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10 i n v x t i g a t e  trw? -.:;ii?'rcnmts f o r  e.': cn. :'ace ~ ' l i o i d s  f o r  
wcltecii ,?n ;f ::le eyes z r :~ '  2 . 2 ~ .  35-  <.i nc t  tizrmal r ad ia t ion ,  

2 s f ? . n i  t ions  

Tne f o l l o v r i n ~  d f fLn i t ions  w i l l  b.? tnelpful i n  re2dinS the  r e p r t :  

bdsptometer - ,n i.nsi.nment used t o  measurn t h e  stzlt-  3f z..r:apta- 
t i o n  to l i e h t  o f  the h u n m  ere.. 

Fovea - The ?naLwic:il a rea  of tflz eye -:h:ch is ths ciL- s f  
t,he v i s i i ~ l  mi. corynns c:~.-:!;)lc oi' 'ivin: e ~ e  ' . n i i v i -  
r l u c l  .>,r ,>te v i z i m .  

?undus - P a r t  of t h e  eye opposite the cnpi l .  

Nyctometer - An instrument  desiened t o  measure t h e  da rk  aciaptation 
r a t e s  o f  t he  cones i n  the  c e n t r a l  area o f  acute  vis ion.  

Vision p e r i p h e r a l  to the c e n t r a l  a r e a  o f  very acute 
vision made poss ib le  h; the  fovea. 

Paracent ra l  - 
Vision 

Scotoma - A bl ind  area i.n the v i s u a l  f i e l d ,  It may be ( r a r t i a l  
o r  com2lete; temnorary or permanent, 

In t roduct ion  

One of t h e  recomwndaticns of the r ecen t  9 t h  Ti-i?::rtite Cmierence 
on Toxicological Warfare included the s u c r e s t i x  that  each c o u ~ ~ r y  inves- 
t i e a t e  s e rv i ce  rsquirc%nts To_- the -,rotecti.on of  t h P  f ace  anti eyes 
a_rai.nrt -h:?::Al ;:s.<5~;.t.io!? ;cith a view t o  i n i t i a t i n z  a coordj.nate?. pmzran. 

Only a l imi t ed  amount o f  research has been conducted t o  determine 
vhe ther  (I) t he  f l a s h  accomp.nyin& an atomic explosion can :,reduce blind- 
ness  of t a c t i c 2 1  s i zn i f i cance ;  ' (  2) a c t u a l  v i s u a l  i n p a h e n t  r e s l i l t s  f r o m  
excessive exposure t o  t h e  l i g h t .  k rw:iJi:ernint -?or q - 2  siii::l.?~s f o r  taiciical 
troops mil:: i h s r c i ' o r ?  b;. 5:s:d on a consideration o f  both v i s u a l  a f f e c t s  
122 ,-ct.ii?.l ?h:.sj c2.1 dmaEe t o  the eyes. 

!, conskierable  m o u n t  of research has been conducted on t h e  e f f e c t s  
7: thermal r a d i a t i o n  on the  human skin. From these  resu l t s  a d e f i n i t e  
reGuirenent has evolved. 



1 - - C A N C E L L E D -  - 
'Jisi1.1 Imipiment  

A_? ' ~ ~ ~ " ~ ' ' ~ l l  7 Sic-<.' ' . .-..-p-.t . .. . . :?: the (>?t,h"l?laloyical Survey !;roll? i nd ica t ed  
t h a t  i n  :# .. - r r y -  c f  l0Cn r y : ; ~ s ? n , ~   thin 200~1 ygFds of 7rQl:nd 
kiiroskihk and Na;a.sa!ti no 1.I-sionz w r e  foimri i n  t.he fllnriiis rh ich  were 
thocght t o  h?.v. been e i r s c t l y  w;lated to t 5 e  atom!'.? honb, c?n: , ? n b  one 
case o f  2oss ib l e  inf ra red  burn sf t.he rp t ina  was discqvored. 3' 
t 3s rn .A  flux a t  2CCO yrds ,  3 s  L j v m  i-.- t n s  E f f e c t s  of :jiea oris, 

i s  s u f f i c i - n i  to  r rodu i f  a motierate skin :>urn. T'7emal r ad ia t ion  burns 
t o  q x s e i :  a reas  of  Lhz skin were recorded a t  a dis tance of 25;,0 yards 
frcm ;round z e r o  a t  I? roshi ln-  a14 A S  f o r  a'  I ?OC :-wr!. at, :b:?s-?:i. The 
absence of a ? ~  evii::r?nce t o  j.,cii.r::te act> . ia l  eyc dary,:~ amon: th,- ; ,y=ese 
p?cple rec- lv in-  - f::cmal !>urns i s  q v n l i  t , a t ive  evi,ience of  t h e  s' ,lielding 
afforded by t h e  ;,h:-sic21 loca t ion  o f  t h e  eye, t h e  '? l ink reflex, znd t h e  
c r o y i - 2  of  t h e  eye i t s e l f  i n  bein:: ab lz  t o  wi t i i s tmd  a hj.-her tnermal 
flu without. bein: flamzged. 

in 

The 

is 5. rcal/sq c r  ior 2 20 KT 7ie;ipn. A > r i t , i c a 1  mer--. of 3 c;ljcm 3 

During Operation S&VPZR the USbF School of Aviation Lledicine i n  
cooperation xith Amy Medical Center conducted a i imjec t  t o  determine the 
e f f e c t  ?f *?IC f l a s h  o f  atcmi.c deton;tions a t  n i g h t  upon t h e  a b i l i t y  o f  

d i r e c t  e-r:.ocurc tn t h e  X i s h  under c o d i t i o n s  s i . u l a t i n 2  n i s h t  t ine ,  taro o f  
the suS jec t s  developed Slmched areas  of t h e  r e t ina .  
men showed an jm?airment of vis ion and com?lained of a scotoma. Th i s '  
man showed a small a rea  of ret!.nal edena v t t h  a c e n t r a l  blanched area. 
?Iowever, no a c t u a l  d i scoa fo r t  vias ex?xienced an:{ h i s  v i s u a l  acu i ty  re- 
majned normal. 
i;?racant.ral scotoma about 2 clszrees i n  d i a n e t e r  i n  the a rea  corresponding 
t o  t h e  s i t e  of the  r e t i q a l  l es ion .  
tinal l e s i o n  p a d u a l l y  inlnroved and recover;. was complete. 

-: . . l l i t z c  2ersnnnel  t o  carr.7 out  their assioned tasks.  ps a r e s u l t  of 

Only one 'of  tkese 

Visual f i e l d s  i n  t h i s  case revealed a sm11 absolute  

The upzrzcentral v i s i o n  and the re- 

& m i n a t i o n  n f  t h e  r e t i n a  o f  the  secon2 in6 iv idua l  revealed a 
smzll a r e a  o f  r e t i n a l  edema. Xeither o f  these ind3viduals h:d any 
v i s u a l  impairment, v i s u a l  f i e l d  defect ,  z r  chance i n  t,he ? w < ~ ~ s  o f  
Cne STe. Their i n j i r i e s  -ere minimal and ho th  su!.jc..cL,s c o ~ ~ l s k l y  
recovsred. 
i nd ica t ed  that becuase t h e  dilat .ed ;?u$l admits ,?pproxinn'tely 50 times t h e  
l iGh t  which i s  admitted by  t h e  dayli5P.t c o n s t r i c t e d  pupil, the  f l a s h  o f  
an atomic detonat ion presents  a r e a l  da%:er t o  t h e  r e t i n a  of an i d i v i d u a  
d o s e  sye i s  adapted fo r  ni,-ht %.ision and who is lookin: 5.n t h e  d i r e c t i o n  
of t h e  f-h. 
r e t i n a l t u r n  and n o t  i t s  i n t e n s i t y  (with the  a c e p t i o n  of  a t tenuat ion  
5y the  atnosPhere and decradation of t h e  r e t i n a l  i.nn.:': by o p t i c a l  d e f e c t s )  
*11 be decreased v r i t h  distance.  Further,  it was s t a t e d  t h a t  i.n s 2 i t e  
cf t h e  occwance of  a r e t i n a l  !?urn, i n  x o s t  cases  t,he injurjr  wou1d n o t  
t ncapac i t a t e  Cie individual,  and unless  he were lookins  . t  the p o i n t  

The f a c t  t h a t  two of the  s u b j e c t s  develo?ea r e t i n a l  burns 

It was also s t a t e d  i n  this r e F o r t  that the s i z e  of the 
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The A i r  Force has rscentl;' made a s tudy of t h e  ?ro>len 0: r e t i n a l  
',.urns c a x e d  
to t h e  'hemal  r a d i a t i o n  frw an-atonic bomb a t  S is tances  I!, 5, 5, 7, 5, 
9 ,  lC, 12, 13, L!I, 27, 28 and h Z . 5  miles. Xentinal k m s  were fqun2 i n  
the r a 3 b i t s  out  t o  and jncludin:: 1!2.5 miles M e n . t h e  q e s  were or iented 
-<rithin a 150 cons of  t h e  p o i n t  of the detonation. 
produc;d would n o t  he ,iisa:,lins t o  the victim l i n lps s  they involve ~e 
moculnr area of the o p t i c  nerve head. 

an atomic boa'.'. 5/ They have ex?osed the  q i e s  of.ra5bi.k 

Lesions of t he  type 

As yet ,  however, they have not  been a b l e . t o  r e l a t e  t h i s  da'a on 
the r a b b i t  eyes t o  an e f f e c t  o n  the  hman eye. T:lere Is as y e t  no . 
conclusive evidence a s  t o  wh'ch form of n d i a t i o n ,  i.e.,  u l t r a v i o l e t ,  
v i s i b l e ,  o r  infrared,  5 ives  t h e  main contr ibut ion t o  the  hrirnin,c effect. 
The time required f o r  a person to blink is so lon- compared t o  t h e  time 
re rp i r ed  f o r  the  r a d i a t i o n  t o  be formed and reach t h e  eye tAat tAe bl ink 
r eac t i cn  can a f fo rd  no n ro tec t ion  to t h e  i-ndividual. 

Based on the  above s t u d i e s  it. would a?pe,Lr tha t  t h e r e  i s  a t  the pre- 
s en t  time a l imi ted  p o s s i h i l i t p  o f  v i s u a l  impairment caused by an  atomic 
Son:,. Complete nro tec t ion  f r o m  t h i s  e f f e c t  would be afforded by a ?re- 
detonat ion warnin? t o  allow troo?s t o  s h i e l e  t h e i r  eyes f o r  the few seconds 
required to prevent  t h e  occurance of actual eye damage. The e f f e c t  o f .  
day l i eh t  exposure would be less than t h a t  durinz the hours of darkness. 
&tonic weapons detonated 
to troops facing t h e  detonation. However t h e  present evidence does n o t  
i nd ica t e  t h a t  the  i n j u r i e s  would he of  t h e  c a s u d v  producinr type and 
m u l d  not a f f e c t  the a b i l i t y  of t h e  s o l d i e r  t o  ca r ry  out  h i s  a s s i p e d  mission. 

Flash Slindness 

t,he.enemy could nossibly cause eye damage 

The evaluation o f  t h e  v j s u a l  handicap which micht be expected in 

It i s  important  t ic  know whether t h e  f i e l d  so ld i e r  
m i l i t a r y  personnel exposed, dur ing  d a y l i t h t  and dur in?  darkness, has a l so  
been invest igated.  
exposed .tc t h e  atomic f l a s h  vrould be unable to see  fqr a perj.od of  time 
t h a t  would prevent car ry ine  ou t  an assigned mission o r  render hjrn more 
vulnerable t o  e n e m  a t tack .  

A brj.ef experinental  p rogamw as ca r r i ed  out  by 0x0 usjng Mazda No. 22 
photofl3sh hulbs  to l earn  some of t h e  e f f e c t s  of n i g h t  f l a shes  on human 
vis ion.  
de ton- t ion  subtends 2 v e r j  s m a l l  angle a t  a lonz d i s t ance  f r n n  t h e  bomb 
and thus concent.rates on a smaller a rea  of t h e  r e t i n a ,  i t  can be shorn 
+bat the  t o t a l  luminous e n e r z r  reachinn t h e  r e t i n a  a t  19,000 yards from 
the f i rs t  f l a s h  of  a 20 KT atomic homb i s  about the same as t h a t  from t h e  
?lo. 22  f l a s h  bulb a t  3 feet. The measurements m d e  i n  t h i s  fashion, to- 
6;aCqer ykth the d a t a  obtained a t  EUST&3, i nd ica t e  t h a t  r e c o v e q  from day- 
l i , - h t  exposure t o  TAE f l a s h  t a k e s  only 15-30 seconds. - 2 / 3 .  

Kxcept f o r  t.he f a c t  t h a t  the f j r e h a l l  diameter o r  an a b m i c  

u u -  - - -. 
=GUNF€DEN"Ah = 
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- C A N C E L L E D -  
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Durine Operat.i-on SNAPPER, OhseNations were made to determine to w h a t  
dezree the  f b s h  of an atomic detonat ion reduces the effj.ciency o f  
U q z  personnel  durinE ni :ht operat ions.  
t h a t  the averaze time r e y i i r e d  fo r  t h e  un?rot.ectEd i-ndividual t o  rezain 
ZOod mS0piC v i s i o n  was 1 3 2  seconds, Usin? adantometers as  
deviccs  i t  was found t h a t  the averaze of  the I n y o t e c t e d  ind iv idua ls  
t e s t e d  reEained v i s ion  f o r  r l i s t inq i i sh inc  form a t  0.001 foobcand le  of 
i l l m i n a t i o n  (approximately t h a t  o f  moonlisht) i n  310 seconds; 2nd a t  
0.0@01 foot.-candle of illGmination (approximately t h a t  o f  a c l e a r  star- 
lit n igh t )  i n  671 seconds. Personnel ?rot,ected hy red f i l t e r s  regained 
v i s i o n  i n  11, 21~5, and 325 seconds f o r  t h e  three cases mentioned. 1/ 
Lq t h e  case  of t ac t . i ca1  troops unprotected by fi l ters i t  i s  f e l t  tEat 
recovery t h e  i s  su f f i c i en t ly  rapid to nreclude t h e  necsss i@ f o r  using 
an eye sh ie ld .  T f  vis ion was reduced f o r  a pcri.od a s  Ion! a s  15 minutes 
d e r e  form could n o t  he di.stin:iiished, o r  anyvximatP1y three times the 
lenzth of  t,ime a c t u a l l y  r q i i i r c d  to d is t i .n ry ish  form, some fbrther con-~ 
s i d e r a t i o n  fer shieldin: f o r  combat troops mieht  he necessary. ShiePding 
of t h e  eyes by physical means y i o r  t.o t h e  detonat ion removes any p o s s i b i l i t y  
f o r  reduce? vis ion.  

Face Burns 

The nyctometer tests showed 

~. 

It i s  f e l t  that this e f f e c t  i s  So w e l l  known t h a t  t he re  is l i t t l e  
advantage in a discussion o f  tine effect i n  t i i s  repor t .  
only to s t a t e  t h a t  i n  t h i s  case t h e r e  i s  a major reouirement f o r  pro- 
t ec t ion .  
o r  devices  which a r e  j n t e p a l  p a r t s  of t h e  a m h a t  soliier's uniform, 
which w i l l  n o t  impare h i s  a b i l i t y  t o  maneuver, and d i c h ,  with no ad- 
vanced warnine, w i l l  give him no more than a 1st degree burn from radia- 
t i o n  equiva len t  to 10 cal/cm2 from a 30KT eq:~iva!.ent bomb. 
of t h i s  wr i t i ng  this requirement i s  n o t  o f f i c i a l  doc t r ine ;  however, it 
i s  expected t.0 be  j n  the ne.m fu tu re .  

equiva len t  t o  30 cal/cm2 from a 30KT equivalent  bomb. 

Thermonuclear Detonations 

It i s  necessary 

The requirement i s  proposed t h a t  there be dwelo?ed a device 

A t  the.t ime 

The u l t imate  goa l  t o  be reached i s  the  5me pro tec t ion  f r o m  r a d i a t i o n  

%e previous discussion has been l imi t ed  to the case o f  atomic sea- 
pons. 
s u l t  o f  t h e  research an nominal m s  devices  would hold f o r  the &tonat ion  
of a so-called 11Supe.r Weaponll. 
t h i s  t y p e  weapon due . t c  t h e  de l ay  i n  t h e  thermal y l s e  allowino the  body 
-$flexes time t o  act .  

Data now avai lable  ind ica t e  t h a t  the  conclusions reached as c re- 

There anpears t o  b e  even less danzer from 

p resen t  concepts of employment of atomic weapons probably'do n o t  
inc lude  thermonuclear devices as s u i t a b l e  f o r  t c c t i c a l  t arzet5. 
any case  t h e  use of eye s h i e l d i x  would apply only to the  prevention of 
cas t l a l t i e s  o r  loss o f  v i s ion  t,o troops outs ide  the a reas vhich would re- 
s n l t  i n  casua l t i e s  f r o m  t.he immediate effeccs  of b las t ,  thermal and 
r ad ia t ion .  

In 



_. - - C A N C E L L E E -  - 
Conclxsions and Recnmmdations 

Based. on t h e  ava i l ab le  information s m a r i z e d  i n  this naper  the 
following conclusions seem v a l i d :  

1. From information p r e s e n t l y  h o r n  there  i s  an i n d i c a t i o n  t h a t  
any r e t i n a l  damaze t n  the eyes of ind iv idua ls  acc ident ly  looh5ng 
d i r e c t l y  a t  t h e  point  of detonat ion i s  n o t  of t a c t i c a l  Signif icance;  
however, fu r the r  information is requi.red + o  veri* t h i s .  

2. S h i e l d h z  t a c t i c a l  t roops  from the  f l a s h  of  a tonic  weapons to 
prevent  reduced vis ion presents  no p a r t i c u l a r  Frohlem in a s  much as 
recovery time i s  r e l a t i v e l y  short .  

3. There i s  d e f i n i t e l y  a requirement f o r  pro tec t ion  of t h e f a c e  
by some means i f  no ?re-warnin: i s  e v e n .  

4. Physical sh i e ld ins  of t h e  eyes and face  by tu rn ing  the head 
from the  po in t  o f  detonation provides  s u f f i c i e n t  p r o k c t i o n  of t h e  
eyes and face  o f  t h e  f i e l d  so ld i e r ,  provided ?re-warnine i s  given. 

I n  conclusion i t  should be noted t h a t  the  f i e l d  s o l d i e r  has  
been pr imari ly  considered. 
t o  observe ins t ruments ' a t  a l l  times, such  as p i l o t s ,  some form of  
p ro tec t ion  i s  required. 

For those ind iv idua ls  who a re  reoui red  
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In t r rduc t icn :  

'rarious technique3 f o r  m o n i t o r i n g  radioact ive waters have been reported. Spacial  
Frsce lures  &;a required t o  dezermine wnether the maximum permissible  l e v e i  f a r  drink- 
iz.: w s t a r  ha: been exzeeded. 

f o r  estimating low (1) Ordinary e n j  wi-dow Gbl tubes a r e  not. very s a t i s f a c t o r y  
P - c t i r i t i e s  z:.~ari lulder optimun counting conditions. Their geometry and w i n d o w  abec-p- 
t i a  L i m i t  t h e i r  s e n s i t i v i t y  to  beta  a c t i v i t y  l e v e l s  which exceed ths pera i s s ib l e  
l e v e l s  f o r  i m g  term use, n t e r n a l  proportional counters  on the other hand have Seen 
- - - , a d  _ .  
.ictivit:r a t  l e v e l s  as low as one-half t one-tenth of the lonr; term r inking tolerancs 

e x i t f e r s .  

q u i t e  s a t i s f a c t o r y  c2f . These instruments can de tec t  bo th  alpha a n d  Seta  

I s v e l ,  10-7 pid, with a p rec i s ion  of l$ f o r  &lpha emi t t e r s  and 8 - 20$ f o r  b e t s  

I n  u s h , y  t h i s  counting technique a considerable volune (about a l i t e r )  of the 
water is evaTorate6 t o  dryness in a spec ia l  counting Tlachet  and  the a c t i v i t y  measured 
with an i c t e r n a l  flow counter. Corrections a r e  made f o r  the absorpt ion of some of the 
r a d i i t i o n  by solid matter  present.  
f r m  5@-52$ of the elpha d i s in t eg ra t ions  and f r o m  50-755 of  the be t a  d is in tegra t ions  
a r e  counted. An i n t e r n a l  flow counter i s  the mos t  p r a c t i c a l  instrument f o r  monitoring 
lor a c t i v i t y  levels. 

The geometry i s  5&, bu t  because o f  backscat ter ing,  

Under emergency condi t ions,  a n d  f o r  short per iods.  r nMng water tolera?ces may 

may be impressed t o  serve  i n  surveying teams using p o r t a b l e  and rugged, altho'wh per- ' . 
haps not  h ighly  accura te ,  instruments. 

be s e t  considerably hieher  (4) than the acceuted values f 3  # . Non- techica l  personnel 

I t  has been ca lcu la ted  that i n  the f i r s t  t h i r t y  days a f t e r  the burs t  of an 
.atomic weapon, water which i s  sa fe  f r o m  the be ta  hazard s tandpoin t  i s  a l s o  Safe w i t h  
r e spec t  t o  a lpha  contamination. 
t o  de t ec t  rvld measure the be t a  a c t i v i t y  l eve l s  i n  water can be ca l ibra ted  f o r  water 
monitoring, and the alpha a c t i v i t y  nay be neglected. 

Survey m t e r s  with thin-walled GM tubes can be c a l i b r a t e d  t o  de tec t  10-3 t o  1 
p / m l  ( f  25$)r4* 7 )  o f  f r e s h  f i s s i o n  products. The sample t o  be tes ted  is poured i n t o  
a shallow pan o f  prescr ibed s i z e  t o  a depth of about one centimeter.  
he ld  above the pan at a spec i f ied  dis tance and the  s c a l e  is read. 
c a l i b r a t i o n  char t  ind ica te6  the be t a  a c t i v i t y  i n  pc/ml. 

Consequently, any instrument which i s  sens i t i ve  eaowk 

The GM tuba i s  
Reference t o  a 

In  another procedure (7) the water sample i s  monitored wi th  a survey meter a n d  
the reading compared t o  those o f  two s t a n d a r d s ,  one corresponding t o  the emergency 
*e# l e v e l  and  the other t o  the emergency *acceptable r i sk '  l eve l .  
; s ao i l r t e ly  3 i nd ica t e s  the va lue  of the water for drinking purposes. 

This procedure 

Another survey procedure, the Landsverk Analysis (7)  uses  an ion iza t ion  chamber 
as the radia:ion-sensitive element, and i s  capable o f  de t ec t ing  from t o  1 P / m l  
of a c t i v i t y .  The ion iza t ion  chamber is charged and placed over t he  sample. 
c a l i b r a t i n g  i t s  r a t e  of discharge a g a i n s t  b o r n  s tandards,  t he  a c t i v i t y  o f  the water 
sample can be determined. 

By 

UMCLASSIFIED 



<.:~ll s.i.;aLr pru-e U P  f,-- *a:-r surJ2yin  uses thz d r p - t n e  l i q u i d  counter. 

s .5e t e s t ed  i s  poured i n t o  a c e l l  and i t s  a c t i v i t y  i s  read o f f  a scala .  Although 

i s s i o n  p rodmts .  

.. J r - i t i e k  ;1s:rwnentr5f can &cec% f r o 2  ?,xlO3 t o  0.6 p:/ml 2j$. The sample 

^, - instrument cannot coun t  the s o f t  b e t a  a c t i v i t i e s ,  i t  can be ca l ib ra t ed  f o r  
The instrument i s  ruz$ed a n d  very easy t o  operate.  

d continuous water survey unit  ha5 beer. designed (8) which cons i s t s  of a GM 
ace surrounded bj- an ion exchanga c o l m .  The water sample i s  run through the ion 
xcharxe colrzn which absorbs the a c t i v e  ions from solution. The build-up of act iv-  
t:r on the  c . 2 1 ~ 1 1  is followed by an automatic  recorder.  
f a c t i v i t y  CCI the column and the f l o w  r a t e  of t h o  water through the column, the  
c t i v i t y  per  unit  volume is determined. 

From the r a t e  of build-up 

i m i t a t i o n s  of Assaving Techniaues: 

The various methods described suffer f rom the drawback that the7  r equ i r e  a 
xmal rad ioac t ive  background. If D. r e l a t i v e l y  high rad ioac t ive  f i e l d  is present  
Le to  fa l l -ou t ,  the r e s u l t s  obtained by t t e  methods described might be question- 
ble. 
P t o  a well-shielded laboratory. 

Ecwever, a sample of the water could be removod f o r  t e s t i n g  t o  a remote area 

Under ce r t a in  conditions,  the measured a c t i v i t y  l eve l s  might ind ica t e  the 
resence o f  a g rea t e r  hazard than a c t u a l l y  e x i s t s ,  as when short-l ived induced ac- 
i v i t i e s  (e.g. Na24) a r e  present.  High l s v e l  a c t i v i t y  water may eventua l ly  become 
d e  owing t o  decontamination by a na tura l  process ,  such as s e l e c t i v e  adsorpt ion 
I r i v e r  sediment6. I n  many cases t he  hazard w i l l  be g r e a t l y  reduced by natural  
i l u t i o n ;  p a r t i a l  decontamination i s  a l s o  e f fec ted  by ce r t a in  aqua t i c  plants and 
iimals. 

J le rance  Levels f o r  Dr ink iw  Wa t e m  : 

A r t i f i c i a l  methods f o r  pu r i fy ing  water a r e ,  of course,  wel l  9 ) .  

Since exposure t o  water contaninat ion x u s t  be considered f rom the standpoint 
.' l i fe - t ime i n g e s t i o n ,  the acceptable  to le rances  a r e  very small. Tnerefore, 
r v e y  in s t runen t s ,  excspt under emergency condi t icns ,  must be q u i t e  sens i t ive .  
ir e i t h e r  a lpha  c r  b t 
l t e l y  10-7 pc per m1f38e This value i s  conservative smce  rad ioac t ive  spr icg  waters 
ntainin. :  hiFher l eve l s  of a c t i v i t y  have beell consumed regu la r ly  w i t h  no am;€.rent 
mnfu l  e f fec ts .  higher  emergency tolerances have been proposed by the 
;omic Energy C o m i s s i o n  

emi t te rs  the m a x i m u m  pzrmiosible concentrat ion 1s approxi- 

F e  of  Days o f  Tolerance Levels ,  (pclml) 
: i t t e r  Use 'Safe' "dcceatable Risks. 

.:A 10 2.ox10 -4 5 .  Ox10m3 
30 6.7~10-5 1 7x10-3 

jta 10  3.5~10-3 9 . 0 ~ 1 0 ' ~  
30 1. MO-3 3 a O X ~ O - ~  

The B r i t i s h  Medical Research counc i l  g ives  the following tolerances (5) as 
srmissible l eve l s  at  d i f f e ren t  times a f t e r  a nuclear  burs t ,  assuming the 
msumption of 2.5 l i t e r s  per  day f o r  up t o  10 *aye: 

2 



P, . iiae after burst Pernissible tolerances (uc/mu 

12 hours 
1 day 
2 daye 
io days 

0.15 
0.06 
0.024 
0.01 

Summarg: 

A number of methods, a n d  a variety of instruments ere availabLe for measuring 
the radioactive contamination in drinking water. Because of the presence of short-  
lived induced activities and of the natural removal of contamination, these methods 
tend to overestimate the immediate and future hazards. 
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I. Introduct ion 

1nd;istrie.l s1;1 kcs inrere used in t he  l a s t  mr t o  augment t h e  screen- 
ing e f f e c t  of fog  o i l  smokes put  o u t  by generators and smoke pots.  The 
concentrat ions or' snokn used mere a t  obsc,uration l evo i s ,  but  it has 
frenj"nt1y been suszested t h a t  in mrj s i t i e s  t he  i n d u s t r i a l  smoke out- 
Ijct mi;. be high enough t o  afforr!  SGbstRntial o ro t ec t ion  aca ins t  t h e  
thsrmal m d i n t i c n  from a nuclear  de tomt ion  (I)* 

I 

Tne f s a s i j i l i t y  of cc-i-tin: up pro tec t ive  screens of i n d u s t r i a l  smokes 
depends on the  p r o b a b i l i t y  of eneountering invers ion  condi t ions over 
r i t i e s .  This probsbi l i t3-  mag be 1.31atimly hi&h. r a r t i c u l a r l y  over in- 
thistricl 8ree.S. 
wi th  a l apse  ccndi t ion  below L t  permits wid- lsteral spreading o cloud@). 
Simi1o.r r e s u l t s  h a m  bcen re ror ted  f o r  bui l t -up a r e a s  in Englandf3k. An 
ex tens i r e  s tudy  o f  t h e  f e a s i b i l i t y  o f  es tab l i sh ing  screening clouds aver 
a mmber of lmerican c i t i e s  has  been ca r r i ed  out  by Stanford Research 
Il?sti tute(*).  The c i t i e s  of Los A?qQles,  Chicago, an3 St.  Louis, f o r  
exanple, show h ieh  f e a s i b i l i t y  a* n ight  throughout t h e  year  (752-86%) 
and lower (34$-64$) f e a s i b i l i t y  during t h e  day, with marked seasonal 
variation. 

O-lsr Sac Frmcisco ,  f o r  example, a deep i m e r s i o n  layer  

The screening proper t ies  of smokes depend.. on t h e i r  a b i l i t y  t o  
ahsgrb o r  s c a t t e r  l l g h t .  The var iab les  involved a r e  t h e  complex re-  
f r a c t i v e  index of the smoke mater ia l ,  the  s i z s  of the smoke p a r t i c l e s ,  
and t h e  Navelength of t h e  inc ident  l i g h t .  
i ng  power has been ca l cu la t ed  on a simple exponential  l a m b )  but f o r  
t he  concentrat ions required f o r  thermal screening the  theory  becomes 
much more complicated. 

For  l i g h t  mok  s t he  obscur- 

I n d u s t r i a l  smokes my contairr, besides carbon, vratep; certain ac ids ,  
5.g". cCzs HCI ,  
fractivs indices  of the =rims forns G f  s i l i c a  rsnse up t o  about 1.55, 
depending on the  cr:rs+all irs s t r u c k r e  and on ths mveleng th  o f  the  l i g h t .  
Ths r e f r a c t i v e  ind ie s s  of ths a c d s  i n  this reg ion  may range from about 
1.55 t o  about 1.45 f o r  s'crc.x so lu t ion?  i n  vmter. 

eke,; and a l s o  s i l i c a  ir some form. The re- 

In  i n d u s t r i a l  snokes these  cons t i tuents  are mixed i n  random p w -  
portiona. 
s t r o y l y  dqpendent. on t h e  r e f r a c t i v e  i ~ 3 s x ~  and that f o r  a mixture such 
3 s  is f o u r i  i n  nany such zmokes a mean n l u e  of' t h e  r e f r a - t i v e  index 
=;..be used ovcr the e n t i r e  t h e m 1  spe-trum (about 0.2 p t o  about 3p$Q. 
e *e other  hand, ths s c a t t e r i n g  coe f f i c i en t  i s  m r k e d l y  dspendent co 
She r n t i o  of the circumference of t he  smoke p a r t i c l e s  t o  the  wmvelength 
of l i g h t  ( i .2 .  on K = d b  ) when this ratir, i s  less t h a n  about 7. 
higher vs lues  of the r a t i o  th6 dependeme is slight. 

Theory ind ica t e s  tht the sz3tteriEr.g c o e f f i c i e n t ,  K,  i s  not  

A t  
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According to the Xie Theory(7) the scattering coefficient is given 
by the relation: 

0 0 2  2 
(1) 

L ) Z I  

The ad's and 
index. Valu&of K are available in published tablos(81 The theory 
apylies to individual prticles. To estimate the potential of industrial 
smokes for the attenuation of the thermal radiation f rom an atomic burst, 
a theory is required that considers multiple scattering from an assembly 
of  many particles. 

's are complicated functions of4and the refrsctive 

The Six-Flux Theory of Multipls Scattering 



M = Wd.. the dimensionless mean dis tance between pa r t i c l e s .  

Xm i s  t h e  man d i s t ance  beisreen p a r t i c l e s .  

Other va r i ab le s  required a r e  d, defined before,  m* (m- j k )  t h e  complex 
index of r e f r a c t i o n  of t h e  p r t i c l e s ,  and k, the  ex t inc t ion  coef f ic ien t .  

Since K and m* a r e  complex fbnct ions of the wavelength, a n d N  and 
I4f depend on the  s i ze  of t he  p a r t i c l e s ,  t h e o r e t i c a l  and experimsntal 
s tud ie s  can only be made f o r  uniform dispers ions f o r  p a r t i c u l a r  navelen+. 

b. S p a t i a l  D i s t r ibu t ion  of Energy 

The a x u l s r  d i s t r i b u t i o n  o f  enerey sca t t e red  by a s ingle  p a r t i -  
A t  t h e  concentrat ions of i n t e r e s t  the e f f e c t  c l e  depends on<. m+ and Ma 

of in te r fe rence  by ad jacent  p a r t i c l e s  does not seem t o  be important, and 
as mentioned before the  e f f e c t  of the r e f r a c t i v e  index is r e l a t i v e l y  
small. Consequently the v a r i a t i o n  of  the angular d i s t r i b u t i o n  of energy 
may be discussed q u a l i t a t i v e l y  in terms ofdalone. 
i n  t h e  theory i s  the angular energy d t s t r i b u t i o n  fun i t ion.$ 
mhich is the  f r a c t i o n  of 
dent beam wi th  d i rLct ion  % 2 

i n  t he  d i r e c t i o n  -?,- . H a r t e l l  "i80f suggested expanding t h i s  funct ion 
i n  an i d i n i t e  s e r i e s  of Lezendre polynominals, i n  Nfi ichthe coef f ic ien ts ,  

.4n important f'unctiun 

?:), rom an inc l -  ergy in t e toep ted  by a p a r t i c l e  
' s s c a t t e r e d  in to  a unit s o l i d  angle 

", .' +, a r e  functions of <and m* alone: . .-. . .  

- 
%here 0 i s  the  angle b e t w e e n - x  ' 

To s implify t h i s  prcblen Theissing(ll) assumed a tm flux ( f o r m r d  and 
backmrd)  d i s t r ibu t ion .  However, i n  t h r e e  dimensional space a reason- 
ab le  d i v i s i o n  of the flux i z  i n t o  six components along a s e t  o f  t h ree  
orthogonal axes,  one of which coincides  mith t h e  dire,.tio2 of the inc ident  
beam. This Six-Flux d i s t r i b u t i o n  includes f o m r d  and backward cmpnpo- 
nents  and f o u r  equal siderrise components, 
funct ion f o r  t h e  f o m r d  and Sackmard components is  c r i t i c a l  and some- 
what a r b i t r a r y .  A cosine l aw r e s o l u t i o n  i s  inadequate because of V i o -  
l a t i o n  of ena rm conservation 1'3r t h e  case of  i so t rop ica l  s ca t t e r ing .  
Instead. a cosine square r e s o l u t i o n  i s  used: 

and 3 
The ansular  energy d i s t r i b u t i o n  of s ca t t e r ed  r s d i a t i o n  is comples. 

The choice of a weighting 



..Twn an i nd l l s t r i a l  s i n o k ~  i s  -;iifdely enough j i spersed  i L  may 
tte c o n s i x r e d ,  ir e f f ec t ,  a continuous mcdium. Assumiilg such a nedium 
~ i i u  c c  -5 i d s r i q  aa energy balcnc- f o r  a d i f f e r e n t i a l  volune of unit 
c ros s  :i,:tion o c r l  length i n  t h e  d i r ec t ion ,  t ho  following form 
of t he  Transrcrt Equation can  be obtained. 

vhere  3 J! i s  tho d i f f e r e n t i a l  s o l i d  angle i n  the d i r e c t i o n  a , m 
IS t h -  albedo f o r  sirs15 s c a t t e r i n -  and i i c  t he  irmt-usity a t  the - 
iil? ? , i s t r ibu t ion  i n t e n s i t y  i s  a l s o  representea tg six conpcnents, R f o r -  
mrcd ccmynent ,  a baclmird component, and f c c r  s i d m i s a  conponLmts which 
m y  c o t  be squcl.  

s i t i a n  R and i n  t h e  directions. ?f! i s  any d i r e c t i o n  o ther  thzn 3 .  

1’. r igorous so lu t ion  o f  equation ( 6 )  can bo c-ritter, formally i n  
i n t e g r a l  form, but t he  i n t e g r a t i o n  cannot be performed ena ly t i ca l ly ,  
After  a t temptins  severa l  apy-oximte  methods of solk%ion, a procedure 
Sasad on th5 s ix -ckx  nethod of rep?esenting tk’3 ~ q u l a i  dis t ryout ion  
func t ion  R ~ S  selected.  This pe rn i t s  reduct ion or‘ t h e  t ranspor t  equation 
i n t s  s i x  zimultaneous ordinnry d i f f e r e n t i a l  eqcRticns. For t ho  spec ia l  
ccse of c. Toint sccrce and e. plmne, p a r a l l e l  di;Fsrsion, t h e  bounbry  
-, -.,..dition- “7 

t~.?nsous, non-linear d i f f e r e n t i a l  epa t ions ,  sine* t r ro  of t h e  six cmpc- 
x n t ?  a r c  l i n e a r l y  dependent cn thz o the r  four. 

B y  in+roducing a geonet r ic  s impl i f ica t ion ,  

permit reduct ion  o f  t h e  problem t o  ths so lu t ion  of fmw simul- 

abcvs four non-linear 
r r . z + i o n s  x’.y he l inesr ize’ l  <n;l t h e  f i n a l  numerics1 so lu t ions  a rz  cb ta i r sd  
f r ? ?  t h x a .  Ir. t l v  l i n s? r i z?d  sqi’Jtions, the x b s t i t u t i c n  of o rcls. t lve 
ir : :enSityS e.g. 11 f o r  il, s impl i f i e s  the procefiwe somr;hat. The re la -  
tiv.? i n t ens i ty ,  11 i s  ds5ined by 

J 

r b r 3  Qs i; the  source i n t e n s i t y  and R the d is tance  o f  t h e  sol.wce t o  
t h s  receiver .  
t h e  smoke t o  t h a t  7:hich ~ i o c l d  e x i s t  a t  t h e  same point ,  and in  t h e  sane 
direction, if no dispers-ent. 

11 is t he re fo re  t h e  r a t i o  o f  t he  measured i n t e n s i t y  i n  



The f i n a l  equations whose so lu t ions  give the required sip: components 
of the :lux ct any point  i n  the smoke a r e :  

d13= - (1-F-X) cso 0 Is + Id (B9X) csc  b f 3X (Il 4 12) csc e 
d2 

(10) z z z - 
- d14= - (1-7-X) csc i3 I4 4 I3 (BIX) csc 6 4 3X (I1 4 12) csc 0 

dZ 
(11) - 2 z z 

If the pos i t ion  o f  the poin t  a t  which the  i n t e n s i t i e s  received from the 
var ious  d i r ec t ions  i s  represented i n  sphe r i ca l  coordinates (R,Q#d), 11# 
14, I5 repr~esent  t he  r e l a t i v e  i n t e n s i t i e s  i n  the d i r ec t ions  o f  increasing 
R, 8, d, respect ively;  and 1~~ 13, I ~ ,  the  r e l a t i v e  i n t e n s i t i e s  i n  t h e  
opposi te  d i reo t ions .  - 

Tha boundary conditions are: 

17 = 1) - 4 

I3 = 2) 
j a t  z = 0; I~ - = o a t  Z=T 

It i s  possible  t o  shm(9b) that the S i x 3 l u x  mthod  degenerates 
t o  a Tnc-Flux dis t r ibu t ic? ,  f o r  a normnlly inc ident  wava o r  when the 
sidevrise c c q m e n t ,  X, i s  assumed equal t o  zero. 
ticn tnz rrm-flux d i s t r i b u t i o n  can be app l i ed  t c  ob ta in  a f i r s t  ap.JrOXi- 
mation c,f t he  sca t t e red  in t ens i ty .  

C> t he  l a t t e r  a s smp-  

Comparison of Experimental Resul ts  R i t h  Calculat ions by t he  Six- 
nux Method 

e.. Experimental r e s u l t s  am convenient ly  expressed i n  terms of 
the conccctrntacn (mass o f  smoke over a u n i t  area) an3 the  t o t a l  r e l a t i v e  
i n t e n s i t y  received at; a point.  
per unit o ~ l m e ,  C t  = concentrat ion i n  nass u n i t s  per u n i t  a r e a  f o r  a 
d i spe r s ion  of height  t above th4 g r o a d .  
“coke, 

If C i s  the concentrat ion i n  mss u n i t s  

If p is t h e  dens i ty  of t h e  

2 pd 4 



"!lis r c l z t i o n ,  togethcr  ::ith t:le bucL?;Prd ;:nd sidew'-so s c a t t e r i n g  
coecfficiont o f  a single smoke por t i c lv  y i e lds  tiic in?n?orte.nt s c a t t c r i q  
yr ..)- bits r-yirs f o r  t h c  si;;-flux solut ion.  

This zc lz t ion  >erts.ir.s t o  2. siii:;le vavelcngth,  and to o ' a k i n  t h e  
m+:n ,$ i t i e s  due t r i  a l l  r.~.~?lc;:??.s i n  the  t h e r m 1  r?Gior! an Irte<;rafion 
ij c?r?*i.:.i c u t  tsixe,?.? ti,- l m i t c  (ab0u.t 0.2 p end about 3 . 0 ~ )  of i n t c r -  
- s t .  The e n e r r j  s t r i k i q  surfnccc n c m l l  t o  k ! e  six d i rec t ions  czfi be 
n. L m ? . f  ' 

u.w r: L.?ption i s  sstix:.ked by assuming that th-7 c o q o n e n t s  nro collirnrited 
In + !  r i r  rnspect ive diroct ions.  
iL: t : :~  sr.iclre i s  E ( a j .  
r.=ceived a t  a poin t  on m a r 3 i t r c r i l y  or ien ted  ?l?.nc i s  

U .  

im1tiyl:in:- by Q:,/-?TX 2 . Fcr ?. plat.; y r a l l e l  t c  t h e  boundary ..,. 
The t o t a l  I n t e r s i t y  recc ivcd  at 2 Ijoint 

Fcr 5~ :'l-ne 2 = T ( f i g .  1) the  i n t e n s i t y  

E ( A  ) = I1 Cos Q + Ig Sin  (15) 

;i~ J ( 
btrnngth i s  

) i s  tho nonochrc-.ntic p r e r  of t h e  source ,  t h e  poin t  source 

Pj ( a )  d~ (16) 

- I '  6. ( h ) J ( A ) d ?  (17) 

- I 
Qs 4 

and consequently t h e  n o r m l i z e d  i n t e g r a l  i n t ens i ty .  - I , is 
ro IO 

IO QS 

Lssuming a 5 l x k b o d y  souroe of equivcilent tenpers turo ,  T, 

by  Pl-ncks l m r ,  and usin: t h e  m t h o d  of Jahnke and hde : ( l 2 ) ,  - I can be 
:?.lculatcd f rcs  (18) and (17). I o  

FiC. 2 i l l u s t r a t e s  the %q.eoreti?,.,i r o l a t i o n s  befnrem I , tho  re la -  - 
IO 

t i v e  t o t a l  i n t e n s i t y  rece ive2  o.t e p o k k ,  C t  , the  c m c c a t r a t i o n  of prti- 
cl : :  i n  t he  smoke, and 6,  t he  angle o f  recept ion (cf. f i g .  1) f o r  a COCO" 
I{ h h o k  body sourca and n smcke Q? ice?.? re f re .c t ive  indc?: ?.bout 1.5, a 
-.@.;ue 3:rithin the r a q e  t o  be expeot?! ;'or i??dudri::.l zmkes.  
6eyendence o f  I on e C t  i s  apparsnt.  

-em and polyvinyl toluene 1s.t ioes in  ivatcr were csadt137to test the 
2.. ,.,retical r e s u l t s .  u s i rg  a Senera1 E l e c t r i c  Neon 69 glow lamp as 8 _- ,-n:x'r:ronatic scurce. Fom d i f f z ren t  3i.cperzions. each containir,: 

Thc s*ol;g - 
I o  

b .  I n  a labora tory  s e r i e s  o f  experiment: d i sps r s ' on  o f  polys- 



p a r t i c l e s  of very u n i f o r m  diameter (less +&an 2% standard dzr ia t ion)  
wers used. The diameters were 0.236, 0.333, 0.514 and 1.18~. 

Fic. 3 compares a se t  of  t y p i c a l  r e s u l t s  obtained i n  t h i s  m y ,  rrith 
ca l cu la t ed  values f o r  the same con3itions. 
t h r  t h e o r e t i c a l  Velues of E ( a ) i s  lmr (about 2%) f o r  values of t a n  
a/%:, exd s l i & h t l y  high abovs t a n  e = 3. 
i n  ganeral  i s  much b a t t e r  and t h e  experimental values  range from about 
2 8  beli? t o  %>cut ?$ aSooc the  t h e o r e t i c a l  F;edietion. 

I n  a:m+her se r i e s  (I4) of larger-scala  expr iments  the  at ten-  

In t h i s  and in other  cases, 

Above t a n  0 = .7 th6 agreement 

c. 
ua t ion  of the rodln t icn  f r o m  an unco l l imted  carbon ere; CourCie oms 
masured after lass in;  through a variety of smokos, e.g., fog o i l ,  carbcn 
(made by burning naphfhalene), and several  a c i d  caokes mad? by  hydroly- 
zing in m o i s t  a i r  chlcrosulfonic acid. s i l i c o n  t e t r ech lo r id r  u<%th crm.onia, 
and t i t an ium t3trachlor ide.  
obtained f'cr t h e  CIISB o f  t a n  e 
shmrs th4  agreement bsh-reen theory and exyeriment. 
cum3 T.R; cs lcu la ted  f o r  a non-absorbing smoke of r e f r ac t ive  index 1.5 
rriid for  ; .art icles of 0.9 p diameter. 

Figure 4 i l l u s t r a t e s  some o f  the  r e s u l t s  
0. d "Theoretical  curve" ( s c l i S  curve) 

The theo re t i ca l  

Deviations f r c n  tt.3 theory i n  t h e  case of t h e  ac id  smckeu e r e  i n  
t h e  d i r e c t i o n  t o  be expected if the p a r t i c l e s  tended t o  increase rap id ly  
i n  s i z e  during t h e  measurements owing t o  continuous absorpt icn o f  r.ater 
f r m . t h e  humid atmosphere. Deviations of the fog  o i l  f r o m  theory  a re  
m c h  less .  I n  the  thermal r sg ion  t h e  a c i d  smokes would appear t o  be- 
h v s  l a r g e l y  as sca t te re rs .  
r e f r a c t i v e  index of carbon, no t h e o r e t i c a l  c u r r e  has been included for  
tb.i s elen2nt. 

In the absence of  acceptable values o f  the  

Conclusions 8 

The Six-Flux model described appears t o  be sufPic ien t ly  accurate  
i r o r  t h e  es t imat ion of the, po ten t i a l  of indus';ria? znokzs a s  scr?ers  4gaiCijt. 
t h s  t h e m 1  rad ia t ion  frun atomic detonations. 

The pcss ib le  aci3, cons t i tuents  o f  i n d u s t r i a l  smokes other  th%u nap- 
bon ar9 about  as ef fcx t ive  as f o g  o i l  as t h e r n a l  screens, bu t  they w e  
less s t a b l e  cwing t o  +he tendency of t h e  p a r t i c l e s  t o  increase i n  s i z ~  
b r  abscrp t ion  of mater. Carbon, oming t o  i t s  abscrbing propert ies ,  is 
much more e f fec t ive  than any of these.  

Although a theo re t i ca l  curve has been presented i n t h s  f i g u r ? s  i o ?  
only I mre s c s t t e r e r  (albedo uni ty)  the theory pan also take ebsorp t i s r .  
i n t o  considerat ion by bringing in  the  complex index o f  r s f r a c t i o n  a d  
0.n appropr ia te  value of the  albedo. 
be ca l cu la t ed  i f  su i t ab le  values of the complex r e f r ac t ive  index c? t h i s  

A t h e o r e t i c a l  curve f o r  czrhrn could 
- 

element m r o  avai lable .  
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In t rodnct ion  

TkLe 3lL?13izg c n s r t c t e r i e k i c s  of z t ruc tu rcs  crr: o f t e n  ott?.ir.-d 
exp-?r%m+xlly by s:i-%dir; -bout  then on the groxn.3 x i f o m  ("ir.fiuit6") 

t he  f i : l6  St?ZifGkL and t h ~  ener2;r sps-trum o f  the contnninat ing f i e l a .  
It has ilso been r-?orted ( l ) t h a t  S tuJ les  o f  t h i s  !:in3 have b e x  Zn-ried 
out by moving a larEe soupce in a d e f i n i t e  p a t t e r n  around a s t r u c t u r e  
and sum9in; *.e weighted ccntr ibut ionn t o  t h e  dose r a t a  measured i n  the 
d r u c t u r e .  

E i ther  xethod o f  measwi rg  the  shielding p rope r t i e s  of s t ruc tu res  
would be muoh s implif ied.  on the  bas i s  o f  the  Reciproci ty  r e l a t i o n ,  i f  a 
s u i t a b l e  scurce could be p l s c x l  ins ide  a s t r ~ c t u r e  and t h e  in tegra ted  dose 
r a t e  dotemined by noaswsnents over the surrounding f i e l d ,  using the  same 
p i t t e r n .  
r n u l d  he obtair;ed if the de t cc tn r  werc FlaCOd in s ide  t k e  s t r u c t u r e  artd the  
s m r c e  spread ou t  i n  a uniform vmy ovep t h e  surrounding terrain t o  a disKEcOe 
corres?ondir.g e s s e n t i n l l y  t o  c.n i n f i n i t e  f ie ld .  i.eoo t o  100-ZCO f e e t  from 
thb c?et t~ctor ,  i f  t h e  f i e l d  i s  continuour, and t h e  g r i d  is dense eaough. 

This in tegra ted  dose r a t e  would. then be t h e  same as t h a t  which 

The Reoiprocity Theoren 

Th6 RGCiprOCity Theorem i s  vrell h m r n  i n  electromagnet ic  theory 
a p r l i e d  ia a v a r i e t y  o f  f i e  d".as an6 has i ?~9vious ly  been f r eque  

the dofmins of  rad io  and rad&r?%n c i r c u i t  nd antenna theorJ2J: It 
has a l s o  been apyl ied t o  neutron shie?diIy(3! A gene ra l  formulation i s  
given by  l3an61-asekhar(~)v~hh3 cls3 cors idars  po lw3zat ion .  These a x l i -  
ce t ioc ;  i m o l v e  no change il; the energy of  the p a r t i c l e c  concerned. 

For tho p r a c t i c a l  a p p l i c a t i s n  t o  shielding f rm  g a m a  rays,  t he  
thacren  m : r  be s t a t e d  as f o l l m s :  

Lat; P an,l Q be b ro   pi^^ i n  i scxtteri 'cg a p a c ~ ,  a r d  kt  an i w r r o p i c  
(!d) sourcs  bo ?laced a t  P. Reciproci ty  eleirts if t h e  radiation detected 
a t  Q h;, an i so t rop ic  (4,d det -c tor  is i;h3 S ~ R  as that vhich  t h e  datecLrn 
m u l d  mas l i re  a t  P i f  the sac2 source w r e  .?.t Q. 

Tte Beoiproct5y r e l a t i o n  2 o e ~  not taka  i n t c  a c c o m t  possibie  changes 
ir. en??:'. J of ~m! .  r?.ys p 5 s i r . 6  thr%zh a shiel?., and i n  t h e  absen-e of 
compensating e f f s c t s  devia t ions  f r o x  racipr0rit.J m y  be expected ifi >mch 
cases . 

Applicat ion of t h e  Theoren t o  Shielding 

For p rac t i ca l  purposes t h q  thaorem is conveniently appl ied  by t h e  use 
of  the followirg m a p p i x  technique. 



If the f i e ld  about a s t m c t u r e  i s  uniform enough, t h e  continuous 
dis t r ihu ' ion may he replaced by an  a r r a y  of i s o l a t e d  poin t  sources of 
edequctt? densibj. 
coordinates  Gf t he  centers  of ind iv idua l  squares,  the cen te r s  beiag t h e  
pos i t i ons  where the source (o r ,  i n  t he  r ec ip roca l  case, t h e  de t ec to r )  is 
placed t o  obtain the experimental data. Tf the f i e l d  s t r eng th  a t  x,y.o 
is,K<x,y,o) the  s t r eng th  of t he  poin t  source a t  t h i s  pos i t i on  i s :  

This a r r ay  i s  conveniently represented by the  a r t e s i a n  

./ 

E = " ( X , ~ , O ) *  dA (X,Y.O) (1) / 
wnerc dl (x,y,o) i s  t h u  small a r e a  of the square whose cen te r  i s  a t  
x.y.0, rLferred t o  aLy convenient o r i g i n  on t he  ground. 
reo tengle  a t  x 0 xi, y = yj,,, 2 = 0, 

For a f i n i t e  

JiXefks constant; we': t h i s  area. 

if X j ,  yk, 2 is a point  ins ide  a s t ruc tu re .  the i n t e n s i t y  d t  t h i s  poin t  
is: 

If El,m I s  the s t r eng th  of t h e  source a t  the poin t  XI ym 0, and 

I (daetector/, source) = I (xj, yk, z xl, ym, 01. 
This IS t h e  cGrLtribution t o  t he  i n t e n s i t y  due t o  a s ing le  square. 
p o s i t i o n  of  The cont r ibu t ion  of a l l  the squares gives  the t o t a l  i n t ens i ty :  

Super- 

The f a c t  t h a t  there i s  no inter term connec+ion suggests that in- 
s t e a d  of a c t u a l l y  having sources a t  each of t h e  points ,  only one source 
need be used. T h e  source may be moved over successive points ,  being 
caraful t o  weight t h e  i n t e n s i t i e s  t o  account f o r  va r i a t ions  i n  t h e  f i e l d  
s t r eng th .  Ths i n t e n s i t y  measured i s  d i r e c t l y  proport ional  t o  t h e  source 
s t rength ,  so that if t he  ava i l ab le  source has a s t r eng th  E and i f  the 
i n t e n s i t y  neasured o f  xjr ykr 2 i s  G(xj, &, z x i ,  &,# 0) 

If t he  f i e l d  s t r e n g t h . f ,  is cons tan t  and i f  Al,m i s  a c e r t a i n  
f r a c t i o n  f l , m  o f  a f requent ly  r ecu r r ing  a rea ,  A, 

~ b j ,  2 )  'I xi, Y,, 0)Jl.m 

If Eeciproci5y 13 assumed. and t h e  s i n g l e  source of s t r eng th  E is 
E 

used, 

-2- 



If Reciproci tywere fousa t c  hold for every s e t  Of points  x- ,  y,, ;. 
and x i ,  ym, C, equation (8) would hold exact ly .  
mpperimentally that  t h i s  equation holds f a i r l y  c lose ly  f o r  t he  s t r u c t u r e s  
t e s t e d  ucder conditions vhers  Reciproci ty  does not; hold i n  d e t a i l  (Le . ,  
a t  d l  p c i n t s )  oar i r I  t o  scat ter in; ;  t h a t  r e s u l t s  i n  a change i n  the solirce 
energy spectrum. 

Hwvever, it i s  $ a n d  

In sh ie ld ing  measurements it i s  t he  dose r a t e  r a t h e r  than the  
i n t e n s i t y  t h a t  i s  the important quant i ty ,  and it i s  assrmed here that 
t h e  former ve.ries l i n e a r l y  as t h e  i n t e n s i t y ,  i.e., if r ec ip roc i ty  holds 
for i n t e n s i t y  it Nil1 also hold f o r  dose-rate. 

It should be pointed cu t  t h a t  t he  magnitude of t h e  deviat ions from 
Reciproci ty  may be expected t o  depend a l so  on the ener y of  tho sourceo 
Fal l -out  may he more c lose ly  simulated. peraaps, by a &137 source, o r  
by a n i x t u r e  of nuclides of  which t h e  energy s p e c t r m  approaches c l o s e l y  
that of Fall-out.  

Experimental Results : 

I n  a aontinuing se r i e#of  experinents t h e  pro tec t ion  afforded by  
t w o  types of buildings has so  far beeri s tud ied  by the  method described. 
h i l d i n g  A was a shee t  m e t a l  and woodworking shop 30' x 60 ' ,  of 8" c l a y  
t i l e  construction. 
heavy machine t o o l s  were arrangsd in r andm fashion. 
vacant, two-story army-type barracks,  of t h e  same dimensions, bu t  of frame 
construct ion.  
200 f e e t  f rom any n e i g h b o r i q  s t r u c t u r e ,  and  building B mcro than 500 f e e t  
a m y  from another kuilding. 

The p a r t i t i o n i n g  malls were o f  mod,  and t h e  var ious  
Building 9 v a s  a 

The j o i s t s  were faced wi th  1" x 8" boards. Building A m s  

B u i l d i x  9 r.as mapped on one quadrant which w a s  divided i n t o  4 yd2 
squares extendin8 t o  18 f e e t  from t h e  walls. 
io one quadract divided i n t o  squares of t h e  same area,  bu t  extending 36 
f e e t  from t h e  walls. 

Building B rms also mapped 

The de tec tor  used was a Jordan(6) dose-rate meter, m o c k 1  AGB-10-SR. 
covering the range 0.01 t o  LOO0 mi-,&!, w i t h  two sca l e s ,  and vdth a r a t e d  
accuracy of  1%. 

of 0.6 curie.  
The source used i n  a l l  t h e  measurements m s  Co6* with a s t r e n g t h  

Measurements on bui lding A showed a devia t ion  of 0.9% f r o m  "overa l l  
Reciprocity",  although the thecrem was not found t o  hold accu ra t e ly  i n  

* In progress a t  Arqy Chemical Center, Maryland. 
-3- 



general. 
i n  bui lding F At i t s  c e n t e r  and t h r e e  f e a t  a b o p  i;nc lover f13or. The 
devia t ion  i n  the  center t h ree  f e e t  above the  upper f l o o r  was only 0.6% 
and thn deviz t icn  15 f e e t  f r o n  t h e  center  ( i n  the  d i r e c t i o n  of t h e  g r i d )  
and t:,ree feel; absTs t h e  upper f i co r  mas 9.1%., 

b v i a t i o n s  f rm “overa l l  Brciproc;~---” >f o n l y  1.45 m r e  found 

’Ti+h the s o u m s  i x i d e  t h e  buildinxs it m s  found t h a t  data  could 
be oi,:..alned In  about. half the t in? r e q u i r o t  f o r  t he  r ac ip roca l  case, with 
half the personuel and wi th  only about one t h i r d  o f  t h e  r a d i a t i o n  dosage 
incurred. 

Conc 1us i  o m  : 

1. Although ind iv idua l  po in ts  i n  a g r i d  may shorn deviat ions,  
“overa l l  Reciprocity“ 1 s  c l o s e l y  f Q l l m d  i n  the  casss of  t h e  buildings 
studied. 

2. A considerable saving ir, time and personnei is r ea l i zed  by 
placing the source in s ide  a s t ruc tu re ,  r a t h e r  than o d x i d e  on a gr id ,  
i n  determinins th5 sh ie ld ing  proper t ies  of structure.: t o  gama radiat ion,  
e.i;d rhz dose incurred i 3  the operat ion i s  much less. 
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The d e s i r a b i l i t y  o f  checking ground r ad ia l cg ica l  conta-ti on f r o u  
the a:? has r e s u l t a s  in th$ dcvrlopmmt @f l a 0  altitude- n e r i a l  s u n e y b g  
teci'.ni;cc?: u s i q  R h l i c a p t e :  v i t h  R s,ispenduble r ad ia t ion  5a tec to r .  
Tlie ..i+,;iiz?.tion of $h is  eqiiipen: RC; a l t i t u d s a  up t . 2  1C,3C f a e i  abcve 
&=--ai:. ..\, . - L2.s been found t c  he an ef fec t imt  method 3f d e t e m b i n g  g a m  
--e%?. - -  - L :  ~. intc-r.sitic.s a t  s.pac:f-Lc ~ ~ i c ~ s  ox t h a  ground. 

Ire ri1iimNlt5 Jb jec t ive  :f su31 cn ae-in1 z-.rL-;y acL. ld  be t> +stab-  
L s h  r s d b t i o n  i s o - i n t a n s i t y  l i n e s  a s  e a r l y  as possible  a f t e r  an 
aC;ornic sxpioslor+, s s p e s i a l l y  ir. area: inaccessible  ?:o gr0m.d survel teams 
h e  el(Jh3r t 5  t e r r a i n  o r  t o  high P a d i a t i m  level-, 

Sack&rou&:  

i .  

The rresen'; method of using helicopter-to-ground equipmont for low 
a l t i t u d a  a e r i a l  surveying has evolved a f t e r  considerable e x p r h a n t a t i m c .  

In 195Zg tixi GOSO . h y  Chenioal Ccrps e& up R r a d i a t i u a  f i a l d  at 
the i m y  ?, er-ical Conter, E d -  f o r  the FWFOSe o f  i e s t ing  d i f f s r e n t  types 
ol L3vr-aI. t i i ;de s e r i a l  snrve:&g equipment. 

As a r e s u l t  Jf these end other t3stso ssvera l  c;nclusiof:- mere 
reached. 

1, A e r i a l  s m e p  performed near  the qrmm;l (below 2C i ' * a t ) @  pmved 
to be uore r e l i a h l 6  than  thosa  per fomed from higher altitude& because 
o f  t h e  z r a x x w c i e s  i? ccrrrecting h igh  a l t i t u d e  da-a back t o  ground l e v e l  
szd fh; d l f f i c d t i e s  encoumered i n  loca t ing  the axacnot pos i t i on  Over 
-.?Lc:i e%Li res3ing m s  taken, 

2. D.0 i~e ' ; iaop~sr  v w  fmnd %c be more su i t ab le  than fixed wing 

The slew 
a i r x 3 . h  for carryins the s m e y  instruments because Qf i t s  Inhorent 
a k i 1 a T  t o  f 1 j  safe iy  a t  low s w 7 e y  heights  and slmr speeds. 
respozsa times cf tm i n s t r w e n t s  then ava i l a0 la  4 %!e r ap id ly  changing 
r a d i a r i o n  i:nm;;i:isf at l w  survey heights  I ~ F :  slower f l i g h t  speeds 
iC.DwctifB. 
c r x 3  y z i t i a z  wifi. i n t e n s i f y  readings,  

Slmv? f l ig! i t  spea ls  a1.o m d a  i$ eas i e r  ts o o r r e l a t e  a i r -  

Z. The mnefhni @f F e % w d i x  h t e  manun;ly f L * n  R d i i e c t  iLstFtrment 
r e e d i q  prowd t o  ;e more d e s i y a b k  than usicg 9 rac,.rrdir< 3j.sLerr because 
o f  t h  c l c m r  response time and a d d i t i o n a l  imccurac ier  Introduced rrith 
the r.ecorder. 

4* Wide range 
linet3.r zcales due t o  
sca les .  

lognri+;hmio s c a l e s  w r e  found t o  be preferable t o  
t he  time aad da ta  l o s t  i n  switching the l i n e a r  



- . - -'I x-ieyr of th3 55075 pc,;nts.  he most s a t i s l a c t o r y  zombination G f  

eq;:-.cznt appear25 
,. '.: ,,,. ,, , w?.eereby a h31i:5r,i.er ~aa used t o  ca r ry  a suspends-tile r-di-t ion 
dst:-sl:or. 
va; upsrated nar.tiall:i fran t h e  heli-r,pter t o  raise c r  lower t h e  probe 
t:! ;:++ rlesired height .  Tie  probe coatained an ion-atAmber type detec- 

GL.CILL;L;I? readmgs  s a l 6  thv-  be taken r eno te ly  as t h e  h?l icopter  wS2 Tly- 
I-. k- : : ,~~ lv  -.J . v c r  8 ~ .  a73a or hc-o.?inS ime- a s3ec i f i c  r o i n t .  

ts be a sTystea de?eicped by t he  Evans S i g m l  !Ab- ,. ,.- ,*:.= 
?: proje  T;as at tached,  t o  a 540-foot cable  womd on a rea l ,  & i C h  

.. ... '.; -.-ch ya: mirs!. L " r w g h  th? -3bla  t o  a n e t e r  insi t :  ?-E.? h?l;G>?ptel... 

,.li',nough consiahrabls  d i f f i c u l f y  -:as encvGnfered -?ritk t h e  o r i g i n a i  
~ . .. ., t ipnens,  t h i s  
x?.t developed ana usc.3 by t h e  Chemicd Corps Vi the 1955 s e r i e s  o f  atom- 
.&: t z s t s  a t  the Ne-mia. Proving C ? x d .  

B s c r i p t i o n  - of 2p ipeni ; :  

systerr. i'ormed th2  h s i r .  f o r  a e r i a l  sLlr7.reying equip- 

Trio eydipment :?sei :c atha Ne-rada o p r a t i o n  consisted of an ion- 
z k m b e r  q ~ e  radis t ion.  d- tes to r  rror;nted i n  ~t probe wit s o  that when t h n  
dfy; o f  the Frob? w9s t x : h k g  W.4 ground, the i o 2  ohanber r m d d  ka a t  
3' .  
?oi;Ild on 3 hixlcperated reel which. was mounted on an aluminum frame 
c311.ied k s i d s  the he l i s cp te r ,  
h e l i s o p t e r  70 low? t he  probe t c  the gro.lrd or t o  any d-s i red pss i t ion .  

The Frl:hs T , ~ S  at ta-ccd tt X Q G '  of 'i-conductor cable, (I;?,'' diameter),, 

Li.5 :.eel r r o ~ l d  t h u o  be c p r a t e d  frcn: the 

Alsc munted  on the almixw. ?-me m s  a cont ro l  panel with meter 
and e.ssociatfd c i r c c i t r y  rrlnick. mas nk3i t o  t h e  de t ec to r  thrcugh t h e  
?-canductor -able .  An i cd i ca tq r  
mired through +he cable  t: R mi~:rcmitoh rin tha t i p  of the probe t o  
i nd ioa te  wheu t he  probe w a s  i n  cunt. .zt  witb, the gro:md. 

3igb.t on the  c c n t r o l  panel v a s  elso 

The en t i?e  unit weighed approximately 70 pounds and vias portable  
t o  f a c i l i t a t e  ease i f  instal-htim :it the E-13 hel icopter .  

Thlhs r ad ie -  i n a t r m n t  used m s  Q m?ified v w s i o n  of t he  icm-than- 
1 ?r typ? 
Eisc t roni -  K g .  C;. if Fasadcra, Cal i fornia .  Br ie f ly ,  the ope ra t i cn  of 
C . l a  ins?ruoic-: is as f o l l m ? ;  

ncuitsr.. Modi L IGE-~SB-SR, uanlifactured by t he  Jordan 

The ioniza.t'.,>ri o h x b e r  i c  t h e  Psker-TD~ito typa c m s i s t i n g  o f  a mets l  
.j?,?.fll ppith e hb;Ti:;iamure h h e  sati1e:i i c s i d a  a t  10 atnosphere5 of pure 
a.-gon. A .:elativel;T k.igh cL; 
tc- the i nd ica t ing  nerer ,  eibj:ni:ing t h e  need f o r  complex c i r c u i t r y  re- 
quired in  &her t ypss  of radistio:' no~:k.-,~s. 
wh.i<h mako- po5;ib:!3 t;h wide m n g p  G: 3.G1 m/br t o  l 0 , U C  r,hr in  th ree  
seaies. 

J G  x r r s m t  f ron  t h e  chamber flm d i r e o t l y  

The response is locarithmic, 

Accurciy is  quoted at. +la ?f app l i ed  dose r a t e  anywhere on - 



_. ... 

sca le .  The spec t r a l  response of the instrument i s  m d e  e s s e n t i a l l y  
?let between 75 Rev and 1.3 MeV by  using a lead absorber on the outs ide  
of +!le s t e e l  chamber s h e l l  and an aluminum secondsry emitter on the 
inside.  !I bu i l t - i n  source o f  Sr90 insures  a convenient and r ap id  c a l i -  
bra->ion check. 

T.hr@qhoQt the operation, t h e  mcdified Jordan i n s t r m e n t  proved t o  
be  r e l i o b i e ,  s t ab le  and rugged. 

Discussion of Operation: 

During t h e  IImada operation, the helicopter-to-ground method of 
a e r i a l  surveyin: nas used pr imar i ly  in t w o  f i e l &  of operat ion,  viz., 
t o  sheck r ad ia t ion  j n t e n s i t i e s  a t  s p e c i f i c  points,  and t o  make a i r  
a t t enua t ibn  studies.  

The point checking operat ion VAS c a r r i e d  out a f t e r  each ds tona t ion  
i n  conjun-tion with the Radio logica l  Safe ty  teams f o r  t h e  purpose o f  
checking f o r  rad io logica l  csntaminat ion i n  outlying riork a reas  and a t  
o t5er  speoi f ic  p i n t s  o f  interest. The genera l  procedure v a s  t o  take  
off from a cogtrol  po in t  immediately following psssage of  the snock 
~ T E ,  check t h e  ou'clyins a reas  f i r s t ,  then t o  proceed i n  t m r d  ground 
zero u t i l i z i n ;  pe -e s t ab l i shed  check points.  

1 

"hose checks were made bg hovering owr t h e  poin t  a t  s u f f i c i e n t  
a l t i t u d e  t o  a f fo r3  s a f e t y  from g r o w 3  rad ia t lon ,  (usual ly  around 500 
f e e t ) ,  and l m v e r i n g  t h e  probe u n t i l  t h e  cont ro l  panel l i g h t  ind ica ted  
that t h e  de tec tor  fias 3 f e e t  above the  ground. 
taken, recorded and radioed i n  t o  t h e  cont ro l  po in t  f r o m t h e  hel icopter .  

ceb le  to prevent catching t h e  probe on an obs t rus t ion ,  and relowered it 
at t h e  next check point. 

A reading %as then  

no-fing from point  t o  point ,  t h e  operator  I c e l e d  in e Pew f e e t  of 

In  add i t ion  t o  the  two h e l i c o p t e r  p i l o t s ,  it was deemed necessary 
t o  car ry  a R a d i o l y i c a l  Sa fe ty  o f f i c e r ,  a probe operator  and a radio 
o p r a t x  on each niss ion.  This  team a l s o  used the e q u i p e n t  t o  make 
quic!: dee;eminaticns 3f "hot  spots" by f l y i n g  over an a rea  wi th  the 
probe extended t o  vri:hin.25 t o  50 f e e t  o f  t h e  g rm& 

Throughout the o p r a t i o n ,  pos i t i on ing  mas accom7lished v i sua l ly ,  
h at tempt  w a s  made +io u t i l i z e  b y d i s t  posi-  u t i l i z i n z  check points.  

t i on ing  c q u i p e n t ,  (a r a d i o  t r i a n g u k t i o n  methhcd:i. 
saticf0c'or:- f c r  determing p o s i t i o n  but  d i d  not  lend i t s e l f  t o  r ap id  
surveys a t  that t i m e  due t o  the  g r - a s  a n o m t  of' time required in i n t e r -  
p r e t i n :  th? posi t ioning data.  

%is equipment m s  

F3r air a t tenuat ion  s tud ie s ,  t h e  equipment m s  used t o  obta in  g a m  
r a d i a t i o n  i n t e n s i t i e s  a t  various a l t i t u d e s  d i r e c t l y  above a given poiat; 
on t h e  ground. To obtain t h i s  data, the he l icopter  hovered a t  520 f e e t  
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v i tn  t h e  proba a t  &round l-.vel. 
i r i ;arvals  as tho he l i cop te r  nscended over t h e  i n i t i a l  point. Since t h e  
he l icoFter  u s m l l y  c ~ u l d .  z3t hovol- abovG 1300 i'eet. th ip  cnly p v 3  
~EI:!L Lgs up t o  500 feet .  To ob ta i z  t'h dsta from 500 f a a k  '.o LCOO 
T':.,?, t h e  ? . e l i c G ~ + r  E: r e t u r n e d  T G  i t s  oii<inal ; :osiciw c% 530 
<so? agd t h e  :robe y . 3 3  r so l ad  in t o  ap?roximte:y 15 fee-t belo::. t h e  
h e l i  ,-,r,t.-r, ,:.?zose z l k i k , ? . ?  rc.s again  izcressed  i n  100 f g ;  t xcroments. 
The o 1tituz.r  rmc daterni7sd n t  each poin t  from the he l i cope r - ' 3  b a r m e t r i c  
v-; .. =? t i r ie ter .  

Reading; were then taken a t  ::XI f o o t  

The da ta  ob'csined in t h i s  memcr fiz thG liem6.a Proving Ground in 
1955 i s  presepted i n  condensed f o r m  0% graph I ?f t h i s  report. 

Cmiridsrabla d i f f i c u l t y  mas experienced i n  obkainin; t h i s  clata, 
ZCE m i r J y  t o  %he ps'ilens encsmte red  in t r y i n g  t o  h o l d  a stetionary 
::c:jtion i n  t h e  he l icopter ,  end in  a s c e n d i x  d i y e c t l y  atove t h o  ini t ia l  
p c i d  ;;n thz gro?&. 

The a b l l i t y  02 a he l icopter  t o  hover is d i r e c t l y  depenlent upon 
ti l3 air densicy. 
ap;;rc:anstely 43CO feet above sea l e v o l ,  it was neoessary t h a t  t h e  air- 
c r a f t  t o  o,w-ated 2t 4800 f e e t  t o  5300 f e e t  ?\EL. 
tiriary p o s i t i o n  a t  *Aezess a l t i t u d e s  can be exhanely d i f f i c u l t  for the 
X-l:, aEFecially in gusty Cnds .  
corn-iicates the protlem and m k e s  it imprac t ica l  t o  a t tempt  air  at tenu-  
a t i c n  qtudiec under p s f q  vrind conditions.  
cre not qu i t e  so c r i t i c a l .  

S i x e  Yucca F l e t  et the  Newds Proving Groilnd i s  

Havering i n  a sta- 

Ascznaing d i re t : t ly  over  a poil:t fmther 

Point-check run3. however, 

it should b e  noted that t o  hover betveen 100 f e e t  and 400 f e e t  
sbore  gmund l e v e l  i s  danprous ic t h a t  i f  3 pomr f a i k r e  occurs. t.here 
T ~ Y : ?  r.?t 50 s u f f i c i e n t  a l t i t u d e  i n  vhich t o  "reoovwr" and break the 
f d l  pr:or t o  s t r ik in ;  t h e  g r o m d .  L.lso, it i s  advisable  t o  be a b l e  
110 quich-Ty ~3-rer t h o  cable  i n  a-, emergency. 

C o r t n i n  l i m i t o  t i o n s  m r e  a l s o  enoountored concerning the sqxipment 
c, - : L,I? ::.?.mal:j. npersted r e c l  vias found t o  be much too  slaw f c r  quick 

o-.c ,:,:':i:AerLt dat% %kin&. 
C ' I C . :  
v x i  ?li? i:-oke w;. baing lorrered nee- t h e  ground. t h e  he l i sop te r  mddenly 
c!iqy-;ej. p G s i t i o z  zrA the praba cocld n o t  be  r e e l e d  up faFt c;zou.gh by  
hr . l  $J rrevent iti being drag@ and Ecuncad acFoss t h e  groimd. 

This sicrr opernt icn m s  alsu respopsible  f o r  
Gxi sewral ccos.sions : thc ro,ish rrezxnent receive6 by t h e  probe. 

I ?  is expected that t hese  d i f f i c u l t i e s  fill bo a l l e v i a t e d  ia t he  
f u t t r ;  3y i n so ryc re t i rg  an electso-necL~tni-ai  r e e l  system. 
+e.rv=3 t h a t  t h i s  ry'tem w i l l  h8.j-e e foatzge r e g i s t e r  to i n i i o a t e  t h e  
Iretii ef m m u n i  cable. 

IT; i s  a l so  

A; e leae t ions  above 503 feet, t h e  Fobe unit becama increas ingly  
It i s .  therafcra ,  Fkit.i.ed that d i 2 : ' i w l t  t: 3kserve ab groand l Q 7 G l .  



Discussion cf  Data: 

Tho clot of c . i t enuqt ion  f a c t o r  VS. a l t i t u d e  s ? z ? 3  -that +,!?e gcmrrs. 
rc .diat ion incensit-r decrsase; a;rro:;imtely l o g a r i t h i c a l l y  mith altitude 
aSov.2 2.n;. spec i f i c  point.  

l'h: r a t e  2: i-;hic:., t!?? ::1zzc:ity decreases v i t h  a l t i t u d o  i: ieyen-lsnt 
upon t h q  !-:osilicn -.ritni:. tk? ?? . lhu?  pat tern.  
f a c t  thin: t h e  csrve: in-: ? . i f f e x r ~ t  s lopes  corresponding t o  t h e  iiifLsrent ,..... ;ti .~i; @?-e: r i i ich t k  da ta  vert taken. Thew seemi t o  be no s h p l e  
.-elnticnship, hm..eT?r, h a k e e l  the s lope  of tho  curve and the pozitio2 
r i t L L i  the f a l l o u 5  yatt-rr., due t o  the influence o f  r a d i a t i o n  f 'rom SLT- 
r cux i i2  arecc. Theoretical s tud ie s  have been i n i t i a t e d  t o  s tudy th i s  
e f f ec t .  

This 1 s  indics.tc& k;; Cho 

It choul?  be noted that i n  e-reqr case,  the steeper  slopes w e r e  as- 
soc ia t ad  vith t h s  rcadi rgs  obtained ov$r ground zero. 

Some of t h e  cuyvec a r e  djscontinuous a t  the 500 f o o t  point. These 
d i s c c c t i n Q i t i e s  a m  due t j  pos i t ion ing  d i f f i z u l t i e s  =ncountered i n  r e k i x -  
ix t h e  he l icopter  t o  i t a  exact o r i g i n a l  pos i t i on  a t  560 f e e t  a t  the 
begirning of t he  500-1OCO f o o t  run. 
s ince  the ;:lope of the : m e  is the  s a @  on either. s ida  of the break. 
?he d iscont inui ty  merely i n d i c e t s s  t h a t  ciata f3r th5  seoccd p o r t i c n  of 
the  curve were taken over a p a i n t  s l i g h t l y  t o  one s i d e  o f  the i n i t i a l  
p o b t  on t h e  groun2. 

The data  are s t i l l  val id ,  horrever. 

Conclusisns : 

Experience gained ir the 1955 Nevada operation has proved t h e  effec- 
t i veness  of he l icopter  t o  ground r ad io log ica l  surveying. 
served ?> c-.velop p rac t i ca l  techniques i n  low a l t i h d e  a e r i a l  surveyinge 

It has also 

"h.3 u t i l i z a t i o n  o f  a h e l i c o p t e r  and a suspendable radiat iol ;  detect@:* 
has teea fc:;md to t e  an  e f f e c t i v e  and acourats  mathod of r a p i d l y  deter-  
n-king g a m a  r ad ia t ion  i n t e n s i t i e s  a t  spec i f i c  points  on the ground. 

This ey~ipmsnt  ha3 n l ? o  heen found usefu; in quickly checking f c r  
and loc' l t inz "hot q o t r "  i n  conCaninated areas-  

In coneidEric& the ultimata usa cf a s r i a l  sa--.-eying, it rrauld be 

This  suggests t h e  use 
mosk Ces i r i ? l e  t o  be fltiig t3 
contaminn';ior- f r o n  R r - l . a t ivs ly  h.i& a l t i t u d e .  
of fast;, fissd-ring a i r c r a f t  ~hmi~h ,  ir. turn. F r e s m t s  several mjor 
pr0blm.s. h o n g  thcsa  a re :  

E r ap id  en3 acccrs te  c j rvey  of g r w , d  

1. Devel?pent  of pos i t ion ing  equipment which would make p o s s i b l o  
the quick end a c c w a t e  c o r r e l a t i o n  of intensi ty  reatiings with t h e  scn i -  
t i o n  a t  vhich they were taken. 

-.% 
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2. Development of a r e l i a b l e  ::ethod o f  cor rec t ing  a e r i a l  survey 

data back t o  ground l eve l  mriues. 

In deal ing  wi th  t h i s  second nroblex t h e  helicopter-to-ground survey 
system provides a valuable cont r ibu t ion  by making it possible  t o  o3 ta in  
air-to-grocnd co r r s l a t ion  data  such as that obtained i n  th3 Ilemda opera- 
tion. 

Ind ica t ions  a r e  that m c h  rrorl: remzics t o  be done before a e r i a l  
sur-;ey dete. can be corrected to i nd ica t e  ~ ; ? o u n i  l e v e l  values rith a 
zenjmnble degree o f  eccuracy. 

It is expeoted t h a t  the improved equipment m d e r  considerat ion at 
t h i s  time will make it ?oss ib le  t o  c a r r y  out f u t u r e  a i r  a t t enua t ion  
s tud ie s  more e f f i c i e n t l y .  

Uotes: 
1. The 1953 work a t  ACC was by J. B. Graham and Donald Hamilton. 

2. The 1955 work a t  Nevada was by Arthur Francis, John P. 
Johnson, and Harry I. Vest. 
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Introduct ion:  

The object  of this paper i s  t o  descr ibe  s tud ie s  made t o  asse6s 
tho  dosages from prox7t radis'ion t o  which t ank  c r e w  ray be ex?osed 
at rs:qez rrhelere t ; m y  sus t s i i i  moderate b l a s t  ZanacL. 
3smge i s  defined 3:: that d a a a g ,  vhich i s  sur ' f ic ien t  t c  prevent any 
militer;: use unti:. ~ e p i r s  are  effected.  %i$l-ats d ~ ~ a g 3  t c  tecL.5 may 
r e s u l t ,  ia many 3a535, with no accompanying b l a s t  i n j u r y  t o  the crerr.) 
The f e a s i k i l i t y  of inccrpooratTkg add t t iona l  s h i e l d i n g  in taolrs was :oil- 
s idered  In  the study. 

Discuscicn: 

(coderat3 b h s +  

The s tudy covered the  whols r i q e  c f  atomic rseapons yields.  
or' bu r s t s  r e r e  se l6c tsZ f o r  each y i e l d  to mximize  t h e  b l a s t  pressurs 
requi red  t o  pro-luce m d s r a t e  dmaRe t o  the tanks, an3 tho ranges of  ion- 
I z i X  r a d i a t i c n s  which r e su l t ed ,  were caisulnted.  

Heights 

I t  vmc fnund, finder t h s e  condi t ions,  t h n t  r a r t i c u l a r l y  for the 
smaller y ie ld  xwaponc, the r a d i a t i o n  hazard t o  tank  crews. from both  
gsnara and neutron r a d i a t i o n  vas overnhalmicg, a t  t h e  range of mgderate 
tank  damge. 

The s tudy  thea vent; on to i nves t iga t e  the amount o f  sh ie ld ing  rd- 
quired and mnnar  o f  a p p l i c a t i o a ,  t o  reduce thc vulnerabi1if;y of teck 
crews t o  i o r i z i a g  rad ia t ion .  I$ is vel1 h c m  that t h e  ma te r i a l s  which 
a r e  e f f i c i e n t  neutron sh ie lds  are qu i t e  d i f f e r e n t  from those which best 
a t t e n u a t e  gaama r sd ia t ion .  
dens i ty  ma te r i a l s ,  l i k e  lead, a r e  desircd;  f o r  t he  former, l ow a ton ic  
m i g h t  m t e r l s l s ,  l i k e  v a t e r ,  parCYin,  graphi te ,  c e r t a i n  p l a s t i c s  and 
eta. ,  a re  req!:ired t o  slow dom the  f i s t  neutrons; m t e r i a l s ,  l i k e  b o r G q  
&him, ani biamut;h, rri th high cs?'mre cro;s-seotions, a r e  then reqxlred 
t o  absorb th3 slow o r  t h e m 1  neutrons. 

For the l z t t e r ,  high s t m i c  weight, high 

The add i t iona l  s h k l d i r g  dostred might be ap>l ied  i n  e i t h e r  of i n 0  
F i r s t ,  the  sh ie ld ing  mtn r i a l  can be qp1- icd  a s  a l i n e r  t h r o x n -  :.eys. 

out  t he  vehicle .  
tremendous increase f o  the Treig:.t o f  t h e  tar& of t h e  order  of  severa l  
tns. T h e  second m t h o d  involved applying the  add i t iona l  shielding t o  
t he  ind iv idua l  members of t h e  c e v ,  e i t h e r  i n  the  form o f  body m r ,  
3r by ins%alling a shield i n  t h e  f o r n  o f  a sent  baok e d e n d i w  from ti;? 
neck of t h e  i n c i a i f i w l  t o  h i s  bcztocks, ri.31 aE added chest  p l a t e  i iangbg 
iz front. 

It v a s  soon Frove5 tha t  +;his nethod mould involv2 a 

Considering only the  &"ma rad ia t ion ,  it was f o m d  t h a t  t o  reduce 
t h e  dose t o  the indi-riduals i=l t h e  tan4  ts apprcximately 150 rb a t  the 
rznge of moderate b l a s t  damge, it requSred o f  t ne  order  c f  700 pounds 
:_" lead per indiviius:  linen d i s t r i b u t e d  i n  tk.3 form of  bbdy EI"mOre an.' 
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rYcra k;'.."~ k r i c e  thai m o u n t  i n  the form of seat  and lmnging chest  shield. 

 re!: ;f sztisl 'xtcry data on t h e  m u t r o n  syeotnm an3 a t t enua t ion  
fazfor::, precluded t h e  sxtension of %e s tudy  t o  include s s t i m t c s  of 
t h e  aa*LL';icnal ,:-,>igh% i-P^;uired t o  a t t enua te  t h e  noucrori flux. 

I G  o. ;p~3rs  cjvious that  any n t t m F t  t o  increase  I2-e p r c t e c t i o n  afford- 
+ c l  27 -:erk.- n.:ai:lz+ i o n t z i n  r z d i a t i o n  neans add i t iona l  m i g h t .  
be 7r?:.>:. %I  a-?.:nc+ s u . ~ ~ c ~ f  t rends  tm;nrJ l i s h t e r  end more mobilo c.rxrcd 
-;e'iic les. 

T n i :  nust 

Tho Frc5ley p - e d  hera i s  similar in  mturo t o  that  r a i sed  sf t h e  
E i & t l i  Tri;3.+?tc Conferem-: and fur-h-r discussad a t  t h e  Ninth T r 2 p . r -  
L u ~ i . ~  . A 

respec? ta ships. ?ossible  so lu t ions  i n  t h e  l a t t e r  case, such as re lo -  
cztiori  of ?T:i-;omel, m c k i n e r j .  spaces etc. do no t  f i n d  ready a p p l i c a t i o n  
to L&e c c r c i r c d  spac is  r i W h  tanks. . ' 

CcrLcrcr::> rrcotings inv7lving the s o  c a l l e d  " rad ia t ion  gap", r i t h  
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Introduction: 

I n  deterinin: t h e  dosage received by personnel i n  an open area t h a t  
has been subjected t o  contamination by Fa l lou t  f r o m  a nuclear  b u r s t  a 
nunber of f ac to r s  en te r ,  inc luding  the  amount of contamination, the 
emitted gamma energy, t h e  e x b n t  of shieldin:, the  e x t e n t  of t h e  contam- 
i n a t i o n  area, etc.  ?he ca l cu la t ion  o f  the  dose r a t e  i n  some arrangements 
o f  sh i e ld  and source becoms almost insurmountable. 

Approximate ca lcu la tons  r e r e  made ear ly;  assuming an i n f i n i t e  plane 
uniformly contaminated With  f i s s i o n  products, arid the  whole body dose 
was assumed to  be equal t o  that  received a t  a he igh t  of  three f e e t  above 
the l e v e l  o f  t h e  plane. 
ca lcu la t ion  on t h e  bas i s  of t h e -  exponential  i n t e c r a l . ( l ) .  
ca lcu la t ion  i s  only approximate, however, because it does n o t  include 
the  contribution of  s c a t t e r e d  rad ia t ion .  

This simple geometry proved. to  b e  amenable to 
mis type of 

Recent t h e o r e t i c a l  work has ind ica ted  how the s c a t t e r e d  r ad ia t ion  
may be taken i n t o  account. A theory involv& the app l i ca t ion  o f  the 
Moment Method to t h e  s o l u t i o n  of the Transport  eqa t ion rkve loped  by . 
Spencer and Fano(2) has been corroborated experimentally bj Wrhite(3), 
Haynrd(b)  , Kuper e t  ds). 
hauer(7) have made ca l cy la t ions  based on the theory f o r  photcn d i f fus ion  
through air. 

Berger and Doggett(6) and Gates and Eisen- 

Theoret ical  Dose Rate as a Function o f  Energy 

The theory, as developed by Berger and DoEgett (6) and by Gates and 
Eisenhauer leads to a genera r e l a t i o n  between' dose ra te  and energy a t  
u n i t  f i e l d  s t rength  ( f i g u r e  1). This re l a t ion ,  toge ther  wi th  the concen- 
t r a t i o n s  o f  t h e  var ious a c t i v e  nucl ides  p re sen t  i n  t h e  Fa l lou t  mater ia l  ' 

permits estimating. 
of an i n f i n i t e  smooth p lane  of  uniform contamination, using the appro- 
p r i a t e  decay schemes. Acb.12~ s o i l s  are, o f  course, n o t  smooth planes, 
nor  i s  t h e  contanination d i s t r i b u t e d  uniformly. Consequently, the total 
dose r a t e  calculated i n  t h i s  way wi l l  d i f f e r  from t h e  ac tua l .  
l a rge  area, however, reg ions  of  h i che r  contanination dens i ty  may compen- 
s a t e  f o r  l o w  densi ty  regions,  so  t h a t  deviat ions.  f r o m  t h e  theory may be 
due chiefly t o  c h a r a c t e r i s t i c s  o f  t h e  s o i l ;  i.e., f ineness  of  s o i l  . 

material, presence of rocks,  protuberances, cracks i n  the s o i l ,  etc., 
which m u l d  r e s u l t  i n  g r e a t e r  a t tenuat ions  than would be expected on 
a smooth plane. 

t o  be used fo r  a t y p i c a l  sanple  of  Fal lout .  
provides icformation about  t h e  var ious ac t ive  nucl ides  present;  
the counting r a t e  of e a c h  nucl ide i s  determined i n  the  course of t h e  
analysis  and the resu l t s  co r re l a t ed  w i t h  t h e  decay schemes of  t h e  va r ious  

lhe dose r a t e  due t o  t h e  F a l l o u t  on the assumption 

Over a 

The method may be understood more c l e a r l y  by ou t l in ing  the procedure 
A radiochemical ana lys i s  

UNCLASSIFIED 
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nucl ides  present.  The number of photons emit ted a t  each pe r t inen t  enei-m 
is @btained. 
the  f i e l d  s t r eng th  (phOtOnS/Cm2-SeC) can he ca l cu la t ed  a t  these  energies. 

If t h e  sample of f a l l o u t  was co l l ec t ed  over a known areap  
~~ ~. 

I n  f i p r e  1 +he t heo re t i ca l  i n f i n i t e  f i e l d  dose r a t e  i s  Froportional 
t o  t h e  f i e l d  s t rength  a t  each e n e r g .  
per ta in ing  to the  sample, of the dose rate by the f i e l d  s t r eng th  of the 
sample gives  the dose r a t e  contr ibut ion a t  that energyj and addi t ion o f  
611 these contr ibut ions y i e l d s  the total  i n f i n i t e  f i e l d  dose r a t e  due 
t o  a l l  the gama emit t ing material i n  the f a l l o u t  sample. 

Mul t ip l i ca t ion  a t  each energy 

Time Dependence of the Dose Rate 

The r e s u l t  calculated i n  this way i s . t he  i n f i n i t e  f i e l d  dose rate 
of t h e  sample a t  the  time of the an lays is .  The f i s s i o n  products decay, 
and i f  an  ana lys i s  were ca r r i ed  o u t  on the same sample some time later, 
the  d a t a  obtained mi&ht g ive  by the above procedure an e n t i r e l y  d i f f e r -  
e n t  (lower) value of the i n f i n i t e  f i e l d  dose r a t e .  
ana lys i s  of t h e  same sample and app l i ca t ion  o f  the  method described to 
the data,  ivould provide t h e  information necessary t o  ca lcu la te  the t o t a l  
dose received i n  any required time. 

The gross decay of f i s s i o n  products  has  been t r e a t e d  by var ious 
authors. 
by W a y  and WiZncr(8 
based on B a  eman(ll) 1; so lu t ions  f o r  t h e  var ious  chains. Thornton and 

t i o n  f o r  times g rea t e r  than one hour which azrees  c lose ly  w i t h  experi- 
ment. 

I n  fac t ,  repeated 

The problem was attacked from the s t a t i s t i c a l  p o i n t  of view 
and Hunter and Ballou(9) have used a d i r e c t  method 

Houghton(l1 Y obtained an exponential  approximAtion to the Bateman solu- 

The var ious  nuclides p r e s e n t  in f a l l o u t  decay i n  a chain-like manner; 
sometimes t h e  chain may include only one member, b u t  they may he c la s s i -  
f i e d  i n  t h i s  may. I f  decay takes p l ace  without the emission of a photon, 
t h e  p robab i l i t y  of m i s s i o n  of  t h e  photon i s  zero. 

L e t  Ni r epresent  t h e  amount of  the i so tope  i n  a radioact ive chain, 
so that No represents  the amount of  t h e  ?wen t ,  N1 the mount  O f  the 
daughters, e t c .  A t  time t I 0, the q u a n t i t i e s  of the variwds i so topes  
may be represented by q. Then the amount o f  the  n x  i s o b p e  present  
as a func t ion  of  time i s ( m ) .  

b =  i 
where the A; and)\l(are the decay constants  of the  jth - .  and km - isotopes, 
respect ively.  Jjk i s  the Kronecker, d e l t a ,  

L 

$. = l i f  j = k  Jk 
= @ i f j = k  

UNCLASSIFIED 
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In  order to obtain the gamma i n t e n s i t p  one needs t o  lrnovr t h e r a t e  

nin t 1 =hn Nn; i n  which n h  4- 1 has been used &ither than t h e  dwia- 
o f  change from t.he n t h  isotope t o  the (n 4- 4 ) t h  isotone. 
as: 
t i v e  because 

This  is i;iven 

- 
then ( 2)  

Figure 1 shows(12) (dot ted  l i n e )  t h & t  i n  the sera i n t e r v a l  0.07 to 
3 M D  the  dose r a t e  a t  a point. 3 f e e t  above a ?lane j n f i n i t e  field con- 
taminated by mate r i a l  emit t ing & m a  p a r t i c l e s  o f  e n e r g  E% (ED) is 
given t o  mithin 20% byt 

This gives  the dose i n  m/hr f r o m  a field emi t t ing  one photon (energy E.) 
per square centimet.er par second. The contri l)ution to the t o t a l  dose q 
r a t e  due to the decay o f  the  n t h  i so tope  is: 

If bot3 sides of equation ( 2 )  a r e  divided by the a rea  of contaminationB 
i t  may be combined w i t h  equation (3) t o  give the contr ibut ion t o  the total 
dose o f  the n a  member of a chain a s  a func t ion  of the t ime :  - 

The t o t a l  dose-rate f r o m  all members o f  t he  ith - chain is 

and the t o t a l  dose r a t e  due t o  all. the  chains is: 

.L 

UNCLASSIFIED 
-3 - 



UNCLASSIFIED 
I n  a formal way these r e l a t i o n s ,  toee ther  ia t,h the p l o t  j n  f iDre  1 

(which i s  based on Transport  Theory),permit ca l cu le t ine  the  dose r a t e ,  
a t  any time a f t e r  zero time, t h r e e  f e e t  above a uniform i n f i n i t e  plane 
of contamination.du.e t o  a mixture of decayinc nuclides,  asg  f o r  example, 
f i s s i o n  products. 

The Dose Rate f o r  Branching Chains: 

Equation ( 2 )  ap2lies t o  the  case where no branching occurs. If ,  
a f t e r  the g 2  tern,  t h e  decay chain forms h branches, 

where the supe r sc r ip t  i nd ica t e s  t h e  lth branchp and the  f r a c t i o n  o f  the 
decaying isotope eoine into this bran= isF1. 3 inspec t ion  Lhe s e r i e s  
can be represented by / 

e . t 9 he( Q ' S i K  ( F r r ) )  

x: 9, L (A; - A ))(J-di<)es$& 

2. e-&J X=L 
h 

/' : L ( 5)  
1 -  L hJL Ml7 -i:o 

It i s  understooa that if the supe r sc r ip t  is numerical1.y less ul& 
the  branching number, t h e  l a t t e r  has  no meaning. 
the chain before branching, so that symbols With t h e  same subsc r ip t  bu t  
d i f f e r e n t  superncripts  are the same. 

It s.imply refers t o  

e 
I f k g g , h  k ' A ?  
Relat ions can a l s o  be developed f o r  the case of th8  convergence, 

after a number o f t e r m ,  of a bpanch with o the r  branches, etc.  

Calculation of  To ta l  Dose. 

The t o t a l  dose received j f e e t  above an i n f i n i t e  plane bf  ,uniform 
contamination by a mixture of nucl ides ,  due  t o  t h e  n s  member of a mn- 
branching chain, i s  obtained by integrat2ing equation (4). 

UNCLASSIFIED 
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Summary: 

B procedu-re i s  oiitlinec! t o r  c a l c u l a t i n ~  on the bas i s  o f  Transport 
Theory the t o t a l  dose a t  th ree  f e e t  above an i n f i n i t e  ?lane of uniform 
contaqina t ion  due t o  a mixture of decaying nucl ides ,  such a s  f i s s i o n  
products.  A Complete radiochemical ana lys i s  i s  required a t  one time 
and use of the pe r t inen t  decay schemes and decay constants permits 
ca l cu la t ion  o f  t he  dose r a t e  and the dose as  a func t ion  o f  the time after 
o r  before ana lys i s  up to the time o f  formation. 

UNCLASSIFIED 
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IXiRODU CTIaN: 

Surface and underground bur s t s  o f  IarZe sca le  a ton ic  weapons and 
Sigh y i e ld  thermonuclear weapons r e s u l t  i n  l e t h a l  radioloEica1 contami- 
na t ion  we l l  beyond the a reas  damazed by b l a s t  and thermal e f f e c t s .  The 
hazar6ous a reas  a re  created by t h e  radioactj.ve f a l l -ou t  f rom t h e  atomic 
cloud a s  it moves downwind. 

A l l  r ad i a t ion  pa t te rns  obtained so  f a r  have been over e i t h e r  open 
d e s e r t  a r e a  o r  a few i s l ands  and t h e  ocean i n  the Pacif ic .  
p a t t e r n s  probabl:. would occur i n  bui l t -uc areas  due t o  the  inherent  
thermal cur ren ts  ex is t ing  i n  and around c i t i e s .  It may be Cossible  that  
under c e r t a i n  weather conditions these zenera l ly  upward t,hermal currents ,  
perhaps aided by mechanical means, mizht be s u f f i c i e n t  t o  dispIace fa l l -  
ou t  t o  uninhabited areas where i t  would h e  r e l a t i v e l y  harmless during 
i t s  decay process. 

THEOETICAL: 

D i f f e ren t  

Sefore pursuing t h e  meteorological aspects,  i t m u l d  be well to 
d iscuss  t h e  nature  of  t h e  f a l l -ou t  par t iculate:  Considerable informa- 
t i o n  i s  ava i lab le  on p a r t i c l e  s i z e  d i s t r ibu t ion ,  spec i f i c  activity, rate 
of f a l l ,  etc.,  hu t  these  d a t a  are pr imar i ly  l imi ted  to areas less than 
50 miles  from ground aero. 
300-bOO miles  downwind, b u t  p a r t i c l e  s i z e  d a t a i n t h i s  r e g i o n a r e  q u i t e  
l imi ted .  
area. 

High r ed ia t ion  l e v e l s  a r e  found as f a r  as 

The hypothet ical  c i Q  under s tudy could he a n y h e r e  i n  t h i s  

It has been es tab l i shed  t h a t  about h a l f  o f  t h e  f i s s i o n  product  ac- 
t i v i t y  i s  associated with p a r t i c l e s  100 microns and less i n  s i z e .  Cal- 
cu la t ions  performed by meteorologis ts  on t h e  deposi t ion of a 100 micron 
p a r t i c l e  as a funct ion of  s e t t l i n g  laws and weather conditions i n d i c a t e  
a wide range of deposi t ion downwind-1 The rate o f  f a l l  o f  a 100 micron 
p a r t i c l e  from var ious  a l t i t u d e s  was a l s o  calculated,  t r ea t ing  the p a r t i c l e s  
as i r r e g u l a r  spheres subjected to t h e  standard. aerodynamic f a l l  e l a t i o n .  
For very small v e l o c i t i e s  t h i s  equat ion reduces to Stokes Law and f o r  
very  high v e l o c i t i e s  to the l a w  f o r  the l turhulen t  region. 
i n  a p a r t i c l e  ve loc i ty  o f  the  o rde r  of z m/sec. 

P a r t  o f  t h e  object ive of  t h e  proposed shtdy i s  to determine t h e  mw- 
imuD particle s i ze  influenced by a thermal updraf t .  This does n o t  imply, 
f o r  example, t h a t  if all p a r t i c l e s  less than 100 microns were disglaced,  
the r ad ioac t iv i ty  deposi ted by l a r g e r  p a r t i c l e s  would be negl ig ib le .  
3dt, 5.: t h e  loca t ion  of the  c i t y  were s u f f i c i e n t l y  far downwind, the 
maximum p a r t i c l e  s i z e  i n  the  a r e a  would approach 100 microns and t h e  
displacement of these  would r e s u l t  in a s i g n i f i c a n t  lowering o f  deposi ted 

This r e s u l t s  
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a c t i v i t y  i n  the c i t y  proper. 
vrmld s t i l l  tie h ighly  radioact ive and probably contain some "hot sp0ts.u 

However, t h e  area surrounding t h e  c i 9  ' 

A t  t h e  p re sen t  time t h e  meteorological aspects  of the problem a re  
bein; inves t iza ted .  
phe r i c  po l lu t ion ,  urban influence upon c i t y  weather, v e r t i c a l  v e l o c i q '  
(C-.srmal updraf t s ) ,  d i f fus icn ,  and "heated islandsn, i s  h eing examined. 

Meteorolozical  da t a  ind ica te  a z radua l  ho r i zon ta l  temperature 

MeteoroloEical l i t e r a t u r e  on such su5Jects a s  atnos- 

increase  progressing t o  a naximun.at a c i t y  built-up center.  
i n  many cases i s  a s  l a rge  as 10GF. a t  the  built-up center  a s  compared 
to  the surrounding urban area. Under invers ion  conditions, a v e r t i c a l  
temperature increase  i s  noted up to a l t i t u d e s  of 3000-11000 f e e t  a t  k i c h  
the  g rad ien t  q p m a o h e s  the ad iaba t i c  lapse  rate, Because the built-up, 
a rea  has a h igher  temperature than the  surroundine urban and country 
area, i t  i s  sanetimes re fer red  t o  a s  a "haat islmd.1'3 
t h i s  condi t ion i s  an upward a i r  flow over t h e  c i t y  and a correspon&ing 
t o m w a r d  flow near  it.s ou t sk i r t s .  Eowever, l i z h t  winds and turbulence 
e f f e c t s  due t c  t h e  sur face  rcnghness of the  c i t y  chmze the flow pat tern.  
The winds can produce a domvrard a i r  flow downivind of the c i t y  o r  a t u r -  
bulent  condi t ion throughout the  area. 

The increase 

Associated w i t h  

Ver t i ca l  ve loc i ty ,  t h e  a i r  v e l o c i t y  of a thermal updraf t ,  w i l l  d i -  
rectly a f f e c t  t h e  pa th  o f  a f a l l - o u t  p a r t i c l e .  
examination o f  the  l o c a l  weather condi t ions w i l l  a c t u a l l y  determine the 
f i n a l  p o i n t  of p a r t i c l e  deposit ion.  
i s  q u i t e  conplex, and meteorological l i t e r a t u r e  does not  contain any 
r e l i a b l e  f i n i t e  equation, The theo r i e s  proposed include the est imat ion 
of v e r t i c a l  v e l o c i t y  f r o m  hor i zon ta l  v e l o c i t y  d i f fe rences  normal t o  t h e  
s ides  of a scpare o r  t r i ang le ,  h u t  these  averaeed 1 n/sec and'apparent 
divergence was inverse ly  proport ional  t o  t h e  l e i e t h  of  a side.  Other 
metnods included kinemetic from p i l o t  balloon rllns and ad iaba t ic  from 
the temperature c h a q e  o f  r i s i n g  o r  sinking air. 
v e l o c i t i e s  averazinz 1 cm/sec.Ir 

A study on t h e  su.bject o f  buoyant a i r  pa rce l s  risin? through a b r h u -  
l e n t  air mass found t h a t  the observed proper t ies  o f  buoyant a i r  parce ls  ' 

e x i s t i n 5  i n  super-adiabatic atnospheres q r e e d ,  within observat ional  error ,  
wit:? combinations lesd ing  t o  extended s u r v t v a l  of a i r  hubbles as pre- 
2 i c t ed  by ecpations. 
caunxred  through a 100 m sur face  was 3 m/Sec and the  a i r  temperature 
increase  was 0.60C. 
noted i n  one case a t  an a l t i t u d e  o f  approximately 2000 fee t .5  

compared to the p a r t i c l e  f a l l v  e l o c i t y  of $ m/sec. 
w s ~ l c !  i nd ica t e  a state of q u i l i b r i u m  and ,?robablT some hor i zon ta l  dis-  
placenent. If these methods were used to 'estimate v e r t i c a l  veloci ty ,  the 
Dar t ic lg  path and ve loc i ty  could be analyzed vnct,orily and c h m e s  in 
e i t h e r  v a r i a b l e  t r ea t ed  in t eg ra l ly .  

However, only a thorough 

The ca l cu la t ion  of v e r t i c a l  ve loc i ty  

Both gave v e r t i c a l  

The maximum v e r t i c a l  v e l o c i t y  experimentally en- 

S l i g h t l y  lower v e l o c i t i e s  and a i r  temperatures were 

The v e r t i c a l  v e l o c i t i e s  i nd ica t ed  i n  the previous s b d i e s  can be 
Equal v e l o c i t i e s  



A Chemical Corps c x m a c t  which has s tudied the  behavior of aerosol  
clouds wi th in  c i t i e s  found evidence ,sf thermal i n s t a h j l i t y  a t  n i zh t .  
The r e s u l t  of t h i s  condition was to l i f t  the ae roso l  s o ' t h a t  concentra- 
t i ons  were h izher  a t  roof-top l e v e l  t,han a t  y m m d  level. D:l.r?.n,rr sever- 
a l  day experiments i t  was indica ted  t h a t  the l i f t i n g  e r f e c t  wzs even 
higher,  probably f o r  the  same reason.  No a d d i t i o n a l  information vias 
presented on t h e  magnitude of the  thermal layer o r  an-- v e r t i c a l  compo- 
nents  assoc ia ted  w i t h  it. The cont rac tors  have accumulated a g r e a t  
d e a l  of meteorological d a t a  on seve ra l  U.S. c i t i e s .  Included f o r  c i ty ,  
urban, and l o c a l  countryside were ho r i zon ta l  and v e r t i c a l  temperature  . 
Gradients, wind speed and d i r e c t i o n  w i t h  a l t i t u d e ,  abnos?heric pressure, 
geographical e f f ec t s ,  and e f f e c t s  of weather systems. 697 
w i l l  te u s e h l  i n  t h e  computations involved i n  t h e  app l i ca t ion  o f  m o s t  
theor ies  to the problem. 

These da ta  

A theory was groposed f o r  the e f f e c t  of a h e a t  source upon a s t a b l e  
atmosphere.3 
h e a t  source o f f  t h e  New England coast .  
which the h e a t  suppl ied  by the source was continuously ca r r i ed  away down- 
stream by the wind. It was found that the  h e a t  miirce obeyed an ed@- 
conduction equation and was es t ab l i shed  by t u r b u l e n t  eddying i n  the mixed 
ground layer. The wind s t reamline displacement was divided i n t o  two 
components, one obeying t h e  equation f o r  air flow over  a mountain r idge  
and the o the r  obeying a hea t  conduction equation. 'he complete s t r e m -  
l i n e  p i c t u r e  was constructed f o r  s e v e r a l  examnles of  an a i r  s tream whose 
prope r t i e s  remain una l te red  t o  g r e a t  he i zh t s .  
i n g  a chanze i n  s tabi l i ty  o r  wind speed a t  an upper levelxas  a l so  dis-  
cussed. 

The example taken was t h a t  o f  a 5-10 lan wide i s l and  a s  a 
A s teady  s t a t e  was assumed i n  

The basic cur ren t  possess- 

The theory seems appli.cable t o  t h e  s tudy  of  an air flow stream over 
a c i t y  and we are p resen t ly  s tudying it from t h a t  vieffooint. 
that some of t h e  meteorological  d a t a  ohtained on the U.S. c i t i e s  f o r  the 
con t r ac t  previously mentioned can be u t i l i z e d  i n  this appl icat ion.  

h o t h e r  s u b j e c t  which was o r i g i n a l l y  thought  to be r e l a t e d  t o  the 
problem w a s  F m  (Fog I n v e s t i z a t i o n  Dispersa l  O f ) ,  the  system where6 
fog i s  dispersed by increas ing  the  a i r  temperature  w i t %  o i l  hurners.8.9.10 
AlLhough t h e  repor t s  provided i n t e r e s t i n g  reading, the r e s u l t s  of theo- 
r e t i c a l  and experimental  s tud ie s  and eventual  p r a c t i c a l  use o f  the s y s t e m  
did n o t  i nd ica t e  its appl ica t ion .  
to d i spe r se  fog by r a i s i n g  air  temperature, but  the mass v e r t i c a l v e l o c i -  
t i e s  were of neg l ig ib l e  magnitude. 
days d id  r e s u l t  in small changes i n  ho r i zon ta l  air ve loc i ty ,  which prob- 
ably corresponded tc some v e r t i c a l  v e l o c i @  and turbulence i n  the area 
of the  heat source. 

It i s  hoped 

The system provided s u f f i c i e n t  h e a t  

Fxperimentation performed on calm 

I n  addi t ion  to n a t u r a l  thermal updraf t s  t he re  a r e  those which occur 
as a result o f  the  heat f r o m  smoke s tacks .  Rough ca l cu la t ions  based on 
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~. Sllttont 5 t h e o ~ ~ , 1 1  ind ica ted  t h a t  because of exhaust  h e a t  an average 
s t a c k  ?m&jces ?.? u ? c h f t  v e l o c i Q  of  h m/sec. a t  170 ft .  and 115' d s e c .  
2t 1500 ft,. above the stack. Additional. s tacks  j.n the same a r e a  will; 
i n  t X s  example, increase e i t h e r  o r  hokh the v @ r a f t  v e l o c i t y  and area 
d f e c  ted .  

. .  

Tne behavior. o f  s tack Eases as  a funct ion o f  s t ack  height ,  l o c a l  

Clther than suppQ*-n,n add i t iona l  heat  t o  t,he atms- 
bui lding geometry, wind, etc. ,  has been and s t i l l  is hein. in\-estigated 
by m a n y  azencies.  
piiera, i t  i s  no t  known a t  the present, t,ime rrhethsr s t a c k  cas% h ~ l l  

have any inf luence  upon the d i s p l a c f m n t  of  fa l l -ou t .  Bs with =he ca l -  
cJ:=tion o f  n a t u r a l  v e r t i c a l  v e l o c i t i e s ,  the infomation on the charac- 
te r i - s t ics  of s t ack  Zases w i l l  have t o  he  mere full;. examined. 

8CJXLLJSI3NS : 

The many and complex aspec ts  assoc ia ted  with j u s t  the micro-meteoro- 
l o e i c a l  problems w i l l  requi re  considerable  study. The i n t e r p r e t a t i o n  
of i t s  e f f e c t  upon p a r t i c l e  2a th  and even tua l  depos i t i on   ill also be a 
cnnplex yrohlem. 'he only conclusion reached a t  this time based upon 
~e information accumulated is t . i a t  t h e  i d e a  o f  f a l l - o u t  displacement 
appears promising. 
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