__ASHALLY on how peeked you think that this mep locks like ahead of time; .
(contuod) and cne of the functions of a real pilot progrem would be to
find out preciscly this. Any smmpling design has to produce
really twc things. Cne, an estinate of ths quaniity you are
after and also an estimate of its intrinsic variability. So

it turns out if thio thing is very peaked, the way to gu st

this problem is to pick & few points initially at rendcm, and
then sample around it in big clusterw. This would mean that

you take many sexmples near thls point, 1f the thing is very peaked.
nnno»-aﬁﬁlnoﬁ.gﬁiﬁ-igguo
that this gives you the optimal estimate for a fized amount

of money. Vhers it's usually the onge that if ohe samples in
this way, around & certain location, it costs less par smmple.

So that scme gussses are going to have to be nade. Ons wants
Sﬁngﬁﬁuaonhﬁﬁﬁwo»«ungaﬁgg%l

‘ ﬂ we ocan't really just be setisfied with just saying New England.
“

You have %o talk about what it i3 you are going to do in this

2 28 particular ares. Yow in thinking about this probtles, the only

CLE HUMSER(S))
9SS PARTIAL DOGUMENT

m(uh-mmn portion of it that I've locked into in any way is the luman

532022385 sampling problen. Assuming setting aside all these problems

O M%ﬁmmmsmm“

2 @m_ of getting the actual materisl, I think that ve ought to aim at
w 2, | getting a correlation betueen scmething celoulsted frem Kisentud's

emm 44l data, for pertioular sress. What I would have in mind due to the
mei‘.).ﬁf\\.l

¢z g 8 512

ARSI o o
A ERE
‘rv o 2 =

vmummm
S s\RNL roughly 150 ailes arcund a city which generally represents its

gmma_ BEST COPY AVAILABLE

ngﬁﬁhaﬁo?&&aﬁgﬁgpugg&»-o%
that one would try to take weighted avarsge of say a eircle of
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nilk supply and water supply srea. The comntry-wide averags
on some aversge welghting 1s vexry heavily in the midwest for
the food producing areas. Then, we should try to calaulate for
a specific area a potentinl exposurs to this risk and then
relate this to the amount that cns found in peocples' boncs,
taking acoowumt of their sgea. 1 think that in view of the
fact that it is probably going te cost us s fair smownt of
money to get the samples, they cught %0 bs designed very care-
fully, and alsc & goed deal of ingmwity and meney put into
the analysis., We gan't sssume ahesd of time that we are going
to get very gocd ansvers,; tut at lsast we cught to have in
mind that we should produce an answer that might allow us to
give rough predictions frem a series of detonaticns using all
of the work that vill go into the transport and se ony telling
us 1f a certain nmber of bombs of specified yleld are set
off roughly in these locaticns at this tine of the year and
transported, what is the hazaxrd in the variocus sresst
Eisnebud's data indicates that {t falls off fairly regularly,
f.0.y the fallout ~ from the aile of the detenaticon. On the
other EE hand, 1f some of the msterial this morning indicated
that if you are looking at soil, this thing is liabtle to lock
very pesked, then you are geing to have a hig problem. If
you are lecking at himan bones wvhiackh sort of drav in an average
over the whols country, ons might expect more regulsxities.
It's hard to say. It's going to depend on whether this local
lﬁamly-mmkammuw,m.,wugwm

_JSHALLs
(continued)
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n.;snm.:
(continued)

LIBDY

MARSHALL:

LIBRY:

AR - food and so on for the oity of Milwmukes.

if-i“- i" I‘Il—I\III-

mmma'ﬁbuﬁwmm. After a
little caleulation, Af it turns out that ssy a himdred grams
or so of bone material were encugh to allow you tc take a
nessurement with a gusss of & lmdred dollars for the analy-
sis of this particular sample, one, I think, eout]ld in this
ocumntyy = the esloulstics I did for ten cities ssswming
that one takes sccount of varicus ags groups; start ssy with
an age growp of from O t0 5, 5 to 10, 10 to 15, 15 %o 20, and
L and over, perhaps, that ene might taks three smmples in
each age group totaling JOO grams, randcmly sort the pleces
into X0 gram wnits, amlyse sach one, and get his count.
This is all for ome city, and for the varicus ags groups, and
got an {des of how the fallout in the sres sad the eountrywvids
aversges ralated to the smownt of Sr> in humen benes of
the funotion of age, from the past eperiencss. From this,
one might be able to try scme predictions, depending upon how
variabls aze found it and cne needs, I tiink, in each ons of
these areas; at least two detemimations at esch age grow,
for the purpose of getting an idea of the wvariations even for
diets within a partionlar ares.

te ,
Take & AV, oase of the human sswage of Milusukes.

: !ou'ummnlyptmmmmwmmm.

Yes.

How, wbat wuld you do in addition in order to get the variability
paremetar? Icumﬁinlybnninthnt.apmwairmror

POE ARCHIVES



L.GBELL:
(contimed )

LIBRY:

SOLONOK:

VYOICE:

SCLOMON :

COLMAR
LIBE,

*  HCTCHELL:

have infinitely mere troubls measuring it in anmything else.

What 18 the stuff that makes you get your testh cleani Is
that ealoimm containing? Think of all thess things you asn
got gratis, snd then use your maximm sensitivity, and see if
maybe you can ssuple pecple without killing them.

Flassa has five hundredths of & peroent of the total body
calcium as sgainst 986 in the bones, snd almcst 1S in the
testh. Everything is weighted ageinst you.

Is there anything you oan feed pecple to maks them slough off a
layer of calcimm from the bones?

There is a possibility that scme of the versinates (1) may
bring scme caloium out. I don't know. But it hes been supposed
to tring lead out. Caloimm versinate has bsen proposed in order
to twing lsed out.

It's vary, very bhard to bring calcimm out.
As you say, & tolerancs limit of coe xiarecuris..

Vell, the most sensitive methods will pick wp about cne-millicnth
of thaty so you ses it is a possibility. I don't know what the
sversge perscen wuld he in texrma of tolerance. I suppose very low.
Cne dossn't know, but the bones of a perscn who is growing through
the pericd of exposure will sssentially csrry an integrated dose
of anything that might be, say, in the hLlocdstmesm. 3o if you

’piekup;mlaofbhcdwdw, you have x smount, you wll
Mn the accumulated smount of x times a certain mmb
POE ARCHIVES



U IOMCHS
(continued)

LIBBY:

SCLOMON;

LIBBY:

SOLOMON ¢

the blcod from clotting. How if this wers so, this icn exchange
resin 13 discarded; it isn't used any more., If it were 3cy in
! €
any large blood program, one could get a tremendous amcunt of W
resin frem which you would only have tc dilute, which you geuld
eothe casloium
do quite easily{ but I don't know emcugh about the bloed progrom.

Ancther possibility is vhat is thrown away in the gamms zlobulin.
Decesn't all that blood come from adults? That would be very good.

Host of ity I suppose, does.

On the other hand it contains the lost calcium, and that's the
stuff that would have ths strontium in it.

With an adult, bonss are argusd agzinat because bocnes are made,
but the calcium in the bleocd is still in the blcod, and 1s
s8till cireulating, and so that's nct a valld objection. This
would require getting in touch with the Red Crosa and lesrning
sume of the detalls of their bloed collectich. You can use
dated bank blood toc.

You think tone meal is scmething we cught tc play with from a
statistical point of view: Teke the Chicago stock yards, for

exsmple.

Well, here again I think it's a question of ~ yhat 13 the
question you are trying to answeri

Welly muppose we measured the bone meal content frem the Chicage
stockysrds, and we find this to be scmething or other. Now would

—



-

wuBHY: Any one else have a question for Mr. Narshall?  Befors we
leave the ssapling progrsm, I'd liks to mention a subject which
Colonel Holuman is oonnected with, Several weeks ago we vers
oonsidering this stratosphsric storage, and concluded then as -
we did this morning, that it probably exists, that there 1is
probably a lot of radicactivity in the high layers of the
atmosphere, and the question is bhow to prove this. It 4s
obvious from remerks this morning that rainstorms and the
vagaries of westher make the assay of rains & rather wnrelisble
way of satablishing it quantitatively. 80 we wonder how %@
sample the high atmosphers and get samples down which give us
some qualitative notion of the contant of yedicectivity. There
are two aspects ~~ cne is %o got up there, and the other is to
got the radioactivity out of the air., Ve asked Colonel Holsman
tc maks some measursmsnts on jet airoraft which ares operating
out of Kirtland, and I'd like to give him a couple of minutes
to tell us about that. 1 know these data ave vary poor, but
there 1s some radicactivity on these airplanes, and as I
understand it, they wers not in any stemic eloud that you
knew of?

BOLZMANy That's right, Dr. libby., About & month or so agos Dr. IAbly
requasted just a yes-and-=no ansver as to wvhether any of owr

Jets were picking up any radicactivity. Se¢ we ran a "quick-
and=-dirty" test on this, There vere sbout fifteen alrcraft.
We made sure that the airaraft vere not those which might have

/
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HOOKS s
LIBRL:
HOCKS ¢

LIBHX ¢

Vould they have them in Xorea? Oolomel Hooks, would you know about this?
I don't know for certain., I asaume not.
How about Ewrcpe?

Yes.

I bave a noticn we may get scme definits proef of the existence
of bigh lying redicsctivity just by wtching opsrational air-
eraft in this wimple marnmer. Now, of eourse, puttéing on a
filter or anything like this 15 bound to be scme trouble, but
Af it is s8 simple as messuring redfosctivity on the inside
wotndnctinnjd,lthinkmhnﬂahf.gvtm.
Now of courss it would be rough, ut at lesst it may Do worth
gotting, I Jjust wonder whether it ism't worth trying. It
isn't entirely arssy. Thers is & thermal grsdient in the
systam, and this thing is a poasilhility of ssparating cut
particulate matter. Ths yleld, of courss; would be exormously
lov, tut thers ie probadly a lot of stuff in the largs volume
of air that goes through these airplsnes that compensates.
Another 1ine of attack is to develop s ssmpling progrem for the
Righ altitudes, and I think this wuld have to be done on &
longsr range basis. I think it is quite important to sample
the higher layers befors the CASTLE series, if we possibly csn.
If axyone has any idea of a simple wvay of using operaticnal
airplanss to get evidence of radicsotivity in the stratosphere—
well, above 30,000 ft., it would be quite valuable.

| TOE ARCHIVES
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VOICKE:

KELLOGG s

N

[R20Y Y]

Are any rockets being fired at White Sands?
They don't stay wp very long.
I don't think that oould compare with sampling from the jets.

One thing we've been thinking about e li{ttle 1a the possibility
of sampling, or getting a direct measwremsant of radicastivity
in the styatosphers by & msthod which wowld inwvolve sending
ballcons. The advantage of bdalloons is that they e get up,
at present, higher than any cperational aireraft that we have.
I suspect that IXE since the beight of the tropopatwe in the
Marshall Islends is arownd 55,000 ft., we would just about have
tc have balloons in oxder to sample the stratosphers at these
levels. In fact, if we oan consider the transport amything
dike horisontal, then ws would wpect to sse tha dedris coms
m.;mnumss,omrtupmmmummm
aiddle latitudes. In trying to imsgine what balloon sampling
would look likey we have been inquiring about some methed of
doing it similarly — on a besis similsy to owr present yadio-
scnde nstworks. In the history of upper ataosphers research -
xm'tmmk,ntxmmmmmunct
the early radicsondes — it wvas K considered quite a triock
te do it. MNow we have wwaxds of 30 stations in the U.S,
making two soundings a day on a routine basis for a very
noninal occat. We inquired about the cost of sending w &
plece of cenductivity equipment which oould actually be
ingsertsd intoc one of the chamnels of the ordinary rsdiosonds,

S
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m: taking advantage of the telemetaring already existing at

(omntdzmisd) tlg stations all over the world. Messwring the conductivity
would be one way of doing it. The other obvious vay would be
to measurs the radiosotivity. That is, by some method of
Geiger comnters properly orianted so 88 % eliminate ccanmle
radiation as much as possible. Fram vhet I have been able
to gather, it is cut of the field of the second, thit is, the
direct Geiger counters, s 1little bit out of the field of owr
specialty - but it would appear to be yather heaxd to do. It
involves quite & lot of instrumentation. We bave looked
into the question of measuring the conductivity in the
upper atmosphere; and it appears that this could be dome with
fairly resscnable equipmtnt, and it alsc sppesrs that there is
going % bYs a very large change in the oconduotivity wherever
wo have changes in the radiosctivity. This will ocme out
this afterncon, perhaps, when we give a few fucts and figures
about the atmospheric icn ocontent in a radicmctive cloud.

POE ARCHIVES
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LIAnY:

KELLCGO:

1.189Y:

KELLOGOs

LIBYY:
KELLOCG:

BOLZMAN:

£ 1

/

like to have us all think & 1ittle more sbout.

wWell, fins Will, but how many years will this take?

Soms squivment was built for andstone so ve wuld have some hack-
ground in this instrumentation but I don't have the detalls of it.

It certainly could not be crganiszed before Ca=tls, could it?

I wouldn't consider that it souldn’t be. I 4hink that, well,

you gee ths telametaring is am impertant part of it. This is
slreacdy available. If we csn deviss the output ¢f eur condue~
tUvity squipment to adjust & variable resistance which is rouphly
the same resistance range as the present elemants. YRL is the
place where I got my information from. They estimate ¥200.
Perhaps Mr. “mith of NRL wouldn't like to bs quoted too definitely
on this, but he thought it could be made for about F200 per
equipment.

What load will it carry?

Ch, this is the gear exclusive of the balleoms.

This was dens at Sandstone very sucoessfully. I get the feeling,

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

matarial hanging up in the stratosphere for long, long pericds

of tims. Ailthough I have been getiing nrore and more awvay from

meteorology [ think that this i3 a very wrong concept bccn@a

ur' !’ron stratoapheric levels can coms dewn many, many thousands
Stk
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U ZMAY:
{Continued)

WEXLERs

LIBRYy

WEXLIRs

LiBaTs

WEXLERS

LIBaYs
VOICE:

BOLZMAN s

T
72

of fest in the erdinary westher situations. For example, air

that might be at the siratosphers today, might be dowmn 20 to
15,000 feet in say 2L hours. Wounld this be a reascnsbls thing,

Harry?

Sure, I'd even go further and say it would bs dowm to the ground
wider certain conditiens.

Then you would say that the mean 1life of stratospheric air is
two days or of that erder?

NHo, this is only under rather excertionally favorabls conditions.

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

’

nefore it came down tc sea level?

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

o & year,
But it would be in the order of weeks or wonths?
The exceptional case would be high thunderstorms?

¥o, 1 am thinking really of isonthropic flow down slope. YIou

soe alr doesn't flow horisontally, it flows down, and if yom

have an unusual weather situation with high pressure, low pressure
and so0 forth derending upon the complexity of the weather, air

can coms down from stratospheric levelsz as Harry said, sven down
to the ground, and this is available for precipitation maybe the
following or the subsequent days. So the atmosvhers is constantly
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{(Continned)

LYBRY
HOLZMANR:

YOIty

BCLZMANN

VOICEs

N

purging itself even at very, very high levels and for this reascn
I thought that some of the data that, well in one of our other
prograes aight be carefully analysed and so give us s lot of
information ‘;a to how much ths atmosphere is purging itself of
this debris.

Do you imagine that it might be at great heights? That the radio-
aotivity might be at great heights?

Well, I got the feeling from your remarks and others that this
thing might hover at stratosphsric lewels ....

Isn't your point coming to say that your guess would be that the
radiocactivity, assuming a periocd twe or three months after a shot,
that the radicactivity would be pretty well distributed?

That is right. It is pretiy well distriduted bBut it is constantly
being purged and that data even at lower levels ¢an be analysed to
give you a pretiy good indication as to what is geing on above,
That 13 what 1 was getting at so that thers might be sufficient
data around with careful study that could glve us soxe answers

that we are seeking here.

If this were trus then it would sesm that ‘iserdud's data sheuld
show this, becsuse let us assime that there is a six month half-
1ife then he ocught to have & six menth slope:on his falleut and

he doasn't have that.

e
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FIS ENBUDs

WEXLER?

EISEXBUDs

WEZL Rs

IQSEHBUB:

WEIL B

EAsenbud:s

WEYXLER:

LIBEY:

Well, we don't know, we haven't had the time.

I think that this depends upon whether the stuff is getting up
to0 the stratosphere. Most of his stuff is delew the raincut layer.

I think that it is the epposite. Ramely, thebapparently thers
18 no obvious decay yet frem Ivy.

Well, I would like to go back to this Krakatos. Maybe we cculd
squeese something cut of that. Now there was a ten fold demanu-

tion in solar constant.
10%

Ko, ten fold becauee there was a ten percent increase making the

10 one percent difference and it took them thrse ysars to get
this 107 pesk down to 1% where they could no longer determine
the change so that is really the ten fold aver a three

yoar pariod.

Well, the only thing I sdd vas thet there was a 10% decrease

as an averags over the threes ysars.
Oh, T thought that it started as 10%.

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

You are talking sbout dust content.,

WlRkin
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INBUD:

WEXLERY

\ ;c&:
WEXLiR:

GRICUSs

WEXLER:

GRIGGSs

Yeos, this is referable to the mass of dust.

It depends om the sises. Put about this stratespheric exchange,

1 agres with sverything that Ben says about the lower portion

of the stratosphere which you might say is isotropically connected
with the trcposphere. Whea you get up sbove into ihe stratesphere,
then the direct sxchange between it and ths lower atmosphere
becomes much more difficult to do bessuse there are no isoirepis
surfaces that really penetrate up. Thay are ‘-eauy horigontal

up thers, So, to get things way high up they are llimly to stay
there except by a very slow process of diffusion or fallout.

Very alow, but none of thiz very rapid quasi horizontal large
scale of exchange that 3en was talking about.

How high?
I would say that if you get up to 100,000 fest.

By recollection is that in the case of Krakatoa is that they
ochserved brilliant sunsets in the Jahara desert and other places
and they peraisted 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 hedght to wvhich

the stuff went. At least 100,000 feet.

There was persistence of this dust in the high stratosphere a
leﬂg time,
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WEXLERS

LIBBYs

WEXLIR:

SO

Yas, and 1t gradually settled down. They are able to deteot that

by optical sffects, gradual decrsase In height of the main hody

of dust.
Is this consistent with your picture?

Yes, I think so beeauss that went well up sbove the low portion
of the stratosphers vhare it was effectively sealed off from
isotropis exchange for lower atmosphere. This is also born out
by soms mcisturs measurements that have deen made., There have
baen about three moisture measurements made bWy a bBalloon going

sp 100,000 feet and it shows that in the stratusphere the atmos-
phears is extremely well stratified vertically. That is, there
are layers meist or rather moist air and dry sir. This irdicates an
extremely lov rate of mixing. Orn the other hand, all the messure~
ments that have been made indicate that the composition of the
a’maphcm, that is the permanent gases ars extremely uniform.

It sort of gives you an idea of the time scale of wixing. It

is somowhere inbstwsen probably days or weeks where moisturs,
precivitation, svaporation and things like that can remain stra-
tified and the time requirsd %o do uniform mixing. In that same
connection, are the samples cbtained by rockets too small to be

anslysed?
T don't know. Ve don't know what the content is .

They get samples cdown to the order of a courle hundred ec I guess.

-lq!“—-!

rrgin. ~ <
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LIB=Y

SOLOVONS

BILL:

e
This discussion seams to me to indicats that the pilet query
which we have up there is only part of the gquestion and the
other pilot query 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 preblems. To determine as human
hazard requires one set of measurements, whereas to determine
ite distribution in the world which is integrated inuto the husan
hasard requires a different set of mesasurements. You wouldn't
need to make any stratospheric measurements to deterwine the
human haszard as long as you had fallout.

I think, on the contrary, that you probably would., In order to
back up firding ths radioacstive Negroes in JScuth Africa. You

find 3 radicactive person in South Africa and say hew in ths world.
Maybs he tock a trip or maybe he ats Alaskan canned salmon, and
you bezin to investigate and find that the rain i» radicactiwe

with Strontium.

But the fallout takes account of a great deal of this. In other
words, one is operstional and the other 13 scisnce.

Thare is another Lmpoartant thing. If you analyse, say in your

pilot study, over a period of months you find that a certain

axount of stuff is biological material., You are still faced

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

until yon arrive at something shout diatridution in the litho-
hydrosphere

sphere and/as well, I don't see how you are going to extrapolate

with any competencs.

[ e
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LIBIY:

I am not going to argus sgainst it. It seosms %0 me actuslly »
much more fascinating problam than finding what the human hasard
is. I% is just that if one i3 trying tc put these into words

this is the et of words which don‘t exist in the sampling program
and I think that they belong thers.

I think that we all agree there, dut thers may still be soms who
still wonder why we study Strontium on & worldwide basis. I hope
our pregentation in the last two days helped to answer this
question. It would seem that you might well say take the Americans
as being the fair example, but owr problems of worldwide circula-
tion are obviously so serious and so important that I think any—
thing less than a worldwide assay or an assay that doean't have
sce samples spread all ever the world will be unsstisfactory.
We do not know whether Strontium goes with the ordimary fission
producte; this has to be settlad. We hawe very geod reason for
suprosing that it will not go with them, that thers ia a hig
fractiem;icn and 3¢ we have to do an assay. Oh, the third

thing is the long lifetize means that the mixing processes will
carry it all over the world, certainly in the atmesphere and
very probably in the ¢cean currents, at least as far as the sur-
face layers are concerned. 80, I don't think isolatienism has
any prover roll in thie., We have got to take a broad peint of
view. Return to the original Sabriel juestion, it wasn't whether
you killed Americanst it is whether you kill peeple, and I think
that we mast assay the world, not our owm basikyard, Are there
any peopls here who objest to this or want to discuss it,

e POE ARCHIVES
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LIBBY1

LOKGs

LI%BBY:

—— ¥4

(ar own backyard is, after all, 3,000 miles in ene dimension.

Ian't that a fair sample of the world?

Ko, 1T doubt it beecause the world is so much bigger than that.
Take the squatorial regions, we don't have repressatatives there.
The equatorial regions represent half the world's surface and

we don't have much of it, you know. They have great rainfall 5n
this srea and most likely 4f it is upetairs a large fraction of
the precipitation eacurs in these squatorial regions. 1 think
that there are sbundant arguments fer it. I thiak that it is
true that we would certainly take more samples in this eountry
than in any other continent. Ve mustn't slip into the notion
that begause it ls more convenient that this assay would suffice.
I dentt belisve it will,

1 wonder somewhat though whether this is s terribly imrertant
question for this conference though. That is, if you ars operating
in the leapue of the pre-pilot and pilot queriaes it asesms to me
that in that leagus you can build a very sound case for eperation.

Well, I will answer that in the following way; it is & question
of whather you will operate at all or met. It is & question as
to whether you are interested in Jsbriel as sach. Nobody is
interssted in analysing a few isolaied bone samples just for the
fun of it. People will do this because they are interestsd in
the Gabriel projsct, so if you don't keep ths gensral purpose

of it in mind you are notv even going to get the pilot actionm.

. That is why Strontium $0 has never »ern assaysd. Nobody has had

any reason to do it. It isn't useful t0 ‘pence in getting radio-

chemical yields so it haln'w. ] _
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LIBEY:

e
r——

I was imprassed by vhat Mr. Solzmon said, nemely that the sampling
thing, by its nature, had to be a developing thing and 1t jlust

seems to me that worldwide aspect could vary reasonably be put

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

assay. That i3 my answer.

I wonld 1like to suggsst that we break off for lunch in two or
three minutes. let me just tell yoa what I think we can do on

a detsction., 0f eourss all of this has to be worked sut and
proven. Sut ths detesctadble lswels, of eourse this means that
you are going to work hardest on these., The lower limit, I would
sa;7, is about 1 dpm and this to be sontained in any smeunt of
sazple up to 100 pounds. HNow what is ons dpm - that is ene-
#illionth of human tellerance. The persen who i3 just beginning
to fesl the effects of Jtrontiumg it is contained in one millogran
of eslecium in his body. In other words, there is absolutely no
difficulty in detsrmining Strontium in human dedies if 11 gets
any vwhere nsar tolerance, Fow who knows what it 1s now? 1

den't aven know what galculations can be made; I can't even
guess. Is anyoms willing to guess what 1t might be now? If

you say that it is a thousandth of hmman 4olerance at the present
time then one gram of calcium is the miniuum you will by needing
for this saaple. low, the pressent amount of 3trontium in the
world. The prasent assay; well, we saoy a 20 kiloton bomb gives
1 gram of Strontium per L7 roughly. wWith a 5% fiesion yleld we

have this many Strontium 90 atoms produced from kiloton bowmb and
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e
divide this by the area of the earth this number comes out

20,000 Stroaotium 90 atoms per square centimeter. If we say we
we shot off say 1,000 bombs this would be per kiloton bombd,

you get 20,000,000 Strontium 90's par sqnuro'cantimur's at
the mement. It happens that 15,000,000 give you 1 dpm so the:.
present assay is 1 dpm per square eentimeter. That is all you
know from the rough overall yleld figurss. TYhat is how smch
there is, in other words the limitsd detectability is equal to
one square centimeter for wniforme distribation at the moment.
Ths human tolerance is equal tc s million square cartimeters.
That is the ingestion of the Strontium in an area of a million
square centineters, that is 10 meters square - you swallow that
ruch, you are up to human tolerance at the present time. I
don?’t know that any other remarks at the present time would be
particularly pertinent. MNow, naturally these ars the hardest
things to do and 1% will be easier to do Richardson's, tbis can

be done T am quite certsin.
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%o would like this sorning to disecuss twiefly the results of
the aseparate asesting. If we can't tell what we do know, we
should try to outline what we dou't know--which I imagine is
quite a bit., We would like to concluds the merning session,
after the goffee break, with & discossion of the GABRIZIL
problem, giving soss of the results of the “old GABRIRL" and
giving sons of the tentative oonclusions ef ths alassifiostion
policy westing of yesterday which turnsd eventually inte a
technical GABRIEL discussion.

Will Eellegg would like to talk to you now, en the sampling
program invelved in Part I.

After the discussion of yesterday aftsrnoom, in which we went
over the possibilities, needs, aud advisadility of making soms
sxperinent where we oould follow the debris in the atmosphere--
what I bave to say now may be really thought of as a review of
the fasters, and I shall try to state some of the dimcussion
that tock place here yesterdsy afternoon, brisfly, for the
benefit of those who didan't hear it. Becsuse I think a lot of
interesting factors did coms up.

I'11 take first, our original attitude toward this. In looking
at the local fallout pisture--by this we mean the fallout, rain-
out, in the first few days--we found that ane of the most dif-
ficult parasesters to talk about, much less %o get any quantitative

ﬁmmu,mmvmmmamm. Harry Wexlar

IR
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{ continued)
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mentioned that this verticsl transport debris is sort of a
dead Lorse—] think that was the term he used—eand I sm
inclined to agree; s lot of people blams their troubles on
ths diffieulty of handling vertisal transport in the atmos-
phere. Undoubtedly, there will mever be s really precise

way of dsaling with this bdesause it's sudh & variable quantity.
Tot, ws do meed, it secns o me, to have some sert of a better
way of following it, even though we'll have te admit that it
will be enly for rather specific cases.

In ardsr to £ind out more sbout this usiness eof the tramsport
of the dsbris in the stmosphere after ths firet few dayw, it
seesed to us only loglcal to at lsast think about soms sart of
o experiment which would permit us to track it, and we wanted
not only to comsider the work that had bess done bLefore—nmy
able sitenpts have besn mads before to tresk the debris in three
dizenaions, and we wanted to eonsider those; dut we wanted also
to See if there wasn't a possibility of deizg it a 1ittle bit
more elaborately, if it is decided and agreed that there is
need for it. The previcus method has been, in gemeral, to wse
aireraft to follow the radicactive aloud. I aight mentien, jJust
wriefly, that you aan only follow the redioactive eloud visually
for about an hour or two at the most. It becomes iapossible %o
triangulate wry well on ths cloud from the ground, after about
an hour; and even from the air it becomss rather hard to follow
1% after a few hours. One has to resort to methods involving
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other sswpling, in which one exposes filter papers for known
times and known parts of spacs, and finds the number of counts
per ainute. Or one uses some othar davise, sush as conductivity;
and, of course, dirsct msssursment of radistion in the air.

Thess axperimants do give remultss we have reperts published by
the Alr Yorce in which Shey have flewm horisental t%racks across
the path of the cloud on regular sebedules, and so have been
abls to trace the moveaent of the slond asross the comtry.
Rowwver, in the cases that I have happensd %o have resd, the
alrcraft never went up o the beight at which the initial debris
was distributed., They must have been flying thwough the fallout
part of the cloud and not getting inte the original sushroom. It
would be possible, with airoraft, to get up into the wsbrooa
from the Nevada shot.

e talked about the ¥arshall Island shot, end eonsidered air-
craft operations. 1 think, hers, it iz obvious that we could
never got up into the mushroom cloud from such & cloud as the
NIXR shot which, although the estinates vary, thers is agroe-
ment that it did penetrate into the strstoephers. The
stratosphsre starts st around 55,000 4n the Sarshall Islands,
#0 this is above any prastical ceiling for test alrcrsft.

The other alternative, then, is to consider dallcons, because
balloons can get up very high, Thsre is snother reason for
thinking that ballooms might be s practical way of deing i,

I

\
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and that is because of the way they out through the clouds,
If we could have the first slide, I eould remind you of the way
the atxzosphere is shaped, and the way & cloud moving in the
stzosphare is shaped. This is a slide prepared by Jim Fdinger,
and those of you who wers here the first aftarnoon saw the slide,
It shows a sketob~~and this is a fanaiful sketedb, ut it is
based on the way one would expest the atmosphers %o bLehave—-
showing the eleud at the end of, roughly, ene day, and {aking
twe cases: ons & rather uarealistio case in whieh there is m
shear and in wiich the cloud siwply spreads through to the sotion
of zrouss turbulence and fine-soale turbulsmoe together xd, as
Jim pointed out (we won't g0 through the arguments again), you
would wot expect it to be homogwneously distriduted; it would
bs pollad spart and would present wisps and hot spets and gapa
and patterns, Then the argument went an to imdicate that
sctuslly we almost innriabiy woild have sheurs, and so the
cloud, instesd of being in a pancake section of the atmosphare,
wuldwtullybomudmtmnlongklt._ The dimennions
here are conservative fur one day3 they setuslly would, in
meet cases I think, De even larger than this, snd this dram
to scale. This is actually a scals drawing ef sueh a cloud at
the end of ons day; as T said, thees horisontal spreeds are
conyervative, This shows it, as one would axpect it to de,
extrenely flat, ¥ow, in the casze of low diffusiopn--and there
was some argument yesterday to indicate that the & ffusion
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KFLLO0Gs would usually be rasthar small in the troposphere, and even
(continned)
saaller in the strstosphere--sotually 1% would be a thin
ribhon cloud ne wider than my stick. On a day when thare was
strong convective activity stirring, the layer ecoupied by the
eloud might go down %o the ground by the end of the day. Then
it would be & little bis thicker,

I think this shows one thing; thet is, 1f we mede a horisontal
traverses through it, we would get a long sliss this way, wvheareas
s faw traverses through it wertioally would intarsect the cloud
and would also provide a three-dicensional ploture, I think it
could he done either way. One asan visualise sllcing through
this way, with the line corresponding to sa aireraft flight;

or 3liocing through it this way with s balloon—dut T wanted te
show this slide in order to show that one would not have to have
a very dense network of ballocns in order to intersect the part
of the cloud,

LIBBY: ¥hat experiment are you: proposing?

XXLLO0O: This is an oxperiasnt which would be presumsbly to follow the
clond in three dinensions from the tims of burst.

LIBBY: Are thess balloons staked out, or do they go slong with 147

KELLOGGs ¥o, these are sounding balloons in the senase of & sounding
being made from the ground upward, sxastily as the radlo sounds
which are sent up twice & day all over the world now. The idee
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density of the radiocactivity in the air was, [ think, ques~
tionable to us at first; we wwre reassured, however, by
finding that WRL had already bullt equipment which uses
counters and which cost would be in the order of %200 per
instroment, axclusive, of courss, of ths ballooms. It
turns out now, that Pets Wyckoff tells us that the Air Force
is also in the prelimicary stage of developing a siailar
squipment; using, however, instead of sounters, (he msssure-
nent of ecomductivity. A few flights have been made which
show that the instrument is prastical and, presumsbly—if

T s quating you right--it could be dons destween 2100 and
£200 per instrument, or something im that regiomn, if one
wanted to produce a lot of thess.

The radiosonde network already provides a large mmber of
telsmetering stations. It also provides crews for launching
ballocns. This is an attraotive ides, prastically, because
it neans one does 50t have to wet up the Nalloon-lawnching
Betwork—it's already there) one would merely tie sa extra
equipment when one wanted to try this expariment.

The question of how long we can track the aloud using
gonchictivity messurenents czw up yesterday, and nens of

vz was quick encugh to make the calculations in our heads;
bowaver, T figured from what was said yesterdsy, that eppar-
ently the rate of creation of ions by cosais rays in the region
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KELLOGG in which we are lnterssted, in the viainity of the tropopause,
(continued)
is about ome ion pair per cubic centimater per swcond. Is this
right-=to those wio i ht be more faziliar with coamic rays? 1
worked bacioward, usiag the recosbination cosffioient and tue
guaber of atmospheric icma, and caze to the conclusion that it
would be aboub one per cuble centinmeter per second froa cosale

rays at around 0 kiloaotors....What's that?

BETHE: That sounds rather low,

KELLOOOS low?

HOLZER: Yeos, I think it is low, ¥ill,

" LLOGOs Well, the number that was mentioned was a thousand atmospherie

ions per cubic cantimeter.
WYCKOTF(?)s The mobllity 13 very hizk up there, you inow.

KELLOGO: ¥ell, just taking the nusber of ion puirs—this musber was
mentioned-—and if one uses the usual 10° for a recombination
coafficient of atacepheric ions, then ons conclwiss ihat
1,000 ion pairs per Subic csntineter and this rate of recosbina~
tion would be equilibrium for one lon palr prodaced per cuble
sentimater per secend.

1 think that we could raise this by a factor of 10 easily.
Is it a facter of more than 107 Well anyway, the number of
ion pairs formed by atomic cloud 20-513, and roughly the sise
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- RPLLOGO: whicih I have indicated there, taxing into account decay would

{ continued) A
be in tha order of 400,000 icn pairs per cublic cantixeter per

second in omne day.
YOICE: Vhat tins olanment?

KELLO6GS Ome day having expeaded so that the volums, this is the svarage
in the eloud, has expanded dus tc this kind ef diffusion. At
the end of two days, three days, four days, it will of course
decay further and woulé-—I heve not mads the ealeunletion as %o
when 1t would get down to the level of coswmic rays, 1 Judge it
would be sowething in the order of & wask before it would get
down in the center of such a cloud to anywhere approsching the
cossic-ray ion produstion. This is one thing which had to be
estizsted first, I don't think {kis estimata is & very ao~
eurate ons, but it does suggest that one could use the sonduce-
tivity to track the cloud for st least & matter of days. The
idea of finding where the cloud goes in the stratosphere iz a
very attractive ome, because I think it is largely a mtter of
conjecture now as ic how vertlzal diffusiom does take place in
the stratosphere. 1 agree with B, Yexler in imagining that it
world be very slow, Yertical diffusion in the upper ptu't‘o!
the stratoaphere certainly wonld be very slow.

¥e have some svidance, though, that suggests that wvertical
diffusion in the lower part of the stratosphsre, which is alse
stable, is rather high. 1%This 18 based on observations of axoke
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WEXLER

KELLOOGs

weXLER:

A

R R A I

clouds which have been aade of the atmosphere,
which show, in fn;t, that as one goes {rom the relatively
unstable troposphers where we have the dscrsase of iteaperature
with height, inte the stratosphere where we have roughly lso-
thernal regions, the amcke puffs which grow at a certain rate
12 the troposphere, grew even faster in the lower stratosphere.
This was an observailon mado on the dasis of about 20 swoke
puffs over Folloman Alr Porce Rase in the sumesr ef 1549, This
esaclusion was rather surprising, hecanse it was usnally assumed
that whean you got intoc the stadble layer the diffasion wonld be
slowar. Now, what takes place atill further en up s novr a
matter of sonjecture and, as I say, I would be inolined %o
agree that the rate of mixing was slower in this upper region.
Sut I really den't think that ws can asy that definitely yst.

%511 these measurenents.,.do thay actuslly dstersine a three-
dinensional shape of the puff before and after?

There were tlree phototheodolites, and it was possible to
dater=zine the shape. in effort was nade to ssparate the offect

of stear.,

¥as there any indication of mon-isotropical...l msan, was there
any slongation of an axis in certain directions?

Yes, but this almost alwsys in s horizontal .

How 4o you imow that wmost of this wss not dus to isantrople
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VOICE:

“OICKs

KELLOGO
E. PLE3GET:

VOICE, |

VOICEs

KELLOOGs

motions rather than turbulent 4iffusion?

The herizontal eloncation was sssumed to be due to shear, and
0 it was only the spread at right anglss to the shear that was
considered, ¥hen I drew this, I was laplying that we've
eliminatad ths effects of shear from the data.

The 3ignal Cerps has besn trying to measure width by setiing
up smoke trails from rooksts, and has besn unsuscessful becsuse
the diffusion rate is so great that they dea't even have a chance

to photagrsph 1t,
Thia is the horiszontal?

Now this 18 just disaipation of the vaper trail itself, with the
smoks trail,

Itva heard thus to0.
1t just bhreaks spart.

Do you think this in the rsgion below 100,000 feet; or is this
up in the wery high region above the ozone layer?

T don't think 1t went up that high. Thirty-five miles.
Then they'd be gotting into a regiom of stesp lapse rate again.

I've had to saspress it becsuse of the sise of the blackboard,
m.int!nBS-il»hm,mdmnnguadommorma—
ture with heicht, and we have very good evidance for a lot of
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mixing turtulences uptherc. | m:u way bigher than we're
concernsd with {or even IVY 4IX3 cloud, The point 1s, tlat we
con't have direct evidence for difiusion rates in the stratosphers
vet, and we could get evidence 1f we could get balloons up through
Lo gloud and itrack it Jor sven a few days, as is sug estad here.
The purposs uf nentioning it wes eimply to get idess from ;ou
poople a3 to whetler it wos practical or mot., 8o far, I think
tho only real objection which has heen raised is that there

uight bo some other way of doing it mors ecomomfeally, beosuse
the 1dea of a large network of bulloem:soundings 1a rather hor-
rifying, in a way, until ome coxipares it % the cost of NMying
aircraft, which would have to da Jet alrwcaft, op to theve sams
beights, wilch [ think would be equally great. The sanpling
pecple will ebjsct to tLe fact that we are trying to telemster
the information back and are not making an attempt to find out

what the materiel is lilke,

I ia, in principle, perfectly possible to recover assmlsa from
balloons; that 1z, %o send sampling gear up on s dalloon.

Welghis as mch as a fton have besn carried by Gansral Hills
polyetlylone dalloons up to 30,000 feet. Wa'd like to go

higher. Yo could, presumsbly, if you wsnt te cut down on the
waight o 2 few hundred pounds; we could get up te & 100,000 feet
with these biz balloons. Therefore it does suggest that if we
wanted to find out what sort of saterial is in the stratosphere
one covld alsc usme balloons in this case, First of all, getting

o
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one particular balloon with sampling gesr through the cloud,

I think would be rather difficuls, but perhaps net insurmountable,
because it is possible to predict whers tis balloom wiil go. If
one had a aumber of launching stadions ons esuld alert the launch-
ing station whose trajectory would intereest the gloud. 7The
gﬂ'&ﬂgggﬁi.g:;g-gi?
ray equiment and other squipment whick has been flown mary,

many times, have besn receversd. IS invelves trasking and resover-
ing the equipment off the ground by a land party.

1 want to throw the discussion cpem, mow. I've ssen & lot of
people, some of them nodding, and some of them shaking their
heads about these varicus suggestions. I wenld like to have
%ggnggonvf%gﬁcsgg.

How far do you think you san track with Geiger sountars? As
I undarstood you, you were going %o hand the Geiger counter on
the balloon. Yow many days ean you follow it before it gets

too dilute or wesk?

I haven't measured the corrssponding saloulatises for Geiger
counters, but I would imagine that if ens had m suti-coineidence
srrangemant to eliminate cosxic rayms, one might bs sble to use
Oeiger counters even further than sendustivity measuremsuts,
because in this case one has & possidility of separating out
cosnic ray counts from the radisactive counts.

—
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They msasured the SANDSTONE slouds over Washingtom, using
Geiger ecounters and balloons,

What is the percentage of recovery of these balloons?

They had a project ealled YOBY DICK in Ahe Air Foros, and the
original DBY DICK gear were rather sxpeasive and they wanted
to get them back, so they put $25.00 recovery priss on it. Out
of all the ones whick they know came dewn in this country, they
recovered every ons, Ivery one was gsent bask, either by their
sending out a search party or just bheing ssilad back by some
farsar. I think this consisted of about 20 boxes. YNow they
Kknow some of them went down in the coesn, but the ones they
know landed in the country—thay got every one back.

That wa» the air sawpling sshlsved? Now was the sollection
zade up?

That's a good question, and we talked sbont that yesterday.
The question was, "How doss one go about air sampling from &
balloen?* Soms of the suggestions were-—aince we wers talking
then about the small particles in the air bedng the qurrent
problea-what iz the real distridution of particle sises in
the small range? It was suggested that one could use something
mmmmtuMpiuw,uwmwm
for aireraft uss. Or, in this case, one has the time to sit
up thare and use a thermo-diffusion separator—-that one sould
even imagine using this to celleact thess very smll siszes.
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CADLE:

KBLLOO:

CATLE:

The third altemative, which is, I think, obvious, is that one
could punp up & tank with ailr and eollect the whole sazple.
Whether this would bring you back your partiale sises in suech
a way that you could find out anything sbout them, I don't know,
Prewumably, be kesping to the sides of the tank after bringing
thea down.

I'd like to point out that the thermsl presipitator is called
the thermsl diffusion devige, and I thismk the fastes$ brea: of
saspling that has been achisved to dats is something like

3O cct's per xinute. 30 it's terrifically low; eor, in other
words, it's enly reslly effective for very high concsntrations
for particles., I don't think 1% will be useful for what you
have in mind,

Supposing ons imagined a _eemtanb—lml balloon laveling out at
the altitude of the cloud and remning one of these things for
several hours,

Even at several hours at X co's per minute you still haven't
got very much,

Well, they weuld be better off using the powsr requirezents
authority te run an slectrostatic prsasipitater. I think it
would be mach nore econosiocsl to handle. Filtration would be
out also, becsuse of power requirements in order to get air
through any kiand of filter.
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And gnother thing, s balloon which hangs in ens place tends %o

exhaust the air around it, I think you'd be recirecalating air
after awhils if it was a constant-level balloon sitting in the
sloud. The other aliernative is to do the sampling as you go
uwps in this case you will aveld any possidbility of sitiing in
your own cloud of already saapled air. So you would need a
littls faster devise for a moving dalloen..

Others have sampled air ihrough sa electrostatis presipitater
with about ten peunds of equipment st s cost of somevhare
m’mo

Will, it seoms to me that the prodles isn't focused too well
hers, TYou're not really trying to follow this ¢laud, are
you; you're trying to find out how much activity is up there
and what is the rate at whieh it falls ont—-isn't that the
real preblem here?

I tried toj if I'd been writing, 1'd have made & new section
besding. The first section heading was, *Tollowing the debdris
to deternine the density in space over a peried of time"; the
seoond was, ‘thomuiuntyddﬁumho-hm“mk
sauples®. I consider this as really two sxperiments, though.
Hy first interest would be the first thas I memtioned; that is,
using some method for tracking the density of debris, regardless
of what it is made of,
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SOLZMANS I think that first problam can bs handled witheut balloons.
I dontt see why you can't de i.tthcn;n bave dons it in the
past—-by meteorological winds. The latter problem--that 1z to
Iind out how much is really up there after & long period of
time and the rato at which it is being scavenged--it swwns to
ne 1is the real problem.

KELLOOO: 0f course yeur wind analysis doesn't tell you mmything ahout the
density; it merely says that a part of the elond is started
here, if it was sll there would now be bere, and what dida't
fall out or diffuss would all be over here. Nobedy objecta to
trajectory analysis to demonstrate that. What we don't know
13 how it moves 1n the vertical when it ia following the
trajectory, and it was suzgested that we do have a very complste
cut of the surface now, to show the density im a long two-
dizensions at the surface. Ve really don't know what path is
followed by the debiris in getting to the surface. ¥e can only
work bagkwards, using a colummation of trajectoriss and guessing
sbout diffusion. It's gsnerally a rather poorly controllsd
experisent; we can only use our winds plus an obssrvation of
ons plane, in this case the surfacs. I would like to see
observations in 3-disensions. |

COONS3s This observation in another laysr of the atmosphare ssens
indeed a difficult one when you consider you are using bailoons
and having the difficulty of having them whare we want them.

POE ARCHIVES



t;eosm
{ continued)

XELLOGO:

I - p....,,I

Comparing that to the data that were on the board yesterdsy,
showing the figures of maximum and minisue for fallout taken
on the zummed paper, it seexs to ae llite the range was terrific;
even with the number of atations—-hi0, 50 statiens--it ranged
from thousands down to tens. Yos have the sass problam in the
atzosphere, row, St you're only going to be able to launch so
many ballgons} yeu're only geing to be abls to de it for one
instance through any one level, for & shart peried of tise at
ens lavel. It seems like we'rs biting off s tresendous program
of balloon sanpling which aight never give ysu an answar of
graat significance.

As I undarstood, the resson for these big peaks in scmosnira~
tion at the ground was dus to the sonjunction ef the sloud and
the propsr kind of rain storm, which resulted in the very high
cancentration at the ground. I would expsct that there would
be changes in the atmowphers, ss Jim pointed cut there would not
bnhemgmuantzin&.‘
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As Jin pointed ocut yesterday, there would be discontinuities

in the free air bocause of the way turbtulence aots, that is

the finite size of the eddys involved. But I wouldn't expect
to have the bhig differences which are dus to the big differsuces
in rain. When looking at the Thunderstorm Project reports,
where thay have the very fine netwerk of rain gauges, you re-
nember the extrems gradiants of rainfall in the rether small
area that ecourred there.

These ars the eastern Massachusstts results sameons spoke about
the other day - showed a texrific variability of radicactivity
in a sasll ares; esstern Massaochusetts -

On the ground.

- sxpressed in teras of oounts per liter of rain, as I wder~
stand; now that indicated s terrific five structure of the
distribution of this eloud wvhich is exactly what Jim Edinger
11lustrated in the first slide we have shown. And the thing
I'n at & loss at you understand, Will, is how you can with the
present netvork, open network, ever hops to gst this fine
strusture that is shown Wp by means of the groamd ssaples and
dn&umtm'dmmtorlhmm'aw 8o
therefore, if you can't get the fine structure, you have to
be contant vith getting scms crude spproximation as to, say,
vhether most of the activity is within lsyers likely to be

ey
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WEXLER s

KELIOGG

WEXLER:

affected by rain 1f rein should coour, o above such rain-besring
layers. BNow would this information be of wlus to you?

Yes, I think it would be, because although eme would not know
the fine strusture, I think that we could perhaps get an 1dea
about the fins strusture ly just one airoraft flight as to
which «~= locking over the airuraft flights to get an ides of
vhether there was fine strusturs or not. I was impressed by
this more or less orderly rise to & paak at sche region and
fall on the other side ss they pass through the region,

But even then they grossly smooth over the real fine strusture,
I understand, by the sampling techinique, taken sver scme tine—
s long time period.

But it shows, though, that the siss of the elowd, ineluding

the wings of the eloud, is large eneugh to be pioked wp as

it moves through & network of the demsity of oy present radic-
sonde network. iAnd we wonld bave to forege the fine structure
== and the othar point I made esxlier was that I have a fealing
that the fine structure on the grownd in ralnout is largely
Just s reflection of the disocontinuities in the vainfall, rather
than the discentimuities in the air to begin with.

But ¥ill, that is not borne cut Ly thess Massechusetts sanples
which ars, as I understand, sll redused to the ssas smount of
rain, over a small area in a situation smpposedly wnifers rain.

VOE ARCHIVES
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R)I.GE:

BELL:

VOICE:

BRLLs

v TCKs

BELL:

WEXLER:

’ RN i

Mr. Belll

Cur technique was, aince we ars & rathar poor project =
financislly, I mean ~— I built vith my own hands a tunch of
fumals out of shast netal and put them in - staked them out
above jugsj; and in some cases the jugs would run over, and in
scme oases they wouldn't. But these counts I'm giving ere
comnts per ninute per liter of rain,

Vhat were the variational

It was sixty-five samples «— of sbout ten samples — aixty-
five times.

What was the rungs of the rainfall veariations?

Vell, that's kind of tough, becauss I didn't try to measure
the quantity of rain, I tock that from thoss taken at the
veather bureau and other pecpls around thers; becauss as I
mderstand it you can't just go out and atisk one collsctor
out snd expsct to get any quantitative results. I don't

know about that. I figure & tres or something neardy would
charge the resding.

You want to put it into a place where trees and other things
won't drift into it. You're fortunately loecated in Masss~
chugetts. You have s vary excellent weather radar at MIT
thers which ocould give you some indicstion ss to the uniformity

-‘I, e ! [P
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WELLER:

of the precipitation schoes in the horisontal direction, and
Jou could see vhether that iz a move or less uniform precipite-
tion. That recalls something in ny mind I heard about Brook-
baven Ladoratory alsc this spring. Thay mads measurements of
redicactivity in rain,and for the first part of this sterm
there was nothing, snd then at the end of the storm it wes a
matter of high counta. And there they figwed that it was
Juat a sonjiumotion, that the redissstive cloud came into the
place vith yain to them bring it down. It wes & yather sharp
thing « rather sharp mountains there - ubich again indicates
the very fins structure that wuld probably be grossly missed
by curjprusent coarse network of radiosonde stations.

Supposing you had a layer; Harry, of radicactive material
1ike the kind of layer that ve ses uhen & mmoks plime comes
out cn a stable day snd spreads in a big flat layer. Supposing
as the Thunderstora Projeect found — and you can comment on
thisy Dick Coons == as I recsll seaing the results - I haven't
locked at these systematically, Mt just looking at the varioua
plotures that have besn published, there semms o be s grest
mmnmm_ormmumu‘am-mu
amthumll-mt&mmmhnummmm. And
one cumulus might resch up into this layer and another oumulus
might not.

That's why I say I think that if you oould get out scms rough
seasurenents @ to vhsthar your radioactivity vas within the

TOE ARCHIVES
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WEXLER:

KRLLOGG:

rangs of your rain or above it, that would de some wseful infurma~-
tion. But I don't think you're ever reslly going to gat, % use
yowr words, a thres~dimensionsl picture of the aloud in all its
Lfine structure. I think that's just beyond owr present network's

uptm:lty.

If you had such s pioturs, you still wouldn't de able to spply
1ty beoauss then really what you need wuld be fine scale
structurs of rain, vhich, well maybs it exists fyem small
rain networks, but ’

Wall, radar could give that te you. Then I dem't kmow what

you'd do with it if you did have it, even them. What,really,
would you do with 4t7 Maybe I'm putting words im your mouth,
but did you have scmething in mind of acmparing the distribtu-
tion initially 1o some ocolumif with the distribution finally
- after & certain tims interval - to see then wtat might

bs the verticsal motions? Yas, but then if that vere the

case, how dv you == that's ths ssme celumm you are dealing

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

parcel from one coln to & different colisn

I don't mean 0 imply that it wuld be an easy analysis, bt it
would be & very &iffioult one — exceedingly ocmplicated. We
do knov which directions the winds went. If we have a radio-
sonde netwark, we know vhere the detris was initially fyem

cheerwmtions at the teat E(EE site. We oan put thess together
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. ADGG:e and the other factor is hov fast does this thing mix? This 4a

(comtinued)
the ans that we don't know about, and it seems to ma that we
could use cur msthods of three-dimensional plotiing which
meteorologists are accustomed to using to find out how this
spreads,

VRILER s But you speak about mixing, ¥ill., Veuld you be able to dis-
tinguish betwsen fallout and a turbuleant diffusion of gasi

KELLOGG Vall, for an air hurst there is virtually ne fallout, as far
a8 1 ean make out. That is, there are mons - 2o partiales
laxge snough to really sccount for any gravity fall.

WEXLER: Then it would be a gasecus problem.

Krad00G s Essentially gasecus. We have X micren partiales and down ~
20 miorons has very smsll fall welocity. You get down to 1 micron
particls vhich, it has been suggested, is probabdly clcse to
the peak of ths mmber density curve, then we would have no
Mllutnl,mmumautmatdlya.

SOLONOM Do you get auy radar echoes in any frequency fyrom thess ¢louds?

. KELILOGG: From the redicactive eloud?
Scml Yeos.
KELLUGG Only vory initially when it's highly ionised, as far as I know

they can't after it stops rising,

_ N
e .l
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KELLOGG:

10MG

KBLIOGG

Well, as I see this problem, Vill, you masmsure a certain
distrilution of stuff at the ground and you'd like to know how
it got there. You lmow vhere it started; you kiww the distriine
tion is the United 2tates, and you'd like to £111 in the inter-
vening mechanisn that bwought it dowm. And you sxy tiis is an
alr Iaorsty, 80 we don't have to worry sbowt fallout. VWhat then
are the mechanisms that you cen inveks? You would like to
fnvoks turbulent diffusion of whish aduittedly we loww very
little. Thare is soms disagremant as to the intewity pro-
bally, differing ly oxders cf megnitude.

- I'd like w0 say that w'd perticularly like to kmow this about

the stratosphere uhich we oould obtain fyom trwoking the big
alouds in the Marshall Islands.

Could I get clarification en that? I don't quite ses vhy we
particularly wish to know this in the stratospbere for this
Teason - it deesn't semm to De terribly ccnsequential to the
local fallout problem snd, for the wrld wide fallout, it
semms {0 me Ons axn say, well, this dust is going to be
distriluted extrenely drvadly and there's good evidemoe that
it ocomes down very slouly. I can see vhare metecrclogiocally
this night de interesting, tut I den's quite understand where
1t fits into the Sr7° problem.

U lom. Well, as I said earlier, I'm not ever astsmsd of giving
a meteorvlogical reason for wanting to find something outy how-
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(continued)

WEILERs

—

every I think there is prectical justifioation for knewing how

fast the material will diffuse in the stratosphars becauss if
we are ocnsidering -~ a lot of the argment yesterdsy morning
centared around whethor the matarial did diffuss rapidly in the
stratosphare or wvhether we could consider 4% as trspped there.
This wuld be a direct measuremstt of whether this was true.
Now for the loonl fallout, I agres, we've wot s ccncerned
wvith it beosuse it is the lower diffusion thet we'rs interested
in for ths lseal problem.

I haven't finished my statement yet. Uell, I mesn; &f I were
given such a problem the firat thing I'd look for, and it is
an sirburst, I'd look for a rainfall msp and ses if there's
any evinsidansce of high reinfull with high osumts, and if
there were; I'd be sxcesdingly pussled, beosuse this is not
supposed to be particulate matter trought down. And than I'd
say, well, this shows that this lengmuir collsction theory
does not apply to this problem. I'd ask myself “Well, what
alse could bring it down if there's a conjunction bedwesn
high ooumts and high rainfall?” And then I weuld look into
this air straimment Musiness, that 1s; air getting entrained
in the rain. I don't kiow of any other wechanism that would
4o that; that isy ss far es fyontal precipitation is
oconcemed. As fur as conveotive thunderstorm precipitation
is concerned, it might be this terrific turnover along the
lines that we discussed yesterdsy. But it apparently takes

Y



R LER 3
(continued)

aihii—
U

 place from the fast that tewperatures at the groued drop down

well below the levels they're mupposed to drop down 4f the air
stays the asme and if the air was ocoled by ewapcrstion and
falling rain. Vell, tut suppose, en the other hand, you did
not get a coincidunce of the high counts with the high rains.
Then that would eliminate the rain as & possille impertant
factor and you'd have to look for other mechanismss not oo~
nected with rain, Well, then I would invuke, firvst of all,
1arge mass movenants of sir vertioally on isentropls surfaces.
You may not have to go through & detatled isentropis snalyais;
you may just make use of geneyal metecrclogisal consideraticns
of descending air comnscted with anticyclenss and things like
that. In that way I'd try to interpose possible mechanisms,
depending upon hov the date in esoh particulsr case ssems to
agres both metecrologioally and redicectively. To aid in the
interpretation and to aid in putiing forth reasonable mech-
anisms, I thoroughly agree, Will, that it's just as Smportant
10 have varticel traverasss as horimcntal traverses, which
w're now getting. The verticsl traverses are necessary,; bhut
I den't think that they'll ever give the finme detail that is
coversd by the weriis "the thres dimensfonsl pieturs of aloud.®
I think 17 will just be an extrs Bit of informtion to help us
docids uhather it was possible for this oloud - radioactive
oloud = to have been omught in the rain ares or not, snd things
like that. I dom't think it will throw any light quantitatively
that will improve our understanding of vertical diffusion.
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(continued)

LIBNY:

WELLER s

WEXLER

KRAMISH:

Phmma—

Maybe 1t vill be & residus sort of s thing that we oan attribute
o nothing elsey but diffusion, but sometiow I feel that quantl-
tatively 4t will not ifwprove cur knowledge of twrbulent diffusion.
In view of the fact that I still maintain that in a stable atmo-
sphere it's probebly very much lower than the other processss
that are spoken adout vith isentropic motions, and in an unstable
stmosphare much lower than penetmtive convestive procasses

suoh ss thunderstomms.

You wuld say then, in view of the sert of thing that Mr. Elsen~
bud's doing and Machta is doing ~ and also oollect more vain?

Yos, and I go along with ¥Will's recommendation exoept I don't
think I'd dignify 1% bythe word eperiment; jush sayy yes, just
as a contimumtion of the present chsexrvations - which 1is mostly
in the form of horischtal traverss by aireraft - meke verticsl
traverses bty any meens whatsoever - airaraft or balloon ~ as
they become available.

This is for elouds ~ not necessarily for strstespheres; Wt for
essssessesethis “mtmmmﬁ" alouds in the
mw,mtcrthhmrmm.@;

No, This is the whole problem. That's the fallout we're
dincussing.

Given a rudicactive cloud placed in the stratosphare, does it
evar sohieve s uniform distritution, and if so, how long?

e BOE ARCHIVES



%__uERs

KRAMISH;

KRLLOGG s

1IBHY;

" WEXLERs
- LIBEY:

WEXIER s

AE—

Is this relsative to the present prohlem! If this redicsactive
aloud is within the stratosphere, is it & olese~-in prohlem - if
it's gas?

No, this is the point applicable to the long ramge problem.

I has to do vith whether you wenld want tc get up there with
& balloon or not and measure it.

I would say this - that 1f this is an alvburst and you get

gas only, and if you know it i3 relessedy well within the
stratosphere, then I would think that Risendud's ccllection
net at the surface of the United States would give yuvu goed
indications as o whether it's possible for that stratosphare
air to get down to the surface at cuch close-in distance. That
wuld be a useful bit of information - if we ¢sn poaitively
identify that information with what he collects with tiat

particular test.

Well lock, Af we go as I suggested the other day, to Chile next
mammammmmmmm'tﬂm
prove that the stratosphare has redicactivity in 482

Not necensarily.
Why nott

Vall, let ms ask you this, Would you lknow initially whether
the stuff wvas comtained within the stratosphsre ocapletely to
begin with and not below?
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WEXLER:
LIBRY ¢
WEXLER ¢

LINSY:

HOLZMAN ¢

LIBEY s

I don't knov much about mstecrology,; of course, btut it seens
to me that by the time next Tharksgiving comes syound it will
have reined out all this stuff that's down delov in the

weather layers. Anything else that comes is then lesking from
delitis. o « « « ootorage Upstairs.

Why do you think you've rained ent everything dows below?
Wall, that will have beexn six months since...
But rain iz a pretiy spotty thing.

Ohy you think the wmshing time for the atmosphere might be
longer then six months? I way sssuming it watld be shorter,
to wash out all the dust.

Ask the advice of the metsorclogist - xy fesaling is that 1%
is by nc neans certain, but everything in the tyoposphers is
oompletaly washad out in six months. Vhat do you think, Den?

Wally I fael as spprebmnsive as you ars. I don't think you
oan ntats for sure.

Wall, lat's put it anocther way. How can we tall? It would
seen o me that there's a washing out time for particulate
mtter in the lover layers. Now we don'd know what it is
maybe, but this would be & thing which would cexrtainly not
be over a year, would it? It would be shorter, parhsps, than
thoﬂn.fcrsﬁftmy‘\pamrztommmm
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(continued)

WEXLER:

LIBBY:
YCICE:
LIBEY:

[GRs

LIBRY:

WEXLER ¢

PLESSET:

thvough into the weather layers. If that's trus, it wuld

be shortary and do, if you contime to make thess observaticns,
m'rnmtnshémummyunhmnﬂmﬁv&tym
out in & wors or less uniform fashion all over the world.

¥ow let me ask this, Dr. Libly. Is it possille for the atuff
once 14's been deposited on the ground to gat swept wp to the
atmosphere againi?

I should think nct.

Vhy not?

Bow could it7
Attached tc windhlown dust, or scmething.

Ohy tut Lsn't that very minor as compared to — I mean, the
chance of & given dust particle being pioked wp and put bmok into
the air is very minor indeed and I imagine...

I don't knowy we have terrific dust stormsy; as you luowy in
osriain areas in thes world. »

xmustummmwmm&mom
Ben Holsman made between vhat's way wpatairs and wbat's inter-
nediats. Is thers a continmual mixing at all layers — those
that are closer mix more and thoss that are farther spart mix
less? Can you really sharply distinguish betwesn wbat's
wpstairs and vhat's intermediatel
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. ¢ Well, probably not, dut the real question confronting us is
vhether va're going to have radiosctivity reining out for
the next twenty years esven if we don't ahoot bombe. Imn't
this the real questicnt

WEXLFR3 And you're thinking of the stratesphare as sort of a dead
storage and that the atmosphere can almost drew.,..

LINEY : It diffuses almost moleculazwise, I mesn, vary slovlyj very
szall diffusion cosfficlent domas dowm and then gets into the
weather sone and gets rained out.

WEXLIER: VWelly I wish we oould think of ane thing at a time. I
| thought we were talking close-in problews to begin with, and
that's & separate mechaniam, and what not. Now if we're
going into the world wide, long time, long yange.. that's
mtbrmhl-. WM'tu@Mﬁnﬁmw

GRIGGS: I don't think you pecple vho ave arguing axe differing in any
respect. Jou want vartical traverses, and he wants vertical
traverses.

- YOICEs Thst'll De & matter of language, but we'll returs 4o 1% after this.

XELLOGGs Youy I think ths point 1s, are we talking about local or sre we

talking world wide! Actually, what I intanded to talk about wvas
a proposal for an axperimsnt to £ind out vhers ths matarial would
bey and the sapplication of the resxits to both prodiems, I think,
is rather evidant,
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LIRBY:

WEXLER

GRINGS s

YOICE:

YOICE:

WEXLER3s

Ineidentally, 1% may bs pertinent to point out that this
business of the dispersal of dust might beocme quits important.
At least the air pollution boys, those that are concerned with
such messuremsnts ss rate of dust fall in the eity and this
sort of thing, are sometimes quite conserned by the faot that
wvhat they are measuring may, ibat they may be measuring the
ssme thing seversl times. In other words, the dust fulls and
they msasure 1t in s spot, and 1t {s redispersed by s wind-
storn and comes down egain, and they've messured considershly
sore dust full than is actually prodused in e air.

1 don't know why, but it strikes ms ss unlilkely that a dust
particle would evar get wp onoe it's set dowm.

Oh; boy, you cught to get ovar to the dust boul ares when
it's really blowing.

Ny reccllection is that the msasuremsnts that bave been made in
the wry dusty regions of the lLas Vegns area indicated that the
seoondary plokup of dust had been extrwmely diluted,

Yesy dut it may still be of an order osmensurate with the lsaking
out of the drip cut from the stratospheris stovege.

Ohy nol

Well lock, suppose you had & real good rainout that xcught stuff
down, I mean suppose some of the stuff was ocompletely... and

- then it dried very repidly and then along cams a good wind and

np
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(continued)

LIBHY

YOICE;

LIBKY,

VOICEs
LIBRY,

WEXLER
C00NS ¢

VUICE:

YOICE;

ploked up essentially everything that wes, and wonld diffuse,
and all that..

Vell, most of 1t, three~fowrths of it is coemn and you agree
that 1t'd get in the wmves..

That three quartars of it.

mm,mmmmmmam,mwm,
X juat don't think very much of 1% could get back, even if...

Vall, could it get Dack tc salt particles?
I think it's a cne ey strest.

Wall, I'm very giad that you've aliminsted one possibdlity...to
your satisfaction,.

Vell, getting deck to the main problem, it's a gensral problem,
to find out 4f there's any storage in the stratesphere.

That's yight.

You yourself bave recognised ths pessidility that over s period
of tims; if thers were storage in the stratosphare, it would be
distributed over the whcls globey ar csrtainly over the hemisphere.
Why 40 we seed a big progran consistisg of ssmples from many
places to find out if this is true? I should think that one
traverse through the stratosphere with the proper instrument
would determine once and for all if there were storsge. Btarting
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' A'NICE! '
(contirmaed)

PLESSET:
VOICRE:
YOICR:

WICKOYY

YOICE:

HILLs
YOICKE:

VICKOFT:

33

right nov..and starting later ony in the mext big shots that

are sohedulsd would sesm simple ewough. Now Pete Wyokoff has

done this, Mt I don't think he wnts to put in too much oredit
for this axperiment; becsuss they just wers ocnducted; and mot
for this purpose. He dlin't find snything last Thursdsy. This
is the bdeginning..

But you need to knov the leaksge rats.

Oh, sure, maybe you have to do 1% two or thres times.
Bow high could you go?

Beventy thousand, and we have gons uwp o edghty-five,

Have you done any caloulations to see if this was the kind of
activity - vhat you would expect frome..

Say, vhat wvas a resscnadle frwotion of Mike here and sompare
it with that normally likaly to be there,

You're working against scme kind of a background,
Yes.

Vell, it seems to check pretty well with what ve would expect
frem cosmic reay values —- any deviation it vas within the
instrument erver, sc0 if thers was anything mp thare fyom Mike,
and there undoubtedly 1is, it was much smeller than the cosmic
ray wlus,

LV Iy R h ™
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Vouldn't it have been smaller in any case! I mean, vhat sort
of instmment did you use?

VYCEOYT s Conduotivity meters,

LIBRBY; Don't have any ohecking for the sensitivity.

WICKOFY: It's quite sensitive. Yo were able to chase the GEERNHOUSE
aloud for instance, for thres days, and got very positive
traces of the outline of it, and other pecple huve chased it
msoh longer.

KELLOGG This was in ailreraft?

VICKOPT: In aireraft, And this ws from the fallout omly, not the

" eloud 1tesl?.

LINBY, And that might heve heen a thousand square miles big at that time?

WICROTY: Chy yes. Well, on the third day, for inatancs, we were unable
to get around 1t, it was much Iarger.

LIBEY s Well, you bave two things on ths (resnhouse, on the Mike, then?
You have the fast that you uere thres days, and the Mike is now,
wlatever length of time it is; quite a bit less, radicactive -~
and according %o our potions would be pretty well dilstriduted
say, over the sarthy I wonder if you could heve datscted 1t?

WICKOFF, I question if we would have been able %t find it much below

our level of detection.

;:) Y
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KELLOGO

EISINBUD;
BACHER :

LIBBY s

BACHER ¢
EELLOGO s
BACHERS

LIBEY:

HILL;

KBILOGG o

SR

014 I wnderstand D, Kellogg to say yesterday that it didn't

require dps per for something liks a hundred
oo of air?
Yes. There would be cns disintegration per 10 oa to equal

commic ray Background,
That's an axsesdingly high eoncentration.
I should think that it is pretty Mig.

If you really spread it through the air wed figured it out,
1t's about W0

Ir's z,moqn of oosmic ray beckground.

Which 1s 1,000%¢

The Miks aloud.

S0 4t couldn't be ghecked, btut it's still an important question,
even 1f it is only 1000%E of coamic rey.

What you need is a smmple, & largs volume of sir for madicstrontim
seothe most practical thing I can see is rain sampling cn s global
basis; in pericds when they haven't shot bombs for a long tine,

50 we ought to get busy and start sempling all owar the world
more or less Tight suay, wntil the CASTIR series starts.

Welly I think, there are two things I'd like te bring in heve.
The firet is to go back a littls to the session of how long would

“
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{continued)

WEXLER 3

KEXLIOGG s

VOICE:
KELLOGG s
VOICE:
KELo66: (1)
KELLOGG s

-BULBITAN: (7)

,(
P

Noreerapon

radicactivity stay in the air. 1 have here an XRL report which
mofmhmnrwmpum-mum:omua»
physical Research. The NAL pecple made studies on the oonosn-
tration of matursl radicactive decay preducts in the atmesphers,
and came to the conclusion nfter thedr msssurements, and after
making certain sssumptions about the rate at which they were
produced,; that the "mean life of sach substance dus to boo-
radicactive loss,® that is dus to seme sort of sexvenging or
removal process, “was about ten days.® I think that ensvers
the question of how long redicsctivity, once it got into the
lower layers, would last.

How low?

Vell, their chearvations were mads at the ground, but presumably
on decay products which were predused throughout the atmosphere.

'Dca'tth-uthinpmmmam?

Ihis 1s mot a cloud, Mmutuul radicsctive...
Ian't this radon from the ground, going Wpt

Tes,

Radon from the seil and {i's decay products.

Any idse bow many resdings were taken to coms wp with a statement
like that?
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LIBBY;:

HOLZMAR ¢

Welly I talked to the man who wrote thal, and he wes agast st
the fact that this might be used for the world wide problegie..
it might be the came way with Thomas and EBally here — 1 talked
with the Tracerlab on that — Shearer, who was in on that and
told us about it. Befors he left he was scmewhat perplexed, and
he wvanted o get cut cf that..pecpls wvere uaing this for the
world wide problem, so I den't laww whethisr wve can say weshout
rate of anything, aix menths and three months or ten days, tem
years —- because I belisve with Dr. Wexler and Colonel Holmmen
vhether there is any uniform washing cut in the whole stmosphere,
and certainly that radon is not going to answer it.

Colonel Iulejian, do you think it pessible that Af we find rain
in Chile next Thanksgiving that is rsdicactive thet this is
stuff that has besn below X,000 fest all of the timel

The ansver tc that is we actually don't lmow, so vhy say yes or
nc to a thing like that! Certainly it is mot based on that
report of radar coming from the ground which ve have looked at
curselves., Ue find that it seems to bes a Nmction of the surface
inversion how much lack of build 1 there is in this raincut.

I don't know wby you think that this is an esoteric reascn for a
atnfagelayerupthera. Jou might think of that as being uni=
forxly distributed and then as coming down slowly. I think this
is the evidence of your getting scme radicactive washout from one
of our previcus testa. UHow vhether it is stored up thers or what,

I just think it i8 a sort of seavenging procesas.

H 4 2
* &£ o
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iii. | »\I | :ri*‘"“

Vhat we are debating is whether it is worth taking this bucket
of rain and vhat we ocan lemrn from it. Now we bave seen
evidence yesterday that there 1s to be scme fission produsts

ve osn't account for. Now maybs this is just poor ecunting,

or sampling, but there ssems to bs some evidence that about half
of this stuff is nissing.

The same teciniques were used for Tumbler/Snpper as for lIvy,

and there is a big discrepsncy. If there is stuff alssing it is
presumably in the atr. m'mnwpmmmuu
Righ levels, it ssems to me, Colomel. COf coursey; I believe the
weather washes out of the botiom 30,000 feet a lot detter than
it does the rest of it.

,)\
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high lavel storage. For example, it 1is possibls for meteorcologists to
Wumbhushniu- Thay can bring stuff down to Chile, in
sball we say & veek, under proper circusstances and give you rain vithin
& week. That is oeither an sargument fOr or sgainst high level storage.

I think that it would be interesting to notices that it gives a background
information of the distribution.

Ithinkthtmmltuuuwumw;wmw
to make. !whnnmtmmmmﬁu,uﬂm, Nr. Eisenbud?

Yes.

Maks the messurements and then go on from there and see 1if the meteorclogists

¢an explain this particular rainfall, vhether be has to involve high lsvel
arip or unusual transport across the eguator.

Can‘'t somsthing be done t0 sake thess fallout msasurements more useful in
teras of rainfall and at the same time take very guantitative rainfall
measu cments to get some ides of how' the radicactivity is related to

rainfall intensity--or has this been done?
It bas been doone.

He has charts plotted where they bave barographs from fallout measursments
and rainfall,

That bas been done at Upshot-Xnothole. What they didiivas alsrt three
stations around the eountry to go out vhen precipitation starts and
aollect rain at 20 minute intervals for the duration of the precipitation.
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Those dats should be very interesting.

One thing that seems to me would be very isportant is exactly bow efficient is
your method of collsction. The amount af stuff whiech is up there varies. Ve
Just took 50% out of the hat and this is something that you must be abls to

sontrol quite accurately. We wvould have to see what that efficisncy is and

thea ve would be adles to at least got rid of ome umnsertainty.

I think thet it is very important to distimguish between stuff that is
brought dova by rain and stuff that is not dDrought 4down by rsin to be
mm«mmmmuummuum-.

And this in periods of quiet vhen you don't have & lot of loesl, well~defined,
radicactive clouds floating around during periods bhetwveen tests.

- ¥ st1ll hope that we can think of some vay of using operational aireraft

to get sows idea of the stuff being upstairs.
There is an airplane that will fly nearly to 60,000 feet.

VWell, 17 you can 4o that and have s sampls~-but Ben Holsmen's experiment
voa't help becsuse you don't kunov vhat height that stuff is picked up at.

That's right. It is so dilute that you have to take quite a largs volume
to get anything, and it is so 0ld that you have to take quits & lot.

I don't vant to be used as an argument against Will's proposal but I do
think that, say, abdlqoanumtmmunumthmmzm
the thing is distributed with altitude and maydbe some orderly prograa
vhere ve might be adle to get scme rates of scavengiug or diminutiocm of
the soctivity might be worthwhils. My remarks vere mainly 40 bs used
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KELLOGG:

WEXLER:

LIBBY:

WEXLER:

P

unutdommsrmmMnmmdtmmmﬁtml.

sort. What I am iaterested in finding out is vhat the dfstridution of
this stuff is with altitude and hov long it stays there. You might be
abh%hnmmmlmmdm?nmtﬂtymmnmm
aight give you this. Distridute them arcund the earth or something of
this sort. You could get a balloon program, on a very small scals vhich

world give you some id4ss but the fosus of the problem would be to determine

hov mach is wp there and vhat its distridution 1is end vhat 4its losa from
the atmospbere would de,

Did I understand you 40 sean {1 & little different way, and it is also I
thinkmtmrym, that wve von't be adble to use this data for sny
fancy analystis of diffusion rates but It will de some direet evidence ou
vhere the saterisl goes which we &0 net at present have?

And if you ¢an Jjust throv additional light as to whether the vertical
sovement of the stepdown s done mostly be rain or by nonrain. That

nonrain is extremely important becauss if this is etratospheric stuff,
it has got to get down from the strutosphere 0 rain-bearing levels so
that you have to throv light on both of those wechantsas.

Would you gentlemen hasard & guess as to the diffusiom eocefficients?

I lambasted those things yesterday and theafore I Rave disallowed myself.
I just don't believe a mmber can really express the somplexity of this
vhiols problem. Comprising a whole range of something that effects
cigarette smoke to thunderstorm. They all enter into this business
but I 4o think that we have pleaty of evidenes, indirect evidence, that
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the atmosphere is capable of maintaining stratificatioan boosts for long
periods of time as shown by moisture which argues against these moves and
than at other times it is capable of going through tresmendous overturnings.
Bither vertically, by msans of convection, or slant-vigse, Ly ceans of

adiabatic processes.

I think that ve all agree with you on that it i{s very 4irficult and runs
through a big rangs of variation.

Sie will forego the individual reports of the commitiee ahairman in the
iuterest of getting s discussion of Gadriel startsd. As you probably
already knov, the comelusions of the 01d Gadriel report were that it
vould require of the order of § x 10° or around 10° meatnal bombs to
bring the vorld up to & "msan lstbal” devel of Sr°°. In the policy and
classification meeting yesterday, & calsulation of this was redone, and
I umderstand therse vas soms consternstiom regarding ths results. I think
that it has been ironsd out, and I vould like to ask Dr. Bethe to give a

short talk on that.

Most of us were rather perturbed at the vidse latitude of figures which
were floating around, and I sm not sure vhather w really can aome o

suy definitd figares but at lsast ve bave tried to strsighites out some

of then. One of the guastions vhich wve discussed (this was particularly
Lauritsen, lihhcr, and myself) is the questiom of the tolerance dose end
um«umrmmummm_apum, nMNh&er&l
things to go by but the argument vhich we finally decided on wvas the
folloving. There is an accepted tolaranse figure for gumsa rays for vivle
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BETHE:

BETHE:

COMAR:

vody radiation which is 300 mr per week and 50 mr per day. Nov suppose

you bad equiltbrium of Sr'° in your bones, you osn ask hov meny milacuries
of 8r°° you nesd to have 1in all of your bones in order to get that same

pover of dose., This is & nry.tinph matter of arithmetig and I delleve
that this ia sound becsuss the particles which finally do the damage are
electrons in aither aass so they are particles of lov specific lonization,
and 1 yos have usiform distribution, I supposs you should get about the
right number, except for one thing, namely, that your bons is probably

uot the most sensitive organ vhich you have in your bdody end the tolerance
dcee is mesnt for the most semsitive part of your body. I think you get

anemia first. If you assume the same tolersnce dose of 50 mr per day, then

tu-ﬁmwetohmuomzclwsrmtmmmm.
Dida't you have to take the bone volums in this ealsulation?

In this calculation ve assune the usual 7 kilogrsas of Yong and ve said
that the ioaization, the number of ions falling, is in proportion to the

nass, vihich is very nearly correct.

I must point out that one figure has been used ® go from vhat you would get
for even distribution ecmpared to what you would actually get from the
particulate distribution in bone, and this {s a value of ten. In other
words, this 1s not a good value but 4t is the best we have soc we would
say that the Sro° would be 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 indtvidual. The
wny we wanted to proceed, Ithinhu“rycmﬁtomtmhawmmn
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N, 3 saying. Hawely, in & very young {ndividual vho is exposed to & certain
hnlofarwmmmmsmorhumromdimibmm. In an
adult, I suppose, you would get deposition mostly et the surface, dut if
you had the same level of 8r°° in your eslcium then this level would also
exist in that part of your bone vhish is vecently deposited, and therefore
you would have to get the same level of S5:°C per calefus to gat o damaging
radioastivity.

SOLOMON: I think that Bvans has got soms unpublished estimations that there are
hot spots of ealoium W5 1n the bYomw that are as mueh as five times the
msan deposition. I baven't resd the paper, and this is Just some gossip
xhnum»xmmizemmnnumumm
distridution.

LIBBY: Tha mean fres path of the radiation i{s probdably adeut one milimeter.
This i{s sort aof average. This would e a sort of msan free path.

BETHE: Well, you have sbout two million volt energy losses pergéupcr square
centineter for fast particles. Nov the limit of the beta spsctruam is
2,000,000 volts; wve assume that the average was 600 kilovolts and 600
xilovolts is not quite a fast particle so you get 5/10ths 6f & gram per
square cextimster range.

LIBBY: mmusntmmhmthmuur.
BETHR: Yes, 80 you may get 2 milldasters.
LIBnY: 80 any structurs finer than that i{s of no consequance.
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COMAR:

COMAR:

BETHE:

BOLONON:

I baven't sgen 1t but I wuld considsr that these are depositions in

arses larger than 2 ailometers.

What is the scala?

These are rather gross structures, ou the ardey of 0.1 mm.
There are definitely large spots that you see vith your eyes.

Anyvay, isn't it trus that if you have a constant knl.. of sctivity,
comstant through your lifetime, all this doemn't sstier?

This is very trus, and if you are talking adout that, then assume that
even distribution.

I think that wve can sssume safely that radicective atoas are deposited

ths sams vay ss nonrsdicective atoms because tha body certainly wouldnit

know the di{fference before they are deposited,and from what we heard before,
I have assungd that strontium is deposited the same way as calcium and that

there is no 4Aiffsrentiation. If you are talking about s level constant

with time through a lifetime or even lavel comstant through enough time
to deposit, let us say 2 sfllimeters of bone msterial, then it dossn’t

matter vhat the details are.

You say 10 microcuries eguals three tenths or am r per week!?

I Just dom't knov enough eabout anatomy to know vhat the travecular

approash to the hamatopliiylic system involves.

Doss this go down olose

to vhere the red cells are ssde or not? Because if ik goes down close

to vhere the red ¢slls are made, them you have got the prodlsa of inducive

leukenia.

I don't kpow but it ought to be taken into sccount.

—
AN
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BETHE:

BuuliER:

S0LOMON:

I think, Dr. Bethey that the prodlem 1s someviat simplified because

this is an intricats one vhich has been vorked on by a mumber of
radiologists and the National Committee for Rediation Protection and
darived at the ascepted tolerance figure for 8190, whiceh is 1 microcuris,

vhich comes not from the %00 aillirocentgens per week but in the relationship
of the m\ulmh,udthtmmmdhycanrmmauth
various groups from Britain, fos example, and from Canads and bas been
further adepted by the International Commission so that ome could, I

think, sccept that as the standard to vhich w are working.

Vell, X'n sorry I ean't agree with you an two assounts. You say that )
nicracurie is the acceptable dose of redium? I thought that you said
yestarday that there wvas a factor five m'uft«ﬂn&u per energy.
There were two standards, sctually, and they are not antirely consistent
by about & factor of five. The 300 milliroentgsns per veek refers more
to a gamma ray type of situation. '

I wvas trying to argue tbat you should use that standard.

The density of ionization along the beta trmsk is different than it is
along the gamma tay track.

But that is vhat you measure vien you measure roentgens.

Ho, but a factor of five or 10 for alpha rays as opposed to beta rays,
«nd this is Just becauss of the ineresse in the ionization along the track.

This alsc 1is true for beta rays.
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BETHER:

COMAR:

BETHE:

In actuality the toleranse valus ealculated by the two metihods, Dr. Bugher,
1 think comes out very elose if you put in the faetor of 10, which is what
the group has done. In other words, it ecomes out alaost identical.

Vher you take 1 microcurie of radiux and {f you then take into account
the ratio of energy of radium as compared with strontium, which is about
10, and in addition the fastor five for effectivensas of isctopic versus

_mmu-,mmmunwmmmmn-um

the sccuracy of thess numbers.

I an jJust pointing out that thers has been an imtersational agrsement
on this case 08 the tolerance figure and that is the one on which we
vorked and 1t is the only one vhich exists, snd the general scceptance is
that of 1 mierocurie body burden for Sro0.

Well, 1tnrihlnilamwmmtimc.

Well, I think that it makes a difference viethar you are going to talk
about the stuff going into an adult vith a bone forasd or being formed
altogether. As it goes into the adult it only goes into one-tenth of
mm,mmunwmsmwmzmhmmu
down to ome microgurie. If it is formed right from the beginning, vhy
then it is sttributed to all the bone, and you wouldn't have to taks a
fagtor of ten. It seema to me that it is Iin agreement.

With this I agree entirely.
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Only the ythium. That is esentially just the ythium. Well, we tooOk
2,000,000 volts maximum beta ray energy which, umderstand, is the
ythium number and that is adout 00 kilovolts aversge energy, maybe it
18 900, but I certainly won't azgug=aboikt 50%.

D '
Doesn't a good deal depend here on what you vant to use this figure for?

The accepted peraiasidle body burden of 1 migroouris presuaadly bhas the
safety factor of ten, so if ve are atteapting to keep ths average load

of body burden #f the population dovn te sn sbsckate safe figure, shouldn't
we stick to the 1 miecrocurie figure! If you have some other purpose in
mind, then provably ten is more realistise than 1.

Well, 1 vanted to get a figure vhich eould be comparsd to other figures,
which ere commonly used other than a figure vhich is taken more or less
by arbitrary agreemsnt. '

Well, thers prodably is a safety factor of tem ({n the three hundred mr
per weeik, tco, isn't there? This is also supposed to be real safe.

Thres hundred ar per week is probadly not as {irm & standard as one-tenth
nicrogram of redium. That is ocne figure comparison--that is vhy we like
in these {nternal emitters to go along the ane-tenth micXogres redium
standard rather than the gsume nuabers.

Nov as far se s nomumniform distridution is concerved, I thisk you will
b-auriahtum.umunabcutalmlctnmetmnnnnte
eslcitm which is being absorbed rather than about totsl smount of
strontius, and I think 1%t {» important to try to eliminate the cmmpounded
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BETHE: factors of safety or uncertainty whish you dring in by first ocaleulating
one thing and then anotber and forgetting what you have caloulated defore,
and that is vhy I would like to caleulats & uniform distribution and then
a8k vhat is the ratio of this to total ealeium, sad this ratio to total
calcium should be all right aven if we have a nomunifors distridution.

BOLOMON: But {f you consider ths ratio of strontium to calaium thers are three
sets of figures that are avallable I think. One is that Comar finds
that anfuals take up strontium st the sams rate that they take up
ealcium. This is ons set of figures. Secondly, there 1s a set of
figures ia the litersture sbout a eoupls of other investigators in
vhich it looks as if animals take up caloimum twice as repidly as they
take up strontius. In other words, there is a two-to-one competition
factor. Thirdly, there is the data the Krieger bas which based upon
Just the Aistribution of the normal stremtium to ealefum ratio in matter
as it now exists, there is s fagtor of 100 between the 8041 and man.

BETHE: In wbieh direction?

ERIBGER: 801l has a higher ratio of strontivs to ealcium.

BETHE: Wiat ratio 46 you get for soil?

XKRIBGER? The typical Eastern American soil {s the ratio af about 33 strontium atoms

$0 a 1,000 caloimm stoms. In the results of investigators at UCLA, the
ratio for adults, that is from 3 years up to 72 years, is about §.3. The
o7 is on the weight basis rather than atomic.
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ERANISH:

KRIEGER:

LIBDY:
ERIEGER:

EULP:

KRIEGER:

POomem
m
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This is 35 atoas then per thousand?
Yeos.
Could I have a fev more of those figures®

Yor natural water the figure is ebout 53. Jor sea water it is about 11,
The aversge for the earth's ¢rust is adout 4. The aversge for plants,
that is the legumes, vegetadles, grasses, trees, and bushes is adout P.

Could you also give the data you bhave om a different culturel group?

Scne Japanese figures are rather incomplete. Asari tested or sade
assgys on 11, vhat he called proto-historie, specimens. He found from
$92 to 2,114 parts per million of stromtium. Using the figure of
5’{5,000 parts per million caleium for American Busan bBone ash, the
ratio tuwrns out to be .7 to .25, He alsc reported a result on one
present day bone, s tibis, and the resuit there is 2.2. Thers is some,

there is dectded discrepansy.
Row nany skeletons 4id he have?
Kleven, tvelve actually. BEleven for that rangs from .7 to .25.

Isn't there reascon to guestion those high numbers for the soils naturel
vaters? They all oame from that 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 valus for ses water arcund 10 - which I think is right.

He reports the figure of 9.23.
DMdn?t you have Kknoll's figures?
Knoll gives two valuss, 8 and 9, for surface snd subsurface waters.

What I was getting at, Knoll aleo ran. some reeks -- didn?t he? -
feldspars and things 1ike that? How, also esil is rock flour and
alay, and it &3 very hard to ssc why thers should be & 10 or g 100
fold enrichment over the rock flour wileh I think reads 1-2 on the
scale.

In the neighborheod of 2 -~ probably s little higher.

That was knollts data and I think ths theory was rather carefully
done, so that is all the dats we have on ths ssil, but I think there
should be a question mark after it on that basis.

It is true that thess figures have to be looked at very carefully,
at least g derivation of these ratios causes unsertainty in the
values of the measursmsmts.

The aatural water would cut right through some of these soil.

You see ths water valus there, 50 naybe ths soil represents more
nearly the watsr valus, and the desper rocks not.

Thers is some evidengs of that sxchange to the sea.
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SOLOMON

I would like to post some conflicting data. 1 donft imow the
source of it, I mean the ultimate scurce. Odum, from the Univeraity
of Florida, in 1951 published in "Science” some work that he had
done for a Doctor's thesis, 1 belleve, in whisch ha gave data iike
this. Water into the caeans from the rivers had about - well
depanding on the diszsolved strontium == 2.2 parts per thousand —
atcas per thousand —- 1n silt 3.4 and volcanic organs 2.7. Jedi-
nentation from the ocean had a value ranging from 1.9 to 3.4,
cicp.nding upon whether it was ssndstons, shala, limestone, ro;d alay,

gtss, blue mid, etc.
Is this part to the thousand, or is it atoms per thousand caloium atoms?

It {8 a ratio of strontium to calcium in atoms per one thousand, which
I bellevs is cousistent wiih the other, and he quoles the gnalyses of
soze 50 fossils of ocean 1life from the early paleosoic to recent timas,
as giviug values ranging from l.4 teo 10.5, although only three of these
had values greater than 4. It was his thesis tbhat the ratio of
strontiun to ecalcium in geological cycles is spproximately constant,
and that the ratic had not shangsd gresatly over recent geologic ages.

I would like to say that Odum did his work with flaus spectrometer,
and we did a fairly comprehensive survey Just as sarbonate rock and
feosalls using a spectrograph and checked those very closely uming
indepandent standards and nmethods.

There are no scil analyses as Krisger seys. 1 talked to Robinson
about a year or so ago, and those old analyses that he made in 1934
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and 1917, as far as they know, are the most recsnt ones that have besn
made, and I suppose as good as any.

I talked to Dr. Fleisher at the Geological Jurvey some tizme azo and he
was very skeptical about the wet chewmical strontium data.

My evidencs I Just put out in self defense is based entirely upon the
up~take body antaal of 3r70 — as compared with say oaloium 45, and
also the endogmous, o ws feel very definitely that they are treated
quantitively in almost the saxe way. Of course if you might h;n
differmt fractions in the sil, although you think that strontium
would ecour in the sams shemical state as calciug, but there might
possibly be a f{ractionation thers, but certainly after it gets to the
animal we feal that thers is no fracticmation.

Perbaps we ought to progeed with ths calsulations. Am long as we
have an idea of what the wnoertainties are we can discuss these
separately.

The next section <~ how much available caloium there is in soil., I
undarstood yesterday that this is supposed to be 1 part per thousand
- 8 that correat?

This estinmate was gotten Ly calling up a man whom I have never met
at the ¥altham Field 3tation - and saying - 4f you had to make a
guess, what guess would you make, and so it is not terribly good.

The old Gabriel used that.

Can't we do better than that?
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It varies tremendously from placs to placs. What I was getting after
is what appeared to me to be the most valid.

Available calaium may bes equal to the calcium that goas into grass.
This is available calcium in tilled soil end so1l that is under
oultivation. It is just like Jerry Hill trying to take Eisenbud®s
data, the mumber of places at which you have made the messurement
is the small part of the eerth's surfacs.

This varies tremendously with your lesation.

Yos, but we have it figured for average plants. Just use an
average - but realiss whst you are doing.

Is this goeing to affect the mumber of bombe linesrly?

Yss, sir.
Is Mlmnty synonomous with sxschangesble?

Of course, you are lsading up to snother question and that 1is
whether the deposited mumnwmmuthm
available caleiumg which I think would be a Mg question mark.
This comes an the surface and the plants you are feeding the roots
dowm two or thres fest below, you wouldn®t get mixing. I think the
stuff is pretty well fixed an the top 2 or 3 inches.

Wouldn®t rain sweep it down?

NHo, I think the finding is that caleium and strontium are fixed
pretty well to the scdl particles and the movemant is practically ndl.
Hr. Larson has soms data on that.
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We bave observed the activity from the Alamegordo 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 extrastion only.

That 13 the gross fission product astivity ve. the alpha activity.
inother experimsnt that we did was to take some 0 to 5 miorenm
fraction material from Soapper 7 and leach it with 80 fnshes of
water in a colums that was 6 inches in diameter and 2 feet long.
After tha 80 inches of lsaching we wers not able t0 find the
activity penetrating the soil any desper than 1/2 {noh, if that much.

The plants that the human will ingest will come from cultivated areas
will they not? There will have been considerable artifiocal mixing
dus to plowing and other human operations. 50 we probably have a
differeat situation hare vhere plants san get the stromtiwm.

This 43 the important srea too.

As a dund but daring meteorclogist, ecan I interjest myself into this
subject of whickh I know nothing? lets Just taks the mmber of people
snd mltiply it by this figure hare to get out how mush strontium you
vant to innoculate sach parsen. Won't jhat give you at least the
mdnizmom number of bozbs?

That would hardly come out to be & little less than 1,
Thatts something I didnft know befors.

The figure is of 1 gram Sr’° will 150 million pecple to meximm
porxisaible dose.
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Well, youtve got a lower limit now. Are you trying to gzst an upper
1mdt?

¥o, I aa not trying to get an upper limit, but I am trying to get a
reascnable mmber.

Why don't you try to get sn upper limit first?

X don't know how to get an uwpper limit, however, may 1 provide you
with what I did and maybe you ¢an then ariticise it.

!wmmdmtot&’oﬁnmmw&rmduu
assumad that 99.99 per csnt of it was unavailable, it would still
bring the total population of the world %o 7 1/2 per eemt of the
naxizum permissible tolerance level. It would Mping the total

population of the world to 7 1/2 per sent, wam' that the figure
Jou cams out with last night? Assuming that after you dropped all
the bomba you dropped s far « . .« about 9 kilograms and 5r%,
Assuming that that found its way into the bone at  efficlency

rats of Ol psr santj all the people in the worid would then have

7 1/2 per cect of its maximum permissible doss.

We tried to xvold Just that sert of thing, And instead what we
wanted to assume was that the stroutium which has been produced is
distributed over s 6 inoh lgyer. How this may be a wrong figure.

7.5 ineh 1s the standard top soil and there's 2 x 108 1v, top soid
per acre and this works sut to 220 zrams of calcium per equare meter

Q.. ‘
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20 grams. This is your 10”7 calofum,
Yosy thatfs right.

Then we have used essentially the sams numbers and with thase
nunbers what I get is that & ng/eq, wils — I's not sure if thatts

the nuaber you want. hnmcmot&”mmﬂuun

give you in equilibrium of 1 microourie in the bones of an adult
perasce.

That?s in 20 years growth?

In equilidrium
¥ay I ask you how that aomes cut to 270 micregraus per acre? Are

they ocaparsdls figures?

!miam.lhmtcw. This is 150 silligrams per aquare
nile, I think, is what you said.

That's right.
Now suppose I state my asswsption in detsil. You have 1 kilogram
of calcium in the bane and 1 microcuris of 270, which s 5x10™3
aiorograss, therefore this is 5x10°° of the swount of saleium.

First of all you are coming to a falacious conelusion in this kind
of reasoning. You are godng to finally stats that the amount of
stroctium deposited 1s related to the meount of calcium, and that
1s only true up 4o the point of wertain optimal caloiuw intekes
asd bayond that 1t dossutt bold, 1In other words if you start out

uwammumm_smrmiubwmmm
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strontium you get a certain smount of stromtium deposit, now as
you inarsass the calcium you dsorease the strontium deposit up to
a point of aptimal calcium intake. DBeyond that point the addition
of more calcium does not csuse & further redustion in the
deposition of strontium.

Vhat 1 this sintmm? 20% of the stromtiua?

I couldn®™ give you a quantitaiive figure, exsept ths ourves for
animals show that as you reach the optimal consentration of ealoium
that the ¢urve of the strontium levels off as far as the reduction,
in other words that the curve goes down like this, and its linear up
to & osrtain point and then 1t starts to level off, The reason it
mmmumwmaw:mmmuuum
behaving axactly the same as calcium. Thers is a difference and when
mmw;mnpmtmmnmwmmmmmto:
calcium being deposited any additional calcimm you give in, first of
anuub.m-nmw&mmmmmmwmnm
point may have another type of mechaniss of deposition as far as the
quantitative relationshiip is oconcerned and it would be at that point,
for instanse, vhers the addition of more strentium might keep the
ourve going down wheareas caloium wouldntt,

I afraid I didnft wderstand, I do not understand vhether you are
talking about the ratio of depositicn te intake, or whethsr you are
taliking about ths ratio of strontium to asloium,

In other words 1f you run a series of experiments with various smounts
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of ealcium intake starting with a low calclum intake and a standard
axount of strontium as you increase the calofium intake {and this has
been dme with radioastive strontiwa). The strontium goes down until
you reach a cartain point of salcium intake them this curve levels
off, than the addition of further calofum deves not ecut down the
depoxition of strontiume.

I think this iz a wingls doss experiment which doesn®t enter into
this type of caloulation, in other words this ias sort of an Lsotope
mass effect and that's our old pisture of & single dose when the bone

is already formed.

Woll, I ocould be wrogg but I would certainly think the same thing would
apply in a growing animal.

liot when your mass of strontium ia so very ssall compared to your
calofium.

Those wars tracer experiments.

This is a aingle dose. You could do the seme thing with calolium 45.
if you took caleiuvm 45 instead of strontium 89 you would probably get
She same results; that s an is0tcpe mass effect.

I think this is a second oxder correction. I think that we are on
such unfirm ground, I think this kind of a variation ia less important
than other things that we ars considering.

This 43 a theory related to what we discussed before and to ths peint
on which we couldn't agree befors, namaly if you fed strontium and

%;ﬁ"u
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calelux 4n a cortain ratio is 4t doposited in the samo ratio or in a

diffarent retic? How I have assumed that it is deposited in the same
ratio, as it is sald thare is soms evidance which was presented before
that strontiux is deposited in a smaller ratic than is foed, What I am
doing therefore now is to make porhaps & slightly pessinistic assump-
tion, but one which agrees with ir, Comar's findings, nmusly that is

that they are deposited in the same ratic in which they are fed.

Well I thin that Mmf.hinmm. To ny mind it's
incorreat, bezeuse it varies depsuding wpon She particular ratio you
are using.

A1l ono 1s arguing about really is the fastor of 2. We're in the
arca of whers factors of 10 are already mmall. It sesms to me it
ocmes out to en order of magnitude whers the correction immtt very
goods The difference betwesmn thede two numbers is a factor of 4

doesntt account for that.

Fow I say 5x10712 of the calcium is the tolsrance level gormssponding
to one microcurie because it is over all the bones in the body. Then

I further say that in ene square omtimeter of seil, gedng down 6 inches,
which is 15 cublc camutiusters, which I call 30 grams of soily and I say
that caleiwm in this is 30 xdligrams avallable calolum and now I permit
therefore strontiua to the extent of Sx10712 times .03 which means
l.mﬂ'mpmotstmum”p-rsq. cmtimeter and that is ths same
as 1.5 miligrans per sq. kilometer or 4 miligrams per sguare mile, Now
if the area of the sarth is 500 square kilomsters and thersfors you can

wﬁ.tomthuonﬁrnuﬂhseoulowot&”. Ons kilogram of %
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i3 produced in one megaton of fission and therefors this corrssponds
with 300 megatons. Now that is not a large number, that is about 100

times what we have had.

Is it necessary to take the sount of the natural strontium which is
avalilable here in the soil here in these cslculations or not?

It is only necessary to the sxtent that the uptake of stroantium and
calcium may be differsnt. If we believe say take some average figure
from this column. Then it would seem that the strontium, calclum
ratio in the soil is about 10 times higher than in the human bone
wilch contradists Mr. Comart?s experiment, and if that wers so then
you could tolerate 10 times as much 3r %0,

There is certainly enough physiclogical data to indicate that
strontium and calcium ars handled differsntly in the human body or
in 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 ih on a real low salcium 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 differencs.
Whether the difference is out of line completely, I don't inow but at
lsast it does suggest that there could be a point in the metabolism
of strontium on a completely adequate diet where this type of thing

wontt bold,
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I think that's reflected vary well in this table hers. The strontium
ocaledun ratio is only about from a tenth to a hundred of the oalcium
strontium ratio in various parts of the earth's surface. From that
you should be able to throvw in other fastors stmewbere froem 10 to
100 into your 900 megatons, snd that's getting to be a heck of & lot
of tous.

Exsept for Dr. Comarts experinemt.

Well I% like to define again that we'rs dealing with s littls
different situation. X den?t think these two ideas that are incon-
patibls at all, I'm only saying that &t tracer levels of strontium

the material is handled in the sawe way. Iis trus you ean't replace
caloium with strontimm. Your dealing hare with ratics where the
caloivmestrontium ratio is tremendously high. Obvisusly 1f you put

s animal on a sevo ealoium ratio and try to put strentium in it, its
Dot going to work, bt your not adding any mess to ths natural appearing
strontium in the soll hers by auy of the fallout so that under normal
sonditions this caloium-strontium ratic is still geing to de very high
unlass you have soms tremsndously calcivm deficlent dist and so I think
wetll sertainly have to believe the mmalytical values as far as the
ovar all effect is conowrned in this thing, Whab I still say about Se7°
and calcium 45 glven to animal behaves the same way I think has deen

sxperimentally acceptaed.

Of course one of these is in equilibrium concmtration snd the other
is going up to equilibrium. These are really guite different nsasure-
ments, Thers 1s not thing that ought to be taken into account and that
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is that in the adults at lsast only about 258 of the bone caleium
is exchangeable.

But I thought that all of the assumpticns which we should make should
be that the part which is exchangesable is in places which are close

to tissue whioh can develop carosr. Isatt that right? %o the outaide
of the bone, and therefore, only the level mattars and not the astual

smonint «

1 followed the same line of reascning that Dr. Bethe 414 except that
I did it with strontium instead of with calcdum and ons of the resacms
that I did 4t,beaides ths ones I'vs msationed so far, is that you
assane that this 7/10 of a gram is the total amount of strontiua in
the skelston. A growing person depoxits an averags of 100 slcregrams
of strontium a day and its preliy easy to caloulats that he is getiing
fuhmuof“hnsm,ntmmumumun
machardism in the way in which this stuff is being deposited.

Far in excess with respsct to the axcess to the exsess caloium.
Bo ene Imoow the connection bstween thoss twe.

Tos, tut tall me isn®t the only number in which we are interested in,
or the only twe musbers — these two mmbers, Mults and soil, what~
ever soil may be? Well ihe other one I oconsider from the discussion
before as discredited because it is an old messurement. I don't know
whether that's right Wit certainly the new measursmsnts seem to give
very mach lower mmbers.
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It might De wvater as well as soil.

Even if you take silt compared with the therafs a fastor of
10. Is that in your numbers thers already?

No this i» not in my mmbers., I assume that ths same ratioc of
strontium and calsium exists in the human bome as in tha sail, and
I further assume that in the sodl there is one part to a thousand
of avallable caleium. Both of these mwmbers may be off.

The things we're reccamsnding will tirow a ressenabls smownt of
ght on this because out of cur pllot program assuming it is dons
tne will seasure the soil radicactivity, the plant radicactivity and
the radicactivity in human bones. Among other things, we are also
going to mesasurse, if it can be dons, the stromtium content and the
calofum ocontent and 80 one sbould in & few menths be able to move
~out of ths rangs of fanoy into the range of fact.

Why 4o you have to get into the redicactivity part of it at all.
Why not carry out a program whers you msssurs the strontiux in the
soil and say in the water and in bone and ree-do these and get good
values?

HBow about msasurs sewage?

We suggestad feces because thers is scme question sewage sluge
containe all kinds of stuff which has gone into the sewerage and is
not of mman ordigin,

Joo, I wonder 4 you could just discuss briefly that Japaness data.

m
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The reason I bring up is ars wide differwnces
in strontium content ssong different groups owr limdt will have

to be dlotated by that particular group. 1 wonder if we can have
mmmmmf‘podthquﬁmum
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I tock the same caloium content as I did for the UCIA results,
so that's vhere the scurce of error may be., The calciuw con=
tent of Asari's samples may be considerably higher,

There's a tenfcld difference, Ons guy would have a skelston
and the other wouldnt®t,

But vhat thrcvs soms reliability on proto-historic samples is
the one mcdern=day sample that he quotes, He has a figure of
1860 parts per millicn in this relatively modern ssmple of
strontium, vhersas the UClA figures are 160 parts per sillion
for the fetal samples and 240 for the adult saanplss, The
fmum’unmcfuhi\uwm. I haven't
seen the original paper. Thess are figures taken from ten
sbstracts, VWe're getting copies cf thess papers by Asari from
the Berkeley Iibrary, Thess results were published in the
Journal of the Chemical Scelety of Japan, and the holdings of
a relatively small country,

Jipan is cne of the places included in cur list of places to
sample, but ¢f course this dcesn't mean that in China the

figure may not be aix tines higher than in Japan,

It may be interesting to check ths strontium ealaium ratic in
rice, m&mudlnh-mhb];hmmriuuﬂwm
in protein,

I think there are good physical chemical reascn for believing
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that Dr, Comar's results shonld be given the strongest wight,
maxely that in the emchangeabls calsium and strentium, The
ratic of that exchangeable material would be very similsr to
vhat you get in the bounss, the reasen being that the par-
Slowlar sites on these elay partiscles are idssl for ibe fonis
radius of saleium and, thavefors, as far as bese exchangs is
conocerned, you wtld expect an awrishment {n faver «f ealaium
on the surface of the elay pariiols, whish wonld reduce 1t
t0 the cxder of 1 to 3 toward the peint 3, Sinee we have
direct experimsntal ecufirmation that it is taken fnto the
bone s it is in this scurce, it seems to ms that's the
muber ve should underline,

Of course the soil is total strontium againet tetal ealoium,
end your figures sre exchangeabls,

Yos, I'm saying that if we hed exchangeabdls, which is met a
bard experimsat, that any of us gould 4o it 14 a reasomadls
tise, but the sxperimental results I would prediot would be
slcsar to point 3 than it would to three.

Isn't it alse true that you have to use a eonadderadly larger
figare for the strontina than the amcunt that sstually falls
on an arsble sres on & cultivated farm, because you have

to replace all the things that ly fertilised aystem cr water
you have to replace the things that would pass through, so
you're really drawing on the rest of the world for the

" TITITIT I e e
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IAURITSEN:
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BOL2AN

strontium vhen you cultivats a piees of land, Thase figures
mey be very much too low,

On the other hand, I don®t know vhat the source of strontium
fortiliser is, Wt they might not be centaminated,

But you need to replace eertain things that you taks out
of the scil, |

If you're replasing though strontima with wncontaminated
strontium, this is in your faver,

That is quits true, if you do that, but what if the ferti-
liser .eeee

Idon't know, I just raise this questioa,

Most crganie fertiliser, and that certainly wenld be from
other parts of the world, and you would sollset the strentium
from the arsa vhere you raise the focd, This would even be
true of seswesd and fish bones,

Seans to ms that this sort of ties in with the rather shortd-
TRuge problam. Suppose all ths future bombs are surfase
bursts or near-smxface bursis and then in the fallous, at
loast the major pertion of 1t comes down, say within 1,000
square niles, You have a tremendous dilution facter vhen you
start talking about dividing by the 50,000,000 sq =i of the
earth, It seems tc mwe that all these fastors, in & realistic
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- var campaign, would indicate a very seriocus hasmd In the

lccal area, It seans tc me that problem ought to be treated
pretty mach - even for air bursts. e have every reason to
believe we might go intc surface tursts and you'd get tremendcus

soavenging lceally.

Concentration falls off vith radfus, You sould easily have
ehanges in eonsentrations that would be several arder of
magniturs different from scas of ihe other faetors that yeu
are taking imto account. '

ses inclnde scuress from other aress, In other words, (e
fact that the stuff falls out in an area doesntt necessarily
maks it a blological hasard, You can prove that by bringing
food scurces in from other areas.

Yon, but if it falls all over an agricultural area such as
the European area, and so forth, the plains of Germaxy and
ethnm,‘itmh-onthunmof%mw
that you mention that cculd do this, you have a facter of
50,000 times that you can take ocare of, It®s a lot of these
lcose fastcrs I'n worried about, There is a Jeoblem, from
a looal point of view, for a war csmpaign, would certainly
seen to be very well pointed,

One mdlligraz per sq mi is what you meed, That's not going
%o be hard to deposit,
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Is the tclerance dose fcr say oatile the sanw a8 bunans
ocrreated on & weight basis?

Ve dcn't bhave any indications of the toleramce doss. I'm
Just wondering - I'1l only ssy this that Ifve seen some
Mm%ﬁﬁhlmhﬂh. not near the tolerance.
I've sesn this s year afier administrstien, Of oturse, thia
my get werse becsuss you'd expect to ses affecis at Lov
levels if you oan hold it a longer tiamm,

Boonomically, most oattle ars killed not wmeh over 2 to 3
yoars, sc we don't have to worry.

Worrying alout food suppliss probably.

You'd probably kill the animals long before they had time
to develop sarooma, don't you think sc?

These are varicus Galwisl figures (studies ),
What are these mmbera?
A-bombs, HNominal A-bombs,

Kioholas Smith and Dr, Claus - and vhat I Just ealeulated
was 4.10° tolerance, and I think a word should not be seid

how to go from tolerance to lathal

My I interject cne question - im I right - Just as a layman
trying to get a fesl for this ~ im I right that your figure

o - . . ¥
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would go up frem 800 or 8,000 4T cne applied this 3/10ths 3
ratic,

If oms mld, yosu,

Thez the gensral piloture seems to me that that would bs a
reasomable faotor 4o put in, is that ecrreet?

Yoo, also that there ars sther factors in the opposite
Mm-

(Challsnging figures on board ) - Mo, 4x10% = I'm seryy =
800 megatons

Dr. Bathe, there’s a Question in ay mind as % wbhether you
used 1 . cvies to get that 800 megatons.

This is cne 4 curies and I vant to say a vord about timt
this mimte, In the case of radius we were told hy Dr.
Bugher yesterday afternoon that ome tenth mlorocwris redium
is conaidered the tolsrance dogs and that pecple Mawe disd
from 8 sicroouriss aml cne person is alive with 40 sioro-
oxries, 8o that scmething like 200 (7 ) times the sceepted
tolerance dose might be the 50 peroent lethal dose,

Ve didu't menticn the lathal dcee,

You didntt, tut you menticned the minimm and the meorimum,

you mentioned that ons person had died at 30 times the
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tolsrance dose and that one perscn had lived at {00 times,

One oass of bone tumur, as I recall, was 8 mierograms of
radium body durden,

(e ocase was 1.7 micrograns,

Hhat s the value of that cne lady in Chiocago = & heavy body
burden and is still alive, |

Vo've got ome in New York with 15 miorocuriss amd she's had
it for 40 years,

8o you would say that IC times ths tolerance dose does on
ccoasion produce sericus effect,

Right.

If vo ware %0 go ecntrmry to the intermtional agresmsnt and
took 10 microsuries as ths tolerance doss of strontium, if

unifermally distributed, then that weuld msan that 100 mioro~
mma«mmm&smuw"

ncainal beobs.

I weuld like to raise cne cther question with regmrd tc the
rediam figwre, That is the population risk in the study cases
dmuamwazmm,mmmﬂ.
night very well xiss ssy 1 percent of the 2 Willien who have
a mich lover tolerance than these figures siggest. In other

e,

20}
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words, the statisticians will tell you how much ef & sazple
7ou vould need to catch thess other pecpls, and they might be
present in a populaticn at risk of the sise of 2 billion in
very oonsiderabls mmber, 8o we donf't Jnow, I mean that's
complately unknown figure in tsrms of ths very small mumber
of radivm cases thet are under study,

Ths mmbar of yedium cases is scmothing like 200,

I would say adout 200, will you agree to that Dr. Comar,
w“—:‘lcno

8o you oculd ssy then that the figure which I calmulated here
aight irdicate the peint &t wvhick you get troubls is 1 per—
oant of the casas., An that would be the definitien of sericus -

offect,

Is anything being dons sbout the Jpamsee pecple? Did they
get any strontium inte then?

¥ron vhat?
From the bomding. ¥as there any fallout?

Merrill (Eissabud ) has scms figures that he's not teo proud
of,

He has bones of an individual of Nagasaki, dut thersfs a
mnuum&-rm&%mnnm“ub-

sequently Yy exchangs of scil containing fissionable
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mterial, Hovw long after the doab 414 he dis ~ 24 hours?

{continued )
BISENBID mmmwémutmhl. The Zirst group of pecpls whe
 died of leukenia, although thay were not subjested to the
bombing, They eame in later in & yveseus onpaoity, swy
Apanese military, vithiin 2 or 3 days sfter ths bhombing., In
that growp a mmber of individuals ia the last two years
developed lsukemis. It was Showght that possibly these
pacple vere subjected to residusl rediatien, v ware sent
somples of their bones, Ue 414 find some trmces of realduml
vadiaticn in this mterial. It was in the crder; &8 I recall
it, <f sround a &pu par grsm total activity, These saagples
vill have to be locked at again, Thess my bs very |
significant sauples. The cther set vere tww almsst oo
plste skelatons, which we got from Nagasski. These indi-~
viduals vho ware about 1,000 to 13,000 from the hlast, were
badly burmed and diéd in about 20 %0 24 heurs. They were
Iaried not in the commcn grave Wt in the sams losality,
These dodies wers exhvasd about a yeer ago and matarial
sent %o us, Those boass samay fyom 10 o at most 100
disintegraticns per simite par gram of strowiiwm 90, It's
vary passling. WVe've seut for scil samplas fyom those
graves, Ii's vary posaibls thet there may bdawe been fall-
out hare, |

YOICRs Dr. Comar told me this mcrning that 1f they ingested the
a”mmmmum.ammwnwm
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me:

LIBEY;

LIBRY:s

SCIOMCHs

they ingested to bs deposited in the beme in 30 mimtes. 0n
the other hand, if we oonsider the frscticn of fizsion mroducts
they would bave to ingest to abuw at this tims, it is {n~
oonoeivabls, Ifs very pussling but thers was definitely
strontium 90. Ws ran a 1arge mmber of ecntrel bomss and

they vere negative,
This vas an airplane too 90 the looal fallout was guite small,

Thers vas ancugh residual ani radiation arcwnd Nagesaki to
acoount for total body doms for around 3 roextgens, I donf't
know whethar these peopls ware in that part of the oity vhere
the residual rediation was high or nct, Thess data were
tased on sxveys by Stafford Warren amd Shisld Wwrren 30
days after the hlast,

It wuld be very interesting to examine the scil in that
graveyaxd,

You asked whether amybody ever amalyned the stromtium 90 in
the soil, amrm‘s:”mth-uu.

et are the assunpticns on the cther twe Galriel figures?
How do they differ from this?

Dr. Claus assumed 2,000 microcuries bedy Nurden as the
lsthal dose, Although he assumed a much larges figures
beve than I have assuned for sericus effect, larger &y &
faotor of 2C, he oomes cut with a ssaller mmber of bombs.
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This is obtained by different assumptions, namely sssuxptions
of the sort that Dr. Mitchell mmticned befors, then you
assaw that certain percentages of the stromtium in the sell
gets into the body. It ssem to me that it is much mre
reascoabls to talk about lsvels (7 ) hat is thet stroutiua
50 1is a certain pevcentage of the ealeium which you have in
you, And I think that ky talking abeut levels rather than
talking about peresntages of the s0il getting inte the body,
you will arrive at & more relizble figure, No matter whethar
or 3ot you tals into sveount the collestion faeter of IC as
wmmmmnm'um-fmxomm
a more reliadble figure %0 go with 10C miereecuriss,

=THE
(eontimed )

RnaMISH: There is slsc & fuctor of 2~1/2 i the eld Galwiel yeport
whish we would 1ike tc isciate, wo can't amestly £ind out
vy, They sssumd this is the case,.

VOICEs T™his is Safth?

KRAMISHS Ies, all of the pecpls, in writing the old Gabtrisl veport
assumed 2~1/2 grams of strontium per k¢ of bomd, A1l
through the repert, this we have been umbls %o f£ind the
reascn Wiy, v are assusing 1 ga per kt. Yhs,

LIBEY: I think thare is confusion here about what fission ylsld
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ClalB1

LIBBY s

KRAMISH s

LIBBY:

LIBBY3

N

Alsc, it was pointed cut ty Teller a ocupls of years ago at
ons of our discussicns that whatsver appears in these things
1saiaﬂy'mth1ngohmntvuckmthmhmmm
carrisd threugh up until the tinme Teller ealled atiention to

ths errors.

Thers is a factor of 2 there if you misused the definition of
fissicn yleld, and I think there is a alight other fastor
there maybs on the mmber of fissions per kt that were used,

This morass of wooertainty I think is the strongest possibl e
argmntfcrthmnhlpmmmoﬂ.:mtm

but also blologioal, Is there amy feeling on the part of any-
one in the house that we should not shoot any mers bombe until
we f£ind out? 7This, of eourse, is very importan comversation.

I think it would be very intsresting to take a poll -~ a
secret ballot = just to pet an idea of the faeling.

I don't think that's a gued ides,

Banfs argument $a very convineing =~ that iz «~ a facter
of 1000,

It is an interesting argument, Rasaxber that the ccean is
great ossspocl and the matural thing is for the comtirents
tc wash into the sea and the strontium will be deposited
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LIRBY
(continmued )

CIAUB:

LIBRY:

. Claus,

9

in the lizmestons eveutually amd we don't konow how fast this
ocours, 50 mybe things are all right, tut there is & way

in which radicestivity can be taken cut of the lifs gycle

and that 1s by putting it at the bottom of the cosan,

There is & point that I wonld like to call attention to
that basn't besn mentioned yet as far as I loww, I find
it vary diffioult to get eonssrned about what's going to
hmbtbwmﬂwcnntmcMWw
bombs have to be digchurged before we san reash possibly a
sevicus lavel., On the other hand, if pover resctors eome
into being in awy appreciable amount we will have vy
sizesble amcunts of fission products avd T ence mede a
oaloulation which sy or may nct be abselutsly ccrrect ~
that in only 100 days, if ve were to furnish the pewver re~
quiressnts for the United States in 100 days we wenld have
used up as much fissionable material as wre involved in
20° noinable bezbe,

That scunds to ms too high,

That may oot be absclutely ecrrect, I went through the
figures 3 time or twc and dldn't £ind axr error ia 1%, ut
anyway scasthing of that cpder. It will not take an awful
1ot to crwate a tremendous poasible hasard in terms of
f1ssion products if they sre iniiscretely distributed over
the saxrth's surface,

DOE ARCHIVES




CIAUS:

LIBEY;

GI\A& s

LIBBY:

CIAUS:

HOIDEN:

CIATS:

VOICEs

7

-

Yos, lut xy goodness, you certainly wouldn't do thet,

%s

Nothing has %o be docme, It they are geing to remmin on the
earth's surface and they are not going to disappesr for an
aufully leng tims, 4ind I think the resnlts of stufies of

this kind wvill have a great dsal to scatrilute to owr fimal
detarnimations of vhat to do wvith weste predusts frem mich
things as cur resctors cn & large soels,

Yos, wo eartainly do want tc disposs of them and 2ot lad
them got loose, bdut this, it seens to me, is 2ot an axtremely
diffienit prodiem,

This is quite a sericus problsm, The question of sea dis-
posal 1s cne whioch has soms to the fore many, mny times,

I still doa't see vy you can't xix them up in conerets and
lst 1% s0lidify and drop it. Doesntt it lsach eut?

Itts Just ot practical in large quantities,

Ave there significant smcunts of strontium 9C relseased from
Feactors now?

o, it's in the fission produat, I dontt think it's re~
lsased into the air,

What sbout chemical rrecessing for recovering your unspent

fuel?
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HILL:

RILL:

What s done with the long=lived fission pwoducts - do they
run inte the Columbia River?

No, as of now all the ooncentrated cnes are stored in tanks,
ut they can’t keep on doing that indefinitely. Itf's an
sxtremly axpersive proposition,

Is the styromtiuvm let cut immediately?
That goes off in the sclution,

Bat in that oase whan Int the
strontium out too,

It is Yeld tem't 117

It is decayed slresdy. It i3 not let out immdiately (chatter)
and that stromtiua is in sclmtion and is resdily availadle,
M, Thels, iat's the ideal way te dispess of a bugiet full
of strontiuw 907

Wll, you know sbout the experiments at Brookhaven. (obhatter)
fission ~ leach the fission products off ea Wilamite

and fusing it and changing its mineralagis sompeiition and
rendering it relatively imert, tut this Y think, Dr, Claus,
suggests deep disposal on land as weli., Thare is scas question
about that but I think 1t might be feasidle, I thiwk, I

don't knov, the best wvay of disposing of the saterial - dry
mines have been miggested.
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LIenys

CIAUS s

LIRBY:

YOICE:

LIBBY:

VCICE:

~
N

I think that strontium eould be gotten into limsstons and
be pretty safe, Cf oourse, ths othar fissicn products would
oot necessarily de beld but the strontium would be held,

mumwmmmwmnmuamht
than it wnld be sany encugh to put it intec eoncrete and sink
is.

I was hinting that sinoe it is the coe w're nost afyaid of -
perbaps we shonld use the disposal which would take eare of
the strentiux,

You meen put it inte linestone?

Insars 1% iato limestons « I'11 bave to defer to the
chamlsts o %o how rapidly that ywocess would teks place,
but I8 be a Uttle it afreaid lnasmich as water movos nost

- It might be well to meuipditate it, pump it in, or depcnit

it, but I think the great hulk of the lizwsitcns as pretseting
it ageinst leaching astion in vater, the stremtivm is less
soluble than the ealaium,
TECINCNXEXERNN

AL AR LR R IR S

It would be cheaper than putting in in the cesan,
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LIBBY:

YOICE:

Claus:

CIATB

LIBRY:

I 4 |

CIAUB:

1IRRY s

Ko, 1t seems to me the coean is the 1deal place. Just to
take it cut and drop it. (chattier)

Mt it into conerete. (ebatter ) = in conevete blosks (or
bulk? )

hatts not prectionl.
It lan't?

Well, weuld you object %0 Just pamping it down $o the vesan
desps in lk?

You cantt do that « that's not pwestiocal ~ {chetter)

The coaparabls price for dropping bloeks is many crders of
mguituads wore drop it and Ist 4t fall down

three xiles and lst 1t stay there,

Ths other possibility is to spread 1% over appreciable areas
of the ccean's surface st not great depths, thet would dilute
off pretty fast, then the question is = yow have got all this
stronting in ses water «~ will 1t work back on the land ene
Wy or ancther %o Yo a hasard?

Well, there is ancther question too vhich W haven't Wrought
out here - and that iz « if you disturd the plankton, do

you disturd huvmsn lives? Of course, the plankton axe pretty
durabls as far as radistion is concermed,
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CIATB

BIlla

LIBBY:

RULP:

HILIa

YOICKs
YOICS:

- JOICEs

VOICRs

VOICE:

33

Troa studies sade so far we don't belisve that we wourld dis~
turb sea life sericusly 4y that amcunt of material if ve can
got good, reascmably good ~ dilutation within a reascnable
sncunt of tims,

You don't have to go very deep before you get out of the area
whare there is much 1ifs either, do ym?

“, thlt'l “0
Itts also avfully slow mixing,

How wach would it eost to pump it Delow asy abeut 300 a?
X don*t understand vhat the great ocost is of making ecncrete
hloceks,

It depends on the Mulk that you get ywmar fisston preducts
in, At the presont it 1s pretty Lig,

A concrete ball would eertainly fall,
Pentt you contemplate & strontius separation precess?

No, taks the wvhole thing and may it is pure strontimm,
since strontium is the bed sctor,

Well, it is probably shesr bulk,

Well, of ocurss, they have the solutioms, that's right, and
they have t4 evaporate them or else theay oculdn®t put them
into aoncrete,
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HILLs

CIAUS

ClAUS:

YOICB:

iy ‘.
That would taks a lot of ealories,

Yell, even as of ncw they evaporate dova considerably.

Is thers enmough heat te do this in the pile to dDe utilised
to do the evaporating?

I vould think though that the wvaste is full that wight be pre-
dicted on the assumption that ths strontivm is the thing to
be most sareful about,

Well, that's one thing that we'd like %o find out, and I
thirk we eould get a lot of good guiding evidence frem &
study of this kind,

cessess BO® how styontiun moves if we did put it into the sea,
Thess data may tell you how strontium aoves,

Well, what is there against burying it in desert ccuntyy and
intc within interior draimage?

It wuld probably be uegligible after 1000 years, we aren’t
wrrying about the next geclogical ervas,

I mist say that I'm conmidersbly more afraid of an atomic
var than of powvar reactors and Y think this is ratber evident
from the figures that we have written deum here, and if you
say that a 1000 msgatons would give the tolerance lavel and
if you say that MIKE ssde 10 megatons, you meed cnly a 160
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BETHE: of thess to get toc the tclerance lsvel .,.

(contimied )
CIAUS: MIXE megatons werentt all fission prcducts,
IETHE: Well, more than half cf it was,
HYLL: Itve used the figure 2/3.
‘sccvxm: In MIKE shot only 1 percent of it ever came down that so far

hes ever been found on the earth's awrfaoce,

BETHE: That is true, 1f you can rely cn the fracticmatiocn that
only 1 percent ccmes down, then that is an entirely different
stery,
X Vell, I don‘t think that reliable over a long term pericd

compared with the helf-life, It's still ceming down
according to Eiseniad,
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RILLs

KELLOOGs

HILL:

KRAMISH3

BETHEs

| ORYOGSs(T)

e -

¥e have to remind curselves too, that in the estizates we
made on the oversll fallout for Mike, there was this hig
uwcertainty sbout the posaibility of falling out within &
faw hundred ailes,

This assumption you can't forget.

uﬁumwmm and this few hundred uwiles
is still over land, Imndmmtngwdpuubmty
uu’mumwhmmm.mmmm
sonbiares within a few.hundred niles, |

On the other hand if it's an air burst it wouldntt be bad.

It night not be bad, as an exercise, %o ohoose ths warst
possihle conditions and ses what happens to the expscted

tolerance,

If we believe Mages's theory of particls aise, the particls

size should be larger for s large bomb, If it is larger for
a large bowd, then we might get quite an apprecisbls psroent~
age of fallout, evem for sn air burst, within s few hundred

uiles,

What kind of predistion does this make on the change in
particle sise?

It mskas & prediction that the possible sise is proporticnate
to the tinme socale.
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BETHE:

soLoMoNs(?)

LIBRYs(?)

SOLOMON:

TOICE:s

EISENBUD:

ERAV ISHy

sl

Edeard made some statements about it being 6th reoot of the yisld.

%ell, wa gount on Scoville's memory, at lsast it seems to be
8 1ittle more than the 6th root snd & littls less than the 3rd
root, It's presumadly, perhaps five tines as much for WILE as
4t 1s for standard Dosbs, Isn't that sbout right? Twenty
seconds versus three seconds.

Would it be desirable for us to suggest & delay in future tests
wtil you can get some detter evidencs,

¥e must get busy and work these samples, I think the fsars and
worries of this group are & very strong argusent for ths
government's oollecting these samples. I dontt think therets
be any useful purpose served by taking s vote ar writing down
formally, but maybe it would, I den's think se.

Certainly the pilot ssmples would be enough to produce most of
the undertainties in sy oslculations.

¥ell, I don't know, that's pretty hepeful, I'm afraid...you
don't lnow what you'rs going to £ind.....ws may gust have €0 .e..
1ike, ook st this skoleton over here.......My gosh, who would
have gusssed that result? Mull of Sr¥0 in twenty-four hoursl

The skeleton has betwesn 10 and 100 dpm.

Are we ruling out complstely the inhalation RZasard, Wa are
sventually going to have a contimual drip of this stuff in thas

3
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K. .ISH:
(continued)

. MITCHELLs

YOICE,

_ CLAUS:

ERAHISHs

WESTERMs

staosphere. I'm wondering if we shouldntt consider this...
No, I'm thinking of & mechanism that Dr, Mitchell asntioned,
retention in the hinge, Mhhmunmmetetmgt.

I have those figures, but, I alsc have to bave that as poesidble
accumulation in the skeleton.

Yes.

Dr. Westarn has besn making some caloulations on this for some
tine, and maybe he oan get SOMB.eese

Could you make a few remarks, r. Western?

The inhalation hasard is very difficult to estimate like all
these other thinga. One has to make sny nosber of assumptions.
One of these things which I think would be ismpurtant would be
mmmwmwm.wmmxwtnnmuniu
the stuff came down in rain primarily, or whether it comss down
in the air, If it oomes down in rain X don't think you'd breathe
vory mach of it, If it comes dom in the dry air primarily, I
think you'd have a very good chancs of breathing all the material
that we consider being smsll enough to be drifting down over
long periods of time, so I should 1liis to say in pessing that
it would be of sowe importsnce to determine, in estadblishing sn
inhalation ha,ard, whether it does come down in rain, or
whether 1t comes down in ths air,

#ut if one makes some broad assusptions about what the
beharior of the stuff is after it enters the lung. I assumed
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(continued)

VOICE:

WESTERN:

3
L

that ons might retain about 5%, retain in the skeleton about
5% what it inhales, and I get an inhslation hasard representing
deposition in the skeleton of sbout the seme order of magnitude
a8 I obtained by making assumptions somewhat similar to those
whioh have just been disoussed from the point of view of
indigestion, I have a faotwr of difference of 5, I believe
thees asswpticns uwp hare assume only exchangeable caloium
don't they? Isn't that right, didn't you use a figure for
exchangeable caloium up here?

Yon,

And the figure I had was to correspond more to the total amount
of ocalotvm w0 on that basis the inhslation hasard is roughly
about 1/5 of that indiscated hers., We are taliing about the same
type of hasard so that the question of what is tolerance does
not enter in, I might iniicste also that if one begins to
songider the inhalation hasard as being relatively nonimportant,
as ons aight if he finds & certain number of processes talke
place, preventing the stuff from being picked up by plants.
Experimsnts of Dr, Larsen show that in time there is an
unexpected cessation of uptoke so that the inhalation hasard
might become relatively important, Then one also aipght want to
consider the hasard due to SYU, It 1s commonly assumed that
what is inhaled is in eufficiently small particle to be soluble
and gets to the blood stesm snd is deposited in the bone, %e
dontt have the facter of safety hero/that we have whon we talk
ebout it coming to the bedy through the foed nljere we

_
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(continusd)

L

have a aompoundsd factor of low uptais both by plants sd by
the body. So that on can't fule out inhalation hasard, As
long as I have the floor I'd also liks to scament en Colonel
Holsman's suggestion that we ajight well be interested in |
highly concentrated falleut of rain e use of surfaece bombs.
If one assuaes that the material...that ons is wsing a surface
bosty, and the material falls cut within a period of three or
four hours, one may be interested in the denisl of the une of
the land in the future, But a rongh ecmputation indicates
that the primsry hasard to & population living in that area and
sore or less staying there is from external radiation rather
thmtruulmthinxnkltnh. The same amount of matarial
that would be required to give tolersnce effect which was
computed up hers would in the first day give semething like
2000 roentgens to an wnprotectad purson on the aversge. If
the matarisl were wniformly diatributed over an ares that you
would have the mmber of curiss of strontimm to give this
tolerance effect, whatever that figure is - it turns out to be
about 5 curies per square mile I think,

hgmmvimnpcﬁndotthmcrfmmthml
radiation is sufficiently high at that cemosntratiom that sbout
2000 roentgens would be the external redistion of an
unprotected individusl in an open arsa and during the first
wesk exposure would be about twiocs that, So that I think that
in thet particular case, we probably are not interested in
strontium or in inhalation hasard,
Shuuas
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WESTERN:

VOICE:

WESTERN1

KBAMISH:

Yes, but Dr, Testern, if you do that, doemn't it mean that

particular fam produces leothal vegetables from then an...?

Uaybe. Well, the point of the question is prebably mere
serious for the bombing of s large ares, If we are talking
about where the number of bombs becomes serious, The only
point that I'm making is that if you use surface weapens over
s farily large ares, wa're not going to worry perhusps too much
sbout whet might heppen in tem, twamty, or thirty yesre.

¥hat do you mesn?

Well, no, what I'm saying is if you producs the smount which
would give you an average conoentration of strontivm, and would
produce & tolersnce effsct, and this, of sourse, frem our
picture would require from ten to twenty years to sgoumulate in
the bedy; this is only a tolerance sffect, If the bones were
1aid down in such a way thst the people who lived in that area
were subjected to the fallout beginning within four howrs of
the explosion they would, during the first dayj get something
like two thousand roentgens, if they wers umprotested in the
open, during the first week they'd ges twice thet, u:m
mmtnamummn.nmrmmmm
strontivm,

Well, T think ons factor to consider is the ratico of the number
of pecple oultivating that area to the number of people
dependent upon the products of thst area, who are not living in
that ares, aud I rather imagine in oertain agriculturs aress this

ratio is rather high, ANNNGTTNENN S
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VOICR:
PLESSET
KRANISHs
BERHE:

WESTERN:

LONGt

Y 3

Well, what he's saying is, é;muumwmx.mwnm...

In that area, but I'm worrying about the peopls who live off of that area.
Not so significant in overall hasard as the primary level,

I think it might be.

¥e can evacuste the aresa, mul then the stery is that they aan't return,

Well, to snswer your guestion, Amold. One 15, ceseee..woll in
the first place, I'm talking anly about telersnce soncentration
of 3070 as compared to extresely high conesutraticn of external
radiation, and second, if you ars talking sdout localised aress,
you have two posaibilities in case of warfare., Ons is that
you're going to use it for sgrisultural purposes that you can
devote it to products which msy be less oriticsl than other
products, that is, thers are & nusber of pomsidilities of being
shle to use it produstively at & lesser sverage risk than we're
cansidering when you have the whole country uniformly contemine
ated, And another is that if it is a mmall ares, in general the
products from it, if they're used to feed a large pepulation
will be diluted with products from other uncontaminsted areas,
S0 you got sone factors of safety thers, and as Y've already
pointed out, you have a mumber of years to work this out after
it happens, and you c¢an do quite a lot to alleviate the hasard,

Now, there's one fact that I was curious to ask about, I got
the izpression that in Mr, Bethe's caleulation, thathe
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(continued)

" LIBBY:

LARSEN

b

assumption is made that all of the strontivm 90 which falls on

the ground is available, One knows that soils have rather
proncunced sxchange charactaristics..l.can one guess...so that
I wmld tales it that this is a rather pesasimistic assumption,
and I was ourious as to how pessimiastic it is, Have experiments
been done in putting strontimm 90 into ordinary soil and then
finding out what is availadble?

Thatts whet youtre doing, isa't it, Dr, Larsen?

Yes, ¥e have besn looking at various ehots, and the one piece

of dats that is most complete isbn the underground, which, as
most of you probably know, is about a 1.2 KT, What we did thers
was to tslm soil flats from California soil representing § inches
in depth, and about L #q. feet each box wae in this dimension,
and we distributed this over the territory of predicted fallout,
We cams bdack with half of what we hnd distriduted as contaminsted,
which we could mesasure by survey meters., 1'l1l teke one, which
reprasents ocns of the zaximom activities to illustrate what we
found, Wa had 196 sicrocuries total swface aotivity on 12/17/51,
and we have grown 5 orope of radishes consscutively on that and
the observed vslues, for exsaple, On Januvary 15, 1952, was 16.9
disintegrations per seoond per yram of plant dry material. The
last orop came off in 9/19/52, of radishes, and this read 1.L2.
Row the controls that we had growing on the same soil, hut
without any centamination, reed, in this crop 1/15/52 series,

it was 1.69 d/s/gram and over here 9/15/52 we were getting about
2.
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LARSEN:

SOLONMON

LARSEN:

SOLONON
w &

LARSEN

VOICR:

LAFSEN:

P g
Sutthiny 217

Can we have scme of the internediats c¢rops? Say July?

Yos, observe...this would be 4/15/52 reading st 9.2. At 7/1/52
we are reading 1.8, snd the fourth crop was harvested,..this

i3 reading about 2,6,

Aren't your contrels just the thing weire trying to msasure?
I mean this repressnts the fallout that hasntt been
fractionsted in any test.

The controls supposedly have nsver received smy fallout,
becanse they were collscted from San Fernando Valley,

Yes, dbut if the stuff's leaking down all the time.
- there's :
Oh, but thawés radigactivity Srom matural sources.
Oh, yes, youtve got K-42, For all the potaseimm $n the world
you have 012X that's racioactive,

his was bafore ¥NIKE,

You have rubidimm, shich is natural. You have the uranium,
thorium seriss, You've always got that to contend with, and
sny time you fertilise, why youtre adding radiosssivity. Kow
the ladino clover was added or planted after we findshed up
with the fifth orop, and we tock five ocrops of that off, and

I bave the last bit of data which same off on Wovember 29, 1952,
I beg yo'r pardon. Just this last aonth, And the contasinated
flat was 1.86 dps, the controlled 1.6 dpe.
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LARSEN:

BEYHE:
LARERN,

BITCHELL:

LARSENs

¥as there any final assay of the poll after you got through
harvesting ths crops?

Yos, we feel that quite significant quantitiss appeared. I
don't have the figures with me right now,

The 196 microcuriss wers distributed over how?
Your square feet,

How do you scoount for such & largs drop from the first orop
to the last one if the radicactivity in the soil is mesintained?

Well, by decay curves and energy curves, the only thing that
we have besn able to pick up here is Stroantiom 09. It has
been a selective sbeorption, Fif aspparesmtly. Now we know from
other crop datg that we have done where we have taken soils,
agricultural solid from throughout Califerniz and New Mexico
and contaminated at the rate of 100 disintegratiocns per seend
per gram of soil, there are 1600 grems to a plot. I can give
you some idea of what happrens here, On the Stremtium if we
take the seil to the plant end we also %y to cover this wp
with the animal feeding, thare sre 100 disintsgrations
initislly per grm. Ihe plan in the leaf material which the
besn was the 208t important, the barley was ths lssst important
and had 1420 disintegraticns per second per gram of plantdry
naterial and if this plant wers fed to this animal our
experinents have netted 280 d per s retained this would be of &
dose fed. In other words, I got these figures from another

-~
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LARSHEN:
(continued)

Uy

experimemnt we did, 1.8% of the Strontium is retained from a
dose of 131,000 d psr s fed daily over 17 weeks, Plant dry
materizl grown on contaiminated soil which would give an
average daily feeding of about 2700 d per s, that is plant
dry material, Cesiun is the least important, cerium is
negligible, mmmmhunmmmmu;m
sctor when we talk about the chealstry of it may act as &
cation or an anion, ¥e have studied the fused ssterisl from
trinity on this sort of a thing, experiment, sad we bave taken
fused materisl fron Shapper 7 and fused saterisl from Upshot 6
and in each oase all we ocan do is to put dowm ndl wptake,

At lsast the instrumentation thet we are working with and the
techniques that we have used on our research work, as we call
it, using those sams studies or corxparisens coms up with this
valus, Now you may be irterested in what kind of activity is
imrmedistely availabls to a plant on detonation, Om this lmst
series out shere we, along with owr fallout studies, we
trapped animals, the native rodents and shot the jackrabbits
that are in the fileld. W%e had good fortuns in that there was
Upshot 2 went in the north sasterly direetics and was noct
recontsminated during the period of our stay in the field, So
we did serial ssmpling on it, In addition we had sampled
that area in October 'szwnm.r...xmwtsz,
You aay be interested in some of the things we found on that,
Onthnrnbbiuddlyplula,dplns??,tndkdplns”dlyﬁ
The casium, lung, liver, leg mscle, and femur,

“ UDE ARCHWES



LARSKE¥E:

YOI1CX%s

LARSEN:s

Would you define the casium?

That is practically all of the GI tract in the rabbit, The
biclogists object to calling it the GI tract, ¥ow these
rmnnznpmmmmhrdmusmm:pu
mincte, per U0 miligrazs of agh.

(chart should bs used hers)
What was the initial date?

It was Muroh A, I believe. Sinse we weren't such good
marksmen in Ssptember 'S1, I cculdn't sample lungs, The
previous work has all been head shots. If you are dealirg
with a larger bomb and more activity drops down here your
activities are going to go up, but they still held that same
general pioture, If you plot the decay curves off say far
exauplejfthe activity here sand of this ssmple you would find
that the slops of the activily will spproximate the slops that
i» represented by this decreass. The half.life us was last
told or mentiocned to me as about 32 dayes. 1 have scwe other
things that, if I mey back wp tc what we were talking about
this morning on particls sizes. Tt appliss %o what we are
obsarving here in the lung. Ve were able to determine on a few
of our air samplers this time the actual particle sige that was
on the air path, This was done by a technigue that we have tréed
to adapt to turbidimetric sise amdypsis on the actual mambrane
filter and we find that about fifty peroent of the activity is
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(continued)
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less than s half a micren at 43 wiles of the sirborne material,
How this oocurred on a sampla that was ccllsoted at two to |
four hours and the same picture held at six to eight hours.
The soil sample collected 2L, hours after debonation in this
same location had the maximum activity in the particls sise
fraction of 175 to 350 microns. I sort of go along with the
idea that 4if we atudy intensively what ean hsppen in the
first 200 miles after detonation we are going to come up with
moat of the snswers that osn de spplied worldwide, if you
will, or st lesst within ths U, 8.
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LIDBY s

LABSOH s

S Pl

There nay be sane question with respect to the charsctere
istics of a particle = you hresk 1t dom to that in close
versus thet which goss out to 2000 milss, Bub I think this
oan be ironad out between the program that Elsendad has
and what the offesite psopls have been deing st Rad Safe
snd what Los Alsmos has desn doing snd what we have besn

doing,
If we can find the tine, we're geing to Wy ite

It osrtainly sssms to be very important, I notice you
finding strontius 893 noew strontium 89 has the seme dusty
character aa atroatium 50, It alse has a kyypton precursor
that oan only bes chemically avallahls, se it say be
selactively sbeorbed in your redishes, Mot beosure of the
M«mmm,mmm,mm
rest of the fission produsta are held besk physically,
This is what we are hopdng % iron cut. IS will be most

interesting to ees whether this is 0.

Ve have work going on in clay fizstisn that is & study in
strontius, cesium, cerium and ruthenive prodlems sud we're
not only going with rempect to the umusl definttion of
clayification, but w are using a binloginal indicator te
prove vhether or not that fived sewcalled fraction is
really, truly rfixed with respect to blologys |
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LIBiYe I think yowr repert is extremely inportant Ire lLarson, that
is, 1L you could possilly nanage to measure atrontivm 90,

LAISGRe You see, a pro.yam like this, Iv, Libby, we call on all
contractors to send us people plus military people and we
vind up with something like 58 or 60 persmormel out thare
in the field, ¥hen we get all through with the field job
and come hone, there are anly two pscpls who have the job
of analysing all the data that has been collected,

LIZEY: It's possible you ses, I think, to et scme contractors
o measure, I've boen hoping that some of these commars
cial conpamisgs would start measuring -- naking lowelevel
messurenants for & charze so you could send a sample to,
say Tracer Compauy I,and get a measurement of 1t at real
low level for a price, or else hsve equipment which you
can buy, or give this service so that it would Le pos~
sible without having to do it yourself to got & lot of

asassurarents made,

VOICE: Tou know, your sarzplss are probably not very low level,
KRANISBH: Dre Western, would you like to have the flowrd
WESTE M I waz nakinz a zental calenlation a moment ago while I vas

talking and I wes trying to coordinate nmy data with the
values wiich r, Pethe had come up with on the board and

- Lal I Traag
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LIEBY:

A

SN
I yot oos of my factors inverted; let me xake & OOTrTRO=
tion on one of the stastements which I hed made, I should
hawe said that & valus for extarnal doss of material
rmmmmmmm&w.amw
about first as being s tolersbls dose which I think was
8/10 microcuries por sqe mi., I'm using ooe mdorocuris por
sguare xile here as being sssentially equivalsat to it.
The axternal doss as the astorial falls out within 4 howrs
is the integrated doss aover a long period of time and is
20 v (not 2000 ») and of which half (of which 320 er 6 r)
the first @&y snd 10 r in the first wesk. One curie par
square xdle would correspond to this asccwrding to the oale
culation which I had nade previonsly and hsve on paper hare,
I got ams of my fractions inwerted in rmking sy meatal
oaloulation,
If you want to go up to what he oconzidars as perhups being
dangerous there, yo would have %0 multiply thess fastore
by 10,0005 then you are petiing up to the pedmt,

Consider this point: In France whather you fight this war

mdymmmmtmm,m&ﬂhm;
btut then, mre the fmoms ruined? In other words, X would
sy 2,000 r, totsl doss, would be something liks a tacti~
oal use whers the bomb comes pumping into the ground and
axplodes low over the troops, 7o get that kind of cone

“
_
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tamination of the zround (100 timss this 2000 r) then would
that farm be rulned?
1 think this is Cal, Holsman's point and it's a very

interesting point.

WESTE N3 Wall, it depends on the interpretation of the date which
Dre Bethe had on the bosrd, If hs putd in a fwcster of &
hmdred, then we would say that the lasrpge sreas of that
sort, we would warry aboud thay,they sdght get results;
if they ms very mall aress, we night b abls t» use
than for smmething,

COLe LULEJIAN: 8ir, in that respsct you might be intevested in this,
Thére was Just ons cave of fullout which we oladm now
covered 2500 sge. nl. and wo think that from thess oslou~
lations it dapouited 2 curies of struntium 90 per square
nile, which would make it something lils 2 er 3 miorocuries,
ard the dose rates informally calsulated would be ss he
indicated here {something 11ks 60 r infinity doss) however,
the reality of the situatiecn in msasuring, this is e
sctusl eass, At the andmm thers was nothing ever 100
rosntgene Anfinity doss, MhtﬁWMlt
falls out and you do get perhaps 5 rosatgens if you live
outside the viginity and yot you do have 2 curies of strone
tium 90 perT sqe mle How, evEn if you have no vegetation
there and you do put population in, is it poszible thot ymm
aizht Just stir up dust by walidng sround and inhale a
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PLEBSET:

LULRJIAN:

FLESSET:

GRIDGSs

LULEJIAN:

~x.:am

LULEJIAN:

Rl
portion of this so that 1t might be & hasard locally so
we would liks to more or less disband in this case from
Col, Holzman's point of view and actually ask the aonw
ference that in the absenos of injection and in the pre-
sanve of depositing & lot of strontium 90 par squsre mile
locally in a tastical situstion, 1s thers sy hasard?

HBow is this 2 curies per square sils ohaerved?

It was calculated from s sbeervation of what was depow
sited in the desert.

In other words you were asswming that the neymal gross
fissicn [roducts . . « Well, then shouldn't the swm
recduction fsotor or somsthing lile 4t bw & part of 2

curies per square mile?

I went %o find out what this is , . ,

I8 should be 60 r infinity dose ass calculated Yy Dr,
¥estern's puint of view,

But youtve goi a new guestion: -Mmmhm
vegetation, i 1t otill dengeroust

In the abeence of ingestion in the tmoresy in wgetation or
snimal there is haserd 1 we pub, in this ease 2 curies of
strontivm 50 per square wile; dut tomorrow, 4L we haw &
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.wnrandua do sctually shoot a lot of bambs (possibly
multiple dropa on one city) this might v up, say, oy
a factor of 10, and yet no vegetaticn; is ithere a
jroblem? In thie case it must be the inhalstion
hesardj we don't eat the dirty you mizht treathe it,

LIBBY: ¢« + » how the Japanese atudy strontium?

LULEJIAN: Yo sir, that's a different croblem. I don't see how he
cot residual activity -sntioned in view of the air
drop « « « I don't guite understaend that. It could have
been o . » It dossntt come with our expuricnoe in the
domestic zone, I can't understand 3 roentgen lifetime
dosa, And incidentally, this im & tower drop and in a
suiace, of course, you would release 2 curies of strone
tivm 20 per aguare mile; there will be othsr Iactors,
however, You worldn®t cover 2500 square uiles; you would
nore likely cover 100 scuare rmiles ~= it will be a smaller

area,
LIEDY: wher you walk sround on test areas up there, do you wear
naska?
LULEJIAH) I dentt,
LInBsY: Do they ever messure thooe masks for activiiy?
BUCHE:s Those who are working in areas that are dusty sand have a

L
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GRERs

1DEH:

o QUINNS

X

e cwausu W YATY Often have the filtars

checked, and they might be quite high.
Is the dust trapped in sharacal or & peper diak?

I think that Cole Quinu and his crowd had guite 2 lot of
those filters in connectlon with the operation,

Some of the HRDL persomwl, after the undergrownd shot,
wont into the test area to yesower smplss and they had
respirators lssusd W0 tast persornel and whant the res~
pirators vare removed you oould see about 20 m r per howr
by aostrdl probdng,

The materisl would get into the nestrils when you'te
wearing those respivators -- not through the filter pads,
but cemes inte them by lsaking around the nose beosuss of
osrtain facial contours.

Concerning this struntiums I you ;ot it into yoor lungs,
would it be ia your body? Would it be metabolived 4f it
were soluble?

I think that whatever it is we actually vetain, 1t is not

sxhaled in the next breath cycles. It is, for all intentis,
solnble saterial. It will soonm be transportsd to bous, and

that. wvas a poind that Dre Commr Lyought outs that to
inhale strontium in that finely divided state is going to

onahbis
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SCOVILIE: In the Jan;le underground shot they had acimals exposed
to the padiation whers the tetal dose was scmething like
2000 r, and they sutopsied those animals end found not
evan spproacshing a telerance doge ingide them in spite
the fuct that such tremendous quantities of dust waere

fourdd

BUGHER ¢ Those were the shesp you are thinking about.

SCOVILLEs You, that's right,

BIGHERS ™he larger particles would tend to be pulled out in the
pasal pansages,

SCUVILLE: 5till they had large esounta of dust in the lung, There
was no activity.

BACHER: ¢ I Just nade a 1iiile rough horsebeck caloulation here

indicating that you would have to takes up about 10
klograms of thut dust in order to get the tolermnce duse,

LULEJIANS Did you sseume 3 certain sise of dust?

BACHERS Well, T ssmme that you mix this undforsly and that wien
vou kicked it up you mixed it up in, say, sbeut a 12 a
cantizeter down, 7This seesed lile a sort of « « &

LULEJIAN: In other words; the only way to et the strontium down
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BACHE:1s

KRAMISH s

ORIGIB s

BETHEs

ST
AR

would be to eat the vegetshls or sinmeral, You'd have to
eat 10 Mlozrans of dust, That's the question I wanted to
ask, and yet yeufve anmwered that it doss really sclve the
problem, I'd like to jet together and caloulate it,

NS
>

M,ymmdﬁitummdaphmu.

Are there any who would like to make what they consider
absalutely inportant comments befors the confozence
wresks ap?

1 vas out this morning whils Dr, Bethe was tedking, I saw
that the ratdo of tolerance to serious offects as Jut on
the boord was different Yty a factor of 100, Yesterday we
were talking aboud & fector of 1000 for this sxme tatio and
I would just lilm to ask how this baxis . + + We cxlled it

lethal yestordaye

The argument for this was, in the cess of redivm, that
1/20 of a miorocuris: is considered tolsrsnce dose and l.h
had in ooo case givem serious effects, (ne case out of 200
cases, Thls is anly & factor of 10, Jow I thyww in an
axtra facter of 10, xmwmmdm
Bugher between radium ard strontium to sceount forr the
diflerent effect of beta rays and alpha rays, that 1t wvas
ay contention that for atrentium unifornly distriduted in
bone you should really cmsider 10 sicrocuries as the
tolerance dose in oxrder to be consistent with other mumbers,

Snam
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in order %t se censistent with a 1/10 of a microcurie for
radiy. or with 300 rdlirams per week of jawra radiation,
This racter 10 snd the other factor 10 between the tolere
ance Jooe of radium and ('@ sories doss od radium jave the

Tactor 109,

QRITBGHs How . undersiand the basis of the 1003 could I ask avout
the vasisz for the 10007

BETHE Novw resterdasy we alse wers tald that owe radio worker died
wizh 8 micro rano and one lady lived with 40 microgrons
where 1/10 wes the tolerance, so hetween (0 ond LOO is the

lﬁnml dove .

fa 058 Is %here goLiy to b clindcal ovidence ior e actual

1L G0 doee i gitrontium?

BUGHER: I hope notd I tuink we are culte contant 4o leave it as
o specularive corputetion ratter than having ecgperimental
confimmation; Sub I Suink what Dre Sethe was trying to put
in here (what he called sencris) was somewhers around 1%
oi the peoryle showing definite losion, and the +op fisure
was something like S0% lethality or senoris lesicn snd
Lhad 48 sz pood as soybody can nmake at this tice,

KRAMISH: I want ‘o thank all o you on Dehlf of the NAND Corporatlon
and Lt varlous contrsctors lor cominy to the ronfurence

wno gdiae us youwr Ldoasy T othink we Jderived a great mauy
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1dean 40 think about and I would like te conclude the con=
ferance gns hope that you'll all take a gquiock lunch and
resh up to the nuclear enorry groud and get your idess

downl on puyere

‘Thank yew very much.
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