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" A D D I T I O N A L  M E T E O R O L O G I C A L  A N A L Y S E S  OF S H O T  S M O K Y ,  
FOlDER P L U M B B O B  T E S T  SERIES * 

W .  E .  D a v i s ,  C. A. O s t e r ,  B .  C. S c o t t ,  
a n d  J .  M .  T h o r p  

I N T R O D U C T I O N  

An i n - d e p t h  m e t e o r o l o g i c a l  a n a l y -  
s i s  o f  Shot  Smoky (August 3 1 ,  1957) 
was s t a r t e d  d u r i n g  1966 i n  t h e  Plumb- 
bob T e s t  s e r i e s .  R e s u l t s  o f  t h e  
work completed p r i o r  t o  March, 1967 
were r e p o r t e d  i n  t h e  l a s t  annual  
r e p o r t .  ( l )  
t h a t  m e t e o r o l o g i c a l  d a t a  p rov ided  
a s  a s p e c i a l  s u p p o r t  f o r  Shot  Smoky 
c o n t a i n e d  e r r o r s .  When inc luded  
i n  t h e  s t r eam f u n c t i o n  a n a l y s i s ,  
t h e s e  e r r o r s  r e s u l t e d  i n  a t r a j e c -  
t o r y  p a t t e r n  n o t  c o n s i s t e n t  w i t h  
o t h e r  measured p a r a m e t e r s .  D e l e t i o n  
of t h e s e  d a t a  r e s u l t e d  i n  a r e a l i s -  
t i c  s t r e a m  f u n c t i o n  a n a l y s i s ,  and 
t h e  d e r i v e d  t r a j e c t o r y  a n a l y s i s  p r o -  
v i d e d  a c l o u d  t r a v e l  p a t h  i n  s p a t i a l  
and tempora l  agreement  w i t h  an a i r -  
c r a f t  o b s e r v a t i o n  t o  w i t h i n  a t ime 
p e r i o d  of  20 min a t  a d i s t a n c e  of 
770  km. 

In  summary, i t  was shown 

Research on Sho t  Smoky t h i s  y e a r  
was d i r e c t e d  toward t h e  fo l lowing  
o b j e c t i v e s :  

To a t t e m p t  f u r t h e r  i s e n t r o p i c  

0 To c o r r e l a t e  m e t e o r o l o g i c a l  
t r a j e c t o r y  v e r i f i c a t i o n  

o b s e r v a t i o n s  of p r e c i p i t a t i o n  
w i t h  c loud  passage  
To compare t h e  r e s u l t s  o f  the 
D E L F I C  program(')  r e p r e s e n t a t i o n  
of  c l o s e - i n  f a l l o u t  on Shot  
Smoky w i t h  manual c a l c u l a t i o n s  
and t h e  obse rved  f a l l o u t  p a t t e r n .  0 8 10  2 9 7 

DI S C U S S  I ON 

The 1966 annua l  repor t ' ' )  showed 
t h a t  i s e n t r o p i c  t r a j e c t o r y  c a l c u l a -  
t i o n s  were conf i rmed a t  7 7 0  km t o  
w i t h i n  a t ime of 20 min by c o r r e l a -  
t i o n  wi th  an a i r c r a f t  o b s e r v a t i o n .  
F u r t h e r  c o n f i r m a t i o n  of t h i s  t e c h -  
n ique  t o  d e p i c t  t h e  tempora l  d i s -  
placement  of  a d e b r i s  c loud  i s  now 
a v a i l a b l e .  Cedar C i t y ,  Utah i s  
approx ima te ly  310 km from ground 
z e r o  a long  t h e  c loud  p a t h .  l h e  
p o r t i o n  o f  t h e  c l o u d  f o l l o w i n g  t h e  
330" e s u r f a c e  was computed t o  
have a r r i v e d  a t  t h i s  l o c a t i o n  a t  
3 .5  h r  a f t e r  s h o t  t ime. A U.S. 
Weather Bureau o b s e r v e r  r e p o r t e d  
t h e  n u c l e a r  d e b r i s  c loud  overhead  
on t h e  1558 Z August 31 me teo ro log -  
i c a l  s u r f a c e  o b s e r v a t i o n .  A t  t h e  
same t i m e ,  an o b s e r v e r  a t  D e l t a ,  
Utah r e p o r t e d  a n u c l e a r  c loud  t o  
t h e  s o u t h  c o i n c i d i n g  w i t h  t h e  com- 
pu ted  a r r i v a l  ,time of  t h e  340" e 
t r a j e c t o r y  shown i n  F igu re  1. 

f a l l o u t  m a t e r i a l  i n  t h e  v i c i n i t y  
of  Rock S p r i n g s ,  Wyoming(3) were 
h i g h e r  t han  t h o s e  of  t h e  su r round-  
i n g  a r e a  by a f a c t o r  o f  f i v e ,  i . e . ,  
a h o t  s p o t  i n  t h e  p a t t e r n .  T h i s  
f i n d i n g  can  be  a t t r i b u t e d  t o  d e -  
p l e t i o n  of  t h e  n u c l e a r  c l o u d  mate-  
r i a l  and subsequen t  ground d e p o s i -  
t i o n  by scaveng ing  mechanisms a s s o -  
c i a t e d  w i t h  p r e c i p i t a t i o n .  I t  has  

Measurements of t h e  r a d i o a c t i v e  
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F I G U R E  1 .  I s e n t r o p i c  T r a j e c t o r i e s  for S h o t  S m o k y .  Aug.  3 1 ,  1 2 3 0 2  
t o  S e p t .  I ,  0 0 3 0 2 ,  1 9 5 7  e = 350° d a s h e d  l i n e  

T i r e  o f  a r r i v a l  Ss n o t e d  a l o n g  t h e  p a t h s .  
e = 3 4 0 °  s o l i d  l i n e  
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long  been  h y p o t h e s i z e d  and suppor t ed  A t y p i c a l  p rocedure  f u l l y  d e f i n i n g  
by e x p e r i m e n t a l  programs , c 4 '  , 8, a f a l l o u t  p a t t e r n  and t h e  s i z e  
t h a t  when a p a r t i c u l a t e  c l o u d  c o i n -  
c i d e s  i n  s p a c e  and time w i t h  a p r e -  
c i p i t a t i n g  c l o u d  t h e n  t h e  p a r t i c u -  
l a t e s  w i l l  be d e p l e t e d  from t h e  
atmosphere and d e p o s i t e d  on t h e  
ground.  I s e n t r o p i c  t r a j e c t o r y  
a n a l y s e s  f o r  Sho t  Smoky showed t h a t  
t h e  d e b r i s  c l o u d ,  t r a v e l l i n g  a long  
t h e  320° e s u r f a c e ,  would a r r i v e  a t  
Rock S p r i n g s ,  Wyoming a t  13  t o  1 4  h r  
a f t e r  s h o t  t i m e ,  a s  shown by F igure  2 .  
M e t e o r o l o g i c a l  o b s e r v a t i o n s  from 
t h e  U.S. Weather Bureau s t a t i o n  a t  
Rock S p r i n g s ,  Wyoming , as o f f i c i a l l y  
r e c o r d e d ,  i n d i c a t e d  p r e c i p i t a t i o n  
a t  t h a t  time. Although s p e c i f i c  i n -  
c l o u d  and be low-c loud  o b s e r v a t i o n s  
of r a d i o a c t i v i t y  a r e  n o t  a v a i l a b l e ,  
t h e  c o i n c i d e n c e  of e v e n t s  p r o v i d e s  
an e x p l a n a t i o n  f o r  t h e  "hot  s p o t . "  
However, t h e  p o s s i b i l i t y  t h a t  t h i s  
h igh  r a d i a t i o n  measurement c o u l d  
have been  d e p o s i t e d  by p r e v i o u s  
s h o t s  canno t  b e  e n t i r e l y  d i s c o u n t e d .  (4) 

One o t h e r  a r e a  where t h e  computed 
c loud  p a t h  c o i n c i d e d  w i t h  a p r e c i p i -  
t a t i o n  area was i n  North C e n t r a l  
Wyoming. The upper  a i r  sounding  a t  
Lander ,  Wyoming d u r i n g  n u c l e a r  c loud  
passage  i n d i c a t e d  t h a t  t h e  u n s t a b l e  
c o n d i t i o n s  cou ld  have p e r m i t t e d  
p r e c i p i t a t i o n  scavenging  up t o  
about  t h e  330° 0 s u r f a c e  a s  shown 
by F igure  3 .  However, t h e  l a c k  of  
r a d i o a c t i v i t y  measurements i n  t h i s  
a r e a  p r e c l u d e s  c o r r o b o r a t i v e  ev idence  

s e p a r a t i o n  was developed  t o  i n c l u d e  
t h e  r e q u i r e d  computa t ions  o f  mean 
v e c t o r  winds f o r  many l a y e r s  i n  t h e  
a tmosphere .  These d a t a  were t h e n  
averaged  w i t h  r e s p e c t  t o  time' and 
a p p l i e d  s u c c e s s i v e l y  t o  t h e  v a r i o u s  
p a r t i c l e  s i ze  f r a c t i o n s ,  assumed t o  
f a l l  a t  c o n s t a n t  v e l o c i t i e s  a s  a 
f u n c t i o n  o f  p a r t i c l e  s i z e  u n t i l  
i n t e r s e c t i o n  w i t h  t h e  ground.  The 
Defense Land F a l l o u t  I n t e r p r e t i v e  

was deve loped  t o  per form t h e s e  
f u n c t i o n s .  T h i s  DELFIC program 
was modi f ied  f o r  u s e  i n  t h e  Univac 
1108 and employed t o  d e f i n e  f a l l -  
o u t  p a t t e r n  o u t  t o  1 7 0  km (manual 
methods were used  f o r  g r e a t e r  d i s -  
t a n c e s ) .  The one c o n d i t i o n  nec -  
e s s a r y  f o r  use  of  t h e  D E L F I C  model ,  
i . e .  , i n t e r s e c t i o n  of t h e  ground 
s u r f a c e  by t h e  f i r e b a l l ,  was s a t i s -  
f i e d  by Shot  Smoky. (4) 

M e t e o r o l o g i c a l  i n p u t  d a t a  as 
measured a t  Yucca F l a t  approx ima te ly  
2 6  km s o u t h  of ground ze ro  were 
used  a s  i n i t i a l  c o n d i t i o n s  ( F i g u r e  4). 
These v e r t i c a l  p r o f i l e s  of tempera-  
t u r e  and wind d e f i n e d  an i n i t i a l l y  
s t a b i l i z e d  c loud  a d j u s t e d  f o r  wind 
de fo rma t ion .  The model computed 
the  c loud  top  t o  be 12,290 m above 
s e a  l e v e l ,  whereas  t h e  one a v a i l -  
a b l e  o b s e r v a t i o n  p l a c e d  t h e  t o p  a t  
11 ,500  m as shown i n  t h e  f o l l o w i n g  
t a b u l a t i o n .  

Code (DELFIC) computa t iona l  model ( 2 )  

of  t h e  washout  mechanism. Cloud Cloud Cloud 
Top Bot tom Radius  

t i o n  o f  t h e  s u r f a c e  d e p o s i t i o n  ob s e r v e d  

A time consuming manual computa- 
i l , S O O  m %6,100 m Not 

p a t t e r n  was per formed f o r  t h i s  s t u d y .  DASA 1 2 , 2 9 0  m 7 ,983  m 4,000 m 

0 0  I 0 2 9 9  
i 
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FIGURE 2 .  I s e n t r o p i c  T r a j e c t o r y  for S h o t  Smoky. 
Aug. 3 1 ,  1 2 3 0 2  to S e p t .  1, 0 0 3 0 2 ,  1357 6 = 320' 0 0 1 0 3 0 0 
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F I G U R E  4 .  P l o t  of Radiosonde  R e p o r t  of P r e s s u r e ,  
T e m p e r a t u r e ,  Dew P o i n t  and R e l a t i v e  Humidity p l u s  
Upper A i r  Wind R e p o r t  f o r  Yucsu, Nevada,  A u g .  3 2 ,  
2 2 3 0 2 ,  1 9 5 7  

0 0 I 0 3 0 2 
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I n  p r a c t i c e  , t h e  DELFIC computa- 
t i o n s  c o n s i d e r e d  t h e  wind f i e l d  de-  
f i n e d  by t h e  1 0  d a t a  p o i n t s  n e a r e s t  
t h e  c l o u d .  These were p r o c e s s e d  
and combined as i n p u t s  t o  t h e  t r a n s -  
p o r t  module,  w i t h  t h e  p a r t i c l e  popu- 
l a t i o n  a s  d e f i n e d  by t h e  model.  The 
c loud  was moved i n  accordance  t o  
t h e s e  d a t a  u n t i l  new wind d a t a  were 
e n t e r e d .  T h i s  p r o c e s s  was con t inued  
u n t i l  t h e  p a r t i c l e s  were c a l c u l a t e d  
t o  have  i n t e r s e c t e d  t h e  ground o r  
t h e  p a r t i c l e s  had passed  through the  
boundary o f  t h e  model.  

The t r a n s p o r t  model a l s o  has  a 
c a p a b i l i t y  t o  c o n s i d e r  l o c a l  c i r c u l a -  
t i o n  c e l l s .  I n  t h e  Shot  Smoky a n a l y -  
s i s  t h i s  o p t i o n  caused  t h e  program 
t o  c y c l e  and r e s u l t e d  i n  an e x c e s -  
s i v e  use o f  computer t ime wi thou t  
p roduc ing  u s a b l e  r e s u l t s .  The o p t i o n  
was t h e n  removed and a d e p o s i t i o n  
p a t t e r n  was produced .  The d e p o s i t i o n  
p a t t e r n s  produced  by t h e  DELFIC(2) 
computa t ions  were compared wi th  the  
measured v a l u e s .  (31  The fo l lowing  
r e s u l t s  were o b t a i n e d :  

0 

0 0  1 0 3 0 3  

An anomalous low v a l u e  n e a r  
Sheep Mountain c o i n c i d e d  w i t h  
t h e  measured v a l u e  r e p o r t e d  by 
K .  H .  La r son ,  e t  a l .  (3)  
y e t ,  which f a c t o r s  i n  t h e  DELFIC 
model c a l c u l a t i o n  a r e  r e s p o n s i b l e  
f o r  t h i s  r e s u l t  i s  n o t  known. 
The computed m i d - l i n e  c o i n c i d e d  
w i t h  t h e  measured m i d - l i n e  o u t  
t o  90 km. Beyond 90  km, 
t h e  computed m i d - l i n e  was de-  
f i n e d  a s  be ing  ( 5  km s o u t h  o f  
t h e  measured m i d - l i n e .  
Computed and measured a r r i v a l  
times a r e  i n  good agreement  o u t  
t o  H + 3 h o u r s .  However, b e -  

A s  

yond t h a t  p o i n t  and away from 
t h e  c e n t e r l i n e ,  d i sag reemen t s  
of as  much as 2 h r  a r e  n o t e d .  
C o n s i d e r a t i o n  of  t h e  v e r t i c a l  

wind p r o f i l e  (F igu re  4 )  i n d i c a t e d  
need f o r  a n o r t h - s o u t h  s e p a r a t i o n  
of  p a r t i c l e  s i ze s  i n  t h e  p a t t e r n  a s  
a r e s u l t  o f  t h e  s h e a r  i n  t h e  wind 
d i r e c t i o n  p r o f i l e  a t  5 km above 
mean s e a  l e v e l .  T h i s  i s  e v i d e n t  i n  
t h e  skewed d i s t r i b u t i o n  of  t h e  ob- 
s e r v e d  time o f  a r r i v a l  t o  t h e  sou th  
of t h e  measured m i d - l i n e  shown i n  
F igu re  5 .  (3 1 

P r e v i o u s l y  unpub l i shed  p a t t e r n s  ( 5 )  

of  obse rved  p a r t i c l e  s i ze s  < 4 4  u ,  
44-88 u ,  88-105 u ,  and 105-125 u 
i n  d i ame te r  ( F i g u r e s  6 ,  7, 8 ,  and 9) 
were compared t o  t h e  DELFIC 
p r e d i c t i o n .  

l i n e s  were i n  good agreement  f o r  
t h e  88-105 and 1 0 5 - 1 2 5  u - s i z e  
f r a c t i o n s  o u t  t o  5 0  km from ground 
z e r o .  From 50 km t o  90  km, t he  
computed m i d - l i n e  d i v e r g e d  t o  a 
p o s i t i o n  abou t  5 km t o  t h e  n o r t h  o f  
t h e  observed  m i d - l i n e  a t  90 km 
from ground z e r o .  

t i o n s  i n d i c a t e  t h a t  t h e  <44 u and 
44-88 p - s i z e  f r a c t i o n s  s h o u l d  have 
been  d e p o s i t e d  a long  t h e  s o u t h e r n  
p a r t  o f  t h e  p a t t e r n  ( F i g u r e  1 0 ) .  

i n d i c a t e  t h a t  t h e  m i d - l i n e  d e p o s i -  
t i o n  f o r  t h e s e  p a r t i c l e  s i z e s  occurrec  
a l o n g  t h e  m i d - l i n e  p r e d i c t i o n  for 
t h e  1 0 0  u t o  350 u - s i z e  p a r t i c l e s  
as shown i n  F i g u r e s  6 ,  7 ,  and 1 0 .  
One p o s s i b l e  e x p l a n a t i o n  f o r  t h i s  
d i sag reemen t  between p r e d i c t e d  and 
obse rved  d e p o s i t i o n  p a t t e r n s  f o r  t h e  

The computed and measured mid- 

Manual and DELFIC model c a l c u l a -  

I n  f a c t ,  however,  t h e  measurements (3) 
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