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ABSTRACT 

This paper discusses the combined use of a mesoscale numerical model 
a n d  a L a g r a n g i a n  p a r t i c l e  d i s p e r s i o n  model  i n  o r d e r  t o  d e r i v e  u s e f u l  
c o n c l u s i o n s  on  t h e  p o s s i b l e  e n v i r o n m e n t a l  i m p a c t s  i n  t h e  a r e a  a r o u n d  t h e  
s i t e  o f  a new i n d u s t r i a l  i n s t a l l a t i o n  o r  i n  l a r g e r  a r e a s .  T h i s  p r o c e d u r e  
i s  r ecommended  f o r  c a s e s  w i t h  c o m p l i c a t e d  f l o w  p a t t e r n s  o v e r  i r r e g u l a r  
t e r r a i n  o r  f o r  a r e a s  n e a r  c o a s t l i n e s .  In  s u c h  c a s e s  t h e  d i s p e r s i o n  and  
t r a n s p o r t  o f  p o l l u t a n t s  c o u l d  n o t  be  a c h i e v e d  w i t h  t h e  c l a s s i c a l  G n u s -  
s i g n  m o d e l s  b e c a u s e  t h e y  a r e  n o t  a b l e  t o  h a n d l e  i m p o r t a n t  l o c a l  f e a t u r e s  
a c c u r a t e l y .  L o c a l  c i r c u l a t i o n s  s u c h  a s  s e a - l a n d  b r e e z e s  o r  s l o p e  f l o w s  
c a n  i n f l u e n c e  t h e  d i s p e r s i o n  a n d  t r a n s p o r t  o f  p o l l u t a n t s  i n  d i f f e r e n t  
w a y s .  The r e s u l t s  p r e s e n t e d  i n  t h i s  p a p e r  a r e  p a r t  o f  a d e t a i l e d  s t u d y  
f o r  t h e  p o s s i b l e  e n v i r o n m e n t a l  i m p a c t s  i n  t h e  E a s t e r n  C o r i n t h i a n  G u l f  in  
G r e e c e  w h e r e  a n  a l u m i n a  p l a n t  w i l l  b e  b u i l t .  E x p e r i m e n t a l  d a t a ,  a s y n o p -  
t i c  c l a s s i f i c a t i o n  s c h e m e ,  a n d  model  s i m u l a t i o n s  w i l l  h e l p  t o  t a k e  a l l  
t h e  a p p r o p r i a t e  m e a s u r e m e n t s  d u r i n g  t h e  d e s i g n  o f  t h e  p l a n t  i n  o r d e r  t o  
m i n i m i z e  t h e  e n v i r o n m e n t a l  i m p a c t s  d u r i n g  i t s  o p e r a t i o n .  
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C o l o r a d o  S t a t e  U n i v e r s i t y  M e s o s c a l e  Model and  L a g r a n g i a n  P a r t i c l e  
D i s p e r s i o n  Model o r i g i n a l  c o d e s  a r e  a v a i l a b l e  f r o m  P r o f e s s o r  R. A. 
P i e l k e ,  C o l o r a d o  S t a t e  U n i v e r s i t y ,  D e p a r t m e n t  o f  A t m o s p h e r i c  S c i e n c e ,  
F o r t  C o l l i n s ,  CO 8 0 5 2 3 ,  USA. M o d i f i c a t i o n s  f o r  t h e s e  c o d e s  a s  w e l l  a s  
t h e  p l o t t i n g  r o u t i n e s  f o r  CALCOMP p l o t t i n g  p a c k a g e s  a n d  p l o t t e r s  a r e  
a v a i l a b l e  f rom t h e  a u t h o r  o f  t h i s  p a p e r .  

INTRODUCTION 

H a v i n g  a d v a n c e  k n o w l e d g e  o f  t h e  m i c r o c l i m a t e ,  o t h e r  s p e -  S o u t h  F l o r i d a  to  t h e  n e i g h b o r i n g  N a t i o n a l  P a r k s ,  P h y s i c k  [ 4 ]  
c i f i e  c h a r a c t e r i s t i c s  a n d  t h e  f l o w  b e h a v i o u r  w h i c h  w o u l d  h a d  s t u d i e d  t h e  d i s p e r s i o n  c h a r a c t e r i s t i c s  i n  t h e  C r a n d  
l e a d  i n  p o l l u t i o n  e p i s o d e s  o f  t h e  a r e a  w h e r e  a new p l a n t  Canyon  r e g i o n  u n d e r  v a r i o u s  w ind  a n d  s t a b i l i t y  r e g i m e s  w h i l e  
w i l l  be  e r e c t e d ,  w i l l  a s s i s t  u s  t o  t a k e  a l l  t h e  a p p r o p r i a t e  P i e l k e  e t  a l  [ 5 ]  d i s c u s s e d  v a r i o u s  t o o l s  w h i c h  c a n  b e  
m e a s u r e m e n t s  to  a v o i d  s i g n i f i c a n t  e n v i r o n m e n t a l  damage  f r o m  a p p l i e d  on e m e r g e n c y  c a s e s ,  s u c h  a s  a c c i d e n t a l  t o x i c  or" 
t h e  r e l e a s e d  a i r  p o l l u t a n t s .  In  a l m o s t  a l l  c a s e s ,  a n  e n v i -  r a d i o a c t i v e  r e l e a s e s  a s  w e l l  a s  n o w c a s t i n g  a i r  p o l l u t i o n  
r o n m e n t a l  s t u d y  f o r  t h e  p l a n t  d e s i g n  e m p l o y s  G a u s s i a n  t y p e  e p i s o d e s .  
m o d e l s  t o  s t u d y  t h e  d i s p e r s i o n  o f  p o l l u t a n t s .  The s h o r t c o m -  In  t h i s  s t u d y  some p r e l i m i n a r y  r e s u l t s  f rom a n u m e r i c a l  
i n g s  h o w e v e r  o f  s u c h  m o d e l s  a r e  w e l l  known,  a n d  in  s e v e r a l  i n v e s t i g a t i o n  o f  t h e  m e s o s c a l e  c i r c u l a t i o n  a n d  p o l l u t a n t  
c a s e s  t h e  r e s u l t s  a r e  c o n s i d e r e d  u n r e l i a b l e .  The r e l i a b i l i t y  t r a n s p o r t  i n  t h e  a r e a  o f  t h e  E a s t e r n  C o r i n t h i a n  G u l f  in  
o f  s u c h  m e t h o d s  i s  e v e n  l o w e r  in  c a s e s  w h e r e  t h e  s i t e  i s  G r e e c e  a r e  p r e s e n t e d .  The p o l l u t a n t  s o u r c e  i s  i n  t h e  a r e a  o f  
c h a r a c t e r i z e d  b y  a h i g h l y  v a r y i n g  t o p o g r a p h y  o r  i s  n e a r  t h e  T h i s v i  n e a r  t h e  n o r t h e r n  c o a s t  o f  t h e  G u l f  f rom t h e  p r o p o s e d  
c o a s t .  In s u c h  c a s e s  t h e  w i n d  f i e l d s  i n  t h e  a r e a  a r e  v e r y  a l u m i n a  p l a n t .  The p o l l u t a n t s ,  m o s t l y  s u l f u r  d i o x i d e ,  r e s u l t  
c o m p l i c a t e d  a n d  t h e  s p a t i a l  a n d  t e m p o r a l  v a r i a t i o n s  a r e  s i g -  f rom p e t r o l e u m  c o m b u s t i o n .  The e o m b u s t e d  q u a n t i t y  i s  e s t i -  
n i f i c a n t .  In  t h e s e  c a s e s  a c c u r a t e  d e s c r i p t i o n  o f  t h e  w ind  m a t e d  t o  150 - 170 t o n s  p e r  d a y .  The i n i t i a l  e s t i m a t e  o f  t h e  
f i e l d s  a n d  d e t a i l e d  d e s c r i p t i o n  o f  t h e  d i s p e r s i o n  o f  p o i l u -  s t a c k  h e i g h t  i s  a b o u t  10Om a b o v e  t h e  g r o u n d  l e v e l  a n d  130m 
r a n t s  i s  n e c e s s a r y .  F o l l o w i n g  t h i s  a p p o r o a c h ,  P i e l k e ,  a b o v e  t h e  s e a  l e v e l .  The t o p o g r a p h y  a r o u n d  t h i s  a r e a  i s  v e r y  
McNider  a n d  t h e i r  c o l l a b o r a t o r s  h a v e  c a r r i e d  o u t  a number  o f  c o m p l e x  a n d  t h e  s i t e  i s  a b o u t  1.5Km f rom t h e  c o a s t .  To t h e  
s t u d i e s  f o r  d i f f e r e n t  a r e a s  i n  U . S . A . .  A r r i t t  a n d  P i e l k e  [ I ]  N o r t h  o f  t h e  s i t e ,  t h e r e  i s  a s m a l l  v a l l e y  o f  a n  e l l i p t i c a l  
had  i n v e s t i g a t e d  t h e  r o l e  o f  t o p o g r a p h i c a l l y  i n d u c e d  m e s o s -  s h a p e  w i t h  t h e  s m a l l e r  a x i s  o f  a b o u t  3Km and  the  l a r g e r  o f  
t a l e  c i r c u l a t i o n s  i n  p o l l u t a n t  t r a n s p o r t  i n  S h e n a n d o a h  V a l -  a b o u t  6Km. F u r t h e r  t o  t h e  N o r t h  t h e r e  i s  Mount E l i k o n  w i t h  
l e y .  Yu a n d  P i e l k e  [ 2 ]  had  s t u d i e d  t h e  l a y e r e d  h a z e  p h e -  i t s  p e a k  a t  a p p r o x i m a t e l y  1500m. T h e r e  a r e  a l s o  t h r e e  s m a l l  
nomenon i n  t h e  Lake  Powel  a r e a ,  S e g a t  e t  a l  [ 3 ]  h a v e  s t u d i e d  p o p u l a t e d  a r e a s  i n  a d i s t a n c e  o f  3-5Km f r o m  t h e  s i t e  in  t h e  
t h e  i m p a c t s  o f  t h e  a i r  p o l l u t i o n  f rom t h e  u r b a n  a r e a s  o f  n o r t h e r n  end  o f  t h e  s m a l l  v a l l e y .  Some o t h e r  p o p u l a t e d  a r e a s  
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a r e  l o c a t e d  from 5-20Km away. The s o u t h e r n  c o a s t l i n e  of the l i o n ,  the l o c a l  exchange c o e f f i c i e n t  scheme based on loca l  
C o r i n t h i a n  Gulf  i s  a l s o  p o p u l a t e d ,  w i t h  the l a r g e s t  c i t y  of g r a d i e n t  R icha rdson  number c a l c u l a t i o n s  i s  used.  At the 
C o r i n t h .  The p o s s i b l e  t r a n s p o r t  of  p o l l u t a n t s  toward sou th  uppermost  four  l e v e l s  of the model, an a b s o r b i n g  l a y e r  i s  
or n o r t h  when the s e a - b r e e z e  i s  the dominant mechanism in a p p l i e d  to avo id  r e f l e c t i o n s  of the g e n e r a t e d  g r a v i t y  waves. 
the a r e a  d u r i n g  the summer i s  examined.  The s e a - b r e e z e  c i r -  
c u l a t i o n  domina te s  in  t h i s  a r e a  f o r  a c o n s i d e r a b l e  number of b.  L a g r a n g i a n  P a r t i c l e  D i s p e r s i o n  Model (LPDM) 
days  d u r i n g  the  summer months.  As seen  in  F i g u r e  1, the Th i s  model u s e s  as  input  the p r e d i c t e d  f i e l d s  from the 
c o a s t l i n e  has  an Eas t -West  o r i e n t a t i o n  thus the s e a - b r e e z e  mesosca l e  model d e s c r i b e d  p r e v i o u s l y .  I t  i s  a Lagrang ian  
c i r cu l a t i on  is expected to have a s ign i f i can t  component per- type dispersion model on which the motions of d iscre te  mass 
pendicular to the coas t l ine ,  elements (which represent the pol lu tants)  are tracked inside 

For t h i s  s t udy  a two s t a g e  p rocedu re  was employed: In the model domain. The p o s i t i o n  of each p a r t i c l e  a t  t ime t 
the f i r s t  s t a g e  the two-d imens iona l  v e r s i o n  of the Colorado  i s  g i v e n  by Xi ( t ) ,  i = I ,  2, 3, wh i l e  a t  t ime t+At i s  g i v e n  
S t a t e  U n i v e r s i t y  Mesoscale  Model (CSUMM) was used to  p r e d i c t  by 
the m e t e o r o l o g i c a l  f i e l d s  f o r  the v e r t i c a l  c r o s s - s e c t i o n  
a l o n g  the a x i s  shown in  F igu re  i by the t h i c k  l i n e .  In the X i ( t + A t )  = Xi ( t )  + (uoi + u i '  + u i " )  At , 
second s t a g e ,  a L a g r a n g i a n  p a r t i c l e  d i s p e r s i o n  model 
d e s c r i b e d  by McNider [6] and P i e l k e  e t  a l  [7] was used .  A where 
b r i e f  d e s c r i p t i o n  of the two models  i s  g i v e n  below w h i l e  the 
c a p a b i l i t y  of t h i s  p rocedu re  to d e s c r i b e  such complex phe-  At i s  the t ime s t e p  

nomena i s  b r i e f l y  d i s c u s s e d .  Xi a r e  the s p a t i a l  c o o r d i n a t e s  of each p a r t i c l e  

uoi a r e  s y n o p t i c - s c a l e  wind components I , l , l , l , [ ,  , 1 , T , [ , ) , ) , I  i I , l , f , [  , } , 1 , 1 , 1 , f , } , 1 , ]  

7,. ~ "  (~, . ,~ ' .~ < u i '  a r e  mesosca l e  wind components 

67.69 . . . . . . .  "'X '~ ,...%t u i ' '  a r e  m i c r o s c a l e  v e l o c i t y  components ( t u r b u l e n t )  65, ~ ~\  
83. ~-~--'~"..~f'~ 

"~_"~S,f"'~ ~ ~ The m i c r o s c a l e  v e l o c i t y  component u i "  i s  computed from 6,. ~ . :  > 
sg. ~ . _ ' ~ ' " '  ...... / the  Markov p r o c e s s  

sT. - ~xrZ-~,-.~ N , 
s5. ""~2---J ~'~ / ~ u i '  ( t + A t )  = RLi u i ' ' ( t  ) + (1 -R~i ) l /Z  u i , , , ( t  ) + 

53. ~ ' . _ ~ 2 ~  6 i3( 1-RL3(A t ) )W d 51. ~ - ~  
4g. 
47. _ w i t h  

43. o RLi (A t )  = exp( -A t /TL i )  

41, CORINTHIAN G LP 
39. u i ' '  ( t )  = ro i 
37. / ~ '  
35. ~ Wd = TL3 a/OX3 (032 ) 

3,. ) ~ / ~ ' ~ ; L ' ~ 1 A K ' ~ ~ ]  F b RL, i s  the Lag rang i an  v e l o c i t y  a u t o c o r r e l a t i o n  in 
29. ,'r"-~ ~ / , . o , ~  " the i - t h  d i r e c t i o n  

25. i ~,"} " TLi i s  the Lag rang i an  i n t e g r a l  t ime s c a l e  f o r  each 
23. d i r e c t i o n  
21. ~ _ ~  

19, ~ -  u i '  ' ( t )  iS a random v e l o c i t y  component 

I7. "'~ - - - ~ )  ... S A R O N I C  GULF IS. } ( ~¢/ , 6i3 i s  the Kronecker  d e l t a  
13, • " / "  

~i:,.: \ i s  the d r i f t  v e l o c i t y  c o r r e c t i o n  11, 
9. 5 J - k , -  . . . . . . . . . . . . .  

5.7"3. - ~ - ' L " ' "  ," : - - , , . l ' ~ ~  r variance)iS a normal random v a r i a t e  ( w i t h  0 mean and 1 

1. - e - i - r l -~ 'T-  ~ o i i s  the s t a n d a r d  d e v i a t i o n  of the i - t h  m i c r o s c a l e  
I. • 5. 7? 9. ! 1.13.15.17, I g . 2 1 . 2 3 . 2 5 . 2 7 . 2 g . 3 1 . 3 3  35 .37 .3g .41 .43 .45 .47 .~9 .  ve ioc  i t y  component 

F i g u r e  1. Map of the  s i m u l a t i o n  a r e a .  Contour i n t e r v a l  i s  S y n o p t i c  and mesosca le  wind components a r e  t h e s e  c a l c u -  
200 m (400 m between s o l i d  l i n e s ) .  The c r o s s  s e c -  l a t e d  d i r e c t l y  from the mesosca le  model wh i l e  the t u r b u l e n t  
l i o n  i s  a long  the  heavy l i n e  runn ing  n o r t h - s o u t h  components a r e  deduced from the mesosca le  model c l o s u r e  
th rough  C o r i n t h i a n  Gul f .  The s i t e  of the p l a n t  i s  scheme. A more d e t a i l e d  d e s c r i p t i o n  of  t h i s  t e chn ique  i s  
shown by a t h i c k  d o t .  p r e s e n t e d  in  McNider [6 ] .  A r r i t t  [13] ,  and P i e l k e  e t  a l  

[14]. 

MODEL DESCRIPTIONS DATA USED 

a.  M e s o s c a l e  Model During the  p e r i o d  from J u l y  31 to August 3, 1987 a pro-  
The mesosca l e  model used in  t h i s  s t u d y  was o r i g i n a l l y  gram of e x t e n s i v e  measurements  in  the s u r f a c e  as  wel l  as  in  

deve loped  by P i e l k e  [8] and m o d i f i e d  l a t e r  by Mahrer and h e i g h t  was performed in  the  a r e a  nea r  the s i t e  of the p l a n t .  
P i e l k e  [9 ] .  The CSUMM i s  a h y d r o s t a t i c ,  p r o g n o s t i c  model Model s i m u l a t i o n s  were performed fo r  August 3. During t h i s  
based  on the p r i m i t i v e  e q u a t i o n s  of mot ion ,  ene rgy ,  c o n t i n u -  day the s y n o p t i c  c o n d i t i o n s  were f a v o r a b l e  fo r  the f o r m a t i o n  
i t y ,  and wa te r  c o n t e n t .  I t  u s e s  the  t e r r a i n - f o l l o w i n g  coo r -  of s e a - l a n d  b r e e z e  c i r c u l a t i o n  in  the a r e a .  The d a t a  used 
d i n a t e  sys tem and exchange c o e f f i c i e n t s  f o r  p a r a m e t e r i z a t i o n  f o r  the i n i t i a l i z a t i o n  of the model were l o c a l  t e t h e r e d  b a l -  
of the t u r b u l e n c e  exchange p r o c e s s e s .  For the  P l a n e t a r y  loon o b s e r v a t i o n s  a t  02:00 LST fo r  the lowest  lO00m and 
Boundary Layer  (PBL) a d e t a i l e d  p a r a m e t e r i z a t i o n  i s  used above t h i s  l e v e l ,  the  r a d i o s o n d e  o b s e r v a t i o n s  from Athens 
where s h o r t  and long-wave r a d i a t i v e  c o n t r i b u t i o n s  a r e  a i r p o r t  ( l o c a t e d  a p p r o x i m a t e l y  4010a ESE from the s i t e )  a t  
i n c l u d e d  in  the s u r f a c e  ene rgy  b a l a n c e  c a l c u l a t i o n s .  The 02:00 LST. These p r o f i l e s  were i n t e r p o l a t e d  to o b t a i n  the 
dep th  of the c o n v e c t i v e  boundary  l a y e r  i s  computed from a p p r o p r i a t e  d a t a  a t  the  model l e v e l s .  I n i t i a l  p r o f i l e s  and 
D e a r d o r f f ' s  [10] p r o g n o s t i c  e q u a t i o n  w i t h  B u s i n g e r ' s  [11] a d d i t i o n a l  d a t a  used fo r  t h i s  s i m u l a t i o n  a re  shown in  Table  
s i m i l a r i t y  t h e o r y  used fo r  the s u r f a c e  l a y e r .  The exchange I .  For more d e t a i l s  about  the e x p e r i m e n t a l  d a t a  f o r  t h i s  day 
c o e f f i c i e n t  p r o f i l e  in  the  PBL was s p e c i f i e d  by O ' B r i e n ' s  see  Helmis  e t  a l  [15] .  The s i m u l a t i o n  s t a r t s  a t  02:00 LST 
[12] c u b i c  p o l y n o m i a l s .  For the  case  of s t a b I e  s t r a t i f i c a -  and the  f i r s t  t h r e e  hours  were used fo r  dynamic i n i t i a l i z a -  

i 
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t i o n ,  a l l o w i n g  t he  i n i t i a t  f i e l d s  to a d j u s t  to  t he  t e r r a i n  t i o n ,  and an  i n t e n s i f i c a t i o n  in the  u p p e r  l e v e l s  i s  
b e f o r e  s u n r i s e  where  t he  h e a t i n g  o f  t he  s u r f a c e  b e g i n s .  The o b s e r v e d .  F i g u r e s  2 a - c  d i s p l a y  the  h o r i z o n t a l  wind f i e l d  
model c o o r d i n a t e s  were  r o t a t e d  90 d e g r e e s  c o u n t e r c l o c k w i s e ,  component  t h r o u g h  the  N-S a x i s  w i t h  p o s i t i v e  d i r e c t i o n  
t h e r e f o r e  in  the  f o l l o w i n g  f i g u r e s  the  l e f t  c o r n e r  c o r r e -  t o w a r d  N o r t h ,  t h e  v e r t i c a l  v e l o c i t y  f i e l d ,  and the  p o t e n t i a l  
sponds  to  the  Sou t h  w h i l e  t he  r i g h t  to the  N o r t h .  T e r r a i n  t e m p e r a t u r e  f i e l d  r e s p e c t i v e l y  f o r  I 4 : 0 0  LST, when the  s e a -  
d a t a  were  o b t a i n e d  f rom maps 1 :50000 and were  smoo thed  b r e e z e  mech an i sm  i s  a t  i t s  p eak ,  a r e  s h o ~ .  D u r i n g  the  
a p p r o p r i a t e l y ,  n i g h t ,  when t h e  s e a - b r e e z e  c e a s e s ,  a s l o p e  f low i s  d e v e l o p e d  

in  t h e  s l o p e s  o f  t h e  m o u n t a i n s .  In F i g u r e s  3 a - c  the  f low and 
p o t e n t i a l  t e m p e r a t u r e  f i e l d s  a t  0 1 :0 0  LST a r e  shown. 

The LPDM was u s e d  to s i m u l a t e  the  movement of  500 p a r -  
T a b l e  I .  Model i n p u t  d a t a  u s e d  f o r  s i m u l a t i o n  o f  t i c l e s  r e l e a s e d  a t  the  a l u m i n a  p l a n t  s t a c k .  The r e l e a s e  was 

Augus t  3, 1987 c a s e .  a t  a f i x e d  t ime  once  from a h e i g h t  of  150m above  t h e  g round  
l e v e l .  The p a r t i c l e s  s e r v e  a s  t r a c e r s  f o r  the  i l l u s t r a t i o n  

I n i t i a l  p r o f i l e  o f  t h e  combined  e f f e c t s  of  a d v e c t i o n  by the  wind f i e l d  
r e s o l v e d  f rom th e  m e s o s c a l e  model and the  s u b g r i d - s c a l e  t u r -  

H e i g h t ( m )  P o t e n t i a l  Temp . (K)  S p e c i f i c  H u m i d . ( g / K g )  b u l e n c e .  A f t e r  the  r e l e a s e ,  t h e  p o s i t i o n s  of  t h e s e  p a r t i c l e s  
were  p l o t t e d  a t  f i x e d  t ime  i n t e r v a l s .  S e v e r a l  s i m u l a t i o n s  

5. 2 9 5 . 2 0  0 . 0 1 3 7  f o r  r e l e a s e s  a t  d i f f e r e n t  day  and n i g h t  h o u r s  were  p e r -  
10. 295 .21  0 . 0 1 3 6  f o r m e d .  For r e l e a s e s  d u r i n g  the  m o r n i n g  h o u r s ,  when the  s e a -  
50.  2 9 5 . 4 0  0 . 0 1 0 4  b r e e z e  i s  d e v e l o p i n g ,  t h e  p a r t i c l e s  moved toward  N o r t h ,  

150. 2 9 7 . 0 0  0 . 0 0 9 9  where  a p o r t i o n  i m p a c t e d  o n t o  the  s l o p e s  of  t h o  m o u n t a i n  
300.  2 9 7 . 9 0  0 . 0 0 8 9  w h i l e  t h e  r e s t  of  them moved toward  So u th  w i t h  the  r e t u r n  
500.  2 9 8 . 5 2  0 . 0 0 8 5  f l o w .  F i g u r e s  4a and 4b show the  p o s i t i o n  of  the  p a r t i c l e s  
700 2 9 9 . 5 0  0 . 0 0 8 4  one and f i v e  h o u r s  r e s p e c t i v e l y  a f t e r  t h e  r e l e a s e  a t  08 :00  
900 3 0 0 . 5 0  0 . 0 0 7 3  LST. B e c a u s e  t h e  r e l e a s e  o c c u r e d  a t  a t ime  ~ h e r e  t he  s e a -  

1100 3 0 1 . 4 5  0 . 0 0 7 0  b r e e z e  s t a r t e d  to d e v e l o p ,  and the  f l ow  in the  lower  l e v e l s  
1300 3 0 2 . 2 0  0 .0061  i s  r e l a t i v e l y  weak w i t h  s m a l l  v e r t i c a l  e x t e n d ,  the  p a r t i c l e s  
1500 3 0 2 . 7 8  0 . 0 0 5 9  moved i n i t i a l l y  t oward  the  s l o p e s  of  the  Mount E l i k o n .  L a t e r  
1800 3 0 4 . 1 0  0 . 0 0 5 7  t h e y  moved s o u t h w a r d  b e c a u s e  the  r e t u r n  f l ow  from the  s e a -  
2100 3 0 5 . 9 0  0 . 0 0 5 3  b r e e z e  c i r c u l a t i o n  and the  s y n o p t i c  wind component  a r e  from 
2500.  308 .25  0 . 0 0 4 5  N o r t h .  D u r i n g  t h e  d a y ,  in the  n o r t h e r n  s l o p e s  of  G e r a n i a ,  
3000.  3 1 0 . 8 4  0 . 0 0 2 9  the  s e a - b r e e z e  c i r c u l a t i o n  in  the lower  l e v e l s  i s  f rom Nor th  
3500.  3 1 4 . 7 5  0 . 0 0 2 7  w h i l e  in  the  s o u t h e r n  i s  f rom the  S o u t h .  In the  c o a s t  of  
4000.  3 1 7 . 1 0  0 . 0 0 2 4  N o r t h e r n  P e l o p o n n e s e  the  s e a -  b r e e z e  i s  f rom N o r t h .  A con -  
4500.  3 2 0 . 0 5  0 . 0 0 2 2  v e r g e n c e  zone  d e v e l o p e d  o v e r  G e r a n i a .  Over  the  s e a  a s t a b l e  
5000.  3 2 2 . 9 6  0 . 0 0 1 9  l a y e r  i s  f o r m i n g  d u r i n g  the  day h o u r s .  ( s e e  F i g u r e  2 ) .  
6000.  3 2 6 . 9 4  0 . 0 0 0 9  T h e r e f o r e  t h e  p a r t i c l e s  r e l e a s e d  from the  s i t e  o f  the  p l a n t  
7000.  3 2 8 . 9 9  0 . 0 0 0 8  and moved in  t h i s  a r e a  f o l l o w e d  a c o m p l i c a t e d  p a t h .  A p o t -  
8000.  3 3 1 . 8 9  0 . 0 0 0 7  t i o n  of  them moved t o w a r d  P e l o p o n n e s e  w h i l e  the  o t h e r s ,  
9000.  3 3 2 . 9 9  0 . 0 0 0 7  t r a p p e d  w i t h i n  the  s t a b l e  l a y e r  o v e r  the  s e a ,  moved l a t e r  

t o w a r d  N o r t h  w i t h  the  a i d  o f  the  s e a - b r e e z e  ( F i g u r e  4 b ) .  
P a r t i c l e s  r e l e a s e d  l a t e r  d u r i n g  the  day  moved q u i c k l y  n o r t h -  

A d d i t i o n a l  d a t a  ward  o v e r  t h e  s l o p e s  of  E l i k o n  and l a t e r  s o u t h w a r d  w i t h  the  
r e t u r n  f l o w ,  r e a c h i n g  the  h e i g h t s  of  2-3Km ( n o t  shown h e r e ) .  

A lbedo  0 . 2 0  P a r t i c l e s  r e l e a s e d  a few h o u r s  b e f o r e  s u n s e t  moved i n i t i a l l y  
Roughness  l e n g t h  15. cm t o w a r d  the  s l o p e s  of  the  Mount E l i k o n .  L a t e r  when the  s e a -  
S u r f a c e  p r e s s u r e  1012. mb b r e e z e  w e a k e n s ,  t h e s e  p a r t i c l e s  r e m a i n  n e a r  the  s l o p e s  of  
S e a - s u r f a c e  t e m p e r a t u r e  298.  K t h e  m o u n t a i n  and s t a r t  mov ing  downs lope  toward  t h e i r  r e l e a s e  
I n i t i a l  PBL h e i g h t  350.  m p o i n t  a t  a s m a l l  d i s t a n c e  from the  g r o u n d  ( s e e  F i g u r e  4 c ) .  
H o r i z o n t a l  g r i d  i n t e r v a l  1000. m T h i s  i s  b e c a u s e  of  the  downs lope  f l o w  d e v e l o p e d  n e a r  the  
Time s t e p  10. s e c  g r o u n d  d u r i n g  t h e  n i g h t  h o u r s .  For r e l e a s e s  d u r i n g  the  n i g h t  
G e o s t r o p h i c  wind speed  3. m/s  h o u r s  when t h e  a t m o s p h e r e  becomes  more s t a b l e  o v e r  the  l and ,  
C e o s t r o p h i c  wind d i r e c t i o n  335. d e g .  t h e  t r a n s p o r t  and d i s p e r s i o n  of  the  p a r t i c l e s  o c c u r  in a 
S o i l  d e n s i t y  1 .5  g /cm3 s m a l l e r  s c a l e  t han  d u r i n g  the  d a y .  The p a r t i c l e s  r e m a i n  f o r  
S o i l  s p e c i f i c  h e a t  0 . 3  c a l / g K  l o n g e r  t ime  a r o u n d  the  a r e a  of  r e l e a s e  and moved s l o w l y  
Wetness  o f  the  s o i l  0 . 0 5  t o w a r d  So u th  o v e r  the  s e a .  F i g u r e  4d shows the  d i s p e r s i o n  
S o i l  t h e r m a l  c o n d u c t i v i t y  0 . 0 0 3  c a l / c m K s  a r o u n d  the  s o u r c e  t h r e e  h o u r s  a f t e r  t h e  r e l e a s e  o f  the  p a r -  
Time s t a r t  0 2 ; 0 0  LST t i c l e s  a t  2 1 : 0 0  LST, w h i l e  F i g u r e  4e shows the  c o n d i t i o n  f o r  
G r i d  p o i n t s  h o r i z o n t a l  80 t h e  same r e l e a s e  a f t e r  s e v e n  h o u r s .  In t h i s  f i g u r e  we can  
G r i d  p o i n t s  v e r t i c a l  23 s e e  a s i g n i f i c a n t  amount of  p a r t i c l e s  r e m a i n i n g  in  the  v i c i -  

n i t y  of  r e l e a s e  f o r  s e v e r a l  h o u r s  d u r i n g  the  n i g h t  w h i l e  
o t h e r s  a r e  t r a n s p o r t e d  t oward  Sou th  o v e r  the  s ea  in  a h e i g h t  
o f  ab o u t  700 m a b o v e  the  s e a  l e v e l .  T h i s  i s  due to  the  l i g h t  
w in d s  n e a r  t h e  s u r f a c e  and the  s t r o n g e r  winds  a l o f t .  The 

DISCUSSION l a n d - b r e e z e  mech an i sm  i s  not  s t r o n g  enough to m a i n t a i n  i t s  
c l a s s i c a l  c o n f i g u r a t i o n  and the  n o r t h e r n  f low d o m i n a t e s  in 
the  a r e a .  D u r i n g  t h e  m o r n i n g  h o u r s  of  the  nex t  d a y ,  the  p a r -  

As h i g h l i g h t e d  a b o v e ,  t he  m o d e l i n g  a r e a  i s  c h a r a c t e r i z e d  t i c l e s  r e m a i n i n g  n e a r  the  s e a - s u r f a c e  move n o r t h w a r d  a f t e r  
by a complex  t e r r a i n  and f r e q u e n t  c h a n g e s  f rom l and  to  s e a .  t h e  s e a - b r e e z e  mechan i sm s t a r t s  a g a i n .  
In F i g u r e  1 t he  c o a s t l i n e  i s  o r i e n t e d  a l o n g  the  E-W a x i s  in 
b o t h  s i d e s  o f  t he  G u l f ,  so  the  ma in  f e a t u r e s  o f  t h e  s e a -  
b r e e z e  mechan i sm c o u l d  be r e p r e s e n t e d  in  t w o - d i m e n s i o n a l  CONCLUSIONS 
r u n s  a l o n g  a N-S a x i s .  In  s e a - b r e e z e  c a s e s ,  i t  i s  p o s s i b l e  
to  h a v e  r e c i r c u l a t i o n  o f  the  a i r - p o l l u t a n t s  ( L a l a s  e t  a l  T h i s  p a p e r  b r i e f l y  d i s c u s s e s  the  combined u se  of  a 
[ 1 6 ] ,  C h r i s t i d i s  [ 1 7 ] ,  P i e l k e  e t  a l  [ 7 ] ) .  The s y n o p t i c  f l o w  m e s o s e a l e  a t m o s p h e r i c  model w i t h  a L a g r a n g i a n  p a r t i c l e  
in t h i s  run  was 3m/s  f rom NN~ which  i s  b l o c k e d  by  Mount E l i -  t r a n s p o r t  and d i s p e r s i o n  model to  s t u d y  some of  the  d i s p e r -  
kon in  the  N o r t h .  D u r i n g  the  m o r n i n g  h o u r s ,  t he  s e a - b r e e z e  s i o n  and d i f f u s i o n  c h a r a c t e r i s t i c s  o f  p o l l u t a n t s  r e l e a s e d  
s t a r t s  to  d e v e l o p  w i t h  a n o r t h w a r d  o r i e n t a t i o n  n e a r  t h e  f rom the  s t a c k  of  a l a r g e  i n d u s t r i a l  i n s t a l l a t i o n .  In such  
g r o u n d  in  t he  n o r t h e r n  c o a s t  and a s o u t h e r n  in  t he  S o u t h .  In  c o m p l e x  t e r r a i n  the  f l o w  f i e l d s  show t e m p o r a l  and s p a t i a l  
the  c e n t e r  of  t he  domain  a s h a l l o w  c o n v e r g e n c e  zone  i s  v a r i a t i o n s  and t h e r e f o r e  the  d i s p e r s i o n  c h a r a c t e r i s t i c s  a r e  
fo rmed  o v e r  t he  mount G e r a n i a ,  b e c a u s e  o f  t he  s e a - b r e e z e  v a r y i n g  s i g n i f i c a n t l y .  T h e s e  v a r i a t i o n s  c a n n o t  be d e s c r i b e d  
c e l l s  d e v e l o p i n g  in  b o t h  s i d e s  o f  the  mount .  The s e a - b r e e z e  a c c u r a t e l y  w i t h  s i m p l e  n u m e r i c a l  mode l s  such  a s  the  G a u s s i a n  
c e l l  in  the  n o r t h e r n  s i d e  i s  i n t e n s i f i e d  by  t he  s l o p e  f l o w  o r  t h e  mass  c o n s i s t e n t  o n e s .  With the  a i d  of  m e s o s c a l e  mod- 
d e v e l o p e d  a t  Mount E l i k o n  b e c a u s e  o f  i t s  o r i e n t a t i o n .  T h i s  e l s  and k a g r a n g i a n  t r a j e c t o r y  mode l s  we a r e  a b l e  to  d e s c r i b e  
i s  t he  main  r e a s o n  why t he  v e r t i c a l  d e v e l o p m e n t  o f  t h i s  c e l l  t h e  c o m p l i c a t e d  f l o w  f i e l d s  a s  w e l l  a s  the  d i s p e r s i o n  and 
i s  e x t e n d e d  up to  2Km in  t h i s  r e g i o n  d u r i n g  t he  a f t e r n o o n  d i f f u s i o n  o f  p o l l u t a n t s  on an a c c u r a t e  man n e r .  T h i s  
h o u r s .  The r e t u r n  f l o w  i s  merged  w i t h  the  s y n o p t i c  c i r c u l a -  s t r a t e g y  w i t h  t h e  a i d  of  s y n o p t i c  c l a s s i f i c a t i o n  and 
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F i g u r e  2.  P r e d i c t e d  f i e l d s  o f  ( a )  u component i n  m/s t i n t e r -  F i g u r e  3.  As i n  F i g u r e  7 bu t  f o r  01:00  LST a t  4 Augus t  1987. 
val 1 m/s ) ,  (b )  w component in cm/s ( i n t e r v a l  25 Contour i n t e r v a l  f o r  w is  10 om/sec. 
c m l s ) ,  ( c )  p o t e n t i a l  t e m p e r a t u r e  in  d e g r e e s  K 
( i n t e r v a l  1 deg.  K) a t  14:00 LST fo r  3 August 1987. 
Only the domain between the g r i d  p o i n t s  20 and 70 
i s  shown. Broken l i n e s  show n e g a t i v e  v e l o c i t i e s .  
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