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INTRODUCTION f, 

Report number ones under this p ro jea t  X-762 gave an'aaoount of the 

sygptoma produaed by exposing indlvlduala  tuioe d a l l y  t o  a pressure a l t i  

tude of 20,000 fee t .  Inaemuah a8 aymptoma appeared 88 f requent ly  under 

oon t ro l  as under experimental  oondltlone i t  WOB aoneidered advisable t o  

r epea t  the inves t iga t ion .  I n  planning the aeoond experiment p a r t i a u l a r  

a t t e n t i o n  waa given t o  e s t ab l i ah lng  adequate oon t ro l  aondi t lons thua 

avoiding insofar a8 possible the f ao to r  of suggeativn. 

)rcETHODS - 
!Metsty-five hea l thy  men r a n & &  I n  age f r o m  18 t o  25 yeare served 

ae subjeote.  A8 a oont ro l  prwsdure,  f o r  t he  f i r s t  f ive days these aub- 

jeo ta  were deaompressed twice d a i l y  t o  a pressure a l t i t u d e  of 6,000 f e e t  

The rate of deoomprpsslon w 8 8  2,600 feet  per  minute. On the following 2t 

oonaeoutlve days ths sUbJt¶at8 r e p  deoompresaed t o  a preaeure a l t i t u d e  01 

20,000 feet. The rata of deoompresaion on the 20,000 f e a t  exposures was 

10,000 f e e t  per minute. Oxygen apdpratu.8, dlluter-demand with the A 0 1 4  

damp3 mask, was u e d  frau s e a  level t o  maximum a l t i t u d e  on both the 

8,000 f e e t  as w e l l  as tb  20,000 feet exposure. 

the deaompreeslon o-er var ied  from 70' t o  8O0Fahrenhe1t. 

. 

The temperature ins ide  

During 

eaah deOGmpreseiOlI the gubjeot  exerolsed every f i v e  minutes for a period 

of 30 qeoonds. 

eaoh f o o t  t o  a he igh t  of 18 lnahse at  a rate of one step-up'per second* 

The dura t ion  of eaoh exposure t o  deaompreeeion both on the  con t ro l  aa we3 

The exeralee consis ted of s tepping up a l t e r n a t e l y  w i t h  
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9 See r epor t  number one. 

pretfioue report 

This seaond r e p o r t  is an addendum t o  the 
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blthuagh the persons lleted ae authors of t h i e  report are 
responsible for ita writing, it mu made possible by the m o s t  
exeellent aosietanm sad moperation of a large number of 
people, among them: 

1. The other mmbore ai this bivieioa, T. L. Edwarde, 
William Wmb, and &a. E f h  Zollinger. 

3. Pemamrl of local Health Departmeata of Bakersfield, 
welor, San Beraardino, San Diego and Santa Barbara. 

IB Weather Bureau Statione at  Eureka, Bad Bluff, 
amoirroo and sueanvllle. 

I 4. Bream& o f  C i v i l  Aeroaautioe Adminietrafion Stations a t  

5. Pereormel of State of CallticoPia Plant Inepeotion Statione 
a t  Benton, Daggett and State Line. 

E m ,  151 C a t t o ,  Sdllna~, Them1 and msiah. j 
, 
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of California, OPfice of C i v i l  Defense, is to provide for  maximum possible 

proteation of the dvllian populace of the s ta te  againat injury from 

ionizing radiation followlag a t m i a  atteak. Thia responsibility takes many 

forms, among them being: stockpiling and maintenance of inetraments, 

education and training, and detleloplng workable plans for  both emergency and 

long range operations - together w i t h  the formation of an organization t o  
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and 5) train- of technioiane far such OpBMtiOMe A closely all ied 

problem ie that of the use of meteorological information in prognosticating 

the pattacna iff aisseminatian of radiobglcal meterialrre 

Sua thingo sharld be world out in as maoh detail as possibh 

prior t o  an omrgen~.  The oooaaion of  the^ atastic bomb teete in Elevada 

in the fall of 1951 affarded w an opp$mity to  gain valuable informa- 

tion aad eqmrlenae with respeot to the problem mentioosd in the las t  

P W P P h .  

Conseqmntly, air samplers were eat up in ninetea lccal l t iee  

tbrcraghcrut the e t a k  (see Fig. 1) during the period of +he Nevada teats. 

Cooperation ia operating the sampbrs was secured from looal Health 

Deprtmmta, and etatlans of the Iw Weather Bureau, the Civil Aeronautias 

A d a i n b t r a t i c m ,  and the Plant Quarantine Service. The samplere were 

operated oont5aucmly Prom ootober 6 to  becamber 5, 1951, exoept for a 

ah& period between the two t e s t  serLs in November. , 
Thiu report cunpriees the Wonnation obtaimd f r o m  the-atudy. It 
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1. Sampling Procedrrrs 

Abroaol emuplsrs ccmsisted of a i r  mvera pulune air throu@ f i l t e r  

paper a t  a predetermined sampling rate. 

ohan@ a t  .Internla. !L’he aharaoterirtior, of srmrpYng are 

outlined belaw: 

Generally, W t e r  papers were 

A 5 r  mwe~ - 350 v a t t  lbrrtrolnx tank-type vacumn cleaner. 

- ElactrolrP demotblng attaohmsnt (see Fig. 2), attachsd 

t o  end of’ hose on suchion aide of a i r  mover. 

F m  - HoUlngmrorth and Vme, Type E-70, .009@ thick, water 

repellent grade. Cut i n  3” &mete r  airolss t o  f i t  smplhg  head. 

- 1 a i r  moved; adjasted by means of a i r  bypaes and 

variable reriator. 

C-j - W i t h  E. miner VlaVmeterD. A l t h a a g h  samplers we? 

adjusted a t  time of installation, it i s  not t o  be assamad that  tb 8amp-g 

ra te  reaPaned entirely oonstant thrm&out the test period. 

?=-ti - Hot definitely hm. Paper oZaimed t o  be efficient t o  03s rim 

diameters as law as 0.5 mimons. A dletribution of p a r t i o h  sime w8.9 
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OOCUMENt SOURCE 
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DISCUSSION OF FXRWNXTAL EESULTS 
E 

!As seea i n  Tables 1 and 2, significant amounts of airborne radio- -. 
:idty ware collected in a l l  sections of California during the time of 

11 utudy. The results obtained may be discussed as follows: 

Mswrsnl of fission DrodnCts from banb of October 22, 1951 

Data in Tables 1 and 2 indicate that products from this bomb were 
f 

W e d  at possibly all of t he  s m p l h g  stations. Though levels of ac t iv i ty  

not high, i t s  presence was of greater interest  t o  us than that from 

Df the other bombs. As will be show i n  the next section, prevailing 

ptterns at  the time of and a f t e r  this erploeiaa wra mch that no 

.lal from it nas expected over California. 

t 
'f J 

Yet sippificant amounts, 

mnt ly  f i a n  this bomb, were collected i n  d d e l y  scattered loca l i t i es  p,, state, Further, the ac t iv i ty  persisted, and even appeared t o  be 

hpldrbdl for prlods up t o  a week following. 

RadicactAve material from t h i s  bomb reached CaUfornia the night of I 

Ootobur 28, and m8 present in the State until November 4. The prcdncts 

were identified at fourteh sarapllng staticma, end may have been present 

at  u. of a c t i d t y  tern relatively high. h e  stream of material 

appears t o  have swspt directly over Bakersfield and Santa Barbara. 

The pattern of arrival at the six eouthern+noat stations is  interesting. 

It ma almost as i f  a whirlpool was set up around this area, dipping down and 

depositing material at flrst one place and then another. Los Angeles receimd 

least. San Bernardino had two peaks, on the  30th and 31st. Blythe had a peak 

on the %h, El Centro on the  31st. Material came in to  San Diego for thirty 

hours before reaching a peak on November 1. Thelmal was reached last, but 

had two peaks, the ps t  end 2nd. 

r 
. 

t 
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Central California s t a t l am (Fresno, Sallnas, Bentan, Sacramento, 

San Francisco) a l s o  recdtrsd appreciable amounts of aot ivl ty  from 

thi's bomb. Li t t le ,  If my, reached the four northern..mod etat iam.  

C. Dimersal of fission R d U C t s  from bomb of Ootober 30 

Products fmm tNs  bomb a r r l w d  in Califomla the might of 

October 30 and persisted unt i l  November 3. 

stations. Saall amounts probably reached a t  least eight others, Levels 

uem higher then those frcm any of the other bombs. 

1% war identified a t  sewn 

A p i n  the dispersal pattern is of Interest .  The fissioned material 

apparently headed dlrectJ.p for Fresno (miming Benton), then turned 

south (missing Salinas). Bakersfield was hit next, fallowed by Daggett, 

Blythe, Bl Centro, Lo8 Angolea, and Sau Bernardlno in that  order. Thermal 

&nd Sen Mego raaeived l i t t l e ,  if a n y t e g ,  f romthis  bomb. The d a m  

was t rue f o r  Surts Barbara and the stations north of Fnmo. 

D. Dispersal of fissicn Drodncts from the bombs of November 1 and 5 1 

Material fran these two bombs was identified at a n 4  two sampling 

stations f o r  each bomb. That from the bomb of November 1 reached 

h w o  in moderately high amounts on the  2nd and persisted until  the 

5tK. Comparatively small amunts moved into Loa h~ngslea November 4-6. 

Pmducts from the Nommber 5 explosica w e m  collected in aubstan- 

t i a l  quantit ies a t  Fresno and San Diego m the 6th and 7th. Radioactive 

aerosols, In amunts too anall t o  identify, ware collected at most of 

the ather m l h g  stations in the a ta te  at times euch that they could 

have arisen from these two bombs. 

i 3 1 1 0 3 S b 2  
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EVALUATION OF RESULTS 

The data pmsented in t h i s  report give an Indication of the degree 

of dispersal of the prdducts of an atomic bomb. Two factors stand oat by 

artue  of the fact  t ha t  they were unexpedwlj 1) the levels of a c t i d t y  

found, which bare condderablp Mgher than anticipated, and 2) the persist- 

ence of r e l a t i v e 4  high concentrations of material for long periods of 

tlm at some locatlam. 

It should be poihted out t ha t  the accarsoy of any analysis of the 

Etlata is Umited by the enall number of samplers, t he i r  looation, and the 

small  area that  each uampled; i.e., the  efficiency of mr-all eampling 

was very low. The number of ssmpling stations kas limited by the  number 

of samples tha t  c a d  be handled in the  laboratoxy. The location of t h e  

samplerr m a  Nmned so ar t o  glm a s  reprerentative a picture a s  possible, 

but was l i a i h d  to tho- local l t ies  here personnel were available who would 

cooperate in the program. Additional. smplers, or placement in different 

locations, might have altered the picture considerably In some cams. 

1 

It would be of considerable Interest  if information exluted that 

would a l l o w  a canparison between surface contandnatim and aerosol act ivi ty  

a t  a &van locat im.  We have o n 4  scant Momat ion  regarding this, but the 

following facts  are pertinent. It was reported frm the  LOB Angeles region 

that extensivs areas of re3ativd.y heavy &face contsPlinatia uere detected, 

prssamably due t o  material fromthe bombs of e i ther  October 28 o r  30. 

Individual particles were isolated as  large a s  60 micras diameter, and con- 

t 4 n i n g  a s  much as 1 microcurie of ac t id ty .  Yet our Lo8 Angebs air sampler 

collected relat ively &dl amounts of ac t iv i ty  d W g  the  same perlod. 

On the  other hand, the ac t iv i ty  of aerosol samples from t h e  Bakersfield 

and Fremo amas d u h g  the period of October 29-3 (fran the 28th and 30th bombs) 
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was wry high. Pet atmy t e a w  frau this laboratory could detect 

a d.rtually no d a c e  cmtaminatiaa i n  these areas 051 November 1-2, 

Eo g o d  explanation of this apmrsnt discrepancy can be offered. 

implicatim is  that surface contamination meamremanta may give no good 

indication of air ccdamination and Vice vera&. It would 8eem that partlc 

contributing most t o  mrface contamination am those of such a d s e  that t h  

s e t t l e  out of suepension due t o  the  force o f  gravity. The air samplers, on 

the dhbr hand, would collect principally those particles which a m  so smaU 

as t o  maln  in  relatiosly stable suspansim. O f  courae, meteorological cm 

t ions d g h t  be mch in saw case8 a8 t o  cause a growth of particlee t o  the . 

point whom they wuild fall oat; 

The 

,t? 

The rather surprising length of time tha t  airborne contaminants re 

i n  an ama cannot be explatnod merely by the slow fall-out of small particlea,, 

In 0td.r t o  maintain the #me concentration, additional material must be bmug 

into ir@ m a 3  otherwiee dilutiaa, fall-out, and radioactive decay of the f iapj  

produds, wlould lower the caacentratim rapidlp. 
\ 

Redictims of area8 of contandnatica on the  basis of meteorological 

information were only fair. Material fran two of the bombs (Oct. 22, Nov. 1) ,, 
reached California in signi f icant  amounts when it was thought none would, 

That frcm another, (Nov. 51, did not contaminate California as much aa e x p c  

Patterns from two others, (Oot. 28, ‘N), were accurately predicted i n  a gene 

way, but soma locallsed discrepancies were appamnt. It was predicted that 

material from the last two bombs (Noo. 19, 29) would reach California, and. 

apparslltLy none did, a t  l eas t  by December 5. 

The dispersal of t he  iissiar products shbuld be entirely dependent a,, 

the size distribution of particles,, t he  in i t ia l  dispersion due to the 8cplosi 

and the meteorological conditions pretpaLllng a t  the time oi and following the 

burst. The discrepancies noted betwsea pre&lcted and detected area8 of 
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contamfnation must be explained by lack of sufficient data t o  mako accurate 

p r o ~ o s t l c a t i m s .  

probably would not solve the problem. Too many canplex variables apparently 

enter &to accurate d e t e d n a t i m  of dissendnatian patterns, espscially owr 

long distance8 and times. 

Horn weather reporting stations would br b l p f u l  but 

It is of great interest, end sum CQIC~IP, that ac t i r i t y  from the 

Nevada baths en:: fran other 80umes b a a m  so iddospread over the state. 

As f a r  as could be ascertained from unclassified sources, all of the bombs 

detected i n  California, u i th  the exeepticn of the first, were a i r  bursts. 

It has generally bem considered that danger from radiation from sir bursts 

is re lat ively slight. 

radiation and coatsminatica, and increased importance be attached t o  the 

la t te r .  

probablp Wm not hsardws, but the neareat sanqJllng station was over 200 

milee away fmm ths  bamb test d te .  Of sane concern, also, is the persistarm 

of ac t iv i ty  i n  an area, and the  fac t  that  it continues t o  reappear days and , 

weeks after an explosion. For exanlple, high ac t iv i ty  was reported f* the 

San Franoimo area December 14-17, presumably from Nevada. 

Perhaps greater distincticm should be made betnoen 

It i8 true that  the lewls of contaminaticn detected h t h i s  study 

the  basis Of the findings hi this dlldy, at least  three qUeStiOKiS 

seem pertinent: 

1. Will the oontdnued use of a t d a  materials and tes t ing of atomic 

waspans s e w  t o  raise the  natural radioactive llbackgroundl"l 

2. What will be the long-range effects m plants and animals i n  baing 

subjected t o  steadily increasing law level radioactive contamination? 

3. In d e w  of the amounts of radiosctivs material spread under condi- 

tima &en attempts warn made t o  minbdze it, what might these amounts be If 

an enemy se t  out t o  bring about contaminaticm? 



J 

1, 

2. 

3. 

4. 

5. 

I 6. 

7. 

8. 

9. 

Purposes Devel-nt.& equipment and techniques, training, deter- 
mination of backep.cmd levels, and determination of routes by which 
radioactivity may be dispersed over Cal i fornia .  

Recent Iievada t es t s  offered oxoellent onmtanity to aondact prografn. 
A i r  sanplere were set ap in 19 loc8liti.s soattered omr CeUfce l l i a .  
Coaperatian of Health Departments, Weather Baream, CBa, and Plant - 

Inspection Stations was secured. Sampbrs were operated fmm October 6 
t o  December 5, 1951. 

I 

bir samplers cmsieted of tarfk-type vacuum cleaners equipped with demothine 
attachment, and special f i l t e r  paper. Smplera were regulated to  pull 
1 CFM of air with resistor and air by-paes. Filter papers vere ohangad 
every six hours and sent t o  Sacramento, where radioactivity detenninatimq 
were made. Beta-gemma measurements have been completed. Alpha counting 
has been begun, 

Daily nlnd pattern meps were studied, attempthg t o  predict the patha 
that material6 from the Nevada bombs would take, Agreement between 
predicted and deteoted areas of contaraination was only fair. 

RadioaotBn d.acrq mxrves ueye lvtl on seleoted samples. Bp oompering 
the80 with plot of A I A o ~ -  *2, it was determined which bamb the material 
came ilray and oorreotions were m a d a  on this basis baok to 8 q - g  time. 

Data Lrdioate that some fissioned material irom a l l  five bombs of the 
first t o r t  sOrb8, ( k t .  22, 28, 30, dove 1, 5 )  reached California. 
No Identification of material i r m n  the last two bombs (Novo 19, 29) 

Perhaps most interesting, iron! our standpoint, was the bomb of October 22. 
Tbie possibly was a *haby" bomb, and vind pattern6 vere such that it 
was predicted no material from this bomb would reach C a l i f d a .  Such 
material, hauewr, appeared in CalifcoPie, aoqtinuing to  arrim in 
eippificant amants u n t i l  a t  least  October 31. This materzal was 
detected in a t  least 17 locations and possibly all .  

has be= made. 

Higbeat wncentratians of radioactlve material over California came 
from the bambs of October 28 and 30. 
and the htter a t  7 of the semplbg stations. The southern par t  of 
the s ta te  received the largeat amaunts by far. The sample with the 
highest a e t i d t y  contained appro.%inmteb .Q3 microcuries beta-- 
radiation a t  tinn of sampling. 
accurately predicted and tracked on the basis of meteorologloal 
iniarmation. 

The former wa6 identified a t  13 

Materiel R o m  these bombs was fairs 

Comparatively emall smmnts of material entered California from tbe 
bambs of Imember 1 and 5. They were definitely identifled a t  only 
two stations each. 
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