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I. INTFKDUCTION 

The conference WBS convened to consider the experimental b t a  obtained 

since the study conducted during swmer 1953 (RAND Report R - 2 5 1 - E ) .  

Fol.lnwing the report of last summer, the Division of Biology and Medicine 

let a contract With the University of Chicago for  the measurement of a f e w  

dozen samples a5 quickly as possible i n  order that the program be praperly 

oriented. This is referred to in the RASD SUNSHINE Report as the Pilot Assay 

Program. 

Their data and some data fram other groups  are presented i n  4pendix A. 

The Chicago group has conrpleted analysis on about 100 samples. 

In Appendix A the unft  known as the SUNSHINE UNIT is 2.2 disintegrations 

per minute of Srw per gram of cdcitmr. 

permissible concentration. 

 his is  1/1000th of ths maximum 

A "standard man" has l O O G  gram of calcium in 

his body. 

standard man It follows, since 1 microcurie of SrW is 2.210 dpm, that one 

SUE33INE UNIT is 1/100Cth of maximUm permissible concentration, 

unft is used for both animals and food. It is, of course, impossible to use 

Since the maximum permissible concentration I s  one microcurie per 
6 

The same 

this unit for rain and water and other types of saaples which do not contain 

calcium, In these saaples the actual SrgC specific act iv i t ies  are glven e.g., 

i n  disintegrations per minute per gallon in the cam of I-sfrlvater. 

The costs for the Chicago m z t a m t s  kre interesting fn themselves 

a b c e  they indicate the budget likely to be reqylred far PROJECT SUBSHIES 
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in the future. 

cost averaged about $3CC per sample. 

They w e  sumarized in Appendix B. It  is seen here that the 

Gr" course, it should be borne in d n d  

that a University Laboratory denotes many services which would not be 

procurable in other environnents but it should also be borne in mind (now 

that the capital equipment is in band) that the cost of establishment of the 

proJect I s  much highar per sample earlier In Metory of the proJect tban later. 

I t  can be seen fram experience on hand that a figure like $100 to $ 1 ~  per 

sample w i l l  be most likely i n  the fiture, and that the possibil ity of reducing 

it much below th is  i s  rather remote except far certain particular types of 

saaples. 

One could, for example, say that rain sample is  m h  less expensive but the 

F'urthemre, AEX administrative costs have not been considered. 

huopss sample assay has the large cost  of ash- vhtch cannot be avoided. So 

avcragin& over the broad spectrum of samples vhich are likely to be desired, 

the figure i s  smethlng l l k e  $100 - $150 per sample. 

11. DZOETIGIiS 

Cursory perusal of the data contained in the PFlot Assay Prograxi of the 

Chicago SUWSHINE indicates the following: 

A. Newborn babies i n  the Chicago area have about 1/6th SUNSHDE UNIT 

of Srg0 or about 1/6000th of tolerance. 

disfntegrations per mlnute of Qrgo per gram of calcium i n  these human =term.  

Ln other words, there are about 0.3 

Wide f'luctuatlons from this aversge occur. It was strongly suggested by the 

conference that medical recards be examined to see vhether any correhtians 

the t o t a l  maber of data  maybe such a deal search v l l l  fcMal correlations. 

1045303 
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B. I t  appears from the agre-nt between the Utah, Wisconsin and Swiss 

assays for cheese and milk that SrW dissemination mechauhn is such a8 to  

indicate considerable unif-ty in this distribution, In other words, It 

appears frum these that  Sr90 lsay not be l ike ly  to  v q  as much as one might have 

anticipated. 

inadequate, but recalling the conclusions of the RAND SUESHm summr confennce 

that stratospheric disscmlnation and storage were nost likely, together with 

the failure of the long range fell-out group under Dr. Eisenbud t o  detect 

-re than a few percent of the total debris f m m  the )4ME shot at IVY, aseays 

are correct in stroagly indicating that the SrW content does not vary e m ~ s l y  

kpm spot to spot at least in the northern hemisphere. 

posslbly at variance with deduction A if 1/6 of 1 SUNSHINE UNIT is  t o  be 

regarded 8s high on 8 vorlil-Vide basis. Hmewr, the expected Chicago baby 

average canaot be theoretically predicted on the basis of the present data. 

It is txwe that the data on vhich this conclusion is based are 

This conclusion is 

C. me data available etrongly indicate that river waters are pure or at 

least much less contaminated than rain. I t  would seem that the action of the 

soil is the explanation of their  purity. 

to the rivers froan the spot v b r e  it fe l l  as rain. 

ful ly  establish this point but it seems l i k e l y  that they w i l l .  

The SrW I s  removed as the water runs 

Ftnther data are necessary to 

D. It seams that sea food ln  mral v i l l  be pure. The data are inadequate 

I t  seems emixmtly to establish this but thc indications are tbt th i s  i s  so. 

rcsrraaable on tha baeis of the mixing which most ccrtduly must take place in 

the rrctZau of the v1);vb8 I n  the oct~z1, that 8ny mterial uhlch falls I n t o  the sea 

vill rapidly mix and be diluted. 

Weay dB has indeed been famd In thc f e w  cams given l n  Appendix A. 

Consequently, one may Aiuy ucpect a very luw 

I045304 
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E. Uith these general conclusions in mirid we may discuss the bearing on: 

1. Future Tests 

It would seem from the results now available that a limited 

number of future t e s t s  of about the Castle scale vould be per- 

missible, end that continuing e f fo r t s  t o  determine the distri- 

butfon of SrgO are not likely t o  upset this conclusion. It seems 

necessary, however, t o  make one exception; namely, the t e s t s  of 

large weapons are  likely t o  lead t o  local f a l l -ou t  of appreciable 

f rec t ian  of the fission products produced and should be most 

careAilly examined from the point of viev of the Suh'GEIIJE PROJECT. 

Additionally, there should be thc most & U t e  and detailed 

eYeunlnntion of any tests of the deep undervater or deep under- 

ground variety involving either themonuclesr or large scale 

fission weapons. 

2. Warfare 

The only commnt on t h i s  polnt that the conference made was 

that c iv i l ian  defense against Srm IPig;ht be accomplished by euch a 

si~uple device as the use of a calcium-rlch diet. 

therefore strongly suggests that the Division of Biology and Medicine 

The conference 

institute studles of the pa l l i a t ive  effects of the addition of 

soluble calcium to the diet .  

such as calcium glutonate on the Srw uptake. 

by the use of Sr89 to avoid hazaxds to the individual 8 

s ~ y  a t  be made on -s of tbe rete at which sr89 in 

the d i e t  is assimihted nomally and tbsn fn t h  caw? of 8 

For example, the effect of a compound 

In other words, 

i o 4 5 3 0 5  
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d i e t  kcith calcium glutonate added. It seeined t o  the group that 

there might be other ways of prct-enthg widespread S r w  w e ,  

but that this uodd be one of the  s l q l e s t  and it I s  obvious the 

data should be obtained immediately. 

% L 

Another point indicated by the data and the underlylnd physical 
I .  

principles themselves is that changhg t o  a seafood diet  might reduce 

very greatly the hazard due to SP e q o s w e .  

LII. SrnBIKEFTURE 

!The purpose o i  the Pi lo t  Assay Program was not only enllghtcllnent on 

the facts 03 SrW distribution but also t o  d e  it possible t o  better plan 

the ?uU. Scale Assay. 

o’otained t h i s  fall, it seems poseible t o  develop sane tentative conclusion about 

the direction which the GUIiSHINE PRCJECT should t ake  in the -tuture. 

On the basis of the d a h  given above frcm the samples 

A .  Who Should Nake the Measurements? 

The procedure developed is one that is quite sir@@ and requires 

re la t ive ly  little chemical training and only the staudard low level radioactivity 

techniques. 

axiount of radioact ivi ty  being measured is so sm11 that  the most r i g i d  

stenbards of cleaaliness are essential .  

The Analytical Method is discussed in Appendix C. Harever, t h e  

Tne habits of procedure necessary 

t o  this  lar- level  assay are perhaps more d i f y i c u l t  to acquire t i  the 

understanding of the principles of chemical separation and the physical 

measurements being made. 

PRGJECT should perhaps come to Cbicago and learn procedures, but more 

particularly ehould complete one or two assays in order to become acquainted 

It would seem tbat groups selected to continue the 
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with the procedures for lrnlntenance and cleanliness. 

Possible groups ?or continuance of the SUNSHINE measurement6 would be 

the National Laboratories such 8s the Argo-, Brookhaven, and io partic*, 

the Los Wamos H e a l t h  Division In which Dr. E. C.  Anderson, a ntan very skilled 

in low-level techniques, is employed. 

to serve the purposes of the ProJect, in t h a t  there seem6 to be Uttle pos- 

sibility that they are In a position t o  make measurements without extensive 

development and training. 

pot only Project SWSHm but all of the low-level applications to medicine 

and industry await the offerings of these measurement services by lndwtry. 

If one were w U i n g  to train the personnel, the companies could, of course, 

perform the measurements; this  providing they would aUov continued ~ e ~ c e  

by outside personnel to guaran&%ee the rel iabi l i ty  o l  the r ~ l ~ a s u r u ~ e n t s  and 

techniques un t i f  they had learned the procedure. 

arrangement is  prac t i ca l  or not i s  d i f f i c u l t  to decide but it does stem that 

it is not likely to be very satisfactory. Aplong the companies which adght 

be considered are those i n  the counter and radiochemical buslness and such 

groups  as North American Aviation, Stanford Research, Armour Research Foundation 

and laany others, 

,:- 

Ipdustrlal companies seem to be less likely 

We hope that this situation will chsnge, since 

Whether this type of contractual 

Much w i l l  tbe m-6- sLJ3SE~ h-7 Coat? 

As shown i n  the Introduction, it seeins l i k e l y  that tho assays will 

cost about $100 per sample in the end. 

by the m&cr of amplasasseyed. 

are essentially Ipuch easier and cheaper than others, 

80, the cost will be determined largely 

It is to be borne in arind that 8om aanples 

Badies apd soils are 

I 0 4 5 3 0 7  
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intrinsically much more expensive than either rains or foods because the 

reduction of the sample to a measureable form is in Itself more! expensive. 

Bodies require c m t i o n  aad soils require extensive chemical extractian under 

controlled conditlam. 

Ikcember of 1953, the Chicago SUNSHME P i l o t  Assay group mm%sured about 100 

8aqles. 

of the tecbniqw and the acquisition of the ma&r ap-tus necessary, though 

it is to be remembered that In the early etages of the  Chicago SUI?SHDE YOTk, 

all of the apptu'atus Llhccs8ru-y vas barowtd frolo laboratories already 

In the mnths of Sep-er, October, November, and 

!Chis sveragcs &out 1 per day. Of couzge this includes the develrrpmnt 

functioning at the Uaiversity. However, the samples were acquind d w b g  the 

period of mcasurenrnt, and llov that the sarnple acquisition program is well In 

hand damstically, one can presumably expect many more meesuremente and a 

higher rate of Easurermtnt fKxa tht group. ThFs btfng only a Pilot Assay program 

we can anticipate that a U - s c a l e  program pursuing the points w i l l  involve 

more samples. 

between $3OO,OOO and $1,OOO,ooO per year as an estimate for the Full-scde 

Assuming 10 muplts per day 8s a figure, we have something 

SUNSHIHE Assay. 

C. Bow Long Will the SUESSHIXE PROJECT Exist? 

'I2be conference debated this quest Ian  a t  length and concluded that 

as far as we can determiPa at the present time, it must run for at least tvo 

or m e  years and that during t h i s  future period the continuance of the project 

be discussed again. 

IO45308 UNCLAJSlF lED 
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IV. TBEFUTUREGAMPLXNCPRGGRAM 

The conference discussed the adequacy of the present sampling program 

and concluded that it was quite adequate for the United States but extremely 

inadequate abroad. It was the feeling by many of the Embers of tbe conference 

that this was due almost entirely to the difficulty of operating abroad under 

secrecy conditions. Some of the group felt  that th ls  would be prohlbltively 

difficult and that foreign assay with myth- 1LFke the campletelless which l a  

faormmable in tbe United States w i l l  be bip0SSibly diff icult  unless 8ome 

relaxatlcm of the secrecy regulations occurs. 

OIIhj one cannot buy bables or  human materials or the effort to bottle 8 sanple 

of rain water and ship it. 

vbo must do then are people 80 learned, and so Interested otheruise, that the 

arorrey that could be involved would be of no consequence. 

dbtaining the samples is tn obtain the cooperation of the foreignere themselves 

and this can be done only by telling them what the point or the main part of 

the  plan of the nation is. 

about the assays obtained, how radioactive peoph actually &re or hov serious 

the danger is. It is probably clear that It is necessary t o  h f o m  thua about 

*the overall likelehocd of the danger and that the problem is  one of consldersble 

iqmrtance. So it seem3 to a g r o q  in the confemnce that tbe choice to be nu?& 

at  the wwent is largely between Ignorance of the foreign situation with 5cme 

hope that the S m  hazard be kept eecret and a fignk admisalon of the 

purpose 02 the SUNSLDE PFWECT together vith the proper -hasis of the 

tnrmanitarhn aspects and an ability or opportuaity to assay tbe vwld aa a vhols. 

I 

The argument is a very simple 

Wse th ings  are not purchaseable because the people 

The only vay of 

It i s  not clear that it is necesssry to tell them 
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A. The sampling program is therefore nct l ikely to yield a =-scale 

assay of the  world at  the present time as far as human materials are concerned. 

It does seem clear that one can sample quite adequately for foods, particularly 

milk solids or miUE products. 

United States, particularly in the Chicago area, may be sufficient when taben 

The correlation that can be obtained In the 
v 

together with the f ew foreign human samples which are l ikely to be proc-md. 

Some general conclusion can thus be drawn. 

B. It seems clear from the examinntion of the data presented above that 

tbe "Chicago Baby Pragrm" should be continued, perhaps at a lover rate. It 

a l s o  s e e k  desirable that another "Baby Series'' be started, preferably in the 

S a l t  IIprke area, t o  check with certainty the preliminary results based upon the 

m i l k  sa~uples, to determine whether the strontium hazard in Salt Lake i s  no 

vorse than it is  in Chicago. 

C. It seenu clear to  the conference that more use should be made of 

animal bones, particularly calf bones. This kind of mterial being procmable 

all over the world, a program should be instituted t o  cbtain the samples 

immediately and to set up ashing facilities so that the bones can be processed 

a t  the lowest cost. 

D. The m i l k  solids and cheese samples look so promising a t  the moment 

that th is  type of sample should be enphasized in the i'uture. 

E. The measurement of adults should be undertaken immediately. It is 

cloar from the general principles tbat, m mt fad5 in last sunmeres RAND 

S m  Report, adults should have essentially zero aasay. However, this 

point ha6 not been established expeFienent8lly and the result I s  of such hpwtaace 

that it must and sharld be established in tke iepodkte fbture. The Chicago 

1045310 U N CL A S  5 1 F I E D  
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group w i l l  undertake a measurement on one or tvo specimens providing it appears 

l ikely that an ordinary craPstorlum viu. operate under sufficiently clean 

conditions from the radiochemical point of view that it can be employed to 

do the cremation, 

F. It seePled clear to the conference that ths poss ib i l i ty  of classified 

cooperstion w i t h  the British vould bear fbrther exadnation. 

MS aware, however, that there were several consideratione which might bar 

such coaperation. 

The conference 

v. 'PHEcASmsAl G'LIBG PROCRAM 
VIEH OF TEE SlJERI3?E P R O m  

A. Task Force 

I t  appears that the MIKE shot at  IVY had no fall-out stations i n  the 

This occurred because the rafts which region most likely for local fall-out. 

had been planned appeared to be security risks in  the sense that they looked 

like submarines; so they w e r e  eliminated. The result is that we do not know 

with certainty whether 90 percent of the MME debris f e l l  out within xx) or 300 

miles of the test site, and thereby was missed. 

point is given Fn Appendix D. 

sssay Indicates that only a fev percent of the b9IKE debris could possibly 

sppcsr any place else on tbs earth's surface, 80 ue eup left with the 

conclusion that the MIKE debris either Is still in the stratosphere or is In tbe 

Pacific Ocean. 

A detailed discussion of this 

The facts at the present time are that, world-wide 

Furthemore, the elaborate preparations for d e t e r d d n g  the helght 

of rise of the cloud and the vind veloc i t ies  at PBTIQUs heights us- the 

1 0 4 5 3 1  I 
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RAYWITID lrethodology were  eliminated also. This would have given the height 

of rise of the cloud and the direction of the winds at various heights - these 

mztters being extremely Important far the correlation of esy local fall-aut 

that did occur wltb metaarologlcal conditio- and allaving the prediction 

for future tes ts  of local fall-out. The conference therefore concludes that 

it is of the utmost hport8tnce that local sam~~ling a l l  around, particularly 

in the dovo;vind dircction, be done at the CASTLE tests.  It I s  also important 

that the measurements on height of rise of the cloud and velocity of vind and 

function of h e w t  us- the RAI[HIss) methodology be used. A cmmmmicstion urging 

this was sent by the conference to the Chai2rman of the Atomic Energy C a x m i S S b n  

(Appendix E to th is  Report). 

B. World-wide Sampling In Connection with CASTLE. 

It seenm clear that the  dissemination of radioactivity over the whole 

world can be measured iL t i  ntmberof ways, but since the time is short and the 

secrecy conditions or restrictions are such to prevent any use of any admission 

of the real purpo~% of the program, SQIIE conferees agreed that the Chicago 

SumsIIllJE PROJECT should proceed to institute a world-wide rain-sempling program 

for next Mamh, April, May, June and July using the project now in exlstence at 

the University, an the 'Occurrence of Tritium in Nature" BS a cover operation. 

A t  the present time vater samples are  being acquired froan a l l  over the world to 

a l l o w  for measurement of the tritium content in  an effort to  determlne the 

distribution of codc-ray-produced tritium. These samples can be perfectly 

1 0 4 5 3 1 2  
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precipitate it out, oxilate or cmbonste and to take the  filtrate water and proceed 

with the tritiun analysis. !The strontium salt precipated is then subjected to 

the strontiuu! 9Q assay. In t h i s  manner the rains Included In Appendix A have 

in general been ~ e a s u r e d  for tritium as wel l ,  or are i n  the process of being 

measured. Practically all of t h e  samples listed ia Appendix A were obtalned 

from the TritiumProJect. It S ~ R S  l i ke ly  that the Chicwo Tr i t ium group can 

..trite t o  perbps 100 ?laces to peuple vho b v e  already been collaborating in 

the rain an0 vater saiupling program and ask then t o  take the samples. The cost 

to the project vill be only the cost of chanlnicaticm and transport and the 

caxzning of t he  samples. It was decided by the conference t h a t  in tha hteIY3St8 

of p rac t i ca l i t y  and e a s e  of acquisition, the suggestion would be that the 

collection be made from dovn-spouts and that the collector be asked t o  give 

the roo: area and the date, t b e  and location. Saqles should then be bottled 

ma sLi2ped d i r e c t u  t o  Chicago and payment made for any costs or expenses 

involved. This program w i l l  be instituted under the Chicago SUl$EIHE PROJET. 

140 cjt .ht~~* suggestion was thought to be prac t i ca l  iu view of the very short  

time before t&e t e s t  series begin. 

The conference urged nost strongly a continuation of the biological 

research programs related t o  the   SUN^^ Program. Par t icular ly  hportant  is 

the work on the UaxiWrm Permissible Concentration of Sr 90 . 

L-ANL 
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APPEN3iX A FQI-LL7 5 dM= 
1 2 - 9 - 5 3  - 13 - PROJECT SUI?SHlIG PILCT ASSAY RESULTS 

December 18, 1953 

-4. Chicago babies: sanples furnished by Drs. 
E. L. Patter and L. 0. Jacobson 

1. 

2. 

3. 

4. 

- 
I *  

6. 

7- 

8. 

9. 

10. 

11. 

12. 

13- 

No. 1: 
gestation; 90 gms ash 

No. 2: Stillborn July 30, 1953; 29 e k s  
gestation; 57 gms ash 

no. 3: Premature; Sept, 11, 1953; live vefght 
1830 @ns; 38.3 ash 

NO. 1.: 
930 gms; 24.2 gms ash; 6 months gestaticm 

gestation; 58 gms ash 

gestation; 65 mgs ash 

NO. 7: Premature; Sept. 17, 1953; live weight 
660 gms; 13 gms ash 

Bo. 10: Stillborn Sept. 20, 1953; 32 w e k s  

Stillborn July 26, 1953; 37 veeks 

Premature; Sept. 5, 1953; l i v e  might 

NO. 5: Stillborn Sept. 15, 1953; 39 veek~ 

XO. 6: sti l lborn Wpt. 13, 1953j 38 

gestation; 25 ash 

No. 11: Stil lborn Sept. q, 1953; 32 weeks 
gestation; 24 gms ash 

NO. 12: 
gestation; 81 gms ash 

NO. 14: 
geststfon; 35 gms ash 

NO. 15: 
gestation; 18 grrrc; ash 

S t i l l b o r n  Sept. 26, 1953, 40 weeks 

S t i l l b o r n  Sept. 26, 19531 n mmks 

S t i U b a F n  &pt. 28, 1953; 20 veeks 

NO. 16: StFuborn 24, 1953j 3 
gestation; 52 gms ash 

14345314 

< 0.3 + 0.04 - - 
€ 0.36 + 0.08 - - 
< 0.4 + 0.1 - 
< 0.4 + 0.1 - - 
< 0.23 + 0.05 

< 0.17 + 0.04 

- - 
- - 
c - 0,071 + - 0.038 
< - 0.0% + - 0.015 

0 . q o  + 0,052 

< 0.102 + 0.03l 

0.043 + - 0.014 
0.143 + 0.024 

0.m + .. 0.019 

- 
- - 

- 

U N C I A 5 5 II F I E B 
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Sample 

12-30-53 - 14 - 
Assay 

(Unit: 1/1000 allowable) 

14. No. 17: Stillborn Sept. 27, 1953; 36 weeks 
gestation; 88 gms ash 

15. Ih, 18: Stillborn Sept. 28, 1953; 39 weeks 
gestation; 72 gms ash 

gtstation; 46 gms ash 
16. XO. 19: Stillborn Ckt. 7, 1953; 36 weeks 

17. No. 24: Stillborn Oct. 10, 1953; 30 weeks 

18. No. 27: Born Sept. 30, 1953; live weight 

19. No. 28: Stillborn Oct. 14, 1953; 36 weeks 

geetation; 26.2 gms ash 

2400 p j  39 Veeks gestation; 61 g m ~  a& 

gestation; 15.2 gms ash 

20. BO. 29: pra~ature; Oct. 1.2, 1953; 36 W&S 
gestation; l ive  velght 1880 &us; 42.6 gms ash 

21. Hc. 31: St i l lbarn Oct. q, 1953; 39 weeks 
gestation: 75.7 gms ash 

24. KO. 34: Stfllborn Nov. 2, 1953; 34 weeks 
gestation; 5'7.3 gms ash 

25. No. 37: Stillborn Nor, 8, 1953; 36 weeks 

26. Ro. 38: Stil lborn Nw. 8, 153; 34 weka 

gestation; 79.4 gms ash 

gestation; 46.6 gms ash 

q. Bo. 39: Premature) Nav. 9, 1953; 32 weeks 
gestatioq Uve weight l8W m; 42.5 gnu3 ash 

28. BO. 40: NOV. 7, 1953; 39 m b  ~ S t r r t l O n j  
live wrtmt 2225 lpns; 62.1 ash 

29. Eo. 41: St i l lborn Mv. 9, 1953; 34 weeks 
gestation; 58.8 gnrs ash 

1 0 4 5 3 1 5  

0.15 + 0.01 - 
0.13 + 0.02 - 
0.218 + - 0.023 
0.11 + 0.01 - 
0.094 + - 0.008 
0.32 + C.05 - 
0.24 + C.051 - 
0.147 + - 0.013 
12.095 + - 0.020 
0.21 + 0.01 - 
0.067 + - 0.03 
0.12 + 0.04 - 
0.066 + 0.02 - 
0.15 + - 0.04 

0.13 + 0.025 - 
0.06 + 0.02 - 

U M C L A S S I  FPEP 
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UNCLASSIFIED 

B. 

L. 

D. 

30. 

31 

32 

33. 

34 

No. 42: P-turc; Bw. 10, 1953; 38 veeks 
geetation; live velght 2530 gms; 5G.5 gms ash 

Bo. $ 3 :  Stillborn Nov. 10, 1953; 30 weeks 
gestation; 34.3 p ash 

No. 4!r: Stillborn Nov. 11, 1953; 28 veeks 
gestation; 16.6 gms ash 

No. 45: 
gestation; 13.5 gms ash 

St i l lborn  Nou. ll, 1953; 28 weeks 

Later m i l k i n g s  from babfes Nos. 2, 3, 4, end 5 were 
combined far average 

Assay 
(Unit: 1/1000 allowable) 

0.15 + 0.05 - 
0.18 + - 0.03 
0.19 + 0.02 - 
0.U + 0.02 - 
0.1&2 + 0.01 - 

Ssmples f'urnished by Dr. A. K. Solomon, Harvard University 

1. 

2. 

i- 0.32 

+ 0.32 

- Barvard adult rfb (Age m o w n  to us; 16.1 gms ash) 0 

0 - children's rib6 (Ages: 7 VS., 7 ';YrS., 3-1/2 F S . 9  

1 v., 1 p., 5 wks., l2 days, 8 d a y s ,  6 days; 8.9 @us ash) 

Data of J. L. K u l g  of Colwhia University 

1. Ancient c h n  shells (> 30,000 years) < 0.018 

2. bdern clm sfiells ( 2  years old) < c.018 

1.3  + 0.09 3. Wisconsin cheese (1 m n t h  old Mmster; 20 lbs; 

1.9 + 0.09 4. Wisconsin calf ( 2  y e a r s  old; from Madison area) - 
3.9 + 0.18 5. PIantm c a l f  ( 6  months O U j  from Leriston m a )  - 

W - 
70 p s  calcium) 

6 .  Lmmnt, R.Y., tap soil (E? sq. f't. to 2 in. 10.9 + - 0.11 
down. 
concentrated HC1);  36 grns calcium 

Extracted 66 lbs. With equal volume of 

Section of vertebral colwun and ribs AuPished by Dr. W o l d s  Warren 

0.17 + 0.01 

0.12 + 0.01 
1. No. 226: Age 3-3/12 gears; Mtss.; 24 grim ash - 
2. No. 232: A,ge seven yeam; ana, O h i o )  17 gats ash - 

t Q 4 5 3 1 b  



L / N C L A S S I F I E D  

Sample 

D. (Cont.) 

Rx-117 5 -Am 
12-33-133 - 16 - 

h = Y  
(Unit: l,/lcjco allovable) 

0.13 + 0.G2 3. NO. 237: Age seven years, eleven months; area, mine; - 18.7 gars ash 

< - 0.40 + 0.03 
I 

< 0.23 + 0.02 5. G r a \ ~ p  11: Pooled samples, 2l9, 220, 236 and 243; - - 
ages ranged from 6 to 8 weeks; l-faine and Msssachusetts; 
12.95 gpS 86h 

0.k2 + 0-03 6 .  Group 1x1: Pooled samples nos. 230, 235, 240 and 250; - 
ages ranged ilwn 4 to 6 aronths; Massachusetts and 
New Hampshire; 11.58 gma ash 

7. G m q  rV: Pooled saqlies 241, 247 and 251; ages ranged 0.3 2 0.07 
f'rom 3 to 6 years; Maine and Massachusetts; 12.56 gns ash 

E. Cheese Sauii~les 

1. krisconsin Srriss (13-5 lbs;  from mound Monroe 

U 0 . g  gms ash 
i n  Green C O U t y j  W a C t u r e d  Ju ly  3, 1953); 

1.16 + G.043 - 

1.25 + 0.15 2. Imported Swiss (19 lbs; Svitzerland); 353 gms ash - 
1.4 + 0.c3 3 .  Japanese :k i j i  (1G lbs; processed; obtained by J. 2. - 

MaJ"er; -8 WrFS@nted - T W  or OS&, BonShU 
Island, Japan) j 243.k gms ash 

0.06 + 0.c1 4. Japanese Hohkaido (10 lbs; natural; obtalned by - 
J, E, Byer; -8 represented - Hokkaido Island, 
Japan); 132.8 gms ash 

Wisconsin W e r  (rS ~ b s  fr~nn mge County, Wisconsin); 
N 

2 . q  + 0 . q  - 5. 
m x t u r e d  end d' July, 1953; 3?2 ash 

F. Chlcsgo milk shed samplas: Ik, Lyle  Alexander of the U.S. 
I k p t .  of Agriculture collected milk-alfalfa-soil samples 
f r o m  several farm Fn Illinois and U i s c o n s i n .  We have not 
receivud the SOU samples yet, but following  IF^ tbc alfalfa 
snd lnilk s8qpl.e~ vhtch haw been processed. 

1 0 4 5 3 1 1  
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Sample 

U N C L A S S I F I E D  
RM-117 5 -AEC 

U N C L A S S I F I E D  

A6 sny 
(unit: 1/1ooo allowable) 

< u . 8  + - 0.3 a) No. 1: F r o m  Grabow Farm, Rack County, Wisconsin; - 
140.5 epns ash 

C )  NO. 5: From Lcvke f m ,  DW County, W l S C O n S b j  < - 20.9 + - 0.9 
Sept. 30, 1953; 1fl.O gms ash 

d )  No. 7: F r o m  Kurpccki faw, McHenry County, 1U.j < - 7.44 + - 0.46 
Sept. 30, lS3; 152.5 gms ash 

e)  Bo. 9: From McXee farm; YcHenry County, Illinois; < - 14.8 + - 0.3 
143.5 gms ash 

2. M i l k :  These samples were dried by Dr. Arthur Svanson 8t the 
University of Wisconsin. 

8 )  NO. 1: From C r a b o w  f-, Rock County, W l S C o n S h j  
sqt .  28, 1953; 75.6 g m ~  ash 

b) No. 3: From Swanson fann, Wlnnhbs&o County, 111.; 
Sept. 29, 1953; 134.2  HIS ash 

c )  NO. 5: Frm Leuke farm, Dane County, W i 8 C m - j  
Sept. 30, 1953; 88.2 gms ash 

e) No. 9: From McKee farm, &Henry County, Ill0 j 
Oct. 1, 1953; 149 gnu3 u h  

1.7 + 0.08 

1.21 + 0.02 

- 
- 

2.25 + - 0.104 
1.3 + 0.02 

1.4 + 0.1 

- 

- 
3. Soil: These samples were processed t o  the calcium 

oxalate form by Dr. Alexander's group et Beltsvi l le ,  Maryland 

a) NO. 1: From Grabov farm, Rock County, Wlaconsh; < .. 26.3 + 1.0 
Sept. 28, 1953; Knox Loam, 0" - 1" 

< 6.7 i 0.4 b) BO. 1; 1" - 6" .. - 
c )  No. 3: Frum Svanson farm, Winnebago County, XU.) C .) 12.0 + - 3.0 

Sept. 29, 19.53; Carrington Loam, 0 - 1" 

I Q t r 5 3 1 8  



Sample 
- 18 - 

Assay 
( Unit : 1/ 1000 allovable ) 

13.1 + 0.3 

15.8 + 0.8 

a) No. 6:  From Prem farm, Columbia County, WlsconsLn; - 

e) No. 6:  F r o m  Premo farm, Columbia County, Wisconsin; - 
Sept. 30, 1953; Miami silt, C - 1"; leached with NH4 Ac 

Sept.  30, 1953; Miami s i l t ,  0 - 1"; leached with E6 
after NHk Ac 

2. O t h e r  samples from Dr. Alexander 

1. M i l k  

8 )  Powdered whole m i l k ;  dated 1943; source unkmn; 
73.8 gms ash 

0 + - c.008 

b) Dried skim milk; Logan, Utah; Oct., 1953; 289.4 p ash 1.35 0.05 

c )  Dried skim milk; Beaver, U t a h ;  Oct., 1953; 266.1 @m ash 0.91 + - 0.02 
2. Soil: Processed by Dr. Alexander's group to calcium oxalate form 

+ c.5 - a) No. c-2916; Iowa, 1937; Carrington loam; 0' - 3" 

b) No. C-2917; Iowa, 1937; Carrington loam; 3" - 13" 
0 

0 + 0.3 - 

Z.  Egg shel ls  

1. 250 gms obtained from Coffee Shop at the 
University of Chicago on Sept. 4, 1953 

2. ku gms o b t a i ~ ~ d  from B i l l i n g 6  H O S p i M ,  
University of Chicago, Sept. 8, 1953 

I. C a l f  Bone Samples from J. H. Harley, NYO Office: 
eshed by Anslytical Branch of the New York Operation8 
Office of A.B.C. 

1. Q-1 leg bone ash of calf born March 1953, raised at 
Easton, Sew York; patturs fed w3tbout supplementary 
feed-; slaughtered Bov. 1, 1953; 92.99 gms ash 

2. 4-2 - sarm as above; apparently two portions Of Same 
esnrple but milked and cauatod eapasately)  106.96 gpls ash 

1 0 4 5 3  I Q 
8 

1.17 + - 0.10 

0.485 + - 0.62 
0.284 + 0.G33 - 

6.1 + - 0.2 

6.3 + 0.15 
I 
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J. Rain sarnples obtained from the University of Chicago 
tritium group. 

1. iao. 16: 3.4 gal.; collected in Chicago, NOV. 17, 1952, 
0.11 in. 

2. NO. 18: 3.8 6 . j  collected In Chicago, NOV. 22, 24, 
23 and 26, 1952; 1.24 In. 

3. No. 30: 3.9 gal.; collected In  Chicago, Fcb. L1, 1953; 
c.03 in. 

4. No. 40: 1.7 gal.; collected in Chicego, Mar. 12, 1953; 
0.30 in. 

5. No. 50: 1.5 gal.; collected i n  Chicago, Mar. 3, 1953; 
c.03 in. 

6. KO. 51: 2.c gal.; collected in Chicago, Apr. 3, 1953; 
c.04 in. 

7. r h .  56: 5 gal.; collected in Chicago, Apr. 15, 1953; 
(2.06 in. 

8. No. 60: 1.6 gal.; collected in Chicago, Apr. 30, 1953; 
1500-1520; 0.03 in. 

3. Bo. 61: C.7 gal.; collecte3 in Chicago, FQr. 30, 1 3 3 ;  
1632-151G; C.C1 in. 

10. NG. 67: 2-1/2 gal.; collected in Chicago, tiiay 22, 1953; 
i.52 in. 

11. No. 7k: 5 gal.; collected in Chicago, June 5 ,  1953; 
c.c5 b. 

12. Ro. 79: 2.4 gal. j collected in Chicago, July 5 ,  1953; 
Q.20 in. 

13. 130. x: 2-1/2 W1.j collected in Chicago, w. 1 to 3, 
19533 6-62 in. 

14. No. 92: 5 @.; collected in Chicago, Aug. 4, 1953; 
0-05 in, 

1045320 

m.1-117 5 -AEC 
12-3C -53 - 19 - 

7- 5 

4. j 

3.4 

0 

7-2 

5.5 

8.42 

67.3 

26.5 

4.70 

12-15 

5.0 

+ 0.2 - 
+ 0.2 - 
+ 0.15 - 
+ 0.3 - 

+ 0.5 - 
i 1.6 - 
+ - 0.6~ 
+ 3.2 - 

+ 0.222 - 

i 0.4 
0 



Sample 

- 
- U N C L A S S I F I E D  

13.54 + 0.59 15. No. 96: 5 g a l . ;  collected in Chicago, Sept. 11, 1953; ' - 
C . 5 0  In. 

+ 1.36 16. KO. 9'7: 5 gal.; collected i n  Chicago, Sept. L8, 1953; 39 - 
0.63 in. 

17. Eo. 98: 5 gal.; collected in Philipplne Islands, 
Elarch, 1953 

7-76 1.79 

46.0 + 1.5 18. No. 103: 5 . 0  gal.; collected in Chicago, Oct. 26, 1953; - 
0.13 in. 

K. Other water samples 

+ 0.4 1. Pacific Ocean (Santa Monica Beach); 80 liters, collected < - 1 - 
Mag 20, 1953 

2. h!ississippl River water at St. Louis, 5.C gal.; 
collected April 17, 1953 

0.39 + C . 0 8  - 3. Chicago tap water, 9.83 gal.) collected C c t .  27, 1953 

< 3.3 + 0.4 4. Snov sample No. 19: h.5 gal.; collected In Chicago - - 
Dee.  2, 1952; 3.90 in. 

These data are complete t o  date. 

W .  F. Libby 
University of Chicago 

1045321 
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salaries 

vverhe8d (43%) 

Travel 

Supplies, etc. 

Equipment 

N u m b e r  of m l e s  ~un 

C o s t  per sample 
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I -- UNCLASSIFIED 
mal7 5 -AEc 
12 -30-53 
- 2 2 -  

A. R e l w  treatment of camp les 

MfOm any C h e m i c a l  p v t i m  Was done, O f  the Solid S q l @ 6  

dried or burned in an oven ar incirmerator and then reduced t o  ash in a muffle 

fumance at 900°C. 

cheese and mFuz speclza?ns. 

processed the soil samples and sent  them to us in the form of calcium oxalate. 

Samples t r e a t e d  in t h i s  way included the  human, alfal"8, 
\ 

The Bureau of Plant Industry a t  Beltsville, Maryland, 

The water samples, including the rain, spoy, lake, river and ocean samples, 

vere f i l t e r e d  t o  remove solid material. 

B. Chemical preparation of samples 

The ashed s q l e s  were dissolved i n  concentrated H C l  and concentrated 

BFJO was also added i f  the sample did not go into solut ion sa t i s fac tor i ly .  

The residue, if any, was then filtered off, and, with the exception of the 
3 

human group, strontium carrier was added t o  the Bolution, which was then milked 

with yttrium. 

The alfalfa samples were st i l l  highly contaminated after the first 

mllking. Repeated ferric phosphate prec ip i ta t ions  were made t o  remove the rare 

ear th  contaminants. The strontium carrier which had been added was isolated 

using Harley's method, and then purified. 

The s o i l  samples in the form of calcium oxalate were dried, ignited t o  

oxides, dissolved In concentrated 3C1, diluted v i th  water, and milked. The 

muking technique adoptad by the Chicago group for the determinatian of tbe Sr 

content of various t y p e s  of sample essen t i a l ly  consists of obtaining an HC1 

solution of the sample, adding c a r r i e r  for the y t t r i u m ,  separating the Y 

daughter of any Srw present in the sample by a phosphate prec ip i ta t ion  of the 

90 

90 

1 0 4 5 3 2 3  
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m-ll7 5 -AEc 
12-30-53 - 23 - 

caFrlcr, and determining the e,muunt of Ygo and thenfore also of Sr90 present 

by 8 b S O l U t e  counting. 

The technique outlined above vas tes ted and shown t o  yield satfsfactory 

results both using inactive yttrfum and neodgmium as carriers for the Yw and 

both in the presence and absence of calcium in the  solution. The following 

example of a test experLment performed w i t h  neodymium carrier and in the absence 

of calcium serves to i l l u s t r a t e  the details of the chemical procedure, the 

counting technique, and the calculations iwolved i n  & h g  a SrW assay by 

the milking technique. 

2.m5 g Sr(W ) verc dissolved i n  5C mU2C, and t o  it was added 3 2  
approximately 22,000 dpa of an acid solution of SrW - Y90 t r ace r  in equilibrium. 

A few m l  of S5$ H f 0 4  were next added, followed by 0,304 g of Ndlll ca r r i e r  

in H C l  solution. The solution ras stirred and heated. To the hot solution 2 N 

NE140H wa6 added gradually with vigorous stirring u n t i l  the precipi ta t ion of 

IS6PO4*2E20 was believed t o  be complete. 

out completely well below pH 1, while the phosphates of calcium and strontium 

(NdPOk*2f120 and Y P O k * 2 e , 0  precipi ta te  

do not begin t o  precipi ta te  u n t i l  pH 3 o r  4 I s  exceeded). The precipi ta te  

vas  dlgested with heat- for 15 minutes, f i l t e m d  onto a 7-cm f i l t e r  paper, 

and washed with water. 

precipi ta t ion occurred, showing that the precipi ta t ion of neodymium had been 

cmplete. 

a s  precipitated completely. 

The pmclp i ta tes  were dried and mounted onto lucite Scmicylinders of 1-7/8" I.D. 

To the fi l trate were added a fev ml of 2 N NH40H. No 

Additional NH40H was now added t o  the 6- solution u n t i l  SrHp04 

The SrIlp04 vas also f i l tered onto 7-cm paper. 

t o 4 5 3 2 4  



UNCLASSIFIED 
RM-ll75-AEC 
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The C C r u n t a  procedure is described In Section C below, Tho mamted 

diaareter and 10" active length. The geaaetry factor for the position #at 

vith use of a similarly mounted sample of K C l  and was found to be 2.50. 

The activit ies  in the two sanples inre followed for over 10 days. The 

activity cm the neodymium wuqle decayed fram an initial rate of 4500 cpm 

with a constant W life of 61 + 1 ~ O W S  into a very bxg lived ta i l  of 102 

cpm. 

f e w  hours after mi- was found to be absolutely strzight to  36G mg!c!n 

and gave a balf thickness value of 133 =/ern - 

- 
An altaadnum ebeorption curve for the same saJnple determiaed vithln a 

' 2  

2 

When the Yw activity was subtracted out, the aluminum abeorption curve 

for the etrontium sample, which vas a l s o  determined soon after milking, a l s o  

2 uas a straight m e  as far as bo =/ern  he half thickness vdue vas 1 2 . ~  
2 

w/cm 

The intensit ies  and identity of the act iv i t ies  in the strontium and 

neodymium sample6 corrected to milking time were as follows: 

~9' activity,  cpm SP activity, cpm 

8trontlum Sample 263 1068 

Neodymium Sample 4540 102 

Applying the Libby equation, 

I O N 5 3 2 5  
U 1.( C L A  S S I F I E D 
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where 

I U N C L A S S I F I E D  
RM-1175 -AEc 
12-30-5 3 - 2j - 

D = the disintegration rate of the sample in dpm 

I = the countkg rate of the bare sanple 

G = the geometry factor = 2.50 

L = thickness of air betveen sample and 

counter + thickness 03 counter w a l l  

(sum = 2.70 m$cm2) 
2 R = thickness of the sample h ng/cn! 

of the activity in mg/cm 2 p 

the following results vere obtained: 

& P /  D ( Y 9  D(Srso) 

Strontium Sanrple 60.9 17.3 658 11,320 

447 
u,62 11,767 

Neodymium Semple 15.1 1% 10,glO 

A very satisfactory agreement between the disintegration rates of Y90 and 

Sr90 vas o b t a h d .  The recovery of the Yw activity f'rm the solution is seen 

to be 945 and the percentage of SrPo carried over in the neodymium preclpltate 

as contamination is seen to be 3.85. 

C. Counting technique 

The absolute radiosctiyity measurements in the Chicago laboratories have 

been made with cylindrical thin-wal l  flow countera. These are shielded w i t h  

several inches of iron and wfth antl-coincidence counters. 

f 0 4 5 3 2 b  U K C L A S S I F I E D  



counter6 have been built 

UNCLASSIFIED 
RM-117 5-AEC 
32-30-53 - 26 - 

fter a design by T. Sugihara, 

R. Wolfgang and W. F, Libby (Rev. &I. kist. 24, 511 (1953)). Tbese counters 

have lucite end pieces connected by three thin b m ~ 6  rods at  thelr periphery. 

Thin plastic fFlm 2.69 =/cm , vith a conducting gold-coated surface, is used 2 

for the counter vall. Miniature flow counters have been constzvcted w i t h  field 

adJustbg rings at the c M s  and with external end supports (to avoid internal 

rods and their f i e l d  distortion). 

W o n t  MYW fib coated on the inner s ide w i t h  alumin- 0.nj mg/crn . 
Mylar, 8 poly ester, I s  very durable, king resistant t o  moderate physical 

stress anb c o m n  organic sclvents. The beckground for the large counters 

(1-lj2" x 6" to 10") runs about 6 to 10 counts per minute within the shielding 

These counters have been covered w i t h  
2 The 

mentioned abcnre. 

0.4 counts per minute. 

The miniature counters (1.4 x 3.0 cm) have E background of 

(The counters with ahminm-btyLar w a l l s  ere quite 

photosensitive, but are ordinarily uperated in the dark.) 

Samples are mounted on plas t ic  half cylinders, two of which completely 

surround the sample counter. The -try is a s  good as is permitted by the 

necessity far placing absorbers between the stxuple surface and the counter wall. 

For the large counters the geometry l e  38$ and for the small Ones 33%- The 

corresponding factors used in conversion of cpm to dpm are 2.7 and 3.0 respectively. 

Thrse geametry determinatlans were msdc using po&ssiumQ ELE a wcoxzdary standard 

and using the figure 26 dps/gm K. Most powdered samples are maunted vith the 

aid of t l i l a a t e  agar in alcohol and water, which provides a nearly weightless 

binder after azying. 

The samples have usually been counted to a standard error of 10 to 15s where 

activity is sufficient, If such pmclsion would r e q u i n  an extraordiaarily long 

1045321 Ihl if C 1 A S 5 I F I E D 
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12-30-53 - 27 - 
countbg period greater error is allowed. 

The c a l c u l a t b n  of disintegrations per m u t e  from the measured counts per 

mlnute I s  made in the f0lim:in.g way. 

by the appropriate geometry factor, by a factor to correct for absorption by 

the counter w a l l  and zbsorbers & . ( w a l l  thickness mgs/.cn2)/(mean thickness 

of radiation being mawred)], and by the sample weight in mgs. 

The counts per minate (cpm) m e  multiplied 

!The resulting 

number i s  divided by the man thickness of the radiation, by the sample area, 

and by a correction factor for semples less than "Wini te ly"  thick Q-l/exp. 

(surface density of saorple),'(mean thickness for the maswed radiation)). 

?cr exanple, a sample of P9' counted OL a miniature counter gives 5.7 i C . 1  

An absorber of 

- 
net cpm. Its weight is o J 1 6  g m  and I t s  area i s  5.75 c m  2 . 

1 2  U.2 m&s/cra VBS used. 

5.7 cpm x 3.0 x 4l.6 mgs x 113 
dpm = = 37.6@yg0. 2.4 - 188 mgs/cm 2 x 5.75 cm 2 x (1-e 

Backscatteriag corrections have not been mi& In these calculatione. 

plastic sarqle mmunts "reflect" anly about 8$ of the radiation striking them 

and thfs backscattered radiation has only about half the energy.of the original 

radiation. 

most of the backscattered radiation La absorbed. 

about 16 of the observed activity. 

the geanrctn determ+astions where backscattering corrections were not made. 

The 

Since the samples am? of finite t ~ c k n e s s ,  ea. 60 to 80 mgs/cm 2 , 
The backscattering contributes 

This I s  at least partically corrected for by 

To calculate Sv1LwD03 W'lTS frcw this dpm figure, It is multiplied by the 

decay correctian factor Cexp.(hours since milking froln Sr 9G )/(mean l i f e  of YwT) 

1045328 U I! C L A  S 5 I F P E B 
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and by any y ie ld  factor. 

the milked s-le in grams, by 2.2 (see SUNfiIpIE U?fXT definition), and by a 

This n-er IC divided by the might of calcium in 

growth correction factor in case the Y90 was not in complete equilibrium with 

the Srgo at the time of milking Cl-l/eq.(hours SI? has had to produce Y9*)/ 

(mean l i f e  o? Y )). 

containing 22.1 grams of calcium. 

was 1.56 (unusual~y high). 

equilibrium was established and the counting tine was 7.58 hours after rnilk,ing. 

90 E-s zrj exaqlc, the above Yw sa.m,:le cane frcr :  a am:Jle 

The y ie ld  factor dGe to handling losses 

The rPiul3 .q  took p h c e  at a t h e  when complete 

7 E R  

= 1.32, 
%F 3 .6  apn x t 

22.1 grns x 2.2 x 1.c S u s h i =  Uni t s  = 

1045329 
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The experience of &tonating devices on lov towers and the surface 

of the earth in Nevada indicates that there is a sizeable fraction of 

residual radiation deposited on the ground within a few hours af'ter the 

shot. Tbe current speculatioc as to the cause of this  fo l l -out  i s  that 

sand and soil are drawn into the hot fFrebbJl If it intersects t f ie  earth, 

and either provides large condensation nuclei whlch are heavy emugh to 

fall, or picks up s m d J  radioactive p a r t l c l e s  88 it falls back to the earth. 

It rauld be expected, as it is indeed observed, that these falling particles  

arc t ranqorted by the vind. 

to tbe wind speed and t h e  of fall of the particles are contamfted by 

msldua l  radioactivity. 

Thus, the rlowmrind area t o  distances appropriate 

For the IVY Mike shot the major downwind areas e r e  Large expenses of 

ocean in vhlch no sampling was made of irs idual  radiation. 

of' fall-out frpm Mike is therefore \mknnwn. 

The true azwunt 

There was only o w  s u r f s e  ahot 

whem dovmJind serqples vere made, and these were not complete. 

estimate the fall-out from W e ,  It Vill be necessary t o  make sum arbitrary 

scaling from the meager JANGLE surface shot data. This technique 3.8 f'raught 

vith uncertainty because the JAKLE data are poor arrd there an no good 

theories which provide a scaling from 1 I c T  to 10 Ki'. 

considered worthvhile t o  attempt the extrapohtian in order to  prwcnt a 

possible accidcntial contamination and to  gn lb  future test programs to 

adequate measurements. 

In order to  

Nevertheless, it is 

1 0 4 5 3 3 1  
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hlejim") has presented an arxdysis of the JANGLE surface shot vhich 

shows tbe pattern of dowmrind fa3l-t a6 -wed d l  SurvCy 

after tbe detonation. The S\mmary Repofi: Weapons Effects Tests(2) gives 

very detailed results of the fall-out vithin a few miles or ground zero. 

The residual activity vas integrated over the entira area by n a e a ~ ~  of a 

planIm3ter and it M c a t e d  tbat about 10 percent of the boaib debris fell 

w i t h i n  4 miles of GZ and that another 80 percent fe l l  within the next 150 

miles Qwafind. 

centered 20 U s  downwind of about 550 ai w i t h  50 percent of the debris, 

Within the downwind area tbem were tvo "hot spots," one 
2 

2 and one centered about 60 miles downwind of about 52C mi with &bout 17 

percent of the debris. From observations of tbe detonation it appeared 

that the debris was separated into 2 clumps, the ~nushroaan proper centered at 

13,000* and the tap of the stem centered et 9ooo*. If It is ass- that 

the debris settles at the sc~lpe rete as the Stoke's law, fall fur a spherical 

par t i cb  of& w t e r ,  the maximum at  60 miles would have come froa the 

mushrocar~ and the maximum at 20 miles yould have come Pram the cluaq, at  the 

tap of the stem. Thus there is some evidence that a large fraction of a 

surface burst comes rapidly to the ground and that the rate of fall of a 7Cp 

particle provides an estimate of the rate of scttl lng. 

For t he  W e  shot the exact height of rise and the complete wind 

structure to the top of the cloud i s  not known. There is some rather strong 

evidence, hovever, that them vas a c l q  of debris, s t  what might be termed 

the top of the stem, at about 6O,OOO*. !RE report 011 faU-aut distribution (3)  

shows a plot of the point of impact of 7 5 ~  particles from 60,000' 

and is shown in Fig. 1. The time it vould take such 8 particle to reach the 

i o 4 5 3 3 2  U N C L A S S I F I E D  
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the fall-out fran this stem top is prqmrtional to tbe square of the distance 

downviad, the area covered would be about 10,OOO mi2.. If It 1s .further 

as6-d that if this area contained 50 percent of Mike, there would be an 

average concentration 5.8 mc/loi at 15 hours; the time tht debris would 2 

ham reached the ground. 

extent of the area affected. 

The circular area on F i g .  1 indicates the 

It mast be conclut2ed that if such a high average cGncentration were 

produced, peak concentrations mI@t be high enough t o  be exceedhgly 

dangerous. It can also be seen, by suptrposiq Fig. 1 on c char t  OS the 

area arcrurnd Eniwetok, that, if this debris hid in fact fall aut, there vas 

no fall-out measuremnt to detect it. 

distribution of Mike debris v i l l  take an a vastly different aspect i f  50 

to 8C percent of the debris fell undetected on the ocean. 

radiological safety vlll a lso  be &e much mre diff icult  if plans muct 

be made to keep personnel $ran such large areas. 

of ignorance of the r e a l i t y  and magnitude of the fall-wt from megaton 

range bombs, f t  I s  n e c e s q  t o  insure that there is proper docunrentation 

of t he  fall-out from future tests .  

The problem of t he  uarld-vide 

The problem of 

W i t h  the preaent s ta te  

"' LuleJian, n.M., Radioactive Fall-out frarc Atomic Bombs= Hq., AXX, 
RoTnmbtr, 1953. 

(3) Operation IVY; Nature, Intensity, and Distribution of Fall-out from h5ke - Shot, W L ,  April ,  1953. 
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APPENDIX E 

17 Decemiber 1953 
L a i s  L. Strauss 
United States Atomic Energy C&ssion 
1901 Constitution Avenue 1J.U. 
Vashington, D. C .  

w-1741 We consider it absolutely e s sen t i a l  to establ ish in 

the C A S ' I I  Tests whether there is large close-in fall-out 

accoqanying larze-scale detonations. This knowledge is 

essential both t o  the nilitary u t i l i za t ion  and the S'JrU'SHRE 

evaluation. The DT R a f t  data proman, the cloud height 

meesureaents, znd RAYl!IHJ3 program w e r e  cancelled. These 

for the evaluation of close-in radioactive fall-out'of h r g e  

detolzations. 5y close in we mean up to several hundred xiiiles 

for the CM-7 series. We propose reactivation of these p r o ~ a c i s  

for  CASTLE. 

1Jille.x-d F. Libby 

cc: Dr. Jch C .  EuSber, Director  
Division of Biology and Medicine 
U. S. Atomic Energy Commission 
Washington, D. C. 
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