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milk supply and weter supply area. The country-wide average

on some average weighting Ils wery heavily in the midwest for

the food producing areas. Theny we shoula try to caloulate for

a specific area a potential exposure to this risk and then

relate this to the amcunt that ons found in peoples’ boncs,

taking account of their ages. I think that in view of the

fact that it is probably going te cost us a fair emount of

money to get the samples, they cught to be designed very care-

fully, and alec a goed deal of ingemity and mney put inte

the analysis. We can't assume ahead of time that we are going

to get very good ansvers, but at least we cught te have in

wind thet we should produce an enswer that aight allow us to

give rough predictions frem a series of detonaticns wing all

of the wrk that will go into the transport and ac on, telling

us if a certain number of bombs of specified yield are set

off roughly in these locations at this time of the year and

transported, what is the hagerd in the varicus areas?

Eisnebud's data indicates that, it falls aff fairly regularly,

dees, the fallout ~ from the alte of the detonation. On the

other BE hand, if some of the material this morning indicated

that if you are looking at soil, thie thing is liable to lock

vary peaked, then you are going to have a hig problesn. If

you are lecking at hwsan bones which sort of draw in an average

ever the whole country, one might expect more regularities.

It's hard to say. It's going to depend on whether this lecal

mab: PNY ~ Se mA end the watery isesy the Big components

. ASHALL
(contimued)
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ResSHALL:
(contimsed)

LIBEY :

MARSHALL:

LIBBY;

a7 nae

in the pioture, or the more widespread feedstuffs. After «

iittle calculation, 4f it turns out that esy a hundred grans

or so of bone material, were enough to allow you to take a

messurement with a guess of a hundred dollara for the enaly-

ais of this particular sample, one, I think, eotld in this

comtry -~ the esloulaticn I did for ten cities assuing

that one takes account of various age groups, start say with

an age group ef from 0 to 5, 5 to 10, 10 te 15, 15 te 2, and

2 and over, perhaps, that ene aight take three samples in

each age group totaling 300 grams, randemly sort the pieces

inte 300 gram units, analyse cach one, and get his count.

This is all for ene city, and for the various age groups, end

get an idea of how the fallout in the eres and the countrywide

averages related to the amount of Sr” in uman bones of

the funotion ef age, frou the past experieness, Fron this,

one might be able to try scme predictions, depending upon how

variable one found it and one needs, I think, in each one of

these areas, at least two detaruinations at ench age group,

for the purpose of getting an idea of the variations even for

iets within a particular ares.

te
Take aAGLW/, case of the human sewage of Milwaukea..

- You've certainly got en enormous averaging already in the sanpihg.

Yes.

How, what would yon do in addition in order to get the variability

paremetar? You cartainly have in that, a pretty fair average for

MENEEEINEEEP food and 20 on for the city of Milwukes.

DUE ARCHIVES
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LIBBY :

SOLOMON:

VOICE:

SCLONDE:

COLMAR:

LIBEY:

“MITCHELL:

 

have infinttely more trouble measuring it in anything else.

What is the stuff that makes you get your teeth clean? Is

that calaiua containing? Think of all these things you can

get gratis, and then use your maximm sensitivity, axi see if

maybe you can sample pecple without killing them.

Plinsms has five hundredths of « percent of the total body

conleiua as against 90% in the bones, and aluost 1% in the

teeth. Everything ia weighted against you.

Ie there anything you oan feed pecple to make thas slough off a

jayer of calcium from the bones?

There is a possibility that sone of the varsinates (1) may

bring same calcium out. I don't know. But it has been supposed

to bring lead out. Calcium versinate has been proposed in order

te bring lead out.

It's wary, very hard to bring calcium out.

As you say, & tolerance lintt of one miorecuris..

Well, the most sensitive nethods will pick vw ebout cne-naflifenth

of that, so you seo it is a possibility. I don't know what the

average perscn would be in texrma of tolerance. I suppose very low.

One dosan't know, but the bones of a person who is growing through

the period of exposure will essentially carry an integrated dose

of anything that might be, say, in the blocdstweam. So if you

MEME, 3c wp 0 sample of tlood today, you have x amount, you will

esthe accumulated amount of x times a certain numb =

DOE ARCHIVES
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(continued)

LIBBY :

SCLOMON:

LIBBY:

SOLOMON:

 

the biced from clotting. How if this were 30, this fon exchange

resin is discarded; it isn't used any more, If it were so, in
: e

any large blood program, one could get a tremendous amcunt of eee

resin from which you would only have to dilute, which you gould
eethbe calolum

do quite easily, but I don't know encugh about the bleed program.

Ancther possibility is what is throw away in the gamus gloiulin.

Deean't, all that blood come from adultsi That would be very good.

Host of it, I suppose, does.

On the other hand it contains the lost calcium, and that's the

stuff that would have the strontium in it.

With an adult, bones are argued ageinat because bones are made,

but the calcium in the blecd is still in the bleod, and is

still cironlating, and so that's not a valid objection. This

would require getting in touch with the Red Crosa and learning

some of the details of their biced collection. You can use

dated bank blocd toc.

You think bone meal is scmething we ought to play with from a

statistical point of views Take the Chicago stock yards, for

axample.

Well, here again I think it's a question of — what is the

question you are trying to answer

Well, suppose we measured the bone meal content from the Chicago

stockyards, and we find this te be something or other. New would

—



=n

wsBBY: Any one else have a question for Mr. Marshall? Before we

leave the sampling program, I'd like to mention a subject which

Golonel Holuman is connected with. Several weeks ago we were

considering this stratospheric storage, andi concluded then as -

we did thie morning, that it probably existe, that there is

probably a lot of radioactivity in the high layers cf the

atmosphere, and the question is how to preve this. It is

obvious from remarks this aorning that rainstorms and the

vagerics of weather make the assay of rains « rather mrelishle

way of establiahing it quantitatively. 4o we wonder how to

sample the high atmosphere and get samples down which give us

some qualitative notion cf the content cf radioactivity. There

are two aspects ~— one is to got up there, and the other is to

get the radioactivity out of the air. We asked Colonel Holsuan

to make some measurements on jet aircraft which are operating

out of Kirtland, and I'd like to give him a couple of minutes

to tell us about that. I know these data are vary poor, but

there is some radicactivity on these airplanes, and as I

understand it, they were not in any stemic aloud that you

knew of?

ROLZMAMN; That's right, Dr. Idbby. About « month or so ago, Dr. libby

requested just a yos-and-no anaver as to whether any of our

jets were picking up any radicactivity. Se we ran a *quick-

and-dirty" test on this. There were about fifteen aircraft.

We made sure that the airaraft vere not those which might have

ee

DUE ARCHIVES
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oo Would they have them in Korea? Colonel Hooks, would you know about this?

HOOKS I don't know for certain. I assume not.

LIBET: How about Europe?

HOOKS : Yom.

LIBS: I have a notion ve may get some definite proof of the existance

of bigh lying radioactivity just by witching operational air

eraft in this simple manner. New, of course, putting on a

filter or anything like this is bound to be seme trouble, but

if it is as aieple as neesuring radicactivity on the inside

chamels of a duct in a jet, I think maybe we might get something.

Now of course it would be rough, but at least it may be worth

getting. I just wonder whether it ian't worth trying. It

ian't extively orasy. There is a thermal gradient in the

syatem, and this thing is a possibility of separating cut

partioulate matter. The yield, of course, would be enormously

low, tut there ie probably a ict of stuff in the large volume

of air that goes through these airplanes that compensates.

Another line of attack is to develop « sampling progrem for the

high altitudes, and I think this would have to be done on a

longer range basis. I think it is quite important to sample

the higher layers before the CASTLE sexles, if we possibly osn.

If anyone has any idea of « simple way of using operational

airplanes to get evidence of radicactivity in the stratosphere—

well, above 30,000 ft., it would be quite valuable.

Fl
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VOICE:

KELLOGG:
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Liniry

Are any rockets being fired at White Sands?

They don't stay up very long.

IT don't think thet could compare with sampling from the jets.

One thing we've been thinking about a little 1a the possibility

of sampling, or getting « direct measurement of radioactivity

in the stratosphere by « method which would involve sending

balleons. The advantage cf balloons is that thay eat get up,

at present, higher than any cperational eireraft that we have.

I suspect that IAB since the height of the tropopamwe in the

Marshall Islands is arowxd 55,000 ft., we wuld just about have

te have balloons in order to sample the stratosphere at those

levels. In fact, if we can consider the transport anything

dike horisontal, then vs wuld expect to see the debris come

along at heights from 55,000 ft up and dewn when it reached the

uiddle latitudes. In trying to imagine what balloon sampling

would look like, we have been inquiring abowt some methed of

doing it similarly — on a basis similey to our present radio-

scnde networks. In the history of upper atasephere research —

I can't remember back, but I can read about the great cost of

the early radicaondes -~ it wes HE considered quite « trick

te do it. Mow we have upwards of 30 stations in the U.3.

making two soundings a day on a routine basie for a very

nominal cost. We inquired about the cost of sending w «&

piece of conductivity equipment which could actually be

inserted into one of the channels of the ordinary radiosonde,

Pd
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.none: taking advantage of the telemetering already existing at

(oontimued) big stations all over the world. Measturing the conductivity

would be one way of doing it. The other obvious way would be

te measure the radioactivity. That is, by some method of

Geiger counters properly crianted so ss to eliminate ocanic

Yadiation as auch as possible. From whet I have been sable

to gather, it is cut of the field of the second, that is, the

direct Geiger counters, a little bit out of the field ef ou

specialty - but it would appear to be rather herd to do. It

involves quite a lot of instrumentation. We beve Looked

inte the question of measuring the conductivity in the

Upper atmosphere, and it appears that this could be done vith

fairly reasonable equipmtat, and it also appears that there is

going to be a very large change in the comiuctivity wherever

wo have changes in the radicactivity. This will ocme out

this afternoon, perhaps, when we give a few facts and figures

about the atmospheric ion content in a radicactive cloud.

BOE ARCHIVES
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LISHY:

KELLOGG:

LIB2Ys

KELLOGG:

LIers:

KELLOCG:

BOLZMAN :

ad pas

like to hawe us all think a little more about.

Well, fine Will, but how many years will this take?

Some equipment was built for Jandstone so we would have some back-

ground in this instrumentation but I don't have the details of it.

It certainly could not be organized before Castle, could it?

I wouldn't consider that it couldn't be. I think that, well,

you gee the telemetaring ig an inpertant part of 14. This is

alreacy available. If we cen devise the output ef eur conduc-

tivity cquipment to adjust a variable resistance which is roughly

the same resistance range as the present elenants. ¥Ri is the

place where i got my information from. They estimate £200.

Perhaps Mr. “mith of SRL wouldn't like to be quoted too definitely

on this, but he thought it could be made for about ¥200 per

equipment.

What load will it carry?

Ch, this is the gear exclusive of the balleons.

This was dene at Sandstone wery successfully. I get the feeling,

iy. Libby, that many of us hero are thinking in terms of this

material hanging ap in the stratosphere for long, long periods

of tira. Although I have been getting nore and nore away fron

meteorology I think that this is a very wrong concept because

air ‘fron stratespheric levels can come dew: many, many thousands

Shien

mei ces
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(Contizmed)

WEXLER:

LIBSYs

WEXLER:

Lisars

WEXLER:

LIBSYs

VOICE:

ROLZMA‘s

1

iy
fae

of feet in the ordinary weather situations. For example, air

that might be at the stratosphere today, might be down 70 to

15,000 feet in say 2 hours. Would this ce a reasonable thing,

Harry?

Sure, I'd even go further and say it would be down to the ground

wider certain conditions.

Then you would say that the mean life of stratospheric air is

two days or of that erder?

Ho, this is only under rather exceptionally favorable conditions.

Well, if you take an average what would be the length of tine

,

nefore it came down tc sea level?

Well, you take an average between two days and six months, maybe,

or a year.

fut it weuld be in the order of weeks or sonths?

The exceptional ease would be high thunderstoras?

No, I am thinking really of isenthropic flew dem slope. You

see air dcesn't flow horisontally, it flows down, and if you

have an unusual weather situation with high pressure, low pressure

and so forth depending upon the complexity of the weather, air

can come dow from stratospheric levels as Harry said, even down

to the cround, and this is available for precipitation maybe the

following or the subsequent days. ‘So the atmoscvhere is constantly

DOE ARCHIVES



Buuc¥aN 2

(Continned)

LIBBY s

ROLZMANR :

VOICSs
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VOICEs
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gi

purging itself even at very, very high levels and for this reason

I thought that some of the data that, well in one of our other

programs might be carefully analysed and so give us a lot of

information as to how much thea atmosphere ia purging itself of

this debris.

So you imagine that 1+ might be at great heights? That the radio-

activity might be at great heights?

Well, I got the feeling from your remarks and others that this.

thing might hover at stratospheric levels ....

Ten't your point coming to say that your guess would be that the

radioactivity, assuzing a period two or three months after a shot,

that. the radioactivity would be pretty well distributed?

That ia right. It is pretty well distributed bat it is constantly

being purged and that data even at lower levels can be analysed to

give you a pretty good indication as to what is zeing on above.

That is what I was getting at so that there night be sufficient

data around with careful study that ceuld give us somes ansvers

that we are seeking here.

If thia were true then it would seem that -iserntdud's data should

show this, because let us assime that there is a six month half-

life then he ought te have # six mcnth slope:on his fallout and

he doaan't have that.

 
enllllaennen™
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EISENBUD:

WEZLR:

EISEWBUD!

WEXLBt

Eigenbudt

WEXLER:

LISekY:

 

Well, ws don't know, we haven't had the tine.

I think thet this depends upon whether the steff is getting up

to the stratosphere. Most of his stuff is belew the rainout layer.

I think that it is the opposite. Ramely, thatapparently there

ig no obvious decay yet from Tvy.

Well, I would like to go back to this Krakatos. Maybe we could

squeese something cut of that. Now there was a ten fold demanv-

tion in solar constant.

10%

Wo, ten fold because there was a ten percent increase making the

19 one percent difference and it took them three years to get

this 10% peak down to 15 where they could ne longer determine

the change so that is really the ten fold aver a three

year period.

Well, the only thing I said was thet there was a 105 decrease

aS an average over the three years.

Oh, I thought that it started as 102%.

No, you take 100% as normals. It went down to 90% and then back

to 100%.

You are talking about dust content.

=eaenein
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WEXLER ¢

\ GBs

WEXLER:

GRICUSs

WEXLER:

GRIGGSs

a Ae
aan pao

Yes, this is referable to the mass of dust.

It depends on the sises. But about this stratospheric exchange,

I agree with everything that Ben says about the lower portion

of the stratosphere which you might say is isotrepically connected

with the trepesphere. When you get up sbove into the stratosphere,

then the direct exchange between it and the lower atmosphere

becomes much more difficult to do because there are no isotropic

surfaces that really penetrate up. They are sostiy horisontal

up there, So, to get things way high up they are likely to stay

there except by a very slow process of diffusion or fallout.

Vary slow, but none of this very rapid quasi horizontal larze

scale of exchange that 3en was taliing about.

How high?

I would say that if you get up to 100,000 feet.

My recollection is that in the case of Krakatoa is that they

observed brilliant sunsets in the Sahara desert and other places

and they persisted for a matter of months and possibly a year.

These things were such as to indicate the presence of dust as

scattering at a very high altitude well above the tropopause.

That ie right. That is how they estimated the height to which

the stuff went. At least 160,000 feet.

There was persistence of this dust in the high stratoschere a

tong time.

—, BOE ARCHIVES
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Yes, and it gradually settled dom. They are able to detect that

vy optical effects, gradual decrease in height of the main body

of dust.

Xe this consistent with your picture?

Yes, I think so because that went well up ebove the low portion

of the stratosphere where it was effectively sealed off from

Asotropia exchange for lower atmosphere. This is also born out

by some ncisture measurements that have been made. There have

been about three mcisture measurenents nade by a balloon going

up 100,000 feet and it shews that in the stratosphere the atmos-

phere is extremely well stratified vertically. That is, there

are layers meist or rather moist air and dry air. This indicates an

extremely low rate of mixing. On the other hand, al] the measure-

ments that have been made indicate that the composition of the

atmosphere, that is the permanent gases are extremely uniform.

It sort of cives you an idea of the time acale of mixing. It

ia somewhere inbetween probably days or weeks where moisture,

precivitation, evaporation and things like that can remain stra~-

tified and the time required to do uniform mixing. In that same

connection, are the samples obtained by rockets too small to be

analysed?

t don't know. We don't know what the content is .

They get samples cown to the order of a ecourle hmndred ec I guess.

oa

PALES, + at
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LIBEY:

SOLOMONs

BILL:

iii

This discussion seens to me to indicate that the pilot query

which we have up there is only part of the question and the

other pilot qery which we had was what is the distribution of

radioactivity for Strontium 90 in the werld today? I think that

they are two quite different problems. To determine as human

hazard requires one set of measurements, whereas to determine

its distribution in the world which is integrated into the human

haserd requires a different set of measurements. You wouldn't

need to make any stratospheric measurements to determine the

human hasard as long as you had fallout.

I think, on the contrary, that you probably would. In order to

back up finding the radioactive Negroes in South Africa. You

find a radioactive person ir Seuth Africa and say hew in the world.

Maybe he tock a trip or maybe he ate Alaskan canned salmon, and

you becin to investigate and find that the rain is radicactive

with Strontium.

But the fallout takes account of a great deal of this. In other

worda, one is operstional and the other 4s science.

There is another inportant thing. Lf you analyse, say in your

pilet atud7, over a period of months you find that a certain

axount of stuff is biological material. You are still faced

with the problem of what is going to happen in the future and

until you arrive at something about diatribution in the litho-
hydresphere

sphere and/ap well, I doen't see how you are going to extrapolate

with any competence.

ne DUEARCHIVES
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I am not going to argua against it. It seens to me actually a

t
e

mach more fascinating problem than finding what the human hasard

isa. Isis just that if one is trying te put thease into words

this is the set of words which doen't exist in the sampling program

and If think that they belong thers.

I think that we all agree there, but there may still be some who

still wonder why we study Strontius on a worldwide basis. I hope

eur presentation in the last two days helped to answer this

question. It would seen that you might well say take the Americans

as being the fair exarple, but our problems of worldwide circula-

tion are obviously so serious and so ixportant that I think any —-

thing less than a worldwide assay or an assay that doean't have

acae samples spread all ever the world will be unsatisfactory.

We do not know whether Strontium goes with the ordinary fission

producte; this has to be settled. We have very good reason for

supposing that it will not go with them, that there ia a big

fractionation and so we have to do an assay. Oh, the third

thing is the long Uifetine means that the mixing processes will

carry it all over the world, certainly in the ataesphere and

very probably in the ocean currents, at least as far as the su

face layers are concerned. S90, 1 don't think isolatienisa has

any orerer roll in thie. Wa have sot to take a broad point of

view. Return to the original Sabriel question, it wasn't whether

you killed Americans: it is whether you kill peeple, and I think

that we must assay the world, not owr ow backyard, Are there

any people here whe objest to thie or want to discuss it.

meet DOE ARCHIVES
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LIBBY:

LONG:

LISBY:

. aaenee eq

Gur own backyard is, after all, 3,000 miles in one dimension.

Ian't that a fair sample of the world?

Yo, IT doubt 1% because the world is so muoh bigger than that.

Take the equatorial regions, we don't have repressntatives there.

The equatorial regions represent half the world's surface and

we don't have much ef it, you mow. They have great rainfall ia

this area and most likely if it is upetairs a large fraction of

the precipitation osours in these equatorial regions. I think

that there are abundant arguments fer it. I think that it is

true that we would certainly take more samples in this country

than in any other continent. We mustn't slip into the notion

that because it is more convenient that this assay vould suffice.

I doen't beliewe it will.

T wonder somewhat though whether this isa « terribly Lorertant

question for this cenference though. Theat is, if you are operating

in the league of the pre-pilot and pilot queries it seems to me

that in that league you can ouild a very sound case for operation.

Well, I will answer that in the following way; it is « question

ef whether you will operate at all or not. It is a question as

to whether you are interested in Gabriel ae sich. Nobody is

interested in analysing a few isolates cone samplers just for the

fun of it. People will do this because they are interested in

the Gabriel project, so if you don't keep the general purpose

of it in mind you are not evan going to get the pilot action.

. That is why Strontium 90 has never bern assayed. Nebody has had

any reason to do it. It ien't useful to Srence in getting radio-

chemical yields so ita ; .

qummmmmmtees POE ARCHIVES
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Pd rag

Y was impressed by what Mr. Solomon said, namely that the sampling

thing, by ites nature, had to be a developing thing and it Just

seens to me that worldwide aspect could very reasonably be put

fhe only reason that the deyelonment will ever go is the worldwide

assay. That is my answer.

I would like to suggsst that we break off for lunch in two or

threa minutes. Let me just tell you what I think we can do on

a detection. Of course all of this has to be worked out and

proven. Sut the detectable levels, of course this means that

you are going to work hardest on these. The lower limit, I would

say, is about 1 dpm and this to be contained in any ameunt of

aampls up to 100 pounds. How what is one dpm ~- that is one-

millionth of human tellerance. The person whe {9 just beginning

te feel the effects of Strontiun; it is contained in one millogran

of ealcium in his bedy. In other wrds, there is absolutely no

difficulty in determining Strontium in buman bodies if 1+ gets

any where near tolerance. Row who knows what it is now? [|

den'% even know whet ¢alculations can be made; [ can't even

guess. Is anyone willing to guess what it aight be now? If

you say that it is « thousandth of Imman telerance at the present

time then one gras of caloium is the minimum you will be needing

for this saaple. Jou, the present asount of 3trontiua in the

world, The present assay; well, we say a 90 kiloton bom gives

i gram of Strontium per AT roughly. with a 5% fesion yield we

have this many Strontium 90 atoma produced from kilcten soxmb and
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(Continued)
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divide this by the area of the earth this number comes out

20,000 Strontium © atoms per square centimeter. If we say we

we shot off say 1,000 bombs this would be per kiloton bom>,

you get 20,000,000 Strontium 90's par square centimetar's at

the moment. It happens that 15,000,000 give you 1 dpm ao the.

present assay is 1 dpm per square centimeter. ‘That is all you

know from the rough overall yield figures. That is how mch

there is, in other werds the linited detectability is equal te

one square centimeter for wiiform distribution at the moment.

Tha homan tolerance is equat tc a million square certineters.

That is the ingestion of the Strontium in an area of a million

square centineters, that is 10 meters square - you swallow that

much, you are up te human tolerance at the present time. I

don't know that any other remarks at the praesent time would be

particularly pertinent. Now, naturally these ars the hardest

things to do ani? it will be easter to do Sichardson's, this can

be done [ am quite certsin.
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We would likes this sorning to diseuss triefly the resulta of

the separate aesting. If we can't tell what we do know, we

should try te outline what we don't know--whioh I imagine is

quite a bit. We would like to conclude the serning session,

after the coffee break, with « discussion ef the GADRIEL

problem, giving some of the results ef the “old GABRIEL" and

giving sone of the tentative cenclusions ef the classification

polley ueeting of yesterday which turned eventually inte a

technical GABRIEL discussion.

Will Keliegg would like to talk to you now, on the sampling

program invelved in Part I.

After the discussion of yesterday afterncon, in which we went

over the possibilities, needs, and advisability of making sone

experizent where we could follow the debris in the atmosphere—

what I heave to say now may be really thought of an a review of

the factors, and I shall try to state sexe of the digcussion

that took place here yesterday afternoon, briefly, for the

benefit of those who didn't hear it. Because I think a let of

interesting factors did come up.

I'll take first, our original attitude toward this. In looking

at the local fallout picture-—dy this we mean the fallout, rain-

out, in the first few daye—we found that ane of the most dif-

ficult parameters to talk about, much lees to get any quantitative

awee te vertical Sranavert eon Harry Wexler
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KELLOGG:
{ continued)

and that is because of the way they cut through the clouds.

If we could have the first slide, I could remind you of the way

the atzoszphere is shaped, and the way 6 cloud moving in the

atmosphere is shaped. This is a slide prepared by Jim fdinger,

and those of you who were here the first afterncen sar the slide.

It shows a sketch--and this ie a fanciful sketeh, but it is

based on the way one would expect the atmosphere to behave-—-

showing the eleud at the end of, roughly, ene day, and taking

twe cases: one a rather unrealiatic case in whieh there is no

shear and in wiich the cloud simply spreads through to the action

of gross turbulence and fine-scale turbulence together and, as

Jim pointed out (we won't so through the arguments again), you

would not expect it te be homogeneously distributed; it would

be polled spart and would present wiespa and hot spete and gaps

and patterns. ‘Then the argument went on to indicate that

actually we almost invariably would have shears, and so the

eloud, instead ef being in a pancake section of the atmosphere,

would actually be spread ont in a long belt. The dimensions

here are conservative for one day; they actually would, in

mest cases I think, be even larger than this, and this dram

to scale. This is actually a scale drawing ef suck a cloud at

the end of ons day; as I said, these horisontal spreads are

conservative. This shows it, as one would expect it to be,

extrezely flat. Wow, in the case of low diffasion—and there

was some argument yesterday to indicate that the 4\ffusion

— BOEARCHIVES
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KFLLOOGs wovld usually be rather small in the troposphere, and even
(continued)

saaller in the atratosphere—actually it would ve a thin

ribbon cloud no wider than my stick. On 3 day when thero was

strong convective activity stirring, the layer ecaupied by the

cloud might go down to the ground by the end of the day. Then

it would be a little bit thicker.

I think this shows one things that is, if we sade « horisontal

traverse through it, we would get a long slice this way, whereas

a few traverses through it vertioslly would intersect the cloud

and would also provide a three-dinensional picture. [I think it

could he done either way. One aan visualise slicing through

this way, with the line corresponding to an aireraft flicht;

or slicing through it this way with oe balloon—dut © wanted te

show this slide in order to show that one would not have to have

a very dense network of balloons in order te intersect the part

of the cloud.

LIBBY: What experiment are you croposing?

RELLOOGs This is an experiaent whieh would be presumsbly to follow the

elouwd in three dimensions from the tine of burst.

LIBBTs ave these balloons staked out, or do they go along with it?

KELLOGGs Wo, these are sounding balloons in the sense ef « sounding

being made from the ground upward, exastiy as the radio sounds

which ara sent up tice a day all over tke world now. ‘The idee

es DUEARCHIVES



 ELLOGE :
{continued)

oe vending oqNTsure te

density of the radioactivity in the air was, [ think, quee-

tionable to us at first; we were reassured, however, by

finding that "RL had already built equipment which uses

counters and which cost would be in the order of 4200 per

instrament, exclusive, of course, ef the balloons. it

turns out now, that Pete Hyckoff tells us that the Air Force

is algo in the preliminary stage af developing a siniiar

equipment; using, however, inetead of eounters, the neasure~

ment of conductivity. A few flights have been nade which

show that the instrument is practical and, presumably--if

Y oa queting you right-—it could be done between 2100 and

$200 per instrument, or something in that region, if one

wanted to produce a lot of these.

The radiosonde network already provides a large muber of

telemetering stations. It also provides erews for launching

baliocns. This is an attractive idea, practically, vecause

4% means one does not have te set up the ballcon-launching

network--it's already there; one would merely tie on extra

equipment when one wanted to try this experinent.

The question of how long we can track the aloud using

eonductivity measurements cams up yesterday, and none of

ws was quick enough to make the calculations in our heads;

however, I figured from what was said yesterday, that appar-

ently the rate of creation of ione by cosmia raya in the region

DOE ARCHIVES



KELLOOGs
(continued)

BETHE:

KELLOGGs

HOLZER «

WYCKORF(?)s

KELLOOO:

in which we are interested, in the vicinity of the tropopause,

is about one ion pair per cubic centimeter per second. Is this

right—te those waco aight be sore faniliar with comic rays? I

worked baciward, uging the recoubination coefficient and tus

auaber of atmospheric ions, and caze to the conclusion that it

would be avout one per cuble contineter per second froa cosaic

rays at around %) kilesacters....What's that?

That. svands rather low.

low?

Yea, I think it ia low, wii.

Well, the nazber that was sentlioned was a thousand atmospheric

dens per aubic centineter.

The mobility 4a very higt up there, you know.

Fell, just taking the number of ion paire—this number was

mentioned—end if one uses the usual 10° for a reconbination

coefficient of atacepheric ions, then ons concludes that

1,009 ton paira per cubic cantineter and this rate ef recosbina-

tion would be equilitrius for one ion paly produced per cabic

eentineter per second,

I think that we could raise this by a facter ef 10 easily.

le it a facter of more than 107? Well anyway, the number of

ion pairs formed by atomic cloud 20 KT, and roughly the sise

P| DUEARCHIVES
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| RPLLOGOs which i have indicated there, taking into account decay soald
(continued)

be in the order of 400,060 ion pairs per cubic centimeter per

second in one day.

VOICE: Fhat tins slanent?

KELLOGGs One day having expended go that the volume, thisis the svarage

in the eloud, bas expanded dua te this kind ef diffusion. At

the end of two days, three days, four days, it will of course

decay further and would-—I have not made the eslenistion as to

when it would cet down to the leval of cosmic rays, I judge it

would be sowething in the order of a week before 1% would get

down in the center of such a cloud te anywhere appresching the

coenic-ray ion produstion. This is ene thing whieh had to be

estizeted first. I don't think this estinate is 4 very 2co~

curate one, but it does sugcest that one could use the conduc-

tivity to track the gloud for at least « matter of days. The

idea of finding where the cloud goes in the stratosphere is a

wery attractive one, because I think it is largely a astter of

eonjecture now as tc how vertical diffusion dees take place in

the stratosphere. J agree with H. Yexler in imagining that it

would be very slow, Yertioal diffusion in the upper part of

the stratosphere certainly would be vary slow.

Be have sone evidance, though, that suggeste that vertical

diffusion in the lower part of the stratosphere, which is alse

stable, is rather high. ‘This is based on observations of axoke
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XFLLOM4s
{continusd)

WEILER:

KELLOGG:

WEXLERs

FKELLOGGs

WRXLER :

4.

elouds which have Deenaade ” surpgann of the atmosphere,

which show, in fact, that as one goes from the relatively

unstable troposphere where wa have the decrease of temperature

with height, inte the stratosphere where we have roughly lsc-

therual regions, the amoke puffs which grow at a certain rate

in the troposphere, grew even faster in the lower stratosphere.

This was an observation mado on the basis of about 20 sxoke

puffs over Folloman Alr Force fase in the saseer ef 1919. This

conclusion was rather surpriging, Decanse it was usually assumed

that when you got inte the stable layer the diffasion would be

slower. Now, whet takes place still further en up Le nor a

matter of conjecture and, as I say, { would be inolined to

agree that the rate of mixing was sicwer in this upper region.

But I really den't think that ws can say that definitely yet.

“LT these meascrenents...do thay actually dstermine a three-

ainenstonal shapes of the puff before and after?

There were three phototheodolites, and it was posaible to

determine the shape. in effort was made to separate the effect

of shear.

Was there any indication of nen-isotropical...I mean, was there

any elongation of an axia in certain directions?

Yes, but this almost alwsys in s borisontel °

How do you mow that ist of this wae net due to isentroplo
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Wee pe we

motions rather than turbulent diffusion?

The herizontal elonczation was sesuned ta be due to shear, and

wo it was only the spread at right angles to the shear that was

considered, When I drew this, I was isplying that we've

eliminated the effects of shear from the data.

The Signal Cerpe has been trying to measure width by setiing

up smoke trails from reckets, and hes been unsueceseful because

the diffusion rate is so great that they den't even have a chance

to photegraph it.

Thia is the heriszontal?

Yow this ig just disatpation of the vaper trail itself, with the

smoke trail,

I've heard this too.

It just breaks spart.

De you think this in the region below 100,000 feet; or is this

up in the very high region above the ozone layer?

TI don't think it went up that high. ‘Thirty-five siles.

Then they'd be getting inte a region of steep lapse rate again.

Tive had to cespress it because of the sise of the blackboard.

This is the 35 afles here, end then we get « decrease of tenpera~

ture with height, and we have very good evidence for a lot of

Ry DOEARCHIVES
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mixing turtulences up there. | This i way bigher than we're

concerned with for even IYY 4I¥3 cloud. The peint is, tliat we

con't have direct evidence for diffusion rates in the stratosphere

yet, and we could get evidence if we could get balloons up through

tae cloud and track it for even a few days, as is stgested here.

Tie purpese uf nentioning it wes eimply te get ideas from jou

people as to whether it was practical or mot. So far, I think

the only real objection which has heen raised is that there

might be sone otherway of doing 1 more economically, because

the idea of a large network of balleen:soundings 1a rather hor-

rifying, in a way, until one compares it % the cost of Mying

aircraft, «hich would have to be jet aircraft, ap to theve sans

heights, which [ think would be equally great. The sanpling

people will object to the fact that we are trying to teleneter

the information back and are not making an atteapt te find out

what the material ta lile.

It ia, in principle, perfectly possible to recever samiles fron

balloons; that is, to send sampling gear up on a balloon.

Weights as mch as a ton have been carried hy General Hillis

polyethylene balloons up to 90,000 feet. We'd like to go

higher. “ea could, presumably, if you want te cut down on the

weight to a few bundred poundas we could get up te a 100,900 feet

with these big balloons. Therefore it does suggest that if we

wanted to find out what sort of zaterial is in the stratosphere

one could also use balloons in this case. First of all, getting

eed
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They measured the SANDSTONE cleuds over Washington, using

Geiger scunters and balloons.

What is the percentage of recovery of these balloons?

They had a project called 3OBY DICK in the Air Foros, and the

original IBY DICK gear were rather expensive and they wanted

to get then back, so they put $25.00 recovery prise on it. Cut

of all the ones which they know came dewn in this country, they

recovered every ons. Fvery one was sent back, either by their

sending out a search party or just being eeiled back by some

farser. I think this consisted of abeut 20 boxes. Now they

know gone of thea went down in the cesan, but the ones they

know landed in the country—they got every one back.

What was the air sampling achieved? ow was the collection

made up?

That's a good question, and we talked abent that yesterday.

The question was, "Sow does ene go about air sampling frou a

ballcen?* Some of the suggestions were-—eince we were talking

then about the exell particles in the air being the current

problem—what is the real distribution of particle sises in

the small range? It was suggested that one could use something

Liko an slectrostetic precipitater, as was developed by ICL

for aireraft wee. Or, in this case, one hase the tine to sit

up thare and use a therme-diffusion separater~that one sould

even imagine using this to collect these very suall sizes..
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fhe third alternative, which is, I think, obvious, is that one

gould pump up a tank with alr and eollect the whole sazple.

Whether thie would bring you back your partiale sises in such

a& way that you could find out anything sbout then, I don't know.

Presumably, be keeping to the sides of the tank after bringing

thea dom,

I'd like te point out that the thermal presipitater is called

the thermal diffusion device, and I think the fastest break of

sampling that has been achieved to date in something Like

30 co's per minute. So it's terrifically lew; or, in other

words, it's enly really effective for vary high concentrations

for particles, I don't think it will be usefal for what you

have in wind.

Supposing ene imagined a constant~level balloon leveling out at

the altitude ef the cloud and running one of these things for

several hours.

Even at several hours at X) co's per sinute you eti1] haven't

got very much.

Weil, they would be better off using the power requiresents

authority te run an slectrostatic presipitater. [ think it

would be mch vere economical te handle. Filtration would be

out alec, because of power requirements in ordar to get air

through any kind ef filter.

DOE ARCHIVES
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And enother thing, s balloon which hangs in ane place tends to

exhaust the air around it. I think you'd be recirealating air

after awhile {f it was a constant-level balloon sitting in the

eloud. The ciher alternative ia to de the sampling as you go

up; in this case you will eveld any posaeibility of sitting in

your own cloud of already saapled air. Se you woald need a

little fester device for a moving balicon..

Others have sampled air through an electrostatie precipitater

with about ten peunds of equipment at a cost of senewhare

around $200.

Will, it seess to me that the probles isn't focused too well

here, Youfre not really trying te follow thie elaud, are

yous you're trying to find out how much activity is up there

and what ia the rate at whieh it falls eut—-ian't that the

real problems here?

I tried toy if I'd bean writing, I'd heave made a new section

heeding. fhe Ciret section heading was, “Following the debris

te deternine the density in space over a peried ef tine"; the

second was, “The possibility ef using balleons te bring back

eamples*., I consider this as really two experinents, though.

uy flrat interest would be the first that I mentioned; that is,

using sone method for tracking the density of debris, regardless

ef what it is made of,

DUE ARCHIVES
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I think that first problem can be handled witheut balloons.

I don't see why you can't do Lt the way we have done it in the

past-——-by metecrolegical winds. The latter probles-—-that is to

find out how much is really up there after 6 long period of

time and the rato at which 4t is being scavenged-~it evens to

mo is the real problen.

Of course yeur wind analysis doesn't tell you anything shout the

density; it merely says that a part of the cloud is started

here, if it was all there would now be bere, and what didn't

fall out or diffuse would all be over bere. Wobedy objects to

trajectory analysis to denonstrate that. hat we don't know

ia how it moves in the vertical when it la fellewing tue

trajectory, and it was suggested that we de have a very complste

eut of the surface new, to show the density in a long two-

dizensions at the surface. We really don't know what path is

followed by the debris in getting to the surface. We can only

work backwards, using a columnation of trajectories and guessing

about diffusion. It's generally a rather poorly controlled

experinent; we can only use our winds plus an observation of

ene plane, in this case the surfaces. I would like to see

observations in 3-dinensions,.

This observation in another layer ef the atmesphere seezs

indeed a difficult one when you consider you are using balloons

and having the difficulty of having them where we vant then.

OEARCHIVES
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Comparing that to the data that were on the board yesterday,

showing the figures of saxigum and minimue for fallout taken

on the guaved paper, it seexs to as like the range was terrific;

even with the number of atations--l.0, 50 statiens—<it ranged

from thousands down to tens. You have the sase problem in the

atmosphere, row, Set you're only going to be able to launch so

many balloons; you're only going to be able to de it for ons

instance through any one level, for « shart period ef tine at

ona level. It seems like we're biting off a trenendous program

ef balleon sampling which aight neves give you an answer of

great sioniflaance.

da I understood, the reason for these big peaks in concentra-

tion at the ground was dus to the conjunction ef the eloud and

the proper kind of rain storm, which resulted in the very high

cancentration at the ground. I would expect that there would

be changes in the atwoephere, as Jim pointed out, there would not

be homogeneous mixing.
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As Jim pointed cut yesterday, there wuld be discontinuities

in the free air because of the way turbulence acta, that is

the finite size of the eddys involved. But I wouldn't expect

to have the big differences which are due to the big differences

in rain. When looking at the Thunderstorm Project reports,

where they have the very fine network of rain gauges, you re-

member the extreme grediants of rainfall in the rather mall

area that cocurred there.

These are the eastern Massachusetts resulte someone spoke about

the other day ~ showed a terrific variability of radioactivity

in a small eres, eastern Massachusetts -

On the ground.

- expressed in terns of ocunts per liter of rain, as I wider~

stands now that indicated s terrific fine structure of thse

distribution of this aloud which is exactly what Jim Edinger

illustrated in the first slide ve have shown. And the thing

I'm at a loses at you understand, Will, is how you can with the

present network, open network, ever hope to get thie fins

structure that is shown up by means of the ground samples and

aleo from what you'd expect of Jim Edinger's arguaent. So

therefore, if you can't get the fine structure, you have to

be content with getting scue crude approximation as to, say,

whether most of the activity is within layers likely to be

reeinai

el
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affected by rain if rain should ccour, oy above auch rain-bearing

layers. Row would this information be of wilue to you?

Yes, I think it would be, because although one would not know

the fine structure, I think that we could perhaps get an idea

ebout the fine structure ty just one efroraft fiight as to

which — locking over the afruraft flights to get an ides of

whether there was fine structure or not. J was inpressed by

this more or less orderly rise te a pank at seme region and

fall on the other side as they pass through the region.

But even then they grossly mooth cover the real fine structure,

I understand, by the sampling technique, taken ever scue tixe—

a long tine period.

But it ahows, though, that the sise of the cloud, including

the wings of the eloud, is large eneugh to be ploked up as

it moves through a network of the density of our present radic-

eonde network. And we world have to forego the fine structure

o- and the other point I mace earlier was that I have a feeling

that the fine structure on the groum in raincut is largely

just « reflection of the discontinuities in the rainfall, rather

than the discontinuities in the air to begin uith.

But Will, that is not borne out by these Massachusetts sanples

which are, as I understand, all. reduced to the sams amount of

rainy over a suall area in a situation supposedly wifern rain.
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WEXLER:

Mr. Bell?

Cur technique was, since ve are & rather poor project —

financially, I mean == I built with my ow hands a bunch of

furmals ont of sheet netal and put them in - staked then out

above jugs, and in some cases the jugs would rum over, and in

wome cases they wruldn't. But these counts I'm giving are

counts per minute per liter of rain.

What were the variations?

Xt was sixty-five samples — of about ten samples — sixty-

five tines.

What was the range of the rainfall variations?

Well, that's kind of tough, beonuse I didn't try to measure

the quantity of rein, I tock that from those taken at the

weather bureau and other people around there; because as J

understand it you can't just go cut and stick one collectcr

out and expect to get any quantitetive results. I don't

know about that. I figure a tree or something nearty would

change the reading.

You want te put it inte « place where trees and other things

wn't drift into it. You're fortunately located in Masse-

chusetts. You have a very exoelient weather radar at MIT

there which could give you some indication sa to the uniforaity

aae | eek
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of the precipitation echoes in the herisontal direction, and

you could see whether that is a more cr less uniforn precipite-

tion. That recalls something in ay wind I heard about Brock-

haven Laboratory also this spring. They made measurements of

vedLoastivity in rain, and for the first part of this sterm

there was nothing, and then at the end of the storm it wes a

matter of high counte. And there thay figured that it was

just a conjimetion, that the radicactive alow! came into the

plece with rain to then bring it down. It was a rather sharp

thing — rather sharp mountains there — which again indicates

the very fine structure that would probably be grosaly nissed

by curiprasent coarse network of radiosonde stations.

Supposing you had a layer, Harry, of radicactive material

like the kind of layer that we see when a amoke plume cones

out on a stable day and spreads in a big flat layer. Supposing

as the Thunderstorn Project found — and you can coment on

this, Dick Coons -- as I recall seaing the results - I haven't

docked at these systemtically, wat just looking at the various

pictures that have been published, there seems to be s great

variation in the height of the rain rises in «given ~ even in

a& rather auall - area where we have many cimilus around. And

one cumulus might reach up into this layer and another cumulus

might not.

That's why I say I think that if you could get out soma rough

meastreaents @ to whether your radioactivity was within the

DUE ARCHIVES
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range of your rain or above it, that would be some weful informa-

tion, But I don't think you're ever really going te gat, to we

your words, a three-dimensionsl picture of the aloud in all its

fine structure. I think that's just beyond our present network's

capability.

If you had such a picture, you still wouldn't be able te apply

it, because then really what you need wuld he fine scale

structure of rain, which, well maybe it exists free enall

rain networks, but .

Wall, radar could give that te you. Then I don't know what

you'd do with it if you did have it, even then. What, really,

would you do with 1t7 Maybe I'm putting words im your mouth,

bat did you have semesthing in aind of comparing the distribu-

tion initially in some coliemi with the distribution finally

-~ after a certain tins interval — te see thes wiat might

be the vertical motions? Yes, but then if that vere the

case, how do you — that's the same colum you are dealing

with 1f there is all sorts of shearing actions that take a

percel from one colum to a different. colwmn

I don't mean to imply that it would be an easy analysis, but it

would be a very difficult one -—— exceedingly ocmplicated. We

do know wiich directions the winds went. If we have a radio-

sonde network, we know where the debris was initially from

observations at the teat BXZE site. We oan put these together

DOE ARCHIVES
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and the other factor is hev fast dose this thing mix? This is

the ane thet we don't knew about, and it seems to me that we

could use cur methods of three-dimensional plotting vhich

metecrologists are accustomed to using to find out how this

spreads.

But you speak about mixing, Will. Weuld you be able to dis-

tinguish between fallout and a turbulent diffusion of gasi

Well, for an air burst there is virtually no fallout, as far

as IT can make cut. That is, there are none = no pertiales

large encagh to really sccount for any gravity fall.

Then it would be a gaseous probler.

Essentially gasecus. We have 2 micron pertiales and down —

2 microns has very smell fall velocity. You get doun te 1 afcron

particle which, it has been suggested, is probably close to

the peak of the meaber density curve, then we would have no

fell at all, measured in a matter of days.

Do you get auy radar echoes in any frequency from these elouds?

From the redicactive aloud?

Yes.

Only very initially when it's highly ionised, as far as I know

they can't after it stops rising.

hz .

roms -
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Well, as I see this problem, Will, you measure a certain

disteritation of stuff at, the ground and you'd like to know how

at got there. You know where it started you knew the distriix-

tion is the United States, and you'd like to iil in the inter

vening mechanian that brought it dow. And you say this is an

airy burat, so we doen't have to worry about fallout. What then

are the mechaniens that you can invoke? You would like to

invoke turbulent diffusion of which aduittedly we knew very

little. There is seme disagreement as to the intensity pro-

bably, differing by orders cf negnitude.

I'd like to say that we'd pertioularly Like to know this about

the stratosphere which we could obtain from trecicing the big

clouds in the Marshall Islands.

Could I get clarification on that? I don't quite see why we

particularly wish to know this in the stratosphere for this

reason - it deesn't sem to be terribly consequential to tho

local fallout problem and, for the wrld vide fallout, it

seems to me one ann e6y, well, this dust is going to be

distriluted extremely troadly and there's good evidence that

4% ocomes down very alouly. I can see where metecrelogically

this might be interesting, but I don't quite understand vhere

it fits into the Sr” probes.

Ue tame, Well, an I said earlier, I'm not ever ashemed of giving

a meteorvlogical reason for wanting to find something outy how

ey BOEARCHIVES
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ever, I think there is practical justification for knowing how

faut the material will diffuse in the stratosphere because if

we are considering ~— a lot of the argusent yesterday morning

centered around whether the material did diffuse rapidly in the

atratosphere or vhether we could consider 1% as trapped there.

This would be a direct measurement of whether this was true.

Now for the looal fallout, I agree, we're mot sc concerned

with £t because it is the lower diffusion thet we're interested

in for the lecal proble.

I haven't finished my statement yet. Well, I mean, if I were

given such a problem the firat thing I'd look for, and it is

an airbursat, I'd look for a rainfall map and see if there's

any ecinoidence of high rainfall vith high courts, and if

there were, I'd be exceedingly pussled, beceuse this is not

supposed to be particulate matter brought down. And then I'd

aay, well, this shows that this Lengenir collection theory

does not apply to this problem. I'd ask myself "Well, viet

else could bring it dow if there's a conjunction betvem

high counts and high rainfall?" dnd then I would lock inte

thie air entraiment tusiness, that is, air getting entreined

in the rain. I don't know of any other mechaniss that wuld

do that; that is, as far as frontal precipitation is

concemed. As far as convective thuaderstorn precipitation

ie concerned, it might be this terrific turnover along the

lines that we discussed yesterdsy. But, it apparently takes



LAS3
(contdimmed )

atthe
ne

| place from the fact that temperatures at the ground drop dow

wall below the levels they're supposed to drop down if the air

stays the same and if the air was ccoled by evaporation and

felling rain. Well, but suppose, en the other hand, you did

not get a coincidence cf the high eounte with the high rains.

Then that wuld eliminate the rain es 8 possitile inpertant

factor and you'd have to lock for other mechanions not con

nected with rain. Well, then I would invoke, first of al),

lange nase movenenta of air vartionlly on isentropic surfaces.

You may not have to go throwh « detatled isentropic enalysis;

you may just mske uae of general metecrologisal considerations

of descending aly connected with anticyalenss and things like

that. In that wy I'd try te interpose possible mechanian,

depenting upon how the data in exch particular onse seas to

agree both metecrologically and redicectively. fo aid in the

interpretation and te aid in putting forth reasonahile mech-

anisms, I thoroughly agree, Will, that it's just as important

to have vartiosl traverses as horizontal traverses, which

we're now getting. The vertical traverses are necessary, but

I doen't think that they'll ever give the fine detail that is

covered by the wards“the three dimensions) pleture of aloud.”

I think 27 will just be an extra bit of informtion to help us

decide whether it was possible for this cleud - radioactive

aloud ~ to have been caught in the rain area or not, and things

like thet. I don't think it will throw any Light quantitatively

that will improve our understanding of vertical. diffusion.
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(continued)

LIBBY:

WEXLERs

WEXLER:

ERAMISH:

quam ou

Maybe it vill be a residue sort of a thing that we can attribute

to nothing elsey but diffusion, but somehow I feel that quanti-

tatively 1% will not tuprove cur knowledge of turbulent diffusion.

In view of the fact that I still maintain that in a stable atmo-

ephere it's probably very mich lover than the other processes

that are apcken about with isentropic motions, and in an unstable

ateospheve much lower than penetrative convrestive processes

such as thunderstorm.

Tou wuld say then, in view of the sort of thing thet Mr. Bisen-

bud's doing and Mechta is doing ~ and also opllect more rain?

Yes, and I go along with Will's recommendation except I don't

think I'd dignify it bythe word experiments just say, yes, just

as a contimiation of the present observations ~ which is mostly

in the form of horisontel traverse ty aircraft - make vertical

traverses by any means whatsoever ~ afroraft or balloon <~ as

they become avuilable.

This is for clouds - not necosserily for stratesphere, tut for

eocccceseethis is not necessarily for radicective clouds in the

stratosphere, but for the lower ones viich .«

No. This is the whole probles. That's the fallout we're

discussing.

Given a radicactive cloud placed in the stratosphere, does it

ever sohieve a uniform distribution, and if so, howlong?

ar DUEARCHIVES
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KRLLOGG:

LIBBY:

” WEXEERs

“LIBBY;

WEXLER:

at . . ‘
i a
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Is this relative to the present preblen?! If this radicactive

cloud is within the stratosphere, is it a olese-in problem - if

it's gaat

No, this in the point applicable to the leng range problem.

Tt has te do with whether you veuld want to get uw there with

a balloon or not and measure it.

ZI would say this - that if this is an airburst and you get

gas only, and if you know it is releasedy wall within the

stratosphere, then I would think that Bisented's oollecticna

net at the surface of the United States wuld give you good

indications as to vbether it's possible for that stratosphere

air to get down to the surface at euch close-in distance. That

would be a useful. bit of infornation - if we can positively

identify that information with what he collecte with that

particular test.

Well look, 1f we go as I suggested the other day, to Chile next

Thanksgiving and find the stuff coming inte rain, doesn't that

prove that the stratesphere has redicactivity in it?

Rot necensari‘ly.

Why not?

Vali, let me ask you this. Would you knew initially whether

the stuff wes contained within the stratosphere ccupletely to

begin with and not below?

a DUEARCHIVES
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LIBETs

WEXLER;

LIBBY:

BOLZMAN:

LIBBYs

ee

I don't know much about metecrology, cf course, but it sean

to me that by the time next Thanksgiving comes exound it will

have reined out all this stuff that’s dam below in the

weather layers. Anything else that comes is then leaking from

denmue. o « « « storage upstairs.

Why do you think you've rained ent everything dow: below’

Well, that will have been six months since...

Bat rain is a pretty spotty thing.

Oh, you think the wahing tine for the atecaphare might be

longer then six monthe? I ww essusing it watld be shorter,

to wash out all the dust.

Sak the advice of the metacrologist ~ my fealing ta that it

is by uo means certain, but everything in the troposphere is

completely washed out in six months. What do you think, Ben?

Well, I feel as spprehensive ag you are. I don't think you

Gan state for sure.

Well, let's put it another way. How can we tall? It would

seen to mo that there's a washing out tine for particulate

matter in the lower Isyers. Wow we don't know what it is

maybe, but this would be « thing which would certainly not

be over a year, would it? Jt would be shorter, perhaps, than

the tine for stuff weyupstairs to cane dow and diffuse

neea “oe
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(continued)

WEXLER:

LIBBY:

VOICE:

LIBBY:

TGks

LIBET:

WEXLER:

PLESSETs

 

through into the weather layers. If that's true, it wuld

be shorter; and ae, if you contime to make these observations,

you're going to continus cver years to see radioactivity ocue

out in a were oy less uniform fashion all over the wrld.

Now let me ask this, Dr. Libby. Is it possible far the stuff

once it's been deposited on the ground to gat evept uw to the

atmosphere again?

I should think not.

Why not?

Row could it?

Attached tc windblew dust, or something.

Oh, but isn't that very mincr as compared to — I mean, the

chance of a given dust particle being pioked uw and put back into

the air is wery minor indeed and I fmagine...

T don't know, we have terrific dust storms, as you imov, in

certain areas in the world. .

I think 4t aleo ecmes back to the question of the ebservation

Ben Holsman made between what's way watairs and what's inter-

mediate. Is there a contimal mizing at all layers — those

that are closer nix mcre and those that are farther apart nix

less? Can you really sharply distinguish between what's

wesetairs and what's intermediate’

qn DUEARCHIVES



BT: Well, probably act, but the real. question confronting us is

whether ve're going to have radlosctivity reining out for

the next twenty years even if we don't shoot tombe. Ian't

this the real question?

WEXLER: And you're thinking of the stratesphare es sort of a dead

storage and that the atwosphere can alaost drew...

LIBBY: Tt diffuses almost molecularwise, I mean, very sloulys very

wanll diffusion coefficient eames dow and then gets into the

weather zone and gets rained out.

WEXLER: Well, I vish we oould think cf ame thing at a time. [

| thought we ware talking close-in problew te begin with, and
that's a separate mechani, and what not. Mow if we're

going into the world wide, long time, long range.. that's

another preblen. Wty don't we fidish this first protien?

GRIGGS : T don't think you people who are arguing are differing in any

Tespect. You want vertical traverses, and he wants vertical

traverses.

 YOICEs That'll be « matter of language, but we'll return to it efter this.

KELLOGG: Yes, I think the point is, are we talking about local or are ve

talking world wide? Actually, what I intanded to talk about was

& proposal for an experiment to find out where the material. would

be, and the application of the results to both probless, I think,

is rather evident.
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Incidentally, it may be pertinent to point cut that this

business of the dispersal of dust might became quite important.

At least the air pollution boys, those thet are concerned with

such measurements as rate of dust fall in the ality and this

sort, of thing, are scustimes quite concerned by the fact that

what they are measuring may, that they say be measuring the

some thing several times. In other vords, the dust falls and

they measure it in a spot, and it is redispersed by a wind-

storm and comes dow again, and they've measured considerably

wore dust full than is actually produced in the afr.

I don’t know why, but it strikes me as unlikely that a dust

particle would ever get uw once it’s set dow.

Gh, boy, you cught to get cover to the dust bowl area when

it's really blowing.

Ny recollection is that the measurements that bave been sade in

the wery dusty regions of the Las Vegas area indicated that the

secondary plokup of dust had heen extrwmely diluted.

Yes, but it may still be of an order ccamensurate vith the leaking

out of the drip out from the stratospheric storage.

Oh, nol

Well lock, suppose yeu hed « real good rainont that brought stuff

down, I mean suppose some of the stuff wes completely... and

then it dried very repidly and then along came a good wind and
me
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LIBBY s

VOICE;

LIBBY:

VOIGEs

LIBS:

WEXLER:

COORS:

VOICE:

VOXCE:

picked w essentially everything that wes, and would diffuse,

and all thst..

Well, most of it, three-fourths of it is ccenn and you agree

that it'd get in the weves..

That three quarters of it.

How than, you have inland lakes and rivers, and green shrulery,

X jast don't think very much of 14 could get back, even if...

Well, could it get back to salt particles?

I think it's a one wey street.

Well, I'm very giad that you've eliminated one possibiiity...to

your satisfaction. .

Well, getting beck to the main problem, it's a general problem,

to find out {f there's any storage in the stratesphere.

That's right.

You yourself beve recognised the pessibility that over a period

of time, if there were storage in the stratosphere, it would be

distributed over the whole globe, or certainly over the henisphere.

Why do we seed a big progran consisting of samples from many

pisces to find out if this is true? I should think that one

traverse through the stratosphere with the proper instrusent

would determine once and for all if there were storage. Starting

, DUE ARCHIVES
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VOICE:
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HILLs

VOICE:

WICKOFF:
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right now..and starting later on, in the next big shote that

are scheduled vould seem simple aough. Wow Pete Wyokoff has

done this, but I don't think he vants to put in teo much credit

for this experiment, because they just were conducted, and not

for thie purpose. He didn't find anything last Thursdsy. This

is the beginning..

But you need to know the leakage rate.

Ohy sure, maybe you have to de it two or three tines.

How high could you go?

Seventy thousand, and we have gone up to eighty-five.

Bave you done any calculations to see if this was the kind of

activity - what you would expect from...

Say, what was a reasonable fraction cf Mike here end compare

it with that normally likely to be there.

You're working against seme kind of a background.

Yes.

Well, it seens to check pretty well vith what we wuld expect

frem cosmic ray values — any deviation it was within the

instrument errer, so if there was anything up there frum Mike,

and there undoubtedly is, it was such sualler than the cosmic

ray Yalus.

Maat AeOG _s
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woL0E2 Vouldn't it have been smaller in any case? I mean, what sort

of instriment did you use?

WYCKOFFs Comiuotivity meters.

LIBEY; Don't have any Sheckingfor the sensitivity.

WICKOF?: Tt's quite sensitive. We were able te chase the GRERMHDUSE

aloud for instance, for threa days, and got very positive

twnces of the outline of it, and other people have chased it

much longer.

KELLOGG: This wae in aircraft?

WYCKOFF: In aireraft. And this was from the fallout only, not the

: “qlout itself.

LIBEY And that might have bean a thousand square miles big at that tine?

WIGKOFF: Gh, yea. Well, on the third day, for instance, we were unable

to get around it, it was much larger.

LIBBY: ' Well, you have two things on the Greenhouse, on the Mike, then?

You have the fast that you were three days, and the Mike is now,

whatever length of tine it is, quite a bit less, radicactive —

and according t© our notions would be pretty well distributed

say, over the earthy I wonder if you could have datected it?

WICKOFF I question if we would have been able to find it much below

our level of detection.

~ + a
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KELLOGG:

KISENEOD:

BACHEA:

LIBEL:

BACHER:

KELLOGG:

BACHER:

LIBEY:

HILL:

KELLOGG:

‘y
?,

Did I understand Dr. Kellogg to say yesterday that it didn't

require dpe per for something like a hundred

es of afr?

Yes. There vould be one disintegration per 10 oa to equal

comic ray backgroundt.

That's an exesesdingly high eoncentration.

I should think that it is pretty big.

If you really spread 1t through the air and figured it cut,

4t's about 107

It's 1,000"Bice cf ovantc ray background.

Which is 1,000%";

The Mike aloud.

So 4t aouldn't be checked, tut it's still an important question,

even if it is only 1000™ of cssnic ray.

What you need is a sample, « large volume of air for radicatrontiu

cocthe most practical thing I can see is rain sampling on a glcbal

basis, in perieds when they haven't shot bombs for a long time,

90 we cught to get busy and start sempling all. over the world

more or leas right away, witil the CASTLE series starta.

Well, I think, there are two things I'd like to bring in here.

The firet is to go back a little to the session of how long would

a
nie . ee
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WEXLER:

KELLOGG:

VOICE:

KELLOGG:

VOICE:

KELIONG: (7)

KELLOGG:

—ESLBSIAN,: (7)

.
we

momiin

radioactivity stay in the air. I have here an BRL report which

sous of you have already seen published in the Journal of Geo-

physical Research. The HiL pecple mada studies on the concen-

tration of natural radioactive decay products in the atacaphere,

and came to the conclusion after their measurements, and after

making certain assumptions about the rate at which they ware

produced, that the "mean lifes of each substance dus to non-

radioactive loss," that is due to seme sort of scavenging or

Temeval process, “was about ten days.* I think that ensvers

the question of how long radioactivity, once it got into the

lower layera, would last.

How low?

Well, theixy chservations wore made at the ground, but presumably

on decay products which were produced throughout the atzocophere.

“Don't these things come from the ground?

This is not a cloud, thene are naturel radioactive...

Ian't this radon from the ground, going wt

Tes.

Radon from the seil and it's decay products.

Any idea how many readings were taken to ccms up with a statement

like that?
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LIBBY ;

HOLZMAR :

  

Well, I talked to the man who wrote that, and he was agast at

the fast that this might be used for the world wide problem...

4t might be the came way with Thomas and Bally here — I talked

with the Tracerlab on thet — Shearer, who was in on that and

teld us about it. Before he left he was somewhat perplexed, and

he wanted to get cut cf that..people were using this for the

world wide problem, so I den't mow vheather we can say washout

rate of anything, six months and three months or ten days, ten

years — because I believe with Dr. Wexler and Colonel Holaman

whether there is any uniform washing cut in the whole atmosphere,

and certainly that radon is not going to answer it.

Colonel luilejian, do you think it pessible that if we find rain

in Chile next Thanksgiving that is radicactive thet this is

stuff that has been below 30,000 feet all of the time?

The answer to that is we actually don't know, so why say yes or

no to a thing like that: Certainly it is not based on that

report of radar coming from the ground which we have looked at

curselves. We find that it seas to be a fimction of the surface

inversion how such lack of Inuild up there is in this raincut.

I don't know why you think that this is an esoteric reason for a

storage layer up there. You night think of that as being unig

formly distributed and then as coming down slowly. I think this

is the evidence of your getting some radicactive washout from one

of our previous testa. Now whether it is stored up there or what,

I just think it is a sort of scavenging process.

A fi 5
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BILL:
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What we are debating is whether it is worth taking this bucket

of rain and vhat we oan learn from it. Now we have seen

evidence yesterday that there is to be sone flesion products

we oan't account for. Now maybe this is just poer counting,

cr sampling, but there seems to be scae evidence that about half

of this stuff is ulssing.

The same techniques were used for Tumbler/Snapper an for Ivy,

and there is a big discrepancy. If there is stuff missing it is

presusably in the afr. Themost likely place wuld sean to be

high levels, 1t seems to me, Colonel. Cf course, I believe the

weather washes cut of the bottom 30,000 feet a lot better than

it does the reat of it.

S
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LIBBY:
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WEXLER:

VOICE:

LIBSY:

BILL:

 

high level storage. For example, it is possible for meteorologists to

propose a reasonable mechanism. They can bring stuff down to Chile, in

aball we say « veek, under proper cireusstances andgive you rain within

@ wek. That is sefther an argusent for or egainst high level storage.

I think that it would be interesting to notice that it gives a background

information of the dfatribution.

I think that we ought to make measurements anyhow though; they are easy

to make. You bave « station in South Americas, dot you, Mr. Eisenbud?

Yes.

Make the measurements and then go on from there and ewe if the meteorologists

i
d

Can explain this particular rainfall, whether he has to involve high level

érip or unusual transport across the equator.

Can't something be done to sake these fallout measurements sore useful in

terns of rainfall and at the same time take very quantitative rainfall

measticments to get some ides of how’ the radioactivity ie related to

rainfall intensity--cr hae this been done?

It bas been done.

He hae charts plotted where they have barographes from fallout seasurenents

and rainfall.

That bas been done at Upshot-Knothole. What they didiivas alert three

etations around the eountry to go out when precipitation starts and

eollect rain at 20 uinute intervals for the duration of the precipitation.
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Those data should be very interesting.

One thing that seens to me would be very important is exactly how efficient is

your method of collection. The amount of stuff vhich is up there varies. We

just took 50% out of the nat end this is something that you must be able to

control quite accurately. We would have to see what that efficiency is and

then we would te able to at least get rid of one uncertainty.

I think thet it is very important to distinguish between stuff thet is

brought down by rain and stuff thet is not brought down by rain to be

absolutely certain that you have those two categories.

And this in periods of quiet when you don't have «a lot of local, well-defined,

radioactive clouds floating around during periods between tests.

-X still hope that we can think of some way of using operational aircraft

to get some idea of the stuff veing upstairs.

There is an airplane that will fly nearly to &,000 feet.

Well, if you can dco that and have s sanaple--tut Ben Holesan’s experinent

won't help because you don't know what height that stuff is picked up at.

That's right. It ia so dilute that you have to take quite a large volume

to get anything, and it is so old that you Reve to take quite a ict.

I don't want to be used as an argument against Will's proposal but I do

think that, say, a ballon sessurenent vould tell us something about how

the thing is distributed with altitude and maybe some orderly program

whereve might be able to get scue rates of scavenging or diminution of

the activity might be worthwhile. My remarks vere aainly to be used
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WEXLER:

LIBBY:

WEXLER:

D
s

against doing this fron an understanding of turbulenes and things of this

sort. What I am interested in finding out is what the distribution of

thie stuff is with altitude and hov long it stays there. You might be

eble to have sous minimal program of ballon activity measurenante vhics

might give you this. Distribute them around the sarth or something of

this sort. You could get a balloon program, on a very mall scale which

would give you sous idea but the foeus of the problem would be to determine

how mich is up there and vhat ite distribution is end what its loss fros

the atmosphere would be.

Did I understand you to mean in a little different way, and it is also I

think vnet Marry meant, that we won't be able to use this data for any

fancy analyste of diffusion rates but it will be some direet evidence on

where the saterial goes which we do not at present havet

And if you can just throw additional light as to whether the vertical

movenent of the stepdown is done mostly be rain or by nonrain. That

nonrain is extremely important because if this is etratespheric stuff,

it has got to get down from the stratosphere to rain-bearing levels so

that you have to throw light on beth of those uechentsas.

Would you gentlemen hasard « guess as to the diffusion ecefficients?

X lambasted those things yesterday and theafaore I have disalloved nyself.

I just don't delieve a mmber can really express the complexity of this

whole problem. Comprising a whole range of scuething that effects

cigarette snoke to thunderstorm. ‘hey all enter into this business

but I do think that we have plenty of evidence, indirect evidence, that

om
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the atmosphere is capable of maintaining stratification boosts for long

periods of time as shown by moisture which argues against these moves and

then at other times it is capable of going through tresendous overturnings.

Either vertically, by weans of convection, or slant-vwise, by ceans of

adiatatic processes.

I think that we all agree with you on that it is very difficult and runs

through a big range of variation.

We will forego the individual reports of the committees chairmen in the

iuterest of getting a discussion of Gabriel started. As you probably

already know, the conelusions of the old Gabriel report vere that it

vould require of the order ef 5 x 10° or around 10° neatnal bombs to

bring the world up to o "mean lethal” evel of Sr’. Im the policy and

Classification meeting yesterday, a calaulation of this was redone, and

I understand there was some consternstion regarding the resuites. Y think

that it hes been froned out, and I vould like to ask Dr. Bethe to give a

short talk on that.

Most of us were rather perturbed at the vide latitude of figures vhich

were floating around, and I.am not sure vhether we really can come to

any definitd figures but at least ve bave tried to straighten out some

of them. One of the questions which we discussed (this was particularly

Lauriteen, Bacher, and myself) is the question of the tolerance dose end

lethal dose for beta rays as coupsred vith alpha rays, and ve had several

things to go by but the argument which we finally decided on was the

following. ‘There is an acceyted tolerance figure for gama rays for vhole
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body radiation which te 300 mr per week and 50 mr per day. Now suppose

you bad equilibrium of Sr” in your benes, you oan ask hov many nilacuries

of Sr” you need to have in all of your bones in order to get that sane

power of dose. This is a very sinple matter of arithustig and I believe

that thie ia sound because the particles which finally do the damage are

electrons in either case so they are particles ef low specific ionization,

and if you have untform distribution, I suppose you should get about the

right number, except for one thing, namely, thet your bone is probably

not the most sensitive organ which you have in your body and the tolerance

dose is meant for the most sensitive part of your body. I think you get

anenia firet. If you assume the same tolerance dose of $0 mr per day, then

this figure ought to be 10 microcuries of Sr” throughout your bones.

Didn't you have to take the bone volume in this eslculatioa!

In this calculation ve assume the usual 7 kilograms of bong and we said

that the ionization, the number of ions falling, {# in proportion to the

mags, vnich is very nearly correct.

I mst point out that one figure has been used go from what you would get

for even distribution compared to what you would actually get from the

particulate distribution in bone, and this {s a value of ten. In other

words, this is not «a good value but 1t is the best we have so we vould

say that the Sr would te deposited mot in all the bose but in about

1/10th of the bone of the body.

I suppose that this depends again upon the age of the individual. ‘The

way we wanted to proceed, J think is very close to what you have nov been
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Bec: enying. Navely, in « very young individual who is exposed to « certain

level of Sr” you would get a more or less uniform distribution. Tm an

adult, I suppose, you would get deposition mostly at the surface, but if

you had the eane level cf Sr” in your calcium then this level would also

exist in that part of your bone vhich is recently deposited, and therefore

you vould have to get the same level of Sr” per caleius to get « damaging

radioastivity.

SOLOMOR: I think that Bvans has got some unpublished estimations that there ere

hot spots of ealcium 45 in the bone that are as mich as five times the

mean Geposition. I haven't read the peper, and this is just some gossip

I have heard so I think that it may very well be quite an unusual

distribution.

LIBBY: Tie mean free path of the radiation is probably abeut one milineter.

This is sart of average. This vould be a sort of mean free path.

BETEE: Well, you have about two atliion volt energy losses per gram per Square

centimeter for fast particles. Yow the limit of the beta spectrus is

2,000,000 volte; we assume that the average was 600 kilovolts and 600

xtlovelts is not quite a fast partiele ao you get 5/loths of a gram per

square centineter range.

LIBBY: Provably a little more dense than vater.

BETHE: Yes, 90 you may get 2 Iesters.

LIBSY: 80 any structure finer than that is of no consequence.
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I haven't seen it but I would consider that these are depositions in

areas larger than 2 xailometers.

What is the scale?

These are rather gross structures, on the arder of 0.1 mn

There are definitely largs spots that you see vith your eyes.

Anyvay, ten't it true that if you have a constant level of activity,

constant through your lifetine, all this doesn't satter?

This is very true, and if you are talking about that, then assuse that

even dietribution.

I think that ve can assume safely that radioactive atous are deposited

the same way as nonradicactive atoms because the tbedy certainly wouldnt

know the difference before they are deposited,and from what we heard before,

I have assumed that strontiua is deposited the same way ag calcius and that

there is no differentiation. If you are talking shout a level constant

with tine through a lifetine or even level constant through enough tine

to deposit, let us say 2 afllimeters of bone msterial, then it doesn't

matter what the details are.

You say 10 wtcroeuries equals three tenths or an r per week?

Z just don’t know encugh about anatomy to know vhat the travecular

approach to the hematophylic system involves. Dees this go down close

to where the red cells are made or not? Because if i& goes down close

to where the red cells ere made, then you have got the problesa of inducive

leukesia. i don't know but it ought te be taken into account.
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I think, Dr. Bethe; that the problem is somewhat simplified because

this is an intricate one which has been worked on by a number of

radiologists and the National Committee for Radiation Protection and

derived at the accepted tolerance figure for sr”, which is 1 aicrocurie,

which comes not from the 506 aillircentgens per week but in the relationship

of the radius sample, and that bas been reconfirmed by conference with

various groupe from Britain, fos exemple, and from Canadas and bas been

further adepted by the International Commission sa that one could, I

think, accept that as the standard to which we are working.

Well, I'm sorry I ean't agree with you an two accounts. You say that 1

uicrocurie is the acceptable dose of radium? I thought that you said

yeaterday that there was a factor five in effectiveness per energy.

There were two standards, actually, and they are not entirely consistent

by about a factor of five. The 300 uillircentgens per week refers sore

to a gamma ray type of situation. ,

I was trying to argue thet you should use thet standard.

The density of fanization along the beta truak is different than it is

along the gamma tay track.

But that is vbat you measure vhen you measure roentgens.

Ho, but a factor of five or 10 for alpha rays as opposed to beta rays,

end this is just because of the increase tn the tonization along the track.

Thies also is true for beta rays.
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In actuality the tolerance value calculated by the two setiods, Dr. Bugher,

I think comes out very close if you put in the factor of 10, which is shat

the group has done. In other vords, tt comes out almost identical.

When you take 1 aicrocurie of radium and if you then take into account

the ratio of energy of radius as compared with etrontius, which is about

10, and in addition the factor five for effectiveness of isotopic versus

_ beta topics, you came te five sierocuries--vhioh certainly agrees within

the accuracy of these numbers.

I am just pointing cut that there has been an intersational agreement

on this case on the tolerance figure and that is the one on which we

vorked and it is the only one whieh existe, and the general acceptance is

that of 1 mficrocurte body burden for Sr’”.

Well, it strikes me as a somewhat low figure.

Well, I think that it makes a difference vhether you are going to talk

about the stuff going into an adult with a bone formed or being formed

altogether. As it goes into the adult it only goes into one-tenth of

the bone, and you have to take a tenth of your figure whieh brings it

down to ome microcurie. If it is formed right from the beginning, viny

then it ts attributed to all the bone, and you wouldn't have to take «

factor of ten. It seems to me that it is in agreement.

With this I agree entirely.
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Only the ythius. That is emmotially just the ythium. Well, we took

2,000,000 volts maximum beta ray energy which, understand, is the

ythius number and thet is about 600 kilovolts average energy, saybe it

is 900, but I certainly von't argueaboge 50%.

.

Doesn't a good deal depend here on what you vant to use this figure for?

The secepted perniasible body burden of 1 aicrocurie presumably has the

eafety factor of ten, so if ve are attenpting to keep the average ioad

of vody burden ef the population down te an abschute safe figure, shouldn't

we stick to the 1 aicrecurie figure? If you have some other purpose in

mind, then probably ten is more realistige then 1.

Well, 1 wanted to get a figure which could be compared to other figures,

which ere commonly weed other than a figure which is taken more or less

by arbitrary agreement.

Well, there probably ia a safety factor of ten in the three hundred ar

per week, too, ien't there? This is also supposed to be real safe.

Three hundred ar per week is probably nat as firm a standard as one-tenth

microgram of radium. That is one digure comparison--that is why we like

in these internal exitters to go along the one-tenth microgram rediua

standard rather than the gemma nuasbers.

How as far se a nonuniform distribution is concerned, I think you will

be all right as soon as you talk about a level of strontium relative to

calciua which is being absorbed rather than about total esount of

strontium, and I think it is important to try to eliminate the cmmpounded
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BETHE: factors of safety or wicertainty which you bring in by first calculating

one thing and then another and forgetting what you have calculated before,

and that is way I would like to caleulate a uniform distribution and then

ask what is the ratio of this to total caleium, and this ratio to total

ecaleium should be all right even if we heve a nosunifora distribution.

BGLOMON: But {£ you consider the ratio of strontium to caleius there are three

sets of figures that are available I think. One is that Comar finds

that anisals take up strontium at the came rate that they take up

ealctum. This is ens set of figures. Secondly, there is a set of

figures in the literature sbout a couple of other investigators in

which it looks as if animals take up caleisum twice as rapidly as they

take up strontius. In other words, there is a tvo-te-one competition

fector. Thirdly, there ia the data the Krieger has which based upon

just the distribution of the normal strontium to caleium ratio in matter

as it now exists, there is «a faetor of 100 between the sofl and san.

BETHE: In whieh direction?

ERIEGER: Soil has a higher ratio of strontiua to calcium.

BETHE: What ratio do you get for soil?

KRIEGER: The typical Eastern American soil is the ratio af about 35 strontium atoms

to a 1,000 caleim= atoms. In the results of inveatigators at UCLA, the

ratio for adults, that is from 3 years up to 72 years, te about ¢.5. The

7 is on the weight basie rather than atomic.
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This is 33 atonus then per thousand?

Yes.

Could T have a few more of those figures?

Yor natural water the figure is ebout 55. For sea water it is about 11.

The average for the earth's crust is about 4. The average for plants,

that is the legumes, vegetables, grasses, trees, and bushes is about 9.

Could you alao give the data you have on a different eultural group?

Goue Japanese figures are rather incomplete. Asari tested or sade

asegys on 11, what he called prote-historie, specimens. He found from

592 to 2,114 parts per million of stroatius. Using the figure of

575,000 parts per milifon caleium for American huean bone ash, the

ratio turns cut to he .7 to .25. He also reported « result on one

present day bone, a tibia, and the result there is 2.2. There is some,

there is dectded discrepancy.

How many skeletone did he have?

Eleven, tvelve actually. Eleven for that range from .7 to .25.

Ten't there reason to question those high nusbers for the soils natural

waters? They all came from thet one very early investigation didn't they?

Within a relatively recent publication of the Department of Agriculture

they still refer to the results of Robinson in 1917 as the best so far.
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Odum got the value for sea water arcund 10 — which I think is right.

He reports the figure of 9.23.

Didntt you have Knollts figures?

Knoll gives two values, 8 ad 9, for surface and subsurface waters.

What I was getting at, Knoll aleo ran.some reeks - didn't he? —

feldspars and things like that? Hew, aleo esil is rock flour and

alay, and it is very hard to sec why there should be 2 10 or a 100

fold enrichment over the reck flour which I think reads 1-2 on the

scale.

In the neighborhoad ef 2 — probably « little higher.

That was Enollts data and I think the theory was rather carefully

done, so that is all the data we have on the esil, but I think there

should be a question mark after it on that basis.

It is true that these figures have to be looked at very carefully,

at least a derivation of these ratios causes uncertainty in the

values of the measurements.

The natural water would cut right through some of these soil.

You see the water value there, so maybe the soil represents more

nearly the water valus, and the deeper rocks not.

There is some evidence of that exchange to the sea.

; = |]| 7
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I would like to poat some conflicting data. I don't know the

source of it, I mean the ultimate source. Odum, from the University

of Florida, in 1951 published in "Selence” some work that he had

done for a Doctor's thesia, 1 believe, in which he gave data like

this. Water into the coeans from the rivers had about — well

depending on the dissolved atrontium -- 2.2 parts per thousand —

atoms per thousand —— in silt 3.4 and voleanic organs 2.7. Jedi-

mentation from the ocean had a value ranging from 1.9 to 3.4,

depending upon whether it was sandstone, shale, limestone, red clay,

atss, blue mid, otc.

Is tiis part to the thousand, or 1s it atoms per thousand calcium atoms?

It is a ratio of atrontium to caloium in atoms per one thousand, which

I believe is cousistent with the other, and he quotes the analyses of

some 50 fossils of ocean life from the early paleosoic to recent times,

as giving values ranging from 1.4 te 10.5, although only three of these

had values greater than 4. It was his thesis that the ratio of

strontiua to calcium in geological cycles is approximately constant,

and that the ratio had not shanged greatly over recent geologic ages.

I would like to say that Odum did his work with flawe spectrometer,

and we did a fairly comprehensive survey just as carbonate rock and

fossils using a spectrograph and checked those very closely using

independent standards and methods.

There are no soil analyses as Krieger says. IJ talked to Robinson

about a year or so ago, and those old analyses that he made in 1914
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and 1917, as far as they know, are the mst recent ones that have been

made, and I suppose as goed as any.

I talked to Dr. Fleisher at the Geological Survey some time ago and he

was very skeptical about the wet chemical strontium data.

My evidence I just put out in self defense is based entirely upon the

up-take body andaal of 3r°° — as compared with say calaium 45, and

also the endogenous, so we feel very definitely that they are treated

quantitively in almost the sace way. Of course if you aight have

different fractions in the soil, although you think that strontiun

would ecour in the sane shemical state as calciug, but there aight

possibly be a fractionation there, but certainly after it gets to the

animal we feel that there ie no fractionation.

Perhaps we ought to proceed with the calculations. As long as we

have an idea of what the woertainties are we can discuss these

separately.

The next section — how auch avallable calcium there is in soll. I

understood yesterday that this is supposed to he 1 part per thousand

o~ {a that correct?

This estinate was gotten by calling up a man whos J have never net

at the Waltham Mield Station - and saying < if you had to make a

guess, what guess would you make, and ao it is not terribly good.

The old Gabriel used that.

Can't, we de better than that?
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It varies tremendously from place to place. What I was getting after

is what appeared to ae to be the most valid.

Available calcium may be equal to the calcium that goes into grass.

This 4s available calcium in tilled eoil emf soil that is under

cultivation. It is just like Jerry Hill trying to take Eisenbudts

data, the number of places at which you have made the masurenent

is the emall part of the earth's surface.

This varies tremendously with your leeation.

Yes, but we have it figured for average plants. Just use an

average ~ but realise what you are doing.

Is this going to affect the number of bombe linearly?

Yes, sir.

is avallabliity synonomous with exchangeable?

Of course, you are leading up to encther question and that is

whether the deposited strontium ia uniformly atxed with the

available caleiung which I think would be a big question mark.

This comes on the surface and the plants you are feeding the roots

Gam two or three fest below, you wouldn't get mixing. I think the

atuff is pretty well. fixed an the tep 2 er 3 inches.

Wouldn't rain sveep it down?

No, I think the finding is that caleium and strontium are fixed

pretty well to the ecdl particles and the movement is practically nil.

Mr. Larson has some data on that.
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We bave observed the activity from the Alemagorde bombs over a

period of 5 years and cannot find any penetration deeper than 2 1/2

to 3 inches <= this is confirmed by the plutonium extraction only.

That 1s the gross fission product activity ve. the alpha activity.

dnsther experinent that we did was te take some 0 to 5 micron

fraction material from Snapper 7 and leach it with 80 inches of

water in a oolum that was 6 inches in diameter and 2 feet long.

After the 56 inches of leaching we were not able to find the

activity penetrating the soil any deeper than 1/2 inch, if that mich.

The plants that the human will ingest will come from cultivated areas

wili they not? There will have been considerable artifical mixing

dus to plowing end other human operations. jo we probably have a

different aituationhere where plants can get the strontiu.

This is the important area too.

As a dumb but daring meteorclogist, can I interject myself into this

aubject of which I know nothing? Lets just take the number of people

end multiply it by this figure here te get out how mush strontium you

want to innoculate each person. Won't shat give you at least the

minimus number of bobs?

That would hardly come out to be a little less than 1.

That's something I didn't know before.

The figure is of 1 gram Sr7 will 150 million people to saximum

permissible dose.
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Well, youfve got a lower linit now. Are you trying to get an upper

limit?

No, I an not trying to get an upper limit, but I am trying to get a

reasonable masber.

Why don't you try to get an upper limit firetz

I don't know how to get an upper limit, however, may I provide you

with what I did and maybe you can then criticise it.

You tock total amount of Sr” that was prodused so far and if we

asoumed that 99.99 per cent of it was unavailable, it would still

bring the total population of the world to 7 1/2 per cent of the

maximm peruissible tolerance level. It would bring the total

population of the world to 7 1/2 per cent, wam't that the figure

you came out with last night? Assuming that after you dropped all

the bombs you dropped sc far. « « about 9 kilograms and sr”,

Aswuming that that found its way into the bone at am efficiency

rate ef .O1 per cents; all the people in the wrid would then have

7 1/2 per cent of ite maximum permissible dose,

We tried to avoid just that sert of thing. 4nd instead what we

wanted to assume was that the strontium which has been produced is

distributed over « 6 inch layer. How this may be a wrong figure.

705 inh 19 the standard top soil and therets 2x 10° 1b, top soil

per acre and this works cut to 220 grams of calcium per square meter

of arop land.
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220 grows. This is your 107 ealcium,

Yao? that's right.

Then we have used essentially the same numbers and with these

numbers what I get is that 4 mg/eq, mile — I'm not sure if that's

the nusber you want. b milligrass of ar” per square mile will

give you in equilibrium of 1 microcurie in the bones of an adult

perace.

That's in 20 years growth?

In equilibriva

May I ask you how that eomes cut to 270 mleregraus per acre? Are

they coaparable figures?

Yours is higher, K*m sorry to say: This is 150 wllligrems per aquare

mile, I think, is what you said.

Thatts right.

Now suppose I state uy assumption in detail. You have kilogram

of calcium in the bone and 1 wicrocurie of Sr”, uhioh ts Sx10™

miorograns, therefore this is 5x10 of the exount of ealeius.

First of all you are coming to a falacious conelusion in this kind

of reasoning. You are going to finally state that the amount of

strontium deposited 1s related to the amount ef calcium, and that

ie only true up to the point of vertain optimal calcium intakes

and beyond that it doestt hold. In other words if you start out
SeeTD ___—_=—=“u
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strontium you get a certain smcunt of strontium depasit, now as

you increase the calcius you decrease the strontium deposit up to

a point of optimal calcium intake. Beyond that point the addition

of mre calcium dees not cause a further redustion in the

deposition of strontium.

What is this minimum? 20% of the strontius?

I couldn't give you a quantitative Sigure, except the curves for

animals chow that as you reach the optimal congentration of caloiua

that the curve of the strontius levels off as far as the reduction,

in other words that the curve goes dow like this, and ite linesr up

te « certain point and then 1t starts to level eff, The reason it

levels off 1s probably because of the fact that strontius is sot

behaving exactly the same as calcium. There is a difference and when

you get to a certain point in which the bedy has its maxima enount of

calcium being deposited any additional calcium you give in, first of

all will be taken out ky excretion methads and the strontium at the

point may have ancther type of mechanism of deposition as far as the

quantitative relationship is concerned and it would be at that point,

for instance, vhere the additian of sore strontium might keep the

curve going down whereas caloiua wouldn't.

I'm afraid I didn’t understand, I do not understand vhether you are

talking aboutthe ratio of deposition te intake, or whether you are

talicing about the ratio of strontium te calcium,

In other words if you run a series of experiments with various asounts
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of calcium intake starting with a low calcium intake and a standard

axount of strontius as you increase the caloium intake (and this has

been dene with radioactive strontiwa). ‘The strentdum goes down until

you reach a certain point of calctum intake then this curve levels

off, then the addition of further caloium dees not cut dow the

deposition of strontium.

2 think this is a single dese experiment which doeam!t enter into

this type of calculation, in other words this ie sort of an isotope

mass effect and that's our old picture of a single dose when the bone

is already formed.

Well, I could be wrong but I would certainly think the seme thing would

apply in a growing animal.

Hot when your mass of strontiun is so very emall compared to your

calcium.

These were tracer experiments.

This is a single dose. You could do the seme thing with calolium 45.

If you took calcium 45 instead of strontium &9 you would probably get

the same results; that is an lectope mass effect.

I think this 1s 9 second order correction. I think that we are on

auch unfirm ground, I think this kind of a variation is less important

than other things that we are considering.

Thie is a theory related to what we discussed before and to the point

om which we couldn't agree before, namaly if you fed strontium and
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caloluz in a certain ratio is 4t deposited in the samo ratio cr in a

different retic? How I have assumed that it is deposited in the same

ratio, as it is said there is some evidence which was presented before

that strontium is deposited in a smaller ratio than ia fed. What I an

doing therefore now is to make porhaps @ slightly pessimistic assump

tion, but one whish agrees with Mr. Comar's findings, nauely that is

that they are deposited in tha same ratic in which they are fod.

Well I thin that statement is incorrect now. To sy wind it's

incorrest, because it varies depending upon the partiqular ratio you

are using.

All one is arguing about really is the factor of 2. Wefra in the

area of where factors of 10 are already amall. Xt seams to me it

cemes cut to en order of magnitude where the correction int very

good. The differance between thede two numbers is a factor of 4

desan't account for that.

Bow I say Sxl07-2 of the calcium is the tolerance level cormesponding

to one microcurie because it is over all ths bones in ths body. Then

I farther say that in one square centiaeter of soil, going dom 6 inches,

which is 15 cubic cantiusters, which I call 30 grams of eoily and I say

that caleium in this is 30 miligrass available calolum and now I permit

therefore strontium te the extent of 5x107 times .03 which means

165x107? graus of strontiua” per sq. centimeter and that is the sane

as 1.5 miligrans per 9q. kilometer or 4 miligrams per square mile. Now

if the area of the earth is 500 square kiloasters and therefore you can

permit over the entire earth 800 kilograms of sr”, One kllogram of sr
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4a produced in one megaton of fission and therefore this corresponds

with 800 megatons. Now that is not a large number, that is about 100

times what we have had.

Is it necesnary to take the count of the natural strontium which is

available here in the soil here in thease calculations or not?

It is only necessary to the extent that the uptake of strontium and

Galciium may be different. If we believe say take some average figure

from this colum. Then it would seem that the strontium, calcium

ratio in the soil is about 10 times higher than in the human bone

which contradicts Mr. Comar's experiment, and if that wers so then

you could tolerate 10 times as mich se,

There is certainly enough physiological data to indicate that

strontium and calolum are handled differently in the human body or

4n the animal boady and that is the fact that at the point of

mineralisation, in other words the uptake may be similar, but if you

take a rate, for instance, and put 1b on a real low calcium diet and

try to supplement stable strontium for that calcium he will become a

ricketic animal; he will develop rickets, the point there being that

the animal will absorb the strontium and will put it into the protien

part of the bone but he will not mineralize it. Thereis a difference.

Whether the difference is out of line completely, I don't kmow but at

ieast it does suggest that there could be a point in the metabolian

of strontium on a completely adequate diet where this type of thing

won't hold,
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I think that's reflected very well in this table here. The strontium

ocaledum ratio is only about from a tenth to a hundred of the calcium

strontium ratio in various parts of the earth's surface. From that

you should be able to throw in other factors sememhere from 10 to

100 into your 900 megatons, and that’s getting to be a heck of « lot

of tons,

RKxsept for Dr. Gomarts experiment.

Well I'd like to define again that we're dealing with a little

different situation. I don't think these two ideas that are inoce-

patible at all, ffm only saying that at tracer levels of strontius

the material is handled in the sawe way. Its true you can't replace

calciua with strontium. Your dealing here with ratios where the

calcium-strenidum ratio is tremendously high. Obviously if you put

an animal on a sero calcium ratio and try to put strontium in it, ites

not going to work, tut your not adding any masa to the natural appearing

strontium in the soil here by any of the fallout so that under normal

conditions this caleius-strontium ratio is still going te be very high

wnleas you have some tremendously calcium deficient diet and so I think

wetll sertainly have to believe the malytical values as far as the

ovar all effect 1s concerned in this thing, What I still eay about sr”
and calcium 45 given to animal behaves the same way I think has been

experimentally accepted.

Of course one of these is in equilibriun concentration and the other

is going up to equilibrium. These are really quite different neasure-

ments, There is net thing that cught to be taken into account and that
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is that in the adults at least only about 25% of the bone caleiua

4s exchangeable.

But I thought that all of the assumptions which we showld make should

be that the part which is exchangeable is in places which are close

to tissue which can develop caricer. Tanft that right? fo the cutaide

of the bone, and therefore, only the level aatters and not the actual

amount.

I followed the same line of reasoning that Dr. Bethe did except that

I did it with strontiwa instead of with caloium and ons of the reasons

that X did it,besides the ones I've mentioned so far, is that you

assene that this 7/10 of a gran is the total amount of strontius in

the skeleton. A growing person deposits an average of 100 aicrograms

of strontium a day and its pretty easy to caleulate that he ia getting

far in excess of that in bis diet, so that there is some selective

mechariom in the way in which this stuff is being deposited.

Yar in excess with respect to the excess to the excess calcium.

Ro one Imoew the connection between those two.

Tes, tut tell me isnft the only number in which we are interested in,

or the only two ounbers — these two mumbers, afmlts and soil, what~

ever eoil may be? Well the other one I consider from the discussion

before as discredited because it is an old measurement. I don't know

whether that’s right tut certainly the new measurements seem to give

very mush lower uumbers.
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It might be water as well as sail.

Even if you take silt compared with the thera’s a factor of

10. Is that in your sumbers there already?

Mo this 4s not in my mombers. I assuue that the sane ratio of

strontium and calcium exists in the Imman bone as in the soil, and

I further assume that in the soil there is one part to a thousand

of available calcium. Both of these mubers may be off.

The things we're recommending will throw a reasonable ascumt of

light on this because out of cur pilot program aswuming it is done

one will measure the soil radicactivity, the plant radioactivity and

the radloactivity in bumen tones. Among other things, we are also

going to measure, if it can be done, the strontium content and the

caloium content and so one should in a few months be able to move

_@ut of the range of fancy into the range of fact.

Why do you have to get into the radioactivity part of it at all.

Why not carry out a progres where you measure the strontius in the

soil and say in the water and in bone and re-do these and get good

values?

How about msasure sewage?

We suggested feces because there is some question sewage sluge

vontaine all kinds of stuff which has gone into the sewerage and is

not of human origin.

Joe, I wonder if you could just discuss briefly that Japanese data.
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The raason I bring up is are wide differences

in strontium content gsong different groups cur limit will hare

to be dictated by that particular group. I wonder if we can have

sone discussion on how good these figures are,
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KRIEGER s

KUIP:

I took the same caloium content as I did for the UCIA results,

so that's where the source of errcr may be. ‘The calcium con-

tent of Asari's saxples aay be considerably higher.

There's a tenfold difference, One guy would have a skeleton

and the cther wouldn't,

But what throve some reliability on proto-historic samples is

the one acdern-day sample that he quotes, He has a figure cf

1860 parts per willicn in this relatively scdern sample of

strontium, whereas the UCl4 figures are 1& parte per aillion

for the fetal samples ami 240 fcr the adult samples. The

factor is almostten percentage cf calcium content, ZT haven't

aeen the criginal paper, These are figures taken froa ten

abstracts. We're getting copies cf these papers by Asari from

the Berkeley Library. These results were published in the

Journal of the Chemical Society of Japan, ani the holdings of

a relatively amall country,

Japan is one of the places included in cur liat of places tc

sample, but cf course this dcean't sean that in Chins the

figure asy net be aix tines higher than in Japan,

It say be interesting to check the strontium caloiua ratic in

rice, The Japanese diet is probably high in rice and very low

in peretein,

I think there are good physical chemical reason for believing

WCE ARCHIVES
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that Br. Comar's results showld be given the strongest weight,

nanely that in the exchangeable caleiua and strentiua, The

ratio of that exchangeable material would be wery sintler to

what you get in the bones, the reason being that the par-

tdoular sites on these olay particles are ideal for the ionte
radius of calcium and, therefore, as far ap bese exchange is

concerned, you would expect an enrichaent in faver ef exiciua

on the surface of the elay particle, whieh would reduce it

to the erder of 1 to 3 toward the point 3. Since we have

direct experimental ecufirmation that it is taken into the

pone as it is in this source, {t seems to me that's the

maber wa should underline.

Cf course the soil 1s total strontiun againet tctal caloiua,

and your figeres are exchangeable.

Yes, I*m saying that if we hed exchangeable, which is net a

hard experiment, that any of ws could do it ih a reasonable

tinue, but the experimental results I would predict would be

eloser to point 3 than it would to three, .

Jen't it alse true that you have to use a considerably larger

figare for the strontina than the eamcunt that ectually falls

on an arable ares on a cultivated farm, because you have

to replace all the things that ty fertilized ayeten cr water

you have to replace the things that would pass through, #0

you're really drawing on the rest of the world for the

ny (for aRcHives
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strontium vhen you cultivate a pieces of land. These figures

may be very mich too lev,

On the cther hand, I don"t know what the scurce of strontiun

fertiliser is, lit they aight not be contaminated,

Bat you need to replace certain things that you take cut

of the soil. |

If you're replacing though strontium with uncontaminated

strontiun, this ie in your favor,

That is quite true, if you do that, but what if the ferti-

Liser .ccce

I don't kucw, JI just raise thie question,

Moat organic fertiliser, ani that certainly would be fron

other parts of the world, and you would eclilect the strontiua

from the area where you raise the food. This vould even be

true ef seaveed and fish bones.

Seens to we that this sort cf ties in with the rather short-

range problem. Suppose all the future bombs are surface

burate cr near-surface bursts and then in the fallout, at

least the major portion of it comes down, say within 1,000

square miles, You have a tremendous dilution facter when you

wtart talking about dividing by the 50,000,000 sq ai of the

earth, It seems tc me that all these factors, in a realistic
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war campaign, would indicate a very serious haserd in the

iccal area. It seams to me that problem cught te be treated

pretty mich - even for air bursts. We have every reason te

believe we might go inte surface bursts and you'd get tremendous

acavenging lecally.

Concentration falls off with radius, You sould easily have

ehanges in concentrations that would be several order of

nagniture different from acas cf the other factors that you

are taking into account. .

eee include scurees from other areas, In other words, the

fact that the stuff falls cut in an area doesn't necessarily

make it a biological hasard. You can prove that by bringing

food sources in fron other sreas.

Yea, bat if it falis all over an agricultural area such as

the Buropean area, and so forth, the plains of Germauy and

ether places, it seems to me on this figure of this one bomb

that you mention that could do this, you have a facter of

50,C0G times that you can take care of, It’s a let of these

isose fastcrsa I'm worried about, There is a problem, fron

& Iccal point of view, for a war campaign, would certainly

seen to be very well pointed.

One silligras per sq mi ie what you need. That's not going

to be hard to deposit.
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Is the tolerance dose for say onttle the same as buuans

corrected on a weight basis?

We dcn't have any indications of the tolerame dose. I'n

just wondering ~ I'l] only say this that I've seen som

pathology on the fairly low levels, not usar the tolerance.

T*ve seen this « year after adninistratien, Of course, this

may got worse because you'd expect to see effects at low

Jevela if you oan hold it a lenger tise.

Economically, most cattle are killed not meh ever 2 te 3

yeara, ac we don't have to worry.

Worrying atewt food supplies probably.

You'd probably kill the animals long before they had tine

to develop sarcoma, don't you think se?

These are varicus Caleiel figures (studies ),

what are these mmbers?

A-bombs. Honinal d-bonbs.

Micholas Suith and Dr, Claus - ani weet I just enlewlated

was 4.10° tolerance, anf I think « word should not be said.

how to go from tolerance to lethal

May I interject cne question - in I right - just as a layean

trying to get a feel for this ~ Aw I right that your figure

.t ~ . » #



1m
(continued )

ERTHEs

LOM:

TOIZUIAN:

BETHE s

 

would go up from 860 or 8,000 if one applied this 3/10ths 3

ratic,.

Tf one wuld, yes.

Thea the general picture seems to ue that that would be a

reasonable factor to put in, is that ecrrect?

Yeo, also that there are cther factors in the opposite

directions.

(Challenging figuras on board) = Mo, 4x10 = It sorry -

800 segatons

Dr. Bethe, there's a question in ay aind as to whether you

used 1 « curtes to get that 800 megatous.

This is one <« curles and I want to say a word about thet

thie maimte, In the esse of radius we ware told ly Dr.

Bugher yesterday afternoon that one tenth alorceurie radius

is considered the tolerance dege and that pecple have died

fron 3 micrceuries ami one person is alive with 40 aforo-

curies, So that scusthing like 260 (7) tines the accepted

tolerance dose might be the 50 percent lethal dom.

We didn't mention the lethal dose.

You didn't, but you mentioned the minim end the weximm, .

you mentioned that one person hed died at SO tines the

vee eee DUE ARCHIVES
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tolerance dose ani that one person had lived at 400 times,

One case of bone tumr, as I recall, was 3 microgram cf

vadiun bedy burden,

One case was 1.7 nicrograms,

What is the value cf that ene lady in Chicago - « heavy body

burden ani is still alive.

We've got one in Sew York with 15 miorocuries and she's had

it for 40 years.

So you would say that 10 times the tolerance dose does on

eceasion produce serious effect,

Right.

If ve were to go ecntrary to the international agreement and

tock 10 mlorceuries as ths tolerance doses cf strontium, if

uniformally distributed, then that would mean that 100 sloro~

curies would give serious effects ami that would be ix10°

neminal benbs.

I would like to raise cne cther question with regard tc the

rediun figwe. ‘That is the population riek in the study cases

of radium is of the order cf 2 billion people your 200 pecple

might very well aiss say 1 percent of the 2 iillicn who have

a mich lower tolerance than these figures suggest. In cther

sittin

DUE ARCHIVES



MITCHELL
(contimed )

MITCHELL:

LIBBY:

VOILEs
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| ale

words, the statisticians will tell you how much cf 6 sample

you would need to catch these cther people, and they wight be

present in a population at risk of the sise of 2 billion in

very considerable muber. So we don't know, I mean that's

eompletely unknown figure in terms of the very amall muber

of radium cases thet are unier study.

The muanber of radium cases is scmothing Like 200.

ZI would say about 200, will you agree te that Dr. Cemer.

Quite mall ...

So you could say then that the figure which I calowlated here

wight indicate the peint at which you get trouble is 1 par~

cent of the cases. An that would be the definition of sericus -

effect.

is anything being done about the Japanese peoplef Did they

get any strontiua into thes?

From wast?

¥Yrom the bombing. Was there any fallout?

Merrill (Eissabad ) has some figures that he's not tco proud

of,

Ee has bonee of an individual cf Nagasaki, but there's a

question aa to ubether the Sr” came directly or sub-

sequently ty exchange of soil containing fissionable

DOE ARCHIVES 
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VOICE:

asom!

material, How long after the domb dif he die ~ 24 heurs?

There are two sets of samples, The first group of pecple whe

died cf leukeuia, although thay ware not subjected to the

bombing, Thay eane in later in « rescue capacity, sy

panese ullitery, vithin 2 or 3 days after the bombing. In

that group a minberx cf individuals in the last two years

developed leukenia. Tt was thought that possibly these

pacple were subjected to residual rediation. Ww were sent

sesples of their bones, We aff fink scee traces of reaidual

rediation in this mterial. It was in the créer, as I recall

it, sf around a dpe per gras total activity. These sanples

will have to be locked at again, These my be very

significant samples. The cther set vere two alucet cow

plete sheletcns, which we got fren Nagasaki. These indi~-

viduals vbo ware about 1,000 to 12,000 from the blast, vere

badly burned and died in about 20 to 24 hours. They were

taried not in the common grave tet in the samp locality.

These bodies were exinvesd about a yeer ago awl material

sent te ws, Those teases aseny from 10 to at most 100

disintagrations per simite per gran cf stronmtivue 9. It's

vary pussling, We've sent for soil sasplies from these

graves. Yt's very possible thet there my have been fali-~-

out here, .

Dr. Comr told me this morning that {f thay ingested the

sr” in vater you oveld expect e large fraction of vbat

nes DUEARCHIVEShe
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This is obtained by different assuapticns, namely ssguaptions

of the sort that Dr. Mitchell aenticned vefere, then you

assume that certain percentages of the strontium in the soil

gets into the body. It seen to me that it is auch mre

reascuable to talk about levels (7), that is thet stromtiun

90 is a certain percentage of the enieiun which you have in

you. ani I think thet by talking about levels rather than

talking abcut peresentages cf the soil getting inte the boly,

you will arrive at a more reliable figure. Fo aatter wether

or not you take into account the collection facter of If as

we have bean discussing eo mich and therefore I consider this

a mre reliable figure to go with 100 mierecuries,

There is also « factor of 2-1/2 in the eld dabriel report

whieh we would like to isclate, we ean't emectly fink cut

why, They asewaed this is the case.

This is Saith?

Yes, all of the people, in writing the old Gabriel report

assuned 2~1/2 grans cf strontium per kt of bomb. All

through the report, this we have been umble to find the

Yeasen why, we are aswuming 1 ga per kt.. Yass.

I think there is confusion here about what fission yield

Pe DUEARCHIVES
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Alec, 1t was pointed cut by Teller a couple of years ago et

one of our discussions that whatever appears in these things

ip ainply something chosen by Kick Saith anf have just been

carried through up until the tine Teller ealled attention to

the errors.

There is a factor of 2 there if ycu wlsused the definition of

fission yield, and I think there is « alight other factor

there maybe on the number cf fissicns per kt that were used.

This serass of uncertainty I think is the strongest possibl e

argusent for the experimental program not only just assay

but also biological, Is there any feeling on the part of any

one in the house that we should not shoot any sore bombs until

we find out? This, cf course, is very inportan conversation.

XI think it would be wery interesting to take a poll ~ a

secret balict - just te get an idea of the feeling,

T don't think that's a gued idea,

Ben's argument fa vary convincing ~ that is < a factor

ef 1000.

It ia an interesting argument, Renanber that the ocean is

great cesspool ani the natural thing ts for the continents

to wash into the sea and the strontiua will be deposited

= a DOE ARCHIVES
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in the limestone eveutually ami we don't know how fast this

ccours, so wmybe things are all right, tut there is a way

in which radicactivity can be taken cut of the life aycle

and that is by putting it at the betters of the cosan,

There is a point that I would like te call attention tc

that baan't been mentioned yet as far as I mew. I find

it very difficult to get eoncerned about what's going to

happen te the husan race if 900 megatens or 8000 asgatons or

bembs have te be discharged before we can reach possibly a

serious level. On the other hani, if power reactors come

inte being in any appreciable amount we will have very

sizeable ancunts of fission products and * ence ade 6

calculation vhich aay or my not be abselutely ccrrect «

that in only 100 days, if we were to furnish the power re-

quirements for the United States in 100 days we would have

used up as much fissionable material an uve involved in

10° nominable bombe.

That scunis te ws too high.

That my not be absolutely ecrrect, I went through the

figures a time or two and didn't find aqr error in it, but

anyway scasthing of that order. It will not take an avful

lot te create a tremendous poasible hazard in terms of

fission products if they are iniiscretely distributed over

the earth's surface.

DOE ARCHIVES
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acacia

Yes, but ay goodness, you certainly wouldn't do thet,

L
s

Nothing has to be done, but thay are going to remain on the

eaxyth's surface ani they are not going to disappear for an

avfully leng tins, Ani I think the results of stulies of

this kind vill have a great deal to ecntrilute to our final

Geteruinations of what to do with waste products from much

things as cur reactors cn a large scals.

Yes, we eertainly do want to disposes of then and not ist

them gut loose, tut this, it seexs te me, is not an extremly

difficult probien,

This is quite a serious problen. The question of sea dis-

posal is one whieh has cous to the fore mxy, many tines.

Z ati don't see why you can't wiz them up in coucrets ani

iet it solidify and drop it. Doean't 1 leach out?

It's Just not practical in large quantities.

Arve there significant amcunts of strontiun % released fron

reactors now?

Wo, it's in the fission produst. I don't think it's re~

leased into the air.

What about chemical processing for recovering your unspent

BEARCHIVES
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What's done with the long-lived fiesion products - do they

yun into the Colunbia Riverf

 

No, as of now al] the concentrated ones are stored in tanks,

bat they can’t keep on doing that indefinitely. It's an

extremly expensive proposition.

Za the strontiua let cut iansdiately?

That goes off in the solution.

Bat in that case when Tat the

strontina ont too.

Te in Yeld isn't it?

Tt in decayed already, It iy not let out inuediately (chatter )

and that strontina is in solution and is reafily available.

Mr, Theis, what's the ideal way te dispose of a mmeket full

of strontiue 907

Well, you knew about the expsriments at Brookhaven. (chatter )

fission —~ leach the fission products off on Wisanite

ani fusing it and changing its mineralogic eoapedition and

rendering it relatively inert, but this Y think, Dr. Claus,

suggests deep disposal on Jani as well. ‘There im scas question

about that but I think it aight be feasihle, I think, I

don't know, the best way of disposing of the aaterial ~ dry

mines have been suggested.

entities DUE ARCHIVES
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ZI think that strontium could be gotten into limestone ani

be pretty safe. Cf course, the cther fissicn products would

not necessarily be beld but the strontiun would be held.

Well, if you hed your strontium 90 isolated in a bucket

then it wenld be easy encugh to put it inte concrete ani sink

it.

I was hinting that since it is the cus we're sost afrafd of -

perhaps we showld use the disposal wiich wuld take care of

the strontiu,

Tou mean put it inte linestone?

Insert i+ into limestone < I'l] bave to defer to the

chemists an to how rapidly that process would teke place,

but I%. be a little bit afraid inamesch es vater wves nost

rapidly through limestens, |

It might be well to precipitate it, pump it in, or deposit

it, bat I think the great bulk of the Jiswatene as protecting

it against leaching acticn in water, The strontium is less

soluble than the calcium.

SECUREERE.
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It would be cheaper than putting in in the cesan.
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Ho, it seems to as the coenn is the ideal place. Just to

take 1t out and drop it. (chatter }

Pat it inte conerete. (ehatter ) - in conserete bloeks (or

bulk? )

That's not practical.

It ian't?

Well, would you object to just pumping it down to the ocean

Geeps in wikT

You can't do that - that's act practical - (chetter )

The comparable price for dropping bleeks is many orders of

magnuiteds anre drop it ani let {¢ fall down

three siles anid let 1t atay there.

The other possibility is to spread it over appreaiable areas

of the ocean's surface at not great depths, that wuld dilute

off pretty fant, then the question is - you have got all this

strontius in see water ~ will it work back on the land one

way or ancther to be a hasard?

Well, there is anther question too ukieh we haven't brought

out here - and that is ~ if you disturb the plankton, do

you disturb tumen lives? of course, the plankton are pretty

durable as far as radiation is concerned.
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Fras studies sade 20 far we don't believe that we would dis-

turb sea life seriously by that ancunt of material 1f we can

get good, reasonably good - dilutation within a reasonable

ancunt of tine,

You don*t have to go very deep before you get out of the erea

where there is much life either, do you?

Ne, that's wt.

It's also awfully slew mixing,

Hew wach would it eost te pump it below say abeut 300 af

XI don*t understand what the great ocst is of mking concrete

biceke,.

Tt depends on the bulk thet you get your fisaton preducts

in, At the present it is pretty big.

A concrete ball would certainly fall.

Den*t you contemplate a strontius separation precess?

No, take the whole thing and say it is pure strontium,

aines strontium is the bad actor,

Well, it is probably sheer bulk,

Well, of ecurse, they have the solutions, that's right, and

they have t2 evaporate thes or else thay couldn't put then

into concrete,
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That would take a lot of calorios,

Well, even as of ncw they evaporate down considerably.

Ie there enough heat te do this in the pile to be utilized

to de the evaporating?

I would think though that the waste is full that aight be pre-

dicted en the aseuaption that the strontiua is the thing to

be most careful about,

Well, that's one thing thet we'd like to find out, ani I

think we eould get a lot af good guiding evidence freu &

atuly of this kind.

coscese BOG how strontium moves if we did put it inte the seas,

These data may tell you how strontiuns scves.

Well, whet is there against burying it in desert country and

inte within interior drainage?

It would probably be negligibie after 1000 years, ve aren't

worrying about the next geological era.

T mst say that I'm considerably sore afraid ef an atonie

war than of power reactors ani YX think this is rather evident

from the figures that we have written dew here, ani if you

say that a 1000 megatons would give the tolerance level and

if you say that MIKE ade 10 megatons, you need only a 160

_ ree - |
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BETHE: of these to get to the tolerance level ...
(continued )

Clas: MIKE megatons weren't al] fission preducta,

PETHE: Well, mewe than half cf it was,

BILL: I've used the figure 2/3.

- scovrtass In MIKE shot only 1 percent of it ever came down that so far

has ever been found on the earth's aurface,

ERTHE: That is true, if you can rely cn the fractionation that

enly 1 percent comes dum, then that is an entirely different

atery.

asa Well, I don't think that reliable over a long term period

compared with the half-life, It's still ceming down

according to Elsentad,

nee -
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AILLs

KELLOOGs

HILL:

KRAMISHs

BETHEs

| GRIOGS : (7)

We have te remind curselves too, that in the estinates we

made on the overall fallout for Wike, there was this big

uwicertainty about the possibility of falling out within e

few hundred wiles.

V
s

This assumption you can't forget.

If this were exploded over land, and this few hundred uiles

is still over land, I would expect that a good possibility

1s that an appreciable fraction, say 10%, would fall out in

ocubares within a few hundred ailes.

On the other hand if it's en air burst it wouldn't be bad.

It might not be bad, as an exersise, to choose the warst

peasible conditions and see what happens to the expected

telerance.

If we believe wagee's theory of particle size, the particle

size should be larger for a large bomb. If it is larger for

a large bomb, then we aight get quite an appreciable percent~

age of fallout, even for om air burst, within a few hundred

wiles.

What Kind of prediction does this make on the change in

particle sise?

It mekea @ prediction that the possible sise is proporticnate

to the tine scale,

aiiiebbiliees DUE ARCHIVES
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SETHE:

SOLOMON#(7)

LIBRY s(7)

SOLOMON:

VOICEs

EISENDBUDs

ERAUISH:

anne
gullies

Edward made sows statements about it being 6th root of the yield.

+
> o
m
e

us

Fell, wa count on Scoville's aamory, at least it seem: to be

& little more than the 6th root and a little leas than the drd

root. It's premusably, perhaps five tines es anch for WIEE as

4t is for standard bosbs. Isn't that about right? Twenty

seconds versus three seconds.

Would it be desirable for us to suggest a delay in future tests

witil you can get some better evidence.

We must. get busy and work these samples. J think the fears and

worries of this group are a very strong argusent for the

govermeent's collecting these samples. I don't think there's

be any uweful purpose served by taking « vote or writing dom

formally, but maybe it would. I den’t think se.

Certainly the pilot samples would be enough to produce most of

the undertainties in any calculations.

Well, I don’t know, that's pretty hepeful, Itm afraid...you

don't knew what you're going to find..,..we may gust have to .ece

Like, look at this skeleton over here...e.ssMy gosh, who would

have guessed that result? Pull of sr7O in qrenty-four hours!

The skeleton has between 10 and 100 dpa.

Are we ruling out completely the inhalation hazard, We are

eventually going to have a continual drip of this stuff in the

Pl DOEARCHIVES



Kh.oISHe
(continued)

MITCHELL:

FOICRs

«CLAUS s

ERANISHs

WESTERNs

au Gg!

ataosphere. I'm wondering if we shouldn't consider this...

No, I'm thinking of a mechaniaa that Dr. Mitchell mentioned,

retention in the hinge, what telerances we can expect of that.

I have those figures, but, I aleo have to have that as poesible

accunulation in the skeleton.

Yes.

Dr. Western has been making some caloulations on thie for sou

time, and maybe he can get s0m@e.sse

Gould you make a few remarks, Dr. Western?

The inhalation hasard is very difficult to estinate like all

these other things. One has to make eny nosber of assusptions.

One of these things which I think would be impurtant would be

the problem posed by Dr. Wexler earlier this morning, that if

the stuff came dom in rain primarily, or whether it coms down

in the air. If it comes down in rain I don't think you'd breathe

very much of it. If it comes dom in the dry air primarily, I

think you'd have a vary good chance of breathing ali the aaterial

that we consider being emall enough to be drifting down over

long periods of time, #0 I should likes to say in pessing that

it would be of some importance to determine, in establishing an

inhalation ha,ard, whether it does come down in rain, or

whether it comes dam in ths air.

Gut if one makes some broad assumptions about what the

behavior of the stuff is after it enters the limg. I assuned

SE DOEARCHIVES
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(continued)

VOICE:

WESTERN:

3 &

 

that one might retain about 5%, retain in the skeleton about

5% what it inhales, and I get an inhslation hazard representing

deposition in the skeleton of sbout the seme order of magnitude

as I obtained by making assumptions somewhat similar to those

whioh have just been discussed from the point of view of

indigestion, I have a factor of difference of 5, I believe

theese assusptions up here assum only exchangeable calcium

don't they? Yan't that right, didn't you use a figura for

exchangeable caloium up here?

Yes.

And the figure I had was to correspond more to the total amoumt

of caleium so on that basis the inhalation hasard is roughly

about 1/5 of that indicated here. We are talicing about the same

type of hasard so that the question of what is tolerance does

not enter in. I might indicate also that if one begins to

ecnsider the inhalation hasard as being relatively nonimportant,

as one might if he finds a certain number of processes take

place, preventing the stuff from being picked up by plants.

Experiments of Dr. Larsen show that in time there is an

unexpected cessation of uptake so that the inhalation hazard

might become relatively important. Then one also aight want to

consider the hazard due to Sx9?, It is commonly assumed that

what is inhaled ia in eufficiently emall particle to he soluble

and geta to the blood steam and is deposited in the bene, Ye

don't have the factor of safety here/that wa have whon we talk

about it coming to the bedy through the focd wijere ve

i
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(continued)

ho

have a compounded factor of low uptake beth by plants and by

the bedy, So that on can't Sule out inhalation hazard. As

long as I have the floor I'd also like to coament on Colonel

Holeman's suggestion that we aight well be interested in

highly concentrated falleut of rain the use of surface borbs.

Tf one assuses that the saterial...that one is using a surface

boat, and the material falls cut within a period of three or

four hours, one may be interested in the denial ef the ue of

the land in the future, But a rongh computation indicates

that the primary hasard to a population living in that area and

more or less staying there is from external radiation rather

than from something like this. The sane amount of material

that would be required to give tolerance effect which was

computed up here would in the first day give something like

2000 roentgens to an unprotected person on the average. If

the saterial were uniformly distributed corer am area that you

would have the mumber of curies of strontium to give this

tolerance effect, whatever that figure is - it turns out to be

about 5 curies per square mile I think.

Begiming with a period of thres or four hours the external

radiation is sufficiently high at that concentration that about

2000 roentgens would be the external radistion ef an

unprotected individual in an open erea and during the first

week exposure would be about trices that. So that I think that

in thet particular cane, we probably are not interested in

strontium or in inhalation hasard.

Gnu— 7 .
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WESTERN:

VOICEs

WESTERN:

KRAMISHs

Yes, but Dr. featern, if you de that, doesn't it mean that

particular farm produces lethal vegetables fras then on...?

Wayve. Nell, the point of the question is probably sore

serious for the bombing of s large ares. If we are talking

about «here the number cf bombs becomes serious, The only

point that I'm making is that if you use surface weapons over

a farily large area, we're not going to worry perhaps teo much

about what sight heppen in tem, twenty, or thirty yeere.

What do you mean?

Well, no, what I'm saying is if you preduce the enount which

would give you an average concentration of strontiua, and would

produce a tolerance effect, and this, of course, fren our

picture would require from ten to twenty years to sccumulate in

the bedys this is only a tolerance effeet. If the bones were

laid down in such away that the people who lived in that area

were subjected to the fallout beginning within four hours of

the explosion they would, during the first day get sonething

like two thousand roentgens, if they were unprotected in the

open, during the first week they'd gut twice thet, So Its

saying that is s critical aspect, rather an the long-tern |

strontium.

Well, I think one factor to consider is the ratio of the number

of people cultivating that area to the number of people

dependent upon the products of that area, who are not Living in

that area, and I rather imagine in certain agriculture areas this

ratio is rather high.Se bee

ques DUE ARCHIVES
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VOICE:

PLESSETs

KERANISHs

BESHEs

WESTERN¢

LONG?

i, vat, #quanti ais
. , my . a) a _ gf a

a

Well, what he's saying is, if you KA11 all the people in that area...

In that area, but I'm worrying about the people who live off of that area,

Not so significant in overall hzsard as the primary level.

I think it might be.

We can evacuate the ares, and then the story is that they can't return.

Well, to snswer your question, Armeld. One ia, cose.-..Wwell in

the first place, I'm talking mly about telerance concentration

of 307 ag compared to extresely high concentration of external

radiation, end second, if you are talking abcut localised aress,

you have two possibilities in case of warfare. One is that

you're going to wee it for agricultural purposes that you can

devote it to products which msy be less critical than other

products, that is, there are a number of possibilities of being

able to use it productively at « lesser average risk then we're

considering when you have the whole country uniformly contesin-

ated, And another is that if it is a small area, in general the

produsts from it, if they're used to feed a large population

will be diluted with products from other uncontaminated sreas,

#0 you get sone factors of safety there, and as I've already

pointed out, you have a number of years to work this out after

it happens, and you can do quite a lot to alleviate the hazard,

Now, there's one fact that I was curious to ask about. I got

the impression that in Mr. Bethe's ealeulation, thatthe

ae DUE ARCHIVES
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(continued)

. LYBSYs

LARSEN s

aay
ies

assumption is made that all cf the strontium 90 which falls on

the ground is available. One knows that soils have rather

pronounced exchange characteristics..j.can one gues#e..so that

I would take it that this is a rather pessimistic assumption,

and I was curious as to how pessimiatic it is. Have axperiments

been done in putting strontium 90 inte ordinary soil and then

finding out what is avatlabie?

Thatta whet you're doing, im't it, Dr. Larsen?

Yes. We have bean looking at various shots, and the one piece

of data that is most complete inén the underground, which, es

nest of you probably imow, is about a 1.2 KT. What we did there

wan to tale soil flats from California soil representing § inches

in depth, and abeut i #q. feet each box was in this dimension,

and we distributed this over the territory of predicted fallout.

We came back with helf of what we hod distributed as contaminated,

which we could measure by survey meters, I'11 take one, which

represents one of the naxinua activities to illustrate what we

found. Wa had 196 sicrecuries total surface activity on 12/17/51,

and we have gram 5 orope of radishes consecutively on that and

the observed values, for example, On January 15, 1952, was 16.9

disintegrations per second per gran of plant dry material. The

last crop came off in 9/19/52, of radishes, and this read 1.12.

Row the controls that we had growing on the same soil, but

without any centamination, reed, in this crop 1/15/52 series,

it was 1.69 d/a/gram and over here 9/15/59 we sere getting about

Ze
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LARSEN:

SOLONON s

LARSEN:

SOLONONs

VW UBa

LARSEN:

VOICEs

LARSEN s

Can we have some of the intersediate cropst Say July?

Sa

Yes, observe...this would be b/15/52 reading at 9.2. At 7/1/52

we are reading 1.8, and the fourth crop was harveated...this

4s reading about 2.6.

Aren't your controls just the thing we're trying to measure?

JT meen this represents the fallout that hasn't been

freotionated in any test.

The controls supposedly have never received any fallout,

because they were collected from San Fernando Valley,

Yes, but if the stuff's leaking dewn all the tine.

there's
Oh, but bhaves radioactivity Grom natural sources.

Oh, yes, you've got K-42. For all the potassium in the world

you have .O12% that's raciocactive.

This was before MIKE.

You have rubidium, shich is natural. You have the uranium,

thorium series. You've always got that to cortend with, end

any time you fertilise, why you're adding racdicactivity. Now

the lading clover was added or planted after we finished up

with the fifth crop, and we took five crops of that off, and

I have the last bit of data which same off on November 29, 1957.

I beg yor pardon. Just this lest aonth, And the contasinated

flat was 1.86 dps, the controlled 1.6 dps.

GUD DUE ARCHIVES
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LARSEN:

BEYHEs

LARSENs

MITCHELL:

LARSENs

Was there any final assay of the soil after you got through

harvesting the crops?

Yes, we feel that quite significant quantities appeared. I

don't have the figures with me right now,

The 196 atcrocuries were distributed over how?

Four square feet.

How do you account for such # large drop fran the first crop

to the last one if the radioactivity in the sell is ssinteined?

Well, by decay curves and energy curves, the anly thing that

we have been able to pick up here is Strontium 09. It has

been a selective sbeorption, ff apparently. Wow we inow from

other crop datg that we have done where we have taken soils,

agricultural solid from throughout California and New Mexico

and contaminated at the rate of 100 disintegrations per sennd

per gram of soil, there are 1600 grams to a plot. I can give

you some idea of what happena here, On the Strontium if we

take the soil to the plant end we also try to cover this up

with the animal feeding, there sre 100 disintegrations

initially per gram. "he plan in the leaf material which the

bean was the zest inportent, the barley wae the lesst important

and had 1420 disintegrations per second per gram af plantdry

material and if this plent were fed to this animal our

experinents have netted 200 d per s retained this would be of a

dose fed. In other words, Y got these figures from another

—
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LARSEN:
(continued)

L
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experiment we did, 1.8% of the Strontium is retained from a

dose of 1,531,000 d per s fed daily over 17 weeks, Plant dry

material grown on contaiminated 9011 which would give an

average daily feeding of about 2700 d per a, that ie plant

dry material, Cesium is the least important, cerium is

negligible, ruthenium may be important because this is = bed

actor when we talk about the cheatstry of it may act as &

cation or an anion. We have studied the fused aaterial fron

trinity on this sort of a thing, experiment, end we have taken

fused materisl from Shapper 7 and fused uaterial from Upshot 6

and in each case all we oan do is to put down nil uptake.

At least the instrumentation thet we are working with and the

techniques that we have used on our research work, as we cali

it, using those same studies or cosparisens cons up with this

value. Now you may be interested in what kind of activity is

immediately available to a plant on detonation. Om this last

series cut ehere we, along with our fallout studies, we

trapped animala, the native rodents and shot the jeckrabbits

that are in the fleld. We had good fortune in that there was

Upshot 2 went in the north easterly direction and was not

recontaninated during the period of our stay in the field. So

we did serial sampling on it. In addition we had saspled

that area in October '52 and Novenber...I mean September ‘51,

You may be interested in some of the things we found on that...

On the rabbits d day plus 8, d plus 22, and d plus 32 days.

The casium, lung, liver, leg muscle, and fenur.

hihi BOE ARCHIVES
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Would you define the castun?

That is practically all of the GI tract in the rabbit. The

biologists object to calling it the GI tract. Now these

figures ft am gutting on the board are disintegretions per

minute, per 10) milicrams af ash.

(chart should be used here)

What was the initie) date?

Tt was Waroh 2, I believe. Sinee we weren't euch good

markemen in September 'S1, I couldn't sample lungs. ‘The

previow work has all been head shots. If you are dealing

with a larger bomb end sore activity drops down here your

activities are going to go up, but they still held thet same

general picture. If you plot the decay curves aff say far

exauplepfthe activity here and of this semple you would find

that the elope of the activity will approximate the slope that

4s represented by this decrease. The half-life us was last

teld or mentioned to me as about 32 dayn. I have some other

things that, if I mey back up to what we were talking about

this morning on particle sizes. It applies to what we are
observing here in the lung. We were able to determine on a few

of our air sazmplers this time the actual particle sige that was

on the air path. This was done by a technique that wa have tréed

to adapt to turbidimetric size anigsison the actual mashbrane

filter and we find that about fifty percent of the activity is

DUE ARCHIVES
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(continued)
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less than a half a aicron at 3 wiles of the sirborne uatertal,

Now thia occurred on a sample that was collected at two to |

four hours and the same picture held at six to eight hours.

The soil sample collected 2 hours after detonation in this

wame location had the uaximum activity in the particle size

fraction of 175 to 350 microns. I sort of go along with the

idea that if we atudy intensively what can happen in the

first 200 miles after detonation we are going to come up with

most of the snawera that osn be applied worldwide, if you

will, or et least within the U. 8
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LIDET:

LAESOHs
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There may be some question with respect to the charactere

istics of a particle «= you bresk it dam to that in close

veraus thet which goes out te 2000 miles, Bub I think this

can be ironad out tetween the program that Elsenbad has

ant what the offeaite people have been doing at Bad Sate

and whet Loa Alamos has bean doing and what we have been

doings

If we can find the tius, wetre geing to ty it.

It certainly seeus to be very important, I astice you

finding strontiuns 89; new strontiun 89 hes the seme dusty

charaeter an atrontiuz 9%, It also has a krypten precursor

that can only be chemically avallahle, so it say be

selectively abscrbed in your radishes, fet beceuce of the

chenietry of the radishes, because ite avallatile, and the

rest of the fission produsta are held beck physically.

This is what we are hoping to iron cut. 16 will. be most

interesting te eee whether this 1s at.

We have work going on in clay fixation that is a stady in

strontiua, cesiua, cerium and ruthentiue problens and we're

not only going with respect te the umual definition ef

clayifleation, but we are using a binloginal indicater te

prove whether or not that fixed se-called fraction is

really, truly Dived with respect to blologys

BOE ARCHIVES
 



 

LIBHY: I think your report is extremely important Dr. Larson, that

da, if you could possibly nanage to measure atrontium 90.

LANSGN: You see, a pro.ram like this, ir. Libby, we call on all

contractors to send us people plus military people and we

wind up with something like 58 or 60 pessomwel out there

in the field, hen we cet all through with the field job

and come home, there are only two people whe have the job

of analysing all the data that has been collected,

LISEY: It's possible you sea, I think, to et some contractors

to measure, I've been hoping that some of these conmar~

clal conperies would start measuring — making lowelevel.

neasurenents for a charge so you could send a sample to,

say Tracer Company I,and cet a measurement of it at real

low level for a price, or else have equipuent which you

can buy, or give this service so that 1t would be pos~

sible without having to do it yourself to get a lot of

mecsurenents ade,

VOICE: You know, your samples are probably not very low level.

KRANTISH : Dr» Wentern, would you like te have the flearZ

WESTEUM: I wae making a cental caloulation a manent ago wiile I was

talking and i wes trying to coordinate my data with the

values which 2, Zethe had come up with on the beard and

" ene ee
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XI yot one of ny factors inverteds let us make @ correce

tion on one of the stetemente which I hed made, I should

have said that a value for external dose of material

felling out in the concentration which fir, Bethe talked

about first as being a tolerable dese whieh I think was

8/10 microcuries per age wiley I'm using one wlorocurie por

square alle here as being essentially equivalent to it.

The external, dose as the ustorial falls out within h hours

4s the integrated dose cover a long period ef tiap and is

20 y (not 2000 r) and of which half (of which 3/10 or 6 r)

the first @iy end 10 r in the first week, One cure par

square mile would correspond te thie accerding to the cale-

culation which I had made previously end heave on peper here.

I got one of my fractions inverted in making sy mental,

calculation.

If you want te ge up to what he considers as perture being

dangerous there, you would have to multiply these Sectors

by 10,000, then you are getting up to the point.

Consider thig point: In France whether you fight this war

and you wee boubs against the Russians, you vin the war;

tat then, are the farms ruined? In other words, I would

say 2,000 r, total dess, would be sousthing lille a tacti~

eal use where the bonb comes pumping inte the ground and

explodes low over the troops. To get that kind ef cane

aii

ne
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COLe LULESIAN:

chitin ADs

tamination of the ground (100 tines this 2000 1) then would

that farm be ruined?

ZX think thia is Col, Holsman's point and it's a very

interesting pointe

Well, 1% depends on the interpretation of the data which

Dr. Bethe had on the board. If he pute in a facter of s

omdyed, then we would say that the lerge areas of that

eort, we would worry about they,they aight gat results;

if they ave very auall areas, we might be able te use

then for sensthing.

Sir, in that respect you night be interested in this.

There was just one case of fallout which we claim now

covered 2500 sq. mi. and wo think that from these calcur

dations it deposited 2 curies of strontius 90 per square

mile, witch would make it something lils 2 er 3 mlorocurics,

and the dose rates informally calculated would be as he

indicated here (sorething like 60 r infinity dose) however,

the reality of the situation in measuring, this is on

actual case, At the saximm there was nothing ever 109

roentgens infinity dose, Here is « situation where 1%

falls out and you de get perhaps 5 rosntgens if you live

outside the vicinity and yet you do have 2 curies of strone

tium 90 per sqe ml. dow, oven if you have no vegetation

there and you do put population in, is it possible that you

might just stir up dust by walking around and inhale a

__ DUEARCHIVES
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PLESSETs

ORIOGS s

LULESTANs

_ LIBBY:

LULEJLAR:

S
y

portion of this so that 1¢ aight be « hasard locally so

we would like to more or less disband in this case fron

Col. Holaman's point of view and actually ask the con-

ference that in the absences of injection and in the pre-

sence of depositing a lot of strontium 90 per square mile

loeally in a tactical situation, is there any hasard?

How is thie 2 curles per square mile observed?

Xt was calculated fron an observation of what wap depo~

sited in the desert.

In other worde you were asaueing that the nemal grose

fission products ... Well, then shouldn't the sas

ryeduetion factor or something lile it be « part of 2

curdes per square mile?

I want to find cut what this is...

1% should be 60 r infinity dose as calculated by fr,

Western's point of views

But you've got a new question: Even theugh there in no

vegetation, is it still dengeroust

In the absence of ingestion in the tunorer in wagetation o-

emimal there is haserd if we put, in thie cnse 2 curies of

strontiun 50 per square wile; but temerrow, if we haw a

a_aan
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war and we do actually shoot a lot of banbs (possibly

multiple dropa on one city) this might :o up, say, oF

a factor of 10, and yet no vegetation; is there a

problem? In thie case it must be the inhalation

hewardy we don't eat the dirty you micht breatheit.

LIBBY: « « + how the Japanese atudy strontiun?

LULEJIAN: No air, that's a different croblem. I don't see how he

got residual activity sentioned in view of the air

drop... I don't quite understand that. It could have

been » . » It dosan't cone with our expartence in the

denestic zone. I can't understand 3 roentgen lifetine

dose, And incidentally, this in e tower drop and in a

surface, of course, you would release 2 curies of strone

tium 90 per square mile; there will be other factors,

however, You wovldn'4 cover 2500 square miles; you would

more likely cover 100 square miles -- it will be a snaller

are&e

LIBBY: when you walk around on test areas up there, do you wear

manka?

LULESIANs I dent,

LIBSY: Do they evor sesanre thooe masks for activity?

BUGHELSs These who are working in areas that are dusty and have a
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= somaveuuLvnty often have the fliters

chackeds and they might be quite high.

Te the dust trapped in characal or a paper disk?

I think that Col, Quinn and his crowd had quite a lot of

thess filters in connection with the operation,

Some of the HRDL persoemel, after the undergrows shot,

went inte the test ares te recover sauples and tasy had

respirators ismad te test. personnel and when the reee

piratersa were removed you could see about 20 = Ff per hour

by nostril probioy,

The material would get inte the nostrils wen youfre

wearing those respirators ~ net through the filter pads,

but comes inte then by leaiing around the cose because of

oortein facial contours.

Concerning this struntiuu: If you zot it into year lungs,

would it be in your body? Would it be metabolised if 4¢

were soluhlet

I think that whatever it te we actually retain, 1t is not

exhaled in the next breath cyales. It is, for all intents,

soluhle material. It will soon be transparted to boos, and

thet was a point that Te. Comar brought outs that to

inhale strontium in that finely divided state is going te

guanhin
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SCOVILLEt

BUOHER+

SCOVILLE:

BIGHERs

SCOVILLE:

BACHE:

LULESIANs

BACHERs

LULEJIAN:

a_ a sess

be actually a done problem nonstheless.

In the dangle underground shot they had animals exposed

te the radiation where the tetal doce was something like

2005 x, and they eutopaied those animale end found not

even approaching a talerance dose inside thes in spite

the fact that such tremenious quantities of dust vere

founds

Those were the sheep you are thinking about.

Yes, that's right.

‘the large: particles would tend to be pulled out in the

nesel passaged.

Sti11 they hed large geounts of dust in the lung, ‘There

was no activity.

I just made a little rough horseback caloulation bere

indicating that you would have te take ap about 16

kilograns of thet dust in order te get the tolerance dose,

Did you aseume a certain size of dust?

Well, I assume that you mix thig uniforaly and that wien

you kicked it up you mixed it up in, say, about a 1/2 a

centineter down. ‘This semeed like a sort of « . -

In other words, the only way to cet the strontius dow

Net hag j ere

ay .! dpe mene ee
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would be to eat the vegetehle or sineral, You'd have to

eat 10 Kilocrans of dust. That's the question I wanted to

ask, and yet yontve answered that 1% dons really solve the

problem. I'd like to cet tecether and caloulate it,

\S
3 Ss

Look, you oan do it with ease siaple numbers.

Are there any who would like to sake what they conaider

absolutely inpertant coments before the conference

breaks up?

I was out this morning while Dr, Dethe was talking. I sm

that the ratio of telerance to serious offecte as put on

the board waa different ty a factor of 100, Yesterday we

were talking about a fecter of 1000 for this same tatio and

I would just Liles to ask how this basa... We culled it

lethal yesterday,

The argument fer this was, in the case of rediva, that

1/10 of « miorccuri# is considered tolerance dese and 1.4

had in one case given serious effects, One cage gut of 200

cases, This is only a factor of 10. Sow 1 threw in an

extra factor of 10, I think ageinst the protest ef Dre

Bugher between radium and strontium to account fer the

different effect of beta rays end elpha rays, that it was

ay contention that. for atrentius uniformly distributed in

bene you should really consider 10 alcrocurtes as the

tolerance dese in order to be consistent with other nuubers,

a
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dn orcer %© se consistent with a 1/10 of a alerocurite for

radiu. or with 300 cili:wans per week of sama radiations

This acter 10 and the other factor 10 between the tolere

ance Jose of radium and tie sorties doss of radium gave the

factsr 105.

ike J undergiaod the basis of the 100; could I ask about

the cassis for the 19007

Now osterday we also were «ald that one radio worker died

wita Smforo-rano and one lady lived with LO aterograne

where 1/10 waa the tolerance, so vetween GO and 00 1s the

Leta lowe »

Is there golis to be clinical ovidence for we actual

LL OD dees in strontdiua?

{ nepe not? I touink we are cuite content to leave it as

& speculai ive cenputation ratiier than having experinental

cufimatiing gut f think what Dre Sethe was trying te put

in here (wiat he called senoris) was somewhere around 1¢

ox the people showing definite lesion, and the top firure

was som@tiine like 50% lethality or senoris lesion and

tuat is as yood as anybedy can make at thie tim.

I want i thank all af you on behalf of the LAND Corperation

and ite various comtrsctors Ter cumin, to te conference

end olivia: us your ideasy 1 think we derived a gest many
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ideas to think about and I would like te conclude the con=

L
o
s c
s

ference gni hope that you'll al] take a quick lunch and

resh up to te nuclear enerry group and get your idess

down of parere

Thank you very much.
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