that the
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Cloud, and I'l give you of the results of this, We fh

    

   
  
     
  

    

    

   
  
  
  

firat step was to got a basixunderstanding of the

processes involved. te felt that we had to do this before we

could go on to the next and real purpose of the project,

was to predict what one would expect in the way of fallo

over a wide range of conditions — that is, conditions of jburat,

height, ;ield, and of stmospheric stability and husidity

Taking up these factors more or leas in the order in whidh

enter into the develepaent of the cloud, the first thing

we wanted to look at was the way in which the cloud rose

are soveral reasons for wanting to look into this early ap

and describe what happens.

The first thing which hap;ens, of course, for surface tw

have a nixture of surface material with the radioactive dbbris,

how close to the ground one can get and still not have

scsvanging by sand, We have sove pretty good ideas now

also interested in what would happen as the cloud rose,

noticed, as I think everybody has notickd, that there is

interhal circulation in ths cloud, causing a sort of a smd

toroidal shape of the radioactive material, We tried to ge
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also heen interested in where the cloud stabilizes when

 

stops moving upward, because the initial distribution in

radijcactive debris in the atacsphere has an isportant |

on how it will come back down to the ground. Soze of you are

alreacy cware of # tentative conclusion that if it goes high

it will be sore difficult for it to be scavenced by rain] Ferhaps

4¢ I show thie first slide it will denonstrate the point little

more clearly, We have a plot here of height of positionel 0,600

30,000 and 20,000 in feet, versus yield in kilotons ~ for] instance,

5, 10, 15, 20. I have plotted here soze data points, in fhis case,

all from the Nevada tests, and they doen't follow any very  

  
   

   

  

  

 syate-etie patterny thet in, they don’t S74 follow eaxac

line which I have drawn. ut J think they give a god

the trend. In a few cases we've also plotted bottoas,

ere still in the precess of scaling all photographs to ge

accurate and nore points to plot on these curvee, Theae dash

lines here I'll mention because they refer to a theoret.

calculation of where the centers of clouds wuld go for

atmospheric conditions. The first thing we tried to do

ane how thia mean curve, if you will, the colored line,

change if we exploeded thes under conditions wiich are

divferent fraa those in Nevada, Fe'll discusa this wore

conditicas and a very high tropopause, And this lovest

where we have wintertine conditions which are extremely stable.

Dae pa
whe a:

mt™
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We happened to choose a moan conditicn for continental po

Burope. You will notice that there is about ten thousand of dif-

ference in these tvo casos and to scue extent we can say that this corres-

ponds to the change in tha height of the tropopause, bocaush this does act

as & very Ltiportent if, but actually ‘m this case it never] aid reach the /

tropopause, end 89 ve can't rely entirely, particularly for|the low yield

bombs, on saying that tropopause ils the height at vhich it qo. Row

I mentiomed cariier that one of the reasons we vere concarnpd with thie

question of heights was because wa felt that it was Lape az to determine -

what part of the cloud could be scavenged by rain. These biuesdash lines _

represent the height to vhich the rain ia rain-bearing c ot usually -

goes -- the muximm height to which it goca in summer, and fhe implication

is obvious, I think, if you accept cur data, that if wa gotia beab of more

than about § KT under Hevada conditions, that all of the defris will go

above the mucimum height of the rain in rain-bearing clauis]and therefore|

ve wouldn"t expect it to be rained out initially, we'd havd to wait for

it to come back dovn by some other mechanism before it could be rained.

7 y
rm

The next thing vhich we vanted to take into account was the|transport of

the debris, beth horigontally and vertically, after the clofd stabilised.

Ths gross transport is due to the wind end { think mecteprolegists can umally

provide good iInfammtion on vhere the cloud will go for thelfirst few hours,

based on upper air winds. Me can also tell how 1t will go dn the averages,
vecause we have & tty good backlog
arrthrenoaae : of data on upper air nds. Another

effect is, of course, the shear in the atmosphere. This isla little bit

herder to get at, bezause it is not usually observed directly. One has
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affected by surface conditions. Far example, supposing it exploded

over a city or over an agricultural country or something like this. For

the time being let's just look at thie and learn what lessons we can fros

it. This {s ground sero here, and these lines vhich are dram, are lines

of equal radioactivity on the ground vhich were masured a atter of

several hours after, or even a day I guees, after the shot bocurred. This

is for TUNBLER/SHAPPER Mo. 5. We'll just look at it b: to ehow the

typical pattern vhich demonstrates @ large fallout here, m then a secondary

fallout at some distance away. This is past the Lincoln mike. Unfortunstely

I don t have a scale of miles here, but it s on the order of ten to twonty

nites fromthe grow sero, end if you'll correct ma if Ts anything very

wrong about this. What's that? Seventy-five miles. §&c: Z should have

bad the scale of miles on here. These arrows thet are plotbed here corres-

pond to the hypothetical trajectory which a 100 micron particle vould take

it is started from any level and fell following the winds, nd fell at a

rate corresponding to Stokes lev. The center would co esppnd to the fall

of a 100 micron particle from about 20,000 feet. I mentior thatinpeseing,

We will Giecuss that in sore detail thisafternoan, Hext abide.

(first, question about the other maximm). xz :

This other saximus down on the side, to go back, well, presmadly from

ancther section of thetloud, another wing structure, Do you vant to comment

Jon that one? |

Dr. Wexler, that other mim is that cme percent that we fan;t explain by

Stokes lav, and it always eccurred that way; it might be topog aphy, it might
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be the fact that we shot the bombs in the carly morning there was a

strong inversion, but that one percent of the total, no tion.

Could you give the velue of the radioactivity on the highes@ contour of

that secondary mximm as compared to the first in ground ?

Yes. The lifetime dosage of ten roentgens, It says § hare.

Down here it's one.

What is it at ground sero?

Down here it‘s not marked,

 Actually sir, right at ground cero it was really high, 2,

@ very smll eres, very, vory close. Hcwever, here is

   

   

 

  

& very high rate, it's such a small area that the total cur

emall. 20% off.

are very

Bo you happen to know the height of the tower? And vhbat

300 ft. tover, yielé 11.8 k®.

I deduce from these numbers that 2/3 of the bomb didn't

I'é like to go into more detail latar since ve don't have

Tisrey
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KELLOGG: this morning, so let's go to the next slide, which shows cases
(continusd) : |

TUMBLE/EMAPPER George shot, ebot maber 7, 13.6 xF (call 14), ond

again a 300 ft. tower. This is drawn to the sume scale as other one,

so I would Judge this is 50 miles or so. And the center inithis case is

more intense -- it's 20, and the next one is 10, the next 15 3, 2, etc.

Again though, the important thing I think is to note the Beaxtnm,

end that is the point I wanted to aake, this primary point » the

secondary maximum corresponiing roughly to the tine it for send to

fall back dovn out of the mushroca or upper part of the s The next .

Blide..s.

WEXLYR: What was the total fallout?

Ly”“JIA: That wae 7%, and incidentally, if you have a minute ....

In this case ve have very low shear, so the maxima vas gredter, however

forsume reason only 1% came down.

TRLLER? Ie Th of 25% more usval....

LULESIAN: 7H 1s usual unter usual metecrologicsl coniiticas.

LOG 90% remains up.

Lulejian3 If it's a 10 KT, 300 ft. tower, 90% usually stays up.

KKELLCOG: ow the next slide: ‘This is TUMLER/ENAPPER tover shot mutier 6.
Fourteen KF, 300 ft. tower. Again the secondary mximzs you went to

tell the fraction brought downt

lL JIAN: That ws 5$.

| Departmary pte..-3.,
KELLOGG: ~ potShtotal faction. The center bere correspcais in this casa to 5 roentgens
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 lifetime dose.

The next slide. This is an ettempt to explain something that came out of

Colonel Lulejian's data én terms of the fraction which is eq nged as 0

finction of the height of burst and yield, As a matter of fact it was

presented to us as a function of a ratio, the ratio being height over yield

to the 1/3 power, and thare seams to be some consistency in Bhe fact that

st & gurface burst vhen this ratio was sero, height was serc ve get a very

large fraction. There is differing opinion betveen some cf bhe people vho

studied the JANGLE surface shot, which is the only Nevada gurface shot that

we can point to. ‘There seaza ta be some differnce of opinion as to just

how much di4 come dovn in the first few hours, but it seems fo have been

vary large, perhaps between 70 and 100% is a representative Pigure, althougs

I must talk adout this tomrrow vith Dr. Cadle. As we go tol larger values

of this ratio ve approach sero scavenging, and the interest g thing to us

was that sero scavenging occurred when the firebal. was ox just a little —

bit above the ground, end vben all the pictures showedthe dist going up

inte the mushroom, we though that this vas something thet had to be explained

before we vent into it any further, ani so this is a tentatife explamtion,...

This is the alr burst -~ I doa't think we need to comment on/that. The

mushroom goes up, the dust colum is always formed, but it paver roaches

the mushroom, #0 we wouldn't expect any dust scavenging. Te we have the

other extreme -- the surface burst, or very near surface bu » where we

have dust going ughnd mixing with the hot fireball when it’s[still in on

early stage, and then I think in this case we vould expect 1 without going

into any more detail than just saying that the dust and the molten and

yaporized radicactive material wore together. Then we have fhe case of &

low air burat, which fs a difficult one to explain, becusse does not show
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scavenging by dust, ond as * tentative explanetion I think ve can invoke

the fact that we have very strong internal cirgulation seff up imeiiately,

and at the mories this afternoon it vill desnstrate this think, and the

strong internal circulationalééds causes the dust colum td move into the

firedall in this way, and the air gets in first. ‘The redidactive material

almcct immediately epreats itself out into the doughnut padt of the cloud,

and later the dust vhich contimues to pour into the gushrods merely circles

sround the Goughaut, and never reaches the redionctive cord, which is now

here and here, and this, os I say, is a tentative explanatfon, enl we simply

felt that we verentt happy about observations until we hed isome idea of how

this occurs. Jicw if we cen heve the lights....

We're going to move on to what ve've done about raincdt, and raincus

is a more difficult thing to talk about, because as I've mentioned, we don't

have any well documented cases of raincut, where we can m a hypothesis

and cay, vell, 1t heppened in such and such a way on such nd such a date,

that these vere the conditions, therefore out hypothesis s %2 be borne

out of not as the case my de. We bave almost no information on raipout

except ecme inforantion fron the Harverd people, Dr, Bell,|DaTRAD,

who have mide careful observations of the resdicactivity i rain, and

however the thing that's lecking there to some extent1 area) aixen ig

detailed informtion about the structure of the rain storafs b droweet

tt dows. So we've had to rely on a theoretical approach ta what ome would

oxpect from rain.

Firot, and I think the most cbvious approach, would bd to say vint

happene vben @ falling drop falls through « eloul of pilcdctive particles.

We appracched this by looking at the Langsuir theory for Sllections by a
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drop of small particles, taking into account the fact that

were provebly solid and haf a higher density than that of waber, end

came to the conclusion that ve would only beve a serious

for particles of greater than about 2 microns. fhe very

simply flow around the falling drope; they follow the s lines around

by Langmiuir's thoory and we felt that there was scomthing

this treatnent, since the results of the Harvard people ted that rain

aid bring down radioactive material, evenseveral days

radioactive material mast therefore have beenvery small,

they looked at the kind of material in the water it appears fo be in very

finely divided particles; I won't go inte the details here,|and/Dr. Bell |

wanta to comment on this,...

 I don't want us tobe responsible for saying that this mterial is in finely

divided particles, not that it is or is mot, but we just donlt know, because

we sre sanitary engineers, and we suspect that it perhaps tal but ve don't

want to be held responsible,

A very cautious end timely statemmt.

You meen you guapect it's amller than 2 micronst Is that what your

suspicion ist

Sir, I Just don+ want to say.

Well, I mean you're suspicious about something, what is it you're suspicious

abouts
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I'll say thet my suspicion ts that it's smller than 2 micrins.

What was the evidencef .   
   

   

   

 

  

 

  

   

 

 
Z think this is a very important question, an one that ve have te

talk about a great desl more.

Let me take two minutes. The rain in Massachusetts is redicactive, and

when subjected to the norml water purification processes, we redionctivity

is removed to only 50$. Mow this normal purification process {s precipitation —

of aluminus hytroxide. Ise this correct?

That is correct, yes sir.

And this mkes a flock vhich is filtered out, and itis a goo

cation process. This thing removes coloring atter, the t

makes the water colored. It's s good vater filtration prc
seme form of radioactivitywhich resists this,

Well, you bave te take those thingsin solution viich would sot be
co-precipitated with alumimm hydroxide, and then you look af the flesion
product yield curves and you say what are those radicactivi Be It's

something of a puzzle, We on the basis of this vere contespjating uhst ve

call “hundred angstrom rubies” and it's @ concept. I am no

that this type of evidence proves the existence of small coljoidal particles,

but it certanly does indicate that there is sasething vhich need

investigated about the physical form of radioactivity vhich ¢

Maosochusctts rainstorm,

  



 

KRAMISEs Nov Bill, we might mention that MI? has been interested in

   
   
  

seme cheaical

processes, and using Oek Ridge isotopes im solution has Hf dy the

sangprocess, vhich only removed 50$ of the bob debris.

"wrens Actually, this was @ sttemant by the Harvard group.

BELL! I vish to apologise about that and I woulé like to do more an elaborate

study on that. We made the statement, in fact I mde the tenont, and I

would like to verify it. I suspect it's true, but I'm not

Thesepeople have studied several of the actual precipitat

dy precipitation. X think, the public welfare people at Oak[Ridge have alec

done scae work om this -- I'll have to dig that cut of the library.

Tsk2 I believe I have the correct suspicion that a muclear reacto} produced

material over @ long period, which therefore aapbasizes tha long-lived

elements, vhereas the bosb bas instantaneous production, andi therefore

engehsizes the short-lived elements, and therefore you gst alcumpletely

different sort of distribution, :

Denartm>.: 2.
~ Hisine
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Is it not also possible that raindrops could pick up veLACRITSENs

snall particles if one or both are electrically charged dhe te

static electricity? Doegthat cone into thia?

” SFLLOGs That is somthing that we certainly looked st. I was jusk going.

to say that we went on, having decided that at least the Langux

theory would not account for the saall particles, and we Felt

thet one should certainly investigate all the possibilit for

tringing down the small particles — wa leave open for th

monent whether they are saall or not. The evidence seas to be

that there are - for an air burst - @ great many enall perticles

where there is no contact with the sand,

L  ITSENs Isn't it true the raindrops somtines are electrically ch

KFLLOOGs That's right. Stan Greenfield locked into this in a good] dsal

of detail, and observations in a normal cumulus cloud show 30 te

LO - or so = primary charges on a cloud droplet in a cumults

type cloud, soin a normal type cloud there is a charge. It

cocurred to us that there might aleo be « charge on radioactive

particles ~ due to the fact $hat they are emitting electrpans,

those that are beta exitters, Well, we didn't get veryfbr into

this investigation before we discovered that the dominate factor

is the suall ion content in the atmcsphere, and that where we

have racicactivity se have a very large production of small ions,

well above the normal background which ocours froa cosaiq reys

and naturwl radicactivity in the wir, Therefore, the droplets
Derartrmont cf mre]

Historians 7. 23
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are very quickly discharred and would fluctuate rapidly f

unit minus to unit plus and back to neutral again because] of

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

general of the szali radioactive particles, They also

ve neutralized rapidly by the large atmospherics ion contest, so

4t appears that we could not invoke any electrical charges as

the cause of ccagulation, Mowevor, if we just went back

more or less classical mechanical model and looked at

Brownian in motion would do, where we had certain concentfatian

of cloud droplets and a certain concentration of radioactive

of less than about .01 microns to the cloud droplets...

quite effective in the course of an hour, "hen we ge to

lerger particle, that 42 between .Ol micron and about 1

then Brownian motion becomes quite unimportent and the

turbulent motion would bring these particles togethers, T| hope

you will stop me, Sten, if I say anything that is differibg .

from your findings, The turbulent motion can account for es

Blow collection by the cloud droplets of the radioactive | 
materisl, but it is mich slower, Thia slide is just a |

of the calculation in which, to demonstrate the factorn ved,

some specific asmmptions have been rade about the conditions,

but it could te calculated for other conditions and gi essentially

the pase results, This is a logarit mie scale of particlD diameter -

that is diareter of radioactive perticlesa — starting herejwith a

    a
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hundredth of a micron, 10th of @ micron - 1 micron, The

ordinate is fraction scavenged out of the cloud, in which [th

rain cloud and the radioactive naterial have been togethey for

one hour, Brownlen notion and turbulent effects have opesated

for one hour to bring the particles into the cloud drop e

At the end of one hour, rain starts and « moderate rain o,

2.5 millimeters per hour occurs for one hours. Now, the a fali-

ing through the cloud - as Langmuir predicts - will scavesge out

the cloud droplets quite effectively, the cloud droplets Being

in the order cf 20 or ao. So in this region, off the scale,

we would Lave something that might correspond to the scavenging

of the cloud droplets themselves. Now, this large value

corresponds to the scavenging af the radioactive partic

directly by the cloud falling raindrops. We have large

collection efficiencies for the large radioactive particlbs - as

I mentioned, Over here at this end of the curve for very] azall

particles ve have a large fraction of the small particles] taken

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

them = brings them down in solution. In thie intermediatp region

between about a tenth of a micron and 1 micron we are at loss

to find any good mechanism for bringing the radioactive material

down in rain ~ unleas we imagine thatthe cloud droplets [and the

radioactive rarticles could last together for a matter off a day

or more. In this case there might be tins for soz of

rac‘ioactive material to be taken into the cloud droplete] A
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   verification of whether this analysis is right would he tk

find oat what the particle size in the rain was, and at preser

we are looking around ~ in the absence of any informationd of —

particle sige that is brought down by rain - and merely +

to say what one would oxpe ct to happen ~ and ‘his is our best

guess at the morent,

Will there by civen any consideration to another possib

mechanism for bringing doen radioactivity ~ say frow the ir «

Suet by entrainment cf the air in the rain.

Fe haven't considered this ~- although it will be implied fiz

what I as foing to say about what could hapren in a cumuns type

of shower. JI don't think I have answered your question, Br.

Fexler, but perhaps we can talk about this this afternoon

TY mean any grect volume of water coming down « take a shc ar

bath - or Hiagara Falls, as an extrene exanple = brings qut &

terrific quantity of air. You ses, this just by ahowar qurtsein:

blowing away, The question then is; In an ordinary rainstora ~

how much air is actually transported down without any regort to

Langmuir's collection efficiency just by simple entrainadént of

‘the air in the falling water,

Kell, 4f we can talk about sosething that we do recognisd as a

Cefinite downdraft, that is the central rain core of @ dere

stora with its associated downdreft, I think maybe I can rer

part of your question,
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Could I ask a layman's question - Is there any experinen

evidence that indicates whether radioactivity is incorporated

when the 8,0 is in the water phase bs. the ice phase,

Bo information on that at all, forry3 Does anyone have

ideas on that?

There is a case where hailetones fell in Washicgton, The

were hailstones about 2? 1/2 inches in diacter, and were

radioactive, The activity was not concentrated on the cester of

the hailstone, It was so diffused throughout the mass of ia

heilstones that we could not get a radic-autograph - despi

fact that we had a thousand or two thousand dpa throughou

mass of the stone to radio-autograph,

Boulda't this inply, then, that the radicactive material

probably initially in a liquid form, since that is the

hailstones are formed ~ by liquid gathering on a core,

X aw not sure on one point on Dr, Fexler’s question - go

to sand again, In the sand, we have more or less concl

100 microns, more or less. We have a lot of evidence zo

at Los Alamos ~ frou Dr. Schulte's unit. They were with and

they had jet impactora, and they found the zajority of

perticles - in numbers - were in the 1 micron range, and this

came down in two hours from 0,000 feet. This must be

entrainment in the fashion you are talking about, and it
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possibly follow anything that Langauirs' saying about the

raindrop = and probably then, since the send fallout

4s not as concentrated as rainfall as far as uass is concemed

you might get sore entrainsent in rain, But we do have ne

evidence that 1 micron particles that shouid cone down in Bix

months cone down in two hours,

I am glad that you mentioned that, because that recalled sbhzething

to me that I had coxpletely forgotten abouts Fhen you havB @

thunderstorm eome along you get temperature drops in a verF short

tine, temperatures below that of the prevailing wet balb/tesperatures,

showing that the drop in texzperature is not something due

evaporation of the rain into the air there, The temperature drop

is so large that it could only have cone from very dry airjat

great heights thst have been brought dom to the ground ang thea

cooled by evaporation, This has been a subject of sone stedy sone

years ago by the people in the Buresu, and I think thet soge of

their conclesions were that just on the basis of an obse

temperature drop and the prevailing distribution of the R ofentiel

temparature — that such air had to core dom froa hsaights&

20,000 te 30,000 feet within the course of a single thundegstorn,

Fould these have core fros the central part of the thunde

or would they be outside of the thunderstora?

They would be outside the thunderstorm, ‘That is, they use

radiosonde ~ pravailing before the thuniersterm situation, fané
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the only way they could match the temperature minimum obgtrved’

at the ground was by air that must have been brought dows from

those heights and then cooled by evaporation,

I want to get this clear - this is outside the thunderstdrs systen,

Yesg, it is outside the thunderstorm, I will have to lodk that

reference up - this was written in a peper sonetine in ne §30's

by someone in the Bydrometeorological Section of the Burdsu ~ and

I forgot about it wmtil Lulejian mantioned it. I think that this

air entrainment probably is a fact that should be Looked into.

I am sure it does. Oddly enough, this leads directly to my next

point, We have been wanting to take up several specific bases

that m ght cecur, That is, there are so many variables fh this

problen of how debris gets back down to the ground that felt

that it was better to fix our ideas by considering some rather

explicit and definite cases, The first case we ean diss

quickly = that is where we have a surface burst. We havel already

discussed this a little bit, end we can say that it depeniis mostly

on how we set the weapon off and not on the atmospherie opnditions..

It is determined more by the condition of the ground ani of the

ataosphere,

However, let's consider a case where we have an air bursth Now,

I am making the sseumption tacitly when I talk about an alr burst

that here we have small particles that cannot cone to thel ground

  



KELLOG:
(continued)   by gravity, and we lesve cpen whether they happen to hav

& maximum density BE at 10, a tenth, a hundredth of a aidre

Let's aay they are too small to cose down by gravity, bull that

they could be scavenged by precipitation. Supposing now

consider the kind of precipitation which can readh the highest

into the atmosphere, and as kr. Fexler sentioned, thunderptoras

are the obvious things that come to a mteerologist's minl when

he thinks about a precipitation systes which reaches highi inte

the atmosphere ~ cansos large vertical transporte of water and

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

waa what would happen if we had a thunderstorm reaching up into

the radicactive layer. The first alide here shows this in the

form of a sketch, Thie dirty brown is supposed to represent a

layer of radicactivity between 30,000 and 0,000 feet, th

corresponds to about the height where it would be for aw

of between 20 and 30 kilotone. Now, this is above the usgal rain-e

bearing level, The usual rain-bearing level is around 20/000 feet.

Bot in the thunderstorm it can go up perhaps a little higher.

Sone of the radar pictures taken around Boston in the summertize

show columns of water - partly water - at least they give Ie good

radar echo, which go up heher than 20,000 feet, and perhaps evea

to 30,000 feet. I tried to visualise what would happen in the

course of the development of a thunderstorm, This is the Pusulus

stage, and this is the next stage, when it is called a

cumulus, and you will notice that my arrows are drawn base on

the report of the thunderstorm project. These arrows show that

yo [a
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apparently in this swelling cumilus stace we do not yet Have any

great rain density, We have nothing but up—draft and in ithe J

center and in-drafts on the side, and then, ct the top ~ka must

be the case to have continuity of motion ~ we have up-crafte and

out-draftea, This presusably varies from case to case, be this

ta/tpetont type of circulation system. Now, the next sthge will be

a fully developed thunderstorm in which are drew in grepn the

column ef rain in the center, and now I have indicated the fact

that we do have strong donn-drafts ascociated with the caiumn of

rain, If we only consider the rain I think that a tracing through

of the history of the particles of air ami clouds which taking

part in this system, that the racioactive mterial msust have been

pushed up and out at the tep and cannot be expected t: bel in the

control part of the thunderstorm, However, I have ackne

ahead of tire Wexler's contention that there would be a dbwn-<

outside of the thunderstora, although J did not imow that] it would

be as strong as he suggested. So, as a result then, therp would

not be scavenging by this storm, but the result would be mixing

through the tropopause, and perhaps a possibility of scavpnging

for subsequent storms. Possibly if the downdraft is strong

for this gross transport of the debris downwards outside bf the

thunderstorm, the mixing would be very considerable, We have

te look into it to ese if ft could not account for it cauing all

of the way down.
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The next case we thought oupht to be considered to sstisfy the   
people who might says "What would happen if we had a thubderstora

immediately — not an hour or two later, as suggested befhre — but

ocourring right at the tine of the explosion?® I tried

visualize what would happen here if we were to consider fhat the

borb went off on a thundery afternoon, in which we have gonvectively

unetable conditions, J say now be saying sousthing whicl may not

be in agreement with everybody here who has studied thungerstorss,

Let's say tentatively that we could have a condition whege only a

small displacement vertically in the stem could set off thunder-

storm at this point. I should say here, how, that this je definitely

in the stem that the thunderstorm would start, because tie tine

aequence for the development of a thunderstorm is in the lorder of

one-half heur to sore then an hour, whereas, this mushroga cloud

goes Sooming on up and reaches its ceiling at about fivelor six

minutes, Kow, if this thunderstora were to develop hareg we would

have essentially the same story that we had before, the a

difference now being that the debris micht be incorpa: 4 in the

upper part of the thunderstore system iteslf. Since this is well

above the minus 20° iecthern, we would expect this to be noth

but fee particles and, as I understand the picture which been

gathered frou radar etudies and flights through thandersthras, we

do not expect this material to fall down to the ground, Yecause

the ice particlea in the upper part of the thunderstorm grow very

slowly, fo then we can say that in these two cases of thnnderstorzs

we do not get rainont cf radioactive material by the thumerstors

Y
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mixing of the material,

I think that the next case that we will talk ebout will

demonstrate another thing which is implied in the fact

we say a thunderstorn canIt result in bringing the debr

4n the first few hours we would not have any vory seric

from the rainout, Now I am not going to amplify on that

yet, because I think that will come ont in the next case

we try to show what m sht happen under « sore orderly sy. Y

things, where wa 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, ant then subsequently

scavenged by rain. I would like to turn this case over Bre Rappe

Incidentally, before he takes over, let wa say that this the

case that was discussed in an earlier RAND report, which lst of

you have reed, It wae also discussed in a recant AFSP dtudy of

contamination by rainout.

Denarims
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Tt le possible for the circulation around a thunderstora

to be a complete cycle? It occurs to me that both cases

of the late thunderstorsa and the early thunderstorm would

perait the rain to bring dom theparticles, not on the

first way up, but after they had come down and then

carried up again.

Let ne mention again a thing that could occur on sub=

sequent thunderstoras. One thunderstorsa lasts about an

hour, aod I wouldn't expect the cycle to te complete in

en hour, but on an afternoon when thunderstorms may per=

sist over an area for many hours the first thunderstora

would stir, the next thunderstora would stir even nore,

until finally we could, I think, have the debris going

back up into a later thunderstorm, I think that is a "ri

difficult thing to say anything quantitative about it,

except that there is this possibility
a

How do you reconcile your findings with Dr. Elsenbud's

findinza about how much does come out in rainstoras?

Let we have Dr. Rapp enswer that.

Hay I ask how many and how comson are thunderstoras that

go above 30,000 feet. Is this one in « hundred or it is

quite a comson thing.?

Energy
oe
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Well, I don't know whatthe statistics are for the tops

the thunderstoras. We have been looking at the top of the

rain in the thunderstoras and it hardly ever goes above

25,000 feet, but the eloud tops go up to the tropopause,|

and there sees to be cases even reported when they have

penstrated the tropopause, although I az not sure how

accurate the information is. I wouldn't have expected ~

thunderstorm to go above the tropopause.

Many of the results of the thunderstora project showed

_

pf

 
radar returns which went off the top of the measuring ra

at over 10,000 feat, and these returns supposedly repre

precipitation in a solid fcrm snow, giving the radar re-

turns above 10,000 fect.

That would change the height scale on the diagraa sose,

tut I think that the general conclusions would be the

that the radioactive material would be pushed out the to

first.

I am a little unclear as to what the next variation is

going to be. ‘s it going to take up the sort of extrese

obvious question of what happens if you set off a bonb

a good hard rainstoral?

I tadn't planned on taking that up. I was going totalk

about what would happen at some much later time.

nme
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Ien't this a very obvious one in this category?

kell, you can say the sazxe thing about it that I said,  
about the thunderstore occurring. That is, that the

goes up very quickly and passes out of the normal rain

bearing level, and that we have to invoke scme scaveng

agency which gets up to the level of the aushroonm. Now,

for a low yleld case = this will be taken up by Or. Rapp

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

able for scavenging by rain.

One would also think that a combination of a ground shot

in a hard rainstora would te very horrifying.

That I think would result in the highest contamination ‘ee

one could imagine - a low yield surface shot in a rain.

Then we have all the scavenging processes working in our

Lavor.

There has been a lack of observation of actual rein-out

close in. One of the great guessing z,azes hag been to f

ure out systeas whereby you could rain material down.

first seach systea that I know of was devised by Colonel.

Holzgan in which he assuzed the cloud to be a cylinder

was distorted by shear. The cylinder extending from the

ground to about 20,000 feet. This was dictated sore by
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sideration of the cloud. This cylinder of cloud was th

assuzed to be torn by shear, expand at some slow rate an

100% of all the materials that cam in contact with a ra

area was considered to be deposited on the ground iase

tely. Thisstudy was the only one to ay knowledge in ¥

many boabs were considered, Colonel] Eolszan was trying

estimate the hazards froa a canpaign of bombs in a ssall

area. There are several things with due apology to Colonel

Holzman, that are wrong with this. One, the cylinder ef

atomic debris did not extend uniformly froa 20,000 feet

down to the ground. it is generally higher than this

go when the RAND stody was made, I can call this the ¥ar

I ¥odel for scavenging of rain, we took a cylinder and

expanded it assuming that the zaterial was homogeneously

distributed through this cylinder. #e considered the

observed height of the cloud, expanded it horizontally

vertically and assumed that all the material below the

-15° isotherm was brought down to the ground in the fora

rain, Se didn’t take into account the shear of the wind,

so that was one thing that was missing. Then the people Froa

AIS&P worked on the problem and they said well it is any

to consider all the material brought dom as soon as it hits

the rain and they allowed for a finite tine of scavenging
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and they made another estimate. However, they stuck to

the expanding cylinder with the homogeneous distribution &

they did not consider a vertical change of the cylinder,

Cur latest model, “ark iI ‘‘odel, allows for a different

type of expansion of the cloud. <“e have considered a clohd

to expand according to a fickian law of diffusion and we

have chosed a diffusion constant that is as big as we can 
get it without tearing the cloud apart. ‘¢ want to try

keep this cloud intact and expanding so we can't allow f

too big a diffusion coefficient, this would tear the clou

Also, because we don't want to tear the cloud apart, we

haven't considered the shear. But this now gives you a

picture of what our cloud looks like at the end of six

hours. te start out with an elipsoid of hozogeneous con- 
centration 3 kilometers thick and S kiloneters in diase

 

    

    

 

and we assune that the center wont to a height of10

moters. As the diffusion spread this cloud, the peak co

tration started to fall and these Lines here represent sh

where the concentration has fallen to 1% of the original

centration, 0.1% to 0.01% of the original concentration.

You must try to imacine that these shells initially, wien

the cloud is homogeneous, are all together, we cre upat 1

Then as it starts to spread these low concentrations spre.
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a while after a 1% line has expanded it gete so diluted Ehat

the central concentration falls down end these shells co

tract again. I think this next picture will help you

visualize it. This top section is the peak concentration,

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

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

aod falls rapidly in hours it is 10%, This lower f

shows the heicht of the spherical shells that contain a

certain fraction of the initial materials. You will ne

that the 10% line immediately starts to contract due to

the dilution of the cloud and it disappears in hours

when 10% is precisely at the center of the cloud. The 1%

line continucs to expand for about 12 hours and then it

slowly starts to contract and these other ones are still

expanding out here about 2), hours. This is the type of

diffusion picture we have used and now lets go back and Look

at this one again.

How do you compute thia?

This comes out of the Fickian diffusion law. Ve used a  
diffusion coefficient of approximately 105 centissters

second and this is siaply the solution to the equation.

I don't believe that it matéhea with the instrument re

ings that were taken in Favada.

Ceasery
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This is a mass rating rather than a redioactive rating?

Yes, this is « sass rating, This is just a percentage

of the initial saterial.  
I would like to say that we find the distribution rate 1

inverse with the time to the first power. That is, the

effactive rate of decay of this thing is 2 minus 2.2

there is some scattering data which would show you the e

Is it the center?

Tt is the hottest part. Ke try to find a place where

is the least diffusion. For example, an isokinetic stre

line which happens to be running through the center of

cloud. If we can find an isokinetic layer this is where.

we fly, because this is where we get the nost mterial.

That diffusion rate ia for a very yound cloud in the firs,

half an hour isn’t it?

Fell, we usually started in at one hour and cell it a day

after about S hours.

Bell, let me say that this sodel is set up and is highly

idealized. We believed that the cloud would not be con-

tinuous and expanding like this we are siaply trying to

see what guch a mode] would bring down in the way of rain

outs.

~
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YOIC2s Are these values in clove agreesacnt or not?  
PLANK: I don't know how to translate the diffusion rate wich

inverse with time with his diffusion coefficient. Perha

he could do this.

RAPP: If I understand Plank correctly what he is saying is tha

in the first two hours the peak concentration goes dow

inversely with tise.

PLANK? Yes that is in the first ten hours.

 
BETHEs This is what you would get, it seena to ne, if yor had fasion

in a plane regardless of the diffusion coefficient.

LISBYs did you get DOr. Bethe's remark, That it is the approxi

observational would indicate that three dizensicnal nodel should

perhaps be squeesed down more to a twodimensional.

 

   
RAPP: That's right. Well, we are quite sure of that. Ve tried te take

the maxizun vertical diffusion. We believe that the dif.

coefficients should be much, much exaller in the vertical] than

in the horizontal and therefore, it would correspond noreloclossly

to diffusion in the plane than this particular model. Wel tried
to gat here a model of diffusion which would bring the maginus

amount of radicactive debris down into the rain-bearing level

in such a way that we could make sone sort of analysis of how

wach stuff would be rained-out.
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Is there any experirental evidence on the marnitude of

diffusion coefficient?

No, there have been some estimates of diffusion coeffic ante

made from the clouds. lr. Nachta, of the Weather Bureaag has

done some work on this, but these diffusion coefficients Bn the

free atzosphere are extremely rough estimates. This one, 0°,

was chosen because this would give us a scale of motion malier

than the cloud and therefore not tear it up, but it was

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

larger diffusion coefficient the seale of the motion is gping

to be big enough to tear this cloud into little whiseps

pieces. We didn’t want that te happen on this xodel. We have

gone all the way back to Richardson's collection ef K val 8,

which he mede in 19°76. I don't think anybody holds a brief for

those today, .We went on to this andmade a rough integration

of the amount of raterial that was under the 6.4 Kilomete? level

at different tizes, At one hour the gradient is steep (Figure 2)

and you would expect very little in there. Sy stout thr hours

you are just beginning to get appreciable amcants in therg, you

would provably got sone rain-cut but we would have hed te|have

another line kere to make some sort of a calculation. Atlabout.

6 hours we have made a calculation and assuming 100% ecafenging

over a small area of just about one-half a square nile we fwould

have gotten a dose rate on the ground of abcat 70 nilircer

per hour. If this diffusion had gone along and we had 10@

scavenging. Now let us go back to Yr. Greenfleldk pis o iI

can look at it. This represents   
‘ %. os,
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the type of scavenging you would have to deal with. 1

scavenging would ‘occur only for particles larger than s

microns. If we were down in this range, less than .01:,

would get fairly high average efficiency and would bring [this

staff down, but hers, between 0.1 and li, unless we can

with some rew mechanisn for bringing it down, we vould have very

Little scaversed cut. We vent on and calculated again far 1?

being diluted, enough additional material had been b

into this rain-dbearing level so that the deposition on

was about twice what we got in six howrs. The caloeclati

2 hours shows that the deporition began to get sraller,

estimate the harard has been going on for a ecuple of years now

and I think we are still quite fer from a reasonable

model that we might like to try to test on what little dite is

available. I think, for one thing, we must take into acdcunt

scme better law of diffusion. ‘be ure what ies available ow, we

know thet thie doesn't give ue a good pictare ef diffusi

the atacephere and Mr. Edinger will epeax more full on tat this

afterncen. We need scae batter law for diffusing this coud.

Another point, we need sore more experimentally deterningd values

of whatever constants might enter into whatever diffusiod laws

we need. Another point, we have to be able to consider
. py .
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all scales of diffusion and by thie I mean ve must take Gnte

account the shears. Colonel Folenan’s paper took shear dnte

account. None of the ambsequent models have attempted consider

    

    
    

  
   

   

shear. “So, this must be teken into account and I think

thing wrich must be taken inte acecunt in arder to get a

able model is the initial eccnditicns. ‘We are sure that

material is concentrated in a toroid, in a doughnut, not

sphereoid or s cylinder, or any such models and I think

must be considered in trying to estimate the hazards of nout.

There ig not too much point in eaking too many calculati oa

these admittedly inadequate modela, we do it simply to sep what

the trend is and to see whether we are approaching what

observations of rainout are available. I certainly wouldh't want

to guess as to what the estixate of the hasards wo.ldbe,

byFriday afterncon. That is all I have to say.

Listen Dr. Rapp, is it possible fer us to say that if ve

a model, rake that ¢ straight line scavenging curve, =

loose anything in view of the fact that we don't know dif

so well? Why not go ahead and say 100% scavenging and sof have

any of thie refinemsnt?

Yes, we could do that. Wa could always have considered

ecavenging, but if we were to try to get a more realistic

and if thie minimum does actually exist this could zake a

tremendous difference.
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Well, that wae ay queation, does that make a lot of diffbrence?

That dfings up whether you know the activity distributiog withia

the particle eise.

If for some reason we could discover acme xechanisa thaticould

bring dawn 100r with 100% ecavenging or if the 3° factor

to enter in and rake it only 3r I think this would be of leonsider-

able interest to the people who are worried about the

the ground. Any further questions?

I don't understand several things. Firat, I don't under

how there can be any doubt about the diffusion law. I t

there was only one diffusion law.

Well, lets put it this way. As lorg as you are talking

pollecular diffusion then there is only one diffusion 1

However, when you start talking about diffusion of matt

different scales of motion in the atmosphere which may

anywhere from the molecular scale up to thousands of milen, due

to the large scale motions ef the cyclones and antiaycl

then you have an entirely different problem of diffusion.| I¢

is intimately tied up with the size of notions which are bpread-

jing the clouds. We should be wery technical about thie .

always speak of eddy diffusion so that this point dcean'ti bother

people. Anything else?

If the molecular diffusion wore {rportant it would seem 4 ne

that you can ealculate the diffusion cocfficient. .
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Well, the molecular diffusion you could, but this is so Brall -

this accounts for #0 little spread in comparison with movement

caused by the actions of the atmosphere that we coxpletely neglect

the nolecular diffusion in comparison. i think the K value for

molecular diffusion is 10 te tha minus onc, whore here welare talk-

inz of diffusicn constants of 108, Lo? and 10° °

These units are square centineters per second?

Yes..

Other questions?  
IT have another question, Dr. uiboy. For the study by   

   
  
   

  
   

 

  
  

 

talked with Frefeasor Libby and his proposal, which was made

an assumption to part of our paper and used for calcula

was that these small particles which ferm in the first

stages of the fireball itself are incased in small water

lets, That is, one of the reasons that you see the cloud itself

is due to the moisture that is collected condensing to water

droplet aise. He has made an estimate of the calcula fron

that and given us the sise 15 to 70 xicrons which, if he

correct in his assumptions, would sause the scavenzing iclency

to go up fairly high in short tines ao that some of the bbys at

ARDC have turned out on the indicator 75 to 90% scaveng

efficiency for heavy rains. That may be ons mechanisn

might answer that type of questio-.

We had thought abcut this problem. fhe only thought we

it was that we are talking here about the cloud that goes
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above the rain bearing level. ‘Then we have two problemsg one,

it is probably rather dry up there and it might not last

long tire and the other ong is that it would have to

down.

One theory is, I am not a moteorologist and since I an

here <I had better be careful of what i say, there has bees sone

theory proposed, by woem I am not quite sure right now, rgther

that there was continual interchange cycles between, if

assumption is correct {t is encased in a enall water droplet that

is between 15 to [0 microns in size, it is as it rises p

evaporated but at the sane time a concentration mass of tiis natter

that it would be reintern encased in other water dropletad Whether

that changes the sise distribution I am not in a position say.

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

As far as I an concerned it ia the biggest questicn mark

whole problem.

I would like te take this opportunity to point cut, for

benefit of whatever value it is to those ef you who are inkerested

in the theoretical approach, that there is a possibility of a

very simple expirical approach which comes about beaause,

least fros our observations and I think from athers, the

cuet burden of the atroaphere is verysimilar in particle gise

and spectrum to the particle sise distribution ef this debgis.

There is the oprortunity of measuring atsostheric dust b

before and after rainfall and also the particle sise spec
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Dr. Eolden must have done this, perhaps some of the othe

the old days out of curiosity I used to take dust sanple

after rainstores and a lot of dust present is almost 1

covpared with what is ordinarily present, particularly 1

air. There was so little that it has always been wy ir:

tiat for all practical rurroses under certain conditions

scavencing effect is 100%,

But you don't know if it is the same air that you are de

with.

No, that is right. It is probably more.corplicated than

he noticed that with the onset of rain he got almost a tegrifie

increase in ths background and then it fell off eharrly. |

inplied that thas it wae 100% effective in scavenging, of

this doeen't say mich about what was left in tha air but

the small stuff would get down much more slowly.

fut, to centinus on -iaenbud's theme, there are many, ma!

documented cases of rainfall, muddy rainfall and brown sn

appearing with a whole host of particle sizes all the way

to very small amcunts, and gives one, at least from the rekeor-

t it aust be a very effective
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ecavenging arent no matter what you say about the particle.

distribution. —  
IT hope that the i-pression has not bees given that this Fart I

4s purely theoretical. On Thursday xorning we will have ithe

presortation of experiments that are to be proposed to bh up

eon some of these points, :id you have a remark, Dr. Holden?

I just wanted to mention that the effect that Merril Eissnbad

Gescribed is also noticed with radar and fluron decay profucts

in the atmosphere. If you measure these products defore

after a rain-storm you find that the scaverging effect ial very

complete.
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He think that it would be a good idea since there was se  
euch interest in the subject in the Part I report that

 

    

 

   

 

organise an additional seainar this afternoon on

eize distribution. fe will hold that in the Nuclear ine

confarence room on the second floor and invite anyone te

attend who wishes, who is assigned to any of the other is.

We'll also move the sexinar on scavenging, transport, and

usion into this room for we have a feeling that this will

be the largest of the various meetings. At the end of

bour Er. Turner will give ua directions as to where these

other meeting roous are. In the next forty ainutes I

shall try to tell you what we intend te recoumend on the

worldwide problems. As I indicated earlior this is prisarily 
an outline of experiments to be done. The problea is

will people start dying as a result of an atomic war, and

we focus our attention on the radioactivity. It fan't that

we haven't paid some attention to other physical effecte

but that we are rather convinced that the radioactivity i

the sost likely to te the most serious. #e organized the

project on the assumption that biolegy is so lapossibly

difficult that we do best to segresate biology and to pay

attention to those things we can do soxething about on a

short range and so we asked the Division of Biology and

Sedicine to tell us what the most isportant and nost dangee

oys fiasion products were, or the most dangerous radio-
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 active products given by the atoaic boab, | We expected

list of some length ranking the most important on dom,
     

  

   

 

   

 

  
  

   

 

  

but the list was quite short and consisted of one iso

and this is Strontios’°, Yow I've given a slightly in-

correct impressions there're are interest in other iso

bat the interest in gp as I understand it, far ex

that interest in any other isotope, With sone justifi

tion we can say that our problesa is reduced te the study

of Sr’, Now this is in many respects a fortunate develap-

ment, for cr? ts a beautifel thing as far as seasurexen

is concerned. 1% would be very difficult te divice an

isotope easier to detect in low quantities than sr79,

This is the result of the fact that it has an yttrius

daughter, the sr?? decay is a fora of yttrius 90, this

a 20 year half-life, The yttrium decays with a 61 hour

half-life and exits a 2 aillion volt beta ray. This be

ray is about 1/2 willion volt. This is the chenistry of

the tri-valence elements. This, of course, is an alka-

line earth so the chanical separation of yttriua and

strontius is quite a simple matter in principle. Now

sees immediately that processes utilised could consist o

two things. You can use the seperation of strontiua by

Aiteelf as an element separated froaz tha sample and place

it in the counter in equilibriua with its yttrium danghteP,

its yttrium daughter being an equilibrius in a few days.

  



 

 LIBBY In that case you get not only this beta ray, but that be
(continued)

ray. Two for each disintegration. That's one way of do

it, the other procedure is te not bother to separate the

strontium at all, but just te take the yttrium daughter ont

of the sample. I sort of parsonnally favor the second, f

being a little bit sore easy. However, which ever way

you do it, it is possible to take a ton of sample and con¢

sider detecting the strontium in it with something like

50% efficiency, because of this daughter relationship,

For exaanle, we can take the yield of the material fros

a 20 kiloton bosb. 20 kiloton bowb equals 1 kilograa of

fissionable material. That's about four acles, The

strontiua comes in about at 5% fission yield, 20 we have

about k over 20 and about .2 or 1/5 woles of strontius”,

That is about 1023 gr90 atous yield. If we get a unifors

distribution of a 20 kiloton bomb over the earth's surf

we therefore get about 20,000 Sestons per square centi-

meter for a 20 kiloten boab. Kow the 20 year life means

we have to have 15 million Sr’? atoas -- means that you

have one disintegration per ainute. As the average

lifetine of Sr?? is 15 aillioa minutes. Ye will have

froa this 20,000 over 15 million ag the disintegrations

per sinute per square centineter. Since we can detect a

minimus something like 1 dpm without working too hard, I

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

ae
f
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LIB: Ts going to have te take perhaps a factor ef 1,000, we need
(continued)

1,000 square centineters of area, so 1f we take a 1,000.

square centixeters then we get an order of one disinte-

gration per minute. This can be seasured. fe conclude

that in theory, at least, if there's nothing wrong with

vhig reasoning that the Alamagordo boab, if the fission

products were distributed uniforaly over the earth's  
surface, is detectable now anyplace on the earth's surfa

by taking the fallout on an area 80. Of course, we've”

had a creat many boabs since then, one notices for exacp

though, that the radioactivity hasn't gone a 20 year lif

tines ceans its all around, or essentially all of it is

still here from all the boabs that have ever been shot.

This is an interesting point for the reason that, refer~

ring to our earlier discussion, we have the correlation yo.

between the strontinga assay and the particular boabe

utilised would be very poor probably. With the nusberof

boabs that have been shot we perhaps can rezove that "

probles. It looks, in theory, to be quite practical,

now the procedure would be something like this, take your

process of your sample of soil or of seawater or of

vegetable matter, human material, aninal aatter, calcine

it or extract the alkaline earth froa it. The appro~

priate chemical procedures, trusting that the strontius

will follow this, have been to let it stand for a tine

Denart~~:
Hizt-

Hed)?
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for the 61 hour caughter to grow in, seperate this out with

the siniwus of chemical impurity. As you first purify ydur
 

sazple for the tri-valence elesents which would follow tHis,

then let it set for a week and then add « tiny bit of eadrier
and purify asain. There seexzs to be no reason why you

can't handle a tonof sample in this manner. Se I parse

ally believe that though no one to date has ever 3a

Sr79 ( fan't this an axtraordinary situation, this rost

dangerous of all tke isotopes, for some queer reason, ha

never been measured - it just hasn't been done) it will npt

be at all difficult to measure the Sr’? that ie due to t

atomic bombs any place in the world. tell, <I say not at

all diffieult, you must get the sacples and you aust process

thes, bat it is not a uajor operation. fhe first conclue

Sion is that the worldwide contacination due to atcaic |

weapons «i]] be concerned prinarily with the se? distri-

bution and so the RAXD-GABRIEL proposes that the world be

assayed for Sr’, that this thing be done. It seens that 
there's no way of guessing wiat will happen. Just consi

the various doubtful points. Ne know, at the present tice,

something about, at least Wr. iisanbud tells us, the dist#i-

Dution of ordirary fission products. Sr”? {¢ not an ordi

nery fission, it has a krypton precursor, It's borne in this

fashions This is a 33 second half-life and then it goes

rubidiua 90 which is two or three ainutes, I've forgotten
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which; 3 minutes I think it is. Tnen finally 1t gets db  

   

  
    

   

 

   

 

During the period of a ainute here, or four or five ninu

here, but particularly this minute here, the fireball

have cooled down to the point where aost of the phe

wnich decide the particle size distritution of the fallo

are over. ‘ow you have the picture which is rather fri

ening in soae respects, that this most dangerous fission

product is now leisurely deposited on the outside of all

of the dust particles {t touches in a nice aoluble avail

able fora so that it will desolve in water. This would

one thing that distinguishes it from the other fission

products and aaxes the present data - [ ‘woulda't say wor

less — but one certainly must check to see whether there

isn't an enorsous fractionation of sp as coapared to

ordinary fission product. Mr. Spence was telling me that

this was true in the case of Sr°?, which has a sistler

precursor history, though that krypton is a longer life

thing.

Is the chain that you have put on the board quantitative,

in other words does all strontium cone from krypton?

Ag far as we know this is s0.

i'd like to say that we've analyz:d some of the UREANHO

fallout radiochezically and there was far less strontius

 é7
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in the sazuples then would be indicated by a normal

distribution curve.  
So this is another argasunt for the assay. Ke really do  

   

 

    
   

 

  
  
  

   

know anything about it. Now 1% aay te that in the bigge

boazbe the fireball stays hot long enough so that there's

some hore of incorporating thie staff in a sort of an

insoluable coating. [ think ona would say there was so

evidence in ordinary fission produ:ts that the stuff is

incerporated in aluaines oxide or silica or something el

tiat is there when the vapor is formed in the sarly stag

of the fireball and as the thing cools this condenses

and you Lave molten droplets which entrain and dissolve

the fission product. This is a sechaniss, this sakes y

sort of rubles, where the thing is protected chemically

from the action of waters. This would sake the stronti

less available to the biosphere and would be a happy th

but 1% does seem that in low yield bombs that the stront

ig just about as available as it could possibly be. Now

maybe the ideas won't fit, but thie is another point and

another reason for it. So we have abundant reasons for

doing worldwide assay on sy?e

70Ig the Sr°~ content of the atucaphera know?

Sr99 goes not occur in nature except insofar as its prot

by the anall azounts of radioactivity.

 68



VoIces

VOICE:

EISENBUD:

YOICEs

LIBSYs

TOLL! Re

“Any assay?

 

There's never been an assay of sr’? of any sort.

We have started sr99 determination on a large assortaent

of fallout materials. I have no data now. The stron~

tiua's been separated and we're waiting for the yttrius

to growin. The only sp90 that we have is on those

bones that I told you about.

What is the gr70 yield from therzonuclear weapons?

Well 1 don't know exactly, it's probably high. 5% in

ordinary fission. There is, of course, a question of

the type of weapon yield, but I think in all these things

we certainly get a lot of it. Now tomorrow we'll have a

more thorongh go around on this subject, and I hope that

one of the medical dectors will speak to us a few minutes

about thereasons for strontium being such an important

isotope. We're not particularly competent in this field,

but I think we're all curious.

Would this be the right time as - while you say that

strontium is the sain isctope — to ask whether sonething

like plutoniu, an alpha enitter, aight similarly be

important as a bone seeker?
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€ell I think these things were next on the list as being

dangerous. dow much lower I don't know,

About 10-4,

1073 would correspond to the relative lifetines, The

energy in plutonium is much greater and my general iz

pression was that an alpha-active substance is acre

dangerous than a beta-active acting substance in a

greater proportion and correspond just te the energy;

the energy concentration seans that its zore dangerous.

I'm surprised that the ratio is only 107,

1974 includes the half-life, energy and all the other

factors.

Then, it probably then includes a greater collective

ebsorption of strontium by bone. Because, if it were

only the half-life and anergy I would expect the ratie

to be less.

Talking about the uptake of calcius that has fallen out.

Fe're not talking about inhalation now. There is a very

large factor of diffentistion both in the uptake in:

strontiua by plant end from the aptake of strontica

froz the plant, ty the digestive systea. Of course, you

have an additional factor there at least of the order of

1,000 to 10,000.

~
neq

”
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As compared to strontiua.

Yes.

The strontium is more easily taken up?

¥ach Hore.  
Strontiua is like calcium and caleiua is the major elesest

in the body end strontius is like calcium except probab

less soluble so if it gets into the bone chemically I

suppose there's more chaice of it staying there than

calciug and so like radius we expect that strontius wou

stay in the bones. Now we sort of guess at this point

about the distribution, We don't know anything but we'

still got to get it, because othervise we don't know wha’

sasples to take. The eain interest of the GARREAL is, ©

course, in human lives, It is quite clear that the bio-

sphere is the sost important saxple reala, that ig it is

ateolutely necessary to sauple living zaterial, food stuffs

for exazple for husan beinss. First of all, of <ourse,

husan beings theaselves. Then there are foodstuffs and  
the soil which supplies the food and the ataosphere aad

oceans. All thease things ara to be tested. In the presekt

ignorant state however, it is very difficult to estinate

how many sasples will be needed, how difficult the seas

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

ml een
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direct function of the assay, that is the abundance.

Re propose that the experimental problaa be divided into

two stages. What we call a pilot assay and then later a

full scale asssy. And so, at the aownt, we're more con-

cerned with setting up the pilot assay program. A set of

satples aay be 3, 4 or 5 dosen maybe as many as a 100,

wisely selected in the various realas, that is human

material in the biosphere, seat, that is whether you can

uss pigs as a substitute for husan beings, foodstuffs

which are likely te contain caleiug, such ag silk and

vegetabless various kinds of vogetables contain calciua.

Using the caleium content as a guide to the likelihood of

finding strontiun; strontium data are quite poor. Then

to test the oceans, test the ataosphere, test the soils.

fe do enough in the first set of 100 saxples to get a

notion as to what the facte of life are,

It's perfectly obvious that there's the widest type of

fluctuetion to be expected in certain of these. Te

would, I think, expect to find that the sea sight be the

best mixed of all the realus. Zo seawater ts a good plac

te begin te get a general notion. Ye have sose acasure-

ments on seawater, in procress already. The ataosphere

will be next best probably. There are vary curious

questions here that we heard about earlisr this morning.

Apae
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Problea of sanpling in the atsosphera is a very diffi

One. ‘If we find that there is worldwide dissezination

of fission products and particularly strontiva, it s

to ae that 1t is extrenely likely that this waterial is

transported above the weather layar in what you call the

stratosghere. So we have to sazple it. #e have to te

how much is up thore or we have to prove that it is up

there. %e hava various ways of sarspling this, { think

simplest thing 1@ to take soue rainwater saaples fros

various parts of the earth's surface several aonths afte:

any bozb has been shot. It seeas very likely and reason

able to ae that aiy flasion products of strontius that

get velow 30,000 feet where your rain ig scavenging the

   

 
air all the tise will have been washed out rather quick

if you can go te Southern Chile next Thanksciving and |

a bucket of rain and find strontiws coming out of the

heavens, I think it's very good evidence tiat you have

strontium in the highest layers of the stratosphere and

stratospheric transport. Put, regardless of what the  
{mplications are, if you find strontium coaing out in

rain six months after any borb is shot this is an impo $

fact in itself. So thare's no doubt that we need to coliket

rain sauples and to geasure them. fe need the ccean sacpies.

because this is the next best eedius. How shall we meas

the ocean, what shall we do about it? tell, strontiue is

73

 



  
L7BSYs Like calcius, Calciue metabolism in the sea leads direchly
( continued)

to the deposition of calcina. Strontina will sove along in this place. ‘So we should look, I think, ( You correc

me Yr. Kulp if I make mistakes in this) but it would se

te me that the type of ocean samples we ceed are the

following: Ze need the top and the rottom, the freshly

fallen sediaents, to see whether strontiua ig in the seat

shells that are just formed. Se need the dissolved

materials in water itself, we need perhaps articulate

matter which is not yet settled and I should think these

three thingsare the iaportant things to secasure.

P iERe Bell don't you need perhaps the seawater and saybe

especially for fresh water fish bones, Or. Libty?
zz

LIBBY: Oh yes, of course - I was sort of putting that into the

biosphere. This is absolutely necessary. tion taking th

biosphere and taking the sea as a principal residence of

_ Living material we, of course, are greatly interested is

the strontiua content of life in the sea - rost of which

of course is plankton. Flankton that can be saapledy it however will perhaps be easier and cleverer to let the

eat the plankton and then wgeasure the fish, so you get

imnediately to the problea of measuring firkes snd you g

famediately to the probles of the lifetine of the fishes

. yw measure. 1 think I learned a little from wr. Ravell
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that soae fishes live auch longer than others and you

don't want fish that are toe olds he seexed to think

that a tuna fish was very good and then you just teke ob

bones from a tuna fish. So it would sees that you could

sanple the biosphere of the ocean pretty easily. You

take these bones and calcine thea and pro-ess them and

measure the yttriwsa in them. Its perfectly siaple.

When you say the ocean is tie best mixed meiium, do you

mean lateral mixing or vertical aixing?

Kell, I think I mean principally lateral sixing and

vertical mixing to perhaps a depth of a thousand meters,

thru the life sone anyhow. Certainly it isn’t perfectly

mixed in the full depth, bot it is mized in as far as  
light existe in the sea to any appreciable extent down

about 200 or 300 meters. ‘¢ is mixed, in other words,

predict that the strontiuga content of sea water will not

vary widely froa spot to spot, this, however, it would be

wise to test it.

What do you think vr. Kulp atout this? low many samples

would you estimate ought te be taken, say of the Atlaitie

Ocean in this pilot assay?

I would think I would take about 10.

tantra «ft Tresa
Bosartivears oo Gy

: , .bist aryars . . “;
“Eta cE Ta abet

a

~
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Ta there going to be one of your goals in the pilot study

Tou would take that many.

Actually your shells are such good integratora, the oysthrs

and clams that you can get at the fish carkete probably

contain @ groat deal.

I think there is no doubt that the ocean and the bio-

sphore in the sea and the oceanic life can be measured -

rather easily and rather directly.

to account for the total strontiuat?

All that's wanted in this first thing 1s an idea of how mach strontius there is and how auch it fluxates and

that you can figure out how many sanples you are going

have to seasure and estizate the cost and budget and t

and effort required for a real assay that has real va ty.

Ia there a lead to make it easy for yourself at the s

by colleeting some ground biosphere saaples in the Neva

region where it is presuaably a good deal higher than hefe?

Bell yes, sure. That is, I think one of the things we will

want to do is to take advantaze of the hicher concentration 
near the test site, bat 1 don't think we want to bypass

_problea of working cut the metiods of measuring it even 4t
J

“the lowest conceatrations, wa nust do this and it won't

76
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 very difficult and after all aren't we really concerned
  

  
  

  

  
  
     

   
  

   

   

whether the negros in South Africa are radioactive? I

that is a principal point in GARAIEL, We knowthat the

- local problea is one that you have to watch, a question lof

world wide is a valid, important aspect of the GASAI«L groe

ject. So we avstn't slip in just because it is convenidnt

to just stay at hoas on this. Incidentally, that would

make our jobauch easier if we could just stay athone,

but I don't think it answers the problem. Now an the

atazospheric sampling other than the rainfall device, |

say that we could take advantare of airplanes and filtegs

and just test out the samples for strontiua, This I th

ought to be done and I think some of this ought te be

even in the pilot progras so if saaples are being taken

anyhow and could be tested for Sr? 1would be a very

help-ful thing, and as far as I know they haven't been

ed in the past. Now coming to the husenprobles ~ a digfi-

calt tasie of figuring out how to get human bodies. its

quite clear 1 think that one needs young humans, that

childrea who have spent most of their livea during the

atoaie period. In that our bones have been larsely

loped as I understand it, and you doctors corract as,

pre~atozic times, so I think we need young bodies, I

rather believe we need essentially whole bodies because bf

the anount of saterial. It may turn out that ite quite bit

easier to detect, we shouldn't highly rejoice over this.

te-hope its very difficult.
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Again, if the question fs, "does it cet into bones of Living

waanels, 1% would seen on a pllot stuly you woulén't belat all

unhappy about using some other animals than humane, tadte »

Fell, you take a pig «  
I don't honestly think there is that tremendous ~e it

soen to me you conld enswer this question, that is, hig gould be

answered « whether you gould ute animals. |

  

   

 

  

   

   
  
  

for strontium, Now the question is, people who drink ai

this get fixed, T suppose there is no doubt about £¢

there are several vecetablea which are quite high in .

—The questionof how many samples of you
are going (4sant ja order to see shat the content ef wheat fs, is

a difficuit one that I would say in the absence of any ofher nuuber

wetve got te take two or three of each of these kinds of [food stuffs

end measure and select then fron various parts of the count

I believe statisticians can help a great deal in the econsigr

of the sazples of foods << to indicate the protable «
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computation of the reeuite we get,  
LIBEY¢ te have one with us and I hope in the discussions this

that perhaps some of these statistical points can be

out because you sre quite rights perhaps one of the most

things we want to know from this pilot program is how

you ere going to have to measure to cet any reliable |

and this means thet you've got to take marethan one of :

king to get any sort of Sntteation of thescatters,

 

  
  

 

CADIEs Yes, welve gost gone thou the procedure,

 LIBEYs Wow there will be various outcones of the pilot program, It may

| be that strontium cones dow right near the alte, ¢

worliwide, or it nay be that it hes practically tn!form
distribution, These couldbe two generalresults, How

First inetance we wooltjof purée, consentrate on eotah

the graiient of the giventest site; and ta'the second

we will ecosentrate on osteblishing theturnovertine and it)

general buildenp fn the hunen body and of things of this

which should ccutribute to ou knowledge and prediction of the

damage it can do, But, a8 a rough guess, f would say thad if

either of these extrema resulte appeared on the pilot pre

we would still want to measure several hundred and perhepal several

thousands © I ax not sure ~ but certainly several hun

samples in order to accomplish an aseay of the world xt

be of sufficient validity to high officials pibein;

 

  
  
   

 

  

   

ted

the

  

Denartment of Energy
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in it in doceiding whether its atomic war is bearable from this

angle, Thare ere several huntred or several thousand, ani it's

& siseable program and the question of how it is going td be done is

ne ming one, The nothods of making neasurenents at nig level

are fairly well developed ani do not offer any real diffiouity,

However, the knowledge is not widely disseminated so theme is a

problem of instructions, It is a question af whether it mould be

| better done for politioal reasansyif aprivate company¢ . untvere | _

sity did 4t rather than « governaent leboratory, 19 an

ONS. T can see that some of the difficulties we ware del

this sorning might be less serious if you haf a covers

that is, if some wmiversity ar scoe private company went lout and

14 this even though you night te supparting 14, it aight cause

you less eubarrassxent, Hou we have in aind « number of lansvers

to these questions as to how it can be donepartieularly/ia the

pilot stage « where we think of the order of several destes of

samplesjani I think there ie no doubt that thet oan bedine a6

that the results can be obtained for these pliot senples} Then .

when these are obtained, the question ef the magnitale of the

effort will be more ahawerable ani be possible to eonsidiy |

various contractors ant types of errangnents that couldbe made,

Now lock, this ts not only just a matter of Gebriel, Telecons
to ne that the or” distribution in the world may be a thing of

real fundsmental interest in various fields such as hytrplogy,

perhapes certainly in oceanceraphy, I believe perhaps ope

 

#/

 



Denartrrent of Traray
Histerian*s 3 ps

RET

meteorologists might leara scasthing from the distribution of
this material, I think there is no doubt that these varibus

fields of geologists ant cecthenists con learn sonethings| I
think that thore would be ne lack of interest in working ha this
if it could be kept out so that people could discuss rathk

freely, these general funtanental spplications of the da

 

 
   

 

  

  

   

   

pression that we are iniefinite or uscertain about what wp meat, ——

That we nean is very eisple, fe mean to measure the wor’ , esney.

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

and important one. YX don't thinkanybody can guess sbhoutithie, It's

got to be measured and only {a this way will a real answap the
worldwide Gabriel ever be obtained. ‘This is the sart of fren

thought that we heve had here this sumer and 7 think

a great deal of documentations sone of this will te 7 pope

tomorrow morning andin the seminars this eftarnoune—
Now Kr, Turner, will make sone anmoucenents about sare

mattera,
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HILL:

Then the fallout material sticks to the gum paper, they

- oh.

  
   

 

  

  
  
  

  
  
   

 

¥e want to go over the details of the worldwide GABRIEL mornings

Fe are most anxious that there be free and easy discussida, so don't.
hesitate to interrupt and ask questions, The first of offerings

is Jerry Hill's attenpt to meke deductions from the datalpresentiy: =
available, these being very largely those obtained by ir] Eisenbud

and his organization, Fithout anyone's evar having, of qourse,

measured the real isotope, Those 1s a further aifftonlt as you

products, because of its inypten precurser, Fe'll see ubat ve

can do, |

I notices that the topic of my talk is present knowledge,

really not es all-inclusive as that, even considering

ve know about the vhole project, Bowever, what I have ’

we are perhaps from the danger point. Mr, Fisenbui's pepgras

consists of senting people gum- paper which is put out

little frame which is snpposedly a square foot to the f

up and sent in ani ashed and measured on a beta ray

  



sS

 

 
yu
e

B
N
R

oy
;
Ge
er
mo
u
Ls
ep
im
og

64
}
PI

No
Te

Go
NT
RA

O4
3
R0

0R
TF

pe
er
ss

od
a;

Uf
on
y
2

ou
o
so
mo

I
Q
S

UT
PU
N
O7
0y
6

vu
UT

sU
OT
AL
IS

-
@
U

Orel
02

0g
}

SO
sB

e
eT
OC
s
U
Z

ep
ox
y,

ef
es
ua
s

pu
n
ey

vy
s
f
q
s
o
r
s

ye
en
n,

69
§*

5°
)
o
O

TE
TL
S
v
e
r
4
p
m

ae
d
Uo

TQ
EZ

S
U
p
E
z
.
w
O

ao
pa

78
Sy

he
r

ma
os
pm

su
ve

n
oy

£4
Ge
m
BU

OT
IE

IE
ON

JO
B
O
T

WNG
TAE

TD
i
.

Ga
ye

ou
0
%

Sp
ay
y
o
u
m
e
e

yr
*4
y
Op

no
s
ac

y
UO

Fu
pp
uR
de
p

S
e
,

*p
ef
em
na
s
>

|
Ay
oz
am
a
©
ey

tn
b
90
3
pr

no
e
no
k
ca
tv
se
an

ey
;
do
p
o
z

pr
e

m
e
r
a

m4
‘e
qd
oe
dq
ue
pa
ad
on
yg

37
W
y

O
m
e

we
I

*S
OD
RB
AY

Os
0t
3

a
p
y

e
y
a
n
y

pa
ce

©
Le
s
gu
te

x
SO
GL
T
se

m
*o

ta
e
T

om
20
3

—
s
h
e
a
r
o
s
]

ce
en

qe
a
yo

ad
re

s
o
m

oF
Y
W

*u
oq
su
yy
se
n
WE

dn
e
u

aT
ty

r
o

pr
e
w
e
d
e
u
o
t
r
a
ge

bo
xe
s
ee

e
De
yy
we
s
o
r
e

“9
3
FO

S
OU
TE
A
40

x0
7
O
L

wo
ve

?
va
mn
e &

o
o
t

yo
us

UF
Le
m
o
y
y
W
o
o
,
yo
ea

pr
e
Tr
xl
y
up

we
Be

q
|

;
|

4
ou

s
ro

me
C
6
6

$7
La
mu
ne
0
}

pe
ye
to
ds
.n
xe

40
0s

er
va
bs

to
d

o
m
e
n

J
wy
mm
ce

00
0'

YT
Jo

mu
np

oo
r
©
mo
us

eF
re

s
sy

ue
me

me
vo

d
ey
z

C
o
H

%
eu

cs
oz

oe
es
oy
y
fu

rd
iv

No
ur

ig
ms

BF
pe
td
ue
s

Tr
en

f
r
e

-
o
m

B
O
Y

«5
D

OU
R
OP
TH
{H
O
W
o
e

OT
,
TE

U,
PU
B
SQ
eP

°s
*2
)

Ou
}

:
w
e
n

Jc
qm

ey
om

an
ce

/o
ao

ye
y;

AG
A
¥
o
n
s

UF
Pe

ps
00

es
e
s
e

wi
vp

et
t

S
e
t
a
rb
y

go
ga

nt
40

4
og
y

UF
eg
Tu
ee
r
w
a
m
s
u
T
O
M
L
o
T
“
e
x

o
r

s
a
w
s

R
GS

AC
T

ON
JO

T
PU
pE

UT
4U

ty
UI

TA
“S
{o
np
os
d
MO
TE
NT
S
0N
3

an
y

é
Oy

JO
AU
T
|
,
8

Ou
r
Ju

Ts
a

po
Yp
E
oq

PI
nc

e
Lo

g;
a
y
y

Os
fo
yE
P

W
O
U
N
D

GH
Oe

03
po
lE
To
de
sy
xe

e
2
e
a
es

0q
,

op
ed

ec
ea

H
Q
U
a
K
O
m
e
v
e
N
T
e
e

wo
u;

pi
p
em
oy

¥z
L
2
0
0
e0

u0
Ue

xT
y
e
e
n

se
Td
ae
s
o
y

*p
ey
ee
ry

sv
a

M
A
N
D

omy
Lo

n
ox

gn
og

e
s2
uy
Ty

08
4
0
eu

Le
e

PT
NC
NS

I
Tr

ee
©

Po
TE

R
E

ORTe
a
y
a

*O
TA

TF
eT

Ze
q
0g

pr
no

a
sy

un
ce

e
s
e
,

04
Qn

oT
TE

s
e
q

wo
ay

SE
NE

T
Oy
,
JO

WO
TA

NG
TI

SU
CG

OT
;
G
U
T

TI
WI

B
O8

oq
Pr
ac
a

dy
ya

zq
oe

om
y
Tr
e
AT

sv
eu

q
e
,

Go
pu

Td
o
s,

Tp
tt

0y
se
a

4]

—
_

 

 
e

a

w
e
e

2
a
k

'
w
e

F
e
e

w
e
e

t
t

a
e

\

j
e
e
r

2



H
I
L
L

L
I
B
E
Y
s

_
*RILLs

-
to

that
for

just
a
few

moments,
On

that
basis

the
a

,

 

a
n
d

averaged
thosfin,

Because
i
t
was

quite
clear

fron
tie

m
a
p
c
a

w
h
i
e
h
these

values
were

placed
t
h
a
t
there

ware
goneral

2

that
is,

from
the

test
site

outward,
there

was
a
generalitrend

of

falling
off

of
the

activity
and

this
seemed

a
more

feir
to
t
r
e
a
t

i
t
,

Would
this

measure
a
n
y
estivity

b
r
o
u
g
h
t
d
o
w
n
b
y
rain?

 
This

49
a

good
question

which
I
want

t
o
talk

more
about

later
a
n
d

that’s
the

effictenay
of

collection.
I
plan

to
discuss

this
later,

Since
Merril

is
here

I
hope

he
will

tresk
in

a
t
a
n
y
tine/if

I
s
a
y

 
 
 
 
 
 
 
 

_
anything

that
does

injustice
to

what
goes

on,
ar

if
you

fave
m
y
o

thing
to

add.
In

fact
I
think

perhaps
when

I
am

he
I'd
l
i
t
e

to
eak

you
to

sort
of

tring
us

op
to

date
on

shat
hes

ha

these
reports

were
published

i
f
y
o
u
don't

mind,
Felt,

1
t
e

r
e
f
e
r

-

to
complete

t
i
s

business
about

the
averaging.

1fy
o
u
J

aver
the

U.8,
as

of
January

1,
1953.

T
h
e
s
e
a
r
e
p
o
u
r
l
e
s
?

s
r
t
.
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equare alle, multiplying by a few million niles, square

is 6,¢a10* megacuries, However, Col, Lulejien has

  

  
that from the measurements close in to ths teat site in Reva

  

   
   

  

  

atively little fallout around the test sites but for

four shots,HA4/Ad quite large percentages of the

put up could be accounted for by the grount surveysof

and taking his figures there he gave a range of valnes ftir

timate of the percentage of that prtioular bod which cam

nore, you ee, that was acoousted for in the total fe

the 200 mile range radius, On this basis taking the

to the January 2, 1953, this ancunt of stuff socouts ia about  
Sf, cr WO of OF of the total Pacubs put out Ja thet

series, That ta Just on the United ctates, Kow the vorliyis

we ont of Eneray,

_ ~

situation in the TUIMBIYA«SHAPPER =o

Let's see, what percentaze of the ares of the world is th

States?

It's 2/200.

Kot 68, Very interesting |
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 States plns this. That's about a fifth of the earth's aurface,

The totale then for the artra Matted States thea gire th vale

for the concentration sbout ,27x10°~ curios per square Ye and

the total was ch, say, roughly 10°) megacuies, How this| sccounte
for about 5% of the total activity put up, or in other vhrds «

total accomted for about 19.7% of the sativity put up » accounted

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

' earth, From here on, as far as gtimarising TUOLR-S¥/Ps » itis

@ matter of playing crowd with nobers a little bits I think itts

frankly constructive, Kay I erase this?

Fill people notice that the seciner ts this afternoon, Re have

collapsed three of the «==

‘What I did was the following, to get sone idea of whathew this in
reality really sccounted for @large percentageof the

activity pub up sorlduide, TI assumed first one could the

remaining area and divide by ths quantity of activity that is not

accounted for here, aniyou cea work backwards and find what nome
ber of courts you would have had to have on a saxpleon a overage

for the rest af the world to accemt for the total sctiviky, and this

cones out to be, I think, a completely unbelievable nunber, 852 |

disintegration:per ainute per aquare foot, Do you agree mith this,

Merril? That compares, you see, with the average in the Pnited

statesy it ia about half of that and it fe 4 o 5 times phat for

the averaze for the area outside the United States, Furthernore,

this area, being just he 0,3, as far as   
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& .ILLEs
(Continued)

BISENBUDs

HILL:

EISENBUDt

EISENBUDs

  

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

   
  

Well, how about that Merrill, I get the impression that

feel that in rainout you really collect on.

 

: . — . . .
. . . ~ a - - -papere - . . nce

I think we have good evidence for that.

There certainly would be @ question though eas to whether

efficiency of collection would de the sane during

during dry fallout.

Well, you know in our earlier report, I think it was the

original BUSTER-JAHGLE report.

 Yes, I remexber that.

   

   

   
    

In 7 square foottrayvecollected rainvaterinvhichtilin
OF iAgeeeet re a

vashed into it. We ested the vhole sempleanf counted 14, So.

presumsbly we got everything that camedown, Ine uta.

collections vere mate by Dr. Wexler's group.= tine

ve were locking for something simpler thas a totel oledtion

the fact that when the tray was dry, of course, dist

blow off and, although the instructions vere to alvays kpe

Wistorica’shea

90



LIESYs

LIBBY:

 

    

   

    
    

  

half inch of water in the tray, in some places this

done. the variebility ves in the dry parts of the

Hot only was the gumed peper more reproducible, dut

yielded higher collections, even vhen it rained, This

couldn't account for, Water vas being spilled in the

of transfer. These are things ve have no control over

100 different people, all using their ovn techniques

transferring from trays to jars, |

Could ve have a little description of this gummed

Gumed paper uses the same adhesive vhich is on the

Kleen label, which you can stick on laboratory glas

pull right off. It has very nice properties. It

its adhesiveness over a uide range of texperatures

vhen vet, Our interpretation of the fact that we get a],

highly efficient collection vhen it rains, is that theP~° =7

particulates are fapacted on to a gumed surface and stick, |

letting the water run off, Sow, ve do know that 50% of /it |

1s ruming eff, Of course, cur interpretationof that fsthat
this 50% is in solution, It is mate up of solids in th} forns 

" of very fine particles, But the percentage that russ off is

fairly uniform - eo lower Limit about XS, upper linit

804.

Then you vould not necessarily dissgree with Mr. Long's

statement. Mr, Long suggested the miseing 60% vould belrain

which you didn't catch on gumed paper. nO

Panartivent af ta,
farce
rhino cte- .
maw fe

et
mn
at

 



EISESBUD:

HIT-Ls

LULEJIAN?

EISENBUD?

| LULEJIANs

EISENSUD:

  

. 7a

This gets alittle tricky now, doesn't it Merrill?_She is any

given sazpling station, the fraction of the fallout |

depends on precipitation and vill vary from stationto

ao the actual collection efficiency for that statica

the whole period might be quite different for the

stations.

 

 

 

   
  

   

   

   

  

ares

I think you will find from an analysis of the data, once

you get beyond 200 miles most of vhat falls out is

down by precipitation, In a station vhere it rains on

averege, fallout would de about ten times as high as

fallout in the case of a station vhore it didn't rain,

Then, you would say the collection efficiency for a ical

then coeoe . That st1l1 vouldleave

if you wee 50% for the efficiency, vith a considerable

unaccounted for. I haven't worked 1+ out on that baats,| bet

it must de on the enier of 70 to 80%. ep

eon ee

a: 5°
2
+ -

Do we take any ocean saxples here?

 
You don’t have the fallout on the surface of the vater,

I understanl thet in the TUMBLER-SHAPPER analysis, the

polations, on the basis af data from fifteenstations

which only six operation, continiously, ve vere sary only

2

“A Monnrtmort of Eparay

 



(Contimed

LOULEJIA3

LELEJIAN?

HILL

  

 

” @ndicetion. It looks as though maybe even in this

six square feet, ane square foot per statlon..eces  

        
    
   

     

Do you really think that the data you have, the mmuber ¢

samples you hsve, clearly is minimal to theanslysis of ithe...

One of the striking things about these data in the U.S,

uniformity of the vey in which deta can be related to ¢

from the test site,

Can you then relate this to the rest of the world, is &

question, Why are you worried when you can't?

Webl, I think there are vays in vhich this can be analysed

don't think ve ought to take the full groupe I doubt

comes to an ansver too different from thet, -

There certainly are different ways of going about it. 5

I think one has tosay to be fair, that as far‘asthev

situation is concerned, TUMBLER-SNAPPER, it's only the t

P
e
o
t
g
h
e

s
o
o

s.
&

o
t

out of the eight shots were tower shots, you still ne bps have a

not accounted for quite a bit of the activity put up durin

the time period of masurecent,.

The question of the ocean vas raised. The area of the &

Atlantic Ocean, I would imagine, would have an: ectivity

Was this taken ints account?

This, essentially, ves vhat was "3area in weighting the values.|ak. [oo
ey aery

xv . ”

 



HILL

LIBBY:

LISBY+

E “NBUD;

 

Do you bolteve your dota inttoate etaoepbartestoreget

oe

 

Well, it seens to me that though this vould be more proj?tably

pursued in the panel this afternoon on particle else

wenirerpn

 

do velfeve sot

I think 1£ you wait, Dr. Libby, until the Ivy it will bdcome

quite clear that.ccccs ,

Ho, I want these TUMBLER-SHAPPERS,

Z see,

These low levels,  
The trouble vith all of this is that so many of these stions

are raised after the fact, Hintsight is alwys so much b

I*12 show you vhat the basic probles is, z don'tkaw oe

ve're going to be able to get arouni to it or note If

plot asa function of tintaking cbeervaticas every&

date activity per square foot at these places, ve,fint

before the test series « aot this tant’ trueAnymore)|

discuss later, I'm sure, because of the marked effect

ou

Ivy

  
  
  
  
  

   

  

fluctuation dbove and below sero reflection of the |

of background counting, ‘Then, all of a sudden theactivity ws

spiked up to & very high value, which might be 10° or

tines as high as 10%, ‘Then it would drop very rapidly oh the

following day ant St would recein shove Deckgroundfor

7EPRtc ne nf Tre “
L o eH: i ray

: a

9
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EISENBUDs

  

 

ils
 ville, but the integration of this curve that we wuld gf

woulé be such that for all practical purposes all of th

activity vould fall cut in cne or two days when the clow

vas passing over this area, When ve vent to pick {t up b

the second tine around, the contribution into this

minor that we neglected 1t. In the laboratory ve had

problem of counting 300 to 600 samples a day. We decid

arbitrarily on the basis of our experience vith thie sc:

thing that we would neglect counts of less than about 30

disintegrations per minute per equare foot. Rensuber nop the

things that vere contributing to the totals for the teatlpe:

were counts of the order of thousands to millicns, Sow

vas all right, expegt for the fact thet after Ivy ve ot

@ continuous drip - the only way I can describe it ~ wt

vent on until the beginning of the UPSHOS-KNOTHOLD s¢:

ani now we're picking it upagain as UPSHOT-KMOIIOLE ¢

¥e find again that Ivy is beck in the picture, This ¢

    

  

  
   
   

   

  

  

 

Is that extrapolated, or actual?

Actual, Remember now thet this ie six months after the ict,

after the detonation, s0 we're dealing with long lived |.

isotopes. This is only a few days after the detonation, These

3 or 4 or § d per m per day ve record at the end of the

represent a very significant fallout, end since this is

not perceptibly dizinishing we expect it to go om for a

 
anarts —

Hn

 
IS



EISENBUDS
(Continued)

VOICE:

EISENBUD?

LIBBY:

LIBBYs

LIBBY:

LIS2Y:

  

tine. We may never know hov long it will go on beceuse  
thare's ancther set of big shots coming up that'sgoing

it. But there is naturally e question. For Ivy there

definite evidence of atmospheric storage and agin in

goingback to what we thought vere backgroundcounts,we

find drift fron the early test series vhich ve ignored a}

tine.

What ves your average background before Ivy?  
Well, the instrumental beckground in our laboratories

do

that

the order of6 counts per minute, The actual beckgroundlof the

fallout pepers prior to Ivy wes probably one count a

mean there. is an indication that thare vas & ve».

Plus or minus?

Mo see

You get some stuff from redon, do yout

Well, this deeen't bother us, because these countsere mide |

several days after collection, ~

I see,

» I

Si SoebetTeteeT

You take your square foot of fly peer ent combust 4% and put

the residue - this ts the vay you count, te this right?

Danar: ™ oy

«

% 



4_4NBUDs

SCOVILLE?

HILL:

EISENBUDs

LISBYs

Department of FEnerey
Hest

‘Usd@’to count to 20 sinutes, but we didn't get 640 coun

20 ninztes,

 

Yes.

You have a pretty good counting geometry, maybe 30%?

   
  

   

  
  
  

 

  

 

 
It's « little better than that, we have @ very good "

which gives, vell, 45%. Wecount to 640 count nov, but

Merrill, how do you calculate your total beta meg

your disintegretions per mimite per square foot. That

lead to considerable error,

He didn't do this, I aid,

Well this is a good point, because we are counting in om

to expedite the large muber of samples ve hanile each &

Be seal these senples into polyvinyl strips on tapes, ar

And your vindovt?

The window is negligible, it's of the order of 1.5 1

or 1.7. So we are getting some sbscrption of soft t

This is particularly serious on the Ivy drift as you cs

there is a longer life involved. These are softer.

What we hed hoped was that our accounting methods which ry ve.

systems which wore selected on the basis of expediency t

Ld   
- f7

a

 



 

 EISERBUD: of the large nunber of samples involved could be re

in terms of sore absolute methods which other pecple

 

used for exerple 8

LIBBY: ‘Yea, I think there is a good possibility of that. You TE

keep good notebooks, then you can always go back ani, by

stanierdising, this would be very helpful if you could

fairly soon, it isn't a vory dig jod, anid write down as

function of energy what your counting efficiency would

then convert back to betacuries per square mile as a re ee

of this, That would give us « mber which might differ

eppreciably and might be mre valuable.

~ a = as ond é 4s z.

3 {oie aaDorarteanh ef ancy

  



  
  
  

   
  

  

    

   

auks was that it could account for 1% of the activity put uw

from the vorldwide sampling and here while a muber of

still leave scnsthing to be desired as far es covering

of the world, you still have a mich larger oumber and

much more widely distributed. In this case the areas

used in determining the average from these 49 stations pl

U.S. stations were a 1%) million square ailes, say

million for the world. This is an indication that

there were largo quantities of material that stayed in

upper atmesphere for @ period longer than the 61 days

Merrill says he is now finding. Cleerly, if you cczmpare

two, even if you ezsume thet this sort of thing is

 

; the real efficiency of the gum papers, you still have 90% se

of the Ivy which ia unaccounted for,

LIBSY? Do you agree with these mubers, Mr. Spence?

SPENCE: ZI neither agree now disagree, I an interested,

LIBBY: Tt deesn’t shock youl Tint to) that 16 maber ~ foes tat bor

yout

SPENCE: I have no way of knoving vbether 99% straight up or not.

EISENBUD: May I ask how much of these percentages vere arrived at. was

agreed thet the question of efficiency was involved and youl think

it is about 50%. Doas that require that you multiply the 516

vy 2?

: }
1 a ‘ a

ft

4rerant of Exorn
Donarivent of Enoray
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‘stil. only have about one station for every 4 million

miles, and this means that you never can be sure of this

of thing - that there wasn't considerable amount of activity

coming froa the areas that you just don't know anything .

There must have been a very stron mximm observed, vaan't

there?

Yes. I think that it is worth mentioning, This 330,000 was

the total for Ivo Jim over the 61 days, extrapolated fron

Jemery 1, 1953 and actually most of this is accounted for

by the fallout on one day, I think it was Mes, vhere the cqunt

was over 2,600,000 cr that order.

Was it raining on thet dayt

Yes, it was.

It rains every day ia that part of the world, I guess.

Have you added in the clcse fallout in Ivy at all?

I have no {nformtion on it.

That is why I was asking you, Dr. Spence, about this,

Well, I have a very difficult time relating the elese-in

fallout quantitatively to this data. Hovever,

2t might be possible.
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I think that, while there was fallout, thet even on the

in the Atoll, you were adle to go in fairly scon afterwars so

that it wasn't an extreme problem, Is that right?

ARDL made som soasurenants, The fallout was quite eppreeiable,

I suspect it is a moch bigger faction than what you are tat!

ing about here. Certainly more then 1% of the tetsl. 7

would dominate all these other netters.

The station layout vas not directly in the line of the clad

It vas pretty much upverd, rather than dowoward as I remecber,

Well, the stations at Ivy were layed out within the Ate

Whereas the fallcut pattera thes went to the northwest so fh

they got crossvind fallout vhich emounted, as I remexber, pithia .

a few hours aftar the evant to perhaps 8 to 10 ¥ per hour be

to distances up to 10 niles or 80, . |

I vould like to get hold of this date and include it i¢ 14 te

possible. However, agein it might be fairly misleading.

suspect that is te a much Digger fraction of the total enon:

of fallout thea vhet shows up here. Well, you have to be
little careful there, The earth is a lot of square miles ind if

you, depending ca how much area you consider ani what |

you consider a representative part. You see, in the case

the Nevada test for the four tower shots you would say, this is

& lot of activity coming down in this area within, say, 20

nn... /O@
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miles of the test site. Actually, the intense pert of 4t 
dida's cover this vhole ares by any means. There was & :

umliey the dowmind direction cf the projection of the

oa the basis of Colonel tulejian's values, this caly

for more than the total fallout in the U. 8., it is true,

still didn't account for s large fraction of the total

This is despite the fact that you added in for aly buret

vhich almost nothing lanfed close in, end the Ivy ebot,

cone, wes a surface shot.

On the other hand {t went awfully high,

That is true. Ca the other hand the radiation contours scpled

not too bedily from JANGLE,

DLA you astunlly gst contours from this?

Yes, the data is very poor, whicheveryone vill adait, dut

 

   

 

  

 
ere act layoff by orders of ragaitude from what you wuld

from JANGLE, |

Have you tried to analyze to find cut what percent of the

2 don't know vhether NRO has or not.

Have you analyzed the contours at Ivyt

You mean the integrated fallout? Mo, I didn't work on

particular project se I dcu't hnw, I just repest these
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froa mencry from reading the report. I might say though

the difference = I wader if anybody here bes observed

fact thet at the gurface shots the larger ancunt of the edtivity

becomes incorporsted in large pieces which fallout mre rapidly

youang closer in than the tower or in alr‘morst oo thatat

might expect a mich larger percentace of fallout,

 

Yes, that is what I was hinting at ~- that if al) that

went up °

Well, I don't believe that would change any of your conc °

I om sure that it was larger perbeps than fallout and

even surfsce JAMGLE, but I don’t believe thet it is mre «

well suppose you took s figure like 10% or even 20%, it isb't

going to change your conclusions any, is it? I don't be

that it wne way hich like 50%,

Furthermore, you bave Elserbud's erideme that it is still

eozing down < it must be up there, a lct of it.

 
Another interesting thing about thet. You take « 0.8. 2

ment over a tyc week pericd, which we are locking at at

present time, and find thet the fallout during that tvo

period, extrapolated now to 1 January 1954, will vary fraslsay

10 & per m persqunre foot to say perhape 100. It scenes be

quite a spread in view of the diffuse nature of the «

my be attributable to rainfall at theses collection stat e

 

/0¥

 



EXYSENBUD:

BILL

GaIGGS3

EISENBUD:

GRIGG:

HILL:

Derarte ont 92 5,
Hinge

 

Do you think that if you vere to teke this data you vere getting

nov, and you got before at WSHOT-KNOTHOLE, and sort of fit it

tn betveen, by guess, and extrapolated back to January 1,|2953,

would this be 8 dangerous thing to do? It probebly vould

wouldn't i$?

 
  

    

 

   

   

 

  
  

 

I would make one statement ou the basis of vhat I have seq

fron the data so far. That ia if more than 2% can be accqunt

for in the period M61, I guess this is up through 4+90

thing which was the start of UPSHOT-KNOTHOLE,

I would eppreciste it if you could get me any of this data thet

xX cen analyzes,

Well, we are rushing to put 16 together as fast as ve caz

ZI 4oatt quite unierstend this. Bo you mean to say that

Teel during the time betveen 60 and 90 days than feel in th

first 60 days?

Ho, that 4s vhat I cald but thet 1s not whet I meant, fo hx

the initial fallout which occurred on the first pass

world, which I think tock 18 days. Go the comparison of shox

30 days against come 45 just doesn't seom right. I would &:

they are the sans order of magnitude.

You bave no intication of a fellout or rate of fallout!

It would be very intoresting to try to keep track of this,
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aessomaed) because if ve once get come idea of how long a perlod of fine

this took to come down, or eo reasonable fraction of that

this would be important frou a biological haserd point of

If it stays up there several years it certainly means ) there

is a stronger teniency to get more unifors fallout crer

world, Also tts decaying saxw and if it should happen te

stay up, even & reesonable fraction of it, for #balf

well then you would really gest a deminition and a hasard.

are a fev other things in the Ivy test that are quite

The tine cf firet fallout chserved in the U. 8. occurred

in Los Angsles and &t cceurred about six days after the

The station recefving {4 last in the U, 8. was Atlante,

and that was scme 23 days a*ter the shot. the stuff was

diffusing, by thig tine fairly slowly. Furthemure, the

up in Mein, the extrem: corner of the U. 8. got it

dia Atlanta, Georgia. It mstof gone over up there and

ef either curred dom cre tail of a bulge cane in lester

the sourthern pert of the U, S.

BETHE? This couldn't heve been the second way around? ,

HILL: How shout that?  EISENBUD! Yo, I think that it is tvo clowl, Cos want east and one

weet, and I think the cloud that passed Califorsia was a

erall ccapanent of the total that it also picked up at ,

and Vexe Island, I beliove, end possibly the vest cosst of|the
U. S. ‘The bulk of it headed east and I think probably hit

hapartmont of 27cyy
Tet tp ete nS
wois rt ‘ “

 

106 



h
u
b
s

1

(Continued)

RILL:

SCOVILLE:

LIBBY:

SCOVILLE:

HILL:

penate

_ Cloud is there or not.

 

Maire first decause it sticks cut a little bit.  
ct is interesting in that connection, that the sinima f

observed in the U. 8, fron Ivy vas 420 ani thie cecurred

at Los Angeles ani San Francisco, ‘The maxims value ves

Fort Worth, Texas. I would think that this vould bear o

your staterment that they were different clouds represent

one cf amaller fragments,

  
  
  
   

 

   

  

  

  

Bas any attexupt been made to correlate the rainfall which éccurred

at the collecting statjons with the sverage rainfall in .

a few stations. I guess it wes the TUMILER-SUAPPER, you

few stations bar grapha plotted with the precipitation

Locking at these I couldn't see for sure that therews a

correlation. Some days vhen it rains you would get © peak

other days you vould got rein and no peak, I think that 1 oll

éepenis on vhether the rain occurs vhen the intense part of

Cr the level from which the rain fells.

Thore hes been no attespt to study this?

Bot as far as I em concerned, I don't know whether Merrill] bas

done much of this or not.

 

407 



 

baSENBOD] Dr. Westen's group is doing this and ia going to write ih Fart II

of the report.

BELL: The biggest fallout was in the last two Nevada tests and alse

that big one in the Pacific. Rained and water sanples  
  

   
  
  

   

    
  

  

  

throughont Massachusetts came fron the Able-Tix blast of/this

year end the thing I would like to ask - what appears to

ve a fair example of rain in east Massachusetts when thede clouds

came over end in eastern Massachusetts fro= about 10 etafiions,

We got a variation in the activity of the rain of. about tines.

You can't put too much basis on a station in one small

HILL: Well, there is some indication of that in Fisenbud's rep

For example, there were two stations in Los Angeles, and

that one of them was at the airport and one somewhere e

low value given there is LO, the other one was in the

heod of 1,000 or 1,100 as I remexber it. You do get

variaticns in srall distances, this is for sure. I don!

whether any atteapts have been made, in this case there

was no rain. The probability that there vas rain getting] this

was pretty small. To you know about this?

BilLs X don't know.

 
HILL: It might be accounted for by differences in rainfall. are

very sharp out in this area, for exanple.

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

missed one place where there ia ons hundred timcs the intdnsity

ami which contributes?  3 3
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This is always the possibility that you can't avoid

You have got to consider it as a possibility. I think

rather unlikely. The great difference between the Ivy

the Tumbler-Snapper shot, using the sane methods for co

and so on, and the fact that most of the conditions of

shot, the fact that the cloud went so high and se on, world tend

te produce this longer duration of the material. The fast that

Mr. cisenbud is still getting it, indicates that this ably

isn't in the wrong ball park, but you never can be tely

sure that you haven't alaszed the hot spot.

Eisenbud's present findings, of course, show that there

lot ef activities, still up, whether that is higher than [90% or

10% they don't tell you.

And I don't know whether you would ever be able te densely

@noagh to find out in a practical way. How do you feel

that, Merrill?

Well, if you could hold up Castle for about two years could

"get the ansver, but really I think that the prospects of [astle

coming on early next spring or late in the winter. It not

gcing to be possible

Well, one thing is clears the large areas of the ocean

it is rather impractical unless you park a ship out there! and

let 4% coast around and use it for a fallout station to
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data. Also the polar regions are rather inaccessable.

even of the total of the earth's surface is not a

so you have problens.

Bow about nature's integration ef watershed collection,

in rivers. would there be any runoff of this uaterial,

Well, Er. Bell has some information and I think Mr. Thef

make a remark. Mr. Bell.

GCors is very prelicdnary, but it looks to us fros this

blast that we tried to get some idea of a runoff coeffic

we could use in these activities, and we came to the conclusioca

« We

only had to worry sbeut that which hit on the water. Thah was

that the stuff, as far as we could measure, was not

very prelininary.

Dees this sake sense to you, Mr. Theis?

I want to point out that the eastern Fassachusetts area

area in which there would be less rapid erceion than in ©

parts of the country ani so that the lack of erosion ef

fallout material of the soil, which might carry the fal
night be correlated, but that I don't know.

You are saying that muddy rivere might have stuff in them

it has gone along with the mud.

I think so.
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It seens highly probable.

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

wouldn't 4t?

Or some of the sasples taken in the Grand Canyon silt tions.

Aren't there two factors in this probleny one, that of errosioca

and transport of material and second, the time lag be rainfall

and appearance in a stream down below. In Massachusettsi isn't |

the second factor also inportant?

I don't quite understand the second point.

Ags I onderstand it, in glaciera we expect water to fall, [it is 
stored and later appears down water with a time lag of nonths,.

   
     
   
  

Yes, that would be a possibility. Much of the water

evaporated.

It is not necessary, for your criterion, that the na

physically eroded. Like in a place where you have rapid

with or without erosion you might get mere concentration

T think that is so and I think that the nature of this

would be weary irportant. If it is fonic im form it will

be absorbed. If it is sone of this fine ultra-small culate

matter, it might go into the cround water and be carried,
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Well, a solar action would probably be at least as dup

not more important, than the tive delay on that,   
  

I think it is very isportant and also ths jon exchange chhracter-

ieties.

Well, a lot would depend too on whether the stuff was so)

or not.

Well, from what Nr. Theis has been saying about the fon eichange

| property to average soil it can be soluabia and still go dut on

roy
4

or he

 

the soll. Cf course, alkalis and things like that dut if iit is

any polyvalent ion from what you say it would just go out

soil, apparently.

Would this be likely to be in the very surface layere that] are

important agriculturally or would it have to be-spread probly

deeply.

Well, if 1t ie diseslved I think it would be in the surface] layers

and that has been the indication of most waste products ef reactors, but if we have some of this new form of matter

of these Little corrundun beads I think it will go down degper

in the soil. |

We sre pretty well convinced now, Mr. Theis, that our most

dangerous isotope is not going te be in tha fora of a ruby, 
The ordinary fiseion products may be but not this stuff. 8

atuff is likely to be soluble so it will probably be in

surface soil, from what you say. It locks as though we haw: toa
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a
sample soils. This is chenically a very difficult probl

Take a berrel of dirt and treat it.

  
  
  

  

   
  

      

  

 

  
  

ZI have just a few more rensrks. Tine is getting short maybe

I had better put them on. On the basis of this it is

to ask!are there any lessons here as far as a present eatimate

of the worldwide hasard? If you go on the assu-ption .

Strontium 90 is the dangerous character, it is of inter te

calculate the total ancunt which has been produced in all| the

bombs that have been shot. Actually, I did adjust for t

that have been shot in the 0.5. This gives approxinatelyl 9

kilograms of Strontium 90 that has been produced since

Almagordo Shot. If you calculate the concentrations rer g$quare

mile you get, say, kO to SO micrograms per square mile. |

looking at the results here on the worldwide Ivy you see

the ratio here can be rather large from the maximus, say, ito the

average which ie almost 100. Also, you will have areas

will have almost none as ig indicated by some of the falle

cut observed. So that this eceuld be a wide range locallyd:

Rowaver, Dr. Mitchellhes nade an estinate and he vill

about this later, I just put it eut for comperison that 1

micrograzs of Strontium rer square mile gotten into the bibsphere

and into man and uncer equilibrium conditions over a 20 ye

period would be about tolerance level on tha basis of -

was it, about 6x10microcuries fixed in the skeleton?

Micrograms, in other words
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That is right, so that it doesn't looks on the basis of this, as

theagh we need to worry for the moment, but there are larte

ranges ef uncertainty. I can't help feeling, in spite ofiwhat

has been said about the effects of errosion and wea  

  

   

   

  

   

and jost left there. At the bottom of the oceans and prevably

even to some extent in the upper atzogphere.

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

Yell, we don't know.

Well, rerbape we have learned one lesson from this loox i the

data available at the present and that is that there is stiff is

the atmosphere and it does stay there for quite a while world-

wide dissemination fe extremely likely. ‘This is not a

conclusions.

Oh, another thing that is involved in this is the effect

could, in your samplea, get some indicatien of the fraction

total activity there that is due to Strontium 90 as a functios

of tine after the shot or distance away from the shot.

Co you still have those samples, “r. Eisenbud?

We have only a few of them. They are being processed.

Oh, excellent.
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lnyou have anything to say on those yet?

Well, I called yesterday when that question came up andithey still

don't have the numbers. I hope to have then by tenorrey.

Well, that will be very interesting.    
  
  
  
    
  

  
   

    

 

   

 

In the Ivy outside 0.5. you wrote two rows of numbers,

they refer to?

mayoe this is a good representative value for the reat

world. I don't think that it is but this is one thing

cando. In any event it is probably hich, I would aay,

all the indications are that the valpe of the fallout, as

cularly the region dDelew the eqiator which alse indicates

certainly when you get avay from the longituie of Eniwe

southern stations are much sazaller in average. It still

for less than 10%.

Can you tell us once wore how the megacuries are normslis

tins?

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

per IT.

/15

 



1 Le

(Continued)

Lis3re

' BETHEs

HILLs

BETHE s

HILL:

EISENBODs

W:XLER:

EIS§pC008

:
D277 oe

 

It is 13.7? megacuries per KT tices T te the sims 1.9%, ist the

relationship.

inaudible

Ané wo this fs really normalised at one day.

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

the sare as the samples vere.

These numbers are the coefficients.  
They are normalized to the numbers given in the Veaponsa Zifects

Kandbock for one day.

 

    
      

   
  

   

‘ess anyones have any data on the rate at which voleanis

are eliminated from the upper atmosphere. It seene to me %

there is a possibility of getting that data from scolar tent
Lo a ono / bo %i mo

observations.

At Krakatoa there was one solar observatory teking

Francd. It took the dust at Xrakatoa which is 6° south

three months to effect the raiiation values at Mount Peller,

France and the values stayed below the normal for about

years. That, of course, would mean consideravle quantities ef |

dust, enough to interfere with radiation and it still migh

heve been quantities for many yeare afterward which vould sot

show up by such crude measurenonts.

Is the data good enough so that we could plot a curve which would

indicate the rate at which the dust has teen eliminated?
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LFRs That would be wery hard to co freo# just one point etatian,

GRIGGSs ZI thought that there was an observatory in the Sahara af] the tine

ef Krakatoa.

WEILIR: Ro, that was Katmai, the Smithsonian station in Katrai, BOIL.

That was effected by ‘atnmal.

GRIGCS:s well, this s!owed peaks as the thing went around the workd

several tines.

WEXLER: It may have, I don't know. As a matter of fact Fount Pehier shows

the saze thing. Jt wasn't a uwniform depression, there are ups

and dows. The averare was about 10% decrease in norzallifor a

a
l

period of threes years.

HILLs Would it be detectable for pericds more than three years

WEXLER? Not by such crude measurements as pointing a tabe at thelsun.

With one of the spectral measurements, probably yes.
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:

We'll speak now about the sempling problea, It has many.

aspects, so we'll have three cr four speakers, The

of these is Dr, Mitchell, who'll speak on Sr’°,

   

 

 

   

  

   

   
  
  

   

 

  
   

   

  

I jast thought I would give ycu a few brief remarks

the relationship of Sr’ and calctus-strontius metabo

in humans as ve have put it together fcr purposes cf

project, Sr” 4s the critical elenent involved in the
texm hazard, primrily because cf its bone seeking pre

Since ve know that bene is cne cf the least active of

structures of the human body se far ap dynamic equilitri

is ecncerned, we're able to state that these elenents

are bone sesking tend to get into the bone and stay

If we follow calciua or inert strontius cr also radium

have figures vhich enable us to inlicate that after an

uptake of the element that the material becomes

and that after it becomes mineralised, ite rate cf

from the bedy is quite slow, Whatever radicactive ns

is present will exert its effects cver a long biological

half-life, I think for most of cur considerations here

have essentially considered strontiua 90 as being deposi

in bone ani staying there, Calcits is a very Laportant

element in the bedy, ani 99 percent of it gets into the tone,

The cther 1 percent which is concerned with nervous re=-

acticns, ani varicus membrane reacticns, etc,» ve can ne

for purposes of this preject, In crier to relate the
“F

t
-?
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aii.
strontiua problea to the sr’, in other wrds the inert

strontiua vhich exists in the enviroment, to the prot

the &r?” ocntanimtion, we have rua up against the fact

not very mich is known about strontium metabolisa, It

presumably just a trace elesent without any metabolic

   

   
  

 

  

  

   

  

 

  

 

One of cur figures, using the standard man as having 7,

grans of bone with 1,000 grams of caloium is an

ons to reaeuber, During the process of growth of the

vidual that would be abcut the figure you would get,

this caleiva in this ageduring the growth years 20 j

ami this being 1,000 grams calcium, So that a growing parson

would accumilate caloiun, starting at birth with about

gvans of calcium, ani gcing up to 1,000 grans of calciua hk

the tine he reaches 20 years.

What percentage cf the total calciua he ate is that 1,

greans? |

That would vary with the diet, He's accumilsted it at abpu

1cO milligrams a day, on the average, The bedy will

keep caloiun in equilibrium, That is, if yon take in an
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excess amcunt of calciua mre vill be excreted,  
So what is nermal calcium content of the food per day -

you happen to kncy that? |

Ko, but about .45 grams would be the minimal intake to kebp

a person (adult) in caleiua equilfbrina,

So it%s about 20 percent as a ainimmn efficiency,

Yes, the bulk of calcium is excreted in the feces, This

will wary considerably with age. For instance a growing |

in this part of the curve will need about 1 1/2 gras asia

miniwim intake to keep his growth rate gcing, That is

recomzenied intake and that has a margin of safety that

mtrition people put in, The bulk of the calciua gets

creted in the feces if you have a high calelun dist. If yo

get cn a lower calciua dist dcwn to the point where a

deal of the calciua is absorbed, then the bulk of the ex]

cretion in negative calciua balance will be in the urine,/

 

 

   

  
  

Ite still about 80 percent excreted even in the negative

balance, That is, you said 450 is a minimal ani you take/is

100, Ys that right?

Well, for these people let us say you bed a person takinglin

ne calcium at all, a certain ancunt cf caleiua will be exp

creted ani that we'll atterpt to reach a alpimal figure apd |
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MITCHELL
(contimed )

in the American anvironaent, That is, these ere analyses

X don't know what that figure is, tut you would certainly/inter=

fere with the grovth of the person ani growth of the bengs,

Bat at least you can say that 100 milligrass per day, en|the

average, will get the person up to his 1000 grass in 20 |

ani the actual rates vary. I have these curves if anyer

wants to look at thea, incidentally. Starting for

at the age of one year, the person is accumulating calcite at

the rate of 150 milligrans ani that goes down to the age

4 to 5 — to ubere he needs 50 milligrans of caloiun per ¢

laid dewn to maintain a normal grovih rate. During the aie

lescent years it gces up as high as 250 milligrans of calbiua,

Se if you are interested in any spot checking or any Lanbiate 7

effect of a short-tera, you would have to take the age of] the

person into account, But on the average cf 100 atlligran

per day would get you up to that 1000 gran calciua ce :

in 20 years (the grovth period), The reason I have used phat

figure is that our analyses show that apyrcximtely 700

7/20 of a gram, 700 nilligrans, is the amount of strorz

Which is fcund cn eualyses of human bone, so that in the

absence of any further data we just assused that strontiw

is being Jaid down in the sane relative proporticn to calqium, -

and so using the calcium curve you can then make an es

as to the anmcunt of strontius which the body is depositinz
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that come from bones of people who died in 2924, vho

served as cadavers, ani then varicus people who died in

at vericus ages, vore analyzed, ani the figures are all

the same créer of magnitude, approninately an average of

percent cf strontium, so that whatever variations there

in the strontium intake ani the diet, as opposed to the people

who died in 1914, who vere all adults which would inilos

a dietary regine in the 1890's ete., ete., and the cure
people who died in 19%9, covering overything frem foetus

up to adults, but there was no really significant diff

in the amount of strontiun found in the bones of these

The data ectually stena froa some work that vas done at

Wl by a worker by the nane of Hodges, and it is quite

teresting that this thing was of such a mull créer of

magnitude, ani the total ranze was rather sxall, thet is

leaving cut one umisual ease of hydrooephalic infant,

range was .017 te .029.

 

 

  

  
  
  

 

     
   

   

 

Ya this percent of body veight?

Ko, this is the percent ef strontiun in bens ash,

And that averages out to .0y for strentiua?

Ro, C17

But .07 ga

 

Po

:

lot 



EL/

 

 ‘ex0qJooxy}upEzmOwyeefppareexTTPUTT)pexren
uACpprernotJFYwyyfeouwisUysoJSuAoUSNeSqSVyYI

gESFTPupNGENeTpLTweneseyyersoysuapeqVeWexe

SION)39TR08fcepTAAOL?ex0gOyeXUT03ZeptotT

Teeqsopuspou[uoqsotsedonyrepqufysUNCPprey

@x0gome64OFPIN,ITVe2ey}Neg!*eu0qon}Joope

OTFBWoTpAorrenL104euQBHFTACTOg;JoAIM

Og)fencxdsugSucoq;se{EyOs‘epsiatejenemUy20

[ereratnteonypreeyaxterpomJouoyterom42eouvjext

Zogmmod0[TTAUNTOTJoLoTyFBodepLrewpaleyyeyAoUy

IITAsydoodTeoypeeex}‘sptonsexour*yRAOISJoeure,

WEex0gOg}JooptedON;UTToTIeTTEAJoTweppooRwpre

artrabespmmtyJoTeeppoolwefoxen,‘seulgoxyUy

0238OTePUBENTOTeOJoUACpBuyereu;Ul“TepsequE

OT}JOWopANgTETPBroypmAy,en!eTezeqyfogeq}uF

0248VIOUTJOESTToquzemO47ZT}oF629730807eRCTO

@yyabTre618sentesoq,°amespuesqzs‘emmepreaSen0g

eredpexfrwuefonysogy‘écrenqgoy°presncy;sedsue?

snGay?PIMOAUreeuogsf45JoJTeqLpoqunyxakide40

feucgJosuex3O00,Joquected20°‘sptonseroUT

OT)203OnLenogySRABET,PARUEtodsw48q3JO

O¢frequapmridepresfrymorgentenexcgJoswe?

Uzfeesnox“quected20°48ZJo45pepumoranSer0g

ewex3QOoTcodued©JoOT/L03YROOWSTTTA3umy“QD

 

   

  

 

  
   

   
   

  

 

 

*TITAOLIN

Eee
aed

r



VOICE:

LIBSYs

MITCHELL:

 

 

     

 

  

   

that that material will deposit ani remin fixed in the

tat its relative location ia the bone will change, Ino
verds, as mre bone is laid dow this material will tend

be put in tovard the center because the bone is growing

so if you were to fix radicactive strontiu, for

at a particular point in the bone, the bone my crov

it, ani . this might be located in one portion of the

vbereas if the person vere subjected to a steady state

Dr. Mitchell, are you waking « point that if « younger | -

person incorporated it within his bone that is acre

Gamaging?

Would you repeat the questica please? ne oe _

He asked, is it more dangerous in a young perscu because

being on the inside ite aloser to theblocd forming  
Ho, I vasn't particularly Laplying that, although I thin} it

is more éangercus in a young person because the insult tq’.

a@ young person is going te stay there mre than in anc

person, In other words, there is going to be nove of a

turncver in the clder persca vbo gots the sexe ancunt of|

material than in the ycunger person, It is the younger
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of that will appear in the milk so that the mobilizable

ealoiua, and presumbly cther radicactive bone seeking

elements are the ones which are more recently laid down,

This locks like an idea viich ve hed for Inman sampling
may not be so bad, this vas to take wisoerriage - in omdet

to aveid legal and religious difficulty, Are you saying

that thie material would reflect the diet of the nother

pretty faithfully,

To sens extent, yes. Mow when you deal with uiscarriages

you have to be avare of the way caloiwa is laid down in
   

foetes, Now there is practically no caleiun laid dowm inithe ny

fetes the first 4 months and then the fetel curve goes

thing like this (see chart), with this being 4 months, @

this being 9 months, ani this being say] 28 graze of |

in the fetes, ani abcut 6 percent of that is in the lest 2

months,

Yost niscarriages are under 7 months, aren't they?

Will, I wouldn't knov the figures on that,  
Do you know that,Dr. Bigher? Dees anyone know that? (

Actually, that is ona weight to weight basis, If you

get human silk from wet mirses, you vould be better cff,

You would?
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bee

carriage material you have to realise that it has been

 

Tes, Deomuce the calcium donanis of the fetus are 25 grape,

where in a lactating period you get 60 grams of calolus

going inte the milk,

Well, that's very helpful.

Well, now I don't know whether the azcunt of lactating a{ik

is greater than the size cf the fetus of not tut I iangite

it would be smaller.

Bow are you golng to do that on a worldwide basis?

You'll have to ask the anthropologist that.

There are a couple cf points about that ~ in your mis- a    
   

 

  
   

  

 

dicated that the acoumilation of strontiwa would represe

only that vhich was there a short tine before so that
would really be making a sampling cver nayde @ 2 cr 3 mx

period,

Well, that's very good, the adult structure being a

that is boild up cover 20 years, the pre-ateaic pericd,

not interested in that, ve vant something that is atcale

response, that does apply to recent tines.

This would be alright, but your locking at a 3 acnths

but it depens cn whether your environzent has a
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Deas

_ @ few months then it drops down, you might aiss the high

 

a >4

exposure or not. Suppone zou have & high expomure bere Jar

exposure entirely.

Ch, of course, ch, certainly,  
Cne assusption a ict of pecple have been making ani that

that at the peak of fallout, that tine is important te

it might nct be, in cther words, ve don't know how long

takes for that material to travel thru the cycle befcre

fimally gets inte the huaan, That apparently is stil2

unknown, In fact, it conceivadle that {t night be

up in certain places and not be getting to the human at

until it reaches a certain threshhold and then it might

over in something like fertiliser cr sonathing like that,

Those are just part of the unknowns that exist in this

Mainly, one other thing that we did was to take the

that the average American man going through life will as-| .

cumlate this 7/10 of a gram of strontium. We tried te

calculate vhat the ratic of radicactive strontiun to

strontius would have to be to icing a person to the to

level cover the ccurse of his lifetine of growth, We tock

the tolerance level as being one ulercouries or 6.22109

micrograns which is given by the Intermtional Comission |
on Radiological Protection, anid we assuned the average

depositicn of 1/10 of a milligres ani that works cut to

  
  
  

   

  
   

   

 

    

  

 

  

 

fact that you would meed a hundred ailiion to cne as the

olan,
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of strontiua to &™, in the dietary intake of the perec te

bring that person te tolerance in 20 years, Mow, thet

enables you te neglect all the unknowns with regard to

ef excretion and aacunts cf retention ani things like if

you accept the figure of gradual accumiation of 7/10 of

gran,

 

Would you repeat that figure again, sir?

Pardon?

This is Sr” to stronting, 1 in « hunired alllion if all -

the body strontiua has that ecmposition, ‘This is

Is that correct?

 

 

   

 

    

 

That would be a tolerance dose accumlated over a period

20 years, Nowif the person, let us say, were taking &

Like that at all times, then by the tins he reaches his.

adult period, the amcunt of additional mterial he wuld
taking in would equal the amcunt he was taking cut, in

words, the equilibriva there presumbly vould not ones

further aceuaulation of the radiation, presuning that it
@ constant amount throughout the whele crowth period ani

inte the periad of adult life, That would be coe way of

lccking at this thing,

what is the bicphalf life of strontinal
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=
Ro body incvs - at least Idcn't, That is the blolo

half life, then you wuld have to bet inte the prebles

retention ani excretion rates, and there is a lot of

mation on that coming out newwith regard to short-tern

effects with rather large doses ani whether you can say

ie the sane thing which ia going te apply with simite

over a pericd of 20 years, I dcntt krow, but I would be

clined to say that you cannot extrapolate fron that kind

data,

 

  

    

    

  

I would think thet best estimates would be sintJar up

40 cr 50 years, This is really just a guess based on

45 elinination,

The Nnticm. Bureau cf Stamlards usea 910” days, which

roughly 30 years, —

Taking your figure, I calculate this as a 1 nlorocurie

per iniividuel as the tolerance, is thiscorrect?

Yes. We tock ene other set of figures vhich night be of.

interest to the people here, ani that is ve got some agri-|

cultural figures vitch tolloated that thare were 27,000 rf

of strontium available per acre of lard, ‘ow, if you put

270 micregrams of radicactive strontium mixed into tat, a

person eating off that type of lant, ta other vords getting |
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all his dietary intake frum that, or yeu eculd put it

other vay, that acre vould ocntribute the tolerance

te the diet, so that if all the land that a person were dating

off of eecee |

270 micrccuries par acre?

270 micrcgraus cf spe ani then assuming path way will

the sams as this hare.

Is thet the previous figure on the avaliable strontiun

acre - vas what?

GO pounés per acre and it came cut abcut 27000 grans,

Available strontiun (chatter )  
That's the question, is that available strontius?

there tends to be, at least I've got very casually ths

from an agrononist that there is very commonly quite a

difference betveen amilyszable material ani available mm

you see if ycu've got wove

Well, these figures would apply only if the same ratio

in redicactive material.

But there is no reascn why one wuldo't think it cught to

that is to say if you've gct a bicsphore drift technique |

feeding radicactive strentius dcwn on the ground, one “4

 

‘3/ 



 

 
TONG: have a sizeable factor between the availabliity of this
(continued )

active strontius,

  

    

   
  

   

  

  

   

    

 

MITCHELL: Vell, that would have to be investigated if you wanted use

this type ef stand, In other wrds, the assunption that

rede in this atuff is that the thing {s full of unknowns

t. what the path wey, particularly the quantatative path

of strcntiua is, and so I set up this adel to take into

things we do know, which is that we accumlate 7/10 of

grams cf strontius cver the grewth pericd and then lock a

{t as a trecer axperinent and say how much of the sam

of biclegically available streontiua you have te have, for

instance, if Dr, libhy'sa idea about the ruhy were ocrrect

then the whcle thing would just be no dice, se that the

assumption is that whatever amount you have times the fac

of availability, that these figures would set up an accur

mel,

VOICE: The experinentel data cught to be available so that,

because the soil pecple have done a great deal cf base

exchange werk. Presunsbly cnly base exchangeable stront!

is available ani this vould greatly reduce the eacunt of
strontiua 9% you need to put cn per ecre, It is very

that 1 part available por hunired is available, scasthing

like that. The other one huntred becones available
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normal precess of weathering, tut this is a 20 to one

thousand year tines scale,

 De you knew the ancunt of calcium in the tep soll? The

total ancunt cf calciua? I have a figure of 1600 parts

millicn, as the available calciua content In soll, and

you knew the tctal calolum then perhaps you eould find

frecticn of available strontium by using the sane figures bot

I don't knew that,

I don't know that either,

The figure is 365,000 parts per million,

Cf total calcium, ani if one figure of 1,000 parts of

available calciuz par million is true, then one part is

Ia cur Jnboratery we've done sone base exchange work on

strontium 90 using ncrmal clay, mrual agricultural clay

scils, ani ve fini that up as high as 30 percent canbe

fizod, unavailable,

D4d you say strontinun nitrate scluticns?

Bp, i mean what .. (salt )

It is just a - just dliute aqueous aciuticn,
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And that would be mnie available,

Thatte right,

That vould be the type of informtion viich we wuld hard

to reduce the factcr of availability,

I have sone different

soils taken in different parts of the country sheovs that

the exchangeable oaloiua varies over about two ordera’ of

magnitude. These unite are in silli-equivalects per gram

28 to about 38,

As far as I know this strontius thing is just a general

averages.

Do you have any ccament Mr. Theis?

I don't know a thing about chealstry,.  
The available calolim varies very widely ani I had to bea

my guy over the head before he sven wuld give me any kind

of a figure, ani he just said a theusan’ seesed reasc

for tep ecil, but 1% certainly could be off in the order

wagnitade in either direction,

Could ve obtain variable informtion if ve were to do

amalyses of fertiliser fron sevege disposal plant such as

Milwaukee plant preducing milorganite?
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He asked vbether nilorganite te a good sample?

Well, I think it would be a pretty good reflection of

the diet,

T chon think 46 woullt Antegrate rather Jarge tn opeare

of the country,

In ether vords, what you would be getting would be an

indirect estimate of the amcunt that is excreted, and

excretion is not going to give you too much indication o

the metabolian of the bedy but it will give you a fairly

good indication of the integrated amcunts in the diet -

itself, a

Before I get lost in the questions I would like to bring

one other thing that Dr, Libby suggested when he was cut

the first tine, That was the problea of inhalation of

aluairm cxide, Kew, theugh, you sees to think that is

teo mish of a problem, 1°11 at least menticn it,

cxide would be the ruby type of thing with the strontiusa

eubedded in it and on inhalation, the possibility cf a

tenticn in the lung cane up. I investigated the literature

on that anid there is a disease known as Shavers disease,

Dr. Shaver being the criginal describer, in which material

is actually set and fixed in a scrt of fibrotic process is

the lung, and sc that possibility does exist then that

aluaimme cxide vas set up but slizilar to a silicosis say,

which vould then fix the mterial, Then the strontiu

 
   

  
   

  

 

 

 
be acting as a radioactive scurce for lung tissue rather

than bone, ‘There is absolutely no quantitative inforuatirT
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 to tell you at what level the aluims cxide has to

before the Inng vill respond that way, ‘he Alusinme

oration of America, in response to an inquiry of nine,

yaised the question that maybe it is not alusimm but

its contaninated silican. Apparently there is the poasibillity

that the aluaions oxide is not the agent with which weld

concerned, I don't know, If you do want to accept the f

that aluaimm ctide vhen inhaled will be fixed you can

certain calculations as to the ascunt in afr which would

a hasard, Yaking the original tolerance level cf 6,2x20-

micrograms, I tock 1/7 of that as the tolerance level,

because cf the fact that the lung hes 1000 grams, as oppo

te 7000 graus: cf bone, ani neglecting any difference in

tiasw response, the amount of air breathed in 24 hours

is 20 millicn ce and over a period of 20 years that ocuss

out to 1.5010"2 06, 4 tolerance level vould be accusile
in the lung if the air had a concentration 10miore-
grama per ce, There again that's an assunption cf

retention, |

  

   

 

   

  
   

  

   
   

  

  

 

Wouldn't you infer that for the particles te be retained

would have to fall within a narrow range of sizes, like 2

5 microns ~ found ty the Bi people,

There are apparently all sorts of ycu aight say arbitrary

ways cf handling that ani I think the biological comnisaic

just roughly state that 25 percent cf inhaled material is
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retained, in I right on that Dr. Western? That for thy

eercscls stuly thing ---- just state sose percent.

Me, Eisenbud is cur expert on that, in that field,  
Whatever the facter of retention is then you vould have

reduce this muber, since it is worked cut on the

of 100 percent retenticn,

May I ask you a sanll question, Dr, Mitabell? thy or??>

You mean as the hasard?

Why ie it the important lactope? I*4 like for you ani Dr

Western to develop this in the next 5 nimtes if you cen,

Why is it more iaportant than other radicactive materials

  1377
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Well, my ixpressionof the problem resoves iteslf in the
that as fer as the insolt, the enallest possible thing which we
might be concerned with, that is the createst hasard fron] the -
mallest ancunty wold be the carcinogente effoct of ratlatior

What doca this term "insult" asan?

Well, it mens demare to tissues <= dasace of an wi

port, We are aceking then the threshold,in other vords,

point at which we are concerned on the lowest possible of

radioactive of any kind of material, You very rapidly coq dam

to the fact, for instance, in the bonb condition that it'd -
going to be radioactivity, eince dust and climatic changes and

all that apparently are several orders of magnitude avay fic

constituting a hasard, And then you begia te ecneern you

with the biokogical eftects of radioactivity, will, we bbw for
instance, that radioactivity can cance necrosis of tiesued But
the encunt necessary to cause necrovis is probsblya bs arid} :

thousend tires the amount necessary te cance a fairly 6! mic

cont maer of carcinenes over a period of tints se tant (an. =

the gross effects on tissuny by the time you are getting ¢ |

predicting what would happen te a species of aninal over b

Lifetine, you would be killing all of then, say by tumors, |i¢

you ever cot to the point vhere you were causing real. seve:

danae@s 1f not all of then, at least a alenificant aunts! Fer

instance, when you take the radius experience «= now ny flaw

here are pretty general, but of the people who had necrosiq of

bene dus to radium, the incidence of bone sarconas was
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tventy=five percent, and the incidence of bone sarcoss in the

general population f@ probably on the ordar of .CLS or ¢

thing like that «= maybe one in « thousand, So that you fox

thea not be concerned primarily with necrosie ef bonebec

by the time you got that you vare killing so nany people
the long term dus to carcinogencais, How vhether conetic

effecta would occur in even maller ancunts then carcino, I

don't know, And, I haven't seen anyone who fs willing te

express an opinion en that, So that would be one type of

possibility, But all opinion sems te center on ¢

effect, and radiation and carcinogenesis will tle in at

to this extent, ami that ie for a given unit of radiations the

Loager the period of tixe in vitch the aninal, lives, the |

 

greater the probability of the carcinoma developing, 60, Rhat

a certain anount ef radiant energy in a huuen vould be amc

more potentially dewazing, say than ina mousee I think

of the original work that was done,for inetence, when 2 |

tried te extrapolate from the aniual data to bunny thet ch &
seer tystoaly mathematical basis, the axteal deta wad| -
150 tines the anount that is extrapolated, and they cane at

with ansvers that vere, say, on the ordar of 100 to 200

greater than they actually found they were able to put in

husan being, Part of that relates te the mathematics ef

probability of the occurrence of events over long periods

tine, I think we see 1% censrally in population with

in carcinoma generally, ‘That, as the populetion stays tn fi
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 area of life longer, in other words as the life spe gc

longer the incidence of carcinoma is going wpe Siaply dbehax

whatever stimalii are accumulating over the years have a |

greater period of tine in whith te sat, 80 that this brihcs

us inte the reala of the carcinogenic effect of radiation as

being a critical thing, Now with regard te strontion as

opposed to others, it relates to the fact that the neta:

stays fixed, ani if the biolosical half life is-we very

(the turnover of isctopic carben fs relatively short) 2

think it's measured in days on a biological experiment it

just coee out.) whereas we are measuring this thing in

of the lifetine of the individual, so that the amount thd 4

cate fixed in bone, 16 becoass the physical half life while

ta of eigniticance vethar than the Mologicalhalf if,

+:

Dut couldn's this change Af realty the voteworldwere

of redleactivity, 1f the new carbon which youget Ls gael,

Fadiouctive as coe which you elininetay what gooddoes do

you thet you eliminate the first carbon? . ’

Well, f you keep increasing the amount of ratlosctivity] frm

acy source, you undoubtedly are going to increasethep ede |

Llity ef getting carcinanas developed, So that vhatever| the
eource is, strontima heppens to be the tyys of thing, ial
other words why is radius so inportent? For that eas
that the enocnt of radiun you take in is very emcllconsis
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w=» yell, in fact, the ancunt ef radius is probably ia

Ste carcinojunic effects than perhape even the anount of

Loactive potascium, And yet radioactive potesalus doesn

constitute, to my knowledge at least, a carcinogenic m and

radita does, In other words you can'4 aceamlate ancuch af

the potasaiua if you reach an equillbrius stage you have

ancthor problem, In other words if you've cot an insult

te &@ certain level, tren you would have acertein incre

provability of carcinoma occurring fros radioactivity.

Se exng other things the fact that the strontium is cone

centrated in the bones and not distributed equally all thaoach

the body makes it worse? |

Wall, yes, in other words the accunt thm is related to a ' |

smaller total mass of tisaue, That's corrects OP Ien't 4% also @ funotion of the fact that the strontium he

got really -- it's Srportant for four counts <= I dont
how mach carbon is prodcoed, but its produced in about Sf
in fission yield, So that this neans that it 19 ons of

Largest elasonts, It's easily ebsorbved because culctua
nomally absorbed inte the bodys it stays in the body for K
period wiich te long compared to its om half life, And

these three thincs ontined, it sears to me to make it m

extrencly dancerous eloneht, Others that nay be potentially |

nore danserous because of thair rediation, don't weneto vba

strontium in these other Lovelte |
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There's only one possible weakness, in that chain I've

atle to discover, end that 1s most of your evidence for

cingma of the tone is fraa alpha radiation. And, is it

clear that the sane lethality will be characteristic of

rays?

No, Dut there's camca radiation in this stuffy too, I

ver reading a very crinsly story of a dozen or tro dozen

people that had a lot of Xeradtation for I think for

surface effects on their Linba, and they had doees of &

hundred thousand & and twenty years leter out of croope

twenty (these ficures I aa making up but they are taly

right) I think three were still alive, and one or two ef

had had their legs amputated,

Well, there is encugh direct experimental evidence in .

to show that strontius 90 fe a bone tumor producer par exbole

lence,

Ckay, Do you acres, Ir. Lauriteen? Dove everybody bare feree :

with that statement? - ~

is the question, "Ie ths beta ray as bad?  Well, I didn't even ask that, but are they really

thitse esee   
  

I think the anewer to the strontium thing is that wlve

ing of <= that’s an experimental point and there's no que

about that, We have not had the camarable experinent in

wl. (Ye?
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malignancies in bone in nan derive partly from the enix

dsnonstrations of sarcenas of bone produced in rather }

doses of strontium, plus the historical experience of

in bones in man, which is quite clear, So that there is

an inference here es far ag the uan situation is wncermed |

I think the uncertainty is not the fact of the incitanont] of

sarcoma to bone from atrontiua 90 deposition, but only

the magnitude of the probability, the actual meericel

quantiYe

I wonder, In, Dugher, aince you are on your foet if you

teke a few mimtes to tell us about the Division of Bicloky —

and Medicine's overall plans on Gabriel, You see we are fone -

tracted out of the Division of Biology and Medleone with

joint interest of the Air Force, and as I understand <t,

have som other studies in progress which will probably|

supplenent this one, I think it would be interesting te ft

croup if we had a rough idea of what sort of things you hive |

in nind, 4£ you want te tell nts I.

I'll nake it very brief, because it does Mt in vith wat|be

been under discussion hare this mornings I believe it

Wwought out yesterday morning after the prelininsry stodi

which Dr. Micholas Suith conducted on this problem, it

quite evident that he had exhausted all of the available #nforns

tion and nothing to be gained therefore by continued thiniis

along those lines, We needed qualitative date fron which

to work, Consequently, two years a:o the proton which hat
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been working long some of the biological lines which har oes,

mentioned was scuevhat ro~orlented to give greater

te sans of the specific problems, I think in just a fow

aimstes I can cive you a penerel ides of what is gaing

now, with the idea of deriving reliable data which Proj

such as thie we are discussing oan use in order to do thal thing

that Ir, Libby mentioned yesterday — te give expe:

checks on conclusicns which cay be drawn froa somewhat

ninant tleoretical grounds. These studies, 1f you ness

then in dollars, will anomt to about a million and a

tread categorics, One is the performance of the weapon

itself, in terms of distribution of fallout over given

MASSCH, That program Mr, Risenbud has hed in hand md

you are already faxiilar with that. A second phase concert

iteelf with what is the fate of sone of this material as {

falls, or after Lt has fallen, in the one case to the ground

and in the other case inte wabew bodies both frush and

The question of the fate in the soil has been under investi;

tion by the group at UCIA, Mr, Larson has I think bean

us some.of the results of that, and we have been working

with the Depurtecnt of Agricultare in regard to the distrifue

tion of suse of this material in soils, and to a certain

extent of the movenent of mixed fission products in soils,
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There are a muber of additional research projects in

parte of the country which deal with om or the cther of &

special phases of the ascil problen, Row the work which b

bean done by UCLA began with the study of the original

Alanazorde detonation eite and concerned iteelf not only fet th

the pick-up of mixed fission products in plants and enimels, bat

Likewise with the fate of the appriciable mount of platchis

which was residual in the fusion material of that site, —

type of study which was developed there is now being &

to areas of hich contamination around the Nevada site wit

techniques which have grom, you might say, out of this ebrlier |

experience, The present tine finds quite a lot of exzhas

upon the particle aise end cheracter of the material thatjig _

falling out within two hundred miles of @ test alte and with

i

the way that material becomes incorporated in the amell eginals, — RE

and in the soil as reflected in plants which subsequent |

may be crow under greenhouse coniitions from scil ¢: amoo

with this matertal, Soumat sinter, bo deticitaly& pend oe o3

experinents have been conducted at Peltsville in # wackta 8

Depertaent of Agricilture station, avi have revolved arousd the
effect on the pick-up ef various isotopes, tut pertionlert stron

tius, of other constituents in the sails that has led te|the

sort of thing which has been sontioned, the relationship af the

replaceable calciws of the soil to the pick-up of strontium by
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the plant iteelf, the relationship is exponential snd inveress

Now, with regard te the water situation the studies wich] are

under way are really just prelininary, You've heard sane

about the work being done in Massachusetta, that is being] suppe

lexented by a study of the reservoir at froy, New York. [n the

past rather sketchy studies of Lake Head have been condached

(not adequate, I think) and a mmber of streans have bees

involved in studies over a maber of years particularly a

Oak ifdse and of course the project at Hanferd has been ve

much interosted in the modification of the Columbia River

founs, We have likewise anticipated these things at the

Savannah River area and a general surwy of the biolo¢!

balance there has just been aampleted to give a line for

future coxtearisons, Sow continuing in the water ares, ong is

comerned very mach with the factor which have been msnticned

The fact that so many of the food cycles which are

to men havetheir origin in the scte there scain we

become concemed with the tectopes of long half life which| alee

nay be ploked up particularly exphatiesily by the plmkton We
find thet strontion aain becuse ixportant because the tebd~
cacy to acncentrate 1s perhaps more marked in thestroatiz
calcium coa-lex than it fs with respoct to any other of th

radioactive isotopes of al mificant half-Fife, ‘This ig no

linited to the plankton, bat ons finds the sane thing secu

in various forms of life, for exmple, the maquite larva
itself, even though the water itself may not be high ia stzon

tiua if the godiment in a case of a botter burrowing larva
test fae Ma a wntinittent

up ty the nosquite larva is quite surprisingly highs Such
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forms of life in themselves becuse the begiming of the ped

cycle for amall minnows, fish and they in turn becouse

iarger fish, Eventually ve find that we may have an ap;

 

concentration in the bones of such fish, it is true thati sone

fish bones are conmmed as food. low, the marino life isia

fascinating problemin Lteelf, and we de not feel tiat a:

abould restrict his view to any one isotppe but rather

atteapt to make a fairly complete siudy thet had boed go

on in comection with the salmon of the Colusble River fom a

maber of yesrs now end the pick-up of strontion and othe

isotopes ty the saison hag been measured, Tiat ties in wit

studies made at Bikini and ot Eniwetok lajoon vith refe

to the distribution of fission products in the fish in

areas, ‘The work at Hanford hes been associated with that

the Udversity of sashington under Ir. Donaldson and is lend

ing, I think, to some very interesting new techniques in

Blologye These little salam fngerlings have teen

locse fran the laboratory, hive goae out te Puget Sound

ees, have been captured (they are marked, of course) from -

Alaska to te Southern California Peninsula and then tiny f

nor returning to thelr birth jillace whibh is the latorato

and are returning of their am free will and a certsia

tion of those salmon which were relearod as infanis now swine

in throuyh the cate and are availatle for futher study offa nice

integrated procedure, It is, X think aleo possible thet we
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tical procedure, It will have information of value for —

various things, In the field of general concern with end

results we have, of course, the continued interest ia the

patients sous of whoa are the survivors of the orivinal 1

tel painters in the Hew Jersey factories snd another ; ou

composed of those who in the thirties vere given actual

injections of radium selt in the hope that £¢ would do sc

thing good for them, It was a misguided and entirely, I [|

think perhaps you would ssy unethical type of medical prac

tice wilch wos Linited to a very msll area of the coun

but we are indebted to that snfortunste episode for sane

extrenely valuatle inforration that is now developings

ficulty in all this erea is that the period ef induction¢

the anatanical resulta, whether its a tuor or severe en

may be rather long. In the case of the Ceochoslovakian

miners, for example, it was an average of 17 years fc

the dbegiming of exposure of the nines before cancer af tin |

lungs was finally recognised, In the case of thenickele Oo

carbonyl, workers in England it has been about 13 years, of

thet the tine span bere beccnes @ very isportant sort of

things We therefore atterpt to acquire as mich ofthis

specific information as we can ami alse we would on: ik

Like to make it clear thet the conclusions ef conferences acts

as these also serve to orient the emphashs that we've placed on

the research procran for the future so this is a feedback
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of system tn widch the ideas and moods, as thay develop apas

regult in more exphatic treatzent of particular prohlens in the

fatares

Are there any questions?  
T heard you have a speech the othar day talling the

miners to look out for cancer. Was that misquoted?

   

   
   

  
  

   

   

 

  

Tt wasn't a misquote but it sounded like one when I saw 4

laters It's one of those things that is hard te present

balanced way because the altuation exists wiere one

that there aay be harard, If there may be a hazard then aktene

tion should be paid to it. In the minds of many people

goon es you pay attention te sczthing it proves that

a hazard, How in the connection with the Colorade mining

probles, we have now developing in the United Statesfor

first ties an extended industry in the mining of low-grade

ores, The nines are stall, and for the most part not equijle

ped with the type ef machinery and handling equipment that}

ordinarily {a atteched to larger rock mining operations,
they're dusty, therefore, The measurement of radon

tration in these mines, in many cases, haa show & conosn

tion which is really quite highs It is caxparable, in

instances exceeds, the recorded radon levels in the Cernan

mines which I mentioned a few minutes ago, we do know th

cancer of the lung was the most cocmon cause of death saong
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the German niners many years ago, those who actually word below

ground, However, the mines were not mined for urenim, ¢

was only semething that cot in the way. They were deposi

nickel and cobalt with considerable ancunt of arsenle an

a host of other things present in anall ancuntes ‘They we

highly silicious, The xninerse all developed silicosis,

were doing dry xining and the mount of dust was fantastibe

The early reporte were that a ainor working ct his &

at the end of his shift often tines vould have the nasal. Be

gage completely blocked with dust, and tiey would have tol wash

the material out. Silicosis, the, was a very conse: picts

and along with that, tuberculosis which always accompanies,

Played a parte After years of prelininary pathology which J think

1t would be an widerstatement to cell an insult, careinosh dere

elojed,. In that couplex, how much was due to refon nobody yet -

knowse The present thinking favors the exphasis upon th

radon or the daughter producte of radon as being inportan’ fectort,

Hence, the concern with the Colorado area, It's « questibn of ,

thinking well thie say be a haserd, If it is a hasard, wp ought

to keep our eye on it end meamhile on the chance it may be a

siznificant harard, see whot we can do about reducing it Bub

we actually do not have any proof that the mining operatif: |

will in fact lead to en increase in lung cancer, we havel the

further fact that people have lived in Colorado on the pliatem for

quite a good nany yoars and it is net noted as an area off lung

cancer at the present tire,
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I wondered if 1% was possible to show a graphical reletion a

shortening of the liffe span and the amount of strontius in body,

or scasthing of this sort. .

This tolerence figure is the one which people are welling to that

there is either no damege or damage 90 little that it could ve

detected as significant. The factor which would lead te really serious

injury is a thousand or more, in all probability,

Well, if there are no mre questions, it, Solomon (Harvard) 1-

   
  
  
  
  

   

 

  

   

   

  

 

 
yoy I have just one general interruption «- I got e pretty ¢

from Dr. Mitcheli of wiry it looks like etrontius ie a bad asso:

a much lese clear picture as to why nothing else is a tad

various products from en atonie bomb, one might consider y

iodine, and perhaps some of the rare earths as boing materi which are

produced in sufficient quantities to be of interest. the ‘
very ded if, on the shart term basis, people were directly «

I mean, if you acre not around it. Tt bas a half-life of 8 bays,

the reason i% 19 bad congared to strontium is that vhile have sbout the

come jamber of atoms ag iodine formed as you do of one of etrontivuss,

it vould be concentrated in a much smiler organ, the throialover and
against « factor af ebout 30 for relative mss of skelton
You bave perhaps a factor of almost 30 in the other ¢

sensitivity to radiation, ani that is a very rough figure.

notably insensitive and the skeleton is usually considered mp:

thas normal tissue, So that I think we can mark the fodine bff very readily,

thyroid is

sensitive

mM Cy

 

S50

 



£S/

 

PincaJ*POPUBAOnQUGAPoymesertarSecBeenYOTHA‘uot{sendOnZOSuTEy

UTSTUPIponpow‘op02pozeunwerOaQUAGos02SoUTAFupyTEIS8

qe809£7;bs4590q9qPInoa9eduysedyqInoTsOnuoML‘eUTT8q}BOOTS

ekOt2TleWeryS03pormderdoqpremeq,qimod0%UTBeq07sauqpracanok

 

gerdeesackgopaolsuwoosse{um}Os‘sesueTtodKeJoWETTOC?UTEEDor!

SayradeeackLzypow0%yrezsodeyeyndoq07Supesun4539)qoutes07
e21m0oLoweAGHACUGOPTDOASNAVATEOT,TTHouOFeranOA*tEITO.0

Sey yeceeebagoWyyNTOAeoTueBrxoweaango4Lressoceusus47903sO

oseweTQOslOy,WOTEPOATHYSATIGAPEpHTONOSTTsOAQEFUT

900ogy*saqfemwey50LyTrqetorysnogesxEOKZoSTENyout872
denePOQOeTIOPISoTIsTIeIS[weteasSyueceriaspusceseqL‘atime0%

yoriOnawh30suoTisoubyasssonsuoo7goedeetUTYepeATsTeNOUN

|pLotQuy,noxIoyey,SUOTSENTOWOSOY}JOeMDSSquETeriar

sex1s0Gsizedongoquyfeo04PuyoSwex{ENASpTATP02SXTTPIOZ
e
74

~,

"HoTQale

Sul(Usesoa}GoOnOC}KIS}TILIAUEIOS"aM

"oTporArqrsodyéeoxe‘oTynogeJo

SoQoes8UTUIAWATWOISseqouoniéswu,FupyiodaAeqOnGuyOe‘smeqets
raTRorTtAOey£4Gnuaqe;youerefoyy“eUZ0eOresOY)3090336F

Saye,ouepous*fpoqweenyomyeyUNTQUOTISWTA£ytoTO;Tendsyoqe

04Pinos

ek

Dayz}suoquay,sOsVéeery-eMTIwOTSJo49;02STARTEMEDS
ceoexequtceSt40g}boop©04—-TUNE20queTdsomTe--sunists

orforoteos£4dhwexesOuST4xGer)BTSOUSTetyoUTSeetmJOOTH

Sek0903pooufou;{wy}Ome{OuweYPUBPesOoSTDarenWOTHR

 Sx0goRsJOcolwect©eree2eq}PUR‘LepsejeeddasuedMsUCINTEJoUOTWSERD

OGL°S3Ofposodke£732017987Teme71070qLune930947FOYeoesnwOoG

 

sOIOS

*xignT!

(penmy4us0)
cE"YA



BuLtools

Benarivncs

 

like to write this on the board. ‘he first one was vist ve called the
pre-pilot query end thiswas Eisexbul's senples. To see if they have any

uirenkina Gr°° in thems and how mich. As Eisenbolsald, thig is s

problen vhich fe woter investigation, but this seamed to us th de quite 7

an important thing. Then, though we did not specify this yemterday, I :

em gure that we would all agree that we want to do the same thing to bone

samples alec. You don’t have any bones, have yout

wees A bit ebnormnl though, because this vas rightin the mnity of @

~

heavy fallout, wasn't it? What would be sore important would de bones

from scae other place, ... (discuasion about autopsy procedures of one

day ~~ they were negative -~ but don’t throw than awmy, they mightte

interesting to look at when ve get a little farther along) . dette

It would seem to all of us, I think, that scactine vithis tt next three.

veeks we shoulé get ahold of sane bone samplesand get the ytht: enontsate -

of then by the most sensitive methods we can, and get some fi of just

What street we are in -- vhether ve are cenling vith tenths ¢ ditetntegres&

tion per ainute per kile, or one or ten. Tans the socoall © ing wevhet e

we called the pilot query. mo

(Explanation on blackboard -- how much strontiun 90 exists in soils, waters,

livestock, foodstuffs, and human boiies within sreas of kane] fallout.)
It seemed to us that we would be very well advised to take advantage of

Eisenbud's fallout studies in the hove of finding some kinds bf corre-

lntions between fallout, and between any one of these sets of variables,

I think, although it isn't spelled out here, ve axe all avarg that the
naan body represents the hazard vhichw would like most to determine,

wut it poemed, particularly in the pilot stuty, thet ve wor § be well
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very cooperative veterinerioa in Vteh. You know him, I presume. Yess

Would you collect rainfall sesplest oS woetly reserve miter or tay ver rather thea sain watery “

in a sense ig a different sort of progres, ~ ee
We want to pick places that are pretty well covered by nea 's seupling 7

progres, #0 ve have cue means of relating this to vist he £ do se fallout,

Pid you contmpate tn your reservoir of evttingsumeof the edi mon oft

of the bottan, |

It 19 my understanding thet at a pusber of these reservoirs, depenling ca

the temperature cycle during the year, there is actually en wars

stuff on the bottom in mixing which might, if it vere « am 0

sedinentation, bring it up eni make it strontium available at bertais

Tt might be interesting to eample sediments as vell.ae the water, 0i:

Qn of the asefteuition indentening say program Likethtsts f « Yom 226 4

don't know whether you are shooting for @ 10,000 dollar x pets tones

progres, end until you knov this, you don't know how many you want. —

I think probebiy whet should be done is that these | shouldbe

mie - just mde by sone of us here -- and let you know what he answers

are, and then you can mike @ guess as to vint you're dealing with: Somehow

or other maybe we can get some of these ansvers. Maybe you, G. Kisexbul,

can mike your sample measuresonts, ant I ox doing sone vork inlchtcago oa

Ders-'-water Premthe coean, and maybe you ean mke scme monsusenents| ve will get
fos
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& half @ Gonen answers which will serve in this pre-pllot quary which

will give an iden of uhet you heve on hant ~- what the problem is.

Z think, if X may interject soacthing, the dollar sign sems ko look ay

way a Little bit, that the problem ts first to ext clearly ting viet *
the best plan is -- the best plan 19 cne which 1s also the cub to deternine
the minima cost to echieve the thing which bas to be done...) what it costs
than. se

X don't think anybody here knows -- ve can guess...

Another thing I wart to talk about is - X did a Little vork fryingte
find out how available husan material would be just locking afoud im

the Boston ares. here are tvo figures that I would like to jut oa the.
Board. One fe that 98 percent of the calcuis in the body is the skeleton

and surpsingly enough aluost 1 percent is in tha tooth. poss 24 percent

of the tooth is calcium, anf only 11 percent of thesbeleton “ealeium,
There aren't very any teath, as it vere, in graeme. 10issale

god place to look, How, uayfpocssing these things out of : be head41.
Jocks as 2£ at the Boston City Hospital you con get 100te xn ‘tenthper :

day, and a tooth weighs 1/% of a gram. So, you can hope to & , somebare

between 50 and 100 grams worth ef testh every day. ‘This is vaste material,
nobody wants it. You can do somthing like the senssort of thing inthe
Porsythe Dental Infirsary vhich spectalises in children, endgbyou might
very easily be able to get a difference between the teath of drilé
and the teeth ef min, I would hope, myself, that we could fir some very

good correlation between teeth and skeletons, because if ve cap findthet

correlation then ve vill have no trouble ot all in getting nk s from

alacst anyvhere. There ought to be & perfectly easy means of betting the

bushels of teeth From time to

  459
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time.  But the difficulty is that the turnover in the teeth is very ”

especially in an adult. I would only be a good maber of from now

that we would have any concentration in the ttesth eren

tolerance. +++ |

What about childérenf

Certainly in the adult, the concentration period is vary lov. 
    

   

    

    

 

  

I don't know calcima, but phosphate goes into the testh st a

remarkable rate, it is a more metabolic tissue than you +

We have analyzed teeth after the administration of both cale

strontius end compared them with bone... certainly the

If you get, e tooth that is just forming, then you get a nice active pickup. gd

Actually, children's bones ere much the hardest to get, ani it my

very well be that would be useless. See, this ts clearly open to experic | e

ment, but if teeth beccas ceasy to huxile, and if you can get + °

quantities even if you hve a tenth of the up-take, you still

Now, I have got sce more statistics -- Massachusetts is a

Anybody, that is anything, which is born after the 25th week

be buried -- and it costs you $25.00 to have it buried, and

some figures on the Boston Fy Lying-In Hospital. ft has abox

births every year. Only 75 still births, which is quite IMB r
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529 miscarriages prior to the 20th week. Row, you are getting to the

point where tone formation is not very great, so it becunes relatively

difficult to do this, ani it aleo turns out that it is hard to get these

things at autopsy, One of my colleagues ai working on fetal saterial,

and he estimates that thore are 12 stillborn chiléren out of this 6,000

births, that came to mitopsy every year. The esount of bone oh you

ean get from these is essentially negligible, really. I figu a it

would be 1.3 grams of caleius a yoar. This is just not cethi worrying

edout. So I think that handease as the idea is, it turns cut] that unless

it would be very hard to get enough miterial.

We have a legal paper from 6 law firm in Vachington on thie pbint.

Coulé you say viether other stetes are as bad as - eS aes ¢

They all seem to be sbous the same <- about the Sth munth of bectation.

The state of Washington soems to be shout the most liberal,

And according to what you said, you are just barely begiming! to deposit

The statutes réquire a death certificate for stillbirths« that age,

Hovever, the laws governing the disposal of that body are the same as the

lays governing the disposal of adult bodies, ani one can get pod:

through will of the parent. This has to be an instence vherd the parent

wants to dedicate.

It looks like miscarriages ara out -- at least in this cc mths What do

| we

ae at yaks jd
Tae a ”

“meee
wi te
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you think about abroad -< is it any more likely to be eles

 

Tt te sort of herter/ia sense. The bone is s0 sunll anf 14 pas to he

essentially clean from rest of fetal mterial -- I wouldsuspert thet they
are probably out, anf also if we couldn't get them in this ecuptry, vhere

ve get cur best carrelations, ve wouldn't know quite what ve doing.

With children you can do a little better, gous I learned to my great

pleasure and surgrise that you don't get any bone fraguents out of

chiléren's operations, Good surgecus put everything back in ¢ A let 48

coutiram the growth, At the Children's Hospital thers are 3 jbeds and

there is one amputation per your. There is a reasonable anc % of material

that you can get from autopsy, and one could get perhaps fronl@ te § ride

per day. If we would estimte this as 10 grease par hone we weuld gob”

maybe 29 to 30 grams of bone a day and taking the calcein concentre

this is (from coe hospital) -- but that's got --as Boston be pitale go).

it ina the largest amount of chiléera, thay deal only in « ven <= that >
comes to 2.2 to 3.3 grams of calcin = day, vaich is still arplatively

smill maber, In adults it turns out thes you cen do considepably better.
You take a figure which I lifted fran a pathologist. tm Bostpa, this is

at the Peter Yan Briggam Ryositel, there is one autpsy per year per

hospital bed, and this gives you a ressenbls figure thet my con apply

to other Rospitale, except that it turns out that more peopla die st the

Briggem than thay do other pleces. Over the coutry porhops Rhe figure

of 1/2 en autopsy per year per hospital ded vould be quite rqasoneble.

How, if you work through the pathologistat autopsy, you can ige’ samples

as large ag whole ribs, which may veigh from 50 to 75 grams, pofrau this

= £ Tayo
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coe hboepital in Boston one ought to be able to got some where Bt

50 and 100 grams of bone every day. The next question that yae need is

one that is really much more cucbus, This is how auch strontfum will

tere be in 100 grams of bone in terns of dom. I played arowl vith

this on estimating the avralleble caicius content in fields, m using

their figure of how many disintegrations there were per squar¢ meter, and

I came w vith 8.8 doa per gram of caleium, this is multipling the

Alumgordo figure by 40, and that 1s certainly quite wrong in|terus of

the total amount of stuff which is up there.

This is one thousants to the tolerance, according to Dr. Mitchell. Be hed

a Kilo of calcium, so that gives you a thousandth of « microc |

Deo these check? That is 2.8yer gran and a kilogram... and that is a

thousanith of a microcurit, |

How, this is in the earth, end the question 1s vist te in meal Rere you -

got cut of the region of mking a guess of the ovatleble calcium ani of

ming the guesses cf how mch of the calcium that is available in the

earth 1s going to be available in mun. I found amasonble shount of data

in the literature, nome of {4 very good, ant I didn't feally mike a thorcugh

literature search, but roughly it locks as thoaigh there is a or of

2 to 1 against you, both in the plant and in man. Flents , pick up

ealcius against strontiuz 2 te 1 ani man will, so I just tool] a figure of

&. what do you think, Dr. Kemr, bov decent is this?

Our experience has been that 4% would be prettymuch the sand. We Bave bed

@ lot of date in animals end the sbsorption from the gut of gtrontium
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has been quantitatively the same as caleiun, T think Merrill
   

   

  

of £¢ dene over 5to6 years ago. Tb ts oldwork anf 1t my 7 veil

not be right. a

Thave are @ series of experimate viich shovs that a8 you los & the

percentage retained got closer ani closer to the caleiun per e

eo thet in the lover levels you could probably take Dr,rmarfs tgures

as correct.

How much calciws is there in hairt

Nothing serious
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Plamic — you take all the rest of the body together whik

ineludes hair, and you get only.7&%, #o there can't be anythis

appreciable in heres I haven't seen a hair analysis, but phe

it's gone this far if there were anything lergor.. |

This represents a turnover pretty well, doesn't it? As

understand it, it should be formed from calcius intake day by day.

I wonder if I might say a word. I think you have to realise ZS

thet vhen calciua 45 and strentiun get into the bloodstrepm they

ere deposited in the bone almost quantitatively regardless of

turn-cver and regerdisss of growth, and it is just by thi |

exchange process. It cones about because your blood is a low

and your bone is so high so the sterchmetry of 1t puts th

stuff inte the bone. So if you really wnt to simplify things,

you can talk sbout the anount that's ingested, then you Mow=

that a given percentage will be absorbed and we have good

figures of that. You can say alwost quantitatively that

is going to go into the bone and its going to stay

the ancunt that circulates is so small that it 1s negligthles

the amount that circulated is in equilibrius with the haf and

soft tissues and the endoginous exoretion. But this is

aall that you can practically neglect it for all practidal purposes.

ZI agree.

Wouldn't there be a point though that if the naturel strentius

were in higher concentration in your dist for a given individuel,

 



 

~ bikes "then vatever rediostrontiim vere there would be
* (tsmuet) 32
; _ “galutedt

_ COR: That's right. I think ve have to divide the probles

3 Phun pasta an to shotbar we are Looking at 6 oontimne

_sinoe the conception of the fetus or vbether ve are

“gist tale thing Ae getting into bumans vin already

| appreciable axount of bone formed. There are almost tvo
oe

oNproblens. In the letter case then, you can make your

    

 

  
  

 

“per, where most of the skaleton has already been forned,

TOM Dave to lock at this as an exchange proposition vhere bow

( Lime getting « one-way deposition.
ay
‘ney
<f

UIE I go back to this arithmetic nee naeeemotwe

c
e
o

be
ar

te
cn

el
le
R
O

be
et

os

" ghmge the figures, I think it is easier to give thea in

"Germs in viich I hed. I assume that in adults, 25%of

:~beletun in the bona vas exchangeable, This is necessary fc

*"his figure of the totel calcium in the bone and turn it

“TEdott ou ate you te doe ey ekat

    

     

   

  

  
COMAR: "Fibs 4s an acceptable igure, arcunt 2% of the celciu the

*
. is correct.

SOLOHOR “Then this vould vork out that 20 gram bone esmple

-_2:} eres of calotum an a tenth of « ym, maing alt of

o
n
a
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sDHON
(oontimed

LIBEY :

SOLOMON:

LIBEY:

SOLOMOE:

HILL;

SOLOMON:

  
  

  

   
   

 

relatively measurable. So it means, therefore, that s
@ one~to-tio day collection frou a medium sized hospital

you a sample which can be messurable, and not much more

that in terns of tecth,neglecting the uptake factor. .

Seens to me you need bone ash fron the whole bedy. If

scaabody's rib, doesn't it matter vhose rib it is?

Yes, but you can get, I guess, bone ash from the whole

wut that would become terribly difficult to do. What

have to do, would be to get a correlation...

Can't we get permits from people who are going to dle

their ashes?

get

Yes, I would think 96. We've thought of cresatorius ro

as a posalbliity —- don't rob then, get the perslasion. . :

Bill, didn't sonecne tell us earlier vherwere cut howe
that vork 1s going on at the University of Rochester oh

radium progres where they ute the whole body bone ash?

Couldn't that material be available?

There ere two places for that sort of thing..

    

  

 What one would went to do would be to establish a rela

between whole body ash and then ribs, becanse ribs are

very easy to get, and you can get ribs frou a lot of p

you have scme idea what this would mean,

mac -amt of Energy
rie nts Cifice .

aAi . (@7

  



aHERs

SOLOMON:

MITCHELL:

LIBEY s

MARSHAIL»:

  

 

oe
The main difficulty is that most of the bodies onegets
that are old peoples, ©, 70 years of age.It's not qui’

good as you would like.

  
that ideat |

Well, milk is perfectly 0.K. There's quite ® ressonatle paoust |

of calcius in milk, . | I might just add one thing here. ‘Two people by the of

Spires and Burke at the University of Leeds are using atory

ashes, and they've mentioned the fact that the thing

limitations on their investigations.

A short tine-cut break here.

How the statistical aspects of sampling are obviously .

importante Mr. Marshall, settatictan of the ROD otavind

speek to ne for 0 fou misuten on the sampling probate,

 

 

  

  

 

  

generalities, decause until this questicn of vint we is

we're after has been answered more precisely than it

hes been answered, and before any guesses have been made

the underlying fluctuations in the things vhich ve are

semple, not mich can be done. For exemple, let me just

vhat the altuntion Ls 1¢ vhile vetre just locking over ‘soit

problem and vented to find out in a particular area vbet 2

mean level of the strontiun was, a great deal is going depend

=nergy

tide cas Office

ARCHIVES, < | . ‘Gs

 



.ASEALLY
(continued)

  

on how peskedyou think that this map locks Like ahead off tine
and one of the fimctions of a real pilot program would bel te

find out precisely this, Any sampling design has te prods

really twothings. One, anostinate of the quantity you |

after and also en estimte of itsintrinsic variehility. So
it turns out if this thing is very peaked, the way to go

this problem is to pick a few pointe initially at random, and

then sample around it in big clusters. This wuld man &

you take many samples near this point, if the thing is Py peaked.

 

If it ts quite macoth, then one spreads his samples arowl so

that this gives you the optinal estimate for a fixed ancynt

of money. Where it's wrnlly the case that if one amples in

this vay, around a certain location, it costs less per +t

So that scne guesses are going to have to be nade. Cne |

to get dova to List of Just what it fe that we vant to simpleme us.
ve can't really just be satisfied vith Just saying Nev Paglands |

You have to talk shout vist it is you are going to do! | tate

particular aren. Mow in thinking abyut this probley 1 nb cody” -

portion of it that I've locked into fnany wy is the in .

aempling proble. lanmiig setting caite ali these prothe

of getting the actual material, I think that ve ought ta aim at

getting a correlation betveen something caloulated from abate

data, for particular aress. What I vould have in mind due to the

fact thet the food distritution in this country 16 90 wHespread _
that one would try to take weighted average of say a cincle of —

roughly 150 miles around a city vhich generally represedtsite

we aoe

. ee
cadat i te . / of
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milk supply end water supply area. The country-wide ava

on sone average weighting is very heavily in the midvest for

the food producing areas. Then, we should try to caloulate for

a specific area a potential exposure to this risk and tb |

relate this to the amcunt that ons found in peoples’ rks,

taking account of their eges. I think that in view of

fact that it is probably going te cost us a fair excunt &

money to get the samples, thay ought to be designed very] care-

fully, and also a good deal of ingenuity and money put itte

the analysis. We can't assume ahead of tine that we arelgoing

to get very good ansvers, but at least ve ought to have in

mind that we should produce an enswer that might allow u te -

give rough predictions from a series of detonations wing all ‘

of the work that vill go into the transport and se cn, td

us if a certain mmber of bombs of specified yield ere sdt>v0

eff roughly in these locations at this tine of the year dpi -
transported, viet 1s the besard in the various areas?

ABSHALLS
(continued)

+,
roe re

oe

Eisnetad's data indicates that it falls off fairly regularly, >
feces the fallout — from the site of the detonation. On {the —

other EK hand, if some of the material this morning indichted

that if you are locking at soil, this thing is liable to |

very pesked, then you are going to have a big problen. 1

you are locking at himaan bones which sort of drav in an aPorage

over the whole country, one might expect more regularities.

It's hard to say. It's going to depsnd on whether this

=the milk end the water, f.e.) the big
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   the ploture, or the more videspread fcodstuffs. veg a

 

RacSHAIL:
(continued) .

Little caleulation, if 1¢ turns cut thet say a hundred ¢ ae

cr eo of bone asterial were enctigh te alloy you to teke on

measurement with a guess of a hundred dollars for the az a oy «Ege

sis of this particular sample, one, I think, could in th a

country = the calculation I did for ten elties assuming

that one takes account of various age groups, start say Fith

an age group of froa 0 to 5, 5 to 10, 10 to 15, 15 to 20) and

2 and over, perhaps, that one might take three sanples | a -

each age group totaling 300 grams, randcaly port the plepes - a

into 300 gran units, analyse ench one, ant get his oot 7

This fs all for one city, and for the varlous age groups and

get an idea of how the fallout in the ares and the count

averages related to the amount of Sy” in hunan bones of.

the function of age froa the past experiences, Fron tity!isidi?.aegercs
one might be able to try sme predictions, depenting woh bow
variable one found it and one needs, I think, in eachot of .

these areas, st least tvo deteraimtions ateach age Grp) .
fur the purpose of getting an idea ofthe variations a for r

dicts within « particular ares . : ope : . ot

LIBEYs Take 0Aly io case of the hunen sewage of iivetkens = me

You've certainly got an enormous averaging already in fosemptng _

MARSHALL: Yese -

LIBEY Hovy vbat vould you do An addttton ta order to get theJarl eALity
paranetert You certainly have in that,a pretty fair yerage for.

eee

  17/

 



   

MARSHALL»:

S
S

~
~

Y
YOICE: ao iby .

MARSHALL:

MARSHALL»

VOICEs

VOICE:

VOICEs

LIBBY s

  

 

Well, I A11 you cogld do ts reclly get an avfrage

over time, that is, this week... .

Oh, I see.

What I would really be interested in is the variation befvees

husan beings living in the seme ares and eating roughly phe

same dicts. How this may turn cut to be very emelly but}T’a not sures

Can't you get this variability ty using pigs?  Yes, you could getit from pigs —— I wnan you could get
variation in pigs, but I'm not so sure abottece

 

   

 

Tou are not going to be shle to take a vbcle family and

all their bedics. -

 

. Ko, a my ree gee "WKa€aes a

X just wanted to Imoy £¢ rentoaly selectediniivitusle a this A

chty, of age epyroximtely fiverss Be

Vaybe thay can. Maybe it isn't eo difficult, Even the ie

ancuntes that are in blood may be encugh..

It's a lot of blcod.

    
 

 How about hair? a

There are some things you can get, and bair is one of :

How abcut fingernails? and teeth? /

I would say once you leave bones or teeth you are your.

goingavillability ty- eugh a tremendous ancunt. Tou

“A wie 172
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VOICE:

SCLOMORs
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LIBBY:
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it in bones you are

have infinitely more trouble measuring it in anything

*. hi
ayeaAT .

  

 

  
What is the stuff that makes you get your testh clean?

that calcium containing? Think of all these thingsyou«
get gratis, and then use your maximm sensitivity, and

maybe you can sample pecple without killing them,

Flasaa has five lumdredths of a percent of the total body

calcium as against 96% in the bones, and almost 1% in the

testh. Everything is weighted against you. |  
Is there anything you can feed people to makethen slowh

layer of calcium from the bones?

  

  
There is a posaibility that acne of the versinates (1)

bering same calolum out. J don't know. But it has been

to tring lead cut. Caloiun verainate has been proposed

wootAERRE . TEs

te tring lead oute Ptge

It's vary, very hard to bring oaleiim cuts eo e

He yom wos a tolerence Lintt of one microcuries.

| Vell, the most sensitive methods vill pick up about comafiitonth   

  

of that, so you see it {s a possibility. I don't know

average person vould be in terns of tolerance. I supposelvery low. .

Cne doesn’t know, but thebones of a person uho is

the period of exposure vill essentially carry an integra done

of anything that might be, say, in the blocdstesem. 80 you

pick w a sample of Bloodtoday, youheve x emsunty you |
ve the aocumlated snountofxtinesa certain mber © years

iil /73
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aia
How much/they bave in thea?

    

   

  

 

during viioh this person has been exposed in the bones |

@ person tock sone material in yesteriay, and none today,

wouldn't be in the bloody it would be in the tones. It |

deposited justabout fumediately. | vk

Ve have acme animals that received some Sr™ about two

ago, and we'll be glad to make hlcod, hair, bones, etic,

tellavailable to anyone vbo wants to measure them, and we

you whate.e

We gave then abctt a milliouris, some five millicuries,

Could you send me some bone ash? And also sone ash fron -

parts? Just half a dosen parts. ad te oy of

make a rough idea. Loe ws ote sole bees

 
roa eeBabedeqartintee: SMe Age

I'8be glad te. This vill give an estiuate of the tal oe be,

burden in these various tissues. - ff

ngebafiniata

exaretion 1s .005 percent of the encunt of bones: a

 

 

A possibility comes to mind of a tirescms thing to do.

Dr. Comar's suggestion of the blood. You get #0 much of Ht.

Depending on how the national blood program collects its [blcod,

one of the techuiques of collecting blood 1s taking itofer ax

fon exhange resin, vitch tekes the calclin out andthis[prevents

Deparis ae “~y
- : . 7
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(continued)

SOLOMON:

LIBEY s

SOLOMONz

LIBEY 3

MARSHALL:

LIBBY s

  

    

  

  

 

the blood froa clotting. How if this were so, this ica

resin is discardeds it isn't nsed any more. If it were

any large blood progran, one could get a tremendous

resin from which you would only have to dilute, which
ee calcium

Doesn't all that blood come from adults? That would be

Most of it, I suppose, does.

On the other hand {t contains the lost caloimm, and thatis the

stuff that would have the strontium in it. , :

With an adult, bones are argued ageinst because bones ar} made,

but the calcium in the blood ts still in the blood, and is

still ciroulating, and co that's not a valid objectiom [This

would require getting in touch with the Red Cross and 1
scme of the details of their blood collectich. Youoan pt
dated bank blood too. | Te

 
  

  
  You think bone meal is scmething we ought to play with

statistical point of views Take the Chicago stock ,

exmmplee |

Well, here again I think it's a question of —= vhat is the

question you are trying to ensvert

 
Vell, suppose we measured the bone meal content fros Chicago

» amd we find this to be something or cther.

“a {75

 



ussht 3
(continued)

MARSHALL:

SOLGHON:

  

ve have better spent our time taking an individual cow, or pig,

or something?

I don't think so, unless this place that the pig cane from had.

sone special significance for you. If, for instance, he pane

frou the outskirts of a city in vhich you were also taking cther

samples, this might be related to other things that you fiind cut

about this olty.

Ve have various kinds of semples which have « lot of avesagin

already in them. We have this milorgenite thing, ve hava this

bone meal thing, and ve have the fertiliser made from tute fish

bones, and there are several others of this class which dose to

mind immediately.

I think the situation is that since they are very inexpepeive te
Ls SAL tee Race

get and probably not too bad to analyze, they are scusthing one

would do, but do thay answer the question: what is the «

encunt of strontiua in american cattle? Draw from oc 1 areas

you could find cut about..

Some of these samples ve can probably gét fron abroad...Rhat sort

ofGing. Bone meal we could get.. and I think probably Pish bone,

and stuff.

Actually, maybe fertiliser asmufacturers cught to be loared into.

I don*t know all the components of fertiliser, but some pf then

come,Very wide parte of the world. A lot of them, I ampure, vill

calciua.

oTeana]
+

ad
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s _ .

" BEY Any one else have a question for Mr. Marshall? Before

leave the sampling program, I'd like to mention a subject! which

Colonel Holsman is connected vith. Several veeks ago ve

considering this stratospheric storage, and concinded then as -

we did this morning, that it probably exists, that there

probably a lot of radioactivity in the high layers of

atmosphere, ani the question is how te prove this. It

obvious from remarks this morning that rainstorms and

vagaries of weather make the assay of rains a rather um ble

way of establishing it quantitatively. So we wonder how RB

sexple the high atacsphere and get senples dove vhich giv

poms qualitative notion cf the content cf radleactivity.

are two aspocts -- cne is to get up there, and the other [

get the radioactivity out of the air. We asked Colonel

to make some measurenents on jet afroraft which are ope! Me eSltr ony

out of Kirtland, and I'd like to give him a couple of nis |

to tell us about that. I knoy these data are very poor, ftut

there ie some radicactivity on these airplanes, and as I

understand it, they vere not in any etonio cloud that

knew off |

 

Pe
ds

ROLZMAN s That's right, Dr. Libby. About a month or so ago, Dr. ladty

requested just a yes-and-no answer as to whether any of

jets were picking up any radicsctivity. So we ran a "qu

and-dirty* test on this. There were about fifteen aircrafts

Ve made sure that the alroraft wers rct these which nighh have

e
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(oontinmed)

LIBBY s

¥"“MAN s

  

participated in any atealo tests, and simply tock swipes

the air scoops and ran Just « check om these things, I

forgotten the details, but about helf of then shoved activity

about twice that of background, indicating at least thet By

vere getting something. These experiments were designed [just

to give us en answer as to whether va got something or waildn't

get anything, and certainly that can't be used quantita .

Ve would have to design an experinent that would be more

meaningful, because we are not sure where these aircraft iver

or how high they were flown. This stuff might have been

accunilated over many months. The fact that we just took a

swipe, it might have been a light swipe or a longer swipd, but ~

it did indloate that they picked up somathing, and if thk 7

design an experiment properly, I am sure that at may

at least for cur alraraft, we could do something that might... «© =. ~

contribute. Colonel Hooks is my boss here, and I'm surelhe

wuld be quite willing to do anything we oan to scoperat Ve

have cur headquarters represented here...I think 2

Croveon 48 here, and so Af you vent to expand scnethings| yy

get into jets over Korea or some other place, the equiz

and viet not are very simple and easy to handle, end if i.

does rot offer any avkward techniques, ani I'm sure ve cht

get data.

You have radiation monitors at moat of these bases, don'R youl ©

Yes, ve do.

eat aah]

3
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Would thay have them in Korea? Colonel Hooks, would you foov aout thts!

IT don't know for certain. I assuse note

How about Europe?

Yes.

    

   

 

  

  

   

   

  
  
  
  

 

 
I heave a notion we may get some definite proof of the

of high lying radioactivity just by vatching operational

craft in this simple mamer. New, of course, putting on

filter or anything like this is bound to be suse trouble but

if 1t ts as simple as measuring radioactivity on the |

channels of a duct in a jet, I think maybe ve might get don .

Now of course it would be rough, tut at least it may be

getting. I just wonder vhether it tan't vorth trying.

ina't extirely crasy. There 1s «thermal gradient in th
aysten, and this thing ts « possibility of separating ¢

pertioulate matter. The yield, of course, would be

lew, but there Le probably a lot ofstuff ia the lage: me:

of air that goes through these airplanes that compensate

Another Line of attack 1s to developa sampling program for the

high altitades, and I think this vould have to be done ch s

longer range basis. I think it 1s quite important to

the higher layers before the CASTLE series, if we possil

Tf anyone has any idea of a simple way of using opera

airplanes to get evidence of radicactivity in the stratomp

vell, above 30,000 fte, it would be quite valuable.
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Are any rockets being fired at White Sands?

Thay don't stay up very long.  I don't think thet could compare uith sampling from the jbtes

Cne thing we've been thinking about a little ie the possibility

of sampling, or getting a direct measurement of radicactivity

in the stratosphere by a method which would involve sendin |

balloons. The edvantage of balloons is that they can get wp,

at present, higher than any cperational afroraft that ve pb:

I suspect that EXE aince the height of the tropopause in

Marshall Islands 18 around 55,000 ft., ve wuld just aboyt have -

to have balloons in order to suaple the stratosphere at these = -
levels, In fact, if ve can consider the transportany dng

like horisontal, then ve would expect to see the debris
et te Mle eeee= = - .

along at heights from 55,000 ft up anddownwienitreached the

middle latitutes. In trying to imagine what balloon sempling

would lock like, we have been inquiring about sowe methon of

doing it similarly — on a basis siniler to our present katic

sonde networks, In the history of upper atacephere research —
I can't reneuber back, but I cen read aboutthe grost owtof
the early radicsondes — it was HM considered quite a talc!
te do it. Mov we have upwards of 30 stations in the U.!

maxing two soundings a day on a routine basis for a

nominal cost. We inquired about the cost of sending wh

plece of conductivity equipuent vhich could actuallybe

inserted into one of the channels of the ordinary radiofonde,

|
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taking advantage of the telonetering already existing

big atations all over the world. Measuring the oo

would be one way of doing it. The other obvious way

to measure the radicactivity. That is, by sone method

Geiger ocunters properly crimted so as to elininate co

radiation ag wuch as possible. From what I have been

to gather, it is out of the field of the second, that is] the

direct Geiger counters, a little bit outof the field ofjour

specialty - but it would appear to be rather hard to do] It -

involves quite a lot of instrmentetion. We have looked

into the question of measuring the conductivity in the

feirly reasonable equipstat, and it alsoeppears that

going to be a very large change in the conductivity

we have changes in the radioactivity. This will come

this afternoon, perhaps, when ve give a fev facts end

about the atmospheric ion content fn a radfoactive cloud]

w
e
0
4
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like to have us all think a little more about.

 

Well, fine Will, but how many years will this take?  
Som equipment was built for Sandstone so ve would have

ground in this instrumentation but IJ don't have the de

   

  

  

   

 

I wouldn't consider that it couldn't be. I think that,

you see the telemetering is an im:ortant part of it.

already available. If we cen devise the output of car

place where I got my information froa. Thay estinate

Perhaps Mr. Smith of NRL wouldn't like to be quoted too

on this, but he thought it could be made for about £00

equipauent.

What load will it carry? PBs

Ch, this is the gear exclusive of the balleons.  
This was done at Sandstone very successfally. I get the feeling,

ty. Libby, that many of us here are thinking in terns of
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WEXLER?
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HOLZMA8

 

of feet in the ordinary weather situations. For exazple,] air

that might be at the stratosphere today, might be mee ee

15,000 feet in say %) hours. Would this be a reasonable :

Harry?

 

Sure, I'd even go further and say it would be down to thelground |

under certain conditions.

Then you would say that the mean life of stratospheric ain is

two days or of that order?

No, this is only under rather exceptionally favorable conditions, Well, if you take an average what would be the length of -

cefore 1% caze down to sea level?

Well, you take an average between two days and six months naybe,

or 8 year.

But it would be in the order of weeks or months?

The exceptional case would be highthunderstoras?  
Ro, I am thinking really of isonthropic flow dow slope. fou

gee air doesn't flow horisontally, it flows down, and if

have an unusual weather situation with high pressure, low bressure

and so forth depending upon the complexity of the weather, air

  

 

  

  

can come down from stratospheric levele as Harry said, e

to the ground, and this is available for precipitation

following or the subsequent days. So the atzosphere is

 

(GB

 



BUulKAN s

(Continned)

LYBBYs

HOLZHARS:

VOICEs

ACLIMARNs

VOICE:

my
T
y i

 

purging itself even at very, very high levels and for reason

I thought that some of the data that, well in one of our bther

prograns might be carefully anslysed and so give us a lotlef

information as to how much the atzosphere is purging itself of

this debris,

Do you fragine that it might be at great heights? That the radio-

activity might be at great heights?

Well, I got the feeling from your remarks and othere that/this

thing might hover at stratesphsric levels ....  Ien't your point coming to say that your guess would be

radioactivity, assuming a period two or three nontha af

  
  

    
  
   

 

  

  

that the radinactivity would be pretty well distributed?

That is right. It is pretty well distributed but it is

being purged and that data even at lower levels can de yred to

give you a pretty good indication as to what is going on

That is what I was getting at so that there might be suf

data around with careful study that could give us sone

that we sre seeking here.

If this were true then it would seem that -isenbud's data

show this, becauselet us assume that there is a six month] half-~

life then he ought to have a six acnth slope. on his f

he doean't have that.
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free =
po

the change so that fs really the ten fold

 

Well, we don't know, we haven't had the tine.

I think that this depends upon whether the stuff is getting wp

to the stratosphere. Host of his stuff is below the raigoat layer.

I think that it is the opposite. Rarely, thatapparently ithere

ia no obvious decay yet from Ivy.  
Well, I would like to go back te this Frakatoa. Maybe wq@ could

squeese something out of that. Now there was a ten fold Memanu-

tion in scolar constant.

10k -

—_—

Wo, ten fold because there was a ten percent increase the

1 one percent difference and it took then three years get

this 10% peak down te 1£ vhere they could no longer de

cn , over a t

year period.

Well, the only thing I said was that there was a 10% d

as an average over the three years.

Oh, I thought that it started as 10%.

Ko, you take 100% as norrals. rt went down to 90f and thin back

to 100f.

You are talicing about dust content,
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e

SNBUDs Yes, this is referable to the nass of dust.

 
WEILER: It depends on the sises. But about this stratospheric

I agree with everything that Ben says abdcut the lower

of the stratosphere which you might say is isotropically

with the trcposphere. When you get up shove into the stratosphere,

    

  
   

  
   

 

then the direct exchange between it and the lower ataosp

becomes much more difficult to do because there are no i

surfaces that really penetrate up. They are mostly hori

up there, So, to get things way high up they are likely

there except by a very slow process of diffusion or ¢

Very slow, but none of this very rapid quasi horisontel 1

scale of exchange that Ben was talking about.

\ CEs How high?

 WEXLER:  X would say that if you get up to 100,000 feet.

GRIOUS: Hy recollection is that in the case of Krakatoa is that :

observed brilliant sunsets in the Sahara desert and other places :

and they persisted for a matter of months and possibly a year.

e
e

S
y
e
-
-
a
n
t

These things were such as to indicate the presence of dust as

scattering at a very high altitude well above the tropo e

WEXLER: That is right. That is how they estimated the height te ch

the stuff went. At least 100,000 feet.

GRIGGSs There was persistence of this dust in the high stratospherp a

long time.

Decor af Energy
i ay’s aifice

ARGHIVES
tems
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\ LERe Yes, and it gradually settled dow. They are able to detect that

vy optical effects, gradual decrease in height of the maln body

of dust.

GHIGOSs ‘Tethis consistent with your picture?     
  

   

 

  
   

 

  
  
   

  

WEXLER: Yes, I think so because that went well up ebove the low

of the stratosphere where it was effectively sealed off

isotrepie exchange for lower atrosphere. This is also

by some moisture measurements that have been rade. The

up 100,600 feet and it shows that in the stratosphere

phere is extremely well stratified vertically. That is,

are layers moist or rather moist air and dry air. This

extremely low rate of mixing. On the other hand, all thd measure-

nents that have been made indicate that the composition the

ataosphere, that is the permanent gases ars extrenely un! Orme a

It sort of gives you an idea of the tise acale of xixinga I

is soneuheore inbetween probably days or weeks where moig

precipitation, evaporation and things like that can

tified and the tine required to do uniform mixing. In

connection, are the samples obtained by rockets too small] to be

» w
a
e

analysed?

LIa2Ys I don't know. We don't know what the content is .

WEXLER s They get samples cown to the order of a courle hundred co] I guess. :

r
|
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‘This discussion seexs to me to indicate that the pilot
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whieh we have up there is only part of the question and

other pilot query which we had was what is the distribution of

radioactivity for Strontiua 90 in the world today? I

they are two quite different problens. To detersine as |

hasard requires one set of measurementa, whereas to dete

its distribution in the world which is integrated into

hazard requires a different set of measurements. You én't

need to make any stratospheric measurements to determine

human hasard as long as you had fallout.

X think, on the contrary, that you probably would. In o

back up finding the radioactive Fegroes in South Africa.

find a radioactive person in feuth Africa and say how in

Maybe he tock a trip or maybe he ate Alaskan canned salach, and

you bezin to investigate and find that the rain is radio

with Strontium.

But the fallout takes account of a great deal of this, other

words, one is operational and the other is science.

There is anotber isportant thing. If you analyse, say ialyour

pilet study, over a period of months you find that a

amount of steff is biological material. You are still

with the problem of what is going to hapren in the future

until you arrive at something about distribution in the ]149tho-
hydrosphere

sphere and/as well, I don't see how you are going to e olate

with any competence.

‘

Energy
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ZI am not going to argue against it. It seems to ue actually a

much more fascinating problem than finding what the husanl| hasard

is. It ds just that if one is trying to put these into

this is tne set of words which don't extet in the saapli

and I think that thay belong there.

I think that we all agree thers, but there may still be s

still wonder why we study Strontium on a worldwide basis.

our presentation in the last two days helped to ansver t

question. It would seem that you might well say take the

as being the fair oxample, but our problems of worldwide

tion are obviously so serious and so ieportant that I thi

thing less than a worldwide assay or an assay that doesn’

scme samples spread all over the vorld will be unsatisfac

supponingthat it will not ge with them, that there isab se

fractionation and 20 we have to do an assay. Ch, theth

thing is the long lifetixe means that thenixing processes

carry it all over the world, certainly in ‘the atuosphere

very probably in the ocean currents, at least as far as th sure

face layers are concerned. ‘Sa, I éon't think isclationisn .

any proper roll in this, We have got to take a broad point of

view. Return to the original Gabriel quention, it wasn't

you killed Americans: it is whether you kill people, and I

that we must assay the world, not our ow backyard, Are

any people here who object to this er want to discuss it.
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.., I wonder somewhat though vhether this is a terribly tape

. That is why Strontium 90 has never becn assayed. Hobody

‘chenical yields so it hasn

  
  

   

    

   

  

   

   

    

Our own backyard is, after all, 3,000 alles in one dimendion.

Ian't that a fair sample of the world?

we don't have much of it, you know. They have great

the precipitation occurs in these equatorial regions. I

that there are sbandant arguments for it. I think that

true that we would certainly take more samples in this

than in any other continent. “e mustn't slip inte the

that because it is more convenient that this assay would

I don't believe it will,

question for this conference though. Thet is, if you

in the league of the pre-pilot and pilot queries it se

that in thet leagus you can build a very sound case for

Well, I will answer that in the following way; it is «

of whether you will operate at all or not. It is a ques

to whether you are interested in Gabriel as soch. Nobodyjis

interested in analysing a few isolated bone samples just

fun of it. Feople will do this because they are intere

the Gabriel project, so if you don't keep the general

of it in mind you are not even golng te get the pilot ec

any reason to do it. It isn’t useful te Spence in getting radio-

  /FO

 



. LIBSYs

Wi lae eet

  
     

  

    

    

  

  

 

  

 

  

 

I was inpressed by what Hr. Solomon said, nemely that saxpling

thing, by its nature, had to be a developing thing and it] just

seene to me that worldwide aspectcould very reasonably pat

The only reanon that the developnent will ever go is the forldwide

assay. That is my anewer.

I would like to suggsst that we break off for lunch in t

three minutes. Let me just tell you what I think we can de on

a detection. Of course all of this has to be worked out

proven. Sut the detectable levels, of course this means

you are going to work hardest on these. The lower linit,

Say, $e about 2 dpu and this to be contained in any aneun

sample up to 100 pounds. Now what is one dpm ~ that is

millionth of hunan tellerance. The person who is just be

te feel the effects of Strontiuny it is contained in one

of calcium in his body. In other wris, there ts ebeolut

diffioulty in detearnining Strootiun in buman bodies if it buts

any where near tolerance. Now whe knovs what it is now? £

don't sven know what ealeulationg can be made; I can't

guess. Is anyone willing to guess what it aight be now? |

you say that it is a thousandth of human tolerance at the present

tine then one granu of calcium is the xinimun you will be

for this saaple. ow, the present saount of Strostiua in

world, The present assay; well, we say @ 20 kiloton bom [ives

1 gram of Strontius per KT roughly. With a 5% fiesion yie

have thie many Strontium 90 atoms produced from kiicton
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divide this by the crea of the earth this number comes oht

20,000 Strontiua 9 atoms per square centimeter. If we

we shot off say 1,000 beabs this would be per kiloton

present assay is 1 dpm per square certineter. That is

knew from the rough overall yield figures. That is how

there is, in other words the limited detectability is e

one square centinster for uniform distribution at the

The human tolerance is equal to a million square cortine

That is the ingestion of the Strontium in an area of a

Squares centineters, that is 10 meters square - you 3vall

wuch, you are up te human tolerance at the present time.

doen't know that any other remarks at the prasent tixe

particularly pertinent. How, naturally these are the

things to do and it will be easier to do Richardson's,

ve done I am quite certain.

Historin-’s Ostigg
ARC2YZ3
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 We would like this morning to discuss teiefly the resuite of

the separate necting. If we can't tell whet we do knof, we

should try to outline what we don't know—shich I ieegine fs

quite a bit. We would like to conclude the morning segsion,

after the coffee break, with a discussion ef the GASRIE

problem, giving sone of the results of the “old GAsRIEE® and

giving scae of the tentative conclusions ef the class hoation

policy meeting of yesterday which turned eventually int a

technical GABRIEL discussion,

Will Kellogg would like to talk te you now, en the

program involved in Part I. Oe

After the discussion of yesterday afternoon, in which went

over the possibilities, needs, and advisability of nak! some

experizent where we could follow the debris in the atacfphes pe

what I heve to say now may be really thought of asa of

the factors, and I shall try to state some of the discas:

that took place bere yesterday efternoen, briefly, for bs |
benefit of those who didn't hear it, Because X think afot of

interesting factors did cone up.

I']1 take first, our original attitude towardthis, In Rocking

at the local fallout picture--by this we mean the fallow, rain-

gut, in the first few cays—~we found that one of the nose dif-

ficult paraseters to talk about, much less to get any quantitative

inates on, was the vertical transport of debris, Harry Wexler

Pens. af Tpersy
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KELLOGG:
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" ectually we aleoat invariably would have shears, and of the

 

ie

and that 1s because of the way they cutthrough the clbuds.
If we could have the first slide, I dould rexind you ¢f the way

the atmosphere is shaped, and the way a cloud soving th the

ateosphere is shaped. This is a slide prepared by Jim Edinger,

and those of you who were here the first afternoon sani the slide.

It shows a sketch-—-and this is a fanciful sketch, but It is

based on the way one would expect the atacephere to bel

showing the cloud at the end of, roughly, one day, and] taking

two cases: one a rather unrealistic case in which thers is ne

shear and in which the cloud simply spreads through telthe action

of gross turbulence and fine-scale turbulence togetheriant, as

Jim pointed out (we won't go through the arguments again), you

would not expect it to be homogeneously distributed; if would =

be pulled apart and would present wisps and hot spots and gare

and patterns, Then the arganent went on to indicate ti
4

. vat

cloud, inateed ef being in a pancake section of the atdesphere,

would actually be spread out in a long belt, The dinedsicns

here are conservative far one day; thay actually ni4i is

nost cases I think, be even larger than this, and this Mrawa

te acale. This is actually a scale drawing of such a dloud at

the end ef ore day; as T said, these horizontal spread are |

conservative, This shows it, as one would expect it tq be,

extrezely flat. Now, in the case of low diffusion—and there

was somes argapent yesterday to indicate that the ¢:ffuaia:

Planetoc cr om
fee “ . . : i as

1%
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   would usually de rather szall in the

  

  

 

   

    
  

ribbon cloud no wider than my stick. On a cay whan tl

strong convective activity stirring, the layer

cloud might go down to the ground by the end of the

it would be a little bit thicker.

I think this shows one things that is, if we made a h

traverse through it, we would get a long slice this

a few traverses through it vertically would intersect

could be done either way, Cne can visualize alicing t

this way, with the line corresponding te an aircraft

or slicing through it this way with a ballocn—vut J

 

show this slice in order to show that one would not he

a very dense network of balloons in order to intersect|the part

of the cloud. | |

This is an experizent whieh would be presusably to fo the

 

  

  

Gleed in three dizensions from the tine of burst.

Are these balloons staked out, or do they ge along wi it?

We, these are sounding balloons in the sense of a

being mede from the ground upwerd, exactly as the sounds

which are sent up trice a day all over the world now. [fhe

a to 197
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density of the radioactivity in the air was, I think, ie

tionable to us at first; we were reassured, however,

finding that MRL had already built equipment which t

counters and which cost would be in the order of £200 |

instrument, exclusive, of course, ef the balloons, It

turns out now, that Fete Hyckoff tells us that the Air|Force

is algo in the preliminary stage of developing a s

equipment; using, however, inatead of countera, the

ment of conductivity. 4 few flights have been made w

show that the instrusent is practical and, presumably

IT wa quoting you right-—-it could be done between $100 af 4

£200 per instrument, or something in that region, if or

wanted to produce a lot of these.

The radiosonde network already provides a Large nusber

telenetering stations. It alse provides crews for

balloons. This is an attractive ides, practically, beck

it means one does not have to set up the balloon-leuich&

network--it's already there; one would aerely tle on ox

The question of how long we can track the cloud using

conductivity measurements com up yesterday, and none of

us was quick enough to make the calculations in our headas

however, I figured from what was said yesterday, that

ently the rate of creation of ions by ecoals rays in the»| region

“ser cy
a tee
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in which we are interested, in the vicinity of the

is about ons fon pair per cubic centinster per second, Is this

right—-te those who might be acre faniliar with eosnic

worked backward, using the recoabination coefficient

ri

the '

numer of atuospheric ions, and caze to the conclusion phat it

woals be about one per cuble canrtineter per second froalccsaie

rays at around 20 kilosvters...,What's that?

That sounds rather low,

Low?

Yes, I think it is low, Will.

Well, the nuzber that was aantioned wasa thousand atandpherie

iens per cuble centizeter.

wpete” wb

The mobility is very high up there, you know, .

Fell, just taking the nuaber of ion paire—thisausber wis

nentiqned—end if one uses the usual 10° for a resombins
coefficient of atacspheric ions, then one concludes that

JoltEBay.lo ee owe
fa LS PeeSS

ion 
3,000 ion petra ser cuble centineter and this rate of r

tien would be equilitrius forone fon pal produced par

centineter per second, .

I think that we could raise this by a factor of 10 eas

Is it a facter of core than 10? Well anyway, the number

jon pairs forned by atomic cloud 20 KT, and roughly the

cabina~
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which I have indicated there, taking inte account dec would

be in the order of 400,000ion pairs per cubic centineber per

second in one day, |

Fhat tics elexant?

One day having expended so that the voluns, thisis ha average

in the cloud, has expanded dus to this kind ef diffusian. At

the end of two days, three days, four dsys, it will ef box

decay further and would-—I have not made the caloulstion as te

when it would cet down to the level of cossio rays, I Shége it

would be sonething in the order of a week before 1¢ ot € get

down in the center of such a cloud to anywhere approaching the =

ecoscic-ray ion production. This is one thing which had|te be

estizated first. I don't think this estimate is a very

curate one, but it does suggest that one coald use ‘tee pads Soomsa°

tivity to track the cloud for at least a matter of days. The

idea ef finding where the cloud goes in the stratoagher isa

vary attractive one, because I think it is largely a ether of

conjecture now as tc how vertissl diffusion does takepi .0 in

the stratosphere. I agree with E. Yexler in inazining ¢ ‘ 4%

would be very slow, Yertioal diffusion in the upper pars of |

the stratosphere certainly would be very slows

Re have sane evidence, though, that suggests that vertiog

diffusion in ths lower part of the stratosphere, which alse

stable, is rather high. This is based on observationsof ssoke —

Post Inargy
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eleuds which have bee the a

which show, in fast, that as one goes from the relat!

wistadle troposphere where we have the decrease of te

with height, inte the stratosphere where we have

therval regions, the suoke pafte which grow at ac

puffs over Solloman Air Force Rase in the sumer ef 1949, This

that when you got inte ths stable layer the diffnsion

sloxar. Xow, what takes place still further en up is ,

matter of conjecture and, as I say, I would be inclinedite

agree that the rate of mixing was sl:wer in this npper Olle

But I really con't think that wa can say that definitely yet.

. - co - oe 7 woe Oe ase _— ~ ebttett “>ro

"LLL these neasurexente.,,do thay actually dateraine a

dinensional shape of the peff before and after?

There were three phototheodolites, and i$ was possible

deterzine the shape, in effort wag rede to separate tha effect

of stear.

Was there any indication of non-isotropical...I mean,

any elongation of an axis in certain directions?

Yes, but toig almost a2lwsys in a borisontal e
=

Row és you know that ast of this was not due to isentropic.

#0/ 
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wo it was only the spread at right angles te the shearithat wag

considered. When I drew this, I was ioplying that welt oo

elisinated the effects of shear from the data,

The Signal Corpse has been trying to measure width by ting

up sroke trails from rockets, and has been unsucces because

the diffusion rate is eo great that they don't even a chance

to photegraph it,

This is the horizontal? -

Now this is just dissipation of the vapor trail itself,| with the

enoke trail.

I've heard this too,

i]

It just breaks apart.

p
e
a
k

be yeu think this in the regien below 200,000 fests or ja thts 7

up in the very high region above the ozone layer? | |

YT don't think it went up that high. Thirty-five niles. 
Then they'd be gotting into a region of eteep lapse ra again,

 

    T've bad to cospress it because of the sise of the

This is the 35 miles here, and then we cet @ decrease

ture with height, and we have very good evidence for a

oO
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(ecntimed)

  

mixing turdulences ep there. This is way higher than "re

concerned with for even IVE IKE cloud, The pointis, that we a

con't have direct evidence for diffusion rates‘in the tratosphere.

yet, and we could get evidence if we could get b pong up through

the cloud and track it for even a few days, as is sugpqsted here.

Ta purpose of nentloning it was aimply te pet ideas fy oma 08

poople as to whether it wos practical or not, So far, r think

the only real objection which has bean raised fs that

nicht he sone otherway of doing it more econoxioally, Peoar

the idea of a large network of balloon:soundings 1s rather hore

rifying, in @ way, until one coupares it %o the cost ¢ fiying :

aircraft, wrich would have to ba jet airceaft,up te thive sams

heights, which I think would be equally great, The seapling

people will object to the fact that we are trying to tejenster |

the information back and are not making an attenpt te aa ae

what the xaterial is like. mo
bs

hy

It ts, in principle, perfectly possible to reeover op! . fron

balloonsy that is, tosend sampling gear up ona t silee 7

Feights as much as a ton have been carried by Gensral »

polyethylone balloons up to 90,000 feet, Weld Like to gp

higher. We could, presumably, if you want te out down o the

weight to a few bundred pounds; we could get up to a 1001000 feet

with these biz balloons, Therefore it does suggest thatlif we

wanted to find out what sort of material is im the stratesphere

one could also use balloons in this case, First of all,[getting

DenorteMen
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WYCKOFF:

EISENBUDs

KELLOGG:

KRAHISHs

KELLOGGs

  

They measured the SANDSTONE clouds over Washington, using

Osiger eounters and balloons. |.

What is the percentage of recovery of these balloons? -

  

 

  

  

  

  

  
   
  

 They had a project called MOSY DICK in the Air Force,

original WOoBY DICK gear were rather expensive and they wanted

to ent then back, so they pat $25.00 recovery prise of it. Out

of all the ones which they know cane down in this country, they

know some of thea went down in the ocean, but the one:

know landed ia the country—~—they got every one back,

That wes the alr sampling achteved? Fow was the collet

nade up? |

then about the anell particles in the air being the ¢

problen—what is the real distribution of particle |

the suall range? It was wuggested that one could use

like an electrostetic precipitator, as was developed t MRO,

for aircraft use, Or, in this case, one hasthe tine t

up there and use a thermo-diffuston separator—that on

sven imagine using this to collect these very email «

Departmort of Energy
Hick "5 Office
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| KYLLOOS s
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The third alternative, which is, I think, obvicus, is /that one

sould pump up a tank with air and collect the hele

  

    

  

 

    
    

  

       

 
a way that you could find out anything about thes, I¢

Presusably, be keeping to the sides of the tank after F

thes down.

the theraal diffusios device, and I think the fastest re:

sampling that has been achieved to date 1s something

words, it’s only really effective for very high cancen

for particles, I don't think it will be useful for wt

have in uind. |

Supposing one imagined a constant-level telloon

the altitauds ef the cloud and running one of these tt

several hours. :

Even at several hours at 30 co's per minute you still Lever

got very mich,

Vell, they would be better off using the power 3

authority to run an electrostatic precipitatar, I

would be much nore econonical to handle, Filtration

cut else, because of power requirenents in enderte estfaty

through any kind of filter. eS

Danariment of Enarqy
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~

ups in this case you will avoid any possibility of si

your own cloud ef already saapled air. 80 you would a

little fester device for a moving balloon.

Others have sampled air through an electrostatis tater

with about ten pounds of equipsent st a cost of

around $200, |

Will, it seexs to me that the problem ien't focused well '

here. You're not really trying te follow this cloud,

you) you're trying to find out how much activity ta there

and what is the rate at whieh it falls out—~isn't thatithe 2.30%le

real problea beret :

I triedtos if I'd been writing, I'd have made & new |
heading. fhe first section heading wes, "Following debris

using sone method for tracking the density ‘of debris, segerdless

of what it is nace of.

07 
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 I think that first problerz can be handled witheut t 2B

I don't see why you can't de it the way we have done i in the

past—by meteorological winds. the latter problea—that iste

find out how much fs reslly up there after a long peridl of ©

tine and the rate at which it is being ecavenged--it supzs te

me ig the real problen, |

Of course your wind analysis doesn't tell you anything bhout the

density; it merely says that a part of the cloud is

here, if it was all there would now be here, and what didn't

fall out or diffose would all be over here. Hobody objdcts te

trajectory analysia to dencnstrate that. That we don't fine

is how it moves in the vertical when it is following tha

trajectory, and it was sucgested that we do have a very eouplste

cut of the surface now, to show the density in along t=

diznensions at the surface, Fe really don't know what parh is |

followed by the debris in getting to the surface. Wecahenly

work backwards, using © columation ef trajectories end buessing —-

about diffusion. It's generally a rather poorly contr

experinents we can only use our winds plus an observations of

oue plane, in this case the surface. I would like to

ebeervations in }-dinsnsioss.-

This observation in another layer of the ateosphare seex

indeed a difficult one when you consider you are using balloon:

and having the difficulty of having thes where we want tHens

m
y

4

~=
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(contined)

KELLOGG:

  

 Comparing that to the data that were on the board yes

showing the figures of maxisum and ainisue for fallout

on the gumed paper, it seemsto ne like the range wes

even with the muber of atations--40, 5D stations—it

from thousands down to tens. You have the sans

   

   
   

   

  

of balleon sampling which sight nover give you an

great significance.

Aa I understood, the reason for these big peaks in

tion at the cround was dus to the conjunction ef the «

the proper kind of rain storm, which resulted in the va:

concentration at the crousd. I would expect that there

be changes in the atwaphers, es Jim pointed out there w 4 not

be homogeneous mixing. oe . |

mane bi nk ndPena-tenot af Enarny
‘hinatw
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KELLOGG:

WEXLERs

WEILER:

 

affected ty rain if rain should occur, or above such 3 bearing

layers. Moy would this information be of wiue to youl

Yes, I think it would be, because although ene would nothmey -°

the fine structure, I think that we could perhsps get an [ides

about the fine structure ty just one aircraft flight as

which — looking over the aircraft flights to get an ided of

whether there was fine structure or not. I was impressed ty

this more cr less orderly rise to a peak at sone region |

fall on the other side as they pass through the region.

But even then they grosaly mnooth cover the real fine do tax

ZI widerstand, by the sampling technique, taken cover seme

@ long time period.

But it shows, though, that the eise of the cloudy inoludthg _

the wings of the cloud, is large enough to be picked wap

it moves through a network of the density of cur present Pedic

sonde network. And ve vorld haveto foregothe fine s ,
~~ and the other point I meade serlier ws thet I have a.

that the fine structure on the ground in ratnout is

just « reflection of the discontimitios ta the rainfall,| rather

thanthe discontinuities in the air to begin with. oe

But Wil1, that fs not borne cut by these Massachusetts sanz ‘

which are, as I understand, sll reduced to the sama sncump of

rain, overa sxall area in a situation supposedly m formal reine.”

Denartment of Energy
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BELL:

VOICE:

BELL:

‘PuICEy

WEXLER:

. there which could give you some indiceticn es to the

“F

OT Taney
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Hr. Bell? . . . Se Be Be

Cur technique was, since ve are a rather poor project —

financially, I meen -- I built vith my ov hands a of

furmels out of sheet metal and put them in - staked thealous
above jugs; and in some canes the jugs wuld run over, in

nome oases they wouldn't. But these counts I'm giving efe

counts per minute per liter of rain.

 

What were the variations?

It was sixty-five samples — of about ten seuples — sixiy~

five tines. |

What was the range of the rainfall variations?  Well, that’s kind of tough, because I didn't try to

the quantity of rein. I took thet from these taken at

weather bureau and other people around there; because 2s iI

understand it you can't just go out and stickone ;

out and expect to gst any quintitative results, Z don't}...

know about that. T figure 4 tree or something nearty ,

change the reading.

 
You vant to put it into a place where trees and other

won't drift into it. You're fortimately located in Mas

chusetts. You have a very excellent weather radar at

7

Aa
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WEXLER:

 

  
   

    

  

 

of the precipitetion echoes in the horisontal

you could see whether that fs a more or less mifora p:

tion, That recalls scmething in my mind I heard about |
haven Laboratory also this spring. They made measuremet:

radioactivity in rain, and for the firet part of this |

there waa nothing, and then at the end of the storm it

matter of high counts. And there they figured that it

juat a conjunction, that the radicactive aloud came inte] the

place with rain to then bring it dow. It vas a rather §

thing -- rather sharp mounteins there — which again indlestes

the very fine structure that would probably be grossly njesed -

ty curkpresent coarse network of radlosonde stations,

 
Supposing you had a layer, Harry, of radioactive nate

like the kind of layer that we see when a anoke plume -

out on a stable dayend eproads in a big flat layer.Supposing
as the Thunderstors Project found — and you can coment fe

this, Dick Coons ~- as I recall sesing the results -I han

Locked at these systemtlcally, bot Just locking at the

pictures that have been published, there seens to be@gx

variation in the heigh of the rain rises in « given ~

a rather mall — area vhere ve have many cumulus srcund, Ant -

one cumulus might reach vp into this layer and another oa

might not.

   

   

 

   

 

  

  

 

That's why I say I think thet if you could get owt seme xpugl

measurenents @ to whether your radicactivity ves vithin

7  
Teecrtrent of Energy
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KELLOGG:

 

range of your rain or above it, that vould be some wseft informa

tion, But I don't think you're ever really going te get) to tse

your words, a three-dinensional ploture of the elow! in ite

fine structure, I think that's just beyondour present Retwork’s

capability. | | /

If you hed such a ploture, you still wouldn't be able telepply

it, because then really vhat you need would be fine #0

structure of rain, which, well maybe it exists from ean}

rain networks, but .

Well, radar could give that te you. Then I don't know wi

you'd do with 4t if you did have it, even then. ‘hat, redlly, :

would you do with it? Maybe I's putting words ia your

but did you have scmething in mind of comparing the distaitu-

tion initially in some coltwal with the distribution fUpMy séooSS
— after a certain tine interval — to see thea vtat nigh

be the vertical motions? Yes, but then if that vere tipa

case, how do you— that's the sume ooliamyou are So

with 4f thereis all sorts of shearing motions thet take oy a

parcel from one cclimn to a different oolum .

T don't moan to Saply Yat At veld be aa onsy anaes,pete ;

would be « very difficult one — exceedingly complicate e

do knov viich directions the winds went. Ifve have a i.

sonde network, we know vhere the debris ws initially f

Observations at the test SIGE site. We canput these

Deparros! of Energy
— Hicter'sa’s Office
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KELLOGG:
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end the other factor is how fast does this thing nix?
the one that ve don't know about, and it seeus to ne that we
could use our methods of three-dimensional plotting viloh
metecrologists are socustomed to using to find cut hoy
spreads. Oo

But you speak about mixing, Will. Would you be able to

tinguish between fallout and a turbulent diffusion of

Well, for an air burst there is virtually no fellout, as

as I can make cut. That is, there are none — no

large enough to really account for any gravity fall.

Then it would be a gasecus probles.

Essentially gaseous. We have 20 mlcron perticles andé

20 microns hes very onall fall velocity. You get dowstc
particle vilohy it has bee: suggested, 1s protablyclose :
the peak ef the mnber density curve, then ve vould here o

fell at all, neasured in a matter of dayse, | ‘e
e

.

Do ou opt axy radar ache tn ry froquanty from these

Frou the redicactive cloud?

Yes. |

Only vory initially when it's highly lonised, as far as Ipmow

they can't after it stops rising. ~ | .

AS 



woLER9

KELLOGG:

. Toms

KELLOGG:

  

= s

=e eee

 Well, as I see this probles, Will, you measure a

distribution of stuff at the ground and you'd like to

it got there. You know there it starteds you knoy the distrita-

tion is the United States, and you'd like te fill in the/inter-

vening mechanism that brought 14 dow. And you say this/{fs an

air burst, so we don't have to worry about fallout. Wha} then

are the mechaniens that you can invoke? You would like

invoke turbulent diffusion of which aduittedly ve mow

little. There is some disagrement as to the intensity

bably, differing by orders of magnitute.

  

 

    

  

  

  
  

   

  

  

  

I'd like to say that we'd perticularly like to know this

the stratosphere which we could obtain from tracking the

clouds in the Marshall Islands.

Could I get clarification en that? I don't quite see

particularly wish to knov this in the stratosphere for ¢

reason — it doesn't seen to be terribly consequential to

local fallout problen and, for the wrld vide fallout,

some to Re one can say, well, this dust1sgoing to be

distributed extremely broadly and there's good evidence

1% canes dow very alowly. I can see vhere ’

this might be interesting, tut I don't quite understand

it fits into the Sr problem. |

Um base, Well, as I said earlier, I'm not ever ashemed o giving

a meteorological reason for wanting to find scusthing

* ooh oF
™

al

/ .

: Mote
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ever, I think there is practical justification for Imovihg how
fast the material vill diffuse in the stratosphere becaupe if
we are considering -— a let of the argusent yesterisy

centered arcund viether the material 414 diffuse rapidly|iathe

. gtratosphere or whether we could consider it as trapped

This would be a direct measurement of vhether this was tix

How for the looal fallout, I agree, we're not s0 oc

with it because it is the lover diffusion that ve're |

in for the local proble.

I haven't finished my statement yet. Well, I mean, if Tive:

given such a probles the first thing I'd look for, and {1 is

an eirburat, I'd look for a reinfall map and seo if herd’s 4

any ecincidence of high rainfall vith high counts, and

there wore, I'd be exceedingly pusaled, because thisis tot

supposed to be particulate matter brought down. And thed I'@

say, vell, this shovs that this Langmuir collection

does not epply to this problem. I'd ask nyself "Well, vt

elee could tring it down ifthere's a conjunction betved

high counts and high rainfall?’ And then Iwould look fr
this air entraiment business, that is, air getting or

in the rein. I don't kuov of any other mechaniss that whilé

do thats that is, as far es frontal precipitation is

concemed. As fur as convective thunderstorm precipita
4s concerned, {¢ might be this terrific turnover along

Lines that ve discussed yestarday, But it apparently

<
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LERg place from the fact that temperatures at the ground drop] dows

(contimed) well below the levels they're supposed to drop down if the air

stays the sane and if the alr was ocoled by evaporation

—falling rain. Welly but suppose, on the other hand, you did

not get a coincidence of the high counts vith the high IS

Then that would eliminate the rain as a possible

factor and you'd have to look for other mechanisns net ops

nected with rain. Well, then I would invoke, first of

large mass movenents of alr vertically on isentropic sw Lene

You may not have to go through a detafled isentropic en ,

you may just make use of general meteorological considergtions

of descending air connected with anticyclones and things like

that. In that way I'd try to interpose possible chan! gas»

depending upon hov the date in eech particular case seen] to

agree both metecrologieally and radicestively, Tealdin the...

interpretation and to aid in putting forth reasonable

anisms, i thoroughly agree, Will, that it’s just en inpe a!

to have vertionl traverses aa horisontel traverses,

we're now getting, The vertical traverses are necessary bot-

I don't think that thay'l) ever give the fine detail tha ts

covered by the wordla"the three dimensionel picture of clpud.® -

I think 17 will just be an extra bit of informetion te} lp us

decide whether ft was possible for this cloud ~ radioactive ~

cloud ~ to have been caught in the rain area or not, and Rhings |

like thats I don't think it will throw any Might quntithtively

that will inprove cur understanding of vertical ¢ ,
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Maybe it will be a residue sort of a thing that ve can aktribute

to nothing elsey but diffusion, but somehow Ifeel that

tatively it will not improve cur knovledge of turbulent

Tn view of the fact that I still maintain that in a

sphere it's probably very much lover than the otber p

that are spoken about with isentropic notions, and in unstable

atmosphere much lover than penetrative convective

such as thunderstorns. .

atao-

You would say then, in view of the sort of thing that

tud's doing and Machta {s doing = and alec collect more

Yes, and I go along with Will's reccamendation except I

think I'd dignify 1t teythe word experiment; Just say,

in the formof herleontal traverse by aireraft =- make t

travaersss by any means whatsoever - stroraftox belloon fas

they become available,

This ts for elouis - oot nacensnriy fer streteapherey ftfoe

ssccccoesethis 1s not necessarily forradicectiveclouds in the

etretoaphare, but for the lover ones vintch «  
No, This is the whole probles. That's the fallout we’

discussing.

Given a radicactive cloud placed in the stratosphere, it |
ever achieve a uniform distribution, and if so, how

parericast of Eneray
bes mate “ttina

vom
1 he
ygiesa
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WEXLER:

LIBBY:

WEXLER:
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Is this relative to the present problen? If this

elowl fs within the stratesphere, is it a close-in pro

it's gas?

   

  
  

  
  
  

  

we bee

Mo, this is the point applicable to the long range pro

net at the surface of the United States would give you

indications as to whether it's possible for that otra

would be a useful bit of inferuation = Af veoan posits

Adentify that {aformation vith vint heoollectewiththe

pertiodlar tests |
_

Well look, Ae we gpas I euggested the other day) te

Thankegtving and find the stuff coninginte rein, docen!

prove that the stratosphere bas redicactivity in it?

Rot necessertily.

Why not?

 Well, let me ask you this. Would you knew initially whe

the stuff waa contained within the stratosphere ccuple te

begin vith and not below? . a
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I don't know much shout meteorology, of course, butita

to me that by the tine next Thankagiving comes eround{ “an

have reined out all this stuff that's dowm belew in the

veather layers. Anything else that comes is then

dense. « e « « ostorage usateirs.

Why do you think you've rained out everything dow

Vell, that will have been six months since...

But rain is a pretty spotty thing.

 
Oh, you think the washing tine for the atacsphere might

longer than six months? I ves assuaing it would be sho

to wash cut all the dust.

   
   

 

  
   

Wolly feel as apprehensive os you are. £ don't this.

can state for sure.

Well, let's put dt enother wy, How can ve tell! It

seem to me that there's a washing cut time for

matter in the lover layers. You ve don't know what it

maybe, tut this would be a thing which would certainly

be over & year, would it? It would be shorter, perhaps,/ than

the tine for stuff wyupstairs to cone dow ond diffuse)
- |

e
e
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LIBBEY s
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a.
   

 

through into the veatheylayers, If that’s true, it w

be shorters and do, if von continue to make these 6 tlonsy =

you're going to continue over years to see redicactivi ome

out in a more or less uniform fashion ell over the aia *

Mow let me ask this, Dr. Idbty. Is it possible for thelatutf

once it's been deposited on the ground te get mept wp the

atacephere again? —

I should think note

Why not?

Row could it? | 2

Attached to windblow dust, or scnething.  
Ch, but isn't that very xinor as compared to — I mean,

chance Of @ given Gast particle being picked w antye }

the air fe very minor infeedand Z Saagtotere

 

T don't know, ve heve terrific dust storms as™ now, ta *s

     

 

  

 
certain sreas in the worlds. | oO we Be _ a

vatanemwtongence oe
Bea Holsnan made between vhat's way upstairs anilvhat!s -

mediate. Is there a contimal mixing at all layers —

that are closer mix acre and those thet are farther nix .

lesa? Can you really sharply distinguish between vat’ |

upstairs and vhat's internediatels co me * .

 



WEXLER:

LIBEY :

WEILER:

GRIGGSs

VOICE:

KELLOGG:

another probles. ‘tay dartwwHse‘iveroi

  

Well, probably not, but the real question confronting wate.|
vhether votregoing to have radicactivity rataing out
the next twenty yeers even Lf we don't shoot bombe. Isnit .

1 ee ‘rw :
Mos i. geeOPES ET ee
- ae Ls ReSep

And you're tang of te teetonpary an orto dd

storage ami that the atacsphere can almost draws  
It diffuses almost molecularviae, I mesn, very slowly;

wall diffusion coefficient oomes down and then gets into] the

weathey’ sone and gets rained cut.

Well, I wish we could think of one thing at a tine, 1 t

tong ve war thing coven pots to begin why fad *

that's a separate mechani, and vhat not. Now if we're|

going into the world wide, long tine, long ranges that's]
¥ Bed get AeRaaee ate

 

 

    

   
    

 

I don't think you people vio are arguing ary, differing1

respect. Tou want verticaltraverses)andhe vant.ve

traverses. | oe 0?

rf: 2 .

legee,

a

That!I2 be « wetter of language, but we'll return to it

Yes, I think the point 1s, are ve talking about local or

talking world wide? Actuslly, what I intended to talk abo
a proposal for an experiment to find out vhare the materi,

bey end the appliostion of the reuite to bothproblems, Z
is rather evident. . Te: me a

. :  
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VOICE:

VOICE:

WEXLER:

  

Ineidentelly, it may be pertinent to paint outthetth

tasiness of the dispersal of dust night become quite |

ts det the ats polation tere, nee tht ereercerngth
such measurqents as rate of dust fall in the eityani ¢ boa,

sort of thing, are scuctines quite concerned by the fac thet

vhat they are measuring may, that they may be measuring

sane thing several tines. In other vords, thedust and
they measure it in a spot, and it is redispersed ty a wc

store and comes down again, and they've measured considedebly

more dust fall than is ectually produced in the ely.

I don’t know why, but it strikes me as unlikely thet a dust | 2

yerticle would ever get up once it's set dows. 3

Ohy tory you on to ent over to the daut tovarené a

it's really Blowing. ates Chaeened posessichbRSRE

Hy recollection is that the measurements that havebeen fo in |

the very Gontyregions ofthe LasVagusarenintionted te = os

=e ~

Yay ek 8yAeofntactof
aig

ortof, thedrip cut from the eteatompherie storages an
4a!

Oh, nod ss

Well locks suppose you had « real good raincut that b stuff

down, I mean suppose sone of the stuff ws completelysce "ant

then £8 dred varyrapidly and then along eume igod dont vo

“4 | So  
e yarnsron

4

aay
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VOICE:

" . . een |
a 7 sealoeDer

‘that it'd get in the waveses:

 

picked uw essentially everything that wes, and vould

end all that..    Vall, most of it, treetoate of 18 ts counsatyo

That three quarters of it.

Bow then, you have inland lekes and rivers, ané green shiuberys
enon

I juat don’t think very much of it could get tack, even ifsc

Well, could 1¢ get tack to salt particles?

Z think it’s a one wey street.

Well, I'z wary gied that you've elininated <nneposette

your satisfactions,. “7

2 OryaSeTet

Well, getting beck tothe mainprotien, thtsagualpipes

te find out 1¢there'sany storege in the stratosphere, co

itete oe

Steect

That'sright. td
* *

. ty wet 7 . foe aa
SF- :

You yourselfbeve reoogaised the posstbilitytatover «f

of tine, if there verestorage in the stratosphere, 1%v

dtstetbuted oes the vicle globe, or sertainly ever the}

Why do we nocd a big program consisting of samples from
places to find out if this is true? I showld think that

traverse through the stratosphere with theproper 1

would deternine ence antfor all 1¢ there vere storage,

o
e
J
r

2
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sottsity=~ what youwould expect fros.+e

Baysvat vas a reascosble fraction of Mike bere and

 

Fight now..and starting later on, in the next tig shots |

are scheduled yould sem simple enough. Sow Pete Wyckoff has

dons this, but I don't think he vant to put in too oredit —

for this experinent; becsuse they just vere condusted, a mot.

for this purpose. Re didn't find anything last This

is the beginning.

But you need to know the leakage rate,

Ch, sure, maybe you have to do it tuo or thres times.

How high could you got

Seventy thousand, and ve have gone wp to eighty-five. 5 
   

 

Have you done anyoulouistions to ove Af this vas the

~ , . ; . te. %.

a . woe ieFle tes aetHB Ce SSA

at with that mnemally2hsly to de theres

Sour weskiig agtnet sone Kind of « Dachgomde

Yese . |  

 

  

 

Welly 1 semeto check pretty well vith viet ve wuld
from cosmic ray values ~~ any deviation it ves within the

instrument arrer, so if there ves anything up there fron

and there undoubtedly is, 1t vas much eller thanthecomic

or “Aa

Barcrtewt of Energy”

a

ott 



 

>
\wLCE Vouldn'’t it have been amaller inany case? tna va sort

of instrument didyou use?

WYCEOFPs Contustivity meters.

LIBEYs Don't have any checkingfor the senaltivity.

WYCKOFF: It's quite sensitive, We were able te chase the GREEXHD

aloud for instance, for three days, and got very posits

traces of the outline of it, and other people hare it

mush longer.

KELLOGG: this vas in atreraft? 4

WYCKOFFs Za aircraft. And this ws from the fallout only, not ti ~

cloud itself, |

LIBRE3 dnd that might have been athousand square miles big at that tine?

WICKOF?s Ch, yese Waly om the tnd dayfor Soetanoey ww wareofa

te ot around 1%) $$ ves much Iemger, Fe

LIBBY s Well, you bare tuo things on theCrvssiione,onthe Hike[then

   

  

 
You have the fast that you vere three days, and the Hike

whatever length of tine it 1s, quite a bit less,

ant according toour notions vouldbe pretty vell distri

sty, over theearthy T wonder if you oould have dstectad

WYCKOFF; I question 4f ve vould have been able to find4¢ mich

our level of detection, uePyee
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LIBHY s

BACHERs
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LIBET 2

BILL:

KELLOGG:

  

—
Did I understand Dr. Kellogg to say yesterday that it
require dps per for something like «

eo of air?

Yes. There would be one disintegration per 10 00toe

comic ray background.

That's an exseedingly high ocncentration,

I should think that it is pretty big.

A ee reaty pan 1 hom aetee1

{t's about 10%

It's 1,000Bice of cogaic ray background,

Which is 2,000%%%

me eeLa tet

The Mike aloud.

   
Socouldn't be chased) bt 18's att an Sapertant

even 1¢ At 19 only 1000" of come rays, :

What you need is a smple, a large volume of alr for

  
  

sae ee Hee 
Li
eu
t

cocthe most practical thing I can sce is rain sampling on gichal

besis, in periods when they haven't shot banbs for a long

so ve cught to get busy and start sampling all over the u

more or less right sway, witil the CASTLE series starts.

Well, I think, there are two things I'd like te tring in |

The first is to go back a little to the session of hey long

 

   

aay
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radioactivity stay in the sir. I have here an RRL

acme of you have already seen published in the Journal

physical Research. The ERL pecple made studies ou the chnosr

tration of naturel radioactive decay products in the at

making certain assusptions about the rate at which they

produced, that the "mean life of each substance due te ndz

radioactive loss," that is due to sume sort of

removal process, “vas about ten days." I think that

the question of how long radioactivity, once itgot into

lower layers, would last.

Bow levi

Well, thelr observations vere made at the ground, but p:

Don't thesethings oome from the ground?

This is nt a cloud, thene are natural ratonctve ;

Tan't this radon fromthe ground, going wt -

Tete

Radon from the soil and it's decay products.

ny Ln ema rndingn ware than Mo cme wth «otha

like that? : | oA,

4
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e
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—_?,

Well, I talked to the man who wrote that, and he wes agast at -

the fast that this might be used for the world wide probilen. ce

4% might bo the came way with Thomas and Bally here — I

vith the Tracerlad on that — Shearer, who vas inoa thet] and>:
tol4 us about it. Before he left he was achat perplexbd, and

he wanted to get cut cf that..pecple vere using this for

world vide probles, s0 I don't kucw whether we can say waghou!

rate of anything, afx months and three months or ten days] tem

years ~ because I believe with Dr. Wexler and Colonel Holos

whether there is any uniform wishing out in the vole atacpphe

and certainly that radon te not going to answer its. 4

 

 

Colonel Lulejian, do you think it possible thet Lf we findirain

in Chile next Thanksgiving that is redfocactive that this

~ sia xPenagniarcsese:

The anever to that 1s ve actually don't knov, so why say or

no to a thing Like that? Certainly 14 is not based on the

report ef radar coming frou the ground viich we have lockedlat

ourselves, We find that {t seans to be a function of the shrfs

inversion how much lack of build wp there is in this

I don't know why you think thet this is an escteris reason a

storage layer up there. You might think of that as being ut

fornly distributed and then as ocing dow slowly. I think

is the evidence of your getting scue radicestive wshout Src one.

of our previous tests. Nou whether it is stored up there orivint,

I just think it fs @ sort of scavenging processe.

. < wf Ta cray .

; * ~ - Sd

: . aN

- ww

oo a F3C 
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What we are debating is whether it is wrth teking bucket

of rain and what we can learn from it. How ve have se

evidence yestarday that there is to be some fission

we can't account for, Now mybe this is just poor

or sampling, tut there seems to be sone evidence that

of this stuff ise nissing.

The same techniques vere used for Tusbler/Snepper as Ivy,

and there is a big discrepancy. If there is stuff missing it is

presumably in the air. The most likely place wuld to be

high levels, it seems to me, Colonel. Of course, I

it does the rest of it.

8

. z¢ .

Beovteayot pt Saeray AS/
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propose reasonable nechanten. They can bring stuff to Chile, in

stall ve say 0 veek, under proper eireuastences andgive rain vithis

a week. mat is neither en argument for or against high vel storage. -

I think that it would be interesting to notice that it gf @ background -

information of the dtetribution. |

I think that we ought to make measurements anyhow though;/ they are easy

to make. You have a station fn South America, dont you, Er. Fisenbuil

Yes.

drip or unusual transport across the equator.

Can't something be done to make these fallout measurenen | more usefulin

terns of rainfallanf at the sane tine take very quantitative rainfall |

measucenants to get sone idea of bow’ the reatouctivityte relatedto

rainfall iatensity--or has this teen donst oe

m
a
e

It baa been dons.  
Ke has charts plotted where they bave barographe from | t néasurencnts

and rainfall.

That has been done at Upshot-Knothole. What they didivas three

stations around the country to go out vben precipitation s and

collect rain at 20 minute intervals for the duration of precipitation.

moatlok Panny

aX?

  



VOICE:

WEXLER:

VOICE:

HOLZMAH:

= st41L hope that we can think of some way of using operaficnal, alrerafy

 

Those data should be very interesting. ao     
  

  

One thing that seens to me vould be very isportant is how efficient is

your method of collection. The amount of stuff which is p there varies. We

just took 50% out of the hat and this is something that a must de able to

control quite accurately. We would have to see what tha efficiency is and

thea ve would be able to at least get rid of one unce

I think thet it is very important to distinguish between btuff that is

brought dovn by rain and stuff that fe not brought down rain to be

abdeclutely certain that you have those two categories,

And this in periods of quiet vhen you don’t have a lot of Local welisfatioet,

radioective clouds floating around during periods betveen|tests, =

   

     

   

   

 

 
to getsome idea of the stuff being upstairs. :

There is an “iraians, *that will fly nearly to 6,000 feet. : “ oo oe -

Well, 1 you can to that and have » semple--but Ben Ho te experinent
Cte

vwoa'’t help because’you don't knov what height that otutt pieked up at...

That's right. It is so dilute that you have to take quitela largs volume

to get anything, and it is so old that you have to take te alots.

I don't vant to te used as an argument against Will's p

think that, say, a ballon measurenent would tell us |

the thing is distributed with altitude and maybe sase ly prograa

where ve might be able to get soze rates of scavenging or

the activity might be worthwhile. My resarks vere mainly
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 against doing this from an understanding of turbulence and things of this

sort. What I am interested in finding out is vhat the dfatribution of |

this stuff is vith altitude and how long it stays there. rou might be

able to have sose sininal progran of ballon activity a mente vhich

might give you this. Distribute them around the earth or Bomething of

this sort. You could get a balloon progrem, on a very om scale vhich —

would give you some idea but the focus of the problem woulll be to deternine

how much is up there and what its distribution is and what ite loss froma

the atacephere vould be.

Did I understand youto mean in a little different vay, A tte cap

think vhat Harry meant, that ve von't te able to use this < a for any

fancy analyste of diffusion rates but it will be some Qtredt evidence on

vhere the material goes which ve do sot at present have?
*

And 1f youcan just throw add{tional light as to whether tie vertical =+

movenent of the stepdown is done mostly be rafa or by nonrein. That . 4

ponrain te extreaely isportant becauseif this is strateapie erat a

it hesgot te get down frou thestratosphere to rain-be i levels so

tat you have to throw Ilght on both of those mechentsas

Would you genutienen hasard a guess as to the diffustoa coe iclents?

z lanbasted those things yesterday and thenfore Thaveat owed myself.

X just dou't delleve a cunber can really express the couple rity of this

whole problems. Comprising a whole range of scaething that effects

cigarette sacke to thunderstorm. They all enter into this u {ness

but I do think that ve have plenty of evidence, {indirect evfdence, that

oe lartecss# ae Energy”
oe “Tt fige
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the ataosphere is capable of maintaining stratificatioa

periods of time as shown by moisture which argues these moves and

then st other times it is capable of going through

Either vertically, by means of convection, or slant-vise,| by means of

adiabatic processes.

X think that we all agree vith you on that it is very difficult and runs

through a big range of variation.

   
  
  

 

  

    

 
We will forego the individual reports of the comittee

interest of getting a discussion of Gabriel started. Ae

already know, the conelusions of the o14 Gabriel report

vould require of the order of $ x 10° or around 10°

bring the vorld wp to # “mean lethal” Sevel of sr”,m

that it has been froned out, and I would like to ask Dr.

short telk on that. -

Most of us were rather perturbed at the vide latitudeof

anydefints} fionres betbut at least we bave tried to st outsome

of them. One of the questions which ve discussed (this pertioularhy

Lauriteen, Becher, ani myself) is the question of the tolerance dose end

lethal dose for bets rays es eoupared vith alpha rays, and had several

things to go by but the argusent which we finally decided vas the

following. There fg an accepted tolerance figure for gamealrays for vhole

Denartment of Energy _
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body radiation which is 500 mr per week and 50 ur per

  
   

   
  

   

  

 

  

 

  

 

electrons in either case so they are particles of lov s

ant if you have untform distribution, I suppose you

right musber, except for one thing, nazely, that your

not the most sensitive organ which you have in your body

is probably

anenia first. If you assume the same tolerance dose of ur per dag, thea

this figure ought to de 10 microcuries of Br” your bones,

Didn't you have to take the bone volume in this caleulatiial

Ia this calculation ve assune the usual 7 kilograse of

that the Jontzatioa, the number of ions falling, 1s in prpportion to the

mess, vnich ta very pearly correct. 7 ot

I must poiat out thet cue figure hae been used©go fromthat you vould get

for even distribution compared to what you would actuallyliaet fron the

particulate distribution in bone, and this is a value of ‘Iaother

words, this {9 not a good value but it is the best ve ha so wevould

eay that the Sr” vould be deposited not in all the bone in about

1/10th of the bone of the body.

I suppose that this depends again upon the age of the

way we wanted to proceed I think is very closeto vhat

Qoortment of Energy”
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saying. Kanely, in a very young individual vhe is expo

level of Br” you would get a more or less uniform dt tion. In an

afult, I suppose, you would get deposition mostly et the |

you had the sane levelof Sr” tn your caleiua then this

exist in that pert of your bone which ts recently deposited, anf therefore

you would have to get the same level of 8” per calcium

radioactivity.

Z think that Evans has got some unpublished estimations there are

hot spoteof ealetum 45 in the bone that are as much as five tines the

mean deposition. I haven't read the peper, and this is j

I have beard so I think that it may very well be quite an

distribution.

Well, you have about tve aillfon volt energy losses yer yer se .wi os

centineter for fast particles. How the linit of the betsby tren is

2,000,000 volte) ve assuse that the averagewus 600 tiLovolte and600

Kilovolts is not quite afast particle so you get 3/10ths agran per

square centineter range. ,

5

w
b
a

Provably a little more dense than water.

Yes, eo you may get 2 tneters.

So any structure finer than that {s of no consequence.
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I haven't seen £¢ but I would conaider that these are tarpetetons im

areas larger than 2 ufloneters.

What is the scale?   

  

   

   

  

 

        

 These are rather grose structures, on the order of 0.1

There are definitely large spote that you see vith your eyes.

Anyway, isn't it true that if you have a constant level o activity,

constant through your lifetine, all this doean't matter?

fois is very true, and if you are talking about that, ¢

even distribution,

I think that ve can assume safely that radioactive atous

the same vay as nonrediocactive atoms because the body ce

T have assumed that strontium is deposited the sawe wayas

there is no differentiation, If you are talking about a 1 1 constant .

matter what the detaile are.

You say 10 wicrocuries equals three tenths or an r per vee

I just don't know enough about anatomy to know whet the trapecular

ayproach to the hesatophylic system involves. Does this gojdown close

to where the red cells are made or not! Because if ts goes ldovn close

to where the red cells are asie, then you have got the prob of inducive

leukemfa. J don't know but {t ought to be taken into ®

Dergrisceet off Energy
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I think, Dr. Bethey that the problem is sosevbat siapli

this is an intricate coe which has been worked oa by « 5

further adopted by the International Comissica so that

think, accept that as the standard to which ve are

Well, I'm sorry I can't agree with you on two accounts. say that 2

mierocurie is the acceptable dose of radiua?l I thought t you said}

yeaterday that there was a factor five in‘ effectivensss energys

Toere vere two standards, actually, and they are not enti ly consistent

by about a factor of five. The 500 aillircentgens per wi

to a gamma ray type of situatioa. "

X vas trying to argue that you should use that standard.

The density of ionisation along the beta track te diff then it is

mlong the gaume tay track.

But that is what you messure when you measure roentgens.

Ho, but a factor of five or 10 for alpha rays as opposed tolveta rays,

ani this 19 just because of the increase ts the tonteation flong the track

Thie also is true for deta rays.

Donartwant df Energy
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Well, it strikes me as a somewhat low figure.

 

In actuality the tolerance value calculated by the tvo

I think comes out very elose if you put in the factor of

the group has done. in other vords, tt comes out almost

thods, Dr. Bugher, -

1, wnich is vhat -

identical. . 
When you take 1 microcurie of radius and if you then

the ratio of energy of radius as compared vith strontium

10, and in addition the factor five for effectivences of

the accuracy of these nusbers,

into account

whieh {fe about

isotopie versus

_ beta topics, you come to five microcuries--which certainly agrees vithia

I am just pointing out that there has been an internatiopal agreement

on this case on the tolerance figure and that is the one on which ve

ve ak 88 ttn eyo ih eres, a he gf crac te

that of 1 aferocurie body burden for sr”,

 Well, I think that it makes a difference vbether you are

dova to one microcurie. If 4t 19 forned right from the

    f
o
t

,

y
p
e

.

then {0 fs ettrituted to all the bone, snd you voulda't have to take a

factor of ten. It seens to me that it is in agreenent.

Wits this I agree entirely.
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Therefeanother factor, Dr. Comar, if you assune that i

beginning ‘the aecepted value of approximately three-

is based primarily on oceupational exposure, hovever,

International Committee on Internal Dose has not been

the case of uniform deposition and use the value of i al

you are aaking the comparison directly with radiua. [

indicates here but is nade experiuentally on enall » 10 is truge

+t

What does the comparison say?

The eoaperison mys that one aicrocurie of strontivs is-- the Fatio of ae

the effects of stroatian and radius--are the sane as the detio ofa dcse”

of 1 aicrocurie of stroatiua te one-tenth of radium. | thal is, the ratie ,

of ten to one activity. Those are the experizentalresal oa saalt? ad

ensizals ag best as ve can interpret the,yf ci

Well, se this ie so, this, I think, contradicts everyt that I have :

hearddefore, namely, that concentrated fonizationis ve mush more

effective‘than dilue fonization, It contradicts, for insthoce, the

statement which {s usually made adout neutrons being much effective

than gaewca rays, and eo I wust say I just don't unde hoy this could

be.

May I esk if you have taken the exergy of the ytirjua dsughter into account?

 Denartyp
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 ~aeonte Be
Only the ythius. That is ementially just the ythiua. Wail, ve took.

2,000,000 volts maximum beta ray energy vhich, unde ad, is the

ytbius osber and that is about 600 kilovolts average er ey, maybe it

is 900, but I certainly von't arguecabogt 50%.
e

Doesn't a good deal depend here on what you vact to use this figure fort |

The accepted pernfasible body burden of 1 microcurie preguasbly has the

safety factor of ten, so if ve are attenpting to keep tha average loed

of body burden @f the population down to an absoiute safd figure, shouldn't

we stick to the i mierocurie figuret If you have some other purpose is |

mind, then probably ten is more realistice than 1. =
1

x

Well, I wanted to get a figure which could be cospared td other figures,

which are commonly used other than a figure which ies taken more or less

by arbitrary agreenent.
4

*, ak fe, weaee =

Well, there provably is a safety factor of ten in the thie hundred ar

per week, too, iaa't there! Tails 19also supposed to be safe, |
:“
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Taree hundred ar por weekis probablynot es fira a ad d as cos-tenth

uicrogran of redius. That is cae Rigure couparison--that is vhy ve like

in these internal exitters to go along the one-tenth alicrpgram radius

stanfard rather than the gauem nusbers. |
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Nov as fer a6 @ nomunifors distribution {s concerned, I wink you will

be all right as soon an you talk about a level of strontilx relative to

calciua vhich is being absorbed rather than about total sour of

strontium, and I think {t {s fmportant to try to elininatls the campounded
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factors of safety or uncertainty vnich you bring in by first caleulating ~ 
one thing and then anotber and forgetting vhat you have

and that is why X would like to calculate « uniform dis

ask vhet is the ratio of this to total calc{um, and this

calcium should be all right even if we have a nonunifors

But (ff you ¢onsider the ratio of strontium to calciun

sets of figures that are available I think, One is that

that animale take up strontius at the sane rate that

calcium, This is ons set of @igures. Secondly, there f

figures to the literature about a couple of other invest

which it looks as if animals take up caloimum twiceas

take up strontiua, In other words, there is a tvo-to-cnel

factor. Thirdly, there is the data the Krieger has which

just the distribution of the norsal strontiun to caletua

as it now exista, there fs a factor of 100 between the so:

q

Ja whieh direction?

Boil, has a higher ratio of stroutiua to calctus,

Whatratio &> you get for soil?

  
  
  

     

 

   

 

tio to totel = +

. .cat

ratio in matter!
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the typical Eastern Anerican soil ie the ratio of about

to a 1,000 calcium atons. In the results of inveatigato

ratio for adults, that is frou 5 years up to 72 years, is

o7 ig on the veight basis rather than atoate.

 

strontium atons

at UCLA, the

% 6.3. The

, 9 ira
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Yea. - 7

Could r bave @ fev more of those figures?

Yor natural vater the figure is sbout 53. For sea vater it is about 11. 
The average for the earth's crust is about 4. The averag¢ for plante,

  

  

   

  

Could you also give the data you have on a different eultiral group? =

fone Japenese figures are rather incoaplete. Asori tested or made

asagys Of ll, whet he called proto-hietorie, specinens.

$92 to 2,114 parte per million of stroatiua. Using the

we vey a ~

On ome 22EE tempratio turns cut to be .7 to .25. Ne also reported a

present day bone, a tibia, and the result there is 2.8, There ie some, =’ ~~

there is decided discrepancy. fesei8, &

Eleven,tvelve actually. leven for that renge from .7 to 25s a . _ | 
Yen't there reason to question those high nuabers for the dolls naturel

vaters? They all came froa that ose very early investigation didn't they?

Within a relatively recent publication of the Departaent Agriculture

they still refer to the results of Robinson in 1917 es the best so far.
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Odum gotthe value for ssa water andind 10 — vitoh I finktn rights 3

He reports the figure of 9.23.

Didn't you have Enolits figures?  |
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Knoll gives two values, & and 9, for surface and sub p waters.
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*“What I was getting at, Knoll aleo ran. some recks -- ¢ he? ~-

feldopars and things like that? Bow, also ecil is rock Pour and

Glay, and it {s very hard to ses why there should be a or a 100

fold enrichment over the rock flour wiich I think reais 1-2 on the
saste, |
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In the neighborhood of 2 -- probably @ little higher.
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   StayThat was Knollts data and I think the theory was rather

done, so that is all the data we have co the soil, but I Bhink there ~:

should be a question mark after it on thet basis. |

Tt A truethat these figures have to be looked atvary

at Least derivation of these ratios eansce unsertatsty,

values of the measureaente.

The naturalwater would cut right through some of these

You eee the water value there, so maybe the soil repre

nearly the water value, and the deeper rocks not.

There ie some evidence of that exchange to the sea.

Plem se yy i af mresy . oo
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I would like to post some conflicting data. I don't knew the

source of it, I mean the ultimate source, Odum, from the University

of Florida, in 1951 published in "Saience” scase workthat he had

done for a Dostorts thesis, 1 believe, in which he gave Hata like

this. Water into the coeans from the rivers had about well

depending on the dissolved strontius -- 2.2 parts per thousand --

atcaus per thousand -—- in silt 3.4 and volcanics organs 247. Sedie

mentation from the oosan had a value ranging fron1.9 tal 3-4, ;

depending upon whether it was sandstone, shale, limestone, red clay,

otoe, blue md, ets,

Is this part to the thousand, or is it atoms per thousant calcium atons?

It is a ratio of strontium to calcium in atoms per one the: d, which

I believe is consistentwith the other, and he quotes th analyses of

sone 50 fossils of ocean life from the early paleosolo recent tines,

as giving values ranging from 1.4 to 10.5, although onlyithree of these

had values greater than 4. It was his thesis that the o of

strontium to calcium in geological cycles is approxinately constant,
and that the ratio had not changed greatly over recent gfologie ages

I would like to say that Odum did his work with flase spdctrometer,

and we did a fairly comprehensive survey just as carbona rock and

fossils using a spectrograph and checked those very closaly using

independent standards and methods.

There are no soil gnalyses as Krieger says. I talked to Robinson |

about a year or #0 ago, and those old analyses that he te in L@tA
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and 1917, as far as they know, are the mst recent onesithat have been

made, and I suppose as good as anys  
I talked te Dr. Fleisher at the Geological Survey some ago and he

was very skeptical about the wet cheatcal strontius   
  
  

  

  

  

 

My evidence I just put out in self defense 1s based en ly upon the

up~take body ental of ar? — as compared with say caldium 45, end

also the endogencus, so we feel very definitely that are treated

quansitively in almost the same way. Of course if you have

different fractions in the soll, although you think strontiun

would occur in the sane chenical state as calciug, but there might |

possibly te a fractionation there,but certainly after if gets to the

animal we feel that there is no fractionation.

Perhaps we cught to proceed with the calculations, Az i

have an idea of what the wicertainties are we can di ,

separately.

The next section -— how much available calcium there is ecil, f=

ow {9 that correct?

vv

This estimate was gotten by calling up a man whos I have

at the Waltham Field Station - and saying ~ if you had make «

guess, what guess would you make, and so it is not terri

The old Gabriel used that,

Can't we do better than that?

Denafimant 92 Doergy
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It varies tremendously frou place to place. WhatI eae after

is what appeared to me to be the most valid.

Available calaiua may be equal to the calcium that goeslinto grass. 
| ‘This fs available calcium in tilled 9041 anf soil that

cultivation. It fe just like Jerry Hill trying to take

data, the nusber of places at which you have mate the

is the mall pert of the earth's surface.

This varies tremendously with your location.

Yes, but we have it figured for average plants. dust +

average -— but realises what you are doing.

Is this going to affect the number of bombs linearly?

Yes2 sir.

Is availability synoncmous with exchangeable?  
Of course, you are leading up to sncther question and

whether the deposited strontiun ie wiiformly mixed with ¢

availablecaloiumg whieh I think would be « big question
This comes on the surface and the plants you are feeding

dam two or three feet below, you wouldn't get mixing. z

stuff is pretty well fixed on the top 2 or 3 inches.

Wouldn't rain sweep it down?

No, I think the finding is that calcium and strontiua are

pretty well to the soil particles and the zovexent is pr

Mr. Larson has some data on that.

  Dips
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to 3 inches— this is sonfirmed by the plutontusa

" qubject of which X know nothing? Lets Just take the

 

We have observed the activity from the Alamagordo bombslover a

period of § years and cannct find any penetration
   

  
  
  
  
  
  

   

That is the gross fission product activity vs, the

water in @ colum that was 6 inches in diameter and 2 f

After the 80 inches of leaching we wore net able to

activity penetrating the soil any deeper than 1/2 inch,

The plants that the hunan will ingest will cone from

will they not? There will have been considerable

due to plowing and other hunan operations. So we pro

different situationhere vhere plante can get the :

This is the important area too, a
/

As a dusb but daring meteorologist, can I interject

end miltiply it by this figure here te gek out how much

want to innoculate each person. Won't shat give you at Jeast the

minim number of boubs? |

that would hardly come out to be s Little less than 1.

That's something I didn’t know before,

The figure 10 of 2 gram Se?) will 150 million people to Hest

pernissibledose.
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Well, youfve got a lower linit now. Are you trying to

Lindt? .

an upper  

   

   

    
  

No, I am not trying to get an upper limit, but I an te get a

Why don't you try to get an upper Linit first?

I don't know how to get an upper liait, however, may I pak

with what I did and maybe you can then criticize it,

You tock total suunt of Sr” that was produced so far

you cane out with last night? Assuming that after you dr}

the bombs you dropped sc far « « + about 9 kilograss

71/2 per cont of Ste maxim pernastbtedose

We tried to avoid just that sort of things And instead

wanted to assume was that the strontius which has been preduced is

distributed over « 6 inch layer. How this may be a wrong ,

7-5 inch is the standard top soll and there!s 2x10° ld. oF soil

per acre and thie works out to 220 grans of calciumper ce

of crop land.
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220 grens. This is your 107° calcium,

Yea? that's right.

Then we have used essentially the sane nucbers and withithese a Lo 
numbers what I get is that 4 mg/eq, mile — Ite not if thats

the number you want. 4 milligrans of ar” per square will,

give you in equilibrium of 1 afcroourie in the bones of

pereon. |

That's in 20 years growth?

In equilitrius  
May I ask you how that comes cut to 270 micrograns per

they coaparable figures? .

Yours is higher, K'm sorry to say. This is 150

mile, I think, is what you sald.

Thatta rights

Yow suppose I state my asmuption in detail. You have 21 ‘

of calcium in the dene and 1 mierocurle of ar¥, which1) 521979 ws

mlorogrens, therefore this ie 5x10of the azount of ca

First of ali you are caning to a falacious conclusion in

  

adult

elute

 
of reasoning. You are going to finally state that the

strontium deposited is related to the ancunt of calcium,

& of

that

4a only true up to the point of vertain optimal calcium Gntakes

and beyond that it, doesnft hold. In other words if you

with a calcius deficient feed him both cal   

ous

and
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 strontium you get a certain axcunt of strontiua deposit), now as
you inerease the calciws you decrease the strontiun sit up te

a point of optimal caloium intske. Beyond that point addition

of more calciua dees not cause a further reduction in

deposition of strontium

What is this sinimua? 20% of the strontiun?

levels off 18 probably becense of the fact that stroatt is not

behaving exactly the same as calcium. There is a diff

you get to a certain point in which the body has its

calcium being deposited any additional calcium you give ih, first of —

all will be taken out by excretion methods and the |

point may have ancther type of mechanisa of deposition

quantitative reletionship is concerned and it would be at|thatpoint,

for instance, where the addition of sore strontius might op the

curve going down whereas calcium wouldn't,

Is afraid I didn't understand, I do not understand

talking aboutthe ratio of deposition to intake, or whe

talking about the ratio of strontium to calcium,

you are

you are

In other words if you mm a series of experixants with var amounts
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of calcius intake starting with a low calcium intake a standard

amount of strontium as you increase the calofua intake [and this has

been done with radioactive strontius). The strontium gpes down until

you reach a certain point of calefum intake then this

off, then the addition of further caleium does not cut

depoaition of strontdius.

mass effect and that's cur old pioture of a single dose the tone

is alreaty formed,

+

Well, I could be wrong but I would certainly think the thing would

apply in a growing aninal.

Hot when your mass of atrontium is so very mall

calcium, | .

These were tracar experiments.

Tris is a single doze. You could do the seme thing with

If you took calcium 45 instead ef strontiue 87 you would [probably get

the cane results; that is an Leotope mass effects :

.
+
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,
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are on

38 inportant

I think this is a 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 is a theory related to what wo discussed before and jo the point

on which we couldn?t agree before, namely if you fed tium and

Pe oY
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   ’ Lous _ 4
en pect oyu sath.

caleium in a certain ratlo $e1tdéposited in the sano datic or in a

different ratio? How I have assumed that it is deposited in the sane

ratio, as it is said thare is soxe evidence which was presented before

that strontium is deposited in a scaller ratio than fs fed. What I am

doing therefore now is to make perhaps a slightly pessicgatic assump-

tion, but one which agrees with Mr, Comarts findings, nabsly that is

that they are deposited in the sane ratio in which they fod.

Well X thin that statement is incorrect now, To my mindiitts

incorrect, because it varies depending upon the particular ratio you

are using. |

All one 1s arguing about really is the factor of 2. Neti in the -

area of where factors of 10 are already mall. It seems bo me it

comes gut to an order of magnitude where the correction iim't very |

good. The difference between thede two numbers is a factor of § .

Goesn’t account for that.

foe I any $ciG"12 of the calclun 1s the tolerance level’¢ reesponding

to one misrocurie because it4s over all the bones in theft Then

I further say that in one square centiaeter of soil, ros | aon 6 tacves,

whieh is 15 cubic centimeters, which I call 30 grass of eqdily and I say

that ealotim in this 1s 30 miligrans available calciua and now I permit
therefore strontiun to the extent of $x107)* times .03 whiph means

1.5x19733 grat of strontiua”” per sq. centimeter and thatiis the sane

as 1.5 miligrans per 9q. kilometer or 4 miligrams per square mile. How

af the area of the earth is 500 square kilometers and therpfore you can

permit over the entire earth 600 kilograns of Sr, One ki logran of Sr”

ee Oe stat
Bersrt oy

* rol ~FOG,
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an
ia peoduced in one megaton of fleston and therefore

with 800 megatons. ‘Now that is not a large number, that] is about 100

times what we have had. .

 

 

   
  
  
   

  

 

   
    

  
  

 

  

Ie it necessary to teke the count of the natural strontiiewhich is

available here in the soil here in these calculations orjnot?

It is only necessary te the extent that the uptake of ontivun and

calcium may be different. If we believe say take sone

from this oolum, Then it would seem that the strontiu

ratio in the soil is about 10 times higher then in the kx

whieh contradicts Mr. Comar’s experiment, and if that

you could tolerate 10 tines as much Sr”,

There is certainly enough physiological data te indicate

etrontium end calofium are handled differently in the lunar body or

in the animal toady and that ie the fact that at the point of

mineralisation, in other words the uptake may be similar, pat if you

take a rate, for instence, and pat ib on 9real low caleiue diet and

try to eupploment stable strontiumfor thet calcian he become a

ricketic animals he will develop rickets, the point there }

the animal will absorb the strontium and will put it into

part of the bene but he will not mineralise it. Thereis aldifference.

Whether the difference 1s out of line completely, I doatt Inc

least it does suggest that there could be a point in the

of strontims on a completely adequate diet where this type pb

wontt hold. os

Cenortrient of Dyercy
- . . ter oe, “AAT -

| Pos  Qss

 
 



_ you should be able to throw in other factors sonmhere

ai
i

I think that's reflected very well in this table here. fre strootim

caleium ratio is only about from atenth to « hundred of ithe calciun
strontium ratio in various parts of the earthte surface, From that

ote.

100 into your 800 megatons, and that's getting te be a ef a lot

of tons,

 

    
   

  

 
Except for Dr. Comar's experinent.

patible at all, I'm only saying that at tracer levels of

the material is handled in the same way. Ite true you t replace_

calciun with strontium. Your dealing here with ratios

an ardnal on @ sero calcium ratio and try to put strontiua ’ it, ite

not going to work, but your not adding any masa to the

ntrontinm fa he ect bere hy ery of the falloutoo thet

we'll cartataly have to believe the aulytical values as f as the

over all effect is concerned in this thing. What I stil about Sr

and caloiua 45 given to aninal behaves the saue way I think deen

experimentally accepted,

Of course one of these is in equilitriusconcentration and other

ie going up to equilibrium, These are really quite diff

ments, Tere is not thing thet ought bo be taken Anto
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is that in the adults at least only about 25% ef the bon caleiu

4s exchangeable.

But I thought that all of the assumptions which we should make should
be that the part which is exchangeable fs in places whicl areclose _

to tissue which can develop cancer. Isn't that right? > the outside

of the bone, and therefore, only the level matters and not the actual

amount.

I followed the same line of reasoning that Dr. Bethe did busept thas

ZI did it with atrontiun instead of with caloius and ons of the reasons

that I did it,beaides the ones Ive mentioned so far, is that you

asvare that this 7/10 of a gran is the total ancunt of on un ia”

the skeleton. A growing person deposits an average of 100 alaregrans .

of strontium a day and its pretty easy to caloulate thatHe fs getting

far in excess of that in bis dist, eo that there 1s sone active =<

mechanism in the way in which this stuff 1s being depost

Yar in excess with respect te the excess to the excess¢

Ko ane knoew the connectionbetween those twos* - ne

 

Yoo, but tell me iantt the only nusber in which we are intlrestedin,
a Mh!

or the only two numbers — these two numbers, afults and sdil, what~

ever soil may be? Well the other one I consider from the discussion

before as discredited because it is an old measurewent. I Hton?t know

whether that's right Int certainly the new measurements 5 togive

very much lower muabera. . .. Poco,

Beragit~ ‘| bf Exergy
Histerion’® Cifice

ances
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_out of the range of fancy into the range of facts

 

It aight be water as well as soil.  Even if you teke silt compared with the therefs factor of

10. Ia that in your numbers there already?

    

  

 

Ho this is not in ay mubers, X assume that the sane ratio of

strontium end calcium existe in the Inman bone as in the
I further assume that in the soll there is one part to a

of available calelum. Both of these nusbers may be off,

The things we're recommending will throw a reasonable

light on this because out of our pilot program assuming LE is done

biny do you have to getinte the radioactivity part of 16 .

Why not carry out @ progrea where you measure the stronti inthe -

soil and say in the water and in tone and re-do these andfotgood

values? |

Row about measure sewage?

We suggested feces because there is some question sewage

contains all kinds of stuff which has gone into the

not of human origins

and is

Joe, I wonder if you could just discuss briefly that data.
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KRIEGERs
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relatively saall country. " | L ae

 

I tock the saws caleiun content as I did for the UClA reqults, .

so that's vhere the scares of error may be. The ealciua le

tent ofAsari'e sexples my be oonsiderablyhigher,

There's a tenfold difference. One guy would have a

ani the other wouldnt,

But vhat throve scue reliability on prote-historis samples is

the one modern-day sample thet he quotes, Ne has a figure of

1860 perts per willicn in this relatively medern sample

strontinn, whereas the WIA figures are 16 parts per ai 2

for the fetal sanples ani 240 for the adult samples, The}

factor 18 alnost ten percentage of calcium content, Iheteatt

seen the criginal paper, These are figures taken froa 7

abstracts. We're getting copies of these papers hy Asari P

the Barkelay Library, These results were published in ¢

Jvarral of the Cheatcal Society cf Japan, and the holdingsl ef

FeaK -

Dap 15 oom of the plnons insted inour ish ofplaces
sample, but of coursethis doesn't meen that in China the

figure aay not be six tines higher than in pan,—
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Tt my be interesting to check the strontius caleiue ratiofin -
rice. the dapanese diet is probebly high in riceani very [ow |

in protein,

I think there are good physical cheuical reason fer be

-Tevart pnt ef Energy
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C. LAURTISENs

(contimed )

HILL: *

LAURTTSEN:

BILLs

LARRTTSEN:s

LAGRTISENs

HOLZMAR:

may be very mich too icv,

I don't kucw, J just raise this questica,

from the area where you raise the food, This would even

 

¥- .

 
strontium when you cultivate a piece of land, These

On the ether hani, I don't know what the scurce ef s
ae

fertiliser is, but they might not be contaminated,

But you need to replace oertain things that you take out

of the soil,

If you're replacing though strontiun with uncontaminated

strontium, this is in your favcr,

That ia quite true, if you do that, bat vhat if the ferti-

liser eoses  
   

Most organie fertiliser, ani that certainly would be

other parte of the world, ani you would collect the stro

true ef seaweed ani fish bones,

Seen to me that this ert of ts tn vith the rather sett

range problem, Suppose all the future bombs are surface

bursts or near-surface burats and then in the fallout, at 
least the major portion of it comes down, say within 1,

square miles, You have a tresenious dilution factor vhen

etart talking about dividing by the 50,000,000 sq af of

earth, It seous to ne that all these facters, in a

Depart.

Hister'4

AAG

   

    

t af Energy

Ws Oita

HivE3
262

 



BOLZGN:

MITCHELL:

BOLZMANs

SOICMONs

"war campaign, vould inticate « very serious haserdin
    

  

   

   
   

    

   

 

iccal area, Tt seexs to me that problem ought te bets

pretty mich = even for air bursta, We have every reascuite

believe ve might go into surface bursts ani you'd got tranendous
scavenging locally. | | oe

Concentration falls off with radius, Youcould easily

changes in concentrations that would be several crder of

mguiture different from sone of the other factors that

ere taking into account,

vee include scurees froa cther areas, In other vorda,

fact thet the stuff falls out in an area doesn't s

make it a biological hasard, You can prove that by

food sources in from cther areas, .

ee

Yes, tab if 4% falls all over an agriculturalareabush

the European area, ani so forth, the plains of Cersasy

cther places, 1t seens to me on this figure of this one

that you mention thet could do this, you have a facterof

50,000 times that you can take care of, It's a let of

loose factcrs I worried about. There is a problea, ,

a local point of viev, fcr a var campaign, vould certainly

soem to be very well pointed,

One milligram per sq mi is what you need, Thatta not gotag :

to be hard to deposit,

Lanar’-

 
 



KRAMISHs

COMAR :

MITCHELLs

KRAMISE s

MITCHELL:

LIBBY:

XELICGGs

VOICE:

LOG:

What are these samnbers.

 

Is the tclerance dose fcr say cattle the saus as hums.

ccrrected on a veight basis?

    

 

  

 We dentt have any Andleations of the telarance dose, Th

just. wonlering ~ I*1J only say this that I'veseen some

pathology on the fairly low levels, not near the to

I've seen this a year after adninistraticn, Cf course,

may get worse because you'd expect to see effects et low

levels if you can hold it a longer tins,

Eoonusicaliy, most cattle are kilied not mich over 2 to 3

years, so we don't have to worry.

Worrying alout food supplies probably,

You'd probably kill the aniuels long before tay had tee

to develop sarcoma, don't you think eof 0°

These are various Gabriel figures (stuiies ),

A~donbs,. Hominal i-besbe,

Nicholas Saith ani Dr, Claus = ani vast I just caleulated
ven 40h tolerance, ant T think a werd should not be eat

how to go from tolerance to lethal

May I interject cne question ~ An I right - just as a

trying te get a feel for this - Am I right that your figure

eeee

te ‘a

= .
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(oontimed )

EBTHE?

ICM:

LAURTISENs

WICE

IDIZJYANs

BOGHER 3

BETHEs

If one would, yes.

 

would go wp fea 600 or 6,000 Af ene applied this 3/i0%mp 3.

ratio,

than the gwneral picture sous to me that thet wuld be 4

reascnable factor te put in, is that correct?

Yes, also that there are other factors in the opposite

directions,

(Challenging figures on board) = io, 4x10* - I'm sorry <

S00 megatons

De. Bethe, tharete a question in wy alt as to vbether yo

used 1 ~« curies to get that 800 megatons,

This is one << curles ani I want to say a vord about that

this mimte, In the esse of radiue we were told ty Dr.

Bagher yesterday afternoca that one tenth microourie
is considered the tolerance dove ani that people have

fron 8 microcuries ani cne person is alive with 40 alere=

curies, So that scmething like 200 (17) tines the accepted

tolerance dose aight be the 50 percent lethal dese.

 
We didn't mention the lethal dcse,.

You didn't, but you mentioned the minimm and the mximm,

you menticned that cns porson bed died et $0 tines the

Rance tin
he LE
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tolerance dose ani thet coe persca hal Lived at 400 tinh.

One ease of bone tamr, as I recall, was 6 ulcrograns of

redion body burden,

Cne case was 1.7 micrograss.   

   
   

 
What is the valve cf that one lady in Chicago ~ a heavy

burden and is still alive.

We've got one in New York with 35 microcuries and she's

it for 40 yeara,

So you vould say that 10 times the tolerance dose dces

occasion produce serious effect,

(
h
h
a
:

Right.

teok 10 micrccuries as the tolerance dose of strontius,

unifermilly distributed, then that would mean that 160

cures would give sericus effects ani that would be sxie®

neainalboubs.

  

 

  
    

  

I would like to raise one cther question with regard to

rediue figure, That is the populaticn risk in the stuiy

of refine is of the order of 2 billion people your 200
might very well aise esy 1 percent cf the 2 billion vho

a mich lower tolerance than these figuressuggest, In c

  



Cates)

MITCHELL

EETHEs

VOILE:

LIBBY:

CIA: "Merril (Stsanbnd ) has sous figures that bets not too prow

 

words, the statisticians will tell you how much cf a

you would need tc catch these cther pecple, and thay

present in a population at risk of the sise of 2 billica

very considerable muber, §&0 we don't know, I mean that!

ecuplstely unknam figure in terns of the very anall

of radius cases that are under study,

  
  

The muber cf radium cases is somthing like 200.

I would say abdcut 200, will you agree to that Dr. Ccmar,

Quite aanll .o.  
So you could say then that the figure which I calculated

might indicate the point at which you get trouble is 1

cent of the cases, An that would be the definition of

effect.

(
‘
t
b
e
y
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Is anything being done about the Japanese people? Did

get any strontina inte thea?

Froa wast?

From the boabing, Was there any fallout?

ef,

He has bones cf an individual of Ragasaki, but there's a

question as to vhether the Sr” came directly cr sub~

sequently ty exchange of soil containing fissicnable

Denartme ft of “nargy
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material, How long efter the basd dif he dis = 24 heurs

There are two ests of samples. The first group of pecplb whe

died of leukesia, although thay were not subjected to+

bombing, ‘They cane in later ina rescus capacity, say|

Japanese military, vitiin 2 or 3 days after the bonbing.| In

thet greup a miuber cf individuals in ths last two

developed Jevkenta, It was thought that possibly these

people were subjected to residual rediaticn, We vere

saxples cf their bones, We did fint ecae tracescf reall:

radiation in this material, Tt vas in the order, as I

it, of around a dps per grea total activity, These

will have to be locked at again, These my be very

significant sauples. The other set were two alucet oc

pleteskeletons, vhich we got froa Maguseki. These init}
viduals vho vere about 1,000 to 12,000 from the blast,

vadly turned and died in about 20 to 24 hours, Thay wer

turied not in the ecann grave but in the sens locality. ae

These bodies were exincesd about a year ago ani nsterial 28

sent te us. Those bozes assay from 10 to at most100
disintegrations per uimte per gran of strontiue 90. 's

very yustling, Vetve sent for soil sanples fron these

graves, It's very possible that there my have been l~

cut here.

cB

tf
b
a
:

. “ eer LO an :

aeapesgh

Dr. Comr told me this mrning thet {f thay ingested

Sr”? in water you could expect a large fraction of vbat
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SOCIOMN:

Tt would be very interesting to examine the scil in that

Dr. Claus assumed 2,000 micrcouries body burden as the

 

theyingested to be deposited in the bone fa 30 mimtes| Oa

the other hani, if we consider the fraction of fission

thay would have te ingest to sbuv at this time, it4s

conceivable, I's very pussling but there vas defini

etrontiua 90. We ran a large muuber of control bones

 

  

   

  

  

  
  

they were negative,

This was an airplane too 90 the local fallout ws quite

There vas encugh residual ani rediation arcund Nagasaki

account for total body dcse fer around § recentgens. I

know whether these pecple were in that part of the city

the residual radiation vas high or not, These data vere

based ca surveys by Stafford Warren anid Shield Warren 30

days after the blast, |
For eee aloe 2 yet Pa ee “pa len5mete :

graveyard. -

You astad viwther asytoty aver analysed the strvation Sofia
thesoil. We hevefount fx" tn the soil,

sudaro th asningticus on the other te Catriel figewdt

How 60 they differ fron this? )

isthal dese, Although he essuned a mich larger figures

here than I have assund for sericus effect, larger ty &

factor of 20, he ccmss cut with a emeller munber of 1
Lerartmer

-
14ae mle ftta

FUSTOSICTIS voy

ARCHEVESwi ie
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(contimed )

VOICEs

LIBBY:

rit

wie

this ie obtainedby different assuxptions, nanely |
of the scrt that Dr. Mitchell aenticned before, then you

assume thet certain percentages of the strontivs in the 42

gets intethe body, Tt seem to me thet it is muchmre|
resscnable to talk about levels (7), that is that

90 ts a certain percentage of the caleiun which you have

you, Anf X think that by talking abcut levels rather

talking about percentages of the scil getting inte the

you will arrive at a more reliable figure, No natter whe

or not you take inte account the ocllection factor of 16

we have been discussing so mich ant therefore I consider

a mre reliable figure to go vith 100 nlorecuries, -

 

 
  

 

   

   

 

there is also « factor of 2-1/2 in the old Gabriel report

why, They asgud this is the case,

this {a Saith? an as

fee, all. ofthe peopl,tn writing the odcabrtel report |

assaned 2-1/2 grane of strontiun par kt of toud, ai.

through the report, this ve hevs been unable to find the

reason viy, ve are asmuning 2 gn yarkt, Yés.

I think there is confusion here about what fission yield
.

Denartment of Energy

  



Claws

AILLs

LIBBYs

KRAMISH

LIBBY:

LIBBY's

we find out? This, cf ocurse, is very iaportan conversa

X think it would be very interesting to take a poli - a

Also, {t wes pointed cut ty Teller a couple of years ago

one of cur discusaions that whatever appears in these

ie sinply something chesen ty Hick Saith ani heve just}
carried threugh up until the tine Teller called attentic:

the errors.

 

    

  

  

    

There is a factor of 2 there if you misused the definition of

fission yield, and I think there is a slight other factor

there maybe on the mumber of fissions per kt that vere

This morass cf uncertainty I think is the strongest poseilll e

ergument fcr the experimental program not only just assay

but also biological, Is there any feeling on the pert of

one in the house that we should not shoot any ucre bosbe

secret ballot - just te get an idea of the feeling,

IT don't think that’s a gved idea,

Ben's argument ia wary convincing ~ thet is - a facter

of 2000. )

It is an interesting argunent. Reanaber that the ocean is

groat cesspool and the natural thing is fur the continents

to wash into the sea and the strontius will be depcaited

 

a1 



LIBBY
(continued )

CIABs

LIBBY:

CIAs

in the limestone eveutually ani ve don't know how fast this 
ocouré, #0 mybe things are all right, tut there is a

in which radioactivity oan be taxen cut of the life

ani that is hy putting it at the bottos of the ocean,

There is a point that I would like to call attention te

that hasn't been menticned yet as fer az I know, I fini

it very difficult to get concerned abcut what's going te 
happen te the luann race if SOC magatons or S000 mgatonsl or

bombs have to be discharged before we oan reach possibly

sericus level, On the cther hani, if pover reactors coms

into being in any appreciable amount ve will have very

sizeable ancunts of fission products and * once ande a

caiculation which my or my net be absclutely ecrrect <

‘that in only 100 days, if ve were to furnish the power

quirements for the United States in 100 daya ve would he

used up as wich Flestomble material as areinvotved in

10° nowinable boabe,

chat scunis to me too high,

That may not be absolutely correct, I went through the

figures « tine or tvo and didn't find az error in it, bet

anyway scuething of that créer, It will not take an avful

lot to create a trenendous possible hazard in terue of

flesion products 4 thay are initscretelydistributed over

the earth's surface,  
Denactrest of

Histerian’s
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LIBBYs

clatSs

HCIDENs

CLaiBe

VOICE s

fuel?

 

Yes, tat my goodness, you certainly wouldn't de that,  
Nothing has to be dons, but they are going to remin on

earth's surface ani they are not going to disappear for
avfully long tine, And I think the results of studies of |

this kind will have a great deal to contribute to cour f

determinations of what te do with waste products from

things as cur reactors on a large scale, |

Yes, we certainly do want to dispose of thea ani not let

then get loose, but this, 1 seas to me, t not an extremly

difficuit probles,

This is quite a sericus problen, The question of sea dis-

posal is ons which has cous to the fore many, many tines,

Tatil doa't pee vty you can't mix then up in conarete and o

let it solidify and drop it. Doesn't it leach out?

It's just not practical in large quantities,

Are there sigaifioant axcunts of strontiva 90 released froa

reactors nou?

Ho, it's in the fission produst, I don't think it's rem

leased into the alr.

What about chenical processing for recovering ycur unspent

wi
i.

ral mant af Enery

-rian’s Off ce
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HILL:

cuss

ERAMISHs

FETEt

pondering it relatively inert, but this J think, Dr. Cla

 

 What's done with the long-lived fission products - do

run inte the Colunbia River?

Ho, as of mow all the concentrated ones are stored in ’

bat they can't keep on doing that indefinitely, It's an

extremely expensive proposition,

Ie the strontiua let cut inudiately?

That goes off in the soluticn,

But in that case vhea let the

strontium cut too,

Tt is heldisn't it? - Tt 1s decayed already, It ts not let cut immediately (ch
ant thet strontim 4s in solution eni is readily

Me, Theis, vhat's the ideal way te dispose of « bucket

of stronticn 90?

  
   

  

   

Well, you knuw about the experiments at Brockhaven. (cha

fiesion — leach the fission preducts cff cn Wilanite

and fusing it and changing {ts mineralogie composition

suggests deep disposal on Jani as weli. ‘There is some

about that but I think it might be feasible, I think, I

éon*t know, the best way of disposing of the mterial -

mines have been suggested, |

Cenartmant of Energy
HisterfRn’s f9009
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Claws

LIBBY

VOICE:

LIBBYs

VOICE:

 

 
I think that strontium could be gotten into limestone

be pretty safe, Cf course, the cther fissicn products

not necessarily be held but the strontium wuld be held,

Well, if you had your strontium 90 Leclated in a bucket

then it would be easy encugh to put it inte concrete ani

it.

I was hinting thet since {t fs the one vetre most afraid be

perhaps we should use the disposal which vould take care

the strontiun,

You mean put it into linestcne? -

Insers it iato limestone ~ I'l] have to defer to the

chemists ss to how rapidly that process wuld take place,

tut I bea little bit afraid inamech as vater movesmodt

rapidly through linsstene.

    
  

   

It might be well te precipitate it, pump it in, ox depot

it, but I think the great bulk of the lismestone as protect:

it against leaching ection in water. the strontivun Ls

soluble than the ealeiua,

TXKDROEKRERD,

ok, BERLee oP ae GTRlLR eileen

  

It would be cheaper than putting in in the eceas,
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LIBBY:

Claw:

LIBBY:
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LIBBY:

 

No, 1t seons to me the ccean fe the ideal place, aun tf

take £¢ out ani drop it. (chatter )

Pat it into concrete. (chatter) - in concrete blocks (or

bulk? )

That's not practical,

It iantte

Well, wouldyou object to just puszing it down to the cooks

deops in tlk?

You can't do that — that's not practical =< (chatter)  
   

   

  

  

 

The comparable price fcr dropping blecks is many arders

mgnitude nore ss @rop it and Jet 16 fall

three niles anf let 1t staythere, Oe

The other pesaibility is te spread it over appreciable

of the cooan's surface at not great depths, that wuld
off pretty fast, then the question is - you have got all

strontius in sea water ~ will it work back on thelant o

way or ancther to be a hasard? |

Well, there is ancther question too which we haven't tr

cut here - and that is ~ if you disturb the plankton, de

you disturb husan lives? Of course, the plankton are

durable as fer as radiation is concerned,

  

- WRsel es. eeRe SeA

emul‘



 

 claB: Froa studies made so far we don't believe that we would dis-

turb sea life seriously hy that ancunt of material if ve dex

get good, reasonably good - dilutation within a

ancunt of tine, ,    

 

HILLs You don*t have to go very deep befcre you get cut of the

where there is much life either, do you?

LIBSY: No, that’s true,

RILL: It's also awfully sicw mixing,

KULP: How much would it cost te piap it belew say about 300 af

I dcon*t understand vhat the great cost is of making ccncrate

_ biccks,:

HILL Tt dependa on the bulk thet you get your fisaton products |

in, At the present it is pretty big.

VOICE: A concrete ball would certainly fell.

VOICE: Den't you contemplate a strontiue separation process?

' YOICEs Mo, take the whole thing and say it is pure strontiu,

since strontius is the bad actor,

VOICE s Well, it is probably sheer tulk,  
VCICEs Well, of course, thay have the sclutions, that's right,

they have to evaporate them or else thay couldn't put thea!

into concrete. yo
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MRSEs

VOICEs

EETREs

_ecccsese SOG how strontiwa moves if we did put it into the

 

That would take a lot of calories,

Well, even as cf new they evaporate down considerably.  
Ie there enough heat to do this in the pile te be u

to do the evaporating?

XI would think though that the waste is full thet aight

dicted on the assusption that the strontiua is the thing

be scst careful abcut,

Well, that's one thing that we'd like te find cut, ani I

think ve aculd get a lot of good guiding evidence frea a

study of this kind,

These Gata my tell you hew strontium acres.

pre-

 
Vell, what is there against burying it in desert country

into within interior drainage?

It would probably be negligible after 1000 years, we aren

worrying about the next geological era,

ZI mat say that Ite considerably more afraid of an atone

war than of power reactcrs ani J think this ie rather

from the figures that we have written down here, and if

say that a 1000 megatons wuld give the tolerance level

af you say that MIKE asde 10 megatons, you need cnly a 100
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 ‘BSTHEs
(eontimed )

CIAs

* PETHEs

BILL:

SCCVILIZ:

ESTHEs

 

of these to get to the tolerance level eee

MIKE mecatons weren't all fission preducts,

Well, mere than half cf it vas,

Itve used the ficure 2/3.

In MIKE aot caly 2 percent of 1evar came down that wo fur

has ever been found on the earth's surface,

That is true, if you can rely on the fractionaticn that

enly 1 percent ccass dam, then that is an entirely diff

story.

 
Well, I don't think that reliable over a long tern

compared with the kaif-life. It's still ocming down

eccerding to Elsentud, ~—

  214



HILL:

KELLOGOs

RILLs

KRAMISHe

BETHEs

GRIGGS(7)

age of fallout, even for on air burst, within afew |

 

We have to rewind ourselves too, that in the estinates

made on the overall fallout for itike, there was this

uncertainty sbout the possibility of falling out within

few hundred miles.

This assumption you can't forget.

If this were exploded over land, and this few hundred

4s still over land, I would expect that a good possibil’

4s that an appreciable fraction, say 10%, would fall out [in

wonb’area within a few-bundred niles, |

On the other hand if it's an air burst it wouldn't be bad. 2

Xt might not be dad, as an exercise, to choose the worst

possible conditions and see what happens to the expected

‘Wo . ®. - . * tf eos eof ow oem OF 
  

 

  

If we believe Mageets theory of particle size, thepart

size should be larger for a large boab; If it is lerger

@ large boub, then we might gut quite anappreciable

ullese

What kind of prediction does this make on the change in

particle size? 4 |

It makes a prediction that the possible sise is proportiohate

to the tine scale. ,

Denartment of
ty a
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Edward nade sone statements about it being Sth root of

   

   
  

  

 

   
    

  

 

  
  

  

 

Well, we count on Seoville's memory, at least it seens

a little more than the 6th root and a little less than

root. It's presumably, perhaps five tines as much for i

it is for standard boubs,. Isn't that about right? fTwen

seconds versus three seconds,

Would it be desirable for us to suggest a delay in fut

until you can get some better evidence,

We must get busy and work these samples, JI think the f

worries of this group are a very strong argusent for the

government's collecting these samples. IY don't think th

be any useful purpose served by taking a vote or writing

formally, but maybe it would, I don't think so.

Certainly the pilot sasplee would be enough te produce

the undertainties in my calculations.

Well, I don't imow, that's pretty hopeful, I'm afraid.

don't imow what you're going to find,....we may gust

like, look at this skeleton over here......eMy gosh, who

have guessed that result? full of ar?O in trenty-four

te oooe

The skeleton has between 10 and 100 dpa.

Are we ruling out coupletely the inhalation hasard, We

eventually going to have a continual drip of this stuff
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Ky_«ISH?

(continued)

MITCHELL?

VOICEs

KRANISHs

WESTERN

 

atmosphere. I'a wondering if we shouldn't consider this... ee 
Mo, I’m thinking of a mechanisa that Dr, Mitchell sentioc

retention in the hinge, what tolerances we can expect of that.

I have those figures, but, I also have to have that as posible

accumlation in the skeleton,

Tos.

Dr. Western has been making some calculations on this forjsom

tine, and maybe he can get SOm@..oe

Could you make a few resarks, Dr. Western? =

The inhalation hesard is very difficclt to estinate like/all

thease other things, One has to make any nosber of Lona, 
   

  

   

   
  

One of these things which I think would be important | be ‘

the problem posed by Dr. Wealer earlier this morning, % if y

the stuff came down in rain primarily, or whether it @ down +
L

think you'd have @ very good chance of breathing all material

that we consider being small enough to be drifting over

long periods of tine, so I should like to say in passing that

it would be of sone importance to determine, in establ

inhalation haan, whether 1t does come dow in rain,

whether it comes down in the air,

But if one makes sone bread assueptions about what

behavior of the stuff is after it enters the img, I
: . Pies Bote

_ - 23%

 



(continued)

VOICE:

WESTERR¢

 

that one might retain sbout Sf, retain in the skeleton

5% whet 1¢ inheles, and I get an inhalation hesard repreqenting

Gepositioa in the skeleton of about the same order of wagnitude

as I obtained by making assumptions somewhat sinilar to those

which have just been discussed froa the point of view of

indigestion, I have a factar of difference of 5, Ib

these assuaptions up here assuzs only exchangeable caloit

don't they? Isn't that right, didn't you use a figure fd

exchangeable calciua up here?

Yess

And the figure I had was to correspond more to the total [amour a

of caloium so on that basis the inhalation hasard is rcoug: \

about 1/5 of that indicated here. We are talking about the sexe

type of hasard so that the question of what is tolerenceoes

not enter in. I might indicate also that if one begins |

consider the inhalation hasard as being relatively nor

as coe might if he finds a certain musber of processes tat
place, preventing the stuff from being picked up by plants.

Experinents of Dr, Larsen show that in tice there is en |

unexpected cessation of uptake so that the inhalation }

might becone relatively important. Then one also might want te

consider the hasard due to sr77, It is ocmmonly assuned ithat

what je inhaled is in sufficiently exall particle to be doluble

and gets to the blood steam and is deposited in the bone] We

don't have the factor of safety here/that we have when wi talk

sbout it coming to the the food _. Mere we   
EN es : .5 tr. . td
: f 7s, Mf me ee
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(continued)

 

have @ compounded factor of low uptake both by plants at by

the bedy. So that on can't dule out inhalation hasard, As

long as I have the floor I'd also like to comment on Colc

Holasan's suggestion that we might well be interested in|

highly concentrated falleut of rain the use of surface be

If one assunes that the material...that one is using a ev

bomb, and the material falls out within a period of thres or

four hours, one may be interested in the denial of the usp of

the land in the future. But a rough computation indica

that the primary hasard to a population living in that arpa and

more or less staying there is from external radiation rath

than from sonething like this, The sane snount of mater :

that would be required to give tolerance effect which

computed up here would in the first day give something

2000 reentgens to an unprotected person oa the average... a”

the material were uniformly distributed over an area ast you

would bave the nusber of curles of strontium to give this |

tolerance effect, whatever thet figure ie - it turns out abe

about § curies per square mile I thinks yo

Begiming with » period of three or fourhours the 3

radiation is sufficiently high at that concentration that] ebout

2000 roentgens would be the external radiation of an

unprotected individual in an open area and during the f

week exposure would be sbout twice that, So that I hinig that

in that particular case, we probably are not interested ih

strontium or in inhalstion hasard, |

Denarimant 7 Torsy
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aa
Yes, but Dr. Western, if you do that, dosm't it nean

particular farm produces lethal vecetables fras then on. de?

Maybe, Well, the paint of the question is prebably sore

serious for the bombing of a large area, If we are Er

about where the number of bombs becones serious, the on¥

point that I'm making is that if you use surface weapons iover

a farily large area, we're not going to worry perhaps oq mach

about what might happen in ten, twenty, or thirty yecrs.

What do you mean?

Hell, no, what I'm saying is if you produce the snount wiich 5

would give you an average concentration of strontiua, end would +

produce a tolerence effect, and this, of course, frou coup .

picture would require from ten te twenty years to accumulate im

the bodys this is only a tolerance effect, If the boneshere

leid dom in such a way that the people whe lived in tha ares

were subjected to the fallout beginning within four hourd of

the explosion they would, during the first dayy get sonefhie

Like two thousand roentgens, if they were unprotected in |th

open, during the first week they'd get trice thats So 14

saying that 18 8 critical aspect,rather an the long~

strontium,

Well, I think one factar to consider is the ratio of the Inusber

of people cultivating that area to the number of people |

dependent upon the products of that area, who arenot14 ng in

that area, and I rather imagine in certain agriculture | sas this
nm rinaety. ved

ratio is rather high.
  

 



_ PlosSETs

VOICEs

PLESSETs

KRAWISHs

BESHEs

WESTERN:

LOUGs

 

Well, what hets saying is, if you kill all the people inithat area... In that area, but I'm worrying about the people who live

    
   

   

     

   

  
    

Mot eo significant in overall hasard as the primary

I think it might be.

We can evaduate the area, and then the story is that

Well, to answer your question, Arnold, One if, esssecee

the first place, I'm talking mly about tolerance conc

of So? as compared to extruxely high concentration of

radiation, and second, if you are talking about

you have two possibilities in case of warfare. One is

you'regoing to use it for agriculturalpurposes that

devote it to products which may be less critical than

products, that is, there areanusber of possibilitiesa

able to use it productively at a lesser average risk

considering when you have the whole country uniforsly

ated, And another is that if it is a smell area, in ge

products from it, if they're used to feed a large popula

will be diluted with products froa other uncontaminated

so you get some factors of safety there, and as I've

it happens, and you ean do quite a lot to alleviate the

Now, there's one fact that I was curicus to askabout,

the inpression that in Mr, Bethe's calculation, thatthe

 

Ase

 



Ltds
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LIBEY:

LARSEN:

- r a

,

assumption is made that all of the strontium 90 which falis on

the ground is available. One knows that soils have rath

pronounced exchange characteristics..j1.can one guess,..eq@ that

I would take it that this is a rather pessimistic assuapt

and IT was curious as to how pessimistic it is. Have expe ts

been done in putting strontium 90 into ordinary soil and Bt

finding out what is available?

 

That's what you're doing, im't it, Dr, Larsen?

Yes. We have been looking at various shots, and the one piece

of data that is most complete infn the underground, which, es.

most of you probably know, is about a 1.2 KT. What we diff there

was to take soil flats froa California soil represcating B inches

4
:
t
i
s

in depth, and about h 09. feet cach box was inthis dinerpion,

and we distributed this over the territory of predicted fellow.

We came back with half of what we hed distributed as contaminated,

which we could measure by survey meters, I'11 take one, hich °

represents one of the saxinum activities to illustrate wh tive7

found, We had 196 microcurics totel surface activity on AY,

and we have grown § crops of radishes consecutively on |mt and

the observed values, for euaple, Go Jamary 1S,1952, we 15.9

disintegrations per second per gram ‘ef plant dry mater ae. the

last crop came off in 9/19/52, of radishes, and this re yi |

Now the controls that we had growing on the oane soil, b | |

without any contamination, read, in this crop 1/15/52 seiftes,

it wes 1.69 d/e/gram and over bere 9/15/52 we were gettin: sbout

2.

DanBrimert af Tye...
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Can we have some of the internediate crops? Say July?

Yes, observe...this would be 4/15/52 reading at 9.9% At17/1/52

we are reading 1.8, and the fourth crop was harvested...{his

is reading about 2.6. ° Te

Aren't your controls just the thing we're trying to meastre?

I mean this represents the fallout that hasn't been

fractionated in any test. |

The controls supposedly have never received any fallout,

because they were collected from San Fernando Valley, |

Yes, but if the stuffts leaking down all the tixe, 5

there's
Oh, but thagés radioactivity Grom natural sources,

eOh, yes, you've got K-42, For ell the potassium inthe world * °~

you have .012% that's radioactive.

This was before KIEE.  
 

  

   
   

 

You have rubidiua, which is natural. You have the

thorium series, You've always got thatto contend with,

ony tine you fertilise, why you're adding radioactivity,| Now

the ladino clover was added or planted after ws finished

with the fifth crop, and we took five crops of that off,

I have the last bit of data which cane off on November

I deg yor pardon. Just this lest acnth. And the

flat was 1.86 dps, the controlled 1.6 dpe.

Denartment f Energy

Historian’§ Citice

poOMBES
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LARSEN:

MITCHELL?

LARSEN:

with the animal feeding, there are 100 disintegrations |

 

Fas there any finel assay of the soil after you got throlgh “ ,

harvesting thecropat

Yos, we feel that quite significant quantities sppeared, I

don't have the figures with me right now, po

The 196 microouries were distributed over how?

Four square fect,  

 

   
  
  
   

   

  
  

   

  

How Go you account for such a large drop from the first

to the last one if the radioactivity in the sail is

a

Well, by decay curves and energy curves, the only thing

we have been able to pick up here is Strontium 69. It

been a selective absorption, fff apparently. Wowwe in

other crop datg that we have done where wehavetaken |

agricultural eolid fron throughout california‘and New :

and contaminated at the rete of 100 disintegrations per

per grm of soil, there are 1600 grens to a plot. t can|give

you sows idea of shat happens heres. On theStrontion if |re

take the soil to the plant and we alse try to cover this
4
0
h

‘
a
b
y

ASE re APPEeae agths

t
e
n

ay

initially per gran. The plan in the leaf materiel which|the

bean was the rost inportent, the barley was the least ingortamt

and had 1,20 disintegrations per second per gram of p

material and if this plant were fed to this enixal cur

experinents have netted 250 d per s retained this vould of a.

dose fed. In other words, I got these figures from anc

-a~ -art of Energy
‘
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experiment we did. 1.8% of the Strontiuns is retained

dose of 131,000 d per s fed daily over 17 weeks, Plant

material grown on contaiminated soil which would give aa

average daily feeding of about 2700 d par s, that je p

dry material, Cesium is the least important, ceriua is

negligible, rutheniua nay be important because this is a

actor when wo talk about thecheaistry of 4t may act as

cation or an anion, We Lave studied thefused naterial
trinity on this sort of a thing, experiment, and we have

fused material from Shapper 7 and fused naterial fron

and in each case all we can do is to put don nil uptake,

At least the instrusentation that we are working with

   

    

  
   

  

 

  
techniques that we have used on cur research work, as we

value, Now you may be interested in what kind ofactivith ig = *
imediately available to @ plant on detonation. On this Lest

series out ehere we, along with cur fallout studies, we

trapped aninals, the native rodentsand shot the jackrabbite

that are in the field, We had good fortunein thet there|was

Upshot 2 went in the north easterly direction and was no
reconteninated during the period of our etay in thefield] Se

we did serial sanpling on it, In addition we had saspled| -

that area in October '52 andNovenber...I mean Septexber Sle

You may be interested in some of the things we found on that,

On the rabbits 4 day plus 8 4 plus 72, and 4 plus 32 dayd.-
*

 
The casium, lung, liver, leg muscle, and femurs .t

-

rime? os Afof Exergy
moe

  



KELLOGs

LARSER s
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LAKSENs

 

Would you define the casiun?

That ie practically all of the GI tract to the rabbit. The
biologists object to calling it the GI tract. Now the

Tigures Y an putting on the board are disintegrations

mincte, per 100 milicraza of ash.

 
{chart should be used here)

What was the initial date?

It was Warch 4, I believe, Sinse we weren't such good

markanen in September '51, I couldn't sample lungs.

previous work hag ell been head shots, If you are

with a larger bomb and more activity drops down here

activities are going to go up, but thay stillhold that |

general picture. If you plot the decay curves off sayff

example}/the activity here and of this sample you would

 

b
u

\
i
t
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told or mentioned to ne as sbout 32 days.I have sone

things that, if I may back up to what we were talking «

this morning on particle sises. It applies to what we are

observing here in the lung. We were able to deteraine onle few

of our air sazplers this tine the actual particle sige © was

en the air path. This was done by a tecimique that ve trhed

to adapt to turbidimetric size adigsis on the actual mauhiene

Qa\

  



(continued)

 

Now this cccurred on a sample that was collected at te

four hours and the same picture held at six to eight hgurs.

The soil sample collected 24, hours after detonation falthis

sane location had the maximus activity in the particle|eise

fraction of 175 to 350 microns, I sort of go along wifh the

idea that if we study intensively what can happen in

first 200 miles after detonation we are goingto cone with

mest of the answers that can be applied worldwide, if

will, or et least within the 0. 8
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ReTMIT LAiSOMs There may be soe question with respect to the cha:

istics of a particle «= you break it dam to that in ple

versus thet which goes out to 2000 miles, But X

oan be ironed out between the progres that Eloenbad }

ani what the offesite people have been doing at Rad £

and what Los Alamos has been doing sod what we have

doinge

 

 

 

    
      

   
   
  

    

  

If we can find the tine, votre going to try it,

-“ LIBRYs It certainly seeus to be very important, I notice

finding strontius 893 now strontius &9 hes the sane 4:

character as strontiuz 90, It also has a krypton ?

that can only be chemically available, soit maybe

selectively abecrded in your radishesy Hot becenreof

This is what we are hoping to iron cuts sane
Le a

interesting to soe whether this 18 oty.- Sot

LARSONs We have work going onin clayfixationthetts aates ia

strontium, cesium, cerium and rutheniua problew and me

not only going with respect to the usual definition «

clayification, but we are using a biolecioal indi

prove whether or not that fixed so-called fraction

really, truly fixed with respect to blologys

Penartifent of Energy.
siien’s eifica
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LARSON:
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i think your report is extrenely icpertant Dr,

is, 1f you could possibly manage to measure   

 

   

  

    

   
   

You see, a provrem like this, Lr’. Libby, we call on a

contractors to send us people plus military people a

wind up with something like 58 or 60 personnel out

in the fleld, hen we cet all through with the

 

of analyzing all the data that has been collected,

It's possible you sea, I think, to pet scm

to measure, I've been hoping that sone of these.
cial companies would start measuring -- making lov-

measurements for a charge 90 you could send » senple

say Tracer Conpany X,and cet & measurement of it at :

low level for a price, or else hive equipment which

can buy, or give this service so that it would be

sible without having to do 1% yourself to getalot
masurenente nadey

: * > . :
eo . of 8S veer . ~

« . * .t . * een DB ws
a " ae iF os . . y : a
wok --‘g 9 wR. “+ .

. , - owe. ee
7 BF yet *

You know, your senples are probably not very low levels

Dre Western, would you like to have the floorg  7ES
I was making « mental calculation a moment aco while was |

talking and I was trying to coordinate ay deta vith a
values which Dt, Bethe hed cone up with on the board a a

  



LIBSYs

 

ZX got one of my factors inverted; let me make a co:

tion on one of the statements which I had made, I

have ssid that a value for external dose of material

falling out 4n the concentration which Dr, bethe tallied __
about first as being « tolerable dose which I think ¥

8/10 microcuries por sqe micy I'm using one microcurfe por

square mile here as being essentially equivalent to

The external dose as the zaterial falls out within & hou

is the integrated dose over a long period of tins and is |

20 r (not 2000 r) and of which half (of which 3/10 cal 6 ¥)

the first dy and 10 r in the first week, One curte be .

square rile would correspond to this socerding to calo =

culation which I had made previously and have on paper here,

I got one of ny fractions inverted in making ny nen | a

If you went to go up to what he considers as perhaps bed

dangerous there, you would have to miltiply these fadto

by 10,0003 then you are getting up tothe pointe

Consider this points In France whether you fight thi ver
and you use bombs against the Russians, you vin the wa

bat then, are the farms ruined? In other vords, I

say 2,000 ry total dose, would be scmething like a tactle

cal use whore the bash comes pumping into the ground pnd

explodes low over the troopa, To get that kind of ca

Poobrtment pve

 

20°

 



WESTELM

COL. LULEJIAR:

the reality of the situation in measuring, this 1s «

 

tenination of the ground (100 tines this 2000 r) thea would

thatfern be ruined?

I think this is Col, Holsman's point and it's a very

interesting point,   
  

  

  

 

   

   

 
Well, it depends on the interpretation of the data

Dr, bethe had on the board, If he puts in a factor

hundred, then we would say that the large areas of

sort, we would worry about theg,they nicht get resul fe;

if they are very suall areza, we night be able to

then for sauethinz.

Sir, in that respect you night be interested in this

thre was just one case of fellout which ve claia

covered 2500 sq. mi, and we think thet from these

lations it deposited 2 curles of strontiua 90 per

nile, which would make it souething liks 2 or 3

ari the dose rates infornally calculated would be os

indicated here (sonething like 60 r infinity dese)

actual cant, At the maim there was nothing over

roentgene infinity dose, Kere is a situation where

falls out and you do got perhaps 5 roentgens Lfyou

outside the vicinity and yot you do have 2 curtes of |strate

tiun 90 per age mis How, even if you have no vegetation

there and you de put population in, is it possible t#at yuu

might just stir up dust by walking around and inhalela

Denartment of Energy

Hict-rinn’s Office
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 portion of this so that it micht be « haserd locallyise ._

we would litle to mre or less disband in this case .

Cole Holamante point of view and actuallyask the

ference that in the absence of injection exi in the

sence of depositing a lot of strontium 90 per square

locally in a tactical situation, 1s there any has

    
   
  

 

  

 

How ia this 2 curies per square mile observed?

It was caleulated fron an observation of what ves

sited in the desert,

In other words you were assuaing thet the normal gro

fission products « .« Well, then shouldn't the

reduction factor or something Like it be a part of 2

curies per aquare aile? OS

I want to find out what this is . « «

It should be 60 ¥ infinity dose as calculated by Dre|2

Western's point ef view,  
But you've got a newquestions Even thoughthere 4s

vegetation, is it still dangerous?

In the abeence of ingestion in the turer in vegets on oF

eninal there is hasard if we put, in this case 2 curt of

strontium 90 per pyuare miles but tomorrow, if we a

Lent of Energy
apie OFfies

Nenarts
:

hates
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LOLEJTAN:

LIBBYs
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LIBEYs

- BUCHER:

 

war anit we do actually shoot a lot of banbs (posal

multiple drops on one city) this night ce up, say,

a factor of 10, and yet no vegetation; is there a

problem? In this case it must be the iohalation

hasards we don't eat the dirt; you micht breatheit,

e « « how the Japanese atudy strontium?  
Ho air, that's a different problea, Idon't see how

got reaidual activity rentioned in view of the air

drop ss. I don't quite understand thet. It could

beens se It doean't cone with our experience in

domestic none, I can't underatand 3 roentgon life

dost, And incidentally, this is « tower drop and in

surface, of course, you would release 2 curies of |

tium 90 per square nile; ‘there will be other factorsy /

however, You wovldn't cover 2500 aquare wilosy you

more likely cover 100 aquare miles = it will be a

aTCfig
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When you walk aroundon test areas up there, do you

nesks?

I doen't,

Do they ever measure those masks for activity?

   

 

 
Those who are working in areas thet are dusty and ha
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fairly bighesiblent radicsctivity often have the filtirs

shecked, and they might be quite hich,

Ie the dust trapped in charcoal or a paper disk?

XY think that Cel, Quinn and his crowd had cults a lotief

those filters in connection with the operation,  
Saxe of the MRDL personel, after the underground

went into the test ares to recover senples and they

respirators issued to test personnel and when the r

pirators ware reroved you could ace shout 20 mF per

by nostril probins,.

qhe material would get intethe nostrils wen you're

wearing those respirators ~+ not through the filter

but coxes inte than by leeking arcund the nose .

certain facial contours,

Concerning this strontiuus If you cot 1% inte your 2 7we : a Saet 3

would 14¢ be in your body? Would it be metabolised 1¢ |

were sclzbie?

  

   
  

  

+

 I think that whatever it is we actually retain, it is

exhaled in the next breath cycles. It is, for all

soluble material, It will soon be transported to bone

that was @ point that Dr, Congr brought outs that te

inhale strontium in that finely divided state is going

 

tay

and
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be actually a bone problea nonetheless,  Yn the Jengle underground shot they had sninals

to the radiation where the total doce was something

2000 r, and they autopsied those aninals end found ny

even approaching a tolorance doce inside them in spt

the fuct that such tremendous quantities of dust

fountle

Those were the sheep you are thinking about,

Yes, that's right, , a 
The larger particles would tend to be pulled out in

nasal passaces.

 

   
   

  

  

 

Still theyhed large eronts of dust in the Inge _

was no activity,

I just node 0 Little rough horeebeck caleuletion

indicatingthat you would have te taleupabout 10 |

Kilegrns ofthat dust in order to get the tolermnce ow

DLA you asrane © certain aise of dust?

Well, I sesume that you xix this uniformly and that

you kicked it up you mixed it up in, say, abdcut a

centimeter dam, ‘This seaerd like a sort of « «+ «

In other words, the only way to cet the strontium

i2 ed-artment of Encrcy
fotatpions i y
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would be to eat the vegetable or mineral, You'd

eat 10 Kilograns of dust, ‘That's the question I wanted te

ask, ond yes youtre anmvered that it dove really sehte | .

problems I'4 like to get together ant caloulate fee. eyeee

  

Look, you can do it ith soxe sinple muberss

sre thare any vo would Lie to naka vat they conatche

absolutely inportant convents before the conference | 7 . 7

breaks wl? oan 
I was out this morning while Dr, Bethe was talking.

 

   
  

 

  

 

  

   

that tho ratio of telerance to serious effects as pull on = “ =

the board was different ty a factor of 106, Testerd

were talking about a fector of 1000 for this sine tat

I would Just like to ask how this desis « ve Wee hed

The crement,foethts wally in theon.sotre“nsfhe ak : me ; e E

Veg we TO ES meg * x
Fe Taa ee oe,

ofa is considered +dees Oo Roa Ee eid
. a owet yt ge we Beeet
~ Bre ae + a . “3 ?

CME! Eege aeRe ow “ i ¥
Dog . a ee *« ae

extra factor of 10, X think acatostthe protestofA .

Bagher betwen radio and strontina to account for ne

different effect of beta rays and alphs rays, that it
ay contention thet for strontiua unifernly distributed in —

bone you should really consider 10 microcuries as the}

tolerance dose {n order to be consistent with other

‘
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tnorder to be consistent with «1/10 of a mlerocurid for

redion or with 300 miligrms per wek of cama radistic

This fecter 10 and the other factor 10 between the |
ance dose of radia and the sories doce of radiva¢

‘factor 100. |

ow I understand the basis of the 100; could I ask

the basis for the 10007

wiwre 1/10 was the tolerance,se between 80 ant h0O .

 

    

  

 

  

  

Is there going to be clintoal ovidence for the actual) aa

LD 50 doco in strontiue? 7 feele,vndn pleats

I hope not} I think we ere quite context to leave4assee ooh,

& speculative ocaputatien rather than having“ dam As (x3 ot|

confimations tut I thinkwhat Dr, Bethe was yt,Awe ie
in here (vat he called senoris) was scomiersaround ig OE

of the peoyle choving definite lesion, end the topfigure=! :
van acuetizing Like $05 Lethality of eenoris Loetonae |

thet is as good as anybody can make at this tine, |
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