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PREFACE 

This  f i n a l  r e p o r t  i s  submi t ted as p a r t  o f  t h e  Green R i ve r  h b i e n t  Model 
Assessment (GRAMA) program conducted a t  t h e  U. S. Department o f  Energy's 
P a c i f i c  Northwest Laboratory  f o r  t h e  U.S. Envi ronmental P ro tec t i on  Agency. 
The GRAMA program has, as i t s  u l  t i m a t e  goal ,  t h e  development o f  v a l i d a t e d  
a i r  q u a l i t y  models t h a t  can be a p p l i e d  t o  t h e  complex t e r r a i n  o f  t h e  Green 
R i v e r  Format ion o f  western Colorado, eas te rn  Utah, and southern Wyoming. 
The Green R i ve r  Formation i s  a  geo log i c  f o rma t i on  c o n t a i n i n g  l a r g e  reserves 
o f  o i l  shale, coal ,  and o t h e r  n a t u r a l  resources. Development o f  these  
resources may l e a d  t o  a  degrada t ion  o f  t h e  a i  r qual i t y  o f  t h e  reg ion.  A i  r 
qual i t y  models a r e  needed immediate ly  f o r  p l ann ing  and regu l  a t o r y  purposes 
t o  assess t h e  magnitude o f  these  reg iona l  impacts. Th is  r e p o r t  documents 
one o f  t h e  model s  be ing  developed f o r  t h i s  purpose w i t h i n  GRAMA-- 
s p e c i f i c a l  l y  a  model t o  p r e d i c t  s h o r t  averaging t i m e  (624 h r )  p o l l u t a n t  
concen t ra t ions  r e s u l t i n g  f rom t h e  mesoscal e  t r a n s p o r t  o f  po l  1  u t a n t  re1  eases 
f rom m u l t i p l e  sources. MELSAR has n o t  undergone any r i go rous  ope ra t i ona l  
t e s t i n g ,  s e n s i t i v i t y  analyses, o r  v a l i d a t i o n  s tud ies .  Tes t i ng  and evalua- 
t i o n  o f  t h e  niodel a r e  needed t o  ga i  n  a  measure o f  conf idence i n  t h e  model I s  
performance. 

Th is  r e p o r t  c o n s i s t s  o f  two volumes. Volume 1 con ta ins  t h e  model 
overview, t e c h n i c a l  d e s c r i p t i o n ,  and u s e r ' s  guide, and Vol ume 2  con ta ins  t h e  
Appendices which i n c l u d e  1  i s t i n g s  o f  t h e  FORTRAN code. 
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ABSTRACT 

MELSAR, a  mesoscale a i r  qua1 i t y  model, was developed f o r  p r e d i c t i n g  a i  r 
p o l l u t a n t  concen t ra t i ons  r e s u l t i n g  f r om  re1  eases f rom mu1 t i p 1  e  sources. The 
model i s  a  Lagrangian p u f f  model f o r  a p p l i c a t i o n  i n  complex t e r r a i n ,  p r i n c i -  
pa l  l y  a t  1  ong source- to-  recep to r  t r a n s p o r t  d i s t ances  ( t e n s  t o  hundreds o f  
k i l o m e t e r s )  and s h o r t  po l  l u t a n t  averag ing  t imes  (1 t o  24  h r ) .  T e r r a i  n  
i n f l u e n c e s  a r e  t r e a t e d  exp l  i c i t l y  by u s i n g  a  three- dimensional  mass- 
c o n s i s t e n t  f l o w  model, accoun t ing  f o r  t h e  i n f l u e n c e s  o f  t e r r a i n  roughness on 
d i f f u s i o n ,  u s i n g  t e r r a i n - f o l  l ow ing  plume t r a j e c t o r i e s  w i t h  o p t i o n a l  co r rec-  
t i o n s  f o r  t h e  plume ascending h i l l s ,  and u s i n g  a  parameter ized t r ea tmen t  o f  
p o l l u t a n t  sources l o c a t e d  i n  v a l l e y s .  The model handles re leases  f rom b o t h  
p o i n t  and area sources and makes t h e  conse rva t i ve  assumption t h a t  t h e  
po l  l u t a n t s  r e1  eased a r e  i n e r t  and nondepos i t ing.  MELSAR i s  devel  oped f o r  
a p p l i c a t i o n  i n  a  r e g i o n  cove r i ng  western Colorado, eas te rn  Utah, and 
southern Wyoming. However, t h e  computer code i t s e l f  i s  n o t  s i  t e - s p e c i f i c  
and c o u l d  conce i vab l y  be a p p l i e d  anywhere p rov i ded  t h e  p roper  i n p u t s  a r e  
developed and t h e  pa rame te r i za t i ons  w i t h i n  MELSAR a r e  appl  i c a b l e  t o  t h e  
r e g i o n  t o  be modeled. 



EXECUTIVE SUMMARY 

Paci f i c  Northwest Laboratory  has developed a  mesoscal e  a i  r qua1 i t y  
model f o r  t h e  U.S. Environmental  P r o t e c t i o n  Agency (EPA) under t h e i r  Green 
R i ve r  Ambient Model Assessment (GRAMA) program. This  program was i n i t i a t e d  
i n  response t o  t h e  need f o r  a i r  q u a l i t y  assessment t o o l s  a p p l i c a b l e  i n  t h e  
Green R i ve r  O i l  Shale Formation r e g i o n  o f  western Colorado, eas te rn  Utah, 
and southern Wyoming. Th i s  r eg ion  has t h e  p o t e n t i a l  f o r  l a rge- sca le  growth 
because v a s t  energy resources, espec ia l  l y  o i l  sha le ,  a r e  l o c a t e d  i n  t h e  
region. 

The model, MELSAR ( MEsoscal e  Loca t i on  Speci f i  c  A i  r Resources) , i s  a  
Lagrangian p u f f  model t o  be a p p l i e d  a t  1  ong source- to- receptor  d i s t ances  
( t e n s  t o  hundreds o f  k i l ome te rs )  and s h o r t  concen t ra t i on  averaging t imes  
(1 t o  24 h r ) .  These d i s tances  and averaging t imes  a r e  impor tan t  i n  e s t i -  
mat ing  t h e  p o l  1  u t a n t  concen t ra t ions  a t  t h e  Preven t ion  o f  S i  gn i  f i c a n t  
D e t e r i o r a t i o n  (PSD) Class I areas i n  t h e  reg ion .  

MELSAR i s  designed f o r  a p p l i c a t i o n  i n  a  s p e c i f i c  500- by 450-km complex 
t e r r a i n  r eg ion  o f  t h e  Green R i ve r  O i l  Shale Formation. It can compute 
concent ra t ions  f o r  up t o  20 sources and two p o l l u t a n t s  a t  a  t ime. The 
i n f l u e n c e s  o f  t h e  t e r r a i n  on p o l l u t a n t  t r a n s p o r t  and d i f f u s i o n  a r e  t r e a t e d  
e x p l i c i t l y  i n  MELSAR. The t r a n s p o r t  winds a r e  computed from measured upper- 
a i r  and su r f ace  weather da ta  u s i n g  a  mass- consistent three-d imensional  f l o w  
model. S tee r i ng  o f  t h e  winds around major  t e r r a i n  f ea tu res  d u r i n g  s t a b l e  
atmospheric c o n d i t i o n s  i s  accounted f o r ,  and t h e  e f f e c t s  o f  t e r r a i n  rough- 
ness on p o l l u t a n t  d i f f u s i o n  a r e  t r ea ted .  I n  a d d i t i o n ,  sources l oca ted  i n  
v a l l  eys a r e  g iven  spec ia l  t reatment .  Pol l u t a n t s  t rapped i n  v a l l  ey d ra inage  
f lows d u r i n g  n i g h t t i m e  a r e  v e n t i l a t e d  t o  t h e  reg iona l  winds d u r i n g  t h e  
morning t r a n s i t i o n  per iod .  The p o l l u t a n t s  t rapped i n  t h e  v a l l e y  a r e  t r e a t e d  
as a  1  i n e  source a t  sunr ise.  

MELSAR has n o t  undergone any r i g o r o u s  ope ra t i ona l  t e s t i n g ,  s e n s i t i v i t y  
analyses, o r  e v a l u a t i o n  s tud ies .  Three ma jo r  s teps  a r e  requ i red  be fo re  MELSAR 
i s  ready f o r  general  use i n  t h e ' r e g i o n  o f  western Colorado, Eastern Utah, and 
southern Wyoming: 1) ope ra t i ona l  and s e n s i t i v i t y  t e s t i n g ,  2) t e s t i n g  and 
upgrading, i f  necessary, o f  s p e c i f i c  a l go r i t hms  u s i n g  t h e  1  i m i t e d  t r a c e r  
da ta  s e t s  a v a i l a b l e  f o r  t h e  reg ion ,  and 3) conduc t ing  a  reg iona l - sca le  
t r a c e r  exper iment t o  p r o v i d e  a  da ta  s e t  f o r  f u r t h e r  t e s t i n g  and v a l i d a t i o n  
o f  MELSAR. MELSAR i s  a  h i g h l y  modular ized computer code, which f a c i l i t a t e s  
upgrades and a d d i t i o n s  t o  t h e  code. The a d d i t i o n  o f  chemis t ry  and deposi-  
t i o n  t o  MELSAR would be s t r a i g h t f o r w a r d ,  and would enable MELSAR t o  be used 
as a  t o o l  f o r  e s t i m a t i n g  c o n t r i b u t i o n s  t o  a c i d  depos i t ion .  
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SECTION 1.0 

INTRODUCTION 

The MELSAR ( MEsoscal e  L o c a t i o n  S p e c i f i c  A i  r Resources) model was 
deve loped f o r  a p p l i c a t i o n  i n  t h e  complex t e r r a i n  r e g i o n  o f  t h e  Green R i v e r  
O i l  Sha le  F o r m a t i o n  o f  Co lorado,  Utah,  and Wyoming shown i n  F i g u r e  1-1. I t s  
purpose i s  t o  a i d  i n  a s s e s s i n g  t h e  a i r  p o l l u t i o n  p o t e n t i a l  f r o m  development 
o f  t h e  e x t e n s i v e  o i l  s h a l e  r e s e r v e s  and o t h e r  i n d u s t r i a l ,  m in ing ,  
manu fac tu r ing ,  o r  power p r o d u c t i o n  development w i t h i n  t h i s  r e g i o n .  MELSAR 
was deve loped f o r  t h e  U.S. Env i ronmen ta l  P r o t e c t i o n  Agency (EPA) under  t h e i r  
Green R i v e r  Ambient Model i ng Assessment (GRAMA) program. The GRAMA program 
was conducted b y  P a c i f i c  Nor thwes t  L a b o r a t o r y ,  wh ich  i s  o p e r a t e d  b y  t h e  
B a t t e l l  e  Memorial I n s t i t u t e  f o r  t h e  U.S. Department o f  Energy. 

T h i s  r e p o r t  c o n s i s t s  o f  two volumes: Volume 1 c o n t a i n s  t h e  computer  
model ove rv iew ,  t e c h n i c a l  d e s c r i p t i o n  and u s e r s  gu ide,  and Vol urne 2 c o n t a i n s  
t h e  Appendices wh ich  i n c l u d e  1  i s t i n g s  o f  t h e  FORTRAN code. The purpose o f  
t h i s  volume i s  t o  document t h e  t e c h n i c a l  f o u n d a t i o n  o f  t h e  computer model ,  
MELSAR, p r o v i d e  i n s t r u c t i o n  f o r  i t s  use, and d e s c r i b e  i t s  a p p l i c a t i o n s  and 
l i m i t a t i o n s .  S e c t i o n  1.0 g i v e s  an o v e r v i e w  o f  t h e  MELSAR model c o n s i s t i n g  
o f  i t s  background and d e v e l  oprnent, f e a t u r e s  and 1  i m i  t a t i o n s ,  and a  d e s c r i  p- 
t i o n  o f  t h e  m o d e l ' s  o p e r a t i o n  i n c l u d i n g  d a t a  requ i remen ts .  S e c t i o n  1.0 i s  
i n t e n d e d  t o  p r o v i d e  t h e  d e c i s i o n  maker, a tmospher i c  s c i e n t i s t ,  me teo ro lo-  
g i s t ,  o r  e n g i n e e r  w i t h  enough i n f o r m a t i o n  t o  d e c i d e  i f  t h e  model i s  
a p p l i c a b l e  t o  t h e i r  problem. It i s  a l s o  i n t e n d e d  t o  p r o v i d e  t h e  model u s e r  
w i t h  an i n t r o d u c t i o n  t o  t h e  model. S e c t i o n  2.0 g i v e s  t h e  t e c h n i c a l  d e t a i l s  
o f  t h e  model, and S e c t i o n  3.0 g i v e s  t h e  d e t a i l e d  i n s t r u c t i o n s  f o r  s e t t i n g  up 
and e x e c u t i  n g  MELSAR . 

1.1 Background 

Severa l  s t u d i e s  ( L a t i m e r  and D o y l e  1981; Kronenberger  e t  a l .  1981; and 
Anderson e t  a1 . 1980) have i n d i c a t e d  t h a t  t h e  P r e v e n t i o n  o f  S i g n i f i c a n t  
D e t e r i o r a t i o n  (PSD) C l  ass I r e g u l a t i o n s  may be an i m p o r t a n t  f a c t o r  i n  1  i m i t -  
i n g  development o f  t h e  v a s t  energy  r e s e r v e s  i n  t h e  Green R i v e r  O i l  Shale  
Format ion .  T h i s  i s  because s e v e r a l  p r o t e c t e d  (PSD C l  ass I )  a reas  a r e  
p r e s e n t  w i t h i n  t h e  r e g i o n .  EPA Region 8, r e a l i z i n g  t h e  need f o r  an assess-  
ment model t o  address  t h e s e  r e g i o n w i d e  i s s u e s ,  i n i t i a t e d  t h e  GRAMA program. 





The development o f  t h e  MELSAR model i s  one p r o d u c t  o f  t h e  GRAMA pro-  
gram. It i s  p r i m a r i l y  des igned  t o  e s t i m a t e  3- h r  and 24- hr  average SO2 and 
t o t a l  suspended p a r t i c u l  a t e s  (TSP) c o n c e n t r a t i o n s ,  f r o m  mu1 t i p 1  e  sou rce  
r e l e a s e s ,  a t  t h e  PSD Class  I areas.  The t r a n s p o r t  d i s t a n c e s  f r o m  t h e  m a j o r  
sou rce  a reas  i n  t h i s  r e g i o n  t o  t h e  PSD C lass  I areas  a r e  t e n s  t o  hundreds o f  
k i  1  ometers. 

1.2 Fea tu res  and L i m i t a t i o n s  

MELSAR i s  a  mesoscale a i r  qua1 i t y  model f o r  p r e d i c t i n g  p o l l u t a n t  
c o n c e n t r a t i o n s  f r o m  r e l e a s e s  f r o m  up t o  20 p o i n t  and a r e a  sources.  Two 
p o l l u t a n t s  can be t r e a t e d  d u r i n g  any run. MELSAR i s  a  Lag rang ian  p u f f  model 
f o r  appl  i c a t i o n  i n  complex t e r r a i  n, p r i n c i p a l  l y  a t  l o n g  s o u r c e- t o- r e c e p t o r  
t r a n s p o r t  d i s t a n c e s  ( t e n s  t o  hundreds o f  k i  1  ometers)  and s h o r t  a v e r a g i n g  
t i m e s  ( 1  t o  24 h r ) .  The g round- leve l  c o n c e n t r a t i o n s  a r e  computed on up t o  
f o u r  25- b y  2 5- r e c e p t o r  g r i d s  and up t o  1 0  i n d i v i d u a l  r e c e p t o r s .  The 
p o l l u t a n t s  a r e  assumed t o  be n o n d e p o s i t i n g  and i n e r t .  T h i s  i s  a  conserva-  
t i v e  assumpt ion  f o r  comput i  ng a i  r c o n c e n t r a t i o n s  o f  p r i m a r y  p o l  1  u t a n t s .  

MELSAR i s  s e t  up  t o  o p e r a t e  on a  500- b y  450-km r e g i o n  c o v e r i n g  w e s t e r n  
Colorado,  e a s t e r n  Utah, and s o u t h e r n  Wyoming ( r e f e r  t o  F i g u r e  1-1 and t h e  
f i g u r e s  i n  Appendix A). T h i s  r e g i o n  i s  r e f e r r e d  t o  as t h e  GRAMA r e g i o n  i n  
t h i s  u s e r ' s  guide.  The c o o r d i n a t e  system f o r  t h e  GRAMA r e g i o n  i s  a  
r e c t a n g u l a r  system, and i n p u t  d a t a  can b e  s p e c i f i e d  i n  e i t h e r  t h e  GRAMA, 
Uni  versa1 T ransve rse  M e r c a t o r  (UTM) , o r  1  a t  i tude-1 o n g i  t u d e  c o o r d i n a t e  
systems. 

S i m u l a t i o n  p e r i o d s  f roni hou rs  t o  days (maximum 30 days)  can be accom- 
modated by  MELSAR. I n  a d d i t i o n ,  i n t e r m e d i a t e  m e t e o r o l o g i c a l  and t e r r a i n  
o u t p u t  f i l e s  can be saved and c a t a l o g e d  f o r  l a t e r  a p p l i c a t i o n s  o f  MELSAR, 
t h u s  s a v i n g  t h e  c o s t  and t i m e  o f  r e g e n e r a t i n g  t h e s e  f i l e s .  A  f i l e  t r a c k i n g  
and c a t a l o g i n g  system i s  p r o v i d e d  w i t h  MELSAR. 

MELSAR u t i l i z e s  a  t h r e e- d i m e n s i o n a l  mass- cons is ten t  f l o w  model t o  
d e t e r m i n e  t h e  t i m e- v a r y i n g  and space- vary ing  w inds  o v e r  t h e  reg ion .  The 
model i s  a  d i a g n o s t i c  model and uses u p p e r - a i r  d a t a  f r o m  up t o  10 s t a t i o n s  
and s u r f a c e  weather  d a t a  f r o m  u p  t o  1 5  s t a t i o n s  as i n p u t .  The f l o w  model 
a1 so  accoun ts  f o r  f l o w  channel i ng around m a j o r  t e r r a i n  f e a t u r e s  d u r i n g  
s t a b l e  a tmospher i c  c o n d i t i o n s  by  u s i n g  t h e  concep t  o f  a  d i v i d i n g  s t r e a m l i n e  
h e i g h t .  T h i s  h e i g h t  i s  c a l  c u l  a t e d  f r o m  ava i  l a b 1  e  upper- a i  r d a t a  and f r o m  
a n a l y s i s  o f  t h e  t e r r a i n  data .  The winds a r e  s p e c i f i e d  on up t o  n i n e  l e v e l s  
above t h e  t e r r a i n  s u r f a c e .  Us ing t h e  same u p p e r - a i r  and s u r f a c e  weather  
d a t a  t h a t  a r e  used t o  d e t e r m i n e  t h e  winds,  MELSAR produces h o u r l y  g r i d d e d  
f i e 1  d s  o f  t empera tu re ,  p ressu re ,  f r i c t i o n  v e l o c i t y ,  c o n v e c t i v e  v e l o c i t y  , 
Monin-Obukov 1  ength,  m i x i n g  h e i g h t ,  and s t a b i l  i t y  c l a s s i f i c a t i o n .  These 
g r i d d e d  q u a n t i t i e s  a r e  w r i t t e n  t o  d i s k  f i l e s  and can b e  used d u r i n g  o t h e r  
app l  i c a t i o n s  o f  MELSAR. 

The p u f f s  d i f f u s e  i n  a  Gaussian f a s h i o n  where t h e  v e r t i c a l  d i s t r i b u t i o n  
i s  m o d i f i e d  by  m u l t i p l e  r e f l e c t i o n s  f r o m  t h e  ground and an upper  m i x i n g  l i d .  
The h o r i z o n t a l  and v e r t i c a l  d i f f u s i o n  c o e f f i c i e n t s  a r e  computed as f u n c t i o n s  



of t r a v e l  t i m e  and t h e  s tandard d e v i a t i o n s  i n  t h e  h o r i z o n t a l  winds, a  , and 
v e r t i c a l  winds, a,, r e s p e c t i v e l y .  Two o p t i o n s  a r e  a v a i l a b l e  i n  MELSA# f o r  
computing av and a,: 1)  f rom e m p i r i c a l  equat ions r e l a t i n g  a, and a, t o  
boundary 1  ayer  parameters (e.g., f r i c t i o n  v e l o c i t y ,  convec t i ve  v e l o c i t y ) ,  
where t h e  r e q u i r e d  boundary l a y e r  parameters a r e  determined f rom t h e  i n p u t  
meteoro log ica l  data,  and 2) f rom e m p i r i c a l  equat ions r e l a t i n g  a  and aw t o  
t e r r a i n  roughness. The e f f e c t s  o f  wind shear on h o r i z o n t a l  d i f f u s i o n  a r e  
t r e a t e d ,  and i n i t i a l  d i f f u s i o n  caused by buoyant plume r i s e  i s  incorpora ted .  

Sources l o c a t e d  w i t h i n  v a l l e y s  a r e  t r e a t e d  i n  a  spec ia l  way i n  MELSAR. 
If, f rom a n a l y s i s  o f  t h e  meteoro log ica l  data,  t h e  v a l l  ey atmosphere i s  
'decoupled'  ( p r i m a r i l y  n i g h t t i m e )  f rom t h e  r e g i o n a l  f l ow,  t hen  t h e  
p o l l u t a n t s  re leased  i n t o  t h e  v a l l e y  remain i n  t h e  v a l l e y .  These p o l l u t a n t s  
t r a v e l  down- val ley i n  mean down- val ley winds u n t i l  sunr i se ,  a t  which t i m e  
t h e  v a l l e y  winds a r e  stopped and MELSAR immediate ly  begins v e n t i l a t i n g  
p o l l u t a n t s  f rom t h e  v a l l e y .  P o l l u t a n t s  a r e  v e n t i l a t e d  f rom t h e  v a l l e y  t o  
t h e  reg iona l  winds a t  a  r a t e  determined by t h e  r a t e  o f  i n v e r s i o n  d e s t r u c t i o n  
w i t h i n  t h e  v a l l e y .  

The MELSAR code was designed t o  opera te  on any subpar t  o f  t h e  GRAMA 
reg ion ,  a l though t h e  code has n o t  been f u l l y  t e s t e d  f o r  t h i s  a p p l i c a t i o n .  
I n  a d d i t i o n ,  c e r t a i n  o f  t h e  me teo ro log i ca l  and d i f f u s i o n  a1 gor i thms were 
adapted f o r  o r  developed f o r  MELSAR, cons ide r i ng  o n l y  r e g i o n a l  -scal e  
app l i ca t i ons .  Consequently, t hese  parameter i za t ions  may n o t  n e c e s s a r i l y  be 
a p p r o p r i a t e  f o r  l o c a l  -scal e  appl i c a t i o n s .  Because o f  t hese  r e g i o n a l  -scal  e  
parameter i  za t i ons  and 1  arge t e r r a i n  averaging i n t e r v a l  s  f o r  r e g i  onal -sca l  e  
a p p l i c a t i o n s  o f  MELSAR, concen t ra t i ons  computed a t  r ecep to rs  near  ( w i t h i n  
10 t o  20 km) a  source may n o t  be dependable es t imates  o f  impacts  f rom t h a t  
source. Thi s  would o n l y  app ly  t o  po l  l u t a n t  re leases  f rom t h e  near  source. 

App ly ing  MELSAR t o  s i t e s  o t h e r  than  t h e  GRAMA reg ion  would r e q u i r e  
examinat ion o f  some parameter i za t ions  i n  MELSAR which were developed f r om 
s i t e- s p e c i  f i c  data. I n  p a r t i c u l a r ,  t h e  v e n t i l a t i o n  r a t e  o f  p o l  1  u t a n t s  f rom 
v a l l e y s  i s  based on e m p i r i c a l  r e l a t i o n s  developed f rom da ta  c o l l e c t e d  i n  
Colorado v a l  1  eys. 

1.3 System D e s c r i p t i o n  

MELSAR c o n s i s t s  o f  f o u r  main programs: TERRAIN, MET, POLUT, and 
POLPRC. TERRAIN uses a  base t e r r a i n  f i l e  and produces f i l e s  o f  s p a t i a l l y  
averaged t e r r a i n  s t a t i s t i c s  f o r  use by MET and POLUT. MET produces h o u r l y  
winds, g r i dded  m i x i n g  he igh t s ,  s t a b i l i t i e s ,  f r i c t i o n  v e l o c i t i e s ,  convec t i ve  
v e l o c i t i e s ,  Monin-Obukov 1  engths, temperatures, pressures, and v a l l e y  
coup1 i ng c o e f f i c i e n t s ,  u s i n g  upper- ai  r and su r f ace  weather observat ions.  
POLUT uses t h e  o u t p u t  f i l e s  f rom MET and TERRAIN and produces p o l l u t a n t  
concen t ra t ions ,  c o r r e c t e d  t o  s tandard c o n d i t i o n s ,  on a  u s e r - s p e c i f i e d  
recep to r  network f o r  each t i m e  s t e p  o f  a  s imu la t ion .  The concen t ra t i on  
f i e l d s  a r e  used by POLPRC t o  compute moving-average concen t ra t i ons  o f  
p o l l u t a n t s  f o r  up t o  t h r e e  averaging t imes. The ou tpu t  da ta  f rom POLPRC a r e  
t a b l e s  o f  h i g h e s t  and second h ighes t  p o l l u t a n t  concen t ra t ions  a t  each 



recep to r .  Tables a r e  produced f o r  t h e  sum o f  a l l  sources a l ong  w i t h  t h e  
r e s u l t i n g  c o n t r i b u t i o n  o f  each source t o  t h e  sum. Also, h i ghes t  and second 
h i ghes t  concen t ra t i on  t a b l e s  a r e  generated f o r  each recep to r  g r i d  and s e t  o f  
i n d i v i d u a l  recep to rs ,  cons ide r i ng  each source i n d i v i d u a l  l y  . F i  gure 1-2 
shows how t h e  f o u r  main programs i n t e r a c t .  

FIGURE 1-2 

INTERACTION OF THE FOUR M A I N  PROGRAMS I N  MELSAR 

POLPRC Q 
( CONCENTRATIONS ) 

MET TERRAIN 

For  m u l t i p l e  a p p l i c a t i o n s  o f  MELSAR, i t  may n o t  be necessary t o  r u n  
TERRAIN, MET, and POLUT f o r  each a p p l i c a t i o n .  The o u t p u t  f i l e s  f o r  one 
appl i c a t i o n  may be useabl e  d u r i n g  o t h e r  appl i c a t i  ons. Provided w i t h  MELSAR 
i s  an approach f o r  naming and t r a c k i n g  t h e  i n p u t  and ou tpu t  f i l e s  f rom 
MELSAR. T rack ing  t h e  f i l e s  w i l l  ensure t h a t  documentat ion i s  a v a i l a b l e  f o r  
f u t u r e  r e fe rence  and ensure t h a t  a1 1  t h e  i n p u t  and o u t p u t  f i l e s  w i l l  be 
a v a i l a b l e  and r e t r i e v a b l e  f o r  f u t u r e  runs o f  MELSAR. 

b 

The TERRAIN program produces g r i dded  f i e l d s  o f  t e r r a i n  s t a t i s t i c s  f rom 
t h e  base t e r r a i n  f i l e ,  which c o n t a i n s  500 by 450 t e r r a i n  h e i g h t s  where each 
t e r r a i n  h e i g h t  i s  t h e  average ove r  a  1-km-square area. Th i s  program enables 
users  t o  compute t h e  necessary t e r r a i n  s t a t i s t i c s  f o r  any subdomain i n  t h e  
GRAMA r e g i o n  t h e y  want t o  model. I n  a d d i t i o n ,  TERRAIN p rov i des  t h e  f l e x i -  
b i l i t y  necessary t o  i n v e s t i g a t e  t h e  e f f e c t s  o f  t e r r a i n  smoothing on ground- 
1  eve1 concen t ra t i ons  d u r i n g  any s e n s i t i v i t y  t e s t i n g  o f  MELSAR. TERRAIN 
r e q u i r e s  approx imate ly  250K words o f  memory t o  l o a d  on a  U N I V A C B  1108 
computer. 

UNIVAC i s  a  r e g i s t e r e d  trademark o f  t h e  SPERRY RAND Corporat ion.  

4 t b 

I 
POLUT - 



MET i s  a  ve r y  f l e x i b l e  me teo ro l og i ca l  d a t a  processor.  It i s  designed 
t o  r e c e i v e  up t o  one month o f  uppe r- a i r  and su r f ace  weather i n p u t  da ta  f r om  
up t o  10  u p p e r - a i r  and 15 s u r f a c e  s t a t i o n s  ove r  d i f f e r e n t  t i m e  p e r i o d s  and 
sampl ing i n t e r v a l s .  It can handle  m i s s i n g  da ta  and was des igned t o  hand le  
any da ta  t h a t  a r e  a v a i l a b l e  f o r  a  s p e c i f i e d  p e r i o d  o f  t ime. That  i s ,  obser-  
v a t i o n s  f r om Nat iona l  Weather Serv ice  s t a t i o n s ,  spec ia l  s t u d i e s ,  o r  i n t e n -  
s i v e  f i e l d  programs can be used. MET r e q u i r e s  approx imate ly  70K words o f  
memory t o  l o a d  on a  UNIVACB 1108 computer. 

POLUT i s  a  Lagrangian p u f f  model where t h e  p o l l u t a n t  d i s t r i b u t i o n  i s  
desc r i bed  i n  a  Gaussian f a s h i o n  about t h e  p u f f  center- of -mass.  The d i s t r i -  
b u t i o n  i n  t h e  v e r t i c a l  i s  m o d i f i e d  by t h e  t r ea tmen t  o f  mu1 t i p l e  r e f l e c t i o n s  
f r om t h e  ground and an upper m i x i n g  l i d .  Ground- level concen t ra t i ons  f o r  
each model ing t i m e  s t e p  f o r  two p o l l u t a n t s  can be computed f o r  re leases  f r om 
up t o  f i v e  sources, e i t h e r  p o i n t  o r  a rea  sources. The area sources a r e  
t r e a t e d  as v i r t u a l  p o i n t  sources. Concen t ra t ions  a r e  computed on up t o  f o u r  
25- by 25- receptor  g r i d s  and up t o  10  i n d i v i d u a l  r ecep to r s  s p e c i f i e d  any- 
where a t  ground 1  eve1 i n  t h e  model i n g  domain. POLUT r e q u i  res  approx imate ly  
160K words o f  memory t o  l o a d  on a  UNIVACB 1108 computer. 

POLPRC computes moving-average concen t ra t i ons  o f  p o l l u t a n t s  a t  each 
r e c e p t o r  f o r  up t o  t h r e e  u s e r - s p e c i f i e d  averag ing  t imes.  The averag ing  
t imes  can range f r om 1 t o  24 h r .  Up t o  20 sources can be processed a t  one 
t ime.  The ou tpu t s  a r e  t a b l e s  o f  h i g h e s t  and second h i g h e s t  p o l l u t a n t  
concen t ra t i ons  f o r  t h e  d u r a t i o n  o f  t h e  s i m u l a t i o n ,  a t  each r e c e p t o r  f o r  each 
p o l l u t a n t  f o r  each averag ing  t ime.  The h i g h e s t  and second h i g h e s t  moving 
averages f o r  t h e  sum o f  a l l  sources and t h e  c o n t r i b u t i o n  o f  each source t o  
t h e  h i g h e s t  and second h i g h e s t  sum a r e  computed. Highest and second h i g h e s t  
moving averages can a l s o  be computed f o r  each source i n d i v i d u a l l y .  Tables 
o f  t h e  t i m e  o f  occurrence o f  t h e  h i g h e s t  and second h i g h e s t  va lues a r e  a l s o  
l i s t e d .  POLPRC r e q u i r e s  approx imate ly  90K words o f  memory t o  l o a d  on a  
UNIVACB 1108 computer. 

1.4 Data Requi rements 

The i n p u t  d a t a  r e q u i r e d  by MELSAR a r e  

1. g r i dded  t e r r a i n  d a t a  
2. uppe r- a i r  weather d a t a  
3. su r f ace  weather d a t a  
4. p o i n t s  t o  i n t e r p o l a t e  wind d a t a  t o  ( p r i m a r i l y  f o r  boundary 

c o n d i t i o n s )  
5. g r i dded  land- use c a t e g o r i e s  ( f o r  de te rm in i ng  su r f ace  roughness) 
6. source v a l l e y  c h a r a c t e r i s t i c s  
7. po l  1  u t a n t  source i nven to ry  
8. r ecep to r  l a y o u t .  

A l l  b u t  t h e  uppe r- a i r  and su r f ace  weather da ta  must be s p e c i f i e d  w i t h i n  t h e  
model ing reg ion .  Data f r om  weather s t a t i o n s  o u t s i d e  t h e  model ing r e g i o n  can 
be used by MELSAR. 



The g r idded  t e r r a i n  da ta  f o r  t h e  GRAMA reg ion  a re  prov ided w i t h  MELSAR 
and do no t  have t o  be developed by t h e  user.  A lso inc luded  w i t h  MELSAR a r e  
f o u r  f i l e s  o f  su r face  and upper- a i r  weather data, one f i l e  o f  wind 
i n t e r p o l a t i o n  p o i n t s  f o r  runs us ing  t he  e n t i  r e  GRAMA region,  and one f i l e  o f  
g r idded  land-use ca tegor ies  f o r  runs us ing  t h e  e n t i  r e  GRAMA reg ion.  These 
da ta  f i l e s  a re  descr ibed i n  Appendix D. 

New upper- a i r  and sur face  weather da ta  f i l e s  can be developed i f  
meteoro log ica l  per iods  o the r  than t h e  ones prov ided a re  des i  red f o r  model 
runs. For  a p p l i c a t i o n s  where t h e  model ing domain i s  a  subset o f  t he  GRAMA 
region, a  new wind i n t e r p o l a t i o n  p o i n t  f i l e  and a  new land-use ca tego r i es  
f i l e  must be const ructed.  For each group o f  sources t o  be modeled, a  new 
source i n v e n t o r y  f i l e  and a  new source- val  l e y  c h a r a c t e r i s t i c s  f i l e  must be 
const ructed.  New recep to r  l a y o u t  f i l e s  must be cons t ruc ted  f o r  each new 
recep to r  c o n f i g u r a t i o n .  Sec t ion  3.0 descr ibes t h e  c o n s t r u c t i o n  o f  t h e  i n p u t  
da ta  f i l e s .  



SECTION 2.0 

TECHNICAL DISCUSSION 

T h i s  s e c t i o n  d iscusses t h e  t e c h n i c a l  b a s i s  o f  t h e  MELSAR model. 
S u f f i c i e n t  d e t a i l  i s  presented t o  a l l o w  t h e  use r  t o  understand t h e  uses and 
1 i m i t a t i o n s  o f  t h e  model. Fo r  more t e c h n i c a l  d e t a i l  t h e  use r  can r e f e r  t o  
t h e  computer code, which con ta i ns  a  complete s e t  o f  comments e x p l a i n i n g  t h e  
code. Tab le  2- 1 p rov i des  t h e  names o f  t h e  subrou t ines  cor responding t o  t h e  
main t e c h n i c a l  areas presented i n  t h i s  sec t i on .  

The t e c h n i c a l  d i s c u s s i o n  o f  MELSAR i s  d i v i d e d  i n t o  seven main t o p i c  
areas, which a r e  d iscussed i n  Sect ions 2.1 th rough  2.7. These t o p i c  areas 
a r e  Model S t r u c t u r e ,  Domain and Coord ina te  System, Te r ra i n ,  Meteoro log ica l  
Data Processor, P u f f  Model, and Averagi ng Process. 

2.1 Model S t r u c t u r e  

MELSAR c o n s i s t s  o f  f o u r  coniputer programs named TERRAIN, MET, POLUT, 
and POLPRC. TERRAIN uses a  base t e r r a i n  f i l e  f o r  t h e  r e g i o n  o f  i n t e r e s t  and 
produces d i s k  f i l e s  o f  s p a t i a l l y  averaged t e r r a i n  s t a t i s t i c s  (e.g., he i gh t s ,  
roughness) f o r  use by t h e  MET and POLUT programs. MET produces h o u r l y  
winds, g r i dded  m i x i n g  he igh t s ,  s t a b i l i t i e s ,  f r i c t i o n  v e l o c i t i e s ,  convec t i ve  
v e l o c i t i e s ,  Moni n-Obukov leng ths ,  temperatures,  pressures,  and v a l l  ey 
coup1 i n g  c o e f f i c i e n t s ,  u s i n g  upper- a i  r and s u r f a c e  winds and temperature 
observa t ions .  POLUT uses t h e  ou tpu t  f i l e s  f r om  MET and TERRAIN and produces 
p o l l u t a n t  concen t ra t i ons  on a  u s e r - s p e c i f i e d  r e c e p t o r  network f o r  each t i m e  
s t e p  o f  a  s imu la t i on .  The c o n c e n t r a t i o n  f i e l d s  a r e  ou tpu t  t o  a  d i s k  f i l e  
t h a t  i s  t hen  used by POLPRC t o  compute moving-average concen t ra t i ons  o f  
p o l l u t a n t s  f o r  up t o  t h r e e  averag ing  t imes.  The ou tpu t s  f r om  POLPRC a r e  
t a b l e s  o f  h i g h e s t  and second h i g h e s t  p o l l u t a n t  concen t ra t i ons  a t  each 
recep to r .  Tables a r e  produced f o r  t h e  sum o f  a l l  sources a l ong  w i t h  t h e  
r e s u l t i n g  c o n t r i b u t i o n  o f  each source t o  t h e  sum. Also,  h i g h e s t  and second 
h i ghes t  concen t ra t i on  t a b l e s  a r e  generated f o r  each recep to r  g r i d  and s e t  o f  
i n d i v i d u a l  r ecep to r s ,  c o n s i d e r i n g  each source i n d i v i d u a l  l y .  The i n t e r a c t i o n  
o f  t h e  f o u r  main computer programs i s  g i ven  i n  F i g u r e  1-2. 



TABLE 2-1 

MAIN COMPUTER CODE ROUTINES WITHIN EACH TECHNICAL AREA 

Report 
Sect ion No. Technical Area 

Mai n 
Programs Main Subrout ines 

Domain and Coordinate System 
T e r r a i n  
Meteor01 og ica l  Data Processor 
Wind Fie1 ds 
M i  x i  ng Hei ghts 
S t a b i l  i t y  C l a s s i f i c a t i o n  
Val 1 ey Coup1 i n g  C o e f f i c i e n t  
F r i c t i o n  Ve loc i t y  
Convective Vel o c i  t y  
Monin-Obukov Length 
Temperature 
Pressure 
P u f f  Model 
Gaussian P u f f  Equation 
Plume Rise 
Receptors 
Source Representation 
P u f f  Treatment 
P u f f  Transport  
Sampl i ng Funct ion 
Val 1 ey Treatment 
I n t e r p o l  a t i  on 
D i f f u s i o n  C o e f f i c i e n t s  
Averaging Process 

MET 
TERRAIN 
MET 
MET 
MET 
MET 
MET 
MET 
MET 
MET 
MET 
MET 
POLUT 
POLUT 
POLUT 
POLUT 
POLUT 
POLUT 
POLUT 
POLUT 
POLUT 
POLUT 
POLUT 
POLPRC 

LAT,UTM,GRID 
ROUGH 
UPPER,SRFC,AMPLIT,COEFF,MIXSTB,BLPARS 
AMPLIT,AMPL,FROUDE,TEMP,LAPSE 
MIXSTB,SOLAR,HPROF,WINDS 
MIXSTB,STAB,WINDS 
COEFF,CUP,BETA,VALGAM,WARM,SUBAO,DESCNT 
BLPARS , USTAR 
BLP ARS , WSTAR 
BLPARS ,MONIN 
BLPARS 
BLPARS 

CONS,VERTDF 
P R I S E  
IN IT  
INIT  
SIGGS,NEWLOC,CLEAN,CLEANV 
NEWLOC 
CALC,CALCVA,DEFINE,DIVIDE 
VALY ,VALMA 
BLPINT,TETRI,ROUINT 
SIGGS,SIGMAY,SIGMAZ 
MOV AV E 



2.2 Domain and Coord ina te  System 

The model ing domain i n  t h e  GRAMA program i s  a  r e g i o n  cove r i ng  western 
Colorado, eas te rn  Utah, and southern Wyoming. Th is  r e g i o n  was s i n g l e d  o u t  
because o f  i t s  p o t e n t i a l  f o r  1  arge- scale  energy p roduc t ion ,  e s p e c i a l l y  t h a t  
r e l a t e d  t o  o i l  shale.  The model ing r eg ion  spans approx imate ly  38' t o  42' 
n o r t h  l a t i t u d e  and 106' t o  112' west l o n g i t u d e  as shown i n  F i g u r e  1-1. 

A good map p r o j e c t i o n  f o r  p r o j e c t i n g  t h i s  s i z e  and l o c a t i o n  o f  t h e  
e a r t h ' s  su r f ace  t o  a  p lane  i s  t h e  Transverse Mercator  P r o j e c t i o n  (Richardus 
and Ad le r  1972). I n  f a c t ,  t h i s  p r o j e c t i o n  i s  used by t h e  U.S. Army i n  
d e f i n i n g  t h e i r  Un i ve r sa l  Transverse Mercator  (uTM) g r i d  system (U.S. Army 
1973). The UTM g r i d  system cove r i ng  t h e  n o r t h e r n  hemisphere i s  d i v i d e d  i n t o  
zones f o r  every  6' l ong i t ude .  Two UTM g r i d  zones, 12 and 13, cover  t h e  
GRAMA r e g i o n  and a r e  based on p r o j e c t i o n s  about t h e  111' and 105' mer id ians,  
r e s p e c t i v e l y  . 

Because bas ing  t h e  MELSAR coo rd i na te  system on t h e  UTM system i s  no t  
p r a c t i c a l  (because o f  t h e  ove r l app ing  o f  g r i d  zones), and because t ranspos-  
i n g  d a t a  t o  and f rom a  model g r i d  over layed  on maps would be cumbersome and 
p o t e n t i a l l y  i naccu ra te ,  t h e  MELSAR coo rd i na te  system was based on a  Trans- 
verse  Mercator  p r o j e c t i o n  about t h e  r e g i o n ' s  c e n t r a l  me r i d i an  (109' west 
1  ongi  t ude )  . 

The o r i g i n  o f  t h i s  p r o j e c t i o n  i s  t h e  i n t e r s e c t i o n  o f  t h e  c e n t r a l  
me r i d i an  and t h e  equator.  For convenience, t h e  MELSAR c o o r d i n a t e  system i s  
s p e c i f i e d  as a  subset o f  t h e  above p r o j e c t i o n ,  such t h a t  t h e  o r i g i n  i s  near 
t h e  i n t e r s e c t i o n  o f  t h e  38' n o r t h  l a t i t u d e  and 112' west l o n g i t u d e  and a  
r ec tangu la r  domain f i t s  w i t h i n  t h e  38' t o  42' l a t i t u d e  by 106' t o  112' 
l o n g i t u d e  boundar ies.  The domain was chosen t o  be 500 km i n  t h e  east-west 
d i r e c t i o n  by 450 km i n  t h e  nor th- sou th  d i r e c t i o n .  F i gu re  2- 1  shows t h e  
r e l a t i o n s h i p  o f  t h e  MELSAR coo rd i na te  system and l a t i t u d e - l o n g i t u d e  f o r  t h e  
GRAMA reg ion.  

The genera l  t r ans fo rma t i on  equa t ions  f o r  a  Transverse Mercator  Pro- 
j e c t i o n  f rom l a t i t u d e - l o n g i t u d e  t o  t h e  MELSAR g r i d ,  based on t h e  e a r t h  as a  
sphere, a r e  

where 

1 I 1 + c o s s i  n  (, - A )  1 
X =- C R  I n  

2  1 - cosmsin ( h o  - A )  + Xo 

X = X- coord inate i n  MELSAR coo rd i na te  system (km) 
Y = Y- coord inate i n  MELSAR coo rd i na te  system (km) 
$  = l a t i t u d e  (deg) 
X = l o n g i t u d e  (deg)  



FIGURE 2- 1  

RELAT IONSHIP  OF THE MELSAR COORDINATE SYSTEM AND LAT ITUDE-  
LONGITUDE FOR THE GRAMA MODELING REGION 

KILOMETERS 



Xo = c e n t r a l  m e r i d i a n  (deg)  
X o  = d i s t a n c e  o f  MELSAR g r i d  o r i g i n  west  o f  xo  (km) 

B 
= d i s t a n c e  o f  MELSAR g r i d  o r i g i n  n o r t h  o f  e q u a t o r  (km) 
= ab = mean r a d i u s  o f  e a r t h  (km) 

a  = 6378.206 km, ( R i c h a r d u s  and A d l e r  1972) e q u a t o r i a l  a x i s  o f  e a r t h  
b  = 6356.584 km, ( ~ i c h a r d u s  and A d l e r  1972) p o l a r  a x i s  o f  e a r t h  
C = 0.9996, s c a l e  f a c t o r  t o  d i s t r i b u t e  t h e  d i s t o r t i o n  more even ly .  

F o r  t h e  GRAMA r e g i o n ,  X i s  109", X o  i s  250.500 km, and Y i s  4224.697 km. 
X o  and Y o  a r e  de te rm ine8  by  s o l v i n g  E q u a t i o n s  (2- 1 )  and (9- 2 )  assuming 

- 

X = 0, Y = 0, @ = l a t i t u d e  o f  d e s i r e d  o r i g i n ,  X = l o n g i t u d e  o f  d e s i r e d  
o r i g i n ,  and lo = c e n t r a l  m e r i d i a n  o f  p r o j e c t i o n .  T a b l e  2-2 g i v e s  t h e  
1  a t i t u d e - l o n g 1  t u d e  c o o r d i n a t e s  o f  t h e  f o u r  c o r n e r  p o i n t s  o f  t h e  MELSAR g r i d  
f o r  t h e  GRAMA r e g i o n .  

TABLE 2-2 

LATITUDE-LONGITUDE COORDINATES OF THE FOUR 
CORNERS OF THE GRAMA REGION 

MELSAR Coord ina tes  

X Y L a t i t u d e  L o n g i t u d e  

( km) (km) (deg  N) (deg  W )  

The t r a n s f o r m a t i o n  e q u a t i o n s  f r o m  t h e  MELSAR c o o r d i n a t e  system t o  
1  a t i t u d e - l o n g i t u d e  f o r  o u t p u t  purposes,  a r e  



where 

180 
Y '  = t a n  {[$ - ( Y  + Y,)I(CR)I ( _ I }  

Equat ions ( 2 - I ) ,  (2- 2) ,  (2- 3) ,  and (2- 4)  a r e  based on t h e  assumption 
t h a t  t h e  e a r t h  i s  i n  t h e  shape o f  a  sphere; whereas, t h e  e a r t h  can be b e t t e r  
represen ted  as an e l l i p s o i d  ( ~ i c h a r d u s  and A d l e r  1972; U.S. Army 1973). 
T rans fo rmat ion  equa t ions  based on t h e  e a r t h  as an e l l i p s o i d  a r e  v e r y  complex 
and a r e  accu ra te  t o  w i t h i n  a  few meters  f o r  p r o j e c t i o n s  t h e  s i z e  o f  t h e  
GRAMA reg ion .  Comparison o f  t h e  r e s u l t s  o f  spher ica l- based equa t ions  w i t h  
e l l i p s o i d a l - b a s e d  equa t ions  shows t h a t  spher ica l- based equa t ions  d i f f e r  f rom 
e l  1  ipso id- based  equa t ions  by about 0.09 km/100 km i n  t h e  no r t h- sou th  
d i r e c t i o n  and about -0.30 km/100 km i n  t h e  east-west  d i r e c t i o n  ove r  t h e  
GRAMA reg ion .  Th is  l e v e l  o f  accuracy u s i n g  t h e  spher ica l- based equa t ions  i s  
much b e t t e r  t han  t h e  u n c e r t a i n t y  i n  p r e d i c t i n g  t h e  p o l l u t a n t  t r a j e c t o r i e s .  
Therefore,  t h e  improved accuracy f rom e l l i p s o i d a l - b a s e d  equa t ions  w i l l  n o t  
improve t h e  p r e d i c t i o n  o f  p o l l u t a n t  impacts.  

I n  a d d i t i o n  t o  r e c e i v i n g  i n p u t  da ta  i n  1  a t i  t ude- long i t ude  coo rd i na tes ,  
MELSAR i s  c o n f i g u r e d  t o  r e c e i v e  i n p u t  d a t a  i n  UTM coo rd i na tes  f rom two UTM 
g r i d  zones. The UTM t r a n s f o r m a t i o n  equa t ions  a r e  based on an e l l i p s o i d a l  
shape o f  t h e  ear th ;  however, spher i ca l- based  equa t ions  a r e  used i n  MELSAR t o  
t r a n s f o r m  f r om UTM coo rd i na tes  t o  1  a t i  t ude- long i  tude. The t r a n s f o r m a t i o n  
equa t ions  f rom UTM t o  l a t i t u d e - l o n g i t u d e  a r e  o f  t h e  same form as Equa- 
t i o n s  (2- 3)  and (2- 4)  and a r e  l i s t e d  below: 



where 

180 
N' = t a n  {[t - (N + N ~ ) / ( c R ) I ( ~ ) }  

At? 
= c e n t r a l  m e r i d i a n  o f  UTM g r i d  zone (deg )  
= UTM n o r t h i n g  (km) 

E  = UTM e a s t i n g  (km) 
No = n o r t h i n g  c o o r d i n a t e  o f  o r i g i n  r e 1  a t i v e  t o  e q u a t o r  (km) 
Eo = e a s t i n g  c o o r d i n a t e  o f  o r i g i n  west  o f  c e n t r a l  m e r i d i a n  (km). 

The a c t u a l  UTM o r i g i n  f o r  any g r i d  zone i s  l o c a t e d  on t h e  e q u a t o r  500 km 
west  o f  t h e  c e n t r a l  m e r i d i a n .  Bu t  because s p h e r i c a l  -based e q u a t i o n s  a r e  
used i n  MELSAR, t h e  UTM o r i g i n ,  (Eo,No), w i l l  be  s l i g h t l y  t r a n s l a t e d  f r o m  
t h e  a c t u a l  l o c a t i o n .  The a d j u s t e d  o r i g i n ,  f o r  each g r i d  zone o f  i n t e r e s t ,  
can be computed by  s o l v i n g  E q u a t i o n s  (2- 5 )  and (2- 6)  f o r  E  and No knowing 
t h e  UTM c o o r d i n a t e s  and t h e  1  a t i t u d e - l o n g i t u d e  o f  t h e  where t h e  cen-  
t r a l  m e r i d i a n  i n t e r s e c t s  t h e  s o u t h e r n  boundary o f  t h e  mode l i ng  domain. The 
f i n a l  Eo i s  equa l  t o  t h e  E  f r o m  Equa t ions  (2- 5)  and (2- 6 )  minus 500 km. 
T h i s  computed o r i g i n  (Eo, No) can t h e n  be used i n  Equa t ions  (2- 5 )  and (2- 6 )  
t o  compute t h e  l a t i t u d e - l o n g i t u d e  f o r  any p o i n t  i n  a  UTM g r i d  zone g i v e n  t h e  
UTM c o o r d i n a t e s  o f  t h e  p o i n t .  Equa t ions  (2- 1 )  and (2- 2)  a r e  t h e n  used t o  
comple te  t h e  t r a n s f o r m a t i o n  f r o m  UTM t o  MELSAR c o o r d i n a t e s .  

Fea tu res  o f  t h e  GRAMA r e g i o n  w i t h i n  t h e  MELSAR g r i d  a r e  g i v e n  i n  
Appendix A. F i g u r e  A-1 shows t h e  m a j o r  roads and towns, F i g u r e  A-2 shows 
t h e  PSD C l a s s  I areas  i n  r e l a t i o n  t o  o i l  s h a l e  development areas,  F i g u r e  A-3 
shows t h e  topography  o f  t h e  r e g i o n ,  F i g u r e  A-4 shows t h e  main r i v e r s  and 
streams, and F i g u r e  A- 5  shows t h e  boundar ies  o f  t h e  m a j o r  r i v e r  dra inages.  

2.3 T e r r a i n  

MELSAR r e q u i r e s  c e r t a i n  t e r r a i n  s t a t i s t i c s  averaged o v e r  g r i d  c e l l s  f o r  
i t s  o p e r a t i o n .  The MET program r e q u i r e s  ' l o w e r '  t e r r a i n  e l e v a t i o n s ,  t e r r a i n  
o b s t a c l e  h e i g h t s  and d r a i n a g e  d i r e c t i o n s  on a  1 0  x  1 0  g r i d  f o r  Froude number 
m o d i f i c a t i o n  t o  t h e  f l o w  f i e 1  d. MET a l s o  r e q u i r e s  smoothed t e r r a i n  e l e v a-  
t i o n s  on up t o  a  50 x  50 g r i d .  POLUT r e q u i r e s  smoothed t e r r a i n  e l e v a t i o n s ,  
and t e r r a i n  ' roughness '  i n  t h e  X - d i r e c t i o n  and t e r r a i n  ' roughness '  i n  t h e  
Y - d i r e c t i o n  on up t o  a  50 x  50 g r i d .  The d e s c r i p t i o n  o f  t h e  c r e a t i o n  o f  t h e  
base t e r r a i n  f i l e  and compu ta t i on  o f  t h e  a b o v e - l i s t e d  t e r r a i n  s t a t i s t i c s  a r e  
g i v e n  be1 ow. 



Once t h e  MELSAR coo rd ina te  system has been d e f i n e d  f o r  a  reg ion,  as 
descr ibed  i n  t h e  p rev ious  sec t ion ,  t h e  base t e r r a i n  f i l e  f o r  t h a t  r e g i o n  can 
be const ructed.  From t h i s  base t e r r a i n  f i l e ,  t h e  r e q u i r e d  t e r r a i n  s t a t i s -  
t i c s  f o r  any r u n  o f  MELSAR can be computed. The elements o f  t h i s  f i l e  must 
be t e r r a i n  h e i g h t s  averaged over  1-km squares, denoted t h e  '1-km r e s o l u t i o n '  
base t e r r a i n  f i l e .  The 500- by  450-km base t e r r a i n  f i l e  used by MELSAR f o r  
t h e  GRAMA model ing r e g i o n  was cons t ruc ted  f rom U.S. Geo log ica l  Survey 0.001" 
r e s o l u t i o n  d i g i t i z e d  t e r r a i n  data. F i r s t  t h e  0.001" da ta  were averaged t o  
0.01" r e s o l u t i o n  f o r  each l o - 1  a t i  tude  by l o - 1  ongi  tude  c e l l  between 106" t o  
112" west l o n g i t u d e  and 38" t o  42" n o r t h  l a t i t u d e .  Th is  r e s u l t e d  i n  a  t o t a l  
o f  twen ty- fou r  0.01"-average t e r r a i n  f i l e s .  Next, a l l  o f  t h e  f i l e s  were 
combined i n t o  one f i l e  and t h e  l o c a t i o n  o f  each t e r r a i n  element i n  t h i s  f i l e  
was t ransformed i n t o  t h e  MELSAR g r i d  system u s i n g  Equat ions (2- 1)  and (2- 2)  
as descr ibed  i n  Sec t ion  2.2. Since 0.01" l o n g i t u d e  i s  about 0.86 km a t  t h e  
l a t i t u d e  o f  t h e  GRAMA r e g i o n  and 0.01" 1  a t i t u d e  i s  about 1.11 km, t hen  some 
o f  t h e  1-km g r i d  p o i n t s  i n  t h e  base t e r r a i n  f i l e  con ta ined  no va lue  on 
t rans fo rmat ion .  These m iss ing  va lues were subsequent ly f i l l e d  by ass ign ing  
t h e  g r i d  p o i n t s  t h e  va lue  o f  t h e  average o f  t h e  f o u r  surrounding g r i d  
po in t s .  From t h i s  base t e r r a i n  f i l e  o f  500 km by 450 km w i t h  1-km 
r e s o l u t i o n ,  a l l  o f  t h e  requ i red  t e r r a i n  s t a t i s t i c s  f o r  a  r u n  o f  MELSAR f o r  
t h e  GRAMA r e g i o n  a r e  computed. F i g u r e  2-2 g i v e s  a  pe rspec t i ve  p l o t  o f  t h e  
1-km base t e r r a i n  f i l e  f o r  t h e  GRAMA model ing reg ion.  

MELSAR i s  designed t o  opera te  ove r  t h e  e n t i r e  model ing domain o r  any 
p o r t i o n  o f  it. Therefore,  t h e  t e r r a i n  p rocess ing  r o u t i n e s  were designed t o  
compute t e r r a i n  s t a t i s t i c s  g i ven  any o r i g i n ,  any domain s i z e ,  any smoothing 
i n t e r v a l  , and any g r i d  c e l l  s i z e  up t o  50 km by 50 km. F i g u r e  2-3 shows t h e  
g r i d  p o i n t s  i n  t h e  f i r s t  30 km o f  t h e  southwest co rne r  o f  t h e  GRAMA mode l ing  
domain f o r  10-km-square g r i d  c e l l s  cove r i ng  t h e  e n t i r e  GRAMA domain. For  
t h i s  c o n f i g u r a t i o n ,  t h e r e  i s  a  t o t a l  o f  50 g r i d  c e l l s  i n  t h e  X - d i r e c t i o n  by 
45 g r i d  c e l l s  i n  t h e  Y-di r ec t i on .  (The maximum number o f  c e l l s  t h a t  MELSAR 
can t r e a t  i s  50 by  50.) The t e r r a i n  s t a t i s t i c s  f o r  each g r i d  c e l l  a r e  
computed f rom t h e  one hundred 1-km da ta  p o i n t s  i n  each c e l l  (shown i n  t h e  
f i r s t  c e l l  i n  F i g u r e  2-3) f o r  t h i s  example assuming t h a t  t h e  smoothing 
i n t e r v a l  i s  t h e  same as t h e  c e l l  s i ze .  I f  t h e  smoothing i n t e r v a l  was 
s p e c i f i e d  l a r g e r  than  t h e  c e l l  s i ze ,  then  some ove r l ap  o f  t h e  averaging 
process would be accomplished. The smoothing i n t e r v a l  must be g r e a t e r  t h a n  
o r  equal t o  t h e  c e l l  s i ze .  

The smoothed t e r r a i n  h e i g h t  and s tandard d e v i a t i o n  (used t o  compute 
o b s t a c l e  h e i g h t )  o f  t h e  t e r r a i n  h e i g h t  f o r  each g r i d  c e l l  i n  t h e  example i n  
F i g u r e  2-3 a r e  s imp ly  t h e  a r i t h m e t i c  mean and s tandard d e v i a t i o n  computed 
f rom t h e  1-km t e r r a i n  elements w i t h i n  each g r i d  c e l l .  

F i g u r e  2-4 g i v e s  a  p l o t  o f  t h e  1-km base t e r r a i n  da ta  w i t h  10-km 
smoothing. Th is  i s  t o  i l l u s t r a t e  what e f f e c t  smoothing has on t h e  base 
t e r r a i n  f i l e .  I n  t h i s  p l o t  every  1-km d a t a  p o i n t  has a  10-km average 
t e r r a i n  h e i g h t  assoc ia ted  w i t h  i t. Obta in ing  a  50 x 45 g r i d  o f  10-km 
smoothed t e r r a i n  h e i g h t s  by t h e  process i l l u s t r a t e d  i n  F i g u r e  2-3 would g i v e  



FIGURE 2-2 

DISPLAY OF THE BASE TERRAIN FILE FOR THE GRAMA MODELING REGION 
(The f i l e  c o n s i s t s  o f  t e r r a i n  h e i g h t s  averaged over  1-km square c e l l s )  
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FIGURE 2-3 

LOCATION OF GRID POINTS FOR 10-km-SQUARE G R I D  CELLS I N  THE 
SOUTHWEST CORNER OF THE GRAMA MODELING R E G I O N  

(Shown i n  t h e  f i r s t  c e l l  a r e  t h e  1-km-square c e l l s  
making up t h e  base t e r r a i n  f i l e )  

t h e  same r e s u l t s  as o v e r l a y i n g  a 50 x 45 g r i d  ove r  t h e  smoothed t e r r a i n  s u r -  
face  i n  F i g u r e  2-4 and r e g i s t e r i n g  t h e  t e r r a i n  e l e v a t i o n  below each g r i d  
p o i  n t  . 

A measure o f  t e r r a i n  roughness, RT, ( n o t  t o  be confused w i t h  s u r f a c e  
roughness, Zo) i s  used f o r  computing tu rbu lence ,  and was d e r i v e d  by 
MacCready, Baboolal  and Lissaman (1974) based on a bes t  c o r r e l a t i o n  w i t h  t h e  
t u rbu lence  da ta  t h a t  t h e y  analyzed. The average t e r r a i n  roughness f o r  a 
g r i d  c e l l  i s  computed by f i r s t  de te rm in ing  a measure o f  t e r r a i n  roughness 
f o r  each 1-km d a t a  element and t h e n  f i n d i n g  t h e  average o f  a l l  t h e  1-km 
elements i n  a g r i d  c e l l .  The t e r r a i n  roughness i s  computed i n  t h e  
X d i r e c t i o n  and Y d i r e c t i o n ,  r e s u l t i n g  i n  two numbers f o r  each g r i d  c e l l .  
The t e r r a i n  roughness f o r  each 1-km-gr id element i s  computed by c e n t e r i n g  a 
14-km-long l i n e  segment ove r  t h e  p o i n t  o f  i n t e r e s t  o r i e n t e d  i n  t h e  d e s i r e d  
d i r e c t i o n  and u s i n g  equat ions:  



F I G U R E  2-4 

D I S P L A Y  O F  T E R R A I N  SURFACE FOR GRAMA MODELING R E G I O N  FOR 
A SMOOTHING I N T E R V A L  O F  10 K I L O M E T E R S  
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where 

RT = t e r r a i n  roughness i n  d i r e c t i o n  o f  o r i e n t a t i o n  o f  l i n e  
segment (km) 

Z = t e r r a i n  h e i g h t  o f  one element on 14-km segment (km) 
T i  

ZT = average h e i g h t  o f  14-km segment (km). 

P l o t s  o f  t h e  t e r r a i n  roughness f o r  10-km g r i d  c e l l s  f o r  t h e  e n t i r e  GRAMA 
model ing r e g i o n  a r e  g i ven  i n  F igu res  2-5 and 2-6. 

The d ra inage  d i r e c t i o n ,  oD, i s  an impo r tan t  t e r r a i n  s t a t i s t i c  used i n  
mod i f y i ng  t h e  f l o w  f i e l d  i n  c o n j u n c t i o n  w i t h  Froude number values. The 
d ra inage  d i r e c t i o n  i s  d e f i n e d  as t h e  d i r e c t i o n  t h a t  a  dra inage wind would 
come f rom f o r  any g i ven  t e r r a i n  c e l l .  I t  i s  determined f o r  a  g r i d  c e l l  by  
computing t h e  average s lopes i n  t h e  X- d i rec t i on ,  AX,  and t h e  Y- d i rec t i on ,  
AY,  across a  g r i d  c e l l  and u s i n g  t h e  f o l l o w i n g  equat ions:  

where o i s  determined f rorn Tab1 e  2-3. 

TABLE 2-3 

RELATIONSHIPS USED I N  COMPUTING DRAINAGE DIRECTION 

C o n d i t i o n  AX = 0 AX < 0 AX > 0 

AY = 0 a 
0' + 180b 0' + 360 

AY < 0 2 70 0' + 180 o '  + 360 

AY > 0 9 0 0'  + 180 0 ' 

a T e r r a i n  i f l a t ,  no dra inage d i r e c t i o n .  
0' = t an - f  [AY /AX ] .  

2- 12 



F I G U R E  2-5 

D I S P L A Y  OF X- D I R E C T I O N  T E R R A I N  ROUGHNESS AVERAGED I N  10- krn- SQUARE 
G R I D  C E L L S  FOR T H E  GRAMA MODELING R E G I O N  



F IGURE 2-6 

D I S P L A Y  OF Y- DIRECTION TERRAIN ROUGHNESS AVERAGED I N  10- km-SQUARE 
G R I D  CELLS  FOR THE GRAMA REGION 



Shown i n  F i g u r e  2-7 a r e  d r a i n a g e  d i r e c t i o n s  computed f o r  50- b y  50-km 
average t e r r a i n  c e l l  s  a c r o s s  t h e  who1 e  GRAMA domai n. The d r a i n a g e  v e c t o r s  
a r e  p l o t t e d  on a  map o f  t h e  m a j o r  r i v e r  d ra inages .  The v e c t o r s  show t h e  
downslope d i r e c t i o n  and t h e  s l o p e  a n g l e  wh ich  i s  p r o p o r t i o n a l  t o  t h e  v e c t o r  
l e n g t h .  A v e c t o r  o f  1  eng th  equa l  t o  ha1 f a  g r i d  c e l l  i s  equa l  t o  a  down- 
s l o p e  a n g l e  o f  1.2'. The computed d r a i n a g e  d i r e c t i o n s  i n  most  cases f o l l o w  
t h e  r i v e r  d ra inages ,  e s p e c i a l l y  f o r  g r i d  c e l l s  w i t h  a  s u b s t a n t i a l  s lope .  I n  
c e l l  s  w i t h  f a i r l y  f l a t ,  d r a i n a g e  s lopes ,  t h e  50-km a v e r a g i n g  may be t o o  
c o a r s e  t o  r e s o l v e  t h e  r i v e r  dra inages.  On t h e  whole,  however, t h e  50-km 
smoothi ng  i n t e r v a l  appears t o  p r o v i d e  s u f f i c i e n t  r e s o l u t i o n  o f  m a j o r  
d ra inages  t o  b e  used i n  r e g i o n a l - s c a l e  f l o w  c h a n n e l i n g  c a l c u l a t i o n s  as 
d e s c r i b e d  i n  S e c t i o n  2.4.1. 

Two t e r r a i n  s t a t i s t i c s  i n  a d d i t i o n  t o  t h e  d r a i n a g e  d i r e c t i o n  a r e  
r e q u i  r e d  i n  t h e  c a l  c u l  a t i  on  o f  Froude-number-modi f i  ed winds.  They a r e  t h e  
t e r r a i n  o b s t a c l e  h e i g h t  and ' 1  ower'  t e r r a i n  e l e v a t i o n .  The o b s t a c l e  h e i g h t ,  
ho (m), f o r  each g r i d  c e l l  i s  d e f i n e d  as:  

where S i s  t h e  s t a n d a r d  d e v i a t i o n  (m) o f  t h e  t e r r a i n  h e i g h t  f o r  a  g r i d  
c e l l .  e i m i t e d  a n a l y s i s  o f  t e r r a i n  d a t a  has shown t h a t  E q u a t i o n  (2- 9 )  w i l l  
g i v e  an a c c u r a t e  measure o f  o b s t a c l e  h e i g h t  f o r  t e r r a i n  o b s t a c l e s  w i t h  t h e  
same h o r i z o n t a l  d imens ion  as  t h e  smooth ing i n t e r v a l  . The computed o b s t a c l e  
h e i g h t s ,  f o r  o b s t a c l e s  w i t h  h o r i z o n t a l  d imens ions l e s s  t h a n  o r  g r e a t e r  t h a n  
t h e  smooth ing i n t e r v a l ,  w i l l  be  l e s s  t h a n  t h e  a c t u a l  o b s t a c l e  h e i g h t .  
Consequent ly  i t  i s  i m p o r t a n t  t o  choose a  smoothing i n t e r v a l  commensurate 
w i t h  t h e  s i z e  o f  t h e  dominant  t e r r a i n  f e a t u r e s  i n  t h e  r e g i o n  t o  b e  modeled. 

A companion s t a t i s t i c  t o  t h e  t e r r a i n  o b s t a c l e  h e i g h t  i s  t h e  ' l o w e r '  
t e r r a i n  e l e v a t i o n ,  TL (m MSL), d e f i n e d  as 

where TA i s  t h e  smoothed t e r r a i n  e l e v a t i o n  (m MSL). T h i s  ' l o w e r '  t e r r a i n  
e l e v a t i o n  can be t h o u g h t  o f  as  t h e  t e r r a i n  s u r f a c e  t h a t  t h e  o b s t a c l e s  s i t  
on. 

2.4 M e t e o r o l o g i c a l  Da ta  P rocesso r  

Severa l  v a r i a b l e s  d e r i v e d  f r o m  m e t e o r o l o g i c a l  d a t a  a r e  r e q u i  r e d  f o r  t h e  p u f f  
model o p e r a t i o n .  C e r t a i n  o f  t h e s e  a r e  r e q u i r e d  f o r  i n d i v i d u a l  v a l l e y s  b u t  
t h e  m a j o r i t y  a r e  r e q u i r e d  o v e r  t h e  e n t i  r e  m o d e l i n g  domain. The v a r i a b l e s  
r e q u i r e d  o v e r  t h e  m o d e l i n g  domain a r e  s p e c i f i e d  h o u r l y  on a  g r i d  c o v e r i n g  
t h e  domain, excep t  t h e  w i n d  components, wh ich  a r e  d e s c r i b e d  a n a l y t i c a l l y .  
These h o u r l y  v a l u e s  a r e  de te rm ined  f r o m  s u r f a c e  and upper  a i r  o b s e r v a t i o n s .  
Data  f r o m  e i t h e r  r o u t i n e  r e p o r t i n g  s t a t i o n s  (e.g., NWS, FAA) o r  s p e c i a l  
o b s e r v a t i o n a l  programs can be used as  i n p u t .  The d e r i v e d  v a r i a b l e s  r e q u i r e d  
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f o r  each v a l l  ey  a r e  s p e c i f i e d  h o u r l y  e x c e p t  t h e  average down-val l e y  w ind  
speed. Sing1 e  v a l u e s  o f  t h e  down- va l l ey  w ind  speed f o r  each v a l l e y  f o r  a  
s i m u l a t i o n  p e r i o d  a r e  r e q u i r e d .  The d e r i v e d  v a r i a b l e s  f r o m  MET a r e  

fi, gi = a m p l i t u d e  f u n c t i o n s  wh ich  d e s c r i b e  t h e  t h r e e  components o f  w inds  
Z = m i x i n g  h e i g h t  

5 = P a s q u i l l - G i  f f o r d  s t a b i l i t y  c l a s s  
u, = f r i c t i o n  v e l o c i t y  
w* = c o n v e c t i v e  v e l o c i t y  

L = Moni n Obukov l e n g t h  
T  = a tmospher i c  t e m p e r a t u r e  
P = a tmospher i c  p r e s s u r e  

uv = average down-val l e y  w ind  speed 
Cv = v a l l e y  c o u p l i n g  c o e f f i c i e n t s  f o r  each v a l l e y  segment. 

The methods f o r  d e t e r m i n i n g  t h e  q u a n t i t i e s  1  i s t e d  above a r e  g i v e n  nex t .  

2.4.1 Wind F ie1 d  

The w ind  f i e l d  i s  de te rm ined  b y  a p p l y i n g  a  mass- conserv i  ng i n t e r p o l  a- 
t i o n  t e c h n i q u e  t o  u p p e r - a i r  and s u r f a c e- w i n d  o b s e r v a t i o n s .  The t e c h n i q u e  
was deve loped b y  Drake and Huang (1980) and has been d e s c r i b e d  b y  Drake, 
Huang and Davi s  (1981).  

The f l o w  a l g o r i t h m  was f o r m u l a t e d  by  t r a n s f o r m i n g  t h e  c o n t i n u i t y  equa- 
t i o n  f r o m  C a r t e s i a n  c o o r d i n a t e s  t o  t e r r a i n - f o l l o w i n g  c o o r d i n a t e s  as  shown i n  
F i g u r e  2-8. The c o m p u t a t i o n a l  domain i s  bounded above by  a  s u r f a c e  t h a t  may 
b e  an i n v e r s i o n  s u r f a c e ,  t h e  t ropopause  o r  some o t h e r  p r e s c r i b e d  s u r f a c e .  
The l o w e r  boundary i s  t h e  t e r r a i n  su r face .  Assuming an a n e l a s t i c ,  d r y  a d i a-  
b a t i c  atmosphere, t h e  t r a n s f o r m e d  c o n t i n u i t y  e q u a t i o n  reduces t o  an e q u a t i o n  
o f  t h e  same f o r m  as  t h e  unt ransformed,  i n c o m p r e s s i b l e ,  n o n s t r a t i  f i e d  c o n t i -  
n u i t y  equa t ion .  The a n e l a s t i  c  assumpt ion  e l i m i n a t e s  t h e  p r o p a g a t i o n  o f  
sound waves, wh ich  i s  a  reasonab le  assumpt ion  f o r  t h e  mesoscale. T h i s  
assumpt ion  s i m p l i f i e s  t h e  t ime- dependent t e r m  i n  t h e  c o n t i n u i t y  equa t ion .  
The d r y  a d i a b a t i c  assumpt ion  simp1 i f i e s  t h e  d e n s i  t y - h e i g h t  re1  a t i o n s h i  p. 
The t r a n s f o r m e d  c o n t i n u i t y  e q u a t i o n  i s  

where t h e  (,a) i n d i c a t e s  t h e  p a r t i a l  d i f f e r e n t i a t i o n  w i t h  r e s p e c t  t o  a. The 
terms i n  E q u a t i o n  (2- 11) a r e  d e f i n e d  as  



FIGURE 2-8 

MASS-CONSISTENT FLOW MODEL COORDINATE SYSTEMS 
(The Ca r tes i an  system i s  t rans fo rmed i n t o  a  u n i t  cube 

u s i n g  t h e  equa t ions  shown) 

THE CARTESIAN GRlD 

THE TRANSFORMED GRlD 



where 

u  = X-component o f  v e l o c i t y  
v  = .Y-component o f  v e l o c i t y  
w = Z-component o f  v e l o c i t y  
p = d e n s i t y  o f  a i  r a t  h e i g h t  z 
h  = h e i g h t  o f  t o p  shee t  above t e r r a i n  

L, = domain l e n g t h  i n  X - d i r e c t i o n  
L  = domain l e n g t h  i n  Y- di  r e c t i o n  
$ = t r a n s f o r m e d  v e r t i c a l  c o o r d i n a t e  

Zs ,a = t e r r a i n  s l o p e  w i t h  r e s p e c t  t o  a 

Z = t e r r a i n  s l o p e  w i t h  r e s p e c t  t o  fl 
8 '  = s l o p e  o f  upper  shee t  w i t h  r e s p e c t  t o  a 

h y a  = s l o p e  o f  upper  s h e e t  w i t h  r e s p e c t  t o  B. 
fl 

The d e s c r i p t i o n  o f  t h e  w i n d  f i e l d  i s  accompl ished t h r o u g h  a  genera l  s o l u t i o n  
o f  Equa t ion  (2- 11)  assuming t h e r e  i s  n o  r e g i o n a l  l i f t i n g  o r  subsidence,  and 
no v e e r i n g  o r  b a c k i n g  o f  t h e  winds. The genera l  s o l u t i o n  i s  

and assuming Bi ,,(a,~) = -Ci y B ( a , ~ ) ,  t h e n  

where B i ( ~ . B )  and Ci ( a , ~ )  a r e  ' b a s i s '  f u n c t i o n s  g i v e n  i n  T a b l e  2- 4 and fi ( y )  
and gi ( y )  a r e  ' a m p l i t u d e '  f u n c t i o n s .  The b a s i s  f u n c t i o n s  c u r r e n t l y  b e i n g  

used a r e  p o l y n o m i a l s ,  and t h e y  a r e  a  f u n c t i o n  o n l y  o f  t h e  t r a n s f o r m e d  o r t h o-  
gonal  c o o r d i n a t e s  a l p h a  and be ta .  



The mass- cons is tent  w ind  f i e l d  i s  computed a t  h o u r l y  i n t e r v a l s  f o r  a  
s imu la t i on .  The f i r s t  s t e p  i n  comput ing t h e  wind f i e l d s  i s  t o  d e f i n e  t h e  
number o f  computat iona l  sur faces.  Up t o  n i n e  sur faces  can be s p e c i f i e d ,  
where t h e  f i r s t  s u r f a c e  i s  a t  t h e  sur face-wind measurement h e i g h t  (e.g., 
3 m) and t h e  1  a s t  s u r f a c e  i s  t h e  t o p  boundary. Next t h e  upper- a i  r i n p u t  
wind obse rva t i ons  a r e  i n t e r p o l a t e d  t o  each computat iona l  s u r f a c e  ('gamma' 
s u r f a c e  - gamma c o o r d i n a t e  i n  F i g u r e  2-8) a t  t h e  l o c a t i o n  o f  each u p p e r - a i r  
s t a t i o n .  These i n p u t  upper- a i  r ob e r v a t i o n s  a t  each gamma l e v e l  a r e  t h e n  3 s p a t i a l l y  i n t e r p o l a t e d  u s i n g  a  l / r  w e i g h t i n g  t o  each s u r f a c e  weather 
s t a t i o n ,  w i t h  t h e  ground- leve l  i n t e r p o l  a t e d  winds be ing  rep laced  by t h e  
sur face-wind observa t ions .  The upper- a i  r observa t ions  a r e  a1 so s p a t i a l l y  
i n t e r p o l a t e d  t o  u s e r - s p e c i f i e d  p o i n t s  on t h e  boundary o f  t h e  domain t o  
ensure t h a t  t h e  computed wind f i e l d s  a r e  r e a l i s t i c  a t  t h e  boundar ies.  Given 
t hese  i n p u t  w ind  'soundings ' ,  and comput ing t h e  b a s i s  f u n c t i o n s  f o r  each 
s t a t i o n  l o c a t i o n  knowing a l pha  and beta,  t h e  amp l i tude  f u n c t i o n s  ( o r  
c o e f f i c i e n t s  t o  each b a s i s  f u n c t i o n  t e rm)  f o r  each gamma s u r f a c e  can b e  
computed f rom Equat ions (2- 17) and (2- 18) u s i n g  a  l e a s t  squares s o l u t i o n  
technique.  The number o f  po lynomia l  terms used i n  t h e  s o l u t i o n  i s  10, 
cor responding t o  a  t h i  r d  degree polynomi a1 . Now knowing t h e  ampl i tude  
f u n c t i o n s  f o r  each gamma sur face ,  U, V, and W can be computed anywhere i n  
t h e  domain by s imp ly  comput ing t h e  b a s i s  f u n c t i o n s  a t  t h e  d e s i r e d  p o i n t  and 
u s i n g  Equat ions (2-17) ,  (2-18),  and (2-19). F i n a l l y  u, v, and w, t h e  
v e l o c i t y  components, can be computed f rom Equat ions (2-12) th rough  (2-16).  

Computer c o r e  requi rements  a r e  reduced s i g n i f i c a n t l y  by r e p r e s e n t i n g  
t h e  w ind  f i e l d  as a  s e t  o f  amp l i tude  f u n c t i o n s  and n o t  as a  g r i dded  w ind  
f i e l d .  For a  50 by  50 g r i d ,  more t h a n  a  250- fo l d  decrease i n  computer c o r e  
i s  r e q u i r e d  t o  r ep resen t  one s u r f a c e  o f  t h e  wind f i e l d  as 30 ampl i t u d e  terms 
(10  po lynomia l  terms t i m e s  3 v e l o c i t y  components) r a t h e r  t h a n  7500 g r i d  
values. 

When t h e  s p a t i a l  r e s o l u t i o n  o f  t h e  i n p u t  winds i s  i n s u f f i c i e n t  t o  show 
f l o w  channe l ing  around ma jo r  t e r r a i n  f ea tu res ,  t h e n  a  Froude number modi-  
f i c a t i o n  t o  t h e  f l o w  f i e l d  can be employed. The Froude number ad justment  i s  
based on t h e  concept o f  a  d i v i d i n g  s t r e a m l i n e  h e i g h t ,  Hc, d e f i n e d  as (Snyder 
1980) 

where 

p = d e n s i t y  
Uc = wind  speed eva lua ted  a t  H 
g  = a c c e l e r a t i o n  due t o  

ho = h e i g h t  o f  o b s t a c l e  
ap/az  = l o c a l  d e n s i t y  g rad ien t .  

Hc i s  t h e  h e i g h t  a t  which t h e  f l u i d  has j u s t  enough k i n e t i c  energy t o  ascend 
t h e  obs tac l e .  F l u i d  pa rce l  s  below Hc w i l l  e i t h e r  s tagna te  o r  go around t h e  
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o b s t a c l e  and f l u i d  p a r c e l s  above Hc w i l l  go ove r  t h e  obstac le .  To s i m p l i f y ,  
we assume a cons tan t  wind and temperature g rad ien t ,  which reduces 
Equat ion (2-20) t o  

Hc = ho ( 1  - F r )  (2-21) 

where F r  i s  t h e  o b s t a c l e  Froude nuv~ber. It i s  determined b y  

where 

"8 
= wind speed o f  f l o w  approaching o b s t a c l e  
= average temperature th rough t h e  h e i g h t  o f  t h e  o b s t a c l e  

ao/az = p o t e n t i a l  temperature g r a d i e n t  th rough  t h e  h e i g h t  o f  t h e  obs tac le .  

For F r  + 0, Hc + ho, i m p l y i n g  t h a t  most o f  t h e  f l o w  goes around t h e  
obstac le .  When F r  + 1, Hc + 0, i m p l y i n g  t h a t  most o f  t h e  f l o w  goes ove r  t h e  
obs tac le .  

Equat ions (2-21) and (2-22) fo rm t h e  ba.sis f o r  t h e  t r ea tmen t  o f  f l o w  
channe l ing  around ma jo r  t e r r a i n  obs tac les  i n  MELSAR. The approach i s  f i r s t  
t o  s p e c i f y  a  10 by 10 g r i d  ove r  t h e  domain and compute t h e  ' 1  ower' average 
t e r r a i n  he igh t ,  t h e  o b s t a c l e  he igh t ,  and t h e  d ra inage  d i r e c t i o n  f o r  each 
g r i d  element as descr ibed  i n  Sec t i on  2.3. Next t h e  winds f o r  each hour  a r e  
computed a t  t h e  c e n t e r  o f  each g r i d  element f o r  a1 1 gamma sur faces .  These 
winds a r e  computed u s i n g  t h e  ampl i t u d e  f u n c t i o n s  generated f rom t h e  i n p u t  
wind observat ions.  The Froude number i s  t hen  computed, u s i n g  Equa- 
t i o n  (2-22),  f o r  each g r i d  element. U i s  determined f rom t h e  computed 
winds, and do/dz and T a r e  determined 1 rom i n p u t  temperature soundings and 
su r f ace  observat ions.  Knowing t h e  Froude number f o r  each g r i d  element, t h e  
computed winds a r e  ad jus ted  toward t h e  t e r r a i n  tangent  d i r e c t i o n  below t h e  
d i v i d i n g  s t r eam l i ne  he igh t ,  Hc. Above Hc, no adjustments t o  t h e  w ind  d i r e c -  
t i o n  a r e  made. A f t e r  t h e  computed winds a t  each g r i d  element have been 
adjusted,  t h e n  t hese  ad jus ted  soundings, i n  a d d i t i o n  t o  t h e  o r i g i n a l  i n p u t  
wind soundings, a r e  used i n  c o n j u n c t i o n  w i t h  Equat ions (2-17) and (2-18) t o  
compute new ampl i tude  f unc t i ons ,  which t hen  d e f i n e  t h e  complete wind f i e l d .  

The method o f  c a l c u l a t i n g  de/dz a t  a  g r i d  p o i n t  f o r  a  g i ven  hour  
epends on whether i t  i s  dayt ime o r  n igh t t ime.  The dayt ime de ldz  c a l c u l a -  
i o n  i s  a  t h r e e  s t e p  process. F i r s t ,  t h e  p o t e n t i a l  temperature l a p s e  r a t e  

i s  c a l c u l a t e d  a t  a  weather s t a t i o n  l o c a t i o n  th rough t h e  o b s t a c l e  depth a t  
t h e  same MSL e l e v a t i o n  as t h e  obs tac le .  Second, t h e  de/dz i s  computed a t  
t h e  weather s t a t i o n  th rough t h e  obs tac le  depth a t  t h e  MSL e l e v a t i o n  o f  t h e  
weather s t a t i o n .  The s t a t i o n  d8/dz corresponding t o  t h e  g i ven  o b s t a c l e  ( f o r  
a  p a r t i c u l a r  g r i d  p o i n t )  i s  t h e  average o f  t h e  two above c a l c u l a t i o n s  o f  



de/dz. C a l c u l a t i n g  t h e  de/dz f o r  t h e  obs tac le  as t h e  average o f  t h e  de/dz 
a t  t h e  obs tac le  h e i g h t  on t h e  sounding p l u s  t h e  de/dz a t  t h e  s t a t i o n  
e l e v a t i o n  i s  a  means o f  account ing  f o r  su r f ace  e f f e c t s  i n  a d d i t i o n  t o  
d i f f e r e n c e s  o f  de/dz w i t h  e l eva t i on .  Th i rd ,  t h i s  obs tac le  de/dz computed a t  
eac weather s t a t i o n  i s  s p a t i a l l y  i n t e r p o l a t e d  t o  t h e  g r i d  p o i n t  us i ng  a  B l / r  we igh t i ng  r e s u l t i n g  i n  a  de/dz a t  a  g r i d  p o i n t  corresponding t o  t h e  
g r i d  p o i n t  obs tac le  he igh t .  

T y p i c a l l y ,  o n l y  t w i c e  d a i l y  measures o f  temperature soundings a r e  
a v a i l a b l e  a t  a  s t a t i o n .  Consequently, t h e  de/dz a t  a  s t a t i o n  must be 
i n t e r p o l a t e d  i n  t ime. Th i s  i s  accomplished u s i n g  h o u r l y  su r f ace  p o t e n t i a l  
temperature observa t ions  i n  con junc t i on  w i t h  t h e  morning p o t e n t i a l  tempera- 
t u r e  sounding. The i n t e r s e c t i o n  o f  t h e  h o u r l y  su r f ace  p o t e n t i a l  temperature 
obse rva t i on  w i t h  t h e  morning sounding m o d i f i e s  t h e  l owe r  p o r t i o n  o f  t h e  
sounding t o  a  cons tan t  p o t e n t i a l  temperature. Therefore,  a  new p o t e n t i a l  
temperature 'sounding'  i s  determined each hour  u s i n g  t h i s  technique, These 
'soundings'  a r e  f o r ced  t o  converge t o  t h e  a f t e rnoon  sounding. Th i s  approach 
o f  'marching'  up t h e  morning sounding us ing  su r f ace  p o t e n t i a l  temperature 
observa t ions  i s  ve ry  s i m i l a r  t o  t h a t  g iven  by Benkley and Schulman (1979) 
f o r  de te rmin ing  h o u r l y  convec t i ve  m i x i n g  he igh ts .  Cold o r  warm a i r  advec- 
t i o n  i s  accounted f o r  by l o o k i n g  a t  t h e  p o t e n t i a l  temperature d i f f e r e n c e  
between t h e  morning and a f t e rnoon  sounding i n  t h e  f r e e  stream p o r t i o n s  o f  
t h e  soundings. The su r f ace  p o t e n t i  a1 temperatures a r e  ad jus ted  t o  account 
f o r  t h i s  warm o r  c o l d  a i r  advec t ion  (Benkley and Schulman 1979). 

The n i g h t t i m e  de/dz f o r  an o b s t a c l e  h e i g h t  a t  a  g r i d  p o i n t  i s  de te r-  
mined i n  t h e  same fash ion  as t h e  dayt ime procedure except  t h e  de/dz f o r  a  
g iven  hour  i s  determined by i n t e r p o l a t i n g  between t h e  a f t e rnoon  p o t e n t i a l  
temperature sounding and t h e  n e x t  day ' s  morning sounding. The p o t e n t i a l  
temperature sounding i s  i n t e r p o l a t e d  i n  t i m e  and weighted accord ing  t o  t h e  
change i n  su r f ace  p o t e n t i a l  temperature.  

The average temperature,  T, th rough  t h e  h e i g h t  o f  an obs tac le  i s  de te r-  
mined f o r  any hour  i n  t h e  same way as t h e  n i g h t t i m e  de/dz. But  i n s t e a d  o f  
us ing  upper-ai  r and su r f ace  p o t e n t i a l  temperatures, upper-ai  r and su r f ace  
temperature observa t ions  a r e  used. Also t h e  temperature i s  averaged th rough 
t h e  obs tac le  h e i g h t  r a t h e r  than  de te rmin ing  a 1  apse ra te .  

2.4.2 Mix ing  Heights 

Gridded m i x i n g  h e i g h t s  a r e  computed f o r  each hour  us ing  su r f ace  weather 
observa t ions  and upper- ai  r observat ions.  The h o u r l y  m ix i ng  h e i g h t  a t  a  g r i d  
p o i n t  i s  t h e  maximum o f  a  convec t i ve  m i x i n g  h e i g h t  o r  a  mkchanical m i x i n g  
he igh t .  The convec t i ve  m ix i ng  h e i g h t  i s  s e t  equal t zero  d u r i n g  t h e  n i g h t .  
The mechanical m i x i n g  h e i g h t  i s  computed as 53 x  10-I Ug, where Ug i s  t h e  
f r e e  stream wind speed (m/s). Thi s  f o rn i u l a t i on  f o r  mechanical m i x i ng  h e i g h t  
i s  g i ven  by Benkley and Bass (1979). 

The convec t i ve  m i x i n g  h e i g h t  i s  computed u s i n g  a  techn ique  descr ibed  by 
Benkley and Schulman (1979). The h o u r l y  m ix i ng  h e i g h t  a t  a  weather s t a t i o n  



i s  es t imated  by de te rm in ing  t h e  h e i g h t  of  t h e  i n t e r s e c t i o n  o f  t h e  su r f ace  
p o t e n t i  a1 temperature w i t h  t h e  morning p o t e n t i a l  temperature sounding. The 
techn ique  accounts f o r  warm o r  c o l d  a i r  advec t ion  i n t o  t h e  r e g i o n  by ad jus t-  
i n g  t h e  h o u r l y  su r f ace  p o t e n t i a l  temperature va lues accord ing  t o  an advec- 
t i o n  ra te .  The advec t i on  r a t e  i s  determined f rom t h e  d i f f e r e n c e  i n  poten- 
t i a l  temperature between t h e  a f t e rnoon  and morning sounding a t  a  h e i g h t  
above t h e  convec t i ve  m i x i n g  he igh t .  The techn ique  a1 so makes ad justments  
f o r  d i f f e r e n c e s  between t h e  temperature a t  t h e  su r f ace  s t a t i o n  and t h e  
su r f ace  temperature a t  t h e  radiosonde s t a t i o n ,  o r  makes adjustments i f  t h e  
minimum su r face  temperature occurs b e f o r e  t h e  morning sound; ng. Th is  i s  
accomplished by a d j u s t i n g  t h e  morning sounding t o  f i t  t h e  minimum su r face  
temperature observat ion.  

Once t h e  m i x i n g  h e i g h t  i s  computed a t  each weather s t a t i o n ,  t h e  m i x i n g  
h e i g h t  a t  a  g r i d  p o i n t  i s  determined by an inverse- dis tance- square we igh t i ng  
o f  t h e  s t a t i o n  m i x i n g  h e i g h t s  t o  t h e  g r i d  po in t s .  

2.4.3 S t a b i l i t y  C l a s s i f i c a t i o n  

The Pasqu i l l - G i  f f o rd- Tu rne r  (PGT) s t a b i  1  i t y  c lasses  a r e  determined a t  a  
g r i d p o i n t  f o r  each hour  u s i n g  t h e  approach g i ven  by Benkley and Bass (1979). 
Knowing t h e  wind speed a t  t h e  su r f ace  and t h e  convec t i ve  m i x i n g  he igh t ,  t h e  
PGT s t a b i l i t y  c l a s s  i s  determined f r om Tab1 e  2-5. 

TABLE 2-5 

DETERMINATION OF PASQUILL-GIFFORD-TURNER STABILITY CLASSES 

Wind Speed a t  10 m Day N igh t  
Hc>1000 m 500<Hc<1000 Hcc500 

2.4.4 Va l l ey  Coup1 i n g  C o e f f i c i e n t  

It i s  w e l l  known t h a t  l o c a l  wind c i r c u l a t i o n s  r e g u l a r l y  form w i t h i n  
areas o f  complex t e r r a i n .  A t  n igh t t ime ,  f o r  example, downslope and down- 



v a l l e y  f l ows  a r e  t h e  r u l e  i n  v a l l e y  t e r r a i n ,  caused by t h e  c o o l i n g  and 
subsequent dra inage o f  co l  d  a i  r i n t o  1  ow- ly ing areas. Deep temperature 
i n v e r s i o n s  can form i n  v a l l e y s  d u r i n g  t h e  n i g h t  as c o l d  a i r  b u i l d s  up i n  t h e  
v a l l e y  bottoms. I n  r ecen t  years  an improved understanding has been gained 
o f  t h e  phys i ca l  processes th rough which these  n i g h t t i m e  v a l l e y  i n v e r s i o n s  
a r e  dest royed f o l l o w i n g  s u n r i s e  (Whiteman 1980, 1982; Brehm and Freytag 
1982; Vergeiner  1982; Bader and McKee 1983). The d e s t r u c t i o n  o f  t h e  n i g h t -  
t i m e  i n v e r s i o n s  i n  v a l l e y s  has impor tan t  imp1 i c a t i o n s  f o r  a i  r po l  l u t a n t  
t r a n s p o r t  o u t  o f  v a l l e y s  i n t o  reg iona l  f lows.  It i s  d u r i n g  t h e  i n v e r s i o n  
breakup p e r i o d  t h a t  a i r  p o l l u t a n t s  t rapped w i t h i n  t h e  v a l l e y  a t  n i g h t  a r e  
c a r r i e d  f rom t h e  v a l l e y  i n t o  t h e  p r e v a i l i n g  reg iona l- sca le  f l ows  above t h e  
v a l l e y  and a r e  d ispersed  i n  t h e  reg iona l  wind f i e 1  d. 

Because v a l l e y s  a r e  sub- gr id  s c a l e  i n  MELSAR, a  pa rame te r i za t i on  o f  
v a l l e y  f l o w  i n t e r a c t i o n  w i t h  above- r idgetop f l ows  i s  used. Each v a l l e y  w i t h  
p o l l u t a n t  sources i s  t r e a t e d  as a  segmented 1  i n e  source as descr ibed  i n  
Sect ion 2.5.7. Th is  i s  accomplished by d i v i d i n g  t h e  v a l l e y  i n t o  a  number o f  
l i n e  segments and r e l e a s i n g  t rapped p o l l u t a n t s  f rom t h e  v a l l e y  t o  t h e  
reg iona l  f l o w  a t  a  r a t e  determined by t h e  temperature i n v e r s i o n  breakup 
rate.  Th i s  r a t e  o f  r e l ease  o f  p o l l u t a n t s  f rom a  v a l l e y  segment i s  de f i ned  
as t h e  ' c o u p l i n g '  c o e f f i c i e n t  and i s  computed hou r l y .  A coup l i ng  c o e f f i -  
c i e n t  of  ze ro  means no p o l l u t a n t s  a r e  v e n t i n g  f rom t h e  v a l l e y  segment 
( v a l l e y  'decoupled'  f rom reg iona l  f l o w s ) ,  and a  c o e f f i c i e n t  o f  one means a1 1  
p o l  1  u t a n t s  have vented f rom t h e  v a l l  ey ( v a l l e y  ' coup l  ed' w i t h  r e$ iona l  
f low) .  A  f r a c t i o n  between zero  and one i s  t h e  p o r t i o n  o f  t o t a l  p o l l u t a n t  
m a t e r i a l ,  t rapped i n  a  v a l l e y  segment, t h a t  i s  vented o u t  d u r i n g  a  t i m e  
step. The f r a c t i o n s  d u r i n g  a  coup l i ng  p e r i o d  add t o  one. Advect ion o f  
contaminants f rom t h e  v a l l e y  i n  up- va l l ey  ( o r  down-val ley) f l o w s  i s  n o t  
cons idered i n MELSAR because o f  t h e  complex i t y  o f  i n c o r p o r a t i n g  t h i  s  process 
( convec t i ve  coupl i n g  o r  advec t ion)  i n t o  t h e  model. It i s  u n c e r t a i n  what t h e  
dominant process f o r  advec t ion  o f  contaminants f rom a  v a l l e y  i s .  Th is  w i l l  
r e q u i r e  f u r t h e r  research. 

Whether a  v a l l  ey i s  coupl  ed o r  decoupl ed f rom t h e  r e g i o n a l  f l ows  i s  
determined f rom t h e  morning and a f t e rnoon  temperature soundings a t  t h e  
neares t  upper a i r  s t a t i o n .  I f  t h e  maximum temperature i n  t h e  lowes t  500 m 
o f  t h e  morning sounding i s  >l°C warmer t han  t h e  sounding su r f ace  tempera- 
t u r e ,  t hen  t h e  v a l l e y  atmosphere i s  assumed t o  be decoupled f rom t h e  
reg iona l  f l ows  d u r i n g  t h e  morning. Otherwise t h e  v a l l e y  atmosphere would be 
coupled w i t h  t h e  reg iona l  f lows.  A v a l l e y  atmosphere i s  assumed t o  be 
coupled i n  t h e  a f t e rnoon  i f  t h e  temperature l a p s e  r a t e  between 500 m above 
ground l e v e l  (AGL) and 75 m AGL i s  (-4.9OC/km, o therw ise  t h e  v a l l e y  
atmosphere would be decoupled i n  t h e  af ternoon.  The l owe r  e l e v a t i o n  o f  75 m 
i s  above any surface-based temperature i n v e r s i o n s  t h a t  may be fo rming  i n  t h e  
a f te rnoon ( e s p e c i a l l y  d u r i n g  t h e  w i n t e r ) .  These c r i t e r i a  f o r  de te rmin ing  
whether a  v a l l e y  atmosphere i s  coupled o r  decoupled f rom t h e  reg iona l  f l o w  
a r e  h i g h l y  simp1 i f i e d ,  b u t  correspond w i t h  observa t ions  made i n  v a l l e y  
atmospheres i n  western Colorado by Whiteman (1980). He compared t h e  i nve r-  
s i o n  c h a r a c t e r i s t i c s  o f  deep v a l l  eys i n western Colorado w i t h  radiosonde 
observa t ions  made a t  Grand Junc t ion ,  Colorado. Using t h e  morning and a f t e r -  
noon coup l i ng  (1 )  and decoupl ing ( 0 )  i n d i c a t o r s  f rom t h e  nearest  uppe r- a i r  
s t a t i o n ,  t h e  h o u r l y  coup l i ng  c o e f f i c i e n t  f o r  a  v a l l e y  segment can be 



detern i i  ned f rorn Tab1 e 2-6. The c a l  cu l  a t  i on o f  t h e  coupl i ng c o e f f i c i e n t  
d u r i n g  t h e  p e r i o d  o f  s u n r i s e  t o  t h e  t i m e  o f  i n v e r s i o n  breakup i s  g i ven  n e x t  
(Pe r i od  SR1+l+BU d u r i n g  DAY i n  Tab le  2-6). 

The b a s i c  hypotheses 
v a l  1 ey- i  nvers ion  d e s t r u c t  
and McKee (1982) and used 
model VALMET. 

and equat ions f o r  s p e c i f y i n g  t h e  t i m e- h i s t o r y  o f  
i o n  ( f l o w  coupl i n g )  a r e  t hose  developed by Whiternan 

w 

by Whiteman and A1 l w i n e  (1985) i n  t h e  l o c a l - s c a l e  

Whiteman and McKee's model i s  a ' b u l k '  thermodynamic model i n  t h a t  i t  I 

does n o t  d i f f e r e n t i a t e  between s e n s i b l e  hea t  f l u x  over  d i f f e r e n t  v a l l e y  

TABLE 2-6 

VALLEY SEGMENT COUPLING COEFFICIENT FROM SUNRISE ON DAY 1 (SR1) 
TO SUNRISE ON DAY 2 (SR ) DETERMINED FROM NEAREST WEATHER 

STATION ~ U P L I  NG COEFFICIENT 

DAY (SR1+l+SS) 

S t  a t  i on C o e f f i c i e n t  Time Pe r i od  

NIGHT (SS+1+SR2) 

S t a t i o n  C o e f f i c i e n t  Time Per iod 

a SS i s  t i m e  o f  sunset on Day 1. 
BU i s  t i m e  o f  v a l l e y  i n v e r s i o n  breakup. 
F r a c t i o n  (between 0.0 t o  1.0) o f  v a l l e y  i n v e r s i o n  dest royed f o r  each hour. 
The sum o f  t h e  f r a c t i o n s  i s  equal t o  1.0. 
MD i s  (SR2-SS+1)/2 where SR2=SRl+24. 



surfaces. The heat  f l u x  t h a t  d r i v e s  t h e  va l  l e y - i n v e r s i o n  d e s t r u c t i o n  i s  
p a r t i t i o n e d  o r  d i s t r i b u t e d  i n  a  fundamenta l ly  d i f f e r e n t  way f rom t h a t  f o r  an 
i n v e r s i o n  over  homogeneous t e r r a i n .  There, t h e  sens ib l e  heat  f l u x  des t roys  
t h e  i n v e r s i o n  by d r i v i n g  an upward growth f rom t h e  ground o f  a  convec t i ve  
boundary l a y e r ,  which warms t h e  i n v e r s i o n  a i r  mass f rom below u n t i l  t h e  tem- 
pe ra tu re  d e f i c i t  i s  overcome and t h e  i n v e r s i o n  i s  destroyed. I n  c o n t r a s t ,  
i n  a  v a l l e y  t h e  upward heat  f l u x  over  v a l l e y  sur faces  develops a  convec t i ve  
boundary l a y e r ,  b u t  a lso ,  as a  r e s u l t  o f  s e n s i b l e  heat  f l u x  convergence ove r  
t h e  slopes, causes warmed a i r  pa rce l s  t o  f l o w  up t h e  s lopes i n  an upslope 
f l o w  t h a t  develops w i t h i n  t h e  convec t i ve  boundary l a y e r  (CBL). These 
upslope f l ows  relnove mass f rom t h e  base o f  t h e  temperature i n v e r s i o n  i n  t h e  
sha l low s l ope  f lows,  and through mass c o n t i n u i t y ,  r e s u l t  i n  a  general  sub- 
s i d i n g  mot ion over  t h e  v a l l e y  cen te r .  The atmospheric energy budget 
approach used by Whiteman and McKee i s  capable o f  p a r t i t i o n i n g  energy 
between these  two d i f f e r e n t  processes t o  produce i n v e r s i o n  d e s t r u c t i o n  
s o l e l y  by CBL growth, s o l e l y  by i n v e r s i o n  descent (assuming a  nongrowing CBL 
i s  p resen t  i n i t i a l l y  i n  a  s imu la t i on ) ,  o r  by a  combinat ion o f  t h e  two pro- 
cesses. The p a r t i t i o n i n g  i s  c o n t r o l  l e d  by a  s i n g l e  parameter, k, de f i ned  as 
t h e  f r a c t i o n  o f  sens ib l e  heat  f l u x  go ing t o  CBL growth. The remain ing 
f r a c t i o n ,  1 - k, i s  assumed t o  be respons ib l e  f o r  mass t r a n s p o r t  up t h e  CBL, 
which r e s u l t s  i n  i n v e r s i o n  descent. A d e f a u l t  va lue  f o r  k  o f  0.15 i s  used 
i n  MELSAR . 

The thermodynamic model i s  composed o f  two coup1 ed equat ions. The 
f i r s t  equa t ion  i s  a  p r e d i c t i o n  equa t ion  f o r  CBL h e i g h t  where, i n  accordance 
w i t h  t h e  b u l k  na tu re  o f  t h e  model, t h e  CBL depth H i s  assumed n o t  t o  d i f f e r  
over  t h e  v a l l e y  f l o o r  and s i dewa l l s .  The f i r s t  equa t ion  i s  

where 

Note t h a t  a  non-zero i n i t i a l  CBL he igh t  i s  necessary t o  make t h i s  p rognos t i c  
numerical  equa t ion  t r a c t a b l e .  I n  t h e  model, t h i s  requirement i s  met by 
us ing  an i n i t i a l  CBL h e i g h t  a t  sun r i se  o f  25 m. The second equat ion,  
d e s c r i b i n g  t h e  i n v e r s i o n  t o p  h e i g h t  h  i s :  



where 

P = atmospher ic  p ressure  
p = a i  r d e n s i t y  
w = v a l l e y  f l o o r  w i d t h  

B 
= s p e c i f i c  hea t  o f  a i r  a t  cons tan t  p ressure  
= warm a i r  advec t ion  r a t e  above v a l l e y  

C = Cot a1 + Cot a2 
a1 = i n c l i n a t i o n  ang le  o f  r i g h t  s i d e w a l l  
a2 = i n c l i n a t i o n  ang le  o f  l e f t  s i d e w a l l  
A, = f r a c t i o n  o f  e x t r a t e r r e s t r i a l  s o l a r  f l u x  conver ted  t o  s e n s i b l e  hea t  

f l u x , O < A  ( 1  
Al = e x t r a t e r ~ e s ! r ~ a l  s o l a r  f l u x  on h o r i z o n t a l  su r f ace  a t  s o l a r  noon 

= v e r t i c a l  p o t e n t i a l  temperature g rad ien t  
T = l e n g t h  o f  day1 i g h t  p e r i o d  

~t = model ing t i m e  s t e p  
t = O  

I = (j + 1) A t  + ti 
j = 0, 1, 2, 3, ..., n ( t i m e  s teps ) .  

An i d e a l i z e d  v a l l e y  c ross- sec t ion  showing some o f  t h e  terms used i n  
Equat ions (2-24) and (2-26) i s  g i ven  i n  F i g u r e  2-9. The terms i n  t h e  
numerator and denorni n a t o r  o f  Equat ion (2-26) i nvo l  v 'ng t h e  warming 1 c o e f f i c i e n t  f o r  t h e  a i r  above t h e  i n v e r s i o n ,  ~ ( 'Ks '  ), a l l o w  t h e  model t o  
i n c o r p o r a t e  t h e  r e t a r d i n g  e f f e c t  on temperature i n v e r s i o n  breakup caused by 
warm a i r  advec t i on  above t h e  v a l l e y  temperature i n v e r s i o n .  Ex t ra  energy i s  
r e q u i r e d  t o  d e s t r o y  t h e  v a l  l e y  temperature i n v e r s i o n  i f t h i s  warming occurs 
d u r i n g  t h e  temperature i n v e r s i o n  breakup p e r i o d  because t h e  i n v e r s i o n  cannot 
be broken u n t i l  t h e  e n t i r e  v a l l e y  atmosphere i s  warmed t o  t h e  temperature o f  
t h e  a i  r above t h e  v a l  l e y .  

FIGURE 2-9 

IDEALIZED VALLEY CROSS SECTION 



The numer ica l  s i m u l a t i o n  u s i n g  these  coupl  ed equa t ions  proceeds w i t h  
d i s c r e t e  t i m e  s teps  and i s  complete when t h e  i n v e r s i o n  i s  des t royed  a t  t h e  
f i r s t  t i m e  s tep,  n, a t  which t h e  CBL h e i g h t  becomes g r e a t e r  t h a n  t h e  
i n v e r s i o n  t o p  he igh t ,  such t h a t  

The f r a c t i o n  o f  t o t a l  p o l l u t a n t  m a t e r i a l ,  ~ f ,  e m i t t e d  f rom each v a l l e y  
segment p e r  t i m e  s t e p  a f t e r  s u n r i s e  i s  determined u s i n g  Equat ions (2-23) 
th rough  (2-26) i n  c o n j u n c t i o n  w i t h  t h e  f o l l o w i n g  equa t ion  

where 

V o  = ( ho  - Ho)w + C(ho - Ho)/2, i s  t h e  volume o f  a i r  w i t h i n  v a l l e y  
i n v e r s i o n  p e r  unit l e n g t h  o f  segment a t  s u n r i s e  

ho = i n v e r s i o n  h e i g h t  a t  s u n r i s e  (assumed t o  be a t  r i d g e  t ops )  
Ho = CBL h e i g h t  a t  s u n r i s e  (25 m) 

Vjtl = ( h  .+I - H.+ l )  w + C(hjtl 7 H.+1)/2, i s  t h e  volume o f  a i r  w i t h i n  
t h 4  s tab14 co re  a f t e r  j + 1  t i A e  s teps  a f t e r  s u n r i s e  

j = O , l , 2 , 3  ,...., n. 

A t  s u n r i s e  f i s  equal t o  zero, and when t h e  c o n d i t i o n  o f  Equa t ion  (2-27) i s  
s a t i s f i e d  f i s  equal  t o  one, a l s o  

The h o u r l y  coupl  i ng c o e f f i c i e n t  f o r  a  v a l l  ey segment d u r i n g  t h e  morning 
i n v e r s i o n  breakup p e r i o d  i s  bf j .  

The warm a i r  advec t i on  r a t e  a t  t h e  t o p  o f  t h e  v a l l e y ,  and t h e  p ressure  
and average a i r  d e n s i t y  th rough  t h e  v a l l e y  atmosphere used i n  
Equat ions (2-24) and (2-26) a r e  coniputed u s i n g  t h e  morning and a f t e rnoon  
p o t e n t i a l  temperature soundings o f  t h e  neares t  uppe r- a i r  s t a t i o n .  The 
f r a c t i o n  o f  e x t r a t e r r e s t r i  a1 s o l a r  f l u x  conver ted  t o  s e n s i b l e  hea t  f l u x ,  Ao, 
i s  a l s o  computed f rom t h e  two soundings. The warm a i r  advec t ion  r a t e ,  6, i s  
determined f rom t h e  d i f f e r e n c e  i n  temperature,  a t  t h e  e l e v a t i o n  o f  t h e  
v a l l e y  t op ,  between t h e  morning and a f t e rnoon  sounding d i v i d e d  by t h e  t i m e  
between t h e  two soundings. The average p ressure  and d e n s i t y  a r e  determined 
f rom t h e  morning sounding by averag ing  t h e  sounding th rough  t h e  v a l l e y  
depth. The q u a n t i t i e s  a r e  averaged th rough  a  l a y e r  on t h e  sounding 
corresponding t o  t h e  a c t u a l  MSL e l e v a t i o n s  o f  t h e  v a l l e y .  



The p o t e n t i a l  temperature 1 apse ra te ,  y, i n  t h e  v a l l e y  i s  computed f rom 
t h e  l apse  r a t e  o f  t h e  morning sounding, y , through t h e  l a y e r  f rom ground- 
l e v e l  up t o  200 m AGL. Then t h e  l apse  raze  o f  t h e  v a l l e y  i s  computed as 

' s 
= 0.04 Ymax ' Ymax 

where 0.04 ('Klm) i s  t h e  maximum, average p o t e n t i a l  temperature l apse  r a t e  
expected a t  t h e  upper-ai  r s t a t i o n  and ymax ( OKIm) i s  t h e  maximum p o t e n t i a l  
temperature l a p s e  r a t e  expected i n  deep v a l l e y s  i n  western Colorado 
( t y p i c a l l y  0.03 OK/m). The maximum values o f  0.04 and 0.03 a r e  f rom 
analyses performed by Whiteman (1980) on da ta  he c o l l  ec ted  i n  western 
Colorado va l  1 eys and radiosonde da ta  f rom Grand Junc t ion ,  Colorado. 

The f r a c t i o n  o f  e x t r a t e r r e s t r i a l  s o l a r  f l u x  conver ted t o  s e n s i b l e  heat  
f l u x ,  Ao, i s  computed as t h e  r a t i o  o f  t h e  energy r e q u i r e d  t o  warn1 t h e  a i r  
between t h e  morning and a f t e rnoon  soundings, ES, d i v i d e d  by t h e  t o t a l  
incoming s o l a r  energy, ER, d u r i n g  t h e  same p e r ~ o d .  The energy t o  warm t h e  
a i r  i s  computed f rom t h e  F i r s t  Law o f  Thermodynamics: 

where 

Cp = s p e c i f i c  hea t  a t  cons tan t  p ressure  (1005 J / kg  -OK) 
R = gas cons tan t  (287 J l k g  -OK) 

@ = average p ressure  between soundings (mb) 
e = average p o t e n t i a l  temperature between soundings (OK) 

~e = d i f f e r e n c e  i n  p o t e n t i a l  temperature between soundings (OK) 
Zm = h e i g h t  above convec t i ve  m i x i n g  h e i g h t  (m AGL). 

The f a c t o r  o f  100 i n  Equat ion (2-31) r e s u l t s  f roln u n i t  conversions. 

Warm o r  c o l d  a i r  advec t ion  i s  accounted f o r  by t r a n s l a t i n g  t h e  
a f te rnoon sounding such t h a t  t h e  upper p o r t i o n s  o f  t h e  soundings (above 
convec t i ve  boundary 1 ayer )  match. 

The t o t a l  incoming s o l a r  energy, ER, i s :  

E R = J  Rdt 

M 

R = SofeB s i n  v 



where 

R = e x t r a t e r r e s t r i a l  s o l a r  f l u x  a t  t ime  t (w/m2) 
tA = t i m e  o f  a f t e rnoon  sounding (MST) 
tM = t i m e  o f  m r n i n g  sounding (MST) B 
:O 

= 1367 (Wlm ), s o l a r  cons tan t  
= f a c t o r  t o  account f o r  e l l i p t i c a l  o r b i t  o f  t h e  e a r t h  

1 = r a d i a t i o n  reduc t i on  f a c t o r  caused by c louds  
v = s o l a r  e l e v a t i o n  angle. 

The r a d i a t i o n  r e d u c t i o n  f a c t o r s  used i n  MELSAR a r e  g iven  i n  Table 2-7. 
These a r e  f rom S c i r e  e t  a l .  (1984) as adapted f r om Maul (1980). The s i n e  o f  
t h e  s o l a r  e l e v a t i o n  ang le  i s  determined f rom t h e  f o l l o w i n g  s e t  o f  equat ions 
as g i ven  by Sci r e  e t  a1 . (1984): 

TABLE 2-7 

SOLAR RADIATION REDUCTION FACTOR B 

Cloud Cover ( t e n t h s )  B 

0 1 .oo 

1 0.91 

2  0.84 

3  0.79 

4  0.75 

5  0.72 

6  0.68 

7  0.62 

8  0.53 

9  0.41 

10 0.23 

s i n  v = s i n  4 s i n  Kg + cos 4 cos KD cos HA 

HA = ("112) ( T  - Em) - X 



Em = 12. + 0.12357 s i n  (D) - 0.004289 cos  (D) 

+ 0.153809 s i n  (2D) + 0.060783 cos (2D) 

KD = s i  n - l  (0.39784989 s i n  ( n  0 ~ 1 1 8 0 ) )  (2-38) 

OA = 279.9348 + D ( 1 8 0 / ~ )  + 1.914827 s i n  (D) (2- 39) 

-0.079525 cos (D) + 0.019938 s i n  (2D) - 0.00162 cos (2D) 

where 

C$ = t h e  l a t i t u d e  ( r a d i a n s )  
X = i s  t h e  l o n g i t u d e  ( r a d i a n s )  
d  = t h e  J u l i a n  day 
T = t h e  t i m e  o f  day i n  GMT (hours ) .  

The f a c t o r ,  f e y  t o  account f o r  t h e  f a c t  t h a t  t h e  ear th- sun  d i s t a n c e  
v a r i e s  d u r i n g  t h e  y e a r  as t h e  e a r t h  t r a v e l s  i n  an e l l i p t i c a l  o r b i t  about t h e  
sun i s  computed as 

fe  = ( 1  - e  cos wd)'[ (2-40) 

where 

w = 2n/365 
e  = 0.0167, e c c e n t r i c i t y  o f  e a r t h ' s  o r b i t .  

The t i m e  o f  s u n r i s e  (used t o  d e f i n e  t h e  morning sounding) i n  l o c a l  
s tandard t i m e  i s  

- - 1 18 0  
t~~ - t~~~~ - cos ( - t a n  4 t a n  K ~ )  (=) 

where TB i s  t h e  c o r r e c t i o n  f r om  Greenwich Mean Time (GMT) t o  t h e  base t i m e  
zone. The va lues  o f  TB a r e  5 (Eas te rn ) ,  6  ( C e n t r a l ) ,  7  (Mounta in) ,  and 8 
( P a c i f i c ) .  



The t i m e  o f  sunse t  (used  t o  d e f i n e  t h e  a f t e r n o o n  sound ing )  i n  l o c a l  
s t a n d a r d  t i m e  i s  

- - 1 
t~~ - t~~~~ 

+ cos ( - t a n  4 t a n  Kg)  (2) 

The s o l a r  f l u x  a t  s o l a r  noon, A1, used i n  Equa t ions  (2- 24) and (2- 26)  
i s  computed as  

A1 = Sofe  s i n  VN (2- 44)  

where vN i s  t h e  s o l a r  e l e v a t i o n  a n g l e  a t  s o l a r  noon, wh ich  i s  computed u s i n g  
Equa t ions  (2- 34)  t h r o u g h  (2- 39)  a t  t h e  s o l a r  noon t i m e  o f  ( t S R + t S S ) / 2 .  

C u r r e n t l y ,  an a p p r o x i m a t i o n  t o  t h e  h o u r l y  i ncoming  s o l a r  r a d i a t i o n ,  
wh ich  does n o t  accoun t  f o r  s o l a r  r e d u c t i o n  caused b y  c l o u d s ,  i s  used i n  
Equa t ions  (2- 24)  and (2- 26).  T h i s  i s  a  s i n e  a p p r o x i m a t i o n  t o  t h e  t o t a l  
i ncoming  e x t r a t e r r e s t r i a l  s o l a r  r a d i a t i o n .  The t e r m  i s  A1 s i  n ( T / ( t S S e t S R )  
( T - t S R ) ) .  A f u t u r e  m o d i f i c a t i o n  t o  MELSAR would be t o  r e p l a c e  t h i s  t e r n  b y  
Equa i o n  (2- 33) t o  accoun t  f o r  r e d u c t i o n  r e s u l t i n g  f r o m  c louds .  

2.4.5 F r i c t i o n  V e l o c i t y  

. 
The s u r f a c e  f r i c t i o n  v e l o c i t y ,  u, (m/s) ,  i s  computed on a  g r i d  f o r  each 

h o u r  u s i n g  s u r f a c e  weather  o b s e r v a t i o n s .  The approach used i s  t h a t  g i v e n  b y  
Sc i  r e  e t  a l .  (1984) w i t h  t h e  e x c e p t i o n  t h a t  t h e  s e n s i b l e  h e a t  f l u x ,  H, com- 
p u t e d  i n  Equa t ion  (2- 49)  uses A. and R as g i v e n  i n  S e c t i o n  2.4.4. The 
s u r f a c e  f r i c t i o n  v e l o c i t y  can be e s t i m a t e d  d u r i n g  u n s t a b l e  c o n d i t i o n s  b y  t h e  
method d e s c r i b e d  by  Wang and Chen (1980) : 



where 

k = t h e  von Karman cons tan t  (-0.4) 
c  = t h e  s p e c i f i c  hea t  o f  a i  r a t  cons tan t  p ressure  (996 m2/ (s2 deg) )  
u i  = t h e  wind speed (m/s) measured a t  h e i g h t  zms (m) 
zo = t h e  su r f ace  roughness ( m  4 

p = t h e  d e n s i t y  o f  a i r  (kg/m ) 
g  = a c c e l e r a t i o n  due t o  g r a v i t y  (9.81 m/s2) 
e = su r face  p o t e n t i a l  temperature (OK) 
R = incoming s o l a r  r a d i a t i o n  f r om Equat ion (2-33) (w/m2) 

A, = f r a c t i o n  o f  R conver ted  t o  s e n s i b l e  hea t  f l u x  ( f r o m  Sec t i on  2.4.4) 
Co = opaque c l o u d  cover  ( t e n t h s ) .  

Dur ing  s t a b l e  c o n d i t i o n s ,  u+ i s  determined by t h e  f o l l o w i n g  method 
(Venkatram 1980a) : 



where y and A a r e  cons tan ts  w i t h  va lues o f  4.7 and 1100, r espec t i ve l y ,  and 
CON i s  t h e  n e u t r a l  d rag  c o e f f i c i e n t .  

The su r f ace  roughness a t  a g r i d  p o i n t  i s  determined f rom gr idded  land-  
use ca tego r i es  (Sc i  r e  e t  a1 . 1984) u s i n g  Tab1 e 2-8. 

TABLE 2-8 

SURFACE ROUGHNESS AS A FUNCTION OF LAND USE TYPE 

Category Land Use Type Zo (4 

1 Crop1 and and pas tu re  0.20 

2 Crop1 and, wood1 and and g raz ing  1 and 0.30 

I r r i g a t e d  crops 

Grazed f o r e s t  and woodland 

Ungrazed f o r e s t  and woodland 

Subhumi d grass1 and and sem ia r i d  
g raz ing  1 and 

Open woodland grazed 

Deser t  s h rub l  and 

Swamp 

Marsh1 and 

Metropol  i t a n  c i t y  

Lake o r  ocean 

From: Shieh, Wesely and Hicks (1979). 



2.4.6 Convect ive V e l o c i t y  

The convec t i ve  v e l o c i t y  sca le ,  w* (m l s ) ,  i s  computed on a  g r i d  f o r  each 
hour  u s i n g  s u r f a c e  weather observa t ions .  The approach used i s  t h a t  g i v e n  by  
S c i r e  e t  a l .  (1984).  Du r i ng  convec t i ve  cond i t i ons ,  w* i s  c a l c u l a t e d  f r om 
i t s  d e f i n i t i o n :  

where T i s  t h e  s u r f a c e  a i r  temperature (OK), Qo i s  f r om  Equat ion  (2- 48) and 
Zi i s  tRe m i x i n g  h e i g h t  f r om  Sec t i on  2.4.2. Fo r  Qo l e s s  t h a n  zero,  w* i s  
equal  t o  zero. 

2.4.7 Moni n-0buko.v Length 

The Monin-Obukov l eng th ,  L (m), i s  computed on a  g r i d  f o r  each hour  
u s i n g  s u r f a c e  weather observa t ions .  For  u n s t a b l e  c o n d i t i o n s  i t  i s  computed 
f r om i t s  d e f i n i t i o n :  

where t h e  terms a r e  d e f i n e d  i n  e a r l i e r  sec t i ons .  Dur ing  s t a b l e  c o n d i t i o n s ,  
b i s  g i ven  by Venkatram (1980b) as 

2.4.8 Temperature 

The s u r f a c e  temperature,  To (OK), i s  computed on a  g r i d  f o r  each hour  
u s i n g  su r f ace  observa t ions  and seasonal temperature l a p s e  r a t e s  f r om  
a n a l y s i s  o f  c l  i m a t o l  o g i c a l  d a t a  i n  western Colorado (PEDCO 1981). PEDCO 
analyzed up t o  40 yea rs  o f  su r f ace  tempera tu re  observa t ions  f o r  n i n e  s t  a- 
t i o n s  i n  western Colorado. They determined t h e  average temperature change 
w i t h  e l e v a t i o n  f o r  each month o f  t h e  yea r .  These month ly  tempera tu re  l a p s e  
r a t e s  were p l o t t e d  versus J u l  i a n  day and t h e  p o i n t s  connected w i t h  s t r a i g h t  
l i n e s .  The s lopes  and i n t e r c e p t s  o f  t hese  l i n e s  a r e  g i ven  i n  Tab1 e  2-9. 
The h o u r l y  tempera tu re  obse rva t i on  a t  each s u r f a c e  s t a t i o n  i s  i n t e r p o l a t e d  
t o  each g r i d  p o i n t  u s i n g  an inverse- dis tance- squared w e i g h t i n g  f a c t o r .  The 



i n t e r p o l a t e d  temperature from each weather s t a t i o n  i s  co r rec ted  f o r  a1 t i t u d e  
d i f f e r e n c e s  between t h e  weather s t a t i o n  and t h e  g r i d  p o i n t .  The c o r r e c t e d  
temperature i s  

where 

TG = temperature a t  g r i d  p o i n t  (OK) 
TS = temperature a t  weather s t a t i o n  (OK) 

EG = e l e v a t i o n  a t  g r i d  p o i n t  (m MSL) 
= e l e v a t i o n  o f  weather s t a t i o n  (m MSL) 

~2 = c o r r e c t i o n  l apse r a t e  (°F/lOOO f t )  . 
The l apse  r a t e ,  LR, t o  c o r r e c t  su r f ace  temperature f o r  v a r i a t i o n  i n  

a l  t i  tude  i s  computed by 

where d  i s  Ju l  i a n  day, and m and b  a re  g i ven  i n  Tab1 e  2-9. 

2.4.9 Pressure 

The su r f ace  pressure, Po (mb), i s  computed on a  g r i d  f o r  each hour  
u s i n g  a  d e n s i t y  r e l a t i o n s h i p  d e r i v e d  by Drake, Huang and Davis (1981) 
assuming d r y  a d i a b a t i c  cond i t i ons ,  and t h e  g r idded  temperature va lues from 
Sect ion 2.4.8: 

where 

Ru  = u n i v e r s a l  gas cons tan t  (2.869 (m3-mb)/ ( k g - ' ~ ) )  
To = su r face  temperature a t  g r i d  p o i n t  (OK) 
EG = e l e v a t i o n  o f  g r i d  p o i n t  (m MSL) 

- 3  p ( ~ )  = 353.110, a i r  d e n s i t y  a t  sea l e v e l  (kg lm ) 
Ha = Cp%/g = 102.4 e, h e i g h t  o f  t h e  a d i a b a t i c  atmosphere (m). 

The value, 8, i n  t h e  d e f i n i t i o n  f o r  Ha and d o )  above, i s  t h e  average sea- 
l e v e l  p o t e n t i a l  temperature f o r  an hour f rom a l l  su r f ace  weather s t a t i o n s .  
I t  i s  determined by s o l v i n g  Equat ion (2-63) f o r  e f o r  each su r f ace  s t a t i o n .  



TABLE 2-9 

SLOPE AND INTERCEPT OF TEMPERATURE LAPSE RATE CORRECTION 
BY JULIAN DAY 

J u l  i a n  Day ( d )  Slope (m) I n t e r c e p t  ( b )  

2.5 P u f f  Model 

The p u f f  model i s  c o n f i g u r e d  t o  t r e a t  t h e  t r a n s p o r t  and d i f f u s i o n  o f  a  
n o n d e p o s i t i n g  i n e r t  p o l l u t a n t  f r o m  p o i n t  and l i n e  sou rces  i n  complex t e r r a i n  
s i t u a t i o n s .  The model i s  i ntended f o r  use  a t  s o u r c e- t o- r e c e p t o r  t r a n s p o r t  
d i s t a n c e s  on t h e  o r d e r  o f  f i f t y  t o  hundreds o f  k i l o m e t e r s .  The model can b e  
o p e r a t e d  a t  s h o r t e r  s o u r c e- r e c e p t o r  d i s t a n c e s  ( t e n  t o  t e n s  o f  k i l o m e t e r s )  
p r o v i d e d  t h e  p r o p e r  i n p u t  d a t a  a r e  a v a i l a b l e  and t h e  model i s  s c a l e d  
a c c o r d i n g l y .  The r e s u l t s  f r o m  t h e  model a r e  h o u r l y  ground-1 eve1 p o l  1  u t a n t  
c o n c e n t r a t i o n s  t o  be used f o r  comput ing  s h o r t - t e r m  averages f o r  compar ison 
w i t h  s tandards .  

T h i s  s e c t i o n  c o n t a i n s  t h e  t e c h n i c a l  d e s c r i p t i o n  o f  t h e  p u f f  model 
d i v i d e d  i n t o  t e n  m a j o r  t o p i c  a reas :  



1. Gaussian p u f f  e q u a t i o n  

2. p l u m e- r i s e  e q u a t i o n s  used f o r  buoyant  plumes f r o m  p o i n t  sources 

3. r e c e p t o r  l a y o u t  

4. source r e p r e s e n t a t i o n  

5. method f o r  h a n d l i n g  p u f f s  e m i t t e d  above t h e  t o p  o f  t h e  m ixed  l a y e r  and 
p u f f  'housekeep ing '  t e c h n i q u e s  

6 .  method f o r  t r a n s p o r t i n g  p u f f s  

7. t e c h n i q u e s  used t o  compute g r o u n d- l e v e l  c o n c e n t r a t i o n s  f r o m  each p u f f  

8. t r e a t m e n t  o f  n i g h t t i m e  d r a i n a g e  f l o w s  i n  v a l l e y s  and v e n t i l a t i o n  o f  
p o l l u t a n t s  f r o m  v a l l e y s  d u r i n g  t h e  morn ing  t r a n s i t i o n  p e r i o d  

9. e q u a t i o n s  f o r  i n t e r p o l a t i n g  g r i d d e d  q u a n t i t i e s  (e.g., m i x i n g  h e i g h t s )  
t o  a  s p e c i f i c  l o c a t i o n  

10. t h e  f o r m u l a t i o n  o f  t h e  d i s p e r s i o n  c o e f f i c i e n t s  used i n  t h e  Gauss ian 
p u f f  e q u a t i o n .  

2.5.1 Gaussian P u f f  E q u a t i o n  

A c o n t i n u o u s  plume can b e  r e p r e s e n t e d  b y  a  s e r i e s  o f  o v e r l a p p i n g  p u f f s .  
I n  f a c t ,  t h e  Gaussian plume e q u a t i o n  i s  d e r i v e d  by  i n t e g r a t i n g  t h e  Gaussian 
fo rmula  f o r  an i n s t a n t a n e o u s  p o i n t  sou rce  ( i  .e., p u f f )  f r o m  t = 0  + ( S l a d e  
1968) .  The plume i s  rega rded  as  r e s u l t i n g  f r o m  t h e  a d d i t i o n  o f  an i n f i n i t e  
number o f  o v e r l a p p i n g  averaged p u f f s ,  c a r r i e d  a l o n g  t h e  X- a x i s  by  t h e  mean 
wind.  The Gaussian f o r m u l a  f o r  an i n s t a n t a n e o u s  p o i n t  s o u r c e  i s  a funda-  
menta l  s o l u t i o n  o f  t h e  F i c k i a n  d i f f e r e n t i a l  e q u a t i o n  f o r  d i f f u s i o n  ( S l  ade 
1968) .  

The p o l l u t a n t  c o n c e n t r a t i o n  d i s t r i b u t i o n  w i t h i n  a  p u f f  i s  d e s c r i b e d  i n  
a  Lagrang ian (mov ing)  c o o r d i n a t e  system. The o r i g i n  o f  t h i s  c o o r d i n a t e  
system i n  a  f i x e d  C a r t e s i a n  c o o r d i n a t e  system i s  t h e  p o i n t  where t h e  p u f f  
center- of- mass p r o j e c t e d  v e r t i c a l l y  down i n t e r s e c t s  t h e  t e r r a i n  s u r f a c e .  A 
p u f f  t r a v e l i n g  f r o m  t i m e  t t o  t i m e  t + a t  imbedded i n  t h e  f i x e d  c o o r d i n a t e  
system X-Y-Z i s  shown i n  F i g u r e  2-10. Fo r  t h e  purpose o f  i l l u s t r a t i o n ,  t h e  
t e r r a i n  i n  F i g u r e  2-10 i s  f l a t  a t  a  h e i g h t  o f  Z  = 0. The X '  a x i s  i s  
o r i e n t e d  a l o n g  t h e  plume a x i s  i n  t h e  downwind d i r e c t i o n ,  and t h e  Z' a x i s  i s  
p e r p e n d i c u l a r  t o  t h e  t e r r a i n  a l o n g  t h e  plume p a t h  and v e r t i c a l  i n  t h e  c ross -  
p a t h  d i r e c t i o n .  I n  t h e  case o f  f l a t  t e r r a i n ,  Z' i s  p a r a l l e l  t o  Z. T h i s  
o r i e n t a t i o n  o f  X I -Y ' -Z '  w i l l  b e  d i s c u s s e d  l a t e r .  The p o l l u t a n t  concent ra-  
t i o n  a t  some r e c e p t o r  R a t  g round l e v e l  i s  computed u s i n g  t h e  Gaussian p u f f  
e q u a t i o n  i n  t h e  X I -Y1-Z '  c o o r d i n a t e  system. The b a s i c  e q u a t i o n  f o r  d e s c r i b -  
i n g  t h e  g r o u n d- l e v e l  p o l l u t a n t  c o n c e n t r a t i o n  f o r  a  s i n g l e  p u f f  i s  



Xi(t)  = M(t) f h ( t )  f v ( t )  
2  n u 2 ( t )  

Y  

2 
f h ( t )  = exp [ -  P I  

2 
2uy( t )  

f v ( t )  = 
2 

4% u z ( t )  1 

where 

xi(t) = average ground- level  p o l l u t a n t  concen t ra t  on ove r  t h e  J model ing t i m e  s t e p  f o r  t h e  ith p u f f  (ug/m ) 
M ( t )  = mass o f  p o l l u t a n t  w i t h i n  p u f f  (ug)  

u y ( t )  = h o r i z o n t a l  d i f f u s i o n  c o e f f i c i e n t  f o r  t h e  model ing t i m e  

s t e p  (m) 
t = t o t a l  t r a v e l  t i m e  o f  p u f f  ( s )  
r = pe rpend i cu la r  d i s t a n c e  f rom p u f f  c e n t e r  a x i s  ( I '  ) t o  r e c e p t o r  

(m) 
a z ( t )  = v e r t i c a l  d i f f u s i o n  c o e f f i c i e n t  f o r  t h e  model ing t ime  s t e p  (m) 

F1 = mu1 t i p l e  r e f l e c t i o n  terms. 

The average concen t ra t i on  ove r  t h e  model t i m e  s t e p  a t  any ground- level  
r ecep to r  i s  determined by s imp l y  summing t h e  c o n t r i b u t i o n  o f  a l l  p u f f s  t o  
t h a t  recep to r .  The concen t ra t i on  a t  any recep to r  i s  

where 

= average ground- level  concen t ra t i on  f o r  t h e  model ing t i m e  s t e p  a t  a 
'R f i x e d  recep to r  (pg/m3) 

k = number o f  p u f f s  impac t ing  t h e  receptor .  

The ground- level  concen t ra t i on  can be c o r r e c t e d  t o  s tandard c o n d i t i o n s  b y  



FIGURE 2'-10 

UNIFORMLY MIXED PUFF I N  VERTICAL, TRANSPORTED FROM POSITION AT TIME t 
TO POSITION AT TIME t + b t  TRAVELING DISTANCE A S  

(The ground- level  concen t ra t i on  a t  r ecep to r  R i s  computed us ing  t h e  
Gaussian p u f f  equa t ion  i n  t h e  X I - Y '  -Z' coo rd ina te  system) 

where 

= ambient p ressure  (mb) 
T = ambient temperature ( O K ) .  

The mu1 t i p l e  r e f l e c t i o n  terms i n Equat ion (2-64) can be represented by 
an i n f i n i t e  s e r i e s :  



o r  a F o u r i e r  s e r i e s :  

as g i ven  by Schulman and S c i r e  (1980), where 

H = h e i g h t  aboveground o f  p u f f  center-of-mass (m AGb) 
= mixed l a y e r  h e i g h t  above ground (m AGL) 
'R = HIZ 
A = ( U ~ ~ Z ~ ) ~ .  

Equat ion (2-67) converges r a p i d l y  f o r  va lues o f  A < 0.6 ( u s u a l l y  l e s s  than  
t h r e e  o r  f o u r  te rms) ,  and Equat ion (2-68) converges q u i c k l y  f o r  va lues o f  
A 2 0.6. As d iscussed by Schulman and Sc i re ,  f o r  these  r e s t r i c t e d  va lues o f  
A o n l y  a few terms a r e  needed t o  eva lua te  t h e  se r i es .  The equat ions  f o r  F1 
become 

n 

hL 
F1 = exp [ -  -1 {l + exp [ -  ] + exp [ -  2(1+h) ]  

2A A A 

+ exp [ -4 (2+h) ]  + exp [ -  4 ( 2 f h ) ] }  ~ ~ 0 . 6  
A 

u 112 2 
a A 

F1 = ($) 11 + 2 cos (nh)  exp [ -  
'2 

2 + 2 cos (2nh) exp [ -  2 n A ] )  A 0.6 (2-69) 

which c o n t a i n  a s u f f i c i e n t  number o f  terms t o  o b t a i n  a h i g h  degree o f  pre- 
c i s i o n .  To o p t i m i z e  t h e  computat ion o f  F1 f u r t h e r ,  t h e  exponent ia l  terms i n  
Equat ion (2-69) can be eva lua ted  by 

exp ( -a )  = { exp ( - a )  amin < a < 'max 
(2-70) 

where amin i s  0.1, and amax i s  7.0. Th is  equa t ion  w i l l  g i v e  an es t ima te  o f  
t h e  exponent ia l  t o  w i t h i n  about two decimal places. 



As t h e  r a t i o  (u,/Za) becomes 1  a rger ,  t h e  v e r t i c a l  concen t ra t i on  d i s -  
t r i b u t i o n  becomes more uni form. For  va lues o f  (uZ/ZE)  2 1.6, t h e  v e r t i c a l  
d i s t r i b u t i o n  can be assumed t o  be un i form,  and t h e  f u n c t i o n  f v  i n  
Equat ion (2- 64) becomes equal  t o  1/Z . For  p o l l u t a n t  concen t ra t i ons  
d i s t r i b u t e d  u n i f o r m l y  i n  t h e  v e r t i c a f  d i  r e c t i o n ,  Equa t ion  (2-64) can be 
r e w r i t t e n  as 

n 

x + t )  = 
M ( t )  
2  exp . [ -  2  

2 r  u  ( t )  ZE 
rL I 

Y  2  u y ( t )  

I n  MELSAR, t h e  use r  has t h e  o p t i o n  o f  s p e c i f y i n g  e i t h e r  an i n i t i a l  u n i -  
fo rm v e r t i c a l  d i s t r i b u t i o n  o r  i n i t i a l  v e r t i c a l  Gaussian d i s t r i b u t i o n .  Th i s  
d e c i s i o n  w i l l  be based on how c l o s e  t h e  recep to r s  a re  t o  t h e  sources. I n  
genera l ,  p u f f s  w i t h i n  t h e  dayt ime mixed l a y e r  w i l l  s a t i s f y  t h e  c o n d i t i o n  
o f  az/Za > 1.6 w i t h i n  a  coup le  o f  hours  a f t e r  re lease.  I n  a d d i t i o n ,  f o r  
plume t r a v e l  d i s t ances  2 100 km, t h e  c r i t e r i a  o f  uZ/ZE 2 1.6 w i l l  most 
1  i k e l y  be s a t i s f i e d .  

The o r i e n t a t i o n  o f  t h e  XI -Y ' -Z '  p u f f  c o o r d i n a t e  system, as descr ibed  
e a r l i e r ,  i s  a  conven ien t  way o f  r ep resen t i ng  a  t e r r a i  n - f o l  l ow ing  con t inuous  
plume. T e r r a i n  f o l l o w i n g  i n  t h i s  d e f i n i t i o n  does n o t  mean t h e  h e i g h t  o f  t h e  
plume above ground i s  n e c e s s a r i l y  cons tan t ,  b u t  t h a t  t h e  v e r t i c a l  d i s t r i b u -  
t i o n  o f  p o l l u t a n t  m a t e r i a l  i s  desc r ibed  on an a x i s  ( Z '  a x i s )  t h a t  i s  perpen- 
d i c u l a r  t o  t h e  t e r r a i n  a l ong  t h e  plume pa th  and v e r t i c a l  i n  t h e  c ross- pa th  
d i r e c t i o n .  Th i s  i s  e q u i v a l e n t  t o  ' p u l l i n g '  on t h e  ends o f  t h e  plume pa th  
u n t i l  t h e  a long- path ' k i n k s '  o f  t h e  t e r r a i n  f e a t u r e s  a r e  removed. The 
c ross- pa th  t e r r a i n  v a r i a t i o n s  a r e  s t i l l  maintained. F i g u r e  2-11 shows t h e  
a long- path r ep resen ta t i on  o f  t h e  t e r r a i n  and plume c e n t e r l i n e  u s i n g  a  

FIGURE 2-11 

MELSAR' s  REPRESENTATION OF THE PLUME AND TERRA1 N  
WHEN COMPUTING GROUND-LEVEL CONCENTRATIONS 

(A 'ha1 f - h e i g h t '  c o r r e c t i o n  was assumed on t h e  plume h e i g h t )  
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' h a l f - h e i g h t '  c o r r e c t i o n  t o  t h e  plume h e i g h t  ( r e f e r  t o  s e c t i o n  on P u f f  
Transpor t  f o r  an exp lana t i on  o f  ha1 f - h e i g h t  c o r r e c t i o n ) .  

To compute g round- leve l  concen t ra t i ons  f rom a  p u f f ,  t h e  o n l y  q u a n t i t i e s  
t h a t  must be computed i n  t h e  X I - Y ' - Z '  c o o r d i n a t e  system a r e  t h e  perpendi-  
c u l a r  d i s t ance ,  r, f rom t h e  p u f f  c e n t e r  a x i s  ( Z ' )  t o  t h e  r e c e p t o r  and t h e  
d i s t ance ,  HL, p a r a l l e l  t o  t h e  Z'  a x i s  f rom t h e  recep to r  t o  a  p l ane  
pe rpend i cu l a r  t o  Z' c o n t a i n i n g  t h e  p u f f  c e n t e r  o f  mass. 

Using equa t ions  f o r  l i n e s  and p lanes i n  space and v e c t o r  a n a l y s i s ,  t h e  
f o l  l ow ing  re1  a t i o n s h i  p  f o r  r can be der i ved :  

where -+ 
R = p o s i t i o n  v e c t o r  f o r  r e c e p t o r  
+ 
C = p o s i t i o n  v e c t o r  f o r  p u f f  a x i s  (Z '  ) 

XR,YR,ZR = coo rd i na tes  o f  r ecep to r  i n  f i x e d  c o o r d i n a t e  system (km) 

Xpo,Ypo,Zpo = coo rd i na tes  o f  t h e  X I - Y '  -Z' o r i g i n  f o r  p u f f  f o r  which ground- 

1  eve1 concen t ra t i ons  a r e  be ing  computed (km) 

Xp,Yp,Zp = coo rd i na tes  o f  t h e  XI -Y ' -Z '  o r i g i n  o f  nex t  p u f f  downwind f rom 

p u f f  o f  i n t e r e s t  ( k m )  . 
I f  t h e  2 '  a x i s  i s  v e r t i c a l  ( f l a t  t e r r a i n  a l ong  t h e  p a t h  o f  t h e  pu f f ,  

Zp-Zpo = 0)  t hen  E i s  

~ = o ? + o ; + Z  (2-73) 



and E q u a t i o n  (2- 72) reduces t o  

m 
The second q u a n t i t y  needed r e l a t i v e  t o  t h e  X I - Y '  -Z '  c o o r d i n a t e  system 

i s  HL. T h i s  i s  a  ' l o c a l '  p u f f  h e i g h t  aboveground used t o  t r e a t  p u f f  i n t e r -  
a c t i o n  w i t h  s l o p i n g  t e r r a i n  i n  t h e  c r o s s - p a t t i  d i r e c t i o n .  Ramsdel l ,  A they 
and G l a n t z  (1983) use  t h i s  approach i n  t h e  M E S O I  p u f f  model. F i g u r e  2-12 

I g i v e s  an example o f  HL. A plume i s  t r a v e l i n g  h o r i z o n t a l l y  a l o n g  a  two- 
d imens iona l  s i d e - h i 1  1  ( i n t o  t h e  page) a t  a h e i g h t ,  H, aboveground a t  t h e  
plume c e n t e r l i n e .  Shown a r e  two r e c e p t o r s  and a  c r o s s  s e c t i o n  o f  a  p u f f  i n  
t h e  X I -Y1-Z '  c o o r d i n a t e  system (X I  i s  i n t o  t h e  page). HL i s  t h e  d i f f e r e n c e  
between H and d  where d  i s  t h e  p e r p e n d i c u l a r  d i s t a n c e  f r o m  t h e  r e c e p t o r  t o  
t h e  p l a n e  d e f i n i n g  t h e  base o f  t h e  p u f f  (X I -Y '  p l a n e  a t  Z '  = 0) .  

The e q u a t i o n  f o r  comput ing  HL i s  

where 

H  = h e i g h t  o f  p u f f  center- of- mass above ground a t  p u f f  c e n t e r l i n e  

d  = [ ( x ~ ~ - x ~ ) ~  + ( ~ ~ 0 - y ~ ) ~  + ( z ~ ~ - z ~ ) ~ I ~ / ~  f o r  (zRO-zR)  

d  = -d  f o r  (ZRO-ZR) > 0  

XR,YR,ZR = c o o r d i n a t e s  o f  r e c e p t o r  i n  f i x e d  c o o r d i n a t e  system 

XROyYRO,ZRO = c o o r d i n a t e s  o f  t h e  r e c e p t o r  p r o j e c t e d  t o  t h e  base p l a n e  o f  t h e  
puf f .  

XRO, Y R O ,  ZRO a r e  computed f r o m  t h e  f o l l o w i n g  equa t ions :  

where 



I f  t h e  Z '  a x i s  i s  v e r t i c a l ,  t h e n  d i n  E q u a t i o n  (2- 75)  reduces t o  

FIGURE 2-12 

EXAMPLES OF THE LOCAL PUFF HEIGHT, H  FOR A PLUME TRAVELING 
ALONG A  TWO-DIMENSIONAL RIDGE (INTO \GE PAGE) AT A HEIGHT H  

ABOVEGROUND AT THE PLUME CENTERLINE 

As d i s c u s s e d  by  Eagan, D ' E r r i c o  and Vaudo (1979)  a d j u s t i n g  t h e  h e i g h t  
o f  t h e  plume t o  accoun t  f o r  a  plume app roach ing  s l o p i n g  t e r r a i n  may cause 
t h e  peak c o n c e n t r a t i o n  i n  t h e  plume t o  i n c r e a s e  as t h e  plume g e t s  c l o s e r  t o  
t h e  t e r r a i n .  T h i s  i s  p h y s i c a l l y  i m p o s s i b l e  because o f  t h e  n a t u r e  o f  t h e  
d i f f u s i o n  process .  Eagan, D ' E r r i c o  and Vaudo propose an answer f o r  t h e  
prob lem,  b u t  t h i s  w i l l  r e q u i r e  f u r t h e r  i n v e s t i g a t i o n  t o  see i f  i t  can b e  
i n c o r p o r a t e d  i n t o  MELSAR. 



2.5.2 Plume R i s e  

The plume r i s e  equa t ions  used i n  MELSAR a re  those descr ibed  by B r i ggs  
(1975) f o r  f i n a l  plume r i s e  and i nco rpo ra ted  by Renkley and Bass (1979) i n  
t h e  MESOPUFF model. The f o l l o w i n g  t e c h n i c a l  d i s cuss ion  on plume r i s e  i s  
taken  p r i n c i p a l l y  f rom Benkley and Bass. 

The e f f e c t i v e  emiss ion he igh t ,  H, o f  a  p u f f  c e n t e r  o f  mass aboveground 
i s  computed as H = hs + hh, where hs i s  t h e  s tack  h e i g h t  (m AGL) and hh i s  
t h e  plume r i s e  ( m ) .  Fo r  uns tab le  and n e u t r a l  c o n d i t i o n s  when t h e  p u f f  
c e n t e r  does n o t  r i s e  above t h e  t o p  o f  t h e  boundary l a y e r ,  hh i s  computed by  

4 3  where t h e  i n i t i a l  s tack  plume buoyancy f l u x ,  F  (m 1 s  ) ,  i s  

um = maximum { u ,  1.37) 

u  = wind speed a t  s tack  h e i g h t  (ni/s) 

V E  = v e l o c i t y  o f  gases a t  s t ack  e x i t  (m/s) 

RE = r a d i u s  o f  s tack  e x i t  (m) 

TE = temperature o f  gases a t  s tack  e x i t  (OK) 

TA = ambient a i r  temperature (OK). 

For  uns tab le  and n e u t r a l  c o n d i t i o n s  when t h e  p u f f  c e n t e r  pene t ra tes  
i n t o  an e l eva ted  s t a b l e  l a y e r  above t h e  boundary l a y e r ,  hh i s  computed by:  

1.6 F~~~ (3.5 x * ) ~ / ~ / u ,  
hh = minimum 

113 1 (2-79) 
[1.8 zb3 + 18.75 F/(u,S)] 

where 

Zb = t h e  d i s t a n c e  f rom t h e  s tack  t o p  t o  t h e  t o p  o f  t h e  boundary 
1 ayer  (m) 

S = (9.8/TA) ( a e l a z ) ,  s t a b i l i t y  parameter 



a e / a Z  = p o t e n t i a l  t e m p e r a t u r e  g r a d i e n t ,  assumed t o  be 0.0137 'K im.  

For  s t a b l e  c o n d i t i o n s ,  ah i s  g i v e n  b y  

2.5.3 Receptors  

Up t o  t e n  i n d i v i d u a l  r e c e p t o r s  and up t o  f o u r  r e c e p t o r  g r i d s  can be 
s p e c i f i e d  anywhere i n  t h e  mode l i ng  domain. Each r e c e p t o r  g r i d  can c o n t a i n  a  
maximum o f  25 by 25 r e c e p t o r s .  I f  a l l  r e c e p t o r  o p t i o n s  a r e  used, t h e  r e s u l t  
i s  2510 r e c e p t o r s .  

A  r e c e p t o r  g r i d  i s  d e f i n e d  by s p e c i f y i n g  t h e  h o r i z o n t a l  c o o r d i n a t e s  o f  
t h e  l o w e r  l e f t  c o r n e r ,  X and YG, t h e  number o f  r e c e p t o r s  i n  t h e  
X- d i  r e c t i o n ,  Nx, t h e  num k e r  o f  r e c e p t o r s  i n  t h e  Y-di  r e c t i o n ,  N  , and t h e  
s p a c i n g  between r e c e p t o r s ,  A r .  F i g u r e s  3- 2 and 3- 3 show an ex$mple o f  t h e  
l o c a t i o n s  o f  two  r e c e p t o r  g r i d s  and t h r e e  i n d i v i d u a l  r e c e p t o r s  i n  t h e  model- 
i n g  domain. T a b l e  2-10 g i v e s  t h e  s p e c i f i c a t i o n s  on t h e s e  r e c e p t o r s .  The 
r e c e p t o r  h e i g h t s  a r e  de te rm ined  by  i n t e r p o l a t i o n  o f  t h e  g r i d d e d  t e r r a i n  
h e i g h t s .  

TABLE 2-10 

SPECIFICATIONS OF RECEPTORS I N  FIGURES 3-2 and 3-3 

Recep to r  G r i d s  
Name a X km Y,(km) % ar (km)  

F l  a t  Tops 375.0 200.0 6  11 4  .O 
D i  nosaur  246.0 266.0 11 3  2  .O 

I n d i v i d u a l  R e c e ~ t o r s  
Name X km Y?(km) 

4 0  

So. F l a t  Tops 385.0 195.0 
Meeker, Co lorado 343.0 223.0 
D i n o s a u r  227.0 262.0 

Two c h a r a c t e r i s t i c s  o f  t h e  r e c t a n g u l a r  r e c e p t o r  g r i d s  a r e  used i n  t h e  
samp l ing  f u n c t i o n  r o u t i n e s  t o  d e t e r m i n e  i f  ' t r a c k i n g '  p u f f s  s h o u l d  be s p l i t  
and g r o u n d- l e v e l  c o n c e n t r a t i o n s  computed. The q u a n t i t i e s  r e q u i r e d  a r e  t h e  
c o o r d i n a t e s  o f  t h e  g r i d  c e n t e r  and h a l f  t h e  d i a g o n a l  d i s t a n c e .  The equa- 
t i o n s  f o r  t h e s e  q u a n t i t i e s  a r e  



where 

~ G C  = X-coordinate o f  r ecep to r  g r i d  c e n t e r  (km) 
= Y- coordinate o f  r ecep to r  g r i d  c e n t e r  (km) 

6 = h a l f  t h e  d iagonal  d i s t a n c e  o f  t h e  recep to r  g r i d  (km). 

2.5.4 Source Representat ion 

Up t o  5 p o i n t  sources can be represented d u r i n g  any r u n  o f  t h e  
po l  1  u t i o n  model POLUT, a1 though t h e  post- processor  , POLPRC, can compute 
averages f o r  up t o  a  t o t a l  o f  20 sources ( f o u r  runs o f  POLUT). The use r  
a l s o  has t h e  o p t i o n  o f  r ep resen t i ng  area sources as v i r t u a l  p o i n t  sources by  
s p e c i f y i n g  an i n i t i a l  sigma-y f o r  each source. Th i s  i s  a  s i m p l i f i e d  
approach b u t  adequate f o r  1  ong source- t  o- receptor  d i s t ances  ( > l o 0  km) . 

The i n f o r m a t i o n  r e q u i r e d  f o r  each source i s :  

1)  name 
2) 1  oca t i on  (UTM, 1 a t i  tude-1 ongi  tude, o r  GRAMA coo rd i  nates) 
3)  s tack  h e i g h t  
4)  s tack  gas e x i t  v e l o c i t y  
5 )  s tack  gas e x i t  temperature 
6 )  s tack  e x i t  r a d i u s  
7) number o f  p o l l u t a n t s  ( n o t  more t han  two) 
8 )  names o f  p o l l u t a n t s  
9 )  p o l l u t a n t  emiss ion ra tes .  

If t h e  source i s  an area source, then  o n l y  i tems 1, 2, 7, 8, 9, and t h e  
i n i t i a l  sigma-y a r e  requi red.  

2.5.5 P u f f  Treatment 

P u f f s  e m i t t e d  above t h e  t o p  o f  t h e  mixed l a y e r  d i f f u s e  i n  t h e  h o r i -  
zon ta l  d i r e c t i o n  a t  D, E, o r  F s t a b i l i t y  c o n d i t i o n s  depending on t h e  
s t a b i l i t y  a t  t h a t  t i m e  and l o c a t i o n .  I f  t h e  g r i dded  s t a b i l i t y  i s  A ,  B, o r  
C, t h e  p u f f  d i f f u s e s  a t  D s t a b i l i t y  cond i t i ons .  

Any p u f f  above t h e  t o p  o f  t h e  mixed 1 ayer  does n o t  c o n t r i b u t e  t o  
ground- level  concen t ra t ions .  Only when t h e  mixed l a y e r  has grown t o  a  
h e i g h t  above t h e  p u f f  cen te r  o f  mass does t h e  p u f f  c o n t r i b u t e  t o  ground- 
l e v e l  concen t ra t ions ,  and t hen  t h e  p u f f  i s  assumed t o  be immediate ly  



u n i f o r m l y  d i s t r i b u t e d  th rough t h e  mixed 1  ayer. For  t r a n s p o r t  purposes t h e  
p u f f  c e n t e r  o f  mass i s  assumed t o  be a t  one- ha l f  t h e  depth o f  t h e  mixed 
l a y e r  a f t e r  t h e  fumigat ion.  As t h e  mixed l a y e r  con t inues  t o  deepen as a  
r e s u l t  o f  convect ion,  t h e  p u f f  remains u n i f o r m l y  mixed i n  t h e  v e r t i c a l  
d i r e c t i o n  th rough t h e  growing mixed l aye r .  Once t h e  mixed 1  ayer  begins t o  
c o l l  apse as t h e  convec t ion  decreases, t h e  p u f f  remains u n i f o r m l y  d i s t r i b u t e d  
th rough t h e  maximum depth  o f  t h e  mixed l a y e r  encountered by t h e  p u f f .  

C e r t a i n  p u f f  'housekeeping' f u n c t i o n s  a r e  r e q u i r e d  t o  keep t h e  number 
o f  p u f f s  be ing  t r e a t e d  on t h e  g r i d  t o  a  reasonable number. Three s i t u a t i o n s  
a l l o w  t h e  number o f  p u f f s  t o  be reduced: 1 )  i f  t h e  p u f f  i s  advected o f f  t h e  
g r i d ,  i t  i s  e l im ina ted ;  2) i f  t h e  concen t ra t i on  a t  t h e  c e n t e r  o f  a  p u f f  
drops below a  minimum value,  xmin, t h e  p u f f  i s  e l im ina ted ;  and 3) i f  t h e  
cen te rs  o f  any two p u f f s  i n  t h e  same plume a r e  separated by l e s s  t han  a  
minimum sepa ra t i on  d is tance ,  dmin, t h e  two p u f f s  a r e  combined. 

Note t h a t  i n d i v i d u a l  p u f f s  a r e  n o t  t r acked  f rom a  source l o c a t e d  i n  
decoupled v a l l e y  f lows.  Instead, t h e  t o t a l  p o l l u t a n t  mass i s  accumulated i n  
t h e  v a l l e y  th roughout  t h e  d u r a t i o n  o f  t h e  decoupled per iod ,  as descr ibed  i n  
Sec t ion  2.5.8. Once t h i s  t rapped p o l l u t a n t  m a t e r i a l  begins t o  be re l eased  
i n t o  t h e  above r i d g e t o p  f lows ,  p u f f s  a r e  t h e n  t r acked  by t h e  model. 

2.5.6 P u f f  Transpor t  

A p u f f  i s  t r a n s p o r t e d  f rom t i m e  t t o  t i m e  t + ~ t  i n  t h e  mean wind f i e l d .  
The mass- consistent wind f i e 1  ds a r e  s p e c i f i e d  h o u r l y  (see Sec t ion  2.4.1). 
Three components o f  wind v e l o c i t y ,  u, v, and w, a r e  s p e c i f i e d  a t  up t o  n i n e  
l e v e l  s  above t h e  ground. 

The use r  has t h e  o p t i o n  o f  computing t h e  p u f f  movement w i t h  o r  w i t h o u t  
t h e  v e r t i c a l  v e l o c i t y .  I f  t h e  v e r t i c a l  v e l o c i t y  f i e l d  i s  r e p r e s e n t a t i v e  o f  
t h e  ac tua l  atmosphere, t hen  computing p u f f  movement u s i n g  t h e  v e r t i c a l  
v e l o c i t i e s  c o u l d  g i v e  b e t t e r  d e s c r i p t i o n s  o f  t h e  p u f f  movement r e l a t i v e  t o  
t h e  t e r r a i n  t h a n  empi r i c a l  c o r r e c t i o n  techniques.  However, i t  i s  u n c e r t a i n  
how we1 1  t h e  f l o w  model represen ts  t h e  a c t u a l  v e r t i c a l  v e l o c i t i e s .  Th i s  
aspect o f  t h e  f l o w  model w i l l  r e q u i r e  f u r t h e r  t e s t i n g .  

The procedure f o r  t r a n s p o r t i n g  a  p u f f  f rom t i m e  t t o  t + h t  i s  based on a  
two- step i t e r a t i o n  procedure descr ibed  by Hales, Powel 1  and Fox (1977). I f  
v e r t i c a l  v e l o c i t i e s  a r e  n o t  used, t h e  procedure shown i n  F i g u r e  2-13 i s  
used. T h i s  f i g u r e  shows t r a n s p o r t  over  a  r i d g e  o f  cons tan t  e l e v a t i o n  
a l i g n e d  i n  t h e  Y d i r e c t i o n  ( i n t o  t h e  page). The t r a n s p o r t  vec to r s  a r e  
viewed f rom above (X-Y) and f rom one s i d e  (X-Z) i n  F igu re  2-13. The p u f f  
c e n t e r  o f  mass a t  t i m e  t ( p o s i t i o n  [ ~ ( t ) , ~ ( t ) , Z ( t ) ] )  i s  moved o v e r  ~t t o  
p o s i t i o n  [ X  ,Y , Z ( t ) ]  u s i n g  t h e  h o r i z o n t a l  winds a t  p o s i t i o n  
[ ~ ( t ) , ~ ( t ) , f ( t f ]  a t  t i m e  t. The equat ions f o r  p o s i t i o n  1 a r e  



F I G U R E  2-13 

TWO-STEP APPROXIMATION OF P U F F  TRANSPORT FROM T I M E  t TO T I M E  t + A t  

WITHOUT U S I N G  V E R T I C A L  V E L O C I T I E S  (The p u f f  i s  moving over  a r i d g e  
a l i g n e d  i n  t h e  Y-di r e c t i o n  i n t o  t h e  page.) 



where T  i s  t h e  e l e v a t i o n  o f  t e r r a i n  a t  p o s i t i o n  1, and H1 i s  t h e  h e i g h t  o f  
t h e  p u f  f c e n t e r  o f  mass aboveground. 

To account f o r  changes i n  t h e  winds over  ~ t ,  a  second advec t ion  i n c r e-  
ment i s  added t o  p o s i t i o n  [ X  ,Y ,Z 1. The h o r i z o n t a l  winds a t  p o s i t i o n  1 a t  

f o r  p o s i t i o n  2  a r e  
k l f  t ime  t + ~ t  a r e  used t o  move t e  p u f  t o  p o s i t i o n  [X2 ,  Y2, Z1]. The equat ions 

The equat ion  f o r  Z2 i s  g i ven  here f o r  completeness, a l though i t  i s  n o t  
a c t u a l l y  needed t o  determine t h e  p u f f  p o s i t i o n  a t  t t ~ t .  On t h e  o t h e r  hand, 
Z i s  r e q u i r e d  i n  t h e  computat ion because we must know t h e  a i r  dens i t y ,  

F, w  i c h  i s  a  f u n c t i o n  o f  e l e v a t i o n ,  t o  determine t h e  h o r i z o n t a l  wind com- 
ponents a t  p o s i t i o n  1. The equat ions f o r  computing t h e  winds a r e  g i ven  i n  
Sec t ion  2.5.9. 

F i n a l l y ,  t h e  new X and Y p u f f  p o s i t i o n  a t  t + h t  i s  found by adding t h e  
v e c t o r  average o f  t h e  h o r i z o n t a l  components o f  t h e  two advec t ion  increments 
t o  t h e  X and Y p u f f  p o s i t i o n  a t  t i m e  t. Th i s  i s  taken t o  be ha l fway a long  
t h e  h o r i z o n t a l  l i n e  f rom [ X ( t )  , Y ( t ) ]  t o  [ X  ,Y2]. The Z coo rd ina te  o f  t h e  
p u f f  a t  t i m e  t + ~ t  i s  equal t o  t h e  t e r r a i n  6 e l g h t  a t  [ X ( t + ~ t ) , Y ( t + ~ t ) ]  p l u s  
t h e  h e i g h t  o f  t h e  p u f f  c e n t e r  o f  mass aboveground, H ( t + ~ t ) .  The determina-  
t i o n  o f  H a f f e c t e d  by t e r r a i n  e l e v a t i o n  changes i s  d iscussed l a t e r .  The 
equat ions  f o r  t h e  p u f f  a t  t i m e  t + ~ t  a r e  

When v e r t i c a l  v e l o c i t i e s  a r e  used i n  t h e  modeling, t h e  same b a s i c  two- 
s t e p  i t e r a t i o n  procedure descr ibed  above and shown i n  F i g u r e  13 i s  used t o  
t r a n s p o r t  p u f f s ,  except  t h e  v e r t i c a l  t r a v e l  o f  t h e  p u f f  i s  determined u s i n g  
t h e  v e r t i c a l  v e l o c i t y .  The X- ,  Y- ,  and Z- coordinates o f  t h e  p u f f  a t  
p o s i t i o n s  1 and 2  and t t ~ t  a r e  determined u s i n g  Equat ions (2-82),  (2-83),  
and (2-84),  r e s p e c t i v e l y .  The h e i g h t  aboveground, H, a t  p o s i t i o n s  1, 2, and 
t + ~ t  a r e  determined u s i n g  t h e  f o l  l ow ing  equat ions:  



where w i s  t h e  v e r t i c a l  v e l o c i t y  (m/s) , and wT i s  t h e  v e r t i c a l  v e l o c i t y  
s u f f i c i e n t  t o  f o l l o w  t e r r a i n  (m/s). When t h e  p u f f  becomes u n i f o r m l y  mixed 
i n  t h e  v e r t i c a l  d i r e c t i o n ,  t h e  h e i g h t  o f  t h e  p u f f  cen te r  o f  mass above- 
ground i s  s imp ly  ha1 f t h e  n i x i n g  depth. Equat ion (2-85) becomes 

where ZQ i s  t h e  h e i g h t  o f  mixed l a y e r  
(m MSL). 

(m MSL) , and T  i s  t h e  t e r r a i n  h e i g h t  

2.5.6.1 Dete rmina t ion  o f  P u f f  He igh t  Aboveground - H 

The approach f o r  de te rmin ing  t h e  p u f f  p a t h  h e i g h t  aboveground w i t h o u t  
us i ng  v e r t i c a l  v e l o c i t i e s  i s  t h a t  g i ven  by Schulman and S c i r e  (1980), 

where 

H = hs + bh, hS i s  t h e  s tack  h e i g h t  (m AGL) and ~h  i s  plume r i s e  (m) 
~ ( t + A t y  = t e r r a i n  h e i g h t  a t  p u f f  p o s i t i o n  a t  t i m e  t + ~ t  (m MSL) 

To = t e r r a i n  h e i g h t  a t  s tack  base (m MSL) 
CT = h e i g h t  adjustment c o e f f i c i e n t .  

Example va lues o f  t h e  h e i g h t  adjustment c o e f f i c i e n t  as g iven  by Schulman and 
S c i r e  (1980) a r e  g i ven  i n  Table 2-11 by P a s q u i l l - G i f f o r d  s t a b i l i t y  c lass .  
The use r  can i n p u t  any va lues o f  C T  f o r  use by MELSAR. I f  no adjustment i s  
d e s i r e d  t hen  CT equal t o  1.0 shou ld  be spec i f i ed .  

For  n e u t r a l  and uns tab le  cond i t i ons ,  t h e  p u f f  i s  l i f t e d  one- hal f  o f  t h e  
d i f f e r e n c e  between t h e  e l e v a t i o n  o f  t h e  t e r r a i n  a t  t h e  p u f f  l o c a t i o n  and t h e  
e l e v a t i o n  o f  t h e  s tack  base, w i t h  t h e  a d d i t i o n a l  r e s t r i c t i o n  t h a t  t h e  h e i g h t  
o f  t h e  plume always be a t  l e a s t  ha1 f o f  t h e  h e i g h t  aboveground t h a t  i t  would 
be w i t h  f l a t  topography. Wi th  s t a b l e  cond i t i ons ,  t h e  p u f f  i s  1  i f t e d  about 
one- th i r d  o f  t h e  d i f f e r e n c e  between t h e  e l e v a t i o n  o f  t h e  t e r r a i n  a t  t h e  p u f f  
l o c a t i o n  and t h e  e l e v a t i o n  o f  t h e  s tack  base, and i s  r e s t r i c t e d  t o  be a t  
l e a s t  o n e- t h i r d  o f  t h e  h e i g h t  aboveground t h a t  i t  would be w i t h  f l a t  topog- 
raphy. An example o f  t h e  h e i g h t  adjustment scheme i s  g iven  i n  F igu re  2-14. 



TABLE 2-11 

EXAMPLE VALUES FOR 
THE HEIGHT ADJUSTMENT COEFFICIENT (Schulman and S c i r e  1980) 

Pasqui 1  1  - G i  f f o r d  Adjustment C o e f f i c i e n t  
S t a b i l i t y  CT 

A, B, C ,  and D  

E  and F  

FIGURE 2-14 

PUFF PATH HEIGHT ABOVEGROUND FROM EQUATION (2-87) FOR UNSTABLE AND 
NEUTRAL CONDITIONS (C.T = 0.5) AND STABLE CONDITIONS (C = 0.3) 
(The l i n e  o f  CT = 1 1s  p l o t t e d  f o r  re fe rence .  It i s  t I, e  p a t h  
o f  t h e  p u f f  f o l l o w i n g  t h e  t e r r a i n  a t  Ho aboveground l e v e l . )  

2.5.7 Sampl i n g  Func t i on  

I n  MELSAR, ' t r a c k i n g '  pu f f s  a r e  used t o  d e f i n e  t h e  plume. These p u f f s  
a r e  f r om  1 0  min  t o  1 h r  a p a r t  depending on t h e  u s e r ' s  cho i ce  o f  p u f f  r e l e a s e  
r a t e  ( 6  p u f f s l h r  t o  1 p u f f l h r ) .  I n  most a p p l i c a t i o n s  o f  MELSAR w i t h  
meteor01 o g i c a l  i n p u t s  a t  1 -h r  i n t e r v a l s  and 1  ong source- to- recep to r  d i  s- 
tances ( > I 0 0  km), t h e  r e l e a s e  r a t e  o f  1 p u f f l h r  w i l l  be used. As p o i n t e d  
o u t  by Zanne t t i  (1981),  a  con t inuous  plume i s  a c c u r a t e l y  represen ted  by a  
s e r i e s  o f  ove r l app ing  p u f f s  i f  t h e  sepa ra t i on  d i s t a n c e  between ad jacen t  
p u f f s ,  ~ d ,  i s  l e s s  t han  o r  equal  t o  t h e  s t r e a r w i s e  s tandard  d e v i a t i o n  o f  t h e  
Gaussian concen t ra t i on ,  a o f  each p u f f  

Y' 



A p u f f  s p l i t t i n g  r o u t i n e  i s  used i n  MELSAR t o  s a t i s f y  E q u a t i o n  (2- 88) 
between t r a c k i n g  p u f f s .  

The s p l i t t i n g  r o u t i n e  f o l l o w s  t h e  approach o f  Z a n n e t t i ' s  (1981) f o r  
t r e a t i n g  n o n s t a t i o n a r y  and nonhomogeneous c o n d i t i o n s  and i s  used o n l y  when a  
t r a c k i n g  p u f f  i s  c l o s e  enough t o  a  r e c e p t o r  t o  c o n t r i b u t e  t o  t h e  ground- 
1  eve1 p o l  1  u t a n t  c o n c e n t r a t i o n .  

F i g u r e  2-15 g i v e s  an example o f  a  plume f r o m  a  p o i n t  sou rce  r e p r e s e n t e d  
by a  s e r i e s  o f  t r a c k i n g  p u f f s .  Shown i s  a  plume a f t e r  2 h r  o f  t r a v e l  t i m e  
(ABC) and t h e n  a f t e r  3 h r  (AA 'B 'C '  ) .  The w inds  were  f r o m  t h e  west  a t  2 m/s 
f o r  t h e  f i r s t  2  h r  and f r o m  t h e  southwest  a t  2  m/s f o r  t h e  l a s t  hou r .  
Severa l  c h a r a c t e r i s t i c s  a r e  de te rm ined  f o r  each t r a c k i n g  p u f f :  

1. t h e  X ,  Y, Z c o o r d i n a t e s  
2. t h e  h o r i z o n t a l  and v e r t i c a l  d i f f u s i o n  c o e f f i c i e n t s  
3. t h e  h e i g h t  o f  t h e  mixed l a y e r  
4. code i d e n t i f y i n g  whe the r  t h e  p u f f  i s  above o r  be low t h e  t o p  o f  t h e  

m i  xed 1  aye r 
5. a  code i d e n t i f y i n g  whe the r  o r  n o t  t h e  p u f f  i s  u n i f o r m l y  d i s t r i b u t e d  i n  

t h e  v e r t i c a l  d i r e c t i o n .  

FIGURE 2-15 

PLUME LOCATION AFTER 2  HOURS OF TRANSPORT ( t i m e  t )  
AND AFTER 3 HOURS ( t  + ~ t )  

(The w inds  were  f r o m  t h e  west  a t  2 m/s f o r  t h e  f i r s t  2  h r  
and f r o m  t h e  southwest  a t  2 m/s f o r  t h e  1 a s t  hour.  

The boundar ies  f o r  t h e  t r a c k i n g  p u f f s  a r e  shown a t  1 uY.) 
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I f  t h e  s p l i t t i n g  r o u t i n e  i s  used, t h e n  t h e  p u f f  c h a r a c t e r i s t i c s  2, 3, 4, and 
5  a r e  i n t e r p o l a t e d  t o  t h e  i n t e r m e d i a t e  p u f f s .  

The procedure f o r  p u f f  s p l i t t i n g  i s  i l l u s t r a t e d  i n  F i g u r e  2-16.l The 
q u a d r i l a t e r a l  i s  BBIC'C f r om F i g u r e  2-15. F i r s t ,  t h e  number o f  p u f f s  
r e q u i r e d  a l ong  t h e  ' s '  segments, segments (1) and (3), t o  s a t i s f y  
Equat ion (2- 88) a r e  determined. Then t h e  minimum number o f  p u f f s  r e q u i r e d  
on each I s '  segment i s  s e t  t o  t h e  maximum f rom e i t h e r  segment. That  i s  

FIGURE 2-16 

PLUME AT 
t + At 

where 

N = number p u f f s  on I s '  segments [ ( I )  and (3 )  i n  F i g u r e  2-16] 
NIN? = f i n d  nea res t  i n t e g e r  o f  q u a n t i t y  i n  b racke t s  

MAX = f i n d  maximum v a l u e  o f  q u a n t i t y  i n  b racke t s  
= h o r i z o n t a l  s tandard  d e v i a t i o n  o f  p o l l u t a n t  d i s t r i b u t i o n  a t  

('Y)B 
p o i n t  B  i n  q u a d r i l a t e r a l  (m) 

( u ~ ) ~ '  = h o r i z o n t a l  s tandard d e v i a t i o n  o f  po l  l u t a n t  d i s t r i b u t i o n  a t  
p o i n t  B1 i n  q u a d r i l a t e r a l  (m) 

s1 = t e r r a i n - f o l l o w i n g  l e n g t h  o f  segment ( 1 )  (m) 
s3 = t e r r a i n - f o l l o w i n g  l e n g t h  o f  segment ( 3 )  ( m ) .  

A more e f f i c i e n t  p u f f  s p l i t t i n g  techn ique  i s  c u r r e n t l y  i n  t h e  code. The 
r e s u l t s  a r e  n o t  a f f e c t e d .  Contact  t h e  au thors  i f  more i n f o r m a t i o n  i s  
des i  red. 



The d i s t a n c e s  sl a r e  t h e  t e r r a i n - f o l l o w i n g  d i s t a n c e s  f r o m  p o i n t  B  t o  
, C  and B '  t o  C ' ,  i v e l y .  They a r e  e s t i m a t e d  f r o m  t h e  f o l l o w i n g  
equa t ions :  

Next  t h e  number o f  p u f f s  r e q u i r e d  on t h e  I t '  segments, ( 2 )  and ( 4 ) ,  a r e  
d e t e r m i n e d  by  f i n d i n g  t h e  number o f  p u f f s  on l i n e  segments p e r p e n d i c u l a r  t o  
segment ( 1 ) .  The p e r p e n d i c u l a r  1  i n e  f o r  segment ( 2 )  i s  shown i n  
F i g u r e  2-16. A s i m i l a r  l i n e  i s  r e q u i r e d  f o r  segment ( 4 ) .  The minimum 
number o f  p u f f s  r e q u i r e d  on each t segment i s  s e t  t o  t h e  maximum f r o m  e i t h e r  
p e r p e n d i c u l a r  segment. That  i s  

Nt = NINT ( MAX rn , ~rn i i c ] + 0 . 5 1  

where 

Nt = number o f  p u f f s  on t segments [ ( 2 )  and ( 4 )  i n  F i g u r e  2- 16]  

s i  = l e n g t h  o f  component o f  segment ( 2 )  p e r p e n d i c u l a r  t o  segment ( I ) ,  (m) 

s i  = l e n g t h  o f  component o f  segment ( 4 )  p e r p e n d i c u l a r  t o  segment ( I ) ,  (m). 

The d i s t a n c e s  s i  and sd a r e  computed f r o m  t h e  f o l l o w i n g  e q u a t i o n s  

s; = s4 s i n  icoS-l [ I] 
I C C ' I  ICBI 

where 

s2 = t e r r a i n - f o l l o w i n g  l e n g t h  o f  segment ( 2 )  

BB' B C  = d o t  p r o d u c t  o f  v e c t o r s  B B '  and B C  
= (XB1-XB)  (Xc-XB) + (YB1-YB) (Yc-YB) + (ZB1-ZB)  (Zc-ZB) 



s4 = t e r r a i  n - f o l  l owing 1  e n g t h  o f  segment ( 4 )  

The d i s t a n c e s  s2 and s4 a r e  computed i n  t h e  same manner as  sl and s3 
d e s c r i b e d  e a r l i e r .  

Once t h e  t o t a l  number o f  p u f f s  f o r  a  q u a d r i l a t e r a l  a r e  known, t h e n  t h e  
s p l i t t i n g  p rocess  can proceed. F i r s t ,  segments ( 1 )  and ( 3 )  a r e  each d i v i d e d  
i n t o  NS p u f f s  w i t h  t h e  p u f f  sigmas, m i x i n g  h e i g h t s ,  and v e r t i c a l  d i s t r i b u -  
t i o n  codes l i n e a r l y  i n t e r p o l a t e d  between t h e  end t r a c k i n g  p u f f s  on  each seg- 
ment. The h e i g h t  o f  each i n t e r p o l a t e d  p u f f  aboveground i s  de te rm ined  u s i n g  
t h e  p rocedure  d e s c r i b e d  i n  S e c t i o n  2.5.6. Now, u s i n g  t h e  i n t e r p o l a t e d  I s '  
segment p u f f s  as end p o i n t s ,  t h e  p u f f s  on t h e  I t '  segments a r e  i n t e r p o l a t e d  
f r o m  t h e  I s '  segment p u f f s .  F i g u r e  2-16 shows an example o f  i n t e r p o l a t e d  
p u f f s  on segment ( 1 )  i n  a d d i t i o n  t o  showing t h e  l o c a t i o n s  o f  a l l  t h e  
r e q u i  r e d  p u f f s  . 

The t r a c k i n g  p u f f s  must  be s p l i t  when t h e  p u f f s  a r e  c l o s e  enough t o  any 
r e c e p t o r  t o  c o n t r i b u t e  t o  t h e  g r o u n d- l e v e l  c o n c e n t r a t i o n .  T h i s  minimum 
s e p a r a t i o n  d i s t a n c e  i n  MELSAR i s  d e f i n e d  as  5 a . T h i s  t e s t  i s  n o t  
s u f f i c i e n t  i n  i t s e l f  because r e c e p t o r s  can be l a c a t e d  n e a r  t h e  i n t e r n a l  
p o r t i o n s  o f  t h e  q u a d r i l a t e r a l  and s t i l l  be  g r e a t e r  t h a n  5 a f r o m  t h e  f o u r  

Y t r a c k i n g  p u f f s .  An a d d i t i o n a l  c o n s t r a i n t  i s  imposed on t h e  t e s t  t o  e n s u r e  
t h a t  no i n t e r n a l  r e c e p t o r s  a r e  over looked.  P u f f  s p l i t t i n g  w i l l  o c c u r  i f  t h e  
d i s t a n c e  f r o m  t h e  p u f f  t o  r e c e p t o r  i s  l e s s  t h a n  t h e  q u a d r i l a t e r a l  segment 
l e n g t h  a d j a c e n t  t o  t h e  p u f f .  T h i s  i s  expressed i n  ma themat i ca l  f o r m  as 

dp-R - < maximum ( 5  a s )  
Y' 

(2- 94)  

where d  -R i s  t h e  h o r i z o n t a l  d i s t a n c e  between a  p u f f  and a  r e c e p t o r ,  and s  
i s  t h e  t o r i z o n t a l  l e n g t h  o f  a  segment between two t r a c k i n g  p u f f s  on a  
q u a d r i  l a t e r a l  . 

T h i s  i s  i l l u s t r a t e d  i n  F i g u r e  2-17, w h i c h  shows a  r e c e p t o r  l o c a t e d  
w i t h i n  q u a d r i l a t e r a l  BB'C'C. The r e c e p t o r  i s  o u t s i d e  t h e  range o f  5 a f r o m  
each t r a c k i n g  p u f f ,  b u t  we1 1  w i t h i n  t h e  boundar ies  o f  t h e  q u a d r i l a t e r a Y  
segment l e n g t h s ;  I f  no r e c e p t o r s  a r e  w i t h i n  t h e  o u t e r  boundar ies  shown i n  
F i g u r e  2-17, t h e  p u f f  s p l i t t i n g  w i l l  n o t  be necessary.  

Note t h a t  E q u a t i o n  (2- 94)  uses o n l y  h o r i z o n t a l  d i s t a n c e s .  To save corn- 
p u t e r  t ime ,  we assumed t h a t  E q u a t i o n  (2- 94)  i s  s u f f i c i e n t l y  c o n s e r v a t i v e  



w i t h o u t  u s i n g  v e r t i c a l  d i s t a n c e s  and t h a t  no r e c e p t o r s  w i l l  be  o v e r l o o k e d  
even i n  s t e e p l y  s l o p i n g  t e r r a i  n. However, t h i s  assumpt ion  needs f u r t h e r  
t e s t i n g .  

To save computer  t i m e ,  E q u a t i o n  (2- 94) i s  n o t  t e s t e d  f o r  e v e r y  r e c e p t o r  
i n  t h e  r e c e p t o r  g r i d s ,  b u t  r a t h e r  once f o r  each r e c e p t o r  g r i d .  T h i s  i s  done 
by  d e t e r m i n i n g  a  c h a r a c t e r i s t i c  p u f f - t o - r e c e p t o r  d i s t a n c e ,  dp,R, f o r  each 
r e c e p t o r  g r i d  

where 

Xp = X- c o o r d i n a t e  o f  p u f f  (km) 
Yp = Y- coord ina te  o f  p u f f  (km) 

~ G C  = X- c o o r d i n a t e  o f  r e c e p t o r  g r i d  c e n t e r  (km) 
= Y- coordi  n a t e  o f  r e c e p t o r  g r i d  c e n t e r  (km) 

6; = h a l f  t h e  d i a g o n a l  d i s t a n c e  o f  t h e  r e c e p t o r  g r i d .  

The p u f f - t o - r e c e p t o r  d i s t a n c e  f r o m  E q u a t i o n  (2- 95) i s  t h e n  used i n  Equa- 
t i o n  (2 -94 ) .  The comput ing  o f  XGC, YGC, and DG i s  g i v e n  i n  S e c t i o n  2.5.3. 

The plume f r o m  each sou rce  i s  sampled d u r i n g  e v e r y  model t i m e  s t e p .  
T h i s  i s  done b y  s t a r t i n g  a t  t h e  ' o l d e s t '  t r a c k i n g  p u f f  f r o m  t h e  sou rce  and 
w o r k i n g  back t o w a r d  t h e  source,  i d e n t i f y i n g  each q u a d r i  1  a t e r a l  and d e t e r -  
m i n i n g  whether  a  q u a d r i l a t e r a l  s h o u l d  be s p l i t  based on t h e  t e s t  o f  Equa- 
t i o n s  (2- 94)  and (2- 95).  I f  s p l i t t i n g  i s  r e q u i r e d ,  t h e n  t h e  c o n t r i b u t i o n  o f  
each s p l i t  p u f f  t o  t h e  ground-1 eve1 c o n c e n t r a t i o n  a t  each r e c e p t o r  w i t h i n  
5  a o f  t h e  p u f f  i s  computed u s i n g  t h e  e q u a t i o n s  d e s c r i b e d  i n  S e c t i o n  2.5.1. 
~ h e i  t h e  sou rce  i s  reached, t h e  plume segment between t h e  sou rce  and t h e  
newest t r a c k i n g  p u f f  must be t e s t e d  f o r  c l o s e  r e c e p t o r s  and s p l i t  if 
necessary.  I n  o t h e r  words, b o t h  t h e  q u a d r i l a t e r a l  A A ' B ' B  and plume segment 
A A '  shown i n  F i g u r e  2- 15 must be t r e a t e d  s e p a r a t e l y  i n  t h e  a n a l y s i s .  

When a  q u a d r i l a t e r a l  i s  s p l i t ,  t h e  p o l l u t a n t  mass, M y  c a r r i e d  a l o n g  
w i t h  t h e  p r i m a r y  t r a c k i n g  p u f f  o f  t h e  q u a d r i l a t e r a l  must be d i v i d e d  among 
a1 1  t h e  p u f f s  i n  t h e  q u a d r i l a t e r a l .  The p o l l u t a n t  mass p e r  p u f f  i s  

where 

= p o l l u t a n t  mass p e r  p u f f  ( p g )  
= Q A ~ ,  p o l l u t a n t  mass a s s o c i a t e d  w i t h  a  t r a c k i n g  p u f f  ( p g )  
= p o l l u t a n t  e m i s s i o n  r a t e  a t  t i m e  o f  t r a c k i n g  p u f f  r e l e a s e  f r o m  s o u r c e  

( u g / s )  
~t = mode l ing  t i m e  s t e p  ( s )  
ns = number o f  p u f f s  on s  segment [ r e f e r  t o  E q u a t i o n  (2 -89 ) ]  
9 = number o f  p u f f s  on t segment [ r e f e r  t o  E q u a t i o n  (2-90) 1. 



FIGURE 2-17 

ILLUSTRATION OF CRITERIA FOR DECIDING WHETHER TO DIVIDE A 
QUADRILATERAL INTO OVERLAPPING PUFFS 

The p r imary  t r a c k i n g  p u f f  o f  q u a d r i l a t e r a l  BB'C'C i n  F i g u r e  2-16 i s  l o c a t e d  
a t  C. The p o l l u t a n t  m a t e r i a l  assoc ia ted  w i t h  t h i s  t r a c k i n g  p u f f  i s  s p l i t  
among a l l  t h e  p u f f s  i n  t h e  q u a d r i l a t e r a l  except those a long segment RB '  and 
segment BC. The p u f f s  a long segments BR' and BC are  no t  used so t h a t  t h e i r  
impacts a re  no t  counted t w i c e  when t h e  model looks  a t  t h e  q u a d r i l a t e r a l  
c l o s e r  t o  t h e  source and t h e  q u a d r i l a t e r a l  d u r i n g  t h e  p rev ious  t ime  s tep,  
respec t  i ve l  y  . 



2.5.8 V a l l e y  Treatment 

A i  r p o l  1  u t a n t s  re leased  i n  v a l  1  eys can be t r a n s p o r t e d  down-val l e y  i n  
n o c t u r a l  d ra inage  f l o w s  and t hen  a t  s u n r i s e  be advected up t h e  v a l l e y  s i d e-  
w a l l s  and c a r r i e d  away i n  t h e  above r i d g e t o p  winds. The process i s  demon- 
s t r a t e d  i n  F i g u r e  2-18 f o r  a  h y p o t h e t i c a l  s i t u a t i o n  where p o l l u t a n t s  a r e  
t rapped  i n  C lea r  Creek Va l l ey ,  which i s  about 50 km NNE o f  Grand Junc t ion ,  
Colorado. Frame A shows p o l l u t a n t  m a t e r i a l  t r apped  i n  Clear  Creek Va l l ey  a t  
t h e  t i m e  o f  sunr i se .  The cont inuous source i s  1  ocated a t  t h e  head o f  C lea r  
Creek and t h e  p o l l u t a n t s  have t r a n s p o r t e d  about 25 km down- val ley th rough  
t h e  n i g h t .  The p o l l u t a n t s  a r e  assumed t o  be u n i f o r m l y  mixed th roughou t  t h e  
va l  1  ey. 

A t  sunr i se ,  t h e  con t inuous  source i s  assumed t o  beg in  e m i t t i n g  p o l l u -  
t a n t s  i n t o  t h e  above r i d g e t o p  winds, which a r e  f r om  t h e  W S W  a t  10  km/hr. I n  
a d d i t i o n ,  t h e  v a l l e y  i n v e r s i o n  begins t o  be des t royed  and t h e  p o l l u t a n t  
m a t e r i a l  t rapped  i n  t h e  v a l l e y  beg ins  t o  be c a r r i e d  away i n  t h e  above r i d g e -  
t o p  winds. Frame B o f  F i g u r e  2-18 shows t h e  p o l l u t a n t  c l oud  1 h r  a f t e r  
s u n r i s e  when t h e  l e a d i n g  edge o f  t h e  p o l l u t a n t  c l o u d  i s  10 km downwind f r om 
t h e  v a l l e y .  

For  purposes o f  i l l u s t r a t i o n ,  t h e  v a l l e y  i n v e r s i o n  i s  assumed t o  be 
comple te ly  des t royed  a t  3 h r  a f t e r  sun r i se ,  and hence, t h e  p o l l u t a n t s  
t r apped  i n  t h e  v a l l e y  a r e  gone a f t e r  3 h r .  Frame C o f  F i g u r e  2-18 shows t h e  
p o l l u t a n t  c l o u d  a t  4 h r  a f t e r  sunr i se .  Here t h e  cont inuous plume f rom t h e  
s tack  and t h e  1  eading edge o f  t h e  p o l l u t a n t  c l oud  f rom t h e  v a l l e y  a r e  40 km 
downwind. The t r a i l i n g  edge o f  t h e  c l o u d  f rom t h e  v a l l e y  i s  1 0  km downwind. 
Frame D o f  F i gu re  2-18 shows t h e  C lea r  Creek area i n  a  p o r t i o n  o f  t h e  GRAMA 
model i n  g  domai n  . 

Th i s  i d e a l i z e d  d e s c r i p t i o n  o f  v a l l  ey coup1 i ng-decoupl i ng w i t h  above 
r i d g e t o p  f l ows  i s  t r e a t e d  i n  MELSAR f o r  each v a l l e y  c o n t a i n i n g  a  source. 
The f i r s t  s t e p  i s  t o  c h a r a c t e r i z e  t h e  geometry o f  each source v a l l e y .  Th i s  
i s  done by d i v i d i n g  t h e  v a l l e y  i n t o  l i n e a r  segments under  10  km i n  l eng th .  
The segments a r e  d e f i n e d  u s i n g  one o f  t h r e e  c r i t e r i a :  1) 10-km-maximum 
l e n g t h ,  2) v a l l e y  a x i s  changes d i r e c t i o n ,  o r  3)  v a l l e y  c ross  s e c t i o n  
changes. A computat iona l  l i m i t  o f  100 km i s  s e t  f o r  maximum v a l l e y  l e n g t h  
(10 segments). Thus, f o r  any p o l l u t a n t  t r a n s p o r t e d  i n  down-val ley f l ows  t o  
d i s t ances  g r e a t e r  t han  100 km, t h e  t o t a l  p o l l u t a n t  m a t e r i a l  w i l l  be assumed 
t o  be u n i f o r m l y  d i s t r i b u t e d  i n  t h e  100 krn down-val l e y  volume. 

Knowing t h e  mean down- val ley  wind speed, t h e  t o t a l  l e n g t h  o f  v a l l e y  
f i l l e d  w i t h  p o l l u t a n t s  a t  s u n r i s e  i s  



FIGURE 2-18 

TRANSPORT OF POLLUTANTS OUT OF CLEAR CREEK DURING THE VALLEY INVERSION 
BREAKUP PERIOD. ( ~ r a m e  A shows t h e  p o l l u t a n t s  t rapped i n  t h e  v a l l e y  a t  
sunr ise.  Frame B shows t h e  plume f rom t h e  p o i n t  source a t  t h e  head o f  

t h e  v a l l e y  and t h e  p o l l u t a n t  c l oud  f rom t h e  v a l l e y  a f t e r  1 h r  o f  
t r a n s p o r t  t i m e  i n  t h e  10-km/hr r eg iona l  winds .) 



FIGURE 2-18 (con t inued)  

(Frame C shows t h e  p o l l u t a n t  t r a n s p o r t  4 h r  a f t e r  sun r i se  f o r  
t h e  v a l l e y  i n v e r s i o n  comple te ly  b reak ing  up a t  3 h r  a f t e r  sunr ise.  

Frame D shows t h e  area represented i n  Frames A, B, and C i n  t h e  GRAMA 
model i n g  domain.) 



where 

9 = d i s t a n c e  down- val ley  f rom source t o  which v a l l e y  i s  f i l l e d  
w i t h  p o l l u t a n t s  (m) 

uv = mean down- val ley  wind speed (m/s) 
A t D  = t o t a l  t i m e  v a l l e y  f l o w  i s  decoupled f rom above r i d g e t o p  f l o w  ( s ) .  

From aT t h e  number o f  v a l l e y  segments, ns, used i n  model ing t h e  p a r t i c u l a r  
ep isode can be determined by choos ing t h e  v a l l e y  segment end p o i n t  nea res t  
t o  at. Th i s  i s  demonstrated i n  F i g u r e  2-19 where two down-val ley d i s t ances ,  

e ~ l  
and R a r e  shown. 

T2 ' 1 ~ 1  
i s  neares t  t o  t h e  end p o i n t  o f  segment 2 and 

R ~ 2  
i s  neares t  t o  t h e  end p o i n t  o f  segment 3. Thus, segments 1 and 2 a r e  

used i n  t h e  s i m u l a t i o n  o f  RT , and segments 1, 2, and 3 a r e  used f o r  a . 
1 2 

FIGURE 2-19 

DETERMINATION OF NUMBER OF VALLEY SEGMENTS USED TO REPRESENT 
TWO DIFFERENT DOWN-VALLEY TRANSPORT DISTANCES, RT and R T  1 2 

SOURCE 

A t  s u n r i s e  t h e  coup1 i n g  process begins,  and t h e  v a l l e y  i s  t r e a t e d  as a 
segmented 1 i ne source i n t h e  mesoscal e model. The 1 i ne source extends f rom 
t h e  p o i n t  source i n  t h e  v a l l e y  t o  a d i s t a n c e  R '  down-val ley where 

T 



Track ing  p u f f s  a r e  re leased a t  each v a l l e y  segment end p o i n t  and t h e  s t a r t  
o f  t h e  f i r s t  segment. The movement o f  these t r a c k i n g  p u f f s  ove r  t h e  model- 
i n g  t ime  s tep  d e f i n e s  q u a d r i l a t e r a l s ,  which a r e  then  t r e a t e d  as descr ibed  i n  

> 

Sect ion 2.5.7. Be fo re  t h e  p u f f  s i m u l a t i o n  can s t a r t ,  t h e  i n i t i a l  a and a, 
o f  t h e  t r a c k i n g  p u f f s  must be def ined.  The i n i t i a l  u and a, o f  t h g  v a l l e y  
t r a c k i n g  p u f f s  a r e  de f i ned  as Y  

where Wv i s  t h e  v a l l e y  w i d t h  a t  r i d g e  tops  (m), and U i s  t h e  above r i dge-  
tops  win6 speed (mls) .  The a, i s  determined by e v a l u a t i n g  a, ( u s i n g  t h e  
equat ions i n  t h e  s e c t i o n  on D ~ f f u s i o n  C o e f f i c i e n t )  f o r  a  t r a v e l  t i m e  o f  

The t o t a l  amount o f  p o l l u t a n t  m a t e r i a l  p resen t  i n  each v a l l e y  segment 
a t  sun r i se  i s  

where 

MS = mass o f  p o l l u t a n t  i n  t h e  ith v a l l e y  segment (ug)  

Q = emiss ion r a t e  f rom source (ug /s )  
A t D  = t o t a l  t i m e  v  l l e y  f l o w  i s  decoupled f rom above r i d g e t o p  f l o w  ( s )  
ti = l e n g t h  o f  itR v a l l e y  segment (m). 

Th i s  p o l l u t a n t  m a t e r i a l  i s  re leased over  t h e  d u r a t i o n  o f  t ime  r e q u i r e d  t o  
break up t h e  v a l l e y  temperature i nve rs i on .  Th is  r e l ease  r a t e  i s  descr ibed  
i n  Sec t ion  2.4.4, i n  a d d i t i o n  t o  t h e  c r i t e r i a  f o r  de te rmin ing  when a  v a l l e y  
atmosphere i s  coupled o r  decoupl ed f rom t h e  above- r idgetop winds. 

2.5.9 I n t e r p o l a t i o n  

Several q u a n t i t i e s  a r e  r e q u i r e d  by t h e  p u f f  model t h a t  va ry  i n  t i m e  and 
space over  t h e  model ing reg ion  and a r e  supp l i ed  t o  t h e  model i n  d i s c r e t e  
t i m e  and space steps. ~ o n s e ~ u e n t l ~ ,  i n t e r p o l a t i o n  techniques a r e  necessary 
t o  ge t  va lues f o r  t h e  des i r ed  q u a n t i t i e s  a t  l o c a t i o n s  and t imes  o t h e r  t han  
those suppl ied.  These q u a n t i t i e s  a r e  t h e  t h r e e  components o f  winds, t e r r a i n  
he igh ts ,  mixed- layer  he igh ts ,  s t a b i l  i t y  c l a s s i f i c a t i o n s ,  temperatures, 
pressures, f r i c t i o n  v e l o c i t i e s ,  convec t i ve  v e l o c i t i e s ,  and Monin-Obukov 
lengths.  



L i n e a r  i n t e r p o l a t i o n  techniques a re  appl  i e d  i n  MELSAR, a1 though t h r e e  
d i f f e r e n t  approaches a r e  used depending on t h e  q u a n t i t y  be ing  i n t e r p o l a t e d .  
Because t h e  winds a r e  descr ibed  i n  t h r e e  dimensions and a re  descr ibed  
a n a l y t i c a l l y  i n  space, t h e y  a r e  t r e a t e d  d i f f e r e n t l y  than  t h e  o t h e r  quan t i -  
t i e s ,  which a r e  descr ibed  i n  a  g r idded  f ash ion  i n  t h e  h o r i z o n t a l  d i r e c t i o n  
on ly .  The g r i dded  t e r r a i n  h e i g h t s  a r e  t r e a t e d  d i f f e r e n t l y  f rom t h e  mixed- 
1  ayer  he igh t s  and o t h e r  meteoro log ica l  q u a n t i t i e s .  Given below a r e  d e s c r i  p- 
t i o n s  o f  t h e  t h r e e  approaches. 

2.5.9.1 I n t e r p o l a t i o n  o f  Winds 

I n  MELSAR t h e  t h r e e  components o f  winds a r e  descr ibed  a n a l y t i c a l l y  on 
up t o  15 ' sur faces '  above t h e  ground f o r  each hour. The winds a t  a  p o i n t ,  
P, a t  t ime,  t, and space ( X  Y Z ) ,  a r e  determined by l i n e a r l y  i n t e r p o l a t -  
i n g  between t h e  sur face,  Z F'alGvB t h e  p o i n t  and t h e  sur face,  , below t h e  
p o i n t  f o r  t h e  hour, tl, b e f o r e  t and t h e  hour,  t , a f t e r  t and hen i n t e r -  
p o l a t i n g  i n  t ime. The s p a t i a l  i n t e r p o l a t i o n  f a c t o r s  a r e  

zl 

The temporal  i n t e r p o l a t i o n  f a c t o r s  a r e  

Using t h e  r e s u l t s  o f  Equat ions (2-103) and (2-104), t h e  winds a t  t h e  p o i n t  
(Xp,Yp,Zp) a t  t i m e  t a r e  

u  = T 2 [ S 2 ~ 2 ( t 2 )  + S1ul(t2)1 + T1[S2~2(tl) + S1ul(tl)] 

v  = T 2 [ S 2 ~ 2 ( t 2 )  + S1vl(t2)l + T1[S2v2(tl) + S1vl(tl)] (2-105) 

w  = T2[S2w2(t2) + S 1 1  w ( t  2  ) I  + T  1 2 2  [S w ( t  1 ) + S 1 1  w  ( t  1 ) ]  

where 

u,v,w = components o f  winds a t  des i r ed  p o i n t  



u 2 ( t 2 )  ,v2( t2) ,w2( t2)  = winds a t  su r f ace  above p o i n t ,  a t  hour a f t e r  p o i n t  

ul(t2) ,vl(t2),wl(t2) = winds a t  su r f ace  below p o i n t ,  a t  hour a f t e r  p o i n t  

u2(tl),v2(tl),w2(tl) = winds a t  su r f ace  above p o i n t ,  a t  hour be fo re  p o i n t  

ul(tl) ,vl(tl),wl(tl) = winds a t  su r f ace  below p o i n t ,  a t  hour b e f o r e  p o i n t .  

The de te rm ina t i on  o f  t h e  winds, on t h e  sur faces  used f o r  i n t e r p o l a t i o n ,  i s  
g i ven  i n  Sect ion 2.4.1. 

2.5.9.2 I n t e r p o l  a t i o n  o f  M i x i n g  He igh t  and Meteor01 o g i c a l  
Parameters 

M ix i ng  he igh t ,  s t a b i l i t y ,  and o t h e r  meteoro log ica l  parameters a r e  
determined a t  a  p o i n t  (X,Y) a t  t ime,  t, f rom gr idded  values, by l i n e a r  
i n t e r p o l a t i o n  i n  t i m e  and b i l i n e a r  i n t e r p o l a t i o n  i n  space. 

Assume we have some gr idded  q u a n t i t y ,  Q, a t  d i s c r e t e  t imes  tl, t2, . .. , 
tn The va lue  o f  Q a t  p o i n t  P  and t ime  t, which i s  between t imes tl and t2 
i s  computed u s i n g  t h e  f o l l o w i n g  procedure. The c o n f i g u r a t i o n  and d e f i n i t i o n  
o f  terms i s  g iven  i n  F i g u r e  2-20. The s p a t i a l  i n t e r p o l a t i o n  f a c t o r s  a r e  

and t h e  temporal i n t e r p o l a t i o n  f a c t o r s  a r e  



FIGURE 2-20 

NOMENCLATURE USED FOR THE INTERPOLATION 
OF GRIDDED VALUES OF Q TO POINT P  

Therefore,  t h e  q u a n t i t y  Q a t  p o i n t  P and t i m e  t i s  

Q = T2[SlXSlYQ( i ,j ; t 2 )  + S2XSlyQ( i+l,j ; t 2 )  + 

2.5.9.3 I n t e r p o l a t i o n  o f  T e r r a i  n  Heights  

The t e r r a i n  s u r f a c e  i s  rep resen ted  by averaged e l e v a t i o n s  g i v e n  a t  
d i s c r e t e  p o i n t s  on a  r e c t a n g u l a r  g r i d  cove r i ng  t h e  r e g i o n  ( r e f e r  t o  



Sect ion  2.3). Us ing  b i l i n e a r  i n t e r p o l a t i o n ,  as descr ibed  above, t o  f i n d  
e l e v a t i o n s  d e f i n e s  a  shape t o  t h e  t e r r a i n  i n t e r n a l  t o  t h e  g r i d  p o i n t s  t h a t  
i s  p robab ly  n o t  r e a l i s t i c .  A more r e a l i s t i c  r ep resen ta t i on  o f  t h e  area 
i n t e r n a l  t o  g r i d  p o i n t s  can be determined by us i ng  more than  t h e  f o u r  
t e r r a i n  p o i n t s  around t h e  p o i n t ,  P, a t  which t h e  t e r r a i n  h e i g h t  i s  des i red .  
Using s i x t e e n  g r i d  p o i n t s  around t h e  d e s i r e d  p o i n t ,  as shown i n  F i g u r e  2-21, 
r e s u l t s  i n  t h e  e l e v a t i o n  a t  p o i n t  P  coniputed as 

where 

PH = e l e v a t i o n  a t  p o i n t  P  ( m  MSL) 

TH = e l e v a t i o n  a t  g r i d  p o i n t s  ( m  MSL) 

al = -116 a (1- a)  (2- a) 

a2 = 112 ( l +a )  ( l - a )  (2- a) 

03 = 112 a ( l + a ) ( 2 - a )  

a4 = -116 a ( l + a ) ( l - a )  

B4 = -116 B ( ~ + B )  ( l - ~ )  
a = (Xp -X~ ) /AX  

B = (Yp-Yj)/bY 

X p  = X- coord inate o f  p o i n t  P (km) 

Xi = X- coord inate o f  ith g r i d  p o i n t  (km) 

AX = t e r r a i n  g r i d  spac ing i n  X- d i r e c t i o n  (km) 

Yp = Y- coord inate o f  p o i n t  P  (km) 

j 
= Y- coord inate o f  jth g r i d  p o i n t  (km) 

AY = t e r r a i n  g r i d  spac ing i n  Y- d i r e c t i o n  (km). 



F I G U R E  2-21 

D E F I N I T I O N  OF TERMS USED TO COMPUTE T E R R A I N  H E I G H T ,  
AND X -  AND Y-  D I R E C T I O N  SLOPES, A T  P O I N T  P  

The t e r r a i n  s lopes  a t  p o i n t  P a r e  computed as 

where 

= t e r r a i n  s l o p e  i n  X - d i r e c t i o n  
= t e r r a i  n  s l  ope i n  Y-di r e c t i o n .  



2.5.10 D i f f u s i o n  C o e f f i c i e n t s  

The h o r i z o n t a l  and v e r t i c a l  d i f f u s i o n  c o e f f i c i e n t s  a r e  based on an 
approach presented by Pasqu i l l  (1976) and f u r t h e r  d iscussed by I r w i n  (1979) 
and Ramsdell, Hanna and Cramer (1982). The square o f  t h e  t o t a l  h o r i z o n t a l  
d i f f u s i o n  i s  t h e  sum o f  t h e  squares o f  t h r e e  components: 1) an i n i t i a l  
d i f f u s i o n  r e s u l t i n g  f rom nonatmospheric processes (e.g., buoyant plume 
r i s e ) ,  2) d i f f u s i o n  r e s u l t i n g  f rom atmospheric turbu lence,  and 3) d i f f u s i o n  
r e s u l t i n g  f rom h o r i z o n t a l  w i  nd-di r e c t i o n  shear. The square o f  t h e  t o t a l  
v e r t i c a l  d i f f u s i o n  i s  t h e  sum o f  t h e  squares o f  two components: 1)  an 
i n i  ti a1 d i f f u s i o n  r e s u l t i n g  f rom nonatmospheric processes, and 2) d i f f u s i o n  
r e s u l t i n g  f rom atmospheric turbu lence.  I n  mathematical form, t h e  h o r i z o n t a l  
d i f f u s i o n  c o e f f i c i e n t  i s  

where 

a = t h e  h o r i z o n t a l  d i f f u s i o n  c o e f f i c i e n t  (m) 
= i n i t i a l  d i f f u s i o n  r e s u l t i n g  f rom buoyant plume r i s e  (m) 
= h o r i z o n t a l  d i f f u s i o n  r e s u l t i n g  f rom atmospheric t u rbu lence  (m) 

By = h o r i z o n t a l  d i f f u s i o n  r e s u l t i n g  f rom h o r i z o n t a l  wind shear (m). c~ 
The v e r t i c a l  d i f f u s i o n  c o e f f i c i e n t  i s  

where 

a, = v e r t i c a l  d i f f u s i o n  c o e f f i c i e n t  (m) 
A, = i n i t i a l  d i f f u s i o n  due t o  buoyant plume r i s e  (m) 
Bz = v e r t i c a l  d i f f u s i o n  due t o  atmospheric t u rbu lence  (m). 

I n  t h e  r e s t  o f  t h i s  s e c t i o n  t h e  de te rmina t ions  o f  A and AZ, 
Y  cy, By. and BZ a r e  given. 

2.5.10.1 D i f f u s i o n  R e s u l t i n g  f rom Buoyant Plume R ise  - A and AZ 
Y  

As d iscussed by Pasqu i l l  (1976) and recommended by t h e  AMS Workshop 
(Hanna e t  a1 . 1977), f o r  s t r o n g l y  buoyant p l  umes t h e  v e r t i c a l  mot ion o f  t h e  
plume r e l a t i v e  t o  t h e  surrounding a i r  c o n t r i b u t e s  t o  bo th  v e r t i c a l  and 
h o r i z o n t a l  plume spread. Numerous observa t ions  o f  plumes near  t h e  s tack  by 
Br iggs  (1972) show t h a t  t h e  plume r a d i u s  i s  approx imate ly  equal t o  ha1 f t h e  
plume r i s e .  Based on t h i s  and assuming t h e  h o r i z o n t a l  and v e r t i c a l  



d i f f u s i o n  t o  be a f f e c t e d  e q u a l l y  by plume r i s e ,  B j o r k l a n d  and Bowers (1982) 
compute i n i t i a l  d i f f u s i o n .  as 0.5 ahl2.15. Therefore,  A i n  Equat ion  (2-111) 
and A, i n  Equat ion (2-112) a re  eva lua ted  by Y  

2.5.10.2 D i f f us i on  R e s u l t i n g  f rom Wind D i r e c t i o n  Shear - 
C~ 

As p o i n t e d  o u t  by Pasqui 11 (1976), h o r i z o n t a l  wind shear adds a  compo- 
nent  t o  t o t a l  h o r i z o n t a l  d i f f u s i o n .  As a  rough r u l e ,  P a s q u i l l  suggests add- 
i n g  a  component o f  va r i ance  t o  a2 (c2 i n  Equat ion ( 2 - I l l ) ) ,  which i s  equal 

Y Y  
t o  0.03 ~ 0 ~ s '  where AO i s  t h e  t u r n i n g  o f  wind d i r e c t i o n  over  t h e  t o t a l  dep th  
o f  t h e  plume, i n  rad ians.  Th i s  c o r r e c t i o n  i s  f o r  a  s teady- s ta te  plume. I n  
MELSAR t h e  d i f f u s i o n  r e s u l t i n g  f rom wind shear  must be numer i ca l l y  
accumulated a long  t h e  p a t h  o f  t h e  p u f f .  Th i s  i s  done u s i n g  t h e  equat ion  

where 

A0 = wind d i r e c t i o n  shear through depth o f  p u f f  eva luated a t  s + ~ s / 2  
( r a d i a n s )  

AS = d i s t a n c e  p u f f  c e n t e r  o f  mass t r a v e l e d  i n  one t ime  s t e p  (m) 
s  = p u f f  t r a v e l  d i s t a n c e  (m) . 

A8 i s  determined by computing t h e  d i f f e r e n c e  i n  wind d i r e c t i o n  between t h e  
winds a t  t h r e e  a, above t h e  p u f f  c e n t e r  o f  mass and t h r e e  aZ  below t h e  p u f f  
c e n t e r  o f  mass. I f  t h r e e  aZ above t h e  p u f f  c e n t e r  o f  mass IS above t h e  t o p  
o f  t h e  mixed l a y e r ,  then  t h e  h e i g h t  o f  t h e  mixed l a y e r  i s  used as t h e  upper 
1  i m i t .  I f  t h r e e  a  below t h e  p u f f  c e n t e r  o f  mass i s  below t h e  t e r r a i n ,  then  
t h e  t e r r a i n  i s  use$ as t h e  l owe r  l i m i t .  For  a  u n i f o r m l y  d i s t r i b u t e d  p u f f  i n  
t h e  v e r t i c a l  d i r e c t i o n ,  t h e  upper boundary i s  t h e  m ix i ng  h e i g h t  and t h e  
l owe r  boundary i s  t h e  ground sur face.  

2.5.10.3 Ho r i zon ta l  D i f f u s i o n  R e s u l t i n g  f rom Atmospheric 
Turbulence - 

The model ing o f  t h e  h o r i z o n t a l  d i f f u s i o n  process i n  p u f f  t r a j e c t o r y  
models r e q u i r e s  t h a t  b o t h  plume d i f f u s i o n  and p u f f  d i f f u s i o n  be t r ea ted .  



Hanna, B r i ggs  and Hosker (1982) and G i f f o r d  (1982) b o t h  p o i n t  o u t  t h e  need 
f o r  c a u t i o n  when u s i n g  plume d i f f u s i o n  c o e f f i c i e n t s  e x t r a p o l a t e d  t o  l o n g  
t r a v e l  d i s t ances  i n  p u f f  t r a j e c t o r y  models. 

The t r a n s i t i o n  f r om  plume d i f f u s i o n  t o  p u f f  d i f f u s i o n  i s  dependent on 
t h e  f requency o f  t h e  i n p u t  meteorology. As d iscussed by Hanna, B r i ggs  and 
Hosker (1982), plume h o r i z o n t a l  d i f f u s i o n  c o e f f i c i e n t s  a r e  measured e x p e r i -  
men ta l l y  when t h e  sampl ing t ime,  ts, i s  much g r e a t e r  t han  t h e  t r a v e l  t ime ,  
t, f rom t h e  re l ease  p o i n t  t o  t h e  r e c e p t o r  a rc .  When t i s  much l e s s  t h a n  t, 
t hen  ins tantaneous plume d i f f u s i o n  o r  p u f f  ( r e l a t i v e )  B i f f u s i o n  i s  
measured. The same p r i n c i p l e  a p p l i e s  t o  p u f f  t r a j e c t o r y  modeling. The 
sampl ing t i m e  i s  s p e c i f i e d  by t h e  p e r i o d  o f  i n p u t  meteorology, t (e.g., 
1 hour ) .  For any p o l l u t a n t  t r a v e l  t imes  i n  t h e  model l e s s  t h a n  ?&, plume 
d i f f u s i o n  should  be used. Fo r  any t r a v e l  t imes  much g r e a t e r  t h a n  t,, p u f f  
d i f f u s i o n  shou ld  be  used. A mix o f  plume and p u f f  d i f f u s i o n  t rea tment  i s  
r e q u i r e d  when tm i s  approx imate ly  equal  t o  t r a v e l  t ime. 

The use o f  plume d i f f u s i o n  c o e f f i c i e n t s  i n  p u f f  t r a j e c t o r y  models o u t  
t o  l o n g  t r a v e l  d i s t ances  (>50  t o  100 km) c o u l d  t h e o r e t i c a l l y  l e a d  t o  t h e  
unde rp red i c t i on  o f  sho r t - t e rm  p o l l u t a n t  concen t ra t i ons  a t  these  d is tances .  
Th i s  would r e s u l t  f r om  t h e  o v e r p r e d i c t i o n  o f  h o r i z o n t a l  d i f f u s i o n  caused by 
t h e  doubl e- count ing o f  plume meander, by u s i n g  plume d i f f u s i o n  c o e f f i c i e n t s ,  
and by t h e  i n t e g r a t i o n  o f  i n d i v i d u a l  p u f f s  i n  a  t ime-  and space- varying w ind  
f i e l d .  'T rue '  plume d i f f u s i o n  shou ld  a1 ready account f o r  t h i s  i n t e g r a t i o n  
o f  p u f f s  i n  a  v a r y i n g  wind f i e l d .  

G i  f f o r d  (1982) p o i n t s  o u t  t h a t  i f  t y p i c a l  shor t- range  plume d i f f u s i o n  
c o e f f i c i e n t s  a r e  e x t r a p o l a t e d  t o  t r a v e l  t imes  corresponding t o  d is tances  on 
t h e  o r d e r  o f  100 t o  200 km, t h e  r e s u l t s  w i l l  f a 1  1 s h o r t  o f  b o t h  observed and 
t h e o r e t i c a l  va lues by amounts r ang ing  up t o  n e a r l y  an o r d e r  o f  magnitude. 
G i  f f o r d  a t t r i b u t e s  t h i s  t o  s h o r t - p e r i o d  t u rbu lence  sampl i n g  i n  de te rmin ing  
h o r i z o n t a l  plume d i f f u s i o n .  I n  o t h e r  words, t h e  sampl ing t i m e  was t o o  s h o r t  
i n  comparison t o  t h e  Lagrangian t i m e  s c a l e  and, t h e r e f o r e ,  n o t  a l l  t h e  
t u r b u l e n t  f l u c t u a t i o n s  were accounted f o r .  Consequently, t h e  p a r t i c l  e  
spread more n e a r l y  resembles re1  a t i v e  d i f f u s i o n  t h a n  t ime-averaged 
d i f f u s i o n .  

It can be deduced f rom G i f f o r d ' s  observa t ions  t h a t ,  i n  l i g h t  o f  t h e  
c u r r e n t  s t a t e  o f  knowledge on t h i s  sub jec t ,  t h e  use o f  e x t r a p o l a t e d  
e m p i r i c a l  'plume' d i f f u s i o n  c o e f f i c i e n t s  i n  p u f f  t r a j e c t o r y  models may n o t  
be  a  bad es t ima te  o f  n e a r - f i e l d  plume d i f f u s i o n  as we1 1  as l a t e r  ' p u f f '  d i  f- 
fus ion .  However, t h e  a i r  p o l l u t i o n  modeler shou ld  be aware t h a t  approaches 
f o r  bounding t h e  problem do e x i s t  ( G i f f o r d  1982),  and t h e  e x t r a p o l a t i o n  o f  
shor t- range plume d i f f u s i o n  c o e f f i c i e n t s  i s  c e r t a i n l y  n o t  t h e  f i n a l  answer. 

The approach used i n  MELSAR f o r  t r e a t i n g  h o r i z o n t a l  d i f f u s i o n  combines 
a  method proposed by P a s q u i l l  (1976) f o r  plume d i f f u s i o n  and G i  f f o r d ' s  
approach f o r  t r e a t i n g  b o t h  plume and p u f f  d i f f u s i o n .  



N e a r - F i e l d  Plume D i  f f u s i o n- - T h e  h o r i z o n t a l  d i f f u s i o n  c o e f f i c i e n t  f o r  plumes 
used i n  MELSAR . i s  o f  t h e  f o r m  recommended b y  Hanna e t  a l .  (1977)  a f t e r  
P a s q u i l l  and d e s c r i b e d  b y  I r w i n  (1979)  

where 

ov = t h e  s t a n d a r d  d e v i a t i o n  o f  t h e  h o r i z o n t a l  c ross- w ind  component o f  t h e  
w i n d  ( m l s )  

f = a nond imens iona l  f u n c t i o n  o f  t r a v e l  t i m e  
$ = p u f f  t r a v e l  t i m e  ( s ) .  

F o r  n o n s t a t i o n a r y ,  nonhomogeneous c o n d i t i o n s ,  B i s  e v a l u a t e d  u s i n g  a  
' v i r t u a l  t i m e ' ,  tV, i n  E q u a t i o n  (2- 115) f o r  a  p u f f  t r a v e l i n g  f r o m  t i m e  t t o  
t i m e  t+A t ,  where ~t i s  t h e  model t i m e  s tep .  The v i r t u a l  t i m e  i s  t h e  t o t a l  
t i m e  a  p u f f  wou ld  have had t o  t r a v e l  t o  be t h e  s i z e  o f  t h e  p u f f  a t  t i m e  t 
f o r  a tmospher i c  c o n d i t i o n s  a t  t i m e  t + ~ t .  The e q u a t i o n  f o r  By t h e n  becomes 

B ( t + ~ t )  = ov [ t , + ~ t ]  f ( t , + ~ t )  (2- 116)  
Y Y 

The v a l u e  o f  tv i s  de te rm ined  f r o m  E q u a t i o n  (2- 116) u s i n g  Newton's method. 

R e w r i t i n g  E q u a t i o n  (2- 116)  i n  t h e  f o r m  

and t h e n  f i n d i n g  t h e  f i r s t  d e r i v a t i v e  

we can s e t  up  an i t e r a t i v e  scheme t o  converge on  tv where 

I n  E q u a t i o n  (2- 119)  [tVln a t  n = l  i s  s e t  equa l  t o  t h e  a c t u a l  p u f f  t r a v e l  t i m e  
t. Then [tvIntl i s  eva lua ted .  I f  t h e  r a t i o  g /g '  i s  <1 t h e  i t e r a t i o n  s tops ,  
o t h e r w i s e  t h e  1 e r a t i v e  p rocedure  c o n t i n u e s  u n t i l  g / g '  t l  o r  n  = 6. 

T h i s  genera l  f o r m  o f  B as  g i v e n  i n  E q u a t i o n  (2- 115) o r  (2- 116)  a l l o w s  
t h e  e f f e c t s  o f  t e r r a i n  rougXness on d i f f u s i o n  t o  be i n c o r p o r a t e d  d i r e c t l y  
t h r o u g h  s p e c i f i c a t i o n  o f  a, as a  f u n c t i o n  o f  t e r r a i n  roughness. 



Uni versa1 f u n c t i o n  f,,--I r w i n  (1983) rev iewed severa l  schemes f o r  
e s t i m a t i n g  d i f f u s i o n  c o e f T i c i e n t s .  He descr ibed  t h e  h o r i z o n t a l  d i f f u s i o n  
a f t e r  t h e - f o r m  g i v e n  i n  Equa t ion  (2-115) and compared t h e  r e s u l t s  o f  severa l  
f i e l d  exper iments  w i t h  f i v e  models o f  t h e  u n i v e r s a l  f u n c t i o n  f . H i s  
r e s u l t s  showed t h a t  a  scheme by Cramer (1976) performed b e s t  fJr e leva ted  
re leases  and P a s q u i l l  I s  (1976) b e s t  f o r  su r f ace  re leases.  However, I r w i n  
a l s o  concluded t h a t  a  scheme by D r a x l e r  (1976) performed a lmost  as we1 1  as 
Pasqui 1 1 ' s  f o r  t h e  near- sur face  re leases  and a lmost  as we1 1  as Cramer's f o r  
t h e  e l eva ted  releases. 

B i n  MELSAR [Equa t ion  (2-116) ]  i s  w r i t t e n  as a  f u n c t i o n  o f  t r a v e l  
t ime,  gnd D r a x l e r ' s  forms o f  f a r e  a l s o  w r i t t e n  as f u n c t i o n s  o f  t r a v e l  
t ime. I r w i n  (1983) recommendsYthat a  simp1 i f i e d  s e t  o f  D r a x l e r '  s  equa t ions  
be used t o  overcome some b i a s  i n  D r a x l e r ' s  equat ions.  Therefore,  t h e  
'Model 4 '  equa t ion  proposed by I r w i n  i s  used i n  MELSAR: 

Standard d e v i a t i o n  o f  h o r i z o n t a l  component o f  winds a,,--Cu r r e n t l y  t h e  
use r  has t h e  o p t i o n  o f  s p e c i f y i n g  a, i n  one o f  two ways: 1) an i n t e r i m  
scheme proposed by I r w i n  (1979), o r  2) e m p i r i c a l  r e l a t i o n s h i p s  developed by 
MacCready, Baboola'l, and Lissaman (1974) which account f o r  t e r r a i n  rough- 
ness. I n  t h e  f u t u r e  i t  w i l l  be d e s i r a b l e  t o  s e t  up MELSAR t o  use measured 
va lues o f  a,. 

The f i r s t  method f o r  computing av i n  MELSAR i s  a  scheme proposed by 
I r w i n  (1979) i n  t h e  absence o f  o n s i t e  measurements o f  a,. He proposes t h a t  
f o r  uns tab le  c o n d i t i o n s  a  r e l a t i o n s h i p  developed by Panofsky e t  a l .  (1977) 
should  be used 

where 

* = su r f ace  f r i c t i o n  v e l o c i t y  (m/s) 
Z  = m i x i n g  h e i g h t  (m) 
f = Moni n-Obukov 1  ength (m). 

Fo r  n e u t r a l  and s t a b l e  c o n d i t i o n s ,  I r w i n  recommends t h e  r e l a t i o n s h i p  o f  
Binkowski  (1978) 

The de te rm ina t i on  o f  u,, ZR, and L  i s  g i ven  i n  Sec t ion  2.4. 



The second o p t i o n  f o r  av t h a t  t h e  user  can s p e c i f y  i s  based on an 
approach g iven  by MacCready e t  a l .  (1974) t h a t  accounts f o r  t h e  i n f l u e n c e  o f  
t e r r a i n  roughness on a,. Us ing t h e  LO-LOCAT (Lo-Low A1 t i t u d e  C l e a r  A i r  
Turbulence P r o j e c t )  t u rbu lence  data,  MacCready e t  a1 . developed empi r i c a l  
equat ions o f  a, and a, as a  f u n c t i o n  of  a  measure o f  t e r r a i n  roughness, wind 
speed, and h e i g h t  aboveground. 

The t u rbu lence  da ta  used by MacCready e t  a l .  (1974) were f rom a  ma jo r  
observa t iona l  program (LO-LOCAT) conducted f o r  t h e  A i r  Force F l i g h t  Dynamics 
Labora to ry  by Boeing A i r c r a f t  Company. ' LO-LOCAT used j e t  a i r c r a f t  w i t h  
excel  l e n t  i n s t r u m e n t a t i o n  t o  assess complete spec t ra  i n  t h r e e  dimensions; 
a long  32-mi le  p a t h  lengths;  a t  250- and 7 5 0- f t  a l t i t u d e s ;  cove r i ng  h i g h  
mountains, low mountains, deser t ,  p l a i n s ,  and water;  f o r  a1 1  seasons; f o r  
t h r e e  t imes  o f  day i n c l u d i n g  dawn; f o r  f o u r  areas near  Edwards A i  r Force 
Base (AFB) (Cal i f o r n i  a) ,  G r i f f i n s  AFB (New York),  Peterson F i e l d  (Colorado). 
and McConnell AFB (Kansas). The LO-LOCAT goal  was t o  p rov ide  s t a t i s t i c a l  
da ta  f o r  work on a i r c r a f t  gus t  l o a d  and c o n t r o l ,  b u t  t h e  r e p o r t s  do n o t  
present  t h e  me teo ro log i ca l  da ta  s t r a t i f i e d  i n  a  manner s u i t a b l e  f o r  
d i f f u s i o n  s t u d i e s  i n  complex t e r r a i n .  However, MacCready e t  a l .  examined 
t h e  LO-LOCAT d a t a  f rom t h e  Edwards AFB f l i g h t s  f rom t h e  s tandpo in t  o f  
d i f f u s i o n  i n  t h e  mountai n- deser t  reg ions  o f  t h e  southwest Un i ted  States. 

The e m p i r i c a l  equa t ions  o f  aV developed by MacCready e t  a l .  a r e  

f o r  ve ry  s t a b l e  c o n d i t i o n s  

f o r  s t a b l e  c o n d i t i o n s  

where 

RT = a  measure o f  t e r r a i n  roughness (m) 
U = average wind speed (m ls )  
Z = h e i g h t  aboveground (m). 

MacCready e t  a l .  (1974) d i d  n o t  p resen t  r e s u l t s  f o r  n e u t r a l  and 
uns tab le  cond i t i ons .  I f  these  re1 a t i o n s h i p s  a r e  avai  l ab1  e, t h e y  wi 11 be 
i nc l uded  i n  MELSAR a t  a  1  a t e r  date. I r w i n  (1983) po in ted  o u t  t h a t  Hinds and 
Nick01 a (1967) concluded f rom t h e i r  a n a l y s i s  o f  t h e  Dry Gulch, P r a i r i e  
Grass, Green Glow, and Mountain I r o n  da ta  t h a t  t h e  i n f l u e n c e  o f  l o c a l  
c l  imate and t e r r a i n  on d i f f u s i o n  i s  inc reased  d u r i n g  stab1 e  atmospheric 
c o n d i t i o n s  and decreased d u r i n g  uns tab le  cond i t ions ;  t h a t  i s ,  t h e  



atmospheric m i x i  ng i s s u f f i c i e n t  d u r i n g  moderate ly  uns tab le  atmospheri c  
c o n d i t i o n s  t o  outweigh l o c a l  t e r r a i n  e f f e c t s .  Therefore,  t h e  i n t e r i m  scheme 
f o r  de te rmin ing  ov f o r  o p t i o n  2 i n  MELSAR i s  as f o l l o w s :  Equat ion (2-123) 
w i  11 be used f o r  ve ry  stab1 e cond i t i ons ,  Equat ion (2-124) wi 11 be used f o r  
s t a b l e  and n e u t r a l  cond i t i ons ,  and o p t i o n  1 w i l l  be used f o r  uns tab le  condi-  
t i o n s .  That i s ,  I r w i n ' s  (1979) scheme descr ibed  e a r l i e r  w i l l  be used f o r  
de te rmin ing  a,, d u r i n g  uns tab le  cond i t i ons .  A p l o t  o f  Equat ions (2-123) and 
(2-124) a r e  g i ven  i n  F igu re  2-22 f o r  a  h e i g h t  o f  50 m and a wind speed o f  
5  m/s f o r  t h e  n e u t r a l  case and 2.5 m/s f o r  t h e  ve ry  s t a b l e  case. 

RT i s  a  measure o f  t e r r a i n  roughness d e r i v e d  by MacCready e t  a1 . (1974) 
t h a t  bes t  c o r r e l a t e d  w i t h  t h e  t u rbu lence  da ta  t h e y  analyzed. The method f o r  
computing RT i s  g i ven  i n  Sect ion 2.3. 

FIGURE 2-22 

PLOT OF a VERSUS TERRAIN ROUGHNESS (RT) FROM 
MACCREADY e t  a 1 . 1 ~  (Y974) EMPIRICAL RELATIONSHIPS ASSUMING A HEIGHT 

ABOVEGROUND OF 50 m AND A WIND SPEED OF 5 m/s FOR NEUTRAL CONDITIONS 
AND 2.5 m/s FOR VERY STABLE CONDITIONS 

Far-Fie1 d P u f f  D i f f u s i o n  and t h e  T r a n s i t i o n  f rom Plume t o  Pu f f - -G i f f o rd  
(1982) so lved  a form o f  Lagevi n ' s  equa t ion  appl i c a b l  e  t o  atmospheri c  d i  f- 
fus ion.  The r e s u l t i n g  equa t ion  descr ibes  bo th  p u f f  and p l  ume h o r i z o n t a l  
d i f f u s i o n  and combinat ions o f  t h e  two, f o r  smal l  and l a r g e  d i f f u s i o n  
t imes. Cu r ren t l y ,  G i f f o r d ' s  equa t ion  i s  used i n  MELSAR t o  desc r i be  p u f f  
d i f f u s i o n .  However, a f t e r  more t e s t i n g  o f  h i s  plume d i f f u s i o n  approach i n  
t h e  f u t u r e ,  G i f f o r d ' s  f u l l  scheme may be used i n  MELSAR. 



The h o r i z o n t a l  d i f f u s i o n  i s  descr ibed  u s i n g  t h e  f o l l o w i n g  equa t i on  

where 

= h o r i z o n t a l  d i f f u s i o n  c o e f f i c i e n t  r e s u l t i n g  f rom atmospheric 
By t u rbu lence  (m) 

K = l a r g e- s c a l e  eddy d i f f u s i v i t y  (m2/s) 
= t h e  s tandard  d e v i a t i o n  o f  t h e  h o r i z o n t a l  component o f  t h e  wind (m/s) 

'Y: = p o l  lu j janj j  t r a v e l  t i m e  ( s )  
C = 1 - VO/av, where V o  i s  t h e  ins tan taneous  t u rbu lence  l e v e l  a t  t h e  

source. 

The parameter C i E  u a t i o n  (2-125) v a r i e s  between zero  and u n i t y  depending 
on t h e  v a l u e  o f  V!/u9, which, i n  e f f e c t ,  i s  t h e  r a t i o  o f  t h e  ins tan taneous  
t u rbu lence  l e v e l  a t  !he source t o  t h a t  o f  t h e  e n t i r e  f low.  Therefore,  when 
C = 0, plume d i f f u s i o n  i s  descr ibed  by  Equat ion (2-125) and when C = 1, p u f f  
d i f f u s i o n  i s  descr ibed. A y p ' c a l  va lue  o f  t h e  l a rge- sca le  eddy i 3 d i f f u s i v i t y ,  K, i s  1.5 x  10 m I s ,  which i s  t h e  d e f a u l t  va lue  s p e c i f i e d  i n  
MELSAR. 

F i g u r e  2-23 g i v e s  a  p l o t  o f  B  versus t r a v e l  t i m e  f o r  t h e  two extremes 
o f  Equat ion (2-125): plum5 d i f f u s y o n  (C = 0 )  and p u f f  d i f f u s i o n  (C = 1).  
The K va lue  i s  1.5 x  10 m / s  and a, i s  0.6 m/s. The a, i s  r e p r e s e n t a t i v e  
o f  n e u t r a l  atmospheri c  s t a b i l  i t y  determined f rom a  r e l a t i o n s h i p  by Binkowski  
(1978) where uv/u = 1.78. The su r f ace  f r i c t i o n  v e l o c i t y ,  u*, f o r  t h i s  
exampl e  case was aetermi  ned f rom t h e  l o g a r i t h m i c  wind p r o f i  1  e, 
U  = u  10.4 I n  (Z/Zo);  assuming t h e  su r f ace  roughness, Zo = 0.03 m; t h e  
h e i g h t ,  Z = 10 m; and t h e  wind speed, U = 5  "1s. 

A1 so p l o t t e d  i n  F i g u r e  2-23 a r e  curves o f  h o r i z o n t a l  plume d i f f u s i o n  
c o e f f i c i e n t s  based on u n i v e r s a l  f u n c t i o n s  proposed by va r i ous  researchers,  
determined f rom d i f f u s i o n  data. Shown a r e  curves u s i n g  Cramer (1976), 
Doran, Horst  and N i  cko l  a  (1978), Draxl  e r  (1976), and Pasqui 1  1  - G i  f f o r d  
(Turner  1970) r e l a t i o n s h i p s .  These a r e  a l l  assumed t o  be r e p r e s e n t a t i v e  o f  
n e u t r a l  atniospheri c  s t a b i  1  i t y .  Doran, Horst  and Nick01 a ' s  and Cramer's 
curves a r e  p l o t t e d  f rom t h e  r e l a t i o n s h i p  B  = ov t f (x/U) assuming u  = 

0.6 m/s and U = 5 m/s, D r a x l e r ' s  cu rve  i s  { l o t t e d  f r B m  B  = uY t f ( t y ,  and 
Pasqu i l l - G i  f f o r d ' s  cu rve  f rom t h e  we1 1-known curves i n  ~ { r n e r  s  ~ o r k b o o k  
(1970) assuming U = 5  m/s t o  conve r t  f r om downwind d i s t a n c e  t o  t r a v e l  t ime.  
The f f u n c t i o n s  f o r  Doran, Horst ,  and N i c k o l a  (1978), Cramer (1976), and 
~ r a x l 8 r  (1976) a r e  g i ven  i n  Table 2-12. 

The plume curves a r e  shown e x t r a p o l a t e d  beyond t h e  l i m i t s  o f  t h e  d a t a  
used t o  d e r i v e  them. A1 1  t h e  e m p i r i c a l  plume curves a r e  be1 ow t h e  theo-  
r e t i c a l  plume cu rve  o f  G i  f f o r d ' s .  It i s  n o t  c l e a r  why G i  f f o r d ' s  cu rve  i s  



TABLE 2-12 

f,, FUNCTIONS USED TO COMPUTE HORIZONTAL PLUME DIFFUSION 

Doran, H o r s t  X ( k m )  0.1 0.2 0.4 0.8 1.6 3.2 

and Nick01 a  (1978) 
f; 

1.04 0.98 0.92 0.85 0.77 0.67 0.54 

Cramer (1976) 

Drax l  e r  (1976) fy = [l + 0.9(t/lOOO) 0.5]- 1 

( a )  E x t r a p o l a t e d .  
( b )  Sampling t i m e  = 3600 s. 

above a l l  t h e  e m p i r i c a l  c u r v e s ,  e s p e c i a l l y  f o r  t r a v e l  t i m e s  l e s s  t h a n  100 t o  
200 s. S ince  t h e  e x p e r i m e n t a l  samp l ing  t i m e s  were on t h e  o r d e r  o f  1 0  m in  t o  
1 h r ,  one would  t h i n k  t h a t  most  o f  t h e  t u r b u l e n t  f l u c t u a t i o n s  c o n t r i b u t i n g  
t o  t h e  d i f f u s i o n  a t  t h e s e  s h o r t  t r a v e l  t i m e s  would  have been accounted f o r  
t h r o u g h  t h e  r e l a t i v e l y  l o n g  samp l ing  t i m e s .  T h i s  p o i n t  w i l l  r e q u i r e  f u r t h e r  
i n v e s t i g a t i o n .  

A t  t r a v e l  t i m e s  n e a r  o r  l o n g e r  t h a n  t h e  e x p e r i m e n t a l  sampl i n g  t i m e s  one 
would  expec t  t h e  e m p i r i c a l  p l  ume cu rves  t o  d e p a r t  f r o m  G i f f o r d ' s  t h e o r e t i c a l  
plume curve.  Tha t  i s ,  t h e  measured d i f f u s i o n  i s  more and more rep resen ta-  
t i v e  o f  p u f f  d i f f u s i o n  f o r  l o n g e r  t r a v e l  t i m e s .  T h i s  i s  shown i n  
F i g u r e  2-23, e s p e c i a l l y  f o r  D r a x l e r ' s  cu rve .  Based on t h e  h y p o t h e s i s  t h a t  
D r a x l e r ' s  ' p lume '  c u r v e  i s  a c t u a l l y  more and more r e p r e s e n t a t i v e  o f  p u f f  
d i f f u s i o n  f o r  l o n g e r  and l o n g e r  t r a v e l  t i m e s ,  and c o n s i d e r i n g  t h a t  t h e r e  a r e  
no d a t a  on t r a n s i t i o n  f r o m  plume t o  p u f f ,  t h e n  t h e  e x t r a p o l a t e d  D r a x l e r  
cu rves  w i l l  b e  used t o  r e p r e s e n t  plume t o  p u f f  t r a n s i t i o n  i n  t h e  M e l s a r  
model. Consequent ly  , Drax l  e r ' s  c u r v e s  w i  11 be f o l l  owed by  MELSAR f r o m  
p o i  n t - o f - r e 1  ease t o  t h e i  r i n t e r s e c t i o n  w i t h  G i  f f o r d ' s  t h e o r e t i c a l  p u f f  
cu rve .  Beyond t h a t  t i m e ,  t h e  MELSAR model w i l l  s p e c i f y  t h e  p u f f  g rowth  r a t e  
b y  E q u a t i o n  (2- 125) w i t h  C = 1 ( p u f f ) .  F i g u r e  2-24 shows p l o t s  o f  D r a x l e r ' s  
c u r v e  f o l l o w e d  by  G i f f o r d ' s  ' p u f f '  c u r v e  f o r  f o u r  va lues  o f  a,. 

As i n  E q u a t i o n  (2-115) ,  E q u a t i o n  (2- 125) i s  e v a l u a t e d  u s i n g  t h e  concep t  
o f  a  v i r t u a l  t i m e ,  t , when t h e  p u f f  t r a v e l s  f r o m  t i m e  t t o  t i m e  t + ~ t .  
The s o l u t i o n  o f  ~ ~ u a ! i o n  (2- 125) uses t h e  same p rocedure  as  t h a t  d e s c r i b e d  
f o r  E q u a t i o n  (2- 115).  To d e t e r m i n e  when p u f f  g rowth  i s  t r a n s f e r r e d  f r o m  
D r a x l e r ' s  c u r v e  t o  G i  f f o r d ' s  cu rve ,  MELSAR e v a l u a t e s  Equa t ions  (2- 115) and 

(2- 125) f o r  a l l  t i m e  s teps .  As soon as B f rom E q u a t i o n  (2-125) i s  g r e a t e r  

t h a n  t h a t  f r o m  E q u a t i o n  (2- 115) , t h e  r e s u i t s  f r o m  E q u a t i o n  (2- 125) a r e  used 
t o  grow t h e  p u f f  and E q u a t i o n  (2- 115) i s  no  l o n g e r  eva lua ted .  



F I G U R E  2-23 

H O R I Z O N T A L  D I F F U S I O N  VERSUS TRAVEL T I M E  FOR NEUTRAL C O N D I T I O N S  
(0, = 0.6 m / s )  
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F I G U R E  2-24 

HORIZONTAL D I F F U S I O N  VERSUS TRAVEL T I M E  U S I N G  D R A X L E R ' S  (1976)  
EQUATION FOR THE NEAR F I E L D  AND G I F F O R D ' S  (1982) E Q U A T I O N  FOR 

THE FAR F I E L D  

TRAVEL TIME t (sec) 



2.5.10.4 V e r t i c a l  D i f f u s i o n  R e s u l t i n g  f r o m  A tmospher i c  
Tu rbu lence  - BZ 

Few d a t a  e x i s t  f o r  c h a r a c t e r i z a t i o n  o f  v e r t i c a l  d i f f u s i o n ,  e s p e c i  a1 l y  
a t  l o n g  t r a v e l  t i m e s .  I n  a d d i t i o n ,  c h a r a c t e r i z a t i o n  f o r  l o n g  t r a v e l  t i m e s  
o f  v e r t i c a l  d i f f u s i o n  i s  n o t  as i m p o r t a n t  as t h a t  f o r  h o r i z o n t a l  d i f f u s i o n  - 
because t h e  p o l  l u t a n t  becomes u n i f o r m l y  m ixed  t h r o u g h  t h e  m i x i n g  d e p t h  r e 1  a- 
t i v e l y  q u i c k l y .  T h e r e f o r e ,  p r o p e r l y  c h a r a c t e r i z i n g  t h e  mi x i n g  d e p t h  and t h e  
p u f f  h e i g h t  r e l a t i v e  t o  t h e  m i x i n g  d e p t h  i s  more i m p o r t a n t  t h a n  c h a r a c t e r i  z- 
i n g  t h e  v e r t i c a l  d i f f u s i o n  c o e f f i c i e n t  f o r  l o n g  t r a v e l  t i m e s .  Based on t 

t h e s e  c o n s i d e r a t i o n s ,  p lume ve rsus  p u f f  d i f f u s i o n  w i l l  n o t  be  t r e a t e d  i n  
d e t a i l  as was done f o r  h o r i z o n t a l  d i f f u s i o n .  The v e r t i c a l  d i f f u s i o n  i n  
MELSAR w i  11 b e  de te rm ined  f r o m  ernpi r i  c a l  p l  unie c o e f f i c i e n t s  e x t r a p o l a t e d  o u t  
t o  t r a v e l  t i m e s  o f  2  x l o 4  s  ( 1 0 0  km a t  5 m/s w inds)  and b y  a  meth d  8 recommended by  H e f f t e r  (1965) f o r  t r a v e l  t i m e s  g r e a t e r  t h a n  2  x  1 0  s.  

The v e r t i c a l  d i f f u s i o n  r e s u l t i n g  f r  m  a tmospher i c  t u r b u l e n c e  used i n  8 MELSAR f o r  t r a v e l  t i m e s  l e s s  t h a n  2  x  1 0  s  i s  o f  t h e  f o r m  d e s c r i b e d  b y  
I r w i n  (1979)  

where 

O v  

= t h e  s t a n d a r d  d e v i a t i o n  o f  t h e  v e r t i c a l  component o f  t h e  w i n d  (m/s) 
= t r a v e l  t i m e  ( s )  

f z  = a  nond imens iona l  f u n c t i o n ,  p r i m a r i l y  a  f u n c t i o n  o f  t r a v e l  t ime .  

E q u a t i o n  (2-125) i s  e v a l u a t e d  u s i n g  t h e  concept  o f  a  v i r t u a l  t i m e ,  tv, 
f o r  t h e  p u f f  t r a v e l i n g  f r o m  t i m e  t t o  t i m e  t + ~ t .  E q u a t i o n  (2- 126) becomes 

The s o l u t i o n  o f  E q u a t i o n  (2- 127) uses t h e  same p rocedure  as t h a t  d e s c r i b e d  
f o r  E q u a t i o n  (2- 116) .  

T h i s  g e n e r a l  f o r m  o f  B as g i v e n  by  E q u a t i o n  (2- 126) o r  (2- 127)  a1 lows 
t h e  e f f e c t s  o f  t e r r a i n  rougkness on d i f f u s i o n  t o  be i n c o r p o r a t e d  d i r e c t l y  
t h r o u g h  s p e c i f i c a t i o n  o f  ow. 

F o r  t r a v e l  t i m e s  g r e a t e r  t h a n  2 x  l o 4  s, B, i s  e v a l u a t e d  u s i n g  t h e  
r e l a t i o n s h i p  g i v e n  b y  H e f f t e r  (1965) :  



where 

t = p u f f  t r a v e l  t i m e  ( s )  
A t  = model t i m e  s t e p  ( s )  
K, = t h e  v e r t i c a l  eddy d i f f u s i v i t y  (m2 /s).  

The d e f a u l t  v a l u e s  o f  K  a r e  g i v e n  i n  T a b l e  2-13 and a r e  equa l  t o  t h o s e  used 
i n  MESOPUFF II ( S c i r e  eE a1. 1984).  

TABLE 2-13 

VERTICAL DIFFUSIVITIES BY PASQUILL-GIFFORD STABILITY CLASS 

P-G A  B  C D  E F  
Kz (m2/s) 50 30 15 7  3  1 

U n i v e r s a l  F u n c t i o n  f - - I r w i n  (1983) rev iewed  s e v e r a l  schemes f o r  e s t i m a t i n g  
d i f f u s i o n  c o e f f i c i e n f ~  He d e s c r i b e d  t h e  v e r t i c a l  d i f f u s i o n  a f t e r  t h e  f o r m  
g i v e n  i n  E q u a t i o n  (2- 126) and compared t h e  r e s u l t s  o f  s e v e r a l  f i e l d  e x p e r i -  
ments w i t h  f i v e  models o f  t h e  u n i v e r s a l  f u n c t i o n  f,. H i s  r e s u l t s  showed 
t h a t  a  scheme b y  D r a x l e r  (1976) pe r fo rmed  b e s t  i n  c h a r a c t e r i z i n g  t h e  v e r t i -  
c a l  d i f f u s i o n .  However, I r w i n  (1983) proposed a  s i m p l i f i e d  s e t  o f  D r a x l e r ' s  
e q u a t i o n s  wh ich  p e r f o r m  as  w e l l  as t h e  f u l l  s e t  and e l i m i n a t e  some b i a s  a t  
l o n g e r  t r a v e l  t imes .  I r w i n ' s  'Model 4 '  e q u a t i o n s  f o r  f, a r e  used i n  MELSAR: 

f o r  u n s t a b l e  c o n d i t i o n s  

f o r  s t a b l e  c o n d i t i o n s  

S tandard  D e v i a t i o n  o f  t h e  V e r t i c a l  Wind Component o f  a,,,--Currently t h e  u s e r  
has t h e  o p t i o n  o f  s p e c i f y i n g  a, i n  one o f  t w o  ways: 11 an i n t e r i m  scheme 
proposed b y  I r w i n  (1979)  o r  2 )  e m p i r i c a l  r e l a t i o n s h i p s  deve loped by  
MacCready , Babool a1 and L i  ssaman (1974) w h i c h  accoun t  f o r  t e r r a i n  roughness. 
I n  t h e  f u t u r e  i t  w i  11 be d e s i r a b l e  t o  s e t  u p  MELSAR t o  use measured v a l u e s  
o f  a,. 

The f i r s t  method f o r  comput ing  a, i n  MELSAR i s  a  scheme proposed b y  
I r w i n  (1979) t o  be used i n  t h e  absence o f  o n s i t e  measurements o f  a  . He 
proposes t h a t  t h e  f o l l o w i n g  r e l a t i o n s h i p s  b e  used f o r  u n s t a b l e  c o n l i t i o n s :  



where 

w = convec t i ve  v e l  o c i  t y  (m/s) 
? = h e i g h t  aboveground (m) 

Z, = depth  o f  mixed l aye r .  

The r e l a t i o n s h i p s  f o r  aw/wk g i v e n  i n  Equa t ion  (2-129) were determined by 
I r w i n  f rom p l o t t e d  d a t a  o f  N i l  1  i s  and D e a r d o r f f  (1974) and Kaimal e t  a l .  
(1976). Fo r  n e u t r a l  and s t a b l e  c o n d i t i o n s  I r w i n  recommends t h e  r e l a t i o n -  
sh ips  o f  Binkowski  (1978) be used 

where 

u = s u r f a c e  f r i c t i o n  v e l o c i t y  (m/s) 
= Monin-Obukov l e n g t h  (m) 

Z  = h e i g h t  aboveground (m) 
= 1 + 5 Z/L, t h e  n ~ n d i m e n s i o n a l ~ w i n d  shear 2 = 0.4C1 + 3.39 Z/L - 0.25 (Z /L )  ] 0  < Z/L G 2.0 

fm = 0.4C6.78 + 2.39 (Z IL -2 ) ]  Z/L > 2.0 . 
The de te rm ina t i on  o f  u*, Z,, L, and w* i s  g i ven  i n  Sec t i on  2.4 o f  t h i s  
r epo r t .  

The second o p t i o n  f o r  a, i s  based on an approach g i v e n  by MacCready, 
Baboolal  and Lissaman (1974), which accounts f o r  t h e  i n f l u e n c e  o f  t e r r a i n  
roughness on a,. A background d i s c u s s i o n  on MacCready, Baboola l  and 
Lissaman's approach i s  g i ven  i n  Sec t ion  2.5.10.3 o f  t h i s  r e p o r t .  The 
e m p i r i c a l  equa t ions  o f  a, developed by MacCready, Baboola l  and L i  ssaman a r e  

f o r  ve r y  s t a b l e  c o n d i t i o n s  



f o r  s t a b l e  c o n d i t i o n s  

where 

RT = a  measure o f  t e r r a i n  roughness (m) 
U = average wind speed (m/s) 
Z = h e i g h t  aboveground (m). 

MacCready, Baboolal  and Lissaman d i d  n o t  p resen t  r e s u l t s  f o r  n e u t r a l  
and uns tab le  cond i t i ons .  I f  these  r e l a t i o n s h i p s  a r e  a v a i l a b l e ,  t hey  w i l l  be 
inc luded  i n  MELSAR a t  a  l a t e r  date.  The i n t e r i m  scheme f o r  de te rmin ing  ow 
f o r  o p t i o n  2  i n  MELSAR i s :  Equat ion (2-132) i s  used f o r  ve ry  s t a b l e  condi-  
t i o n s ,  Equat ion (2-133) i s  used f o r  s t a b l e  and n e u t r a l  cond i t i ons ,  and 
o p t i o n  1 i s  used f o r  uns tab le  cond i t i ons .  That i s ,  I r w i n ' s  (1979) scheme 
descr ibed  e a r l i e r  i s  used f o r  de te rmin ing  aw d u r i n g  uns tab le  cond i t i ons .  A 
p l o t  o f  Equat ions (2-132) and (2-133) a r e  g i ven  i n  F igu re  2-25 f o r  a  h e i g h t  
of 50 m and a  wind speed o f  5  m/s f o r  t h e  n e u t r a l  case and 2.5 rn/s f o r  t h e  
very  s t a b l e  case. 

FIGURE 2-25 

PLOT OF u VERSUS TERRAIN ROUGHNESS (RT) FROM MACCREADY, 
BABOOLAL AND ~ I S S A M A N '  S (1974) EMPIRICAL RELATIONSHIPS ASSUMING 
A HEIGHT ABOVEGROUND OF 50 rn AND A WIND SPEED OF 5  rn/s FOR THE 

NEUTRAL CASE AND 2.5 m/s FOR THE VERY STABLE CASE 



2.6 Averaging Process 

POLUT c rea tes  a  d i s k  f i l e  o f  p o l l u t a n t  concen t ra t ions  f o r  one o r  two 
p o l l u t a n t s  f o r  a1 1  t i m e  s teps  o f  a  s imu la t i on .  The concen t ra t i on  a t  each 
recep to r  f rom each source i s  w r i t t e n  out .  These concen t ra t i on  va lues  can 
then  be operated on by t h e  post- processor,  POLPRC, t o  compute concen t ra t i ons  
a t  va r i ous  averaging t imes t h a t  can be compared w i t h  standards. 

POLPRC computes moving average concen t ra t i ons  o f  p o l l u t a n t s  a t  each 
recep to r  f o r  up t o  t h r e e  user- speci  f i ed averaging t imes. The averag i  ng 
t imes  can range f rom 1 t o  24 h r .  The ou tpu t s  a r e  t a b l e s  o f  h i g h e s t  and 
second h i g h e s t  p o l l u t a n t  concen t ra t ions  f o r  t h e  d u r a t i o n  o f  t h e  s imu la t i on ,  
a t  each r e c e p t o r  f o r  each p o l l u t a n t  f o r  each averaging t ime.  The h i g h e s t  
and second h i g h e s t  moving averages f o r  t h e  sum o f  a l l  sources and t h e  
c o n t r i b u t i o n  o f  each source t o  t h e  h i ghes t  and second h i g h e s t  sum a r e  
computed. I n  a d d i t i o n ,  h i g h e s t  and second h ighes t  moving averages can be 
computed f o r  each source i n d i v i d u a l l y .  Tables o f  t h e  t i m e  o f  occurrence o f  
t h e  h i ghes t  and second h ighes t  va lues a r e  a l s o  l i s t e d .  

A moving average i s  s imp ly  an averaging process t h a t  progresses t h rough  
t h e  da ta  by f i r s t  computing an average u s i n g  t h e  number o f  h o u r l y  va lues 
r e q u i r e d  f o r  t h e  average and t hen  computing a  new average f o r  each new 
h o u r l y  va lue  encountered. For  example, moving 3- hr  averages would be com- 
puted  by averaging t h e  f i r s t  t h r e e  h o u r l y  va lues f o r  t h e  f i r s t  average, t h e  
second through f o u r t h  va lues f o r  t h e  second average, t h e  t h i r d  th rough f i f t h  
va lues  f o r  t h e  t h i r d  average, and so on. Moving averages g i v e  a  b e t t e r  
es t ima te  o f  peak average values, encountered over  a  d u r a t i o n  o f  t ime,  than  
b l o c k  averaging. 

Because a l l  o f  t h e  h o u r l y  concen t ra t i ons  r e s u l t i n g  f rom a  r u n  o f  MELSAR 
a r e  w r i t t e n  t o  a  d i s k  f i l e ,  any form o f  post- process ing can be done by t h e  
user  p rov ided  t h e  so f tware  i s  ava i l ab le .  



SECTION 3.0 

USER'S GUIDE 

I n f o r m a t i o n  and i n s t r u c t i o n s  f o r  u s i n g  MELSAR a r e  p rov i ded  i n  t h i s  
s e c t i o n  o f  t h e  r e p o r t .  The reader  shou ld  r e f e r  t o  Sec t ion  2.0 f o r  t e c h n i c a l  
d e t a i l s ,  and t o  Sec t i on  1.0 f o r  a  genera l  d e s c r i p t i o n ,  a p p l i c a t i o n s ,  and 
l i m i t a t i o n s  o f  MELSAR. 

3.1 I n t r o d u c t i o n  

MELSAR con ta i ns  f o u r  main programs: TERRAIN, MET, POLUT, and POLPRC. 
It i s  w r i t t e n  i n  FORTRAN 7 7  and i s  s e t  up t o  r un  on a  UNIVACB 1108 com- 
puter .  The code shou ld  be t r a n s f e r a b l e  t o  o t h e r  systems and was developed 
on a  VAXB 11/780 computer. Th is  u s e r ' s  gu ide g i ves  s u f f i c i e n t  i n f o r m a t i o n  
f o r  t h e  use r  t o  s e t  up and r u n  MELSAR. A sample problem i s  c a r r i e d  th rough  
t h e  gu ide f rom s t a r t  t o  f i n i s h .  

Sec t i on  3.2 p rov i des  t h e  bas i s  f o r  t h e  scoping, r un  setup, and opera- 
t i o n  o f  MELSAR. It g i ves  an overv iew o f  MELSAR and i d e n t i f i e s  requ i  r e d  
i npu t s .  I f  t h e  use r  p l ans  t o  make m u l t i p l e  runs o f  MELSAR o r  r e t a i n  ou tpu t  
f i l e s  f o r  l a t e r  use, Sec t ion  3.2 a l s o  g i ves  techn iques  f o r  keeping t r a c k  o f  
t h e  many i n p u t  and o u t p u t  f i l e s .  F i n a l l y ,  Sec t i on  3.2 desc r i bes  t h e  sample 
problem. 

The f o u r  remain ing sec t i ons  i n  t h e  u s e r ' s  gu ide  g i v e  d e t a i l e d  i n s t r u c -  
t i o n s  t o  t h e  ope ra to r  on i n p u t  d a t a  format ,  j o b  se tup  and execut ion,  and 
d i a g n o s t i c  messages f o r  u s i n g  t h e  f o u r  main programs o f  MELSAR. The sec- 
t i o n s  a r e  ar ranged as f o l l o w s :  Sec t ion  3.3 - TERRAIN program, Sec t ion  3.4 - 
MET program, S e c t i o n  3.5 - POLUT program, and S e c t i o n  3.6 - POLPRC. 

Appendix B con ta i ns  t h e  U N I V A C B  Job Cont ro l  Language (JCL) f i l e s  f o r  
comp i l i ng  and mapping t h e  f o u r  MELSAR programs. Appendix C g i v e s  t h e  
procedure f o r  s e t t i n g  up t h e  b i n a r y  base t e r r a i n  f i l e .  

B U N I V A C  i s  a  r e g i s t e r e d  trademark o f  t h e  Sper ry  Rand Corpora t ion .  
BVAX i s  a  r e g i s t e r e d  trademark o f  D i g i t a l  Equipment Corporat ion,  Maynard, 
Massachusetts. 



3.2 O v e r a l l  Scheme 

To make a  r u n  o f  MELSAR t h e  use r  must f i r s t  d e f i n e  t h e  problem, second 
determine and a c q u i r e  t h e  necessary i n p u t s ,  and t h i r d  s e t  up t h e  run  and 
execute t h e  r e q u i r e d  programs. T h i s  s e c t i o n  g i ves  an overv iew o f  t h i s  
process and desc r i bes  t h e  sampl e  p rob l  em. 

3.2.1 D e f i n i n g  A p p l i c a t i o n  and Dete rmin ing  I n p u t s  

MELSAR i s  des igned t o  opera te  on a  500- by 450-km r e g i o n  c o v e r i n g  
western Colorado, eas te rn  Utah, and southern Wyoming ( r e f e r  t o  F i g u r e  1-1 
and t h e  f i g u r e s  i n  Appendix A). Th is  r e g i o n  i s  r e f e r r e d  t o  as t h e  GRAMA 
r e g i o n  i n  t h i s  u s e r ' s  guide. The MELSAR code can opera te  on any subpar t  o f  
t h e  GRAMA reg ion ,  b u t  t h e  code has n o t  been t e s t e d  f u l l y  f o r  t h i s  a p p l i c a-  
t i o n .  The c o o r d i n a t e  system f o r  t h e  GRAMA r e g i o n  i s  a  r e c t a n g u l a r  system 
and i s  desc r i bed  i n  Sec t ion  2.2. The use r  can s p e c i f y  i n p u t  d a t a  i n  t h e  
GRAMA, UTM,. o r  1  a t i t u d e - 1  ongi  tude  c o o r d i n a t e  systems. The GRAMA c o o r d i n a t e  
system can be l a i d  o u t  on a  map u s i n g  t h e  l a t i t u d e - l o n g i t u d e  coo rd i na tes  o f  
t h e  f o u r  c o r n e r  p o i n t s  g i ven  i n  Tab le  2-2. 

Once t h e  model ing r e g i o n  i s  d e f i n e d  ( e i t h e r  t h e  who1 e  GRAMA r e g i o n  o r  
any subpar t  o f  i t ) ,  t h e  use r  can s p e c i f y  t h e  r e q u i r e d  i npu t s .  The model ing 
r e g i o n  i s  d e f i n e d  by s p e c i f y i n g  t h e  o r i g i n  i n  GRAMA coo rd i na tes  and t h e  
l e n g t h  o f  each s i d e  i n  k i l ome te r s .  Fo r  example, model ing t h e  whole GRAMA 
reg ion ,  t h e  o r i g i n  would be 1x0 = 0  km, I Y O  = 0  km, and t h e  l e n g t h  o f  each 
s i d e  would be SLX = 500 km and SLY = 450 km. 

The i n p u t  d a t a  r e q u i r e d  by MELSAR a r e  1) g r i dded  t e r r a i n  da ta ,  
2) u p p e r - a i r  weather data,  3 )  s u r f a c e  weather data,  4)  p o i n t s  t o  i n t e r p o l a t e  
wind d a t a  t o  ( p r i m a r i  l y  f o r  boundary c o n d i t i o n s ) ,  5) g r i dded  land- use 
ca tego r i es ,  6)  source v a l l e y  c h a r a c t e r i s t i c s ,  7 )  p o l  l u t a n t  source i nventory ,  
and 8) r ecep to r  l a y o u t .  A l l  bu t  t h e  uppe r- a i r  and su r f ace  weather d a t a  must 
be s p e c i f i e d  w i t h i n  t h e  model ing reg ion .  Data f rom weather s t a t i o n s  o u t s i d e  
t h e  model ing r e g i o n  can be used by MELSAR. The g r i dded  t e r r a i n  da ta  a r e  
p rov i ded  w i t h  MELSAR and do n o t  have t o  be developed by t h e  user.  A l s o  
i n c l u d e d  w i t h  MELSAR a r e  f i l e s  o f  su r f ace  and uppe r- a i r  weather data,  w ind  
i n t e r p o l a t i o n  p o i n t s ,  and g r i dded  1  and-use ca tegor ies .  These d a t a  f i l e s  a r e  
descr ibed  i n  Appendix D. Tab1 e  3- 1  1  i s t s  t h e  r e q u i r e d  i n p u t  d a t a  f o r  
MELSAR, and s p e c i f i e s  c e r t a i n  c o n s t r a i n t s .  The b lank  f i e l d  a t  t h e  end o f  
t h e  f i l e  names i s  used t o  keep t r a c k  o f  t h e  f i l e s  and i s  exp la i ned  i n  
Sec t i on  3.2.4. 

Depending on t h e  model ing r e g i o n  chosen, t h e  p e r i o d  o f  meteoro logy t o  
be used, t h e  sources t o  be modeled, and t h e  recep to r  areas, t h e  use r  may 
need t o  p repare  new i n p u t  da ta  f i l e s  f o r  MELSAR. The procedures f o r  
p repa r i ng  t hese  f i l e s  a r e  g i ven  w i t h  t h e  MET (Sec t i on  3.4) and POLUT 
( S e c t i o n  3.5) o p e r a t i n g  i n s t r u c t i o n s .  
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Once MELSAR has been run, o u t p u t  f i l e s  f rom TERRAIN and MET a r e  pro-  
duced, i n  a d d i t i o n  t o  t h e  concen t ra t i on  f i l e s  f r om  POLUT. These o u t p u t  
f i l e s ,  p l u s  t h e  c o n c e n t r a t i o n  f i l e s ,  can be saved and used d u r i n g  o t h e r  
a p p l i c a t i o n s  o f  MELSAR, t hus  sav ing  t h e  c o s t  o f  r egene ra t i ng  t hese  f i l e s .  
Table  3-2 l i s t s  t h e  o u t p u t  f i l e s  f rom MELSAR and t h e i r  maximum s i zes .  
Sec t ion  3.2.4 recommends a  procedure f o r  t r a c k i n g  these  f i l e s  f o r  f u t u r e  
use. 

3.2.2 Program I n t e r a c t i o n s  

MELSAR c o n s i s t s  o f  f o u r  main programs named TERRAIN, MET, POLUT, and 
POLPRC. TERRAIN uses a  base t e r r a i n  f i l e  and produces f i l e s  o f  s p a t i a l l y  
averaged t e r r a i n  s t a t i s t i c s  f o r  use by MET and POLUT. MET produces h o u r l y  
winds, g r i dded  m i x i n g  he igh t s ,  s t a b i  1  i t i e s ,  f r i c t i o n  v e l o c i t i e s ,  c o n v e c t i v e  
v e l o c i t i e s ,  Moni n-Obukov 1  engths, temperatures,  pressures,  and v a l l e y  
coup1 i ng c o e f f i c i e n t s ,  u s i n g  upper- a i  r and s u r f a c e  weather observa t ions .  
POLUT uses t h e  o u t p u t  f i l e s  f rom MET and TERRAIN and produces p o l l u t a n t  
concen t ra t ions ,  c o r r e c t e d  t o  s tandard - c o n d i t i o n s ,  on a  user- spec i  f i  ed 
recep to r  network f o r  each t i m e  s t e p  o f  a  s imu la t i on .  The c o n c e n t r a t i o n  
f i e 1  ds a r e  used by  POLPRC t o  compute movi ng-average concen t ra t i ons  o f  
p o l l u t a n t s  f o r  up t o  t h r e e  averag ing  t imes.  The ou tpu t s  f rom POLPRC a r e  
t a b l e s  o f  h i g h e s t  and second h i g h e s t  p o l l u t a n t  concen t ra t i ons  a t  each 
receptor .  Tables a r e  produced f o r  t h e  sum o f  a l l  sources a l ong  w i t h  t h e  
r e s u l t i n g  c o n t r i b u t i o n  o f  each source t o  t h e  sum. Also, h i g h e s t  and second 
h i g h e s t  c o n c e n t r a t i o n  t a b l e s  a r e  generated f o r  each recep to r  g r i d  and s e t  o f  
i n d i v i d u a l  recep to rs ,  cons ide r i ng  each source i n d i v i d u a l  l y  . The i n t e r a c t i o n  
o f  t h e  f o u r  main programs i s  g i ven  i n  F i g u r e  1-2. 

For t h e  f i r s t  a p p l i c a t i o n  o f  MELSAR, a1 1  f o u r  programs must be 
executed. Bu t  f o r  subsequent a p p l i c a t i o n s ,  t h e  ou tpu t  f i l e s  f r om  TERRAIN o r  
MET may be s u f f i c i e n t  f o r  r unn ing  POLUT. Th is  may be espec ia l  l y  t r u e  when 
t h e  use r  wants t o  make runs f o r  a d d i t i o n a l  sources u s i n g  t h e  same condi-  
t i o n s .  F i g u r e  3- 1  shows t h e  i n t e r a c t i o n  o f  t h e  f o u r  main programs, t h e  
r e q u i r e d  r u n  s p e c i f i c a t i o n  f i l e s ,  t h e  i n p u t  f i l e s ,  and t h e  o u t p u t  f i l e s .  It 
a l s o  shows t h a t  p r i n t e d  l i s t i n g s  (PRINT$) r e s u l t  f rom a  run  o f  each program. 
These l i s t i n g s  g i v e  summary r e s u l t s  o f  each r u n  t o  check t h a t  t h e  program 
executed p r o p e r l y  and t o  p r o v i d e  run  documentat ion f o r  l a t e r  re fe rence .  

3.2.3 Sample Problem 

Three h y p o t h e t i c a l  p o i n t  sources, 'Source 1' , 'Source 2 ' ,  and 
'Source 3 '  a r e  l o c a t e d  as shown i n  F i gu res  3-2 and 3-3. Source 3  i s  l o c a t e d  
i n  C l e a r  Creek. Therefore,  t h e  c h a r a c t e r i s t i c s  o f  t h i s  v a l l e y  w i l l  be 
requ i r ed .  The r e l e a s e  h e i g h t s  a r e  a l l  a t  60 m AGL w i t h  no plume r i s e .  An 
So2 emiss ion r a t e  o f  1000 g/s  i s  assumed f o r  each source. Two r e c e p t o r  
g r i d s  and t h r e e  i n d i v i d u a l  r ecep to r s  a r e  l o c a t e d  as shown i n  F i gu res  3-2 and 
3-3. One g r i d  c o n t a i n s  66 recep to r s  cove r i ng  a  20- by 40-krn p o r t i o n  o f  t h e  



TABLE 3-2 

NELSAR OUTPUT F I L E S  

F i l e  
Name Descr ip t ion  

Program Program 
Format From Used By Maximum Size o r  Const ra in ts  

TERF - Ter ra in  Data f o r  Unformatted TERRAIN MET 30 records, 10 parameterslrecord 
Froude Gr i d  

TERS - Smoothed Ter ra in  Data Unformatted TERRAIN MET,POLUT 150 records, 50 parameterslrecord 

FIG1 - Amp1 i tude Functions Unformatted MET POLUT 6,480 recordsa, 66 parameterslrecord 

BLPAR - Boundary Layer Unformatted MET POLUT 36,000 recordsb, 11 parameterslrecord 
Parameters 

W 
MIXST - Mix ing Heights and Unformatted MET POLUT 14,400 recordsc, 11 parameterslrecord 

I Stab i l  i t i e s  
ul 

COEFF - Val l ey Coup1 i ng Unformatted MET POLUT 3,600 recordsd, 12 parameterslrecord 
Coe f f i c i en t  

CONC - Hour1 y Pol 1 u t an t  Unformatted POLUT POLPRC 363,600 recordse, 26 parameterslrecord 
Concentrations 

a 9 gamma sur faces lhr  x 30 days x 24 h r lday  
5 parameterslhr x 10 recordslparameter x 30 days x 24 h r lday  
2 parameterslhr x 10 recordslparameter x 30 days x 24 hr lday 
5 v a l l e y s l h r  x 30 days x 24 h r lday  
5 sourceslhr x 101 records/source x 30 days x 24 h r lday  (Th is  must be m u l t i p l i e d  by the  p u f f  re lease r a t e  
and the  number o f  po l l u t an t s )  



FIGURE 3- 1 

MELSAR INPUT AND OUTPUT F I L E S  AND PROGRAM INTERACTIONS 
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F I G U R E  3-2 

L O C A T I O N S  OF P O I N T  SOURCES AND RECEPTORS FOR THE SAMPLE PROBLEM 
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LOCATIONS OF P O I N T  SOURCES AND RECEPTORS R E L A T I V E  TO 
IMPORTANT IMPACT AREAS FOR THE SAMPLE PROBLEM 
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t h e  F l a t t o p s  Wi lde rness  Area and t h e  second g r i d  c o n t a i n s  33 r e c e p t o r s  
c o v e r i n g  a  20- b y  4-km p o r t i o n  o f  t h e  D inosaur  N a t i o n a l  Monument. Three 
i n d i v i d u a l  r e c e p t o r s  a r e  l o c a t e d  a t  t h e  s o u t h e r n  edge o f  t h e  F l a t t o p s ,  a t  
Meeker, Colorado,  and a t  t h e  Utah p o r t i o n  o f  t h e  D inosaur  N a t i o n a l  Monument. 

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  computed a t  each r e c e p t o r  f o r  a  48- h r  
s i m u l a t i o n  p e r i o d .  The s i m u l a t i o n  p e r i o d  s t a r t s  on J u l y  11, 1978, a t  
0700 MST and ends J u l y  13, 1978, a t  0700 MST. M e t e o r o l o g i c a l  d a t a  f r o m  s i x  
u p p e r - a i r  s t a t i o n s  and e i g h t  s u r f a c e  weather  s t a t i o n s  a r e  used i n  t h e  
s i m u l a t i o n .  The l o c a t i o n s  o f  t h e  m e t e o r o l o g i c a l  s t a t i o n s  a r e  shown i n  
F i g u r e  3-4. The e n t i r e  GRAMA r e g i o n  i s  used i n  t h e  s i m u l a t i o n .  

The p r e p a r a t i o n  o f  t h e  r u n  s p e c i f i c a t i o n  f i l e s ,  TERIN1, METIN1, POLIN1, 
and PRCINl a r e  g i v e n  i n  t h e  f o l l o w i n g  r e s p e c t i v e  s e c t i o n s  f o r  each main  
program. The t r a i l i n g  b l a n k  f i e l d  f o r  each f i l e  name was f i l l e d  w i t h  a  '1' 
t o  deno te  sample problem. The i n p u t  f i l e s  used f o r  t h e  sample p rob lem a r e  
TOPO, UP2, SFC2, W I P 1 ,  LANDU1, VALLY1, SOURC1, and RECPT1. They a r e  
d e s c r i b e d  i n  Appendix D. A1 1  o f  t h e  r u n  s p e c i f i c a t i o n  f i l e s  and i n p u t  f i l e s  
necessary  t o  r u n  t h e  sample prob lem a r e  p r o v i d e d  w i t h  MELSAR. The o u t p u t  
f i l e s  f r o m  TERRAIN, MET, and POLUT a r e  named TERS1, TERF1, F IG I1 ,  BLPAR1, 
MIXST1, COEFF1, and CONC1. The t r a i l i n g  b l a n k  f i e l d  was ass igned  a  '1' , as 
w i t h  t h e  r u n  s p e c i f i c a t i o n  f i l e s .  The summary l i s t i n g s  f r o m  t h e  e x e c u t i o n  
o f  each program a r e  g i v e n  i n  Appendices H t h r o u g h  K. S e l e c t e d  o u t p u t  
c o n c e n t r a t i o n  t a b 1  e s  f r o m  POLPRC a r e  g i v e n  i n  Appendi x  L. 

3.2.4 M u l t i p l e  Runs and F i l e  Management 

I n s p e c t i o n  o f  F i g u r e  3- 1  shows f o u r  r u n  s p e c i f i c a t i o n  f i l e s ,  e i g h t  
i n p u t  f i l e s ,  and seven o u t p u t  f i l e s  a r e  r e q u i r e d  f o r  a  r u n  o f  MELSAR. I n  
a d d i t i o n ,  once o u t p u t  f i l e s  have been produced by runs  o f  TERRAIN and MET, 
t h e s e  f i l e s  a r e  a v a i l a b l e  f o r  use  by  POLUT f o r  f u t u r e  runs.  T h i s  s e c t i o n  
recommends an approach f o r  keep ing  t r a c k  o f  t h e s e  many f i l e s  r e q u i r e d  by t h e  
v a r i o u s  components o f  MELSAR. The p r o p e r  l o g g i n g  o f  t h e  runs  o f  MELSAR and 
t h e  r e q u i r e d  f i l e s  w i l l  ensu re  t h a t  documenta t ion  i s  a v a i l a b l e  f o r  f u t u r e  
re fe rence .  A l so ,  t h i s  w i l l  ensure  t h a t  a l l  o f  t h e  r u n  s p e c i f i c a t i o n  f i l e s ,  
i n p u t  d a t a  f i l e s ,  and o u t p u t  f i l e s  w i l l  be  a v a i l a b l e  and r e t r i e v a b l e  f o r  
f u t u r e  runs  o f  MELSAR. 

The t o o l s  t o  h e l p  t h e  u s e r  t r a c k  t h e s e  f i l e s  a r e  1 )  t h e  assignment o f  a  
r u n  i d e n t i f i c a t i o n  number u n i q u e  t o  each r u n  o f  TERRAIN, MET, POLUT, o r  
POLPRC, 2)  a  s i m p l e  f i l e  naming procedure ,  3)  summary sheets ,  k e p t  up t o  
d a t e  by t h e  u s e r ,  d e s c r i b i n g  t h e  i n p u t  d a t a  f i l e s  a v a i l a b l e ,  4 )  f i l e - l o g  
fo'rms f i l l e d  i n  by  t h e  use r ,  l i s t i n g  t h e  names o f  t h e  r u n  s p e c i f i c a t i o n  
f i l e s ,  i n p u t  d a t a  f i l e s ,  and o u t p u t  f i l e s ,  f o r  each r u n  o f  TERRAIN, MET, 
POLUT, o r  POLPRC, 5 )  p r i n t e d  o u t p u t  sumniaries f r o m  each r u n  o f  TERRAIN, MET, 
POLUT, o r  POLPRC, and 6 )  summary-of- runs fo rms f o r  TERRAIN, MET, POLUT, and 
POLPRC, k e p t  up t o  d a t e  by  t h e  use r ,  1  i s t i n g  each r u n  made by r u n  number. 



F I G U R E  3-4 

L O C A T I O N S  O F  U P P E R- A I R  AND SURFACE WEATHER S T A T I O N S  
USED I N  THE SAMPLE PROBLEM 

n 
LANDER 

200 300 

KILOMETERS 

@ UPPER AIR STATION 

+ SURFACE STATION 

INTERPOLATION POINTS 
1 

DENVER 

n 

WINSLOW, AZ 

I). 

ALBUQUERQUE, N M  

n 



The corners tone  o f  t h e  f i l e  t r a c k i n g  system i s  t h e  run  i d e n t i f i c a t i o n  
( I D )  number. The f i l e - l o g  forms ( i t e m  4 above) and p r i n t e d  o u t p u t  summaries 
( i t e m  5 above) f rom each run  o f  TERRAIN, MET, POLUT, o r  POLPRC should be 
cata logued i n  a notebook by main program and r u n  ID  number. Therefore,  when 
a p a r t i c u l a r  r un  o f  i n t e r e s t  i s  i d e n t i f i e d  i n  t h e  summary-of-runs form f o r  
TERRAIN, MET, POLUT, o r  POLPRC, t h e  use r  can g e t  d e t a i l e d  i n f o r m a t i o n  about 
t h e  run  f rom i tems 4 )  and 5 )  above by j u s t  knowing t h e  run  ID  number. A 
unique run  ID  number i s  s p e c i f i e d  i n  t h e  run  s p e c i f i c a t i o n  f i l e  o f  TERRAIN, 
MET, POLUT, o r  POLPRC as a 10- character  alphanumeric s t r i n g .  A recommended 
numbering convent ion i s  t o  use t h e  month, day, year ,  and hour  a t  t h e  t i m e  o f  
a run. For  example, a r u n  o f  TERRAIN made on A p r i l  15, 1985, a t  noon would 
have a run  ID  number o f  ' 04158512 '. 

The recommended f i l e- naming  convent ion f o r  t h e  run  s p e c i f i c a t i o n  f i l e s  
and t h e  o u t p u t  f i l e s  i s  t o  f i l l  t h e  empty f i e l d  a t  t h e  end o f  t h e  r o o t  f i l e  
names g i ven  i n  F i g u r e  3-1 w i t h  s e r i a l  numbers s t a r t i n g  w i t h  1. Th i s  number 
would i nc rease  f o r  each new r u n  o f  TERRAIN, MET, o r  POLUT. For  example, t h e  
run  s p e c i f i c a t i o n  f i l e  and ou tpu t  f i l e s  f rom t h e  f i r s t  run  o f  MET would have 
names o f  METIN1, FIGI1, BLPAR1, MIXST1, and COEFF1. 

The recommended f i l e- naming  convent ion f o r  t h e  i n p u t  da ta  f i l e s  i s  t h e  
same as f o r  t h e  ou tpu t  f i l e s ,  except  t h e  number would increment f o r  each new 
f i l e  of  a p a r t i c u l a r  t y p e  created. For  example, two upper- a i r  da ta  f i l e s  
a r e  p rov ided  w i t h  MELSAR, UP1 and UP2. I f  t h e  user  cons t ruc t s  a new upper 
a i r  da ta  s e t  then  he c o u l d  name t h e  f i l e  UP3, and l o g  t h e  i n f o r m a t i o n  about 
t h e  new f i l e  i n  t h e  i n p u t  da ta  f i l e s  summary sheets  ( i t e m  3 above), which 
a r e  g i ven  i n  Appendix 0. 

Prov ided i n  Appendix E a r e  b lank  f i l e - l o g  ( i t e m  4 above) and 
summary-of-runs ( i t e m  6 above) forms. Appendix F shows these  forms f i l l e d  
i n  f o r  t h e  sample problem, and Appendices H through K g i v e  t h e  p r i n t e d  
ou tpu t  summaries ( i t e m  5 above) f o r  t h e  sample problem. 

3.3 TERRAIN Program 

Th i s  s e c t i o n  g i ves  t h e  UNIVACB Job Con t ro l  Language (JCL), run  s p e c i f i -  
ca t i ons ,  and i n p u t  requirements f o r  runn ing  TERRAIN. I npu t s  and r e s u l t i n g  
ou tpu ts  f o r  t h e  sample problem a r e  given. The user  can r e f e r  t o  Sec t ion  2.3 
f o r  t echn i ca l  d e t a i l s  o f  TERRAIN and Appendix 0 f o r  a l i s t i n g  o f  t h e  code. 

3.3.1 D e s c r i p t i o n  

TERRAIN r e q u i r e s  a run  s p e c i f i c a t i o n  f i l e ,  TERIN-, and one i n p u t  f i l e ,  
TOPO, t o  operate,  The i n p u t  f i l e  i s  t h e  base t e r r a i n  f i l e  f o r  t h e  GRAMA 
model ing reg ion.  Two ou tpu t  f i l e s  a re  produced by TERRAIN. One f i l e  
con ta ins  smoothed t e r r a i n  he igh t s  and averaged t e r r a i n  roughness i n  t h e  
X- d i r e c t i o n  and Y- d i rec t ion .  The second f i l e  con ta ins  t h e  t e r r a i n  s t a t i s -  
t i c s  used i n  t h e  wind vee r i ng  a l g o r i t h m  (Froude number based) o f  YET. A lso 



a run  summary t a b l e  i s  p r i n t e d  o u t  f o r  TERRAIN. F igu re  3- 1 shows t h e  i n p u t s  
and ou tpu t s  f o r  TERRAIN. The b lank  f i e l d  a t  t h e  end o f  f i l e  TERIN , TERS , 
and TERF i s  ass igned a un ique number f o r  d i f f e r e n t  runs. The f i e T d  i s  sF t  
equal to- '1' f o r  t h e  sample problem. Sec t ion  3.2.4 d iscusses t h i s  i n  more 
d e t a i  1. 

TERRAIN r e q u i r e s  approx imate ly  250K words o f  memory t o  l o a d  on a 
U N I V A C B  1108 computer. It c o n s i s t s  o f  one main program (AATER) and one 
subrout ine;  a t o t a l  o f  approx imate ly  350 1 i nes  o f  code w i t h  comments. 

3.3.2 Job Cont ro l  Language and Run Setup 

The U N I V A P  JCL f i l e ,  TERJCL, f o r  runn ing  TERRAIN i s  g i ven  i n  Tab le  3-3. 
The f i r s t  two 1 i n e s  i n  TERJCL show t r a i l i n g  per iods .  These i n d i c a t e  t h e  
need f o r  a d d i t i o n a l  genera l  j o b  i n f o r m a t i o n  t o  be s p e c i f i e d  by t h e  user. I n  
a d d i t i o n ,  t h e  12501 i n  t h e  f i r s t  l i n e  i n d i c a t e s  t h a t  a maximum o f  250K words 
o f  memory w i l l  be r e q u i r e d  f o r  t h e  run. Th i s  f i l e  shows t h e  i n p u t  and 
ou tpu t  f i l e s  needed f o r  TERRAIN and t h e  l o g i c a l  u n i t  assignment f o r  t hese  
f i l e s .  The f i l e  names r e q u i r e d  f o r  t h e  sample problem a r e  shown i n  t h e  
t a b l e .  These f i l e s  a r e  p rov ided  w i t h  MELSAR i n  a d d i t i o n  t o  f i l e  TERJCL. 

TABLE 3-3 

U N I V A C B  JCL FILE, TERJCL, USED TO RUN TERRAIN 

@RUN TERAIN/250/ .................. 
QIDENT................... 

@ASG, A TER I N1. 

@USE 10,TERINl. 

@ASG,A TOPO. 

@USE 11 ,TOPO. 

@ASG,UP TERS1. 

@USE 19. ,TERSl. 

@ASG,UP TERF1. 

@USE 15. ,TER F1. 

@XQT TERRAIN.AATER 

@FIN 



The run  c o n d i t i o n s  f o r  TERRAIN a r e  s p e c i f i e d  i n  f i l e  TERIN . The o n l y  
run  c o n d i t i o n s  r e q u i r e d  a r e  t h e  run  i d e n t i f i c a t i o n ,  and t h e  domTin and g r i d  
s i z e  s p e c i f i c a t i o n s .  The con ten ts  o f  TERIN and t h e  d e f i n i t i o n  o f  each 
i n p u t  element a r e  g i ven  i n  Tab1 e 3-4. The Fange o f  va lues,  v a r i a b l e  t ype ,  
and recommended va lues  f o r  each parameter a r e  g i ven  i n  Tab le  3-5. The 
recommended va lues a r e  f o r  a r un  u s i n g  t h e  who1 e GRAMA r e g i o n  ( r e f e r  t o  maps 
i n Appendix A). 

TERIN con ta i ns  o n l y  t h r e e  l i n e s  o f  e n t r i e s  where t h e  e n t r i e s  a r e  
separated b y  commas ( f i e l d - f r e e  f o rma t ) .  Consequently t h i s  f i l e  can be  
e a s i l y  c rea ted  and m o d i f i e d  u s i n g  a UNIVACB system e d i t o r .  

Spec i f y i ng  t h e  parameters i n  TERIN i s  s t r a i g h t f o r w a r d  once t h e  domain 
s i z e  has been determined. That  i s ,  t h e d o m a i n  o r i g i n  (1x0, IYO) and t h e  
s i z e  i n  t h e  X-di r e c t i o n  (SLX) and Y-di r e c t i o n  (SLY) have been de f ined .  For  
t h e  sample problem, t h e  whole GRAMA r e g i o n  i s  be ing  used, where 1x0 (and  
IXOF) i s  zero,  I Y O  (and IYOF) i s  zero, SLX i s  500 km, and SLY i s  450 km. 
The number o f  g r i d  c e l l s  i n  t h e  X-di r e c t i o n  f o r  t h e  smoothed t e r r a i n  (NXC) 
i s  s e t  a t  50, t h e  maximum number al lowed. Therefore t h e  c e l l  s i z e  f o r  t h e  
smoothed t e r r a i n  ( ICS) can be determined as ICS = SLX/NXC. For  t h e  sample 
problem, ICS i s  equal t o  1 0  (500/50).  The number o f  g r i d  c e l l s  i n t h e  
X- d i r e c t i o n  f o r  t h e  Froude g r i d  (NXCF) i s  s e t  a t  10, t h e  maximum number 
al lowed. For t h e  sample problem ICSF i s  equal t o  50 (500110). ICS and ICSF 
must be g r e a t e r  t h a n  1 km. The number o f  g r i d  c e l l s  i n  t h e  Y- d i r e c t i o n  can 
be determined as NYC = SLYIICS, and NYCF = SLY/ICSF. For t h e  sample problem 
NYC i s  45 (450/10) and NYCF i s  9 (450150). 

The smoothing i n t e r v a l s  I A I  and I A I F  must s a t i s f y  c e r t a i n  c o n s t r a i n t s .  
F i r s t  I A I  must be g r e a t e r  t han  I C S ,  and i f  ICS i s  an even i n t e g e r  number, 
t h e n  I A I  must be even. I f  ICS i s  odd, t h e n  I A I  must be an odd number. The 
same c o n s t r a i n t s  must h o l d  t r u e  f o r  IA IF .  For  t h e  sample problem I A I  i s  
20 km and I A I F  i s  50 km. The use r  can r e f e r  t o  Sec t ion  2.3 f o r  .guidance i n  
choos ing a p p r o p r i a t e  smoothing i n t e r v a l s .  

The run  i d e n t i f i c a t i o n  can be up t o  t e n  alphanumeric cha rac te r s  o f  t h e  
u s e r ' s  cho ice.  It i s  recommended t h a t  t h e  r un  i d e n t i f i c a t i o n  c o n t a i n  t h e  
da te  and hour  a t  t h e  t i m e  o f  t h e  r u n  as d iscussed i n  Sec t i on  3.2.4. The r u n  
I D  f o r  t h e  sample problem i s  ' 04158512 ' . The parameter LEN i s  always s e t  
t o  14  km. The r u n  s p e c i f i c a t i o n  f i l e ,  TERIN1, f o r  t h e  sample problem i s  
g i ven  i n  Table 3-6. 

3.3.3 I n p u t  Data D e s c r i p t i o n  

The o n l y  i n p u t  da ta  f i l e  r e q u i r e d  by TERRAIN i s  t h e  base t e r r a i n  f i l e  
TOPO. F i l e  TOPO i s  an un fo rmat ted  f i l e  c o n t a i n i n g  225,000 (500 x 450) e l  e- 
ments. Each element i s  t h e  average t e r r a i n  e l e v a t i o n  f o r  a l- km square. 
Sec t ion  2.3 g i ves  t h e  t e c h n i c a l  d e t a i l s  o f  TOPO and a b r i e f  d e s c r i p t i o n  i s  
g i ven  i n Appendix D. TOPO i s p rov i ded  w i t h  MELSAR, and Appendix C g i ves  
i n s t r u c t i o n s  f o r  s e t t i n g  up TOPO t o  be used by TERRAIN. 



TABLE 3-4 

TERRAIN RUN SPECIFICATION FILE, TERIN - 

F i  l e  Contents and Format: 

L i ne  # Contents 

1 IDRUN 
2 IXO, IYO,NXC ,NYC ,ICS,IAI ,LEN 
3 IXOF ,IYOF ,NXCF ,NYCF ,ICSF , I A I  F 

Parameter D e f i n i t i o n s :  

I D R U N  = Run i d e n t i f i c a t i o n  number 

For  Smoothed T e r r a i n   r rid - 
1x0 = X o r i g i n  (km) 
I Y O  = Y o r i g i n  (km) 
NXC = Number o f  g r i d  c e l l s  i n  X-di r e c t i o n  
NYC = Number o f  g r i d  c e l l s  i n  Y- d i rec t i on  
I C S  = G r i d  c e l l  s i z e  (km) 
I A I  = Smoothing i n t e r v a l  ( k m )  
LEN = Length o f  segment i n  roughness computat ion (km) 

For  Froude G r i d  - 
IXOF = X o r i g i n  (kni) 
IYOF = Y o r i g i n  (km) 
NXCF = Number o f  g r i d  c e l l s  i n  X- d i r e c t i o n  
NYCF = Number o f  g r i d  c e l l s  i n  Y-di r e c t i o n  
ICSF = G r i d  c e l l  s i z e  (km) 
I A I F  = Smoothing i n t e r v a l  (km) 

3.3.4 Output D e s c r i p t i o n  

Two un fo rmat ted  f i l e s  r e s u l t  f rom TERRAIN. One f i l e ,  TERS , con ta ins  
t h e  50 x 50 g r i d  o f  smoothed t e r r a i n  h e i g h t s  and t e r r a i n  roughness. The 
o t h e r  f i l e ,  TERF , con ta ins  t h e  10 x  10  g r i d  o f  t e r r a i n  s t a t i s t i c s  used i n  
t h e  wind v e e r i n g a l g o r i t h m  (Froude number based). The user  can r e f e r  t o  t h e  
main program (AATER) 1 i s t i n g  f o r  t h e  s p e c i f i c  s t r u c t u r e  o f  t hese  f i l e s .  
However, t h i s  i n f o r m a t i o n  i s  n o t  r e q u i r e d  by t h e  use r  t o  r un  MELSAR. A 
p r i n t  f i l e  a l s o  r e s u l t s  f rom a r u n  o f  TERRAIN. Th i s  f i l e  g i ves  a summary o f  
t h e  s p e c i f i c a t i o n s  o f  t h e  run. Appendix H l i s t s  t h e  p r i n t  f i l e  f o r  t h e  
sample problem. The two ou tpu t  f i l e s  f rom TERRAIN f o r  t h e  sample problem 
a r e  TERSl and TERF1. 



TABLE 3-5 

RANGE OF VALUES, VARIABLE TYPE, AND RECOMMENDED VALUES 
FOR EACH PARAMETER I N  FILE TERIN - 

Var i  a b l  e Range o f  Recommended 
Parameter TY pe Values Va lue  

IDRUN 
1x0 
I Y 0 
NXC 
NYC 
I CS 
I A I  
LEN 
I XOF 
IYOF 
NXC F 
NYCF 
I CSF 
I A I  F 

CHARACTER 
INTEGER 
INTEGER 
INTEGER 
I NTEGER 
INTEGER 
INTEGER 
INTEGER 
I NTEGER 
INTEGER 
INTEGER 
INTEGER 
I NTEGER 
I NTEGER 

Up t o  1 0  c h a r a c t e r s  
0 t o  500 km 
0 t o  450 km 
1 0  t o  50 
1 0  t o  50 
2 t o  50  km 
2 t o  100 km 
1 4  
0 t o  500 km 
0 t o  450 km 
1 0  
1 0  
2 t o  50 km 
2 t o  100  km 

TABLE 3- 6 

TERRAIN RUN SPECIFICATION FILE, TERIN1, 
FOR THE SAMPLE PROBLEM 

L i n e  # Contents  

3.3.5 Di a g n o s t i  c Messages 

No d i a g n o s t i c  messages a r e  i n c l u d e d  i n  TERRAIN. I f  t h e  u s e r  g e t s  any 
system e r r o r  messages when e x e c u t i n g  TERRAIN, h e  s h o u l d  check t o  be s u r e  t h e  
base t e r r a i n  f i l e  TOP0 i s  s t r u c t u r e d  p r o p e r l y  and t h e  r u n  s p e c i f i c a t i o n s  i n  
f i l e  TERIN - a r e  d e c l a r e d  p r o p e r l y .  



3.4 MET Program 

Th i s  s e c t i o n  g i v e s  t h e  U N I V A P  JCL, r un  s p e c i f i c a t i o n s ,  and i n p u t  
requi rements f o r  runn ing  MET. Inpu ts  and r e s u l t i n g  ou tpu t s  f o r  t h e  sample 
problem a r e  given. The use r  can r e f e r  t o  Sec t i on  2.4 f o r  t e c h n i c a l  d e t a i l s  
o f  MET and Appendix P f o r  a  1  i s t i n g  o f  t h e  code. 

3.4.1 D e s c r i p t i o n  

MET i s  a  ve ry  f l e x i b l e  me teo ro log i ca l  da ta  processor.  It i s  designed 
t o  r e c e i v e  upper-ai  r and su r f ace  weather i n p u t  da ta  f rom many s t a t i o n s  o v e r  
d i f f e r e n t  t i m e  pe r i ods  and sampl i n g  i n t e r v a l s .  It can handl e  m iss ing  d a t a  
and was designed t o  handl e  any da ta  t h a t  a r e  a v a i l a b l e  f o r  a  s p e c i f i e d  
p e r i o d  o f  t ime. That  i s ,  observa t ions  f rom NWS s t a t i o n s ,  spec ia l  s t u d i e s  o r  
i n tens i  ve f i  e l  d  programs can be used. 

MET r e q u i r e s  a  r u n  s p e c i f i c a t i o n  f i l e ,  METIN , and seven i n p u t  f i l e s ,  
UP , SFC , W I P  , LANDU , VALLY , TERF , and TERS T t o  operate.  The f i l e  
UP- c o n t x i  ns t x e  upper-ai r datT, SFC c o n t a i n s  t r e  su r f ace  weather data,  
WIT con ta ins  t h e  wind i n te rpo la t i on- po in t s  on t h e  boundaries o f  t h e  domain, 
LANDU con ta ins  t h e  g r i dded  1  and-use ca tego r i es  f rom which su r f ace  roughness 
i s  deTermi ned, VALLY con ta ins  t h e  c h a r a c t e r i s t i c s  o f  v a l l  ey segments w i t h  
sources i n  them, ~ ~ ~ - T E R F  and TERS - a r e  t e r r a i n  f i l e s  f rom TERRAIN as 
descr ibed  i n  Sec t ion  3.3.- 

Four o u t p u t  f i l e s  a r e  produced by MET, F I G I  , BLPAR , MIXSP , and 
COEFF . The f i l e  F I G I  con ta ins  t h e  h o u r l y  amplTtude f u G t i o n s  q h i c h  d e f i n e  
t h e  t r ree-d imens i  onal Ti nds; BLPAR con ta ins  h o u r l y  g r i dded  temperatures, 
pressures, f r i c t i o n  v e l o c i t i e s ,  coFvec t i ve  v e l o c i t i e s ,  and Moni n-Obukov 
leng ths ;  MIXST con ta ins  t h e  h o u r l y  g r i dded  m i x i n g  he igh t s  and PGT s t a b i l i t y  
c lasses ;  and C ~ E F F  con ta ins  t h e  h o u r l y  c o u p l i n g  c o e f f i c i e n t  f o r  each v a l l e y  
segment. A r u n  summary 1 i s t i n g  i s  p r i n t e d  o u t  d u r i n g  a  run  o f  MET. 
F igu re  3- 1 shows t h e  i n p u t s  and ou tpu t s  f o r  MET. The b lank  f i e l d  a t  t h e  end 
o f  METIN , F I G I  , BLPAR , MIXST , and COEFF i s  assigned a  un ique number f o r  
d i f f e r e n t  runs  a s  descr ibed  i n S e c t i o n  3.2.T. 

MET r e q u i r e s  approx imate ly  70K words o f  memory t o  l o a d  on a  
U N I V A C B  1108 computer. It c o n s i s t s  o f  one main program (AAMET) and 
50 subrout ines,  a  t o t a l  o f  approx in ia te ly  8000 1  i nes  o f  code w i t h  comments. 
One sub rou t i ne  r e q u i r e d  by MET i s  an IMSL ( I n t e r n a t i o n a l  Mathematical and 
S t a t i s t i c a l  L i b r a r i e s ,  Inc.  , Houston, Texas) system subrout ine,  LLSQF. T h i s  
sub rou t i ne  so l ves  a  s e t  o f  equat ions u s i n g  1  east-squares techniques.  The 
U N I V A P  JCL f i l e  1  i s t e d  i n  Appendix B  f o r  mapping MET con ta ins  LLSQF and t h e  
o t h e r  system subrou t ines  i t  requi  res.  Appendi x  M con ta ins  tab1 es d e t a i  1  i ng  
t h e  subrou t ines  i n t e r a c t i o n s ,  common b locks ,  and parameter d e f i n i t i o n s  i n  
MET. 



3.4.2 Job Con t ro l  Language and Run Setup 

The UNIVAC@ JCL f i l e ,  METJCL, f o r  r unn ing  MET i s  g i ven  i n  Table 3-7. 
Th i s  f i l e  shows t h e  r u n  s p e c i f i c a t i o n  f i l e ,  i n p u t  f i l e s ,  and o u t p u t  f i l e s  
needed f o r  MET and t h e  l o g i c a l  u n i t  assignment f o r  these  f i l e s .  The f i l e  
names r e q u i r e d  f o r  t h e  sample problem a r e  shown i n  t h e  t a b l e .  These f i l e s ,  
i n  a d d i t i o n  t o  f i l e  METJCL, a r e  p rov i ded  w i t h  MELSAR. I nspec t i on  o f  
Table  3-7 shows t h a t  MET uses t h r e e  temporary f i l e s  ( l i n e s  15, 16 and 17)  

TABLE 3-7 

UNIVACB JCL FILE, METJCL, USED TO RUN MET 

@RUN MET/lOO/...................... .... 
QIDENT........................ 
@ASG,A SFC2. 
@ASG,A UP2. 
@ASG,A WIP1. 
@ASG,A METIN1. 
@ASG,A TERF1. 
@ASG,A TERS1. 
@ASG,A LANDU1. 
@ASG,A VALLY1. 
@ASG,UP FIGI1.  
@ASG,UP MIXST1. 
@ASG ,UP BLPAR1. 
@ASG,UP COEFFl. 
@ASG,T UPWOUT. 
@ASG,T UPTOUT. ,/ / /384/ 
@ASG,T SURWOUT. 
@USE 2,SFCZ. 
@USE 3,UPZ. 
@USE 4,WIPl. 
@USE 8,UPWOUT. 
@USE 9 ,UPTOUT. 
@USE 10,SURWOUT. 
@USE 12,FIGIl.  
@USE 14.,METINl. 
@USE 15 ,TERFl . 
@USE 17,MIXSTl. 
@USE 19,TERSl. 
@USE 20,BLPARl. 
@USE 25 ,LANDUl . 
@USE 26 ,VALLY 1. 
@USE 27, COEFFl. 
@XQT MET.AAMET 
@FIN 



d u r i n g  i t s  execut ion.  These a r e  d i r ec t - access  d i s k  f i l e s  and a r e  t r a n s-  
paren t  t o  t h e  user  as l o n g  as enough f r e e  d i s k  space i s  a v a i l a b l e  d u r i n g  a  
run. The t r a i l i n g  pe r i ods  i n  t h e  f i r s t  two 1  i nes  i n d i c a t e  a d d i t i o n a l  
U N I V A C B  r u n  i n f o r m a t i o n  i s  r e q u i r e d  (e.g., account, use r  ID) .  I n  a d d i t i o n ,  
t h e  / l o o /  i n  t h e  f i r s t  l i n e  i n d i c a t e s  t h a t  a  maximum o f  l O O K  words o f  memory 
w i l l  be r e q u i r e d  f o r  t h e  run. 

The r u n  c o n d i t i o n s  f o r  MET a r e  s p e c i f i e d  i n  f i l e  METIN . The con ten ts  
o f  METIN and t h e  d e f i n i t i o n  o f  each i n p u t  element a r e  g i v e n  i n  Tabl e  3-8. 
The range  o f  values, v a r i a b l e  type,  and recommended va lues  f o r  each 
parameter a r e  g i ven  i n  Table 3-9. The recommended va lues a r e  f o r  a  r u n  
us ing  t h e  whole GRAMA domain. The run  s p e c i f i c a t i o n  f i l e ,  METIN1, f o r  t h e  
sample problem i s  g i ven  i n  Tabl e  3-10. 

METIN con ta ins  o n l y  seven 1  i nes  o f  e n t r i e s  where t h e  e n t r i e s  a r e  
separated by  commas ( f i e 1  d- f ree  fo rmat ) .  Consequently, t h i s  f i l e  can be 
e a s i l y  c rea ted  and m o d i f i e d  u s i n g  a  UNIVAP system e d i t o r .  The e n t r i e s  i n  
MET1 N can be grouped i n t o  f i v e  ca tego r i es :  r u n  i n i t i a l  i z a t i o n ,  domai n, 
outpuT g r i d ,  wind f i e l d ,  and o t h e r  parameters. Spec i f y i ng  t h e  e n t r i e s  i n  
each ca tegory  i s  d iscussed next .  

3.4.2.1 Run I n i t i a l i z a t i o n  

The r u n  i n i t i a l i z a t i o n  e n t r i e s  a r e  s p e c i f i e d  i n  l i n e s  one and two o f  
METIN ( r e f e r  t o  Table 3-8). I D R U N  i s  s e t  as d iscussed i n  Sec t ion  3.2.4. 
The s i m u l a t i o n  s t a r t i n g  hour  i n  IBEG, and ending hour i n  IEND, must be a f t e r  
s u n r i s e  and b e f o r e  sunset. I f  these  c o n d i t i o n s  a r e  n o t  met by IBEG o r  IEND, 
MET w i l l  s e t  t h e  s t a r t  hour  t o  2 h r  a f t e r  s u n r i s e  f o r  a  wrongly  s p e c i f i e d  
IBEG, and w i l l  s e t  t h e  ending hour  t o  2  h r  b e f o r e  sunset f o r  a  wrongly  
s p e c i f i e d  IEND. The hour  e n t r i e s  i n  MET must be s p e c i f i e d  as 0 1  t o  24  
(ve rsus  00 t o  23) where 24 i s  m idn igh t .  IBTZ i s  always s e t  a t  7 (Mountain 
Standard Time) f o r  t h e  GRAMA region.  The USENAM f i e l d  can be any 
10 cha rac te r  alphanumeric s t r i n g  o f  t h e  u s e r ' s  choice. The u s e r ' s  name i s  
recommended. 

The DETAIL l o g i c a l  v a r i a b l e ,  i f  s p e c i f i e d  .TRUE., d i r e c t s  MET t o  p r i n t  
o u t  d e t a i l s  o f  t h e  run. Th is  i nc l udes ,  i n  a d d i t i o n  t o  t h e  summary in fo rma-  
t i o n ,  h o u r l y  i n p u t  and o u t p u t  winds a t  t h e  i n p u t  po in t s ;  h o u r l y  g r i dded  
m ix i ng  he igh t s ,  s t a b i l  i t i e s ,  temperatures, pressures, f r i c t i o n  v e l o c i t i e s ,  
convec t i ve  v e l o c i t i e s  and Moni n-Obukov 1  engths; and h o u r l y  v a l  l e y  coup1 i ng 
c o e f f i c i e n t s  f o r  each v a l l e y  segment. The p r i n t e d  ou tpu t  i s  about t h r e e  
pages p e r  s i m u l a t i o n  hour  p l u s  12 summary pages. There fo re  t h e  sample 
problem (48 hours )  would r e s u l t  i n  about  160 pages o f  p r i n t e d  output .  I f  
Froude number adjustments a r e  a p p l i e d  t o  t h e  wind f i e l d ,  t h e  p r i n t e d  o u t p u t  
i s  about 4  pages p e r  s i m u l a t i o n  hour  p l u s  13  summary pages. Consequently, 
t h e  user  should e x e r c i s e  c a u t i o n  when s p e c i f y i n g  DETAIL equal t o  .TRUE. f o r  
mu l t i day  s imu la t ions .  The p r i n t e d  o u t p u t  f o r  t h e  sample r u n  was 148 pages 
f o r  DETAIL equal t o  .TRUE., and 7 pages f o r  DETAIL equal t o  .FALSE.. 



TABLE 3-8 

MET RUN SPECIFICATION FILE, METIN- 

F i l e  Contents and Format: 

L i n e  # Contents 

1 IDRUN,IBEG,IEND,IBTZ,USENAM,DETAIL 
2 NSTA,NSSTA,NVALE,NOSTA 
3 IXo,IYo,SLX,SLY 
4 ALAT ,URLONG 
5 NTEMAX ,IHH,HH ,NGAMA,(HTGAMA(K) ,K=1 ,NGAMA) ,FROU 
6 IXOS,IYOS,NXCS,NYCS,ICSS 
7  RAD ,ZNOT,DS 

Parameter D e f i n i t i o n s :  

IDRUN = Run i d e n t i f i c a t i o n  number 
IBEG = S imu la t i on  beg in  t i m e  i n  (MO DAY YR HR) i n  base t ime  zone, 

(e.g., J u l y  11, 1978 a t  0800 i s  07117808) 
IEND = S imu la t i on  end t ime  i n  base t i m e  zone 
IBTZ = Base t i m e  zone, 5 (Eastern) ,  6 ( C e n t r a l ) ,  7  (Mountain), 

8  ( P a c i f i c )  
USENAM = User name 
DETAIL = Log i ca l  va r i ab le ,  i f  .TRUE., means p r i n t  ou t  d e t a i l e d  r e s u l t s  o f  

r un  
NSTA = Number o f  upper a i r  s t a t i o n s  

NSSTA = Number o f  su r f ace  weather s t a t i o n s  
NVALE = Number o f  v a l l e y s  w i t h  p o l l u t a n t  sources 
NOSTA = Number o f  wind i n t e r p o l a t i o n  p o i n t s  

1x0 = X- o r i g i n  o f  model ing domain i n  GRAMA coord ina tes  (km) 
I Y O  = Y- o r i g i n  o f  model ing domain i n  GRAMA coord ina tes  (km) 
SLX = Length i n  X- d i r e c t i o n  o f  model ing domain (km) 
SLY = Length i n  Y- d i rec t i on  o f  model ing domain (km) 

ALAT = L a t i t u d e  o f  c e n t e r  o f  model ing r e g i o n  (deg) 
URLONG = Longi tude o f  c e n t e r  o f  model i n g  r e g i o n  (deg) 
NTEMAX = Number o f  b a s i s  terms used i n  wind f i e l d  f i t  

IHH = Def ines form o f  t o p  boundary t o  w ind  f low,  
= 1 s e t s  t o p  boundary a t  a cons tan t  h e i g h t  above t h e  t e r r a i n  
= 2 s e t s  t o p  boundary a t  a  cons tan t  mean-sea- level h e i g h t  

HH = He igh t  o f  t o p  boundary AGL o r  MSL, dpepending on whether IHH=l 
o r  IHH=2, r e s p e c t i v e l y  (m) 

NGAMA = Number o f  'gamma' sur faces  t o  compute winds on 
HTGAMA = Array o f  h e i g h t s  o f  'gamma' sur faces,  va lues between 0.0 + 1.0 

FROU = Log i ca l  va r i ab le ,  i f  .TRUE., then a d j u s t  wind f i e l d  accord ing  t o  
Froude number cons ide ra t i ons  

1x0s = X- o r i g i n  o f  g r i d  f o r  y r i dded  ou tpu t s  (e.g., m i x i n g  h e i g h t s ) ,  
should be t h e  same as 1x0 



TABLE 3-8 

MET RUN SPECIFICATION FILE, METIN - (Cont inued) 

Parameter D e f i n i t i o n s :  

IYOS = Y- o r i g i n  o f  g r i d  f o r  g r i dded  ou tpu ts ,  should be equal t o  I Y O  
NXCS = Number o f  g r i d  c e l l s  i n  X-di r e c t i o n  f o r  ou tpu t  g r i d  
NYCS = Number o f  g r i d  c e l l s  i n  Y-di r e c t i o n  f o r  ou tpu t  g r i d  
ICSS = G r i d  c e l l  s i z e  o f  ou tpu t  g r i d  (km) 

RAD = Dis tance  g r e a t e r  than  which 111-2 weighted i n t e r p o l a t i o n  w i l l  n o t  
be performed (km) 

ZNOT = Sur face  roughness ( m ) ,  i f  equal t o  999. t hen  s u r f a c e  roughness 
wi 11 be determined f rom g r i dded  1  and-use ca tego r i es  

DS = Seed f o r  random number generator ,  which i s  used t o  vary  wind 
d i r e c t i o n s  i n p u t  a t  who1 e  1 0  degree i n t e r v a l s .  

NSTA i s  t h e  number o f  uppe r- a i r  s t a t i o n s  i n  t h e  upper a i r  da ta  i n p u t  
f i l e  UP , NSSTA i s  t h e  number o f  su r f ace  weather s t a t i o n s  i n  f i l e  SFC , 
NVALE ir t h e  number o f  v a l l  eys i n  f i l e  VALLY - , and NOSTA i s  t h e  number o f  
wind i n t e r p o l a t i o n  p o i n t s  i n  f i l e  NIP - . 

3.4.2.2 Domain 

The domain t o  be modeled can be t h e  e n t i r e  GRAMA r e g i o n  o r  any p a r t  o f  
i t. The parameters 1x0, I Y O ,  SLX, and SLY s p e c i f y  t h e  domai n. They a r e  
d e f i n e d  i n  Tab le  3-8. 1x0 and I Y O  s p e c i f y  t h e  o r i g i n  i n  GRAMA coord ina tes ,  
and SLX and SLY s p e c i f y  t h e  s i z e  o f  t h e  domain i n  t h e  X- d i r e c t i o n  and 
Y-di r ec t i on ,  r e s p e c t i v e l y .  The u n i t s  o f  1x0, I Y O ,  SLX, and SLY a r e  
k i l ome te rs .  The two i n p u t  t e r r a i n  f i l e s ,  TERS - and TERF - f r om TERRAIN, must 
match t h e  domain s p e c i f i e d  i n  MET. 

ALAT and URLONG s p e c i f y  t h e  l a t i t u d e  and long i tude ,  i n  degrees, o f  t h e  
c e n t e r  o f  t h e  model ing domai n. Th is  coo rd ina te  i s  used i n  computing t h e  
t i m e  o f  s u n r i s e  and sunset f o r  s p e c i f y i n g  t h e  s i m u l a t i o n  s t a r t i n g  hour  and 
ending hour. Consequently, ALAT and URLONG s p e c i f i e d  t o  t h e  neares t  t e n t h  
of  a  degree i s  more t han  adequate. 

3.4.2.3 Output G r i d  

Hour ly  m i x i n g  he igh t s ,  s t a b i l i t i e s ,  temperatures, pressures, f r i c t i o n  
v e l o c i t i e s ,  convec t i ve  v e l o c i t i e s ,  and Moni n-Obukov l eng ths  a r e  s p e c i f i e d  on 
t h e  ou tpu t  g r i d .  T h i s  g r i d  i s  d e f i n e d  by IXOS, I Y O S ,  NXCS, NYCS, and I C S S .  



TABLE 3-9 

RANGE OF VALUES, VARIABLE TYPE, AND RECOMMENDED VALUES 
FOR EACH PARAMETER I N  FILE METIN - 

Var i ab le  Range o f  
Parameter TY pe Values 

Recommended 
Value 

IDRUN 
IBEG 
I END 
I BTZ 
USENAM 
DETAIL 
N STA 
NSSTA 
NVALE 
NOSTA 
I xo 
I YO 
S LX 
SLY 
ALAT 
URLONG 
NTEMAX 
I HH 
H H 

NGAMA 
FROU 
1x0s 
IYOS 
NXCS 
NYCS 
ICSS 
RAD 
ZNOT 
D S 

CHARACTER 
INTEGER 
INTEGER 
INTEGER 
CHARACTER 
LOGICAL 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
REAL 
REAL 
REAL 
REAL 
INTEGER 
INTEGER 
REAL 

INTEGER 
LOG I CAL 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
REAL 
REAL 
DOUBLE PREC 

Up t o  10 cha rac te r s  
8 d i g i t s  (MMDDYYHH) 
8 d i g i t s  (MMDDYYHH) 
5 t o  8 
Up t o  10 cha rac te r s  
.TRUE. o r  .FALSE. 
1 t o  10 
1 t o  15 
1 t o  5 
1 t o  30 
0 t o  500 km 
0 t o  450 km 
20. t o  500. km 
20. t o  450. km 
38. t o  42. deg 
106. t o  112. deg 
10, 15 o r  2 1  
1 o r  2 
100. t o  6000. m ( IHH=l )  
3500. t o  6000. m (IHH=2) 
3 t o  9 
.TRUE. o r  .FALSE. 
0 t o  500 km 
0 t o  450 km 
10 
10 
2 t o  50 km 
50. t o  1000. km 
0.001 t o  1.0 m ( o r  999.) 
1.DO t o  2147483647,DO 

. FALSE. 
6 ( u s i n g  UP1 o r  UP2) 
8 ( us i ng  SFCl orSFC2) 

22 ( u s i n g  WIP1) 
0 
0 
500. 
450. 
40. 
109. 
10 
1 
150 0. 
4000. 
5 
. FALSE. 
0 
0 
10 
9 
5 0 
500. 
999. 
1. DO 



TABLE 3-10 

MET RUN SPECIFICATION FILE, METINl FOR THE SAMPLE PROBLEM 

L i n e  No. Contents  

1 ' 04158512 ',07117807,07137807,7,' MR JONES ',.FALSE. 
2  6,8,1,22 
3  0,0,500,450 
4  40. ,109. 
5  10,1,1500. ,5, .0033, .067, .2, .533,1., .FALSE. 
6 0  ,O ,10,9,50 
7  500. ,999. ,1 .DO 

1x0s and IYOS s p e c i f y  t h e  g r i d  o r i g i n  i n  GRAMA coord ina tes ,  NXCS and NYCS 
a r e  t h e  number o f  g r i d  c e l l s  i n  t h e  X and Y d i r e c t i o n ,  and ICSS i s  t h e  g r i d  
c e l l  s i z e  i n  k i l ome te r s .  1x0s and IYOS a r e  s e t  equal t o  1x0 and I Y O .  Then 
d i v i d i n g  t h e  l o n g e r  o f  SLX o r  SLY by 1 0  w i l l  g i v e  ICSS. The number o f  g r i d  
c e l l s  i n  t h e  l o n g e r  dimension w i l l  be 1 0  and t h e  number o f  g r i d  c e l l s  i n  t h e  
s h o r t e r  d imension w i l l  be SLX o r  SLY d i v i d e d  by ICSS. A c o n s t r a i n t  i s  t h a t  
SLX and SLY must be m u l t i p l e s  o f  ICSS. Fo r  t h e  sample problem SLX i s  equal  
t o  500 and SLY i s  equal  t o  450. Therefore,  ICSS i s  equal  t o  50 (500/10),  
making NXCS equal  t o  10, and NYCS equal  t o  9  (450/50).  

3.4.2.4 Wind F i e l d  

Winds a r e  s p e c i f i e d  on up t o  n i n e  'gamma' su r f aces  t h a t  a r e  conformal  
t o  t h e  t e r r a i n  and t h e  upper boundary. The t o p  gamma s u r f a c e  i s  t h e  upper  
boundary t o  t h e  f l o w  and t h e  lowes t  gamma su r f ace  shou ld  be s e t  between 3 t o  
10  m above t h e  ground. The upper boundary i s  s p e c i f i e d  w i t h  IHH and HH. 
Fo r  IHH equal  t o  one, t h e  upper boundary i s  t e r r a i n - f o l l o w i n g  a t  HH mete rs  
above t h e  ground. And f o r  IHH equal  t o  two, t h e  upper boundary i s  a t  a  
cons tan t  mean-sea- level h e i g h t  o f  HH. When IHH i s  equal  t o  two, HH must be 
h i g h e r  t h a n  t h e  h i g h e s t  t e r r a i n  i n  t h e  model ing reg ion.  

NGAMA s p e c i f i e s  t h e  number o f  gamma sur faces  and t h e  a r r a y  HTGAMA 
s p e c i f i e s  t h e  gamma s u r f a c e  h e i g h t s  i n  t h e  nondimensional v e r t i c a l  coord i- 
nate,  gamma ( r e f e r  t o  F i g u r e  2-8). Gamma v a r i e s  between z e r o  and one, and, 
t h e r e f o r e ,  t h e  gamma su r f ace  h e i g h t s  a r e  s p e c i f i e d  between zero  and one. 
The t o p  gamma s u r f a c e  h e i g h t  should  always be s e t  equal t o  1.0. The use r  
may want t o  space t h e  gamma sur faces  c l o s e r  t o g e t h e r  near  t h e  ground and 
f a r t h e r  a p a r t  up h igher .  Fo r  t h e  sample problem, f i v e  gamma su r f aces  
(NGAMA=5) were used and t h e  upper boundary was d e f i n e d  as t e r r a i n - f o l l o w i n g  
( IHH=l )  a t  1500 m AGL (HH=1500). The gamma sur faces  chosen were a t  0.0033, 
0.067, 0.2, 0.533, and 1.0, cor responding t o  5, 100, 300, 800, and 1500 m 
AGL. 



The l o g i c a l  v a r i a b l e  FROU s p e c i f i e s  whether o r  n o t  t h e  wind f i e l d  
shoul d  be m o d i f i e d  u s i n g  Froude number cons idera t ions .  (The reader  can 
r e f e r  t o  Sec t i on  2.4.1 f o r  t e c h n i c a l  d e t a i l s ) .  I f  s e t  equal t o  .TRUE. t h e n  
t h e  winds a r e  mod i f ied .  The user  shou ld  keep i n  mind t h a t  employing t h i s  
o p t i o n  w i l l  i n c rease  t h e  execu t i on  o f  MET. 

3.4.2.5 Other Parameters 

Three f i n a l  parameters must be s p e c i f i e d  t o  r u n  MET RAD g i v e s  a  
2 sepa ra t i on  d i s t a n c e  i n  k i l o m e t e r s  g r e a t e r  t h a n  wh ich  l / r  weighted i n t e r -  

p o l a t i o n  w i l l  n o t  be performed. T h i s  i s  used i n  t h e  i n t e r p o l a t i o n  o f  upper- 
a i r  da ta  t o  t h e  su r f ace  weather s t a t i o n s ,  and i n  t h e  i n t e r p o l a t i o n  o f  d a t a  
t o  t h e  o u t p u t  g r i d .  RAD shou ld  be l a r g e  enough t o  be su re  a t  l e a s t  every  
p o i n t  i s  covered by a t  l e a s t  one upper- a i  r s t a t i o n .  A va lue  o f  500 km i s  
recommended. ZNOT s p e c i f i e s  t h e  su r f ace  roughness i f  a  cons tan t  va l ue  i s  
d e s i r e d  ove r  t h e  reg ion ,  o r  s p e c i f y i n g  ZNOT equal  t o  999. requests  t h e  
determi  n a t i o n  o f  su r f ace  roughness f rom t h e  g r i dded  1  and-use ca tegor ies .  DS 
g i ves  t h e  seed f o r  t h e  random number generator ,  which adds v a r i a t i o n  t o  t h e  
wind d i r e c t i o n  f o r  i n p u t s  i n  whole 10  degrees. 

3.4.3 I n p u t  Data D e s c r i p t i o n  

Seven f i l e s  a r e  r e q u i r e d  as i n p u t  by MET as shown i n  F i g u r e  3-1. Two 
f i l e s ,  TERF and TERS a r e  un fo rmat ted  f i l e s  f rom program TERRAIN. The 
preparation- of t hese  t w o  f i l e s  i s  descr ibed  i n  Sec t i on  3.3. The remain ing 
f i v e  f i l e s ,  UP - , SFC , W I P  ,LANDU , and VALLY a r e  f o rma t t ed  f i l e s  prepared 
by t h e  user. A s e t  Ff these  f i l e s  a r e  p rov iTed  w i t h  MELSAR and a r e  
descr ibed  i n  Appendix D  and Tab1 e  3-1. The VALLY f i l e  p rov i ded  w i t h  
MELSAR, VALLYl, w i l l  n o t  be o f  genera l  use because i t  i s  j u s t  f o r  C lea r  
Creek. The use r  w i l l  have t o  p repare  o t h e r  VALLY f i l e s  f o r  t h e  v a l l e y s  
w i t h  sources t h e y  a r e  modeling. The name and d e s c r i p t i o n  o f  any new f i l e s  
prepared should  be en te red  i n t o  t h e  1  i s t  o f  a v a i l a b l e  f i l e s  g i ven  i n  
Appendix D. Descr ibed n e x t  a r e  i n s t r u c t i o n s  f o r  t h e  p r e p a r a t i o n  and 
f o r m a t t i n g  o f  t h e  UP , SFC , WIP , LANDU , and VALLY f i l e s .  The i n p u t  
f i l e s  used i n  t h e  s a G l e  p r o b l e m a r e  U P ~ T  SFC2, WIP~T LANDU1, VALLYl, TERF1, 
and TERS1. 

3.4.3.1 P repa ra t i on  o f  t h e  Upper- Ai r  Data F i l e  UP - 

Two upper- a i  r d a t a  f i l e s ,  UP1 and UP2, a r e  p rov i ded  w i t h  MELSAR. They 
a re  desc r i bed  i n  Appendix D and shou ld  be o f  genera l  use t o  t h e  user. F i l e  
UP1 i s  a  f o rma t t ed  f i l e  and con ta i ns  uppe r- a i r  d a t a  f rom s i x  NWS rad iosonde 
s t a t i o n s  f o r  t h e  month o f  January 1978. F i l e  UP2 i s  f o r  J u l y  1978. 



D e t a i l e d  i n s t r u c t i o n s  f o r  t h e  p r e p a r a t i o n  o f  new UP f i l e s  i s  n o t  g i v e n  
here. I f  t h e  use r  has a  da ta  s e t  t h a t  he would 1  i k e  t o  p r e p a r e  f o r  use w i t h  
MELSAR, d e t a i l e d  i n s t r u c t i o n s  t o  do t h i s  a r e  g i ven  i n  t h e  f i r s t  p a r t  o f  
sub rou t i ne  UPPER g i v e n  i n  Appendix P. E i t h e r  f i l e  U P 1  o r  UP2 can be l i s t e d  
ou t  t o  use as an example. To prepare an uppe r- a i r  da ta  f i l e ,  t h e  in forma-  
t i o n  r e q u i r e d  f o r  each s t a t i o n  i s  as f o l l o w s :  s t a t i o n  i d e n t i f i c a t i o n  

- number, name, 1  o c a t i o n  ( e i t h e r  GRAMA, UTM, o r  l a t i t u d e - l o n g i t u d e  coo rd i -  
na tes ) ,  e l e v a t i o n ,  t i m e  zone, t o t a l  number o f  temperature soundings, and 
t o t a l  number o f  w ind  soundings. For  each sounding, t h e  i n f o r m a t i o n  r e q u i r e d  
i s  as f o l l o w s :  s t a t i o n  i d e n t i f i c a t i o n  number, t i m e  o f  sounding, t i m e  zone 
t h a t  da ta  a r e  r e p o r t e d  i n  (may be GMT) , number o f  temperature observa t ions  
( i f  any),  and number o f  wind observa t ions  ( i f  any). I f  a  tempera tu re  
sounding i s  i nd i ca ted ,  t h e n  t h e  da ta  d e s i r e d  f o r  each obse rva t i on  a r e  
he igh t ,  pressure,  temperature,  and dew p o i n t  o r  r e l a t i v e  humid i t y .  MELSAR 
can t r e a t  m i ss i ng  h e i g h t  o r  p ressure  data,  and t h e  use r  shou ld  r e f e r  t o  t h e  
f i r s t  p a r t  o f  sub rou t i ne  UPPER f o r  more i n f o r m a t i o n  about how t o  t r e a t  
m i ss i ng  data.  I f  a  wind sounding i s  i n d i c a t e d  then  t h e  da ta  d e s i r e d  f o r  
each obse rva t i on  a r e  he igh t ,  w ind d i r e c t i o n ,  and wind speed. M iss i ng  
he igh t s  i n  t h e  wind sounding can be handled and wind speed can be i n p u t  i n  
e i t h e r  kno ts  o r  meters p e r  second. 

3.4.3.2 P repa ra t i on  o f  t h e  Sur face  Weather Data F i l e  SFC - 

Two s u r f a c e  weather da ta  f i l e s ,  SFCl and SFC2, a r e  p rov ided  w i t h  
MELSAR, They a re  descr ibed  i n  Appendix D  and should be o f  genera l  use t o  
t h e  user.  F i l e  SFCl i s  a  fo rmat ted  f i l e  and con ta ins  su r f ace  weather d a t a  
f rom e i g h t  NWS s t a t i o n s  f o r  t h e  month o f  January 1978. F i l e  SFC2 i s  f o r  
J u l y  1978. 

D e t a i l e d  i n s t r u c t i o n s  f o r  t h e  p r e p a r a t i o n  o f  new SFC f i l e s  a r e  n o t  
g i ven  here. I f  t h e  use r  has a  da ta  s e t  t h a t  he would l i k F  t o  prepare f o r  
use by MELSAR, d e t a i l e d  i n s t r u c t i o n s  t o  do t h i s  a r e  g i ven  i n  t h e  f i r s t  p a r t  
o f  sub rou t i ne  SRFC g i ven  i n  Appendix P. E i t h e r  f i l e  SFCl o r  SFC2 can be 
l i s t e d  o u t  t o  use as an example. To prepare a  su r f ace  weather da ta  f i l e  t h e  
i n f o r m a t i o n  r e q u i r e d  f o r  each s t a t i o n  i s  as f o l l o w s :  s t a t i o n  i d e n t i f i c a t i o n  
number, name, 1  ocat ion,  e l e v a t i o n ,  t i m e  zone, and number o f  observat ions.  
The d e s i r e d  i n f o r m a t i o n  f o r  each obse rva t i on  i s  as f o l l o w s :  s t a t i o n  i d e n t i -  
f i c a t i o n  number, t i m e  o f  observa t ion  ( i n  t i m e  zone o f  s t a t i o n ) ,  wind 
d i r e c t i o n ,  wind speed, temperature,  dew p o i n t ,  s t a t i o n  pressure,  and c l o u d  
cover. The da ta  f o r  any s t a t i o n  do n o t  have t o  be s p e c i f i e d  a t  any s e t  t i m e  
i n t e r v a l ,  n o r  do t h e y  need t o  be a v a i l a b l e  d u r i n g  t h e  e n t i  r e  s i m u l a t i o n  
per iod.  More d e t a i l s  on da ta  e n t r y  a r e  g i ven  i n  subrou t ine  SRFC. 

3.4.3.3 Prepara t ion  o f  t h e  Wind I n t e r p o l a t i o n  P o i n t  F i l e  W I P  - 

The purpose o f  f i l e  W I P  i s  t o  s p e c i f y  p o i n t s  i n  t h e  model ing domain 
where u p p e r - a i r  w ind da ta  a r e  t o  be i n t e r p o l a t e d .  These i n t e r p o l a t e d  upper- 
a i r  w ind soundings a r e  t hen  used as ' i n p u t '  soundings, i n  a d d i t i o n  t o  t h e  



o r i g i n a l  soundings, t o  t h e  f l o w  model. These i n t e r p o l a t i o n  p o i n t s  a r e  
e s p e c i a l l y  needed a t  t h e  boundar ies o f  t h e  model ing r e g i o n  t o  keep t h e  w ind  
f i e l d  f rom becoming un rea l  i s t i c  near  t h e  boundar ies.  The use r  may want t o  
s p e c i f y  i n t e r n a l  p o i n t s  t o  t h e  domain i f  t h e  d i s t r i b u t i o n  o f  i n p u t  s t a t i o n s  
i s  ve r y  l ops i ded  and t h e  w ind  f i e l d  l ooks  u n r e a l i s t i c .  

F i l e  WIPl i s  p rov i ded  w i t h  MELSAR and con ta i ns  i n f o r m a t i o n  on 22 p o i n t s  
s p e c i f i e d  on t h e  boundary o f  t h e  e n t i  r e  GRAMA reg ion.  The 22 p o i n t s  c o n s i s t  
o f  t h e  f o u r  co rne r  p o i n t s ,  f o u r  p o i n t s  on each o f  t h e  X- d i r e c t i o n  boun- 
da r i es ,  and f i v e  p o i n t s  on each o f  t h e  Y-di r e c t i o n  boundar ies.  Th i s  f i l e  
shou ld  be s u f f i c i e n t  f o r  any MELSAR runs made on t h e  e n t i  r e  GRAMA reg ion .  
Fo r  any sma l l e r  reg ions  w i t h i n  t h e  GRAMA reg ion,  t h e  use r  w i l l  need t o  
prepare a d d i t i o n a l  NIP - f i l e s .  

WIP f i l e s  a r e  f o rma t t ed  f i l e s  and c o n t a i n  a  r e c o r d  f o r  each p o i n t .  
Each reco rd  i s  read u s i n g  t h e  f o l l  owing FORTRAN READ sta tement :  

READ (4,35) IDO,NAMEO,XU,YU,ICODE 
35 FORMAT (16,1X,Al0,2F10.3,14) 

where, 

ID0 = t h e  p o i n t  i d e n t i f i c a t i o n  number, which can be any 6 - d i g i t  
i n t e g e r  o f  t h e  users  cho i ce  

NAME0 = a 10- charac te r  alphanumeric name ass igned t o  t h e  p o i n t  
( t h i s  f i e l d  can be l e f t  b l a n k )  

XU = X- coord inate o f  p o i n t  i n  GRAMA coo rd i na tes  (km), UTM 
coo rd i na tes  (km) , o r  1  a t i  tude-1 ongi  t ude  coord ina tes  (deg) 

YU = Y- coord inate o f  p o i n t  i n  GRAMA coo rd i na tes  (km), UTM 
coo rd i na tes  (km) , o r  1  a t i t u d e - l o n g i  t ude  coord ina tes  (deg) 

ICODE = code s p e c i f y i n g  coo rd i na te  system o f  XU and YU, 
( 1  means l a t i t u d e - l o n g i t u d e ,  2  means UTM g r i d  zone 12,  
3 means UTM g r i d  zone 13, and 4  means GRAMA). 

The use r  can l i s t  o u t  f i l e  WIPl t o  use as an example i n  p repa r i ng  any new 
WIP - f i l e s .  

3.4.3.4 P repa ra t i on  o f  Gr idded Land-Use Category F i  l e  LANDU - 

The g r i dded  land-use ca tegory  f i l e ,  LANDU , i s  c u r r e n t l y  used by MELSAR 
t o  s p e c i f y  t h e  su r f ace  roughness ( see  Table  2-8).  F i l e  LANDUl i s  p rov i ded  
w i t h  MELSAR and shou ld  be o f  genera l  use f o r  a p p l i c a t i o n s  cove r i ng  t h e  
e n t i r e  GRAMA reg ion.  A d e s c r i p t i o n  o f  t h i s  f i l e  i s  g i ven  i n  Appendix D. 
For a p p l i c a t i o n s  o f  MELSAR on p o r t i o n s  o f  t h e  GRAMA reg ion ,  t h e  use r  would 
need t o  p repare  new LANDU f i l e s .  An a l t e r n a t i v e  t o  g r i d d i n g  new land-use 
ca tego r i es  would be t o  u s e  t h e  o p t i o n  i n  METIN - (see Sec t ion  3.4.2.5), which 



a l l ows  t h e  use r  t o  s p e c i f y  su r f ace  roughness d i  r e c t l y .  T h i s  o p t i o n  assumes 
a  cons tan t  su r f ace  roughness ove r  t h e  model ing reg ion.  

To develop a  new LANDU f i l e ,  t h e  user  would need t o  o v e r l a y  up t o  a  10 
by 10 g r i d  o n t o  a  land-use map o f  t h e  d e s i r e d  reg ion.  Th is  g r i d  would be a  
subset o f  t h e  GRAMA coo rd ina te  system. Then land-use ca tegory  numbers g i ven  
i n  Table 2-8 would need t-o be assigned t o  each g r i d  c e l l .  The use r  would 
then  need t o  i n p u t  each row o f  1  and-use numbers, s t a r t i n g  w i t h  t h e  most 
s o u t h e r l y  row, i n t o  a  da ta  f i l e .  Th is  f i l e  would be a  fo rmat ted  f i l e  and 
each row would be read  u s i n g  a  FORTRAN format  s ta tment  o f  FORMAT(lOI3). 
F i l e  LANDUl c o u l d  be l i s t e d  o u t  t o  use as an example. 

3.4.3.5 P repa ra t i on  o f  t h e  Source V a l l e y  F i l e  VALLY - 

Th is  f i l e  con ta ins  t h e  c h a r a c t e r i s t i c s  o f  each v a l l e y  w i t h  a  source 
l o c a t e d  i n  it. The use r  w i l l  need t o  c r e a t e  VALLY - f i l e s  f o r  d i f f e r e n t  
source i n v e n t o r i e s  and d i f f e r e n t  model i ng domai ns. Once a1 1  t h e  p r i n c i p a l  
source v a l l e y s  have been charac te r i zed ,  however, new VALLY f i l e s  should n o t  
be requ i red .  The i n f o r m a t i o n  on any new VALLY f i l e  c rea tFd  should be  
en te red  i n t o  t h e  ava i l ab le- inpu t- da ta  form g i ven  i n  Appendix D. The VALLYl 
f i l e  supp l i ed  w i t h  MELSAR can be l i s t e d  o u t  and used as an example f o r  
p repa r i ng  o t h e r  VALLY f i l e s .  Th i s  f i l e  g i ves  c h a r a c t e r i s t i c s  o f  one v a l l e y  
d e f i n e d  as e i g h t  v a l l e y  segments f rom t h e  head o f  Clear  Creek down Roan 
Creek and t h e  Colorado R i v e r  t o  about 30 km below DeBeque, Colorado. The 
use r  can r e f e r  t o  Sec t ion  2.4.4 and 2.5.7 f o r  t e c h n i c a l  d e t a i l s  on t h e  
v a l l e y  coup1 i n g  process f o r  which t h e  v a l l e y  i n f o r m a t i o n  a r e  needed. 

The f i r s t  s t e p  i n  c r e a t i n g  a  VALLY f i l e  i s  t o  determine which v a l l e y s  
i n  a  model ing r e g i o n  w i l l  have a  source-in them and whether o r  n o t  t h e  
contaminants w i l l  remain t rapped i n  t h e  v a l l e y s  th rough t h e  n i g h t  ( t h e  s tack  
h e i g h t  p l u s  reasonable plume r i s e  i s  below t h e  r idge tops) .  The n e x t  s t ep  i s  
t o  i d e n t i f y  t h e  f u l l  l e n g t h  o f  t h e  v a l l e y s  t o  be cha rac te r i zed  and t h e  
number o f  segments p e r  v a l l e y .  The c r i t e r i a  f o r  do ing  t h i s  a r e  g i ven  i n  
Sect ion 2.5.7. 

VALLY i s  a  f o rma t ted  f i l e  and con ta ins  f i r s t  a  s e r i e s  o f  header 
records,  one f o r  each v a l l e y ,  f o l l o w e d  by t h e  c h a r a c t e r i s t i c s  f o r  each 
v a l l e y  segment. The d a t a  f o r  one segment a r e  i n c l u d e d  on one reco rd  and a1 1  
t h e  segments f o r  each v a l l e y  a r e  grouped t oge the r .  The segments f o r  each 
v a l l e y  must be 1  i s t e d  i n  o r d e r  go ing  up- va l ley .  A lso  t h e  end p o i n t  o f  t h e  
l a s t  segment must be down- val ley f rom t h e  source. The o r d e r  of  t h e  segment 
groups i s  t h e  same as t h e  o r d e r  o f  t h e  header records. Each header r eco rd  
i s  read u s i n g  t h e  f o l l o w i n g  FORTRAN READ statement :  

READ (26,360) IDVAL,NAMVAL,NSEG,XU,YU,ICODE,VGAMAX,WSV, 
ELVAL ,DPVAL,ITZV 

360 FORMAT (16,1X,A10,13,2F10.3,13,2F8.4,2F6.0,13) 



where, 

IDVAL = v a l l e y  i d e n t i f i c a t i o n  number wh ich  can be up t o  a  6 - d i g i t  
number o f  t h e  u s e r s  c h o i c e  

NAMVAL = a  1 0- c h a r a c t e r  a lphanumer i c  name f o r  t h e  v a l l e y  

NSEG = number o f  segments f o r  v a l  1  ey  ( n o t '  g r e a t e r  t h a n  1 0 )  

XU = X- c o o r d i n a t e  o f  v a l l e y  c e n t e r  i n  GRAMA c o o r d i n a t e s  (km), UTM 
c o o r d i n a t e s  (km) , o r  1  a t i t u d e - 1  o n g i  t u d e  c o o r d i n a t e s  (deg )  

YU = Y- coord ina te  o f  v a l l e y  c e n t e r  i n  GRAMA c o o r d i n a t e s  (km), UTM 
c o o r d i n a t e s  (km) , o r  1 a t i t u d e - l o n g i t u d e  c o o r d i n a t e s  (deg )  

ICODE = code s p e c i f y i n g  c o o r d i n a t e  sys tem o f  XU and YU, 
( 1  means l a t i t u d e - l o n g i t u d e ,  2  means UTM g r i d  zone 12, 
3  means UTM g r i d  zone 13, and 4 means GRAMA). 

VGAMAX = maximum p o t e n t i a l  t e m p e r a t u r e  l a p s e  r a t e  expec ted  i n  v a l l e y  
a t  s u n r i s e  ('Kim), a  d e f a u l t  v a l u e  o f  0.03 i s  recommended i f  
d a t a  a r e  n o t  a v a i l a b l  e  

WSV = mean n o c t u r n a l  down-val l e y  w i n d  speed i n  v a l l  ey (m/s)  , a  
d e f a u l t  v a l u e  o f  4 m/s i s  recommended i f  d a t a  a r e  n o t  
a v a i  1  a b l e  

ELVAL = average e l e v a t i o n  o f  v a l l e y  f l o o r  (m MSL) 

DPVAL = average d e p t h  o f  v a l l e y  (m) 

ITZV = t i m e  zone v a l l e y  i s  i n ,  5  ( E a s t e r n ) ,  6  ( C e n t r a l ) ,  7 
(Moun ta in ) ,  8 ( P a c i f i c ) ;  t h e  t i m e  zone f o r  t h e  GRAMA r e g i o n  
i s  7. 

Next  t h e  d a t a  a r e  r e a d  f o r  each v a l l e y  segment, where a l l  t h e  segments f o r  
each v a l l e y  a r e  grouped t o g e t h e r .  Each r e c o r d  cor responds t o  a  v a l l e y  
segment and i s  r e a d  w i t h  t h e  f o l l o w i n g  FORTRAN READ s ta tement :  

READ (26,361) IDV,IDSEG,XU ,XU,ICODE ,ELSEG,TOSEG,WSEG,ALlSEG,AL2SEG 
361 FORMAT (216,2F10.3,13,5F6.0) 

where, 

IDV = v a l l e y  i d e n t i f i c a t i o n  number (same as IDVAL) 

IDSEG = i d e n t i f i c a t i o n  number o f  segment wh ich  can be up t o  a  6 - d i g i  t 
number o f  t h e  u s e r s  c h o i c e  

XU = X- coordi  n a t e  o f  segment i n  GRAMA c o o r d i n a t e s  (km) , UTM 
c o o r d i  na tes  ( km) , o r  1  a t i  tude-1 ong i  t u d e  c o o r d i  na tes  (deg )  



YU = Y- coord inate o f  segment i n  GRAMA coord ina tes  (km) , UTM 
coord ina tes  (km), o r  l a t i t u d e - l o n g i t u d e  coord ina tes  (deg) 

ICODE = code s p e c i f y i n g  coo rd ina te  system o f  X U  and YU, 
( 1  means l a t i t u d e - l o n g i t u d e ,  2 means UTM g r i d  zone 12, 
3 means UTM g r i d  zone 13, and 4  means GRAMA) 

ELSEG = e l e v a t i o n  o f  v a l l e y  segment f l o o r  (m MSL) 

TOSEG = e l e v a t i o n  o f  r i dge tops  f o r  v a l l y  segment (average o f  bo th  
s i d e s  o f  v a l l e y )  (m MSL) 

WSEG = w i d t h  o f  v a l l e y  f l o o r  f o r  segment (m) 

ALlSEG = s lope  ang le  o f  l e f t  ( f a c i n g  down- val ley) s i dewa l l  (deg) 

AL2SEG = s lope  ang le  o f  r i g h t  ( f a c i n g  down-val l e y )  s i d e w a l l  (deg).  

The VALLY f i l e  i s  read i n  sub rou t i ne  COEFF. The 1  i s t i n g  i n  Appendix P can 
be r e f e r r T d  t o  f o r  more i n fo rma t i on .  

3.4.4 Output D e s c r i p t i o n  

Four un fo rmat ted  f i l e s  r e s u l t  f rom MET as shown i n  F i g u r e  3- 1 and 
descr ibed  i n  Table 3-2. F i l e  FIG1 con ta ins  t h e  h o u r l y  amp l i tude  f u n c t i o n s  
which desc r i be  t h e  winds on each 'gamma' sur face;  BLPAR con ta ins  t h e  h o u r l y  
g r i dded  temperatures, pressures, f r i c t i o n  v e l o c i t i e s ,  cFnvec t i ve  v e l o c i t i e s  
and Monin-Obukov 1  engths; MIXST con ta ins  t h e  h o u r l y  g r i dded  m i x i n g  h e i g h t s  
and PGT s t a b i l i t y  c lasses ;  and COEFF - con ta ins  t h e  h o u r l y  coup1 i n g  
c o e f f i c e n t s  f o r  each v a l l e y  segment. The use r  can r e f e r  t o  subrou t ines  
AMPLIT, BLPARS, MIXSTB, and COEFF, r e s p e c t i v e l y ,  f o r  t h e  s p e c i f i c  s t r u c t u r e  
o f  these  f i l e s .  However, t h i s  i n f o r m a t i o n  i s  n o t  r e q u i r e d  t o  r un  MELSAR. A 
p r i n t  f i l e  a l s o  r e s u l t s  f rom a  run  o f  MET. This  f i l e  g i ves  a  summary o f  t h e  
run, and i f  requested, p rov ides  d e t a i l e d  r u n  r e s u l t s .  Appendix I 1  i s t s  t h e  
summary p r i n t  f i l e  f o r  t h e  sample problem. The f o u r  ou tpu t  f i l e s  f r om MET 
f o r  t h e  sample problem a r e  FIGI1, BLPAR1, MIXST1, and COEFF1, 

3.4.5 D iagnos t i  c  Messages 

D iagnos t i c  messages f rom MET a r e  g i ven  i n  Appendix G. Th i s  1  i s t  
i n c l  udes suggest ions t o  r eso l  ve t h e  p rob l  em encountered. 

3.5 POLUT Program 

Th i s  s e c t i o n  g i ves  t h e  UNIVACB JCL, r un  s p e c i f i c a t i o n s ,  and i n p u t  
requ i  rements f o r  runn ing  POLUT. Inpu ts  and r e s u l t i n g  ou tpu t s  f o r  t h e  sample 



problem a r e  given. The user  can r e f e r  t o  Sec t ion  2.5 f o r  t h e  t e c h n i c a l  
d e t a i l s  o f  POLUT and Appendix Q f o r  a  l i s t i n g  o f  t h e  code. 

3.5.1 D e s c r i p t i o n  

POLUT i s  a  Lagrangian p u f f  model where t h e  p o l l u t a n t  d i s t r i b u t i o n  i s  
descr ibed  i n  a  Gaussian f ash ion  about t h e  p u f f  c e n t e r  o f  mass. The d i s t r i -  
b u t i o n  i n  t h e  v e r t i c a l  i s  m o d i f i e d  by t h e  t rea tment  o f  m u l t i p l e  r e f l e c t i o n s  
f rom t h e  ground and an upper m ix i ng  l i d .  The model i s  designed t o  be 
a p p l i e d  p r i n c i p a l l y  a t  source- to- receptor  d is tances  on t h e  o r d e r  o f  tens  t o  
hundreds o f  k i lometers .  However, t h e  model i s  con f i gu red  t o  t r e a t  any 
source- to- receptor  d is tance.  Ground- level concen t ra t i ons  f o r  two p o l l u t a n t s  
can be computed f o r  re leases  f rom up t o  f i v e  sources, e i t h e r  p o i n t  o r  a rea  
sources. The area sources a r e  t r e a t e d  as v i r t u a l  p o i n t  sources. Concentra- 
t i o n s  a r e  computed on up t o  f o u r  25- by 25- receptor  g r i d s  and up t o  
10 i n d i v i d u a l  r ecep to rs  s p e c i f i e d  anywhere a t  ground 1  eve1 i n  t h e  model ing 
domain. C u r r e n t l y  POLUT i s  based on t h e  conse rva t i ve  approach o f  assuming 
no po l  1  u t a n t  removal o r  chemical t rans fo rmat ions .  

POLUT r e q u i r e s  a  run  s p e c i f i c a t i o n  f i l e ,  POLIN , and seven i n p u t  f i l e s ,  
SOURC , RECPT , TERS , F IG I  , BLPAR , MIXST , and C ~ E F F  , t o  operate. 
SOURC- con ta ins  t h e  s o u r c e  a a r a c t e F i s t i c s  Ta ta ,  RECPT c o n t a i n s  t h e  
recep to r  s p e c i f i c a t i o n  i n f o r m a t i o n  data,  TERS i s  an ou tpu t  f i l e  f rom 
program TERRA1 N and con ta ins  t h e  smoothed t e r T a i  n  h e i g h t  and roughness data,  
and FIG1 , BLPAR - , MIXST - , and COEFF - a r e  ou tpu t  f i l e s  f rom MET descr ibed  i n  
Sect ion 3.4. 

One ou tpu t  f i l e ,  CONC , i s  produced by POLUT. Th i s  f i l e  con ta ins  t h e  
concent ra t ions  f o r  each t i m e  s t e p  ( t y p i c a l  l y  one hour ) ,  f o r  each recep to r ,  
f o r  each source, f o r  each p o l l u t a n t .  Th i s  f i l e  i s  used by POLPRC t o  compute 
average concent ra t ions .  A r un  summary l i s t i n g  i s  p r i n t e d  o u t  d u r i n g  a  r u n  
o f  POLUT. F i g u r e  3- 1 shows t h e  i n p u t s  and ou tpu t s  f o r  POLUT. The b lank 
f i e l d  a t  t h e  end o f  t h e  i n p u t  f i l e  names f o r  POLUT i s  assigned a  un ique 
number by t h e  user  f o r  d i f f e r e n t  runs as descr ibed  i n  Sec t ion  3.2.4. 

POLUT r e q u i r e s  approx imate ly  160K words o f  memory t o  l o a d  on a  
U N I V A P  1108 computer. It c o n s i s t s  o f  one main program (AAPOL) and 43 sub- 
rou t i nes ;  a  t o t a l  o f  approx imate ly  4300 l i n e s  o f  code w i t h  comments. 
Appendix N con ta ins  t a b l e s  d e t a i  1  i ng t h e  sub rou t i ne  i n t e r a c t i o n s ,  common 
b locks ,  and parameter d e f i n i t i o n s  i n  POLUT. 

3.5.2 Job Con t ro l  Language and Run Setup 

The UNIVAC" JCL f i l e ,  POLJCL, f o r  runn ing  POLUT i s  g i ven  i n  Tab1 e  3-11. 
Th i s  f i l e  shows t h e  r u n  s p e c i f i c a t i o n  f i l e ,  i n p u t  f i l e s ,  and o u t p u t  f i l e  
needed f o r  POLUT and t h e  l o g i c a l  u n i t  assignment f o r  these  f i l e s .  The f i l e  



names r e q u i r e d  f o r  t h e  sample problem a r e  shown i n  t h e  t a b l e .  F i l e s  POLINl, 
S O U R C l ,  and RECPTl, i n  a d d i t i o n  t o  f i l e  POLJCL, a r e  p rov ided  w i t h  MELSAR. 
The d o t t e d  f i e l d s  i n  t h e  f i r s t  two l i n e s  of  POLJCL i n d i c a t e  t h e  need f o r  
a d d i t i o n a l  i n f o r m a t i o n  (e.g., use r  ID, password) t o  be supp l ied .  I n  add i-  
t i o n ,  t h e  /180/ on t h e  f i r s t  l i n e  i n d i c a t e s  t h a t  a  maximum o f  180K words o f  
memory w i l l  be r e q u i r e d  f o r  t h e  run. 

TABLE 3-11 

UNIVAC~ JCL FILE, POLJCL, USED TO RUN POLUT 

@RUN POLUT/180/ ................. 
@IDENT................ 
@ASG,A POLINl. 
@ASG,A SOURCl .  
@ASG,A RECPTl. 
@ASG,A TERS1. 
@ASG,A FIGI1. 
@ASG,A BLPAR1. 
@ASG,A MIXST1. 
@ASG,A COEFF1. 
@ASG,UP CONC1. 
@USE 13,POLINl. 
@USE 16,SOURCl. 
@USE 15,RECPTl. 
@USE 11,TERSl. 
@USE 12,FIGIl. 
@USE 20,BLPARl. 
@USE 17,MIXSTl. 
@USE 27,COEFFl. 
@USE 14,CONCl. 
@XQT POLUT.AAPOL 
@FIN 

The run  c o n d i t i o n s  f o r  POLUT a r e  s p e c i f i e d  i n  f i l e  POLIN . The 
con ten ts  o f  POLIN and t h e  d e f i n i t i o n s  o f  each i n p u t  element a r e  g iven  i n  
Table 3-12. The r a n g e  o f  va lues,  v a r i a b l e  type,  and recommended va lues  f o r  
each parameter a r e  g i ven  i n  Table 3-13. The recommended va lues a r e  f o r  a  
run  u s i n g  t h e  whole GRAMA domain. The r u n  s p e c i f i c a t i o n  f i l e ,  POLINl, f o r  
t h e  sample problem i s  g i ven  i n  Tab1 e  3-14. 

POLIN con ta ins  o n l y  f o u r  l i n e s  o f  e n t r i e s  where t h e  e n t r i e s  a r e  
separated by  commas ( f i e 1  d- f ree  f o rma t ) .  Consequently, t h i s  f i l e  can be 
e a s i l y  c rea ted  and m o d i f i e d  us ing  a  U N I V A P  system e d i t o r .  

IDRUN i s  s e t  as d iscussed i n  Sect ion 3.2.4. The USENArl f i e l d  can be 
any 10- character  alphanumeric s t r i n g  o f  t h e  u s e r ' s  choice. The u s e r ' s  name 



TABLE 3-12 

POLUT RUN SPECIFICATION FILE, POL1 N- 

F i l e  Con ten ts  and Format:  

L i n e  # Conten ts  

1 IDRUN ,USENAM, IBTZ 
2 I BEG ,IEND, IPRR ,LUFORM,WOFF ,METHOD 
3  IXo,IYo,SLX,SLY 
4 (CT(1) ,I=1,6) 

Parameter D e f i n i t i o n s :  

I DRU N  
USENAM 
I BTZ 
IBEG 

IEND 
I PRR 

LUFORM 

WOFF 

METHOD 

1x0 
I Y O  
SLX 
SLY 

CT 

= Run i d e n t i f i c a t i o n  number 
= User  name 
= Time zone, 5 (EST), 6  (CST) , 7  (MST) , 8  (PST) 
= S i m u l a t i o n  b e g i n  t i m e  i n  (MMDDYYHH), (e.g., J u l y  11, 1978 a t  

0800 i s  0  7  11 7808) 
= S i m u l a t i o n  end t i m e  
= P u f f  r e l e a s e  r a t e  ( 1  t o  6 p u f f s / h r )  
= L o g i c a l  v a r i a b l e ,  i f  .TRUE., means p o l l u t a n t s  u n i f o r m l y  mixed 

t h r o u g h  m i x i n g  1  a y e r  a t  a l l  t i m e s  ( p r o v i d e d  p o l l u t a n t s  e m i t t e d  
i n t o  m i x i n g  l a y e r )  

= L o g i c a l  v a r i a b l e ,  i f  .TRUE., means do  n o t  use v e r t i c a l  
v e l o c i t i e s  f r o m  t h e  f l o w  model t o  compute v e r t i c a l  l o c a t i o n  o f  
p u f f  

= S p e c i f i e s  one o f  two methods f o r  comput ing  a,, and a used i n  
comput ing  t h e  h o r i z o n t a l  and v e r t i c a l  d i  f f u s ~ o n  c o e y f i c i e n t s ,  
r e s p e c t i v e l y .  I f  METHOD = 2, compute u s i n g  t e r r a i n  roughness. 
I f  METHOD = 1, compute u s i n g  e m p i r i c a l  boundary l a y e r  
re1  a t i o n s h i p s .  

= X - o r i g i n  o f  mode l i ng  domain i n  GRAMA c o o r d i n a t e s  (km) 
= Y- o r i g i n  o f  mode l i ng  domain i n  GRAMA c o o r d i n a t e s  (km) 
= L e n g t h  i n  X- di  r e c t i o n  o f  mode l i ng  domain (km) 
= Length  i n  Y - d i r e c t i o n  o f  mode l i ng  domain (km) 
= A r r a y  o f  t h e  s i x  t e r r a i n  h e i g h t  ad jus tmen t  c o e f f i c i e n t s  

d e s c r i b e d  i n  S e c t i o n  2.5.6.1. The f i r s t  c o e f f i c i e n t  i s  f o r  
u n s t a b l e  c o n d i t i o n s ,  and t h e  l a s t  f o r  s t a b l e  c o n d i t i o n s .  



TABLE 3-13 

RANGE OF VALUES, VARIABLE TYPE, AND RECOMMENDED VALUES 
FOR EACH PARAMETER I N  FILE POLIN - 

V a r i a b l e  Range o f  
Parameter  TY pe Va lues 

Recommended 
Va l  ues 

IDRUN 
USENAM 
I BTZ 
I BEG 
I END 
IPRR 
LUFORM 
WOFF 
METHOD 
1x0 
I Y O  
SLX 
SLY 
CT(6) 

CHARACTER 
CHARACTER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
LOGICAL 
LOG I CAL 
INTEGER 
INTEGER 
INTEGER 
REAL 
REAL 
REAL ARRAY 

Up t o  10 c h a r a c t e r s  
Up t o  1 0  c h a r a c t e r  
5 t o  8 
8 d i g i t s  (MMDDYYHH) 
8 d i g i t s  (MMDDYYHH) 
1 t o  6 
.TRUE. o r  .FALSE. 
.TRUE. o r  .FALSE. 
1 o r  2 
0 t o  500 km 
0 t o  450 km 
20. t o  500. km 
20. t o  450. km 
0.1 t o  1.0 p e r  e lement  

TABLE 3-14 

POLUT RUN SPECIFICATION FILE, POLIN1, FOR THE SAMPLE PROBLEM 

L i n e  No. Conten ts  

1 04158512 ' ' MR JONES ' ,7 
2 0 7 1 1 7 8 0 7 , 0 7 1 ~ 7 8 0 7 , 1 , . ~ ~ ~ ~ ~ .  ,.TRUE. ,1 
3 0,0,500. ,450. 
4 1.0,1.0,1.0,1.0,1.0,1.0 



i s  recommended. The t i m e  zone, IBTZ, i s  s e t  a t  7 (Mountain Standard Time) 
f o r  t h e  GRAMA reg ion.  The s i m u l a t i o n  s t a r t  t ime,  IBEG, and ending t ime,  
IEND, must be w i t h i n  t h e  IBEG t o  IEND p e r i o d  i n  MET f o r  c r e a t i n g  f i l e s  
FIG1 - , BLPAR - , MIXST , and COEFF used i n  a  POLUT run. - - 

The puf f  r e l ease  ra te ,  I P R R ,  can be s e t  a t  1 t o  6  p u f f s l h r .  Th i s  
r e s u l t s  i n  model t i m e  s teps  o f  60, 30, 20, 15, 12, o r  10  min. The 
app rop r i a te  cho ice  o f  I P R R  i s  based on t h e  t i m e  r e s o l u t i o n  o f  t h e  i n p u t  
meteoro log ica l  da ta  ( i n t o  MET) o r  t h e  s p a t i a l  r e s o l u t i o n  o f  t h e  i n p u t  
t e r r a i n  da ta  ( i n t o  POLUT) , whichever suggests t h e  l a r g e r  p u f f  r e l ease  r a t e  
( sma l l e r  t i m e  s tep ) .  For example, t h e  meteoro log ica l  da ta  a r e  s p e c i f i e d  
every hour  f o r  t h e  sample problem, suggest ing I P R R  be s e t  equal t o  one. I f  
t h e  meteoro log ica l  d a t a  were a v a i l a b l e  every  15 m i  n, t h i s  would r e q u i r e  IPRR 
t o  be equal t o  four .  T e r r a i n  smoothing i n t e r v a l s  a r e  impo r tan t  i n  de te r-  
m in ing  app rop r i a te  p u f f  r e l ease  r a t e s  because o f  t h e  r e s t r i c t i o n  t h a t  p u f f s  
n o t  t r a v e l  more t han  one t e r r a i n  g r i d  i n t e r v a l  d u r i n g  a  model t i m e  step. 
Th is  i s  t o  ensure t h a t  a  cont inuous plume i s  represented when ' t r a c k i n g '  
pu f f s  a r e  d i v i d e d  as descr ibed  i n  Sec t i on  2.5.7. The p u f f  r e l ease  r a t e  
cons ide r i ng  t e r r a i  n  smoothi ng can be determined by 

I P R R  = U m a x / I A I  

where 

Umax = maximum wind speed expected d u r i n g  a  s i m u l a t i o n  p e r i o d  (kmlhr )  

I A I  = t e r r a i n  smoothing i n t e r v a l  (km). 

I P R R  i s  s e t  t o  t h e  neares t  o f  1, 2, 3, 4, 5, o r  6  u s i n g  t h e  r e s u l t s  f rom 
Equat ion (3- 1).  Tabl e  3-15 g i ves  recommended I P R R  f o r  va r i ous  t e r r a i  n  
smoothing i n t e r v a l s  assuming a  maximum wind speed o f  20 kmlhr. The user  can 
s p e c i f y  p u f f  re lease  ra tes ,  f o r  any smoothing i n t e r v a l ,  g r e a t e r  than  t h a t  
recommended i n  Tabl e  3-15 ( b u t  n o t  g r e a t e r  than  6) .  

TABLE 3-15 

RECOMMENDED PUFF RELEASE RATE, IPRR, FOR 
VARIOUS TERRAIN SMOOTHING INTERVALS 

Smoothing Pu f f  Re1 ease 
I n t e r v a l  (km) Rate 



F o r  t h e  sample p rob lem t h e  t e r r a i n  smooth ing i n t e r v a l ,  I A I  ( s e e  
Tab le  3 -4 ) ,  i s  20 km. From T a b l e  3-15, t h e  p u f f  r e l e a s e  r a t e  suggested f o r  
t h i s  t e r r a i n  smooth ing i n t e r v a l  i s  one. Consequent ly ,  c o n s i d e r i n g  b o t h  
m e t e o r o l o g i c a l  d a t a  and t e r r a i n  smoothing,  t h e  p u f f  r e l e a s e  r a t e  chosen f o r  
t h e  sample p rob lem wou ld  be one. As a  second example, c o n s i d e r  a  subarea o f  
t h e  GRAMA r e g i o n  w h i c h  i s  200 km on a s i d e .  I f  t h e  t e r r a i n  smooth ing 
i n t e r v a l  were 8 km, t h e  recommended p u f f  r e l e a s e  r a t e  f r o m  T a b l e  3-15 wou ld  
be 3  p u f f s l h r .  I f  t h e  i n p u t  m e t e o r o l o g i c a l  d a t a  were s p e c i f i e d  e v e r y  hou r ,  
t h i s  wou ld  impose IPRR equa l  t o  one. The IPRR a c t u a l l y  used i n  t h e  second 
example wou ld  be t h r e e ,  t h e  h i g h e r  o f  t h e  suggested r a t e  f r o m  m e t e o r o l o g i c a l  
and t e r r a i n  c o n s i d e r a t i o n s .  

The LUFORM l o g i c a l  v a r i a b l e ,  i f  s p e c i f i e d  .TRUE., d i r e c t s  POLUT t o  
t r e a t  e v e r y  p u f f  e m i t t e d  i n t o  t h e  mixed l a y e r  as h a v i n g  t h e  p o l l u t a n t  
u n i f o r m l y  d i s t r i b u t e d  i n  t h e  v e r t i c a l .  Otherwise,  t h e  v e r t i c a l  p o l l u t a n t  
d i s t r i b u t i o n  i s  i n i t i a l l y  Gaussian w i t h  mu1 t i p 1  e  r e f l e c t i o n s  o f f  t h e  g round  
and m i x i n g  l i d  as  t h e  p u f f  moves downwind. S e c t i o n  2.5.1 g i v e s  some con- 
s i d e r a t i o n s  f o r  t h e  c h o i c e  o f  LUFORM. 

The WOFF l o g i c a l  v a r i a b l e ,  i f  s p e c i f i e d  .TRUE., d i r e c t s  POLUT n o t  t o  
use  t h e  v e r t i c a l  v e l o c i t i e s  f r o m  MET i n  t h e  p u f f  t r a n s p o r t .  I n s t e a d ,  t h e  
approach d e s c r i b e d  i n  S e c t i o n  2.5.6 i s  used. I t  i s  recommended t h a t  t h e  
u s e r  a lways s p e c i f y  WOFF equa l  t o  .TRUE. u n l e s s  t h e  u s e r  can v e r i f y  t h a t  t h e  
v e r t i c a l  v e l o c i t i e s  f r o m  MET a r e  r e a l i s t i c .  T h i s  aspec t  o f  t h e  f l o w  model 
i n  MET w i l l  r e q u i r e  f u t u r e  e v a l u a t i o n .  

METHOD can be s e t  t o  e i t h e r  one o r  two, and s p e c i f i e s  t h e  method f o r  
comput ing  t h e  s t a n d a r d  d e v i a t i o n  o f  t h e  h o r i z o n t a l  w i n d  component, a,, and 
t h e  s t a n d a r d  d e v i a t i o n  o f  t h e  v e r t i c a l  w ind  component, ow. These q u a n t i t i e s  
a r e  used t o  compute t h e  h o r i z o n t a l  and v e r t i c a l  d i f f u s i o n  c o e f f i c i e n t s ,  
r e s p e c t i v e l y .  METHOD equa l  t o  one r e q u e s t s  a  method proposed b y  I r w i n  
(1979)  t o  be used, and METHOD equa l  t o  two r e q u e s t s  e m p i r i c a l  methods 
deve loped b y  MacCready, Baboo la l ,  and Lissaman (1974) be used. These two  
methods a r e  d e s c r i b e d  i n  S e c t i o n  2.5.10. The second method t a k e s  i n t o  
accoun t  t e r r a i n  roughness d i r e c t l y ,  i n  t h e  compu ta t i on  o f  uv  and ow f o r  
s t a b l e  c o n d i t i o n s .  

The domain t o  be modeled can be t h e  e n t i r e  GRAMA r e g i o n  o r  any p a r t  o f  
i t .  The pa ramete rs  1x0, I Y O ,  SLX, and SLY s p e c i f y  t h e  domain. These a r e  
d e f i n e d  i n  T a b l e  3-12. 1x0 and I Y O  s p e c i f y  t h e  o r i g i n  i n  GRAMA c o o r d i n a t e s ,  
and SLX and SLY s p e c i f y  t h e  s i z e  o f  t h e  domain i n  t h e  X - d i r e c t i o n  and 
Y- d i r e c t i o n ,  r e s p e c t i v e l y .  1x0, I Y O ,  SLX, and SLY must  be s e t  equa l  t o  t h e  
v a l u e s  used i n  TERRAIN t o  produce f i l e  TERS - , w h i c h  a r e  equa l  t o  t h e  v a l u e s  
used i n  MET t o  p roduce  f i l e s  FIG1 - , BLPAR - , MIXST - , and COEFF - . 

The a r r a y ,  CT(6),  s p e c i f i e s  t h e  h e i g h t  ad jus tmen t  c o e f f i c i e n t  f o r  each 
P a s q u i l l - G i f f o r d  s t a b i l i t y  c l a s s  s t a r t i n g  w i t h  ' A '  and f i n i s h i n g  w i t h  I F ' .  
An example s e t  o f  v a l u e s  i s  g i v e n  i n  T a b l e  2-11. I f  t h e  u s e r  wants t h e  p u f f  
c e n t e r  o f  mass t o  a lways f o l l o w  t h e  t e r r a i n  a t  t h e  f i n a l  plume r i s e  h e i g h t ,  
t h e n  t h e  s i x  e lements  i n  CT a r e  s e t  equa l  t o  one. 



3.5.3 I n p u t  Da ta  D e s c r i p t i o n  

Seven f i l e s  a r e  r e q u i r e d  as i n p u t  by  POLUT a s  shown i n  F i g u r e  3-1. One 
f i l e ,  TERS , i s  an u n f o r m a t t e d  f i l e  f r o m  program TERRAIN, and f o u r  f i l e s ,  
FIG1 , BLPAR , NIXST , and COEFF , a r e  u n f o r m a t t e d  f i l e s  f r o m  program MET. 
The r e m a i  n i  n s  t w o  f i T e s ,  SOURC a n d  RECPT , a r e  f o r m a t t e d  f i  1  e s  p repared  b y  
t h e  user .  A s e t  o f  t h e s e  two f o r m a t t e d  f T l e s ,  SOURCl and RECPTl, a r e  
p r o v i d e d  w i t h  MELSAR and a r e  d e s c r i b e d  i n  Appendix D  and T a b l e  3-1. These 
two f i l e s  w i  11 n o t  be  o f  genera l  use  because t h e y  s p e c i f y  t h e  sou rces  and 
r e c e p t o r s  f o r  t h e  sample problem. The u s e r  w i l l  have t o  p r e p a r e  o t h e r  
SOURC and RECPT f i l e s  f o r  s p e c i f i c  model a p p l i c a t i o n s .  The name and 
d e s c r T p t i o n  o f  ayy  new f i l e s  p repared  s h o u l d  be e n t e r e d  i n t o  t h e  l i s t  o f  
a v a i l a b l e  f i l e s  g i v e n  i n  Appendix D. G iven  n e x t  a r e  i n s t r u c t i o n s  f o r  
p r e p a r i n g  and f o r m a t t i n g  t h e  SOURC and RECPT f i l e s .  The i n p u t  f i l e s  used 
i n  t h e  sample p rob lem a r e  TERS1, FIGII, BLPART, PIIXST1, COEFF1, SOURCl, and 
RECPTl. 

3.5.3.1 P r e p a r a t i o n  o f  t h e  Source D a t a  F i  l e  SOURC - 

SOURC c o n t a i n s  t h e  r e q u i r e d  i n p u t  d a t a  f o r  up  t o  f i v e  sources.  Four 
l i n e s  o f  e T t r i e s  a r e  r e q u i r e d  f o r  each source. The e n t r i e s  i n  each l i n e  a r e  

' 

separa ted  by  commas ( f i e l d - f r e e  f o r m a t ) .  The f i r s t  l i n e  o f  t h e  f i l e  g i v e s  
t h e  number o f  sources t o  b e  modeled, t h e  number o f  p o l l u t a n t s  and t h e  
p o l l u t a n t  names. F o l l o w i n g  t h i s  1  i n e  a r e  t h e  groups o f  f o u r  l i n e s  f o r  each 
source. The c o n t e n t s  o f  SOURC and t h e  d e f i n i t i o n  o f  each i n p u t  e lement  a r e  
g i v e n  i n  Tab1 e  3-16. The u s e r c a n  l i s t  o u t  f i l e  SOI.IRC1 t o  use as  an example 
f o r  p r e p a r i n g  new SOURC - f i l e s .  

3.5.3.2 P r e p a r a t i o n  o f  t h e  Recep to r  F i l e ,  RECPT - 

The r e c e p t o r  ass ignments  f o r  a  r u n  o f  POLUT a r e  g i v e n  i n  f i l e  RECPT - . 
POLUT can  use  up t o  f o u r  25- b y  2 5- r e c e p t o r  g r i d s  and 1 0  i n d i v i d u a l  
r e c e p t o r s .  The e n t r i e s  i n  RECPT u t i l i z e  a  f i e 1  d - f r e e  f o r m a t  ( t h e  e n t r i e s  
a r e  separa ted  b y  commas). I n  t h e  f i r s t  1  i n e  o f  RECPT t h e  number o f  
r e c e p t o r  g r i d s  and number o f  i n d i v i d u a l  r e c e p t o r s  are- specif ied. Fo l1  owing 
t h i s  l i n e  i s  one l i n e  f o r  each r e c e p t o r  g r i d ,  f o l l o w e d  by  one l i n e  f o r  each 
i n d i v i d u a l  r e c e p t o r .  The c o n t e n t s  o f  RECPT and t h e  d e f i n i t i o n  o f  each 
i n p u t  e lement  a r e  g i v e n  i n  T a b l e  3-17.  heu user can 1  i s t  o u t  f i l e  RECPTl t o  
u s e  as an example f o r  p r e p a r i n g  new RECPT - f i l e s .  

3.5.4 Ou tpu t  D e s c r i p t i o n  

One u n f o r m a t t e d  f i l e ,  CONC , r e s u l t s  f r o m  POLUT a s  shown i n  F i g u r e  3- 1  
and d e s c r i b e d  i n  Tab le  3-2. T~TS f i l e  c o n t a i n s  t h e  r e s u l t i n g  p o l l u t a n t  
c o n c e n t r a t i o n s  a t  each r e c e p t o r  f o r  each m o d e l i n g  t i m e  s t e p  f o r  each sou rce  



TABLE 3-16 

POLLUTANT SOURCE INPUT DATA FILE, SOURC- 

F i l e  C o n t e n t s  and Format:  

L i n e  # Conten ts  

1 NSOURC ,NPLT, (PLTNAM(J ) , ~ = 1  ,NPLT) 
(Source 1) 

2 NAMES,XU,YU,ICOD,VALL 
3 IDVALL,NAMVA ( T h i  s  1 i ne needed o n l y  i f VALL=.TRUE .) 
4 SIGIN,ZSH ,VS,TS,RS 
5 (EMIS(J) ,J=I ,NPLT) 

(Source 2 )  

( s o u i c e  5 )  
18 
19 
2 0 
2 1 

Parameter  D e f i n i t i o n s :  

NSOURC = Number o f  sou rces  (up t o  5 )  
NPLT = Number o f  p o l l u t a n t s  ( u p  t o  2 )  

PLTNAM = A r r a y  o f  p o l l u t a n t s  names (up  t o  2 names o f  n o t  o v e r  3 a lpha-  
numer i c  c h a r a c t e r s )  

NAMES = Source name ( n o t  o v e r  10 a lphanumer i c  c h a r a c t e r s )  
XU = X- c o o r d i n a t e  o f  s o u r c e  i n  GRAMA c o o r d i n a t e s  (km), UTM 

c o o r d i n a t e s  (km) , o r  1 a t i t u d e - l o n g i t u d e  c o o r d i n a t e s  ( d e g )  
YU = Y- coord ina te  o f  sou rce  i n  GRAMA c o o r d i n a t e s  (km),  UTM 

c o o r d i n a t e s  (km), o r  l a t i t u d e - l o n g i t u d e  c o o r d i n a t e s  ( d e g )  
ICOD = Code s p e c i f y i n g  c o o r d i n a t e  sys tem o f  XU and YU, 

( 1  means l a t i t u d e - l o n g i t u d e ,  2 means UTM g r i d  zone 12, 3 means 
UTM g r i d  zone 13, and 4 means GRAMA) 

VALL = L o g i c a l  v a r i a b l e ,  i f  .TRUE., means sou rce  i s  l o c a t e d  i n  a 
v a l  1 ey  and v a l  1 ey  coup1 i ng ldecoup l  i n g  w i  11 be used ( t h e  coup- 
1 i n g  c o e f f i c i e n t s  f o r  t h e  sou rce  v a l l e y  must  be i n  f i l e  COEFF - ) 

IDVALL = I d e n t i f i c a t i o n  number o f  s o u r c e  v a l l e y  (up  t o  6 numeral s--same 
as s p e c i f i e d  i n  f i l e  COEFF ) 

NAMVA = Source v a l l e y  name (up  t o  7 0  a lphanumer ic  charac ters- - same as  
s p e c i f i e d  i n  f i l e  COEFF ) 

SIGIN = I n i t i a l  sigma-y ( m ) ,  whTch must  be ass igned  a v a l u e  i f  an a r e a  
sou rce  i s  b e i n g  modeled; i t  must be s p e c i f i e d  z e r o  f o r  a p o i n t  
sou rce  (POLUT w i l l  compute an i n i t i a l  sigma-y f o r  t h e  p o i n t  
s o u r c e )  



TABLE 3-16 

POLLUTANT SOURCE INPUT DATA FILE, SOURC- (Cont inued)  

Parameter D e f i n i t i o n s :  

ZSH = Stack  h e i g h t  ( m  AGL) ( s e t  t o  z e r o  i f  area  source)  
VS = Stack gas e x i t  v e l o c i t y  ( m l s )  ( s e t  t o  z e r o  i f  do n o t  want plume 

r i s e  o r  i f  an a r e a  sou rce )  
TS = Stack  gas e x i t  t empera tu re  ( O K )  ( s e t  t o  z e r o  i f  area  sou rce )  
RS = Stack e x i t  d i a m e t e r  (m) ( s e t  t o  z e r o  i f  a r e a  sou rce )  

TABLE 3-17 

RECEPTOR SPECIFICATION F ILE  RECPT- 

F i l e  Con ten ts  and Format:  

L i n e  # Conten ts  

1 NRGRID,NINDR 
( G r i d  1 )  

2  NAMEG,XUG,NPTSX,YUG,NPTSY,RSPAC,ICOD 
( G r i d  2 )  

( G r i d  4 )  
5 

( I n d i v i d u a l  1 )  
6 NAMER,XUI ,YUI ,ICOD 

( I n d i  v i  dua 1 2 )  

Parameter D e f i n i t i o n s :  

NRGRID = Number o f  r e c e p t o r  g r i d s  ( u p  t o  4 )  
NINDR = Number o f  i n d i v i d u a l  r e c e p t o r s  (up  t o  10)  
NAMEG = Name o f  r e c e p t o r  g r i d  ( u p  t o  10 a lphanumer ic  c h a r a c t e r s )  



TABLE 3-17 

RECEPTOR SPECIFICATION FILE RECPT - (Cont inued) 

Parameter D e f i n i t i o n s :  

XUG = X- coord inate o f  o r i g i n  o f  r ecep to r  g r i d  i n  GRAMA c o o r d i n a t e  
(km) , UTM coord ina tes  (km) , o r  1 a t i  tude-1 ong i tude  coo rd ina tes  

(deg) 
YUG = Y- coord inate o f  o r i g i n  o f  r ecep to r  g r i d  i n  GRAMA coo rd ina tes  

(km) , UTM coord ina tes  (km) , o r  1  a t i  tude- long i  t ude  coo rd ina tes  

(deg) 
ICOD = Code s p e c i f y i n g  coo rd ina te  system o f  XUG and YUG, 

( 1  means l a t i t u d e - l o n g i t u d e ,  2  means UTM g r i d  zone 12, 
3  means UTM g r i d  zone 13, and 4 means GRAMA) 

NPTSX = Number o f  r ecep to r  p o i n t s  i n  X-di r e c t i o n  (up t o  25) 
NPTSY = Number o f  r ecep to r  p o i n t s  i n  Y- d i rec t i on  (up  t o  25) 
RSPAC = Spacing between recep to r  p o i n t s  (km) 
NAMER = Name o f  i n d i v i d u a l  r ecep to r  ( up  t o  10 cha rac te r s )  

XU1 = X-coordinate o f  i n d i v i d u a l  r ecep to r  i n  GRAMA c o o r d i n a t e  (km), 
UTM c o r d i  nates (km) , o r  1  a t i  tude-1 ongi  tude  coo rd i  nates (deg)  

Y U I  = Y-coordinate o f  i n d i v i d u a l  r ecep to r  i n  GRAMA coo rd ina tes  (km), 
UTM coord ina tes  (km), o r  l a t i t u d e- l o n g i t u d e  coord ina tes  (deg) 

ICOD = Code s p e c i f y i n g  coo rd ina te  system o f  XU1 and Y U I ,  
( 1  means 1  a t i t ude -1  ongi tude, 2  means UTM g r i d  zone 12, 3  means 
UTM g r i d  zone 13, and 4 means GRAMA) 

f o r  each p o l l u t a n t .  Because o f  u n c e r t a i n t y  i n  t h e  concen t ra t i ons  near  a  
source, concen t ra t i ons  a r e  n o t  computed w i t h i n  5  krn o f  a  source. The 
concen t ra t i ons  a r e  c o r r e c t e d  t o  s tandard atmospheric cond i t i ons .  T h i s  f i l e  
i s  used a s  i n p u t  by POLPRC t o  compute average concent ra t ions .  The user  can 
r e f e r  t o  t h e  main program AAPOL f o r  t h e  s p e c i f i c  s t r u c t u r e  o f  t h i s  f i l e .  
However, t h i s  i n f o r m a t i o n  i s  n o t  needed i n  o r d e r  t o  r u n  MELSAR. A p r i n t  
f i l e  a l s o  r e s u l t s  f rom a r u n  o f  POLUT. Th i s  f i l e  g i ves  a  summary o f  t h e  
run. Appendix J l i s t s  t h e  summary p r i n t  f i l e  f o r  t h e  sample problem. The 
ou tpu t  f i l e  f rom POLUT f o r  t h e  sample problem i s  CONC1. 

3.5.5 Diagnost i  c  Messages 

D iagnos t i c  messages f rom POLUT a r e  g i v e n  i n  Appendix G. Th i s  1  i s t  
i n c l u d e s  suggest ions f o r  r e s o l v i n g  t h e  problem encountered. 



3.6 POLPRC Program 

Th i s  s e c t i o n  g i ves  t h e  UNIVAP JCL, r u n  s p e c i f i c a t i o n s ,  and i n p u t  
requirements f o r  r unn ing  POLPRC. Inpu ts  and r e s u l t i n g  ou tpu t s  f o r  t h e  
sample problem a r e  descr ibed. The user  can r e f e r  t o  Sec t i on  2.5 f o r  
t e c h n i c a l  d e t a i l s  o f  POLPRC and Appendix R f o r  a  l i s t i n g  o f  t h e  code. 

3.6.1 D e s c r i p t i o n  

POLPRC computes moving-average concen t ra t i ons  o f  p o l l u t a n t s  a t  each 
recep to r  f o r  up t o  t h r e e  u s e r - s p e c i f i e d  averag ing t imes.  The averag ing  
t imes  can range f rom 1 t o  24 hr.  Up t o  20 sources can be processed a t  one 
t ime. The ou tpu t s  a r e  t a b l e s  o f  h i g h e s t  and second h i g h e s t  p o l l u t a n t  
concen t ra t i ons  f o r  t h e  d u r a t i o n  o f  t h e  s imu la t i on ,  a t  each recep to r  f o r  each 
p o l l u t a n t  f o r  each averag ing  t ime.  The h i g h e s t  and second h i g h e s t  moving 
averages f o r  t h e  sum o f  a l l  sources and t h e  c o n t r i b u t i o n  o f  each source t o  
t h e  h i g h e s t  and second h i g h e s t  sum a r e  computed. Highest  and second h i g h e s t  
moving averages can a l s o  be coniputed f o r  each source i n d i v i d u a l l y .  Tables 
o f  t h e  t i m e  o r  occurrence o f  t h e  h i g h e s t  and second h i g h e s t  va lues a r e  a l s o  
1  i sted. 

Up t o  f i v e  CONC f i l e s  f rom POLUT can be processed a t  one t ime. 
However, t h e  t o t a l  number o f  sources f rom t h e  f i v e  f i l e s  cannot exceed 20. 
The o n l y  f i l e  POLPRC r e q u i r e s  f o r  ope ra t i on  bes ides t h e  CONC - f i l e s  i s  t h e  
r u n  s p e c i f i c a t i o n  f i l e  P R C I N  - . 

POLPRC r e q u i r e s  approx imate ly  90K words o f  memory t o  l o a d  on a  
UNIVACB 1108 computer. It c o n s i s t s  o f  one main program (AAPRC) and f o u r  
subrout ines,  a  t o t a l  o f  approx imate ly  1100 1  i n e s  o f  code w i t h  comments. 

3.6.2 Job Cont ro l  Language and Run Setup 

The U N I V A P  JCL f i l e ,  PRCJCL, f o r  r unn ing  POLPRC i s  g i ven  i n  
Table 3-18. Th is  f i l e  shows t h e  r u n  s p e c i f i c a t i o n  f i l e  and t h e  i n p u t  f i l e  
needed by POLPRC and t h e  1  o g i c a l  u n i t  assignment f o r  t hese  f i l e s .  The f i l e  
names f o r  t h e  sample problem a r e  shown i n  t h e  tab1 e. F i l e  PRCINl i s  p ro-  
v i ded  w i t h  MELSAR. I n s p e c t i o n  o f  Table  3-18 shows t h a t  POLPRC uses s i x  
temporary f i l e s  d u r i n g  i t s  execut ion.  These a r e  d i r ec t - access  d i s k  f i l e s  
and a r e  t r anspa ren t  t o  t h e  use r  as l o n g  as enough f r e e  d i s k  space i s  
a v a i l a b l e  d u r i n g  a  run. Log ica l  u n i t s  11 t h rough  1 4  a r e  reserved f o r  add i-  
t i o n a l  CONC f i l e s  as shown i n  Tab le  3-18. The d o t t e d  f i e l d s  i n  t h e  f i r s t  
two 1  i n e s  o T  PRCJCL i n d i c a t e  t h e  need f o r  a d d i t i o n a l  i n f o r m a t i o n  (e.g., u s e r  
ID, password) r e q u i r e d  f rom t h e  user. The / l o o /  i n  t h e  f i r s t  1  i n e  o f  PRCJCL 
s p e c i f i e s  t h e  maximum amount o f  memory r e q u i r e d  f o r  a  r u n  o f  POLPRC. 



TABLE 3-18 

U N I V A C B  JCL FILE, PRCJCL, USED TO RUN POLPRC 

1 @RUN POLPRC/100/. ............ 
2 @IDENT................. 
3 @ASG,APRCINl. 
4 @ASG,A CONC1.  
5 @USE 9,PRCINl. 
6 @USE 10,CONCl. 
7 @ASG,T15. 
8 @ASG,T 20. 
9 @ASG,T 21. 

10  @ASG,T 22. 
11 @ASG,T 23. 
12  @ASG,T 24. 
13 @ASG,T 25. 

(22) 14 @XQT POLPRC.AAPRC 
(23)  15 @FIN 

(The rema in ing  f i l e  assignments a r e  made when a d d i t i o n a l  CONC f i l e s  
a r e  t o  be processed. Up t o  f o u r  a d d i t i o n a l  f i l e s  can be  proFessed.) 

(14)  @ASG,A CONC . 
( 1  5) @ASG,A CONC-. 
(16)  @ASG,A CONC-. 
(17) @ASG,A cONC-. 
(18 )  @USE 11,co~C . 
(19) @USE 12,CONC. 
(20)  @USE ~ ~ , c O N C - .  
(21) @USE 14,cO~C-. - 

The r u n  c o n d i t i o n s  f o r  POLPC a r e  s p e c i f i e d  i n  t h e  f i l e  PRCIN . The 
con ten t s  o f  PRCIN and t h e  d e f i n i t i o n s  o f  each i n p u t  element a r e  $ven i n  
Table  3-19. T h e r a n g e  o f  va lues,  v a r i a b l e  type,  and recommended va lues  f o r  
each parameter a r e  g i ven  i n  Table 3-20. The recommended va lues  a r e  f o r  a 
r u n  u s i n g  t h e  whole GRAMA domain. The r u n  s p e c i f i c a t i o n  f i l e ,  PRCIN1, f o r  
t h e  sampl e problem i s g i v e n  i n Tab1 e 3-21. 

PRCIN c o n t a i n s  o n l y  f o u r  l i n e s  o f  e n t r i e s  where t h e  e n t r i e s  a r e  
separated by commas ( f i e 1  d - f r e e  f o rma t ) .  Consequently , t h i  s f i  1 e can be  
e a s i l y  c rea ted  and m o d i f i e d  u s i n g  a UNIVAC system e d i t o r .  

IDRUN i s  s e t  as d iscussed i n  Sec t ion  3.2.4. The USENAM f i e l d  can be 
any 10- charac te r  alphanumeric s t r i n g  o f  t h e  u s e r ' s  cho ice.  The u s e r ' s  name 
i s  recommended. The t i m e  zone, IBTZ, i s  s e t  a t  7 (Mountain Standard Time), 
f o r  t h e  GRAMA reg ion .  The s i r r ~ u l a t i o n  s t a r t  t ime ,  IBEG, and end ing  t ime,  
IEND, must correspond t o  t h e  t imes  i n  t h e  i n p u t  C O N C  f i l e s .  The number o f  
i n p u t  c o n c e n t r a t i o n  f i l e s ,  CONC , f rom POLUT i s s p e c i f i e d  as JFILES. Up t o  
f i v e  f i l e s  can be  processed, buT t h e  combined number o f  sources cannot be 



TABLE 3-19 

POLPRC RUN SPECIFICATION FILE, PRCI N - 

F i l e  Contents and Format: 

L i n e  # Contents 

Parameter D e f i n i t i o n s :  

IDRUN = Run i d e n t i f i c a t i o n  number 
USENAM = User name 

IBTZ = Time zone, 5 (EST), 6 (CST) , 7  (MST) , 8  (PST) 
IBEG = Simu la t ion  beg in  t i m e  i n  (MMDDYYHH) (e.g., J u l y  11, 1978, a t  

0800 i s  07117808) 
IEND = Simu la t ion  end t i m e  

JFILES = Number o f  i n p u t  CONC f i l e s  
NFLAG = 1 means compute averages f o r  i n d i v i d u a l  sources i n  a d d i t i o n  t o  

sum o f  a1 1  sources; = 0  means compute averages f o r  sum o f  a1 1  
sources o n l y  

1x0 = X- o r i g i n  o f  model ing domain i n  GRAMA coo rd i na tes  (km) 
I Y O  = Y- o r i g i n  o f  n iodel ing domain i n  GRAMA coo rd i na tes  (km) 
SLX = Length i n  X- d i r e c t i o n  o f  model ing domain (km) 
SLY = Length i n  Y-di r e c t i o n  o f  model ing domai n  (km) 

NAVE = Number o f  averag ing  pe r i ods  
IAVPER = Array o f  averag ing  p e r i o d s  

over  20. I n  a d d i t i o n ,  each source i n  a l l  i n p u t  f i l e s  must have i d e n t i c a l  
beg inn ing  and ending t imes ,  i d e n t i c a l  number and t ypes  o f  p o l l u t a n t s ,  and 
i d e n t i c a l  recep to rs .  I f  no t ,  t h e  program w i l l  s t o p  execu t i on  and may t hen  
be r e s t a r t e d  a f t e r  a1 1  i n p u t  f i l e s  a r e  compat ib l  e. , 

The f i e l d  NFLAG t e l l s  POLPRC whether o r  n o t  t o  compute h i g h e s t  and 
second h i g h e s t  ou tpu t  t a b l e s  f o r  each source i n d i v i d u a l l y  i n  a d d i t i o n  t o  t h e  
h i ghes t  and second h i g h e s t  t a b l e s  f o r  t h e  sum o f  a l l  sources. I f  NFLAG i s  
s e t  equal t o  1, t h e n  i n d i v i d u a l  source t a b l e s  a r e  t o  be computed. If NFLAG 
i s  s e t  equal t o  0, t h e n  i n d i v i d u a l  source t a b l e s  a r e  n o t  t o  be computed. 

One t o  t h r e e  averag ing  pe r i ods  can be processed d u r i n g  any s i n g l e  
execu t ion  o f  POLPRC. NAVE s p e c i f i e s  t h e  number o f  averag ing  per iods ,  and 
IAVPER s p e c i f i e s  t h e  d e s i r e d  averag ing pe r i ods  (IAVPER i s  a  s ing1 e  a r r a y  
dimensioned by t h ree ) .  The averag ing  p e r i o d  can be any i n t e g e r  number 
between 1 t o  24  h r ,  i n c l u s i v e .  



TABLE 3-20 

RANGE OF VALUES, VARIABLE TYPES, AND RECOMMENDED VALUES 
FOR EACH PARAMETER IN FILE P R C I N  - 

Var i  ab l  e Range o f  
Parameter TY pe Values 

Recommended 
Value 

IDRUN 
USENAM 
I BTZ 
IBEG 
I END 
JFILES 
NFLAG 
NAVE 
I xo 
I Y  0 
SLX 
SLY 
I AVPER 

CHARACTER 
CHARACTER 
I NTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
REAL 
REAL 
INTEGER ARRAY 

Up t o  10  cha rac te r s  
Up t o  1 0  cha rac te r s  
5 t o  8 7 
8 d i g i t s  (MMDDYYHH) 
8 d i g i t s  (MMDDYYHH) 
1 t o  5 
0 t o  1 
1, 2, o r  3 
0 t o  500 km 0 
0 t o  450 km 0 
20. t o  500. km 500. 
20. t o  450 km 45 0. 
Three va lues f rom 3,8,24 

1 t o  24 

TABLE 3-21 

POLPRC RUN SPECIFICATION FILE, PRCIN1, FOR THE SAMPLE PROBLEM 

L i n e  No. Contents 

' 04158512 ' ' MR JONES ' ,7 
07117807,071~7807,1 ,O 
0 ,O ,500. ,450. 
1,3 

The domain t o  be modeled can be t h e  e n t i r e  GRAMA r e g i o n  o r  any p a r t  o f  
i t. The parameters 1x0, I Y O ,  SLX, and SLY s p e c i f y  t h e  domain. 1x0 and I Y O  
s p e c i f y  t h e  o r i g i n  i n  GRAMA coord ina tes ,  and SLX and SLY s p e c i f y  t h e  s i z e  o f  
t h e  domain i n  t h e  X-di r e c t i o n  and Y d i r e c t i o n ,  r e s p e c t i v e l y .  1x0, I Y O ,  SLX, 
and SLY must be s e t  equal t o  t h e  va lues  used i n  POLUT t o  produce t h e  CONC - 
concent r a t i o n  f i 1 es. 



3.6.3 I n p u t  Data D e s c r i p t i o n  

The o n l y  i n p u t  da ta  f i l e s  r e q u i r e d  by POLPRC a r e  t h e  ou tpu t  concentra-  
t i o n  f i l e s ,  CONC , f r om  POLUT. Up t o  f i v e  CONC f i l e s  can be processed by  
POLPRC a t  any o n e  t ime.  However, t h e  combined number o f  sources i n  t h e  f i v e  
f i l e s  cannot be ove r  20. I f  POLUT were r u n  f o r  f i v e  sources a t  a  t h e ,  t h e n  
POLPRC c o u l d  o n l y  use f o u r  o f  t hese  CONC f i l e s  a t  any one t ime.  The 
sources i n  a1 1 CONC f i l e s  used by POLPRT must have i d e n t i c a l  recep to rs ,  
p o l l u t a n t s ,  domainsS and s t a r t i n g  and ending t imes. The POLUT runs shou ld  
be logged i n  t h e  summary-of-runs fo rm (Sec t i on  3.2.4). Th is  i n f o r m a t i o n  
should  enable  t h e  use r  t o  be su re  compat ib le  CONC - f i l e s  a r e  be ing  ass igned 
t o  POLPRC. 

3.6.4 Output D e s c r i p t i o n  

As shown i n  F i g u r e  3-1, two ou tpu t s  r e s u l t  f rom a  r u n  o f  POLPRC. One 
(PRINT$) i s  a  summary o f  t h e  POLPRC r u n  and t h e  o t h e r  i s  t h e  s e t  o f  h i g h e s t  
and second h i g h e s t  c o n c e n t r a t i o n  t ab les .  The summary ou tpu t  l i s t i n g  f o r  t h e  
sample problem i s  g i v e n  i n  Appendix K, and t h e  h i g h e s t  and second h i g h e s t  
concen t ra t i on  t a b l e s  f o r  t h e  sample problem a r e  g i v e n  i n  Appendix L. 

Tab1 e  3-22 summarizes t h e  o u t p u t  t a b l e s  produced by POLPRC. The number 
o f  ou tpu t  t a b l e s  inc reases  ve ry  r a p i d l y  depending on t h e  number o f  sources, 
p o l l u t a n t s ,  averag ing  t imes ,  and g r i d s .  The number o f  ou tpu t  t a b l e s  f rom 
any r u n  of  POLPRC can be  computed by 

NTSUM = [2  ( 2  + NS) x  NG + ( 1  + NS) x  N I ]  x  NA x  NP (3-2) 

NTIND = ( 4  x  NG + N I )  x  NS x  NA x  NP (3-3) 

where 

NTSUM = t o t a l  number o f  t a b l e s  f o r  sums o f  a l l  sources p l u s  c o n t r i b u t i o n  
o f  each source t o  t h e  sum (maximum o f  1182) 

NTIND = t o t a l  number o f  t a b l e s  cons ide r i ng  each source i n d i v i d u a l l y  
(maximum o f  2040) 

NS = number o f  sources (maximum o f  20) 
NP = number o f  p o l l u t a n t s  (maximum o f  2 )  
NA = number o f  averag ing  pe r i ods  (maximum o f  3) 
NG = number o f  r ecep to r  g r i d s  (maximum o f  4) 
N I  = 1 i f  have i n d i v i d u a l  recep to rs ,  

= 0  i f  do n o t  have i n d i v i d u a l  receptors .  

From Equat ions (3- 2) and (3-3),  i f  t h e  maximum number f o r  a l l  parameters 
were used, a  t o t a l  o f  3222 t a b l e s  (pages) would be p r i n t e d  by  POLPRC. The 
use r  shou ld  e x e r c i s e  c a u t i o n  when s p e c i f y i n g  t h e  r u n  c o n d i t i o n s  f o r  POLPRC. 
Twenty- four o u t p u t  t a b l e s  r e s u l t e d  f rom t h e  same problem as l i s t e d  i n  
Appendix L. 



TABLE 3-22 

OUTPUT TABLES PRODUCED BY POLPRC 

Sum o f  a l l  Sources: 

1 Hi ghes t Concent r a t  i on s  
2  Times o f  H ighes t  Concentrat ions 
3  C o n t r i b u t i o n  o f  Each Source t o  Highest 
4 Second Hi ghest Concent r a t i o n s  
5 Times o f  Second Highest Concentrat ions 
6 C o n t r i b u t i o n  o f  Each Source t o  Second H ighes t  

I n d i v i d u a l  Sources: 

1 Hi ghes t Concent r a t i o n s  
2  Times o f  H ighes t  Concentrat ions 
3 Second Highest  Concentrat ions 
4 Times o f  Second H ighes t  Concentrat ions 

3.6.5 Diagnos t i c  Messages 

D iagnos t i c  messages f rom POLPRC a r e  g i v e n  i n  Appendix G. Th i s  1 i s t  
i n c l  udes suggest ions f o r  r eso l  v i  ng t h e  problem encountered. 
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