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F i e l d  t e s t s  of a  system t o  determine d e p o s i t i o n  r e s i s t a n c e s  o f  s p e c i f i c  p o l l u t a n t s  and t h e  

eddy d i f f u s i v i t y  f o r  p o l l u t a n t s  i n  t h e  s u r f a c e  l a y e r  have been conducted, and t h e  da ta  have 

been analyzed. The r e s u l t s  add cons iderab ly  t o  t h e  da ta  base a v a i l a b l e  f o r  s tudy  o f  p o l l u t a n t  

d r y  removal processes. 

S ince  t h e  Nor thwes t ' s  c o a l  d e p o s i t s  r e p r e -  
s e n t  a  s i g n i f i c a n t  p a r t  o f  n a t i o n a l  energy 
reserves,  s t u d i e s  o f  t h e  n a t u r a l  d r y  removal 
processes o f  t h e  a i r  p o l l u t a n t s  assoc ia ted  
w i t h  emiss ions f r o m  c o a l - f i r e d  f o s s i l  f u e l  
power p l a n t s  a r e  be ing  conducted i n  i n c r e a s -  
i n g  numbers. T h i s  s t u d y  i s  designed t o  p ro -  
v i d e  q u a n t i t a t i v e  i n f o r m a t i o n  f o r  a i r  p o l l u -  
t a n t  model ing needs th rough  i n  s i t u  measure- 
ments o f  t h e  d r y  removal r a t e s  o f 0 1  l u t a n t s .  
The c u r r e n t  o b j e c t i v e  i s  t o  p r o v i d e  a  da ta  
base b o t h  f o r  model ing d r y  d e p o s i t i o n  o f  
s p e c i f i c  p o l l u t a n t s  (SO,, 03,  NOx, NO) and 
atmospher ic  p o l l u t a n t  t r a n s p o r t  processes by 
d e f i n i n g  d e p o s i t i o n  r e s i s t a n c e s  o f  s p e c i f i c  
p o l l u t a n t s  and t h e  a p p r o p r i a t e  eddy d i f f u s i v -  
i t y  f o r  p o l l u t a n t s  i n  t h e  s u r f a c e  l a y e r .  

FIELD TESTS 

Ozone was s e l e c t e d  f o r  i n t e n s i v e  s tudy  f o r  
two reasons: 1 )  i t  i s  o f  cons iderab le  i n t e r -  
e s t  as a  secondary p o l l u t a n t  f r o m  f o s s i l  f u e l  
p l a n t s ,  and 2) u n l i k e  t h e  o t h e r  p o l l u t a n t s ,  
t h e  f l u x  o f  ozone i n  t h e  s u r f a c e  l a y e r  can 
be measured by b o t h  t h e  g r a d i e n t  and eddy 
f l u x  methods u s i n g  c u r r e n t  i n s t r u m e n t a t i o n .  
The d e p o s i t i o n  o f  SO, and o t h e r  gaseous p o l -  
l u t a n t s  w i l l  a l s o  be determined t o  a l l o w  
g e n e r a l i z a t i o n  o f  t h e  r e s u l t s .  

As i n d i c a t e d  by an e a r l i e r  s t u d y Y z 5  a  
mob i le  probe, u s i n g  a  h i g h - f l o w  T e f l o n  i n -  
t a k e  l i n e ,  i s  t h e  b e s t  method o f  measuring 
ozone g r a d i e n t .  An automated dual  1  i n e  
p r o f i l e  system was assembled f o r  t h i s  e x p e r i  - 
ment, and i s  shown i n  F i g u r e  1.10 as i t  oper-  
a t e d  f o r  ozone. P o l l u t a n t  c o n c e n t r a t i o n s  
a r e  sampled a t  predetermined h e i g h t s  on t h e  
"Roving I n t a k e  Tower." S ince t h e  dual  i n -  
t a k e  system i s  designed t o  use two p o l l u t a n t  
m o n i t o r s  s imu l taneous ly ,  any d i f f e r e n c e s  i n  
t h e  s e n s i t i v i t y  o f  t h e  mon i to rs  may be com- 
pensated f o r  by s w i t c h i n g  t h e  i n t a k e  l i n e  
p o s i t i o n s  a t  r e g u l a r  i n t e r v a l s  determined 
l a r g e l y  by t h e  m o n i t o r  response t imes.  The 
r o v i n g  i n t a k e  i n s t r u m e n t a t i o n  assembled f o r  
these s t u d i e s  i s  designed t o  a l l o w  s imu l -  
taneous measure o f  t h e  d r y  removal r a t e s  o f  
03, SO,, NOx and NO. The system can be used 
w i t h  o t h e r  p o l l u t a n t  m o n i t o r s  t h a t  have a  
s u f f i c i e n t l y  f a s t ,  r e a l  - t ime  response. 

The ambient meteoro log ica l  c o n d i t i o n s  a r e  
recorded f rom sensors on t h e  " P r o f i l e  Tower. " 
The ozone d i r e c t  f l u x  measurement system con- 
s i s t s  o f  a  h i g h - f l o w  T e f l o n  sample l i n e  w i t h  
a  f i x e d  i n p u t  a t  t h e  G i l l  anemometer on t h e  
t o p  o f  t h e  P r o f i l e  Tower. The ozone and wind 
components t i m e  s e r i e s  a r e  recorded  a t  t h i s  
h e i g h t .  

FIELD TEST RESULTS 

A f i e l d  t e s t  o f  i n s t r u m e n t a t i o n  systems t o  
d e t e c t  s u l f u r  compounds and ozone has been 
completed, and t h e  da ta  have been analyzed. 
The s i t e  near  Yelm, WA, an abandoned f a r m  
f i e l d  w i t h  a  grass cover  6-8 i n .  h igh ,  was 
i n  t h e  downwind r e g i o n  o f  t h e  a n t i c i p a t e d  
plume o f  t h e  c o a l - f i r e d  power p l a n t  a t  Cen- 
t r a l i a ,  WA. 

Resu l t s  f rom f i l t e r  samples i n d i c a t e d  mea- 
su rab le  s u l f u r  ae roso ls  o n l y  marg ina l  l y  above 
normal f i l t e r  background c o n c e n t r a t i o n s .  The 
SO, c o n c e n t r a t i o n s  were v e r y  low, below o r  a t  
t h e  t h r e s h o l d  o f  t h e  SO2 m o n i t o r  d u r i n g  t h e  
e n t i r e  f i e l d  deployment p e r i o d .  Ozone con- 
c e n t r a t i o n s  were g e n e r a l l y  a t  background 
l e v e l s  and were r e a d i l y  measurable by t h e  03 
mon i to r .  

Summaries o f  t h e  ozone d r y  d e p o s i t i o n  r e -  
s u l  t s  a t  t h e  Yelm s i t e  i n  terms o f  d e p o s i t i o n  
v e l o c i t i e s  d e f i n e d  u s i n g  ozone c o n c e n t r a t i o n  
va lues a t  30 f t a r e  g iven  i n  Table 1.10. 
The experinients a r e  coded as d i r e c t  eddy f l u x  
c o n i p i l a t i o n  (F )  and g r a d i e n t  f l u x  c o m p i l a t i o n  
(G). These r e s u l t s  a r e  g i v e n  i n  terms o f  
r e s i s t a n c e  va lues i n  Table 1.11. 

DISCUSSION 

The reasonable cons is tency  o f  t h e  g r a d i e n t  
and eddy f l u x  de te rmina t ions  o f  ozone f l u x e s  
suppor ts  t h e  v a l i d i t y  o f  t h e  methods, a l -  
though f u r t h e r  a n a l y s i s  i s  necessary t o  de- 
f i n e  i m p l i c a t i o n s  f o r  p o l l u t a n t  f l u x  mecha- 
nisms. These r e s u l t s  r e p r e s e n t  a  c o n s i d e r a b l e  
a d d i t i o n  t o  t h e  da ta  base a v a i l a b l e  f o r  s t u d y  
o f  p o l l u t a n t  d r y  removal processes. Ozone 
f l u x  r a t e s  f o r  t h e  near  background concentra-  
t i o n s  had d e p o s i t i o n  v e l o c i t i e s  i n  t h e  range 
0.2 t o  0.6 cmlsec. 
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FIGURE 1.10. Pollutant Profiler Configuration for Ozone 

TABLE 1.10. Summary of Ozone Dry Deposition Results TABLE 1.11. Resistance Values for Ozone Dry Deposition 
at Yelm Site, F = Eddy Correlation Method, G = Gradient Results at Yelm Site, RT = Total Resistance, Ra = Aero- 
Method. dynamic Resistance and Rs is  the Apparent Surface 

Resistance (= RT - Ra). 

Test Vd Vm (15m) 
No. Date Time (min) Method cm/s cm/s m/s -- ---- 

Test 
No. 

( a ) ~ a  is  assumed to be inverse of Vm. 



The " s u r f a c e  r e s i s t a n c e s "  i n  Table 1.11 a r e  
o n l y  t h e  d i f f e r e n c e  between t h e  t o t a l  momen- 
tum f l u x  and t h e  p o l l u t a n t  f l u x  r e s i s t a n c e s .  
These d i f f e r e n c e s  may be a  t r u e  s u r f a c e  d i f -  
ference o r  t h e y  may v a r i o u s l y  r e f l e c t  d i f f e r -  
ences i n  atmospher ic  t r a n s p o r t  processes be- 
tween ozone and momentum. The recommended 
appl  i c a t i o n  i s  t o  determine t h e  d r y  deposi -  

t i o n  f l u x  r a t e s  o f  a  number o f  gaseous p o l -  
l u t a n t s  a long  w i t h  ozone f l u x  by b o t h  t h e  
eddy and g r a d i e n t  methods. T h i s  i s  t o  p ro -  
v i d e  r e l a t i v e  gaseous p o l l u t a n t  d e p o s i t i o n  
r a t e s  w i t h  a  d i r e c t  d e t e r m i n a t i o n  o f  t h e  
eddy d i f f u s i v i t y  f o r  ozone. T h i s  w i l l  p ro -  
v i d e  a  d a t a  base f o r  d e t e r m i n a t i o n  o f  t h e  
n a t u r e  o f  t h e  apparent  s u r f a c e  r e s i s t a n c e s .  

THE DEPENDENCE OF DEPOSITION VELOCITY ON DISTANCE 

DOWNWIND OF A  POINT SOURCE OF ATMOSPHERIC CONTAMINATION 

T. W. H o r s t  

The s u r f a c e  d e p l e t i o n  model was used t o  demonstrate t h a t  t h e  d e p o s i t i o n  v e l o c i t y  f o r  a  

r e f e r e n c e  h e i g h t  o f  1  m  i s ,  f o r  p r a c t i c a l  purposes, independent o f  downwind d i s t a n c e  f o r  an 

e l e v a t e d  (hT2 m) p o i n t - s o u r c e  r e l e a s e  o f  a tmospher ic  con tamina t ion .  Th is  was n o t  found t o  be 

t h e  case f o r  a  s u r f a c e  source (h=o) .  

Dry d e p o s i t i o n  can cause a  s i g n i f i c a n t  inc reases  w i t h  downwind d i s t a n c e  x. For  a  
l o s s  o f  m a t e r i a l  f rom a  d i f f u s i n g  plume o f  d e p o s i t i n g  m a t e r i a l ,  t h e r e f o r e ,  d e p o s i t i o n  
atmospher ic  contaminat ion.  The downward a lone  w i l l  determine t h e  v e r t i c a l  g r a d i e n t  
f l u x  o f  m a t e r i a l  due t o  d e p o s i t i o n  i s  com- up t o  a  h e i g h t  which inc reases  w i t h  x. 
monly parameter ized as a  d e p o s i t i o n  v e l o c i t y  E q u i v a l e n t l y ,  d e p o s i t i o n  wi  11 determine t h e  
vd m u l t i p l i e d  by t h e  a i r  c o n c e n t r a t i o n  x v e r t i c a l  g r a d i e n t  below zd o n l y  beyond a  
measured a t  some r e f e r e n c e  h e i g h t  zd, s p e c i f i c  downwind d is tance .  

Therefore,  i f  a  v e r t i c a l  g r a d i e n t  o f  contami- 
n a t i o n  e x i s t s ,  as i s  u s u a l l y  t h e  case f o r  a  
d i f f u s i n g  substance, t h e  d e p o s i t i o n  v e l o c i t y  
w i l l  be a  f u n c t i o n  o f  t h e  r e f e r e n c e  h e i g h t . 2 6  

The d e p o s i t i o n  v e l o c i t y  p a r a m e t e r i z a t i o n  
i s  most u s e f u l  i f  vd depends o n l y  on t h e  
m e t e o r o l o g i c a l  c o n d i t i o n s ,  t h e  p r o p e r t i e s  
o f  t h e  contaminant,  and t h e  n a t u r e  o f  t h e  
d e p o s i t i o n  s u r f a c e  and, thus,  i s  independent 
o f  d i s t a n c e  f rom t h e  source. The v e r t i c a l  
c o n c e n t r a t i o n  g r a d i e n t ,  however, r e f l e c t s  
two processes: d i f f u s i o n  away f rom t h e  
source o f  con tamina t ion  and d i f f u s i o n  t o -  
wards t h e  d e p o s i t i o n  su r face .  The deposi -  
t i o n  v e l o c i t y  w i l l  be independent o f  d i s t a n c e  
f rom t h e  source o n l y  i f  t h e  v e r t i c a l  contami-  
n a n t  p r o f i l e  between t h e  s u r f a c e  and t h e  
d e p o s i t i o n  r e f e r e n c e  h e i g h t  i s  c o n t r o l l e d  
s o l e l y  by t h e  d e p o s i t i o n  f l u x  and does n o t  
depend on d i f f u s i o n  away f rom t h e  source o f  
con tamina t ion .  

For  a  nondepos i t i ng  m a t e r i a l ,  t h e r e  i s  
no v e r t i c a l  f l u x  a t  z=o, and hence t h e  
v e r t i c a l  g r a d i e n t  a t  t h e  s u r f a c e  i s  equal 
t o  zero.  T h i s  c o n d i t i o n  i s  a l s o  c l o s e l y  ap- 
prox imated w i t h i n  a  f i n i t e  l a y e r  whose dep th  

A p r a c t i c a l  cho ice  f o r  a  d e p o s i t i o n  r e f e r -  
ence h e i g h t  i s  1  m. The s u r f a c e  d e p l e t i o n  
mode1 2 7  was consequent1 y  used t o  i n v e s t i g u t e  
t h e  r a t i o  X ( l m ) / X ( l c m )  f o r  a  d e p o s i t i n g  mate- 
r i a l ,  assuming a  r e f e r e n c e  h e i g h t  o f  1 cm 
gave a  d e p o s i t i o n  v e l o c i t y  independent o f  
downwind d is tance .  The d i s t a n c e  x  7 was 
found, beyond which t h e  r a t i o  x ( lm i /x ( ( l cm)  
i s  w i t h i n  1% o f  i t s  asympto t i c  va lue  a t  
l a r g e  x. Beyond xl% d e p o s i t i o n  i s  t h e  domi- 
n a n t  process i n  t h e  l o w e s t  1 m. As expected 
xl% was a l s o  found t o  be t h e  d i s t a n c e  a t  
which X( lm) /X( l cm)  w i t h o u t  d e p o s i t i o n  was 
w i t h i n  1% o f  u n i t y .  

More impor tan t ,  i t  was found t h a t  f o r  an 
e l e v a t e d  re lease ,  hTZm, e s s e n t i a l l y  a1 1 o f  
t h e  d e p o s i t i o n  occurs beyond xl%. Hence, 
f o r  p r a c t i c a l  purposes, t h e  d e p o s i t i o n  v e l o -  
c i t y  a t  a  h e i g h t  o f  1  m i s  independent  o f  
downwind d i s t a n c e  f o r  an e l e v a t e d  re lease .  

T h i s  was n o t  found t o  be t h e  case f o r  a  
s u r f a c e  re lease ,  however. I n  t h i s  case t h e  
r a t i o  X ( l m ) / X ( l c m )  i s  n e g a t i v e  f o r  a  l a r g e  
d i s t a n c e  downwind, and s i g n i f i c a n t  d e p o s i t i o n  
occurs b e f o r e  t h e  r a t i o  reaches t h e  p o s i -  
t i v e  asympto t i c  v a l u e  i n d i c a t i n g  dominance 
o f  t h e  d e p o s i t i o n  process i n  de te rmin ing  
t h e  v e r t i c a l  p r o f i l e .  
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