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Data f r o m  a  number o f  f i e l d  exper iments have been analyzed t o  s tudy  t h e  behav io r  o f  t h e  

q u a n t i t y  S  = o  /xog. A  p r e v i o u s l y  proposed r e l a t i o n  i s  shown t o  be v a l i d  o n l y  under r a t h e r  
Y  

r e s t r i c t e d  c i rcumstances,  and s i g n i f i c a n t  v a r i a t i o n s  w i t h  sampling p e r i o d ,  averag ing  t ime,  

and r e l e a s e  h e i g h t  a r e  shown. 

The d e t e r m i n a t i o n  o f  t h e  l a t e r a l  d i s p e r -  
s i o n  parameters o f  a  d i f f u s i n g  substance i n  
terms o f  measurable m e t e o r o l o g i c a l  v a r i a b l e s  
has been t h e  s u b j e c t  o f  cons iderab le  s tudy.  
Pasqui 11 2 8 ~ 2 9  and D r a x l e r 3 0  have examined 
t h e  q u a n t i t y  S = uy/xog as measured i n  a  num- 
b e r  o f  f i e l d  exper iments.  Desp i te  t h e  con- 
s i d e r a b l e  s c a t t e r  i n  t h e  data,  b o t h  have 
found ev idence o f  sys temat i c  behavior ,  e i t h e r  
as a  f u n c t i o n  o f  t r a v e l  t i m e  T  o r  downwind 
d i s t a n c e  x. I n  p a r t i c u l a r ,  P a s q u i l l  3 1  has 
suggested t h a t  S  may be reasonab ly  r e p r e -  
sented by a  u n i v e r s a l  f u n c t i o n  o f  x  which i s  
v a l i d  independent  o f  t e r r a i n  roughness, r e -  
l e a s e  h e i g h t ,  and sampl ing d u r a t i o n  up t o  
one hour .  

I n  t h e  p r e s e n t  s tudy,  r e s u l t s  f rom n i n e  
d i f f e r e n t  f i e l d  programs were examined i n  
an e f f o r t  t o  de te rmine  t h e  v a l i d i t y  o f  t h i s  
sugges t ion  and t o  g a i n  an unders tand ing  o f  
p o s s i b l e  d e v i a t i o n s  f rom t h i s  " u n i v e r s a l  " 
behav io r .  

The a p p l i c a t i o n  o f  T a y l o r ' s  theorem t o  
t h e  t u r b u l e n t  d i f f u s i o n  process may be shown 
t o  l e a d  t o  t h e  f o l l o w i n g  express ion  f o r  S: 

2 2 s i n  n n r  s i n  nnT ---\ 

where [o  1, i s  t h e  l a t e r a l  d i s p e r s i o n  mea- 
sured ovgr  d sampl ing t i m e  T a t  a  d i s t a n c e  
downwind x  which i s  reached i n  t i m e  T, and 
[ae],,t i s  t h e  v a r i a n c e  o f  t h e  h o r i z o n t a l  
wind d i r e c t i o n  measured o v e r  a  sampl ing t i m e  
T and averaged o v e r  a  t i m e  t. FL(n)  and 
FE(n) a r e  t h e  Lagrangian and E u l e r i a n  t u r b u -  
l e n t  spec t ra ,  r e s p e c t i v e l y ,  and n  i s  t h e  
frequency. 

Whi le  t h e  p r e c i s e  forms f o r  FL(n)  and 
F E ( ~ )  a r e  n o t  known, i t  may a l s o  be shown 

t h a t  t h e  qua1 i t a t i v e  behav io r  descr ibed  by 
( 1 )  i s  s i m i l a r  f o r  a  wide v a r i e t y  o f  p o s s i -  
b l e  s p e c t r a l  shapes. I n  p a r t i c u l a r ,  S  
shou ld  inc rease  as e i t h e r  T o r  t inc reases .  

F i g u r e  1  .ll shows t h e  v a r i a t i o n  o f  S w i t h  x  
f o r  v a r i o u s  combinat ions o f  T and t f o r  
g round- leve l  re leases ,  as determined f rom 
f i v e  d i f f e r e n t  f i e l d  programs. (The Green- 
g low and 30-Ser ies have been combined. ) As 
hay be seen, t h e  va lues  suggested by P a s q u i l l  
a r e  reasonable f o r  s h o r t e r  averag ing  and s.am- 
p l i n g  t imes, b u t  do n o t  r e p r e s e n t  t h e  d a t a  
we1 1  f o r  l a r g e r  va lues  o f  T and t. 

The e f f e c t  o f  r e l e a s e  h e i g h t  on t h e  v a r i -  
a t i o n  o f  S  w i t h  x  was a l s o  found t o  be im- 
p o r t a n t .  I f  t h e  d i f f u s i n g  plume i s  c o n f i n e d  
t o  a  p lane,  then  i t  i s  n o t  unreasonable t h a t  
t h e  v a l u e  o f  ue measured i n  t h a t  p lane  would 
p l a y  a  r o l e  i n  t h e  d i s p e r s a l  o f  t h e  m a t e r i a l .  
For  e l e v a t e d  re leases ,  however, t h e  s i t u a t i o n  
i s  c o n s i d e r a b l y  more compl icated.  As t h e  
plume descends toward t h e  ground, i t  en- 
coun te rs  t u r b u l e n t  f l u c t u a t i o n s  which v a r y  
w i t h  h e i g h t . 3 2  It i s  n o t  a t  a l l  e v i d e n t ,  
then, a t  what e l e v a t i o n  oo shou ld  be measured 
t o  p r o v i d e  u s e f u l  p r e d i c t i o n s  o f  d i f f u s i o n  a t  
ground l e v e l  . 

F i g u r e  1.2 shows t h e  r e s u l t s  o b t a i n e d  f o r  
t h r e e  r e l e a s e  he igh ts ,  where oy and og a r e  
measured near  t h e  ground. As can be seen, 
t h e  curves f o r  t h e  t h r e e  r e l e a s e  h e i g h t s  
c o i n c i d e  o n l y  a t  some d i s t a n c e  downstream 
f rom t h e  source, and t h e  d i s t a n c e  t o  t h i s  
p o i n t  i nc reases  w i t h  i n c r e a s i n g  h e i g h t  o f  
t h e  re lease .  Near t h e  o r i g i n ,  t h e  v a r i a t i o n  
o f  o  w i t h  h e i g h t  has a  c l e a r  e f f e c t  on 
t h e  l e h a v i o r  o f  S. F a r t h e r  downstream, t h e  
l a t e r a l  d i s p e r s i o n  i s  dominated by t h e  c r o s s -  
wind f l u c t u a t i o n s  near  t h e  ground, and t h e  
v a l u e  o f  a  a t  t h e  r e l e a s e  h e i g h t  i s  n o t  a  
govern ing Fac to r .  

T h i s  i n t e r p r e t a t i o n  i s  borne o u t  by t h e  
r e s u l t s  shown i n  F i g u r e  1.13, where S  i s  aga in  
p l o t t e d  as a  f u n c t i o n  o f  x, b u t  a  has been 
measured a t  t h e  r e l e a s e  h e i g h t  r a t h e r  than  
near  t h e  ground. No apparent  o r d e r  can be 
seen i n  these curves,  i n d i c a t i n g  t h a t  t h e  
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FIGURE 1.11. Variation of S = oy/xog with 
Distance as Determined from Several Field 
Programs 
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FIGURE 1.12. Variation of S = Uy/xoe with Downwind Distance for Three 
Release Heights, Hanford-67 Series. oe was measured at 1.5 m elevation. 
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v a l u e  o f  ae a t  e l e v a t e d  r e l e a s e  p o i n t s  i s  by t h e  s imp le  r e l a t i o n s h i p  g i v e n  by P a s q u i l l .  
n o t  a  good p r e d i c t o r  o f  t h e  g round- leve l  d i s -  Whi le  those va lues  s u f f i c e  f o r  a  rough de- 
p e r s i o n .  Moreover, t h e  s c a t t e r  o f  t h e  d a t a  s c r i p t i o n  o f  d i f f u s i o n  f rom a  g round- leve l  
about  t h e  mean va lues  i s  worse than  f o r  t h e  source, t h e y  a r e  n o t  v e r y  s a t i s f a c t o r y  f o r  
analyses descr ibed  by F i g u r e  1.12, p a r t i c u l a r l y  l o n g e r  sampl ing and averag ing  t imes  and a r e  
f o r  t h e  26 m re leases .  n o t  a p p l i c a b l e  t o  t h e  case o f  e l e v a t e d  

r e 1  eases. 
The v a r i a t i o n  o f  S w i t h  x was found t o  be 

c o n s i d e r a b l y  more compl i ca ted  than  suggested 
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