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RAINACE FLQW OVER COMPLEX TERRAIN 

S. Bunker, 0. S. King. and J. P. Mutschlecner. X-5 
S. Barr and W. E. Clements, G 8  

Univers i ty  of Ca l i fo rn ia  
Alwos S c i e n t i f i c  Laboratory 
s Alwos, New Mexico 87545 

1. INTRODUCTION 4. TRANSPORT CALCULATIONS 

Model c a l c u l a t i o n s  ha 
out t h a t  attempt t o  s imula te  t r a c e r  r e l e a s e  
experiments a t  t h e  Geysers Area. Comparisons 
with t h e  experimental  d a t a  provide a test o f  our  
c u r r e n t  a b i l i t y  t o  model p o l l u t a n t  t r a n s p o r t .  
The c a l c u l a t i o n s  a r e  c a r r i e d  o u t  with a windfield 
code (ATMOSI) and an edvection-diffusion code t h e  ATMOSL c a l c u l a t i o n s  a re :  
(ATMOSP). The r e s u l t i n g  concent ra t ions  permit 
p red ic t ion  o f  t r a c e r  partic1.e c o l l e c t i o n s  a t  t h e  
measurement s t a t i o n s .  
va t ions  and p red ic t ions  of sequen t i a l  and 
in t eg ra t ed  counts  shows g e n e r a l l y  good agreement, 
but with d i sc repanc ie s  i n  some ina tances .  The 2. a Crowley 2nd o rde r  procedure t o  
method appears t o  be a use fu l  one f o r  p o l l u t a n t  
t r a n s p o r t  p red ic t ions  and f o r  parametric s t u d i e s  
such a s  determining use fu l  meteorological 
monitoring networds. 

2. HEASURMENTS 

The t r a n s p o r t  modeling is performed by 
t h e  code ATMOSL t h a t  c a r r i e s  out advection and 
d i f f u s i o n  c a l c u l a t i o n s  u t i l i z i n g  t h e  ATMOSl wind- 
f i e l d s .  Advection and d i f fus ion  t r a n s p o r t  a r e  
solved through a s tandard  c o n t i n u i t y  equat ion  i n  
f i n i t e  d i f f e rence  form. Some c h a r a c t e r i s t i c s  of 

1. a 0-coordinate scheme i n  t h e  
Comparison o f  t h e  obser- v e r t i c a l  d i r e c t i o n  with an i m p l i c i t  s o l u t i o n  t o  

avoid time steps becoming too s h o r t ;  

l i m i t  nuner ica l  d i f f u s i o n ;  

3. boundary cond i t ions  inc lude  a set 
o f  bu f fe r  cells on t h e  l a t e r a l  and upper su r faces  
i n t o  which d i f f u s i o n  does not  occur and through 

4. d i f f u s i v i t i e s  a r e  based upon t h e  
hns o f  h i t h  and Howard (1972) and t h e  

5 .  Pasqu i l l  s t a b i l i t y  Class E is used 

pos i t i on  is neglec ted ;  and 

s t r u c t u r e  is i d e n t i c a l  t o  t h a t  

each) a t  two loca t ions .  The f l u o r  
t r a c e r  has been shown t o  be noncon 
t h e  atmospheric su r face  l a y e r  and 
appropr i a t e  to abso lu te  concent ra t  

r e l a t i v e  concent ra t ions  

Rotorod c o l l e c t o r  p red ic t ions  a r e  

p a r t i c l e  o f  t h e  p l o t s  r ep resen t s  0.1 grams of 
t r a c e r ,  
p red ic ted  flow c h a r a c t e r i s t i c s  inc luding  such 
f e a t u r e s  a s  t h e  genera l  f low down Anderson Creek 
and t h e  formation o f  t h e  t r a c e r  p l m e .  

The movie permi ts  an apprec i a t ion  of t h e  

winds dur ing  t b e  per iods  22:OO t o  24:OO and from 
: 24:OO t o  02:OO (P.S.T. throughout).  
_-I Î._ _ _  ___. I 
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improvements i n  t h e  c a l c u l a t i o n  

w i l l  inc lude  b e t t e r  d i f f u s i v i t i e s  and a t rea tment  

tool for a better understanding of t h e  effects of 
windfield f i t t i n g  and of assuned parameters  on 
p o l l u t i o n  t r a n s p o r t  modeling. 

RESULTS - 

Figure 1 i n d i c a t e s  t h e  a r e a  included of s t r a t i f i c a t i o n .  AMOS2 should be a u s e f u l  
i n  t h e s e  c a l c u l a t i o n s .  t h e  r e l e a s e  poin t ,  and t h e  
sampling s t a t i o n s .  
s e q u e n t i a l  measurements and p r e d i c t i o n s  a t  
sampling s t a t i o n s  Sl and S2, Both observa t ions  
and p r e d i c t i o n s  are normalized t o  u n i t y  a t  8. REFERENCES 
maximun. The time i n t e r v a l  i s  10 minutes for 
each c o l l e c t i o n  with time measured from t h e  
i n i t i a t i o n  of t h e  30-minute r e l e a s e .  
shapes and t iming of t h e  ca lcu la ted  curves  show 
reasonably good agreement with measurements. 
S2 July 24-25 measures show a conspicuous late- 
t i m e  p l a t e a u  t h a t  is n o t  predicted.  

r e s u l t s  for a l l  s t a t i o n s .  
c a l c u l a t e d  counts  a t  each s t a t i o n  have been 
d iv ided  by t h o s e  a t  s t a t i o n  S1 i n  each  i n s t a n c e ,  
t h u s  providing a normalized i n d i c a t i o n  of t h e  
down wind concent ra t ion  p r o f i l e s  r e l a t i v e  t o  t h e  
sampler n e a r e s t  t h e  r e l e a s e  poin t .  
l a t i o n s  for July 22-23 show e x c e l l e n t  agreement 
with t h e  observa t ions .  By c o n t r a s t .  t h e  compar- d a t a ,  November 1979. 
i s o n s  f o r  Ju ly  24-25 a r e  very  poor, suggest ing 
t h a t  t h e  est imated winds for t h i s  c a s e  do  n o t  
r e p r e s e n t  t h e  volune o f  a i r  occupied by t h e  plune 
v e r y  well. 
d ra inage  wind a f f e c t i n g  t h e  plme was confined t o  
a narrow channel  a long Anderson Creek and t h a t  
some of t h e  measurements were o u t s i d e  of t h e  
l o c a l i z e d  flow. 
t h e o r e t i c a l  downslope p r o f i l e s  der ived from a 
one-dimensional code. AM053 (Davis and Freeman 

Figures  2 and 3 show t h e  

Clements, W. E., Barr. S. and M. X. Fowler, "Ef- 
f e c t i v e  Transport Veloci ty  and Plune 
Elongation i n  Nocturnal Val ley  Windfields.,, 
Los Alanos S c i e n t i f i c  Laboratory r e p o r t  
LA-UR-80-791. presented a t  March 1980 meeting 
of Am.Met.Soc. 

Both t h e  

The 

Figure 4 shows t h e  time i n t e g r a t e d  
Clements. W. E., Barr ,  S., Gedayloo, T., Wilson. Experimental or 

S. K.. Archuleta, J. A..  Baker. R. C., and 
Valer io .  L. J., "Atmospheric Data Collected 
by Los Almos S c i e n t i f i c  Laboratory During 
t h e  1979 ASCOT F i e l d  kasurement  Program i n  
Anderson Creek Valley, Cal i fornia ."  Los 
Alamos S c i e n t i f i c  Laboratory unpublished 

The calcu-  

Davis, C. G. and Wlnker. S. S., "Mass-Consistent 
Windfields - Ju ly  22 Geyser's Area." Los 
Alamos S c i e n t i f i c  Laboratory r e p o r t  
LA-UR-80-1092, presented a t  t h e  ASCOT 
Cettysburg meeting, Apri l  15-18, 1980. 

Davis, C. ,G. and Freeman, Burton E., "Modeling 

It is q u i t e  poss ib le  t h a t  t h e  l o c a l  

In order t o  test t h i s  hypothes is  
R a i n a g e  Flow with Sigmet.ll presented a t  
ASCOT Modelers meeting, January 23-24. 1980. 

t a n t z .  R. B., Coats, K. H., and Kloepfer. C. V., 
aper presented a t  t h e  A i r  Po l lu t ion  Turbu- off  t h e  v a l l e y  a x i s  were removed f o r  t h e  purpos 

of t h i s  test. Figure 5 shows t h a t  t h e  result 0 

t h i s  e x e r c i s e  is a much c l o s e r  agreement betwee 
modeled and observed tracer concent ra t ions .  We 
a r e  n o t  advocat ing t h e  d e l e t i o n  of data i n  favor  
of h y p o t h e t i c a l . p r o f i l e s .  b u t  t h i s  s imple 
a n a l y s i s  s u g g e s t s  t h e  cr i t ical  importance of 
r e p r e s e n t a t i v e  measurements. 

e end Diffusion Symposiun. December 7-10. 

. and Howard, S. M. report by M R I .  

are poss ib le  a t  5 k i l  
complex t e r r a i n  under 
mass-consistent wind 
advect ion-diffusion m 
moderately dense arra 
observa t ions  t o  es t im 
plune under two d i f f e  
condi t ions .  Ozle c a s e  
e x t e r n a l l y  d r i v e n  grad 
meteorological  a r r a y  
ATMOSl, appeared t o  
q u i t e  well. A secon 
shal low and narrow c 
wi th in  which t h e  t r a  
contained.  Wind obs  
probably still o u t s i  
i n d i c a t o r s  of t h e  p l  
incorporated i n t o  t h  
is t h a t  i n  e s t i m a t i n  nd d i f f u s i o n  

g i c a l  s t r u c t u r e  of t h a t  volume of a i r  occupied by 

; what c o n s t i t u t e s  a r e p r e s e n t a t i v e  measurement of 
. t h a t  v o l m e  ne'ed t o  be addressed by t h e  

meteorological  community. _ _ _  _ _  

(0.7 MILES FROM HW175) 
t h e  plume. Very s e r i o u s  and complex ques t ions  of  0 19. S2 TV REPEATER SITE 

Figure Z. Anderson Creek Drainage. 




