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PREFACE 

J. J. ~oberts' . 

. . 

The problem of air po.llution control can be approached via two 

alternative though not mutually -exclusive' policies: management of emissions , 

and ,management of a'ir quality. In the former (which could include emission 

tax policies), emphasis 'is placed on the technology for control of effluent 

(including in-plant process changes) ; regulatory reqLirements based pri- 

marily on cost/effectiveness considerations are expressed in terms of 

emission standards reflecting reasonably available or best available control 

technology. 

Air quality management, on the. other hand, entails the establishment 

of air quality goals based upon stated criteria or public policies. 

Emissions are then limited to the extent necessary.to attain and maintain 

such goals. For example,. the clean Air Act Amendments of 1970 require the 

federal Environmental Protect ion Agency to establish National. ~mbient Air 

Quality Standards (NAAQS) in terms of a national.policy requiring the'pro- 

tection of public h'ealth and welfare. Air qJality increments designed to 

prevent significant deterioration (PSD) reflect an air quality rather than 

an emission management policy. 

In the Clean Air Act of 1967, the amendments of 1970, and in the 

most recently proposed amendments of 1976, the U.S. Congress has con- 

sistently endorsed a national policy of air quality management. Though 

not exclusive of specific requirements for emission control (e.g., new 

source standards, motor vehicles), the thrust of these legis- 

lative acts is the achievement of air quality goals through a combination 
! 

of emission limitations and land-use-related measures. 

The success of a policy of aik quality management depends very . 

much upon the availability o f  calculational procedures to relate.emissions 
. . 

of air contaminants to resulting levels of pollution in the ambient air: . 



Such " a i r  modelsw* must be s e n s i t i v e  t o  q u a n t i t i e s  and geographical  

l o c a t i o n  of emi t ted  p o l l u t a n t s ,  meteoro logica l  cond i t i ons  governing t h e  d i s -  

p e r s i o n  of a i r b o r n e  contaminants,  and, a s  app ropr i a t e ,  t h e  phys i ca l  and 

chemical processes  affecting.transformation and removal. 

A number of  r egu la to ry  programs which i m p l i c i t l y  c a l l  f o r  t h e  appl ica-  

t i o n  of a i r  q u a l i t y  models a r e  l i s t e d  i n  Fig. 1. Propor t iona l  r o l l b a c k  and, 

i n  some cases ,  mult i -source urban d i s p e r s i o n  models such a s  t h e  Air Qual i ty  

Display Model.(AQDM) were employed i n  t h e  development of S t a t e  Implementation ' 

Plans  (SIP) pursuant  t o  c l ean  a i r  l e g i s l a t i o n  of 1967 and 1971. Curren t ly  many 

such SIPS a r e  be ing  r ev i sed  t o  r e f l e c t  r e g i o n a l  growth, r ecen t  p re s su re s  t o  

permit  s ~ . ~ h s t i t u t i o n  of c o a l  f o r  s c a r c e  petroleum re sources ,  and o t h e r  reasons 

inc lud ing  f a i l u r e  o i  o r i g i n a l  ana lyses  t o  properly pxrdict f u t u r e  l c v c l c  of 

a i r  q u a l i t y  and f a i l u r e  of emission sources  t o  achieve  requi red  l e v e l s  of 

c o n t r o l .  'Recent cou r t  r u l i n g s  and subsequent EPA r e g u l a t i o n s  concerning pre- 

ven t ion  of 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 a l l  f o r  use of a i r  q u a l i t y  models 

i n  two modes: (1) i n i t i a l  c l a s s i f i c a t . i o n  o r  r e c l a s s i f i c a t i o n  of geographical  

a r e a s ,  where t h e  d e c i s i o n  r e q u i r e s  e s t ima te s  of t h e  economic and energy impacts 

of a l t e r n a t i v e  PSD increments;  and (2) deter ininat ion of compliance of a pro- 

posed new source  wi th  e s t a b l i s h e d  PSD increments .  The l a t t e r  de te rmina t ion  

i s  p a r t  of a  f e d e r a l l y  mandated new source  reviewC(NSR) process  which a l s o  

e n t a i l s  a  de te rmina t ion  t h a t  t h e  source  w i l l  no t  cause a  v io l a t ion '  of t he  NAAQS. 

Where the  sou rce  i s  a "major" one a s  def ined  by' EPA di recLlves  a d  where t h c  

sou rce  would cause o r  exacerba te  a v i o l a t i o n  of t h e  NAAQS, then  t h e  source  can 

be  cons t ruc t ed  i f  and only  i f  a  ba l anc ing  o r  emission o f f s e t  procedure is  

followed.** I n  many s i t u a t i o n s ,  t h e  emission o f f s e t  eva lua t ion  w i l l  r e q u i r e  

u se  of an a i r  q u a l i t y  model i n  what i s ,  i n  e f f e c t ,  a  SIP r e v i s i o n .  

F igures  2 and 3 presen t  t h e  NAAQS and PSD increments  ( cu r r en t  EPA 

va lues  and those  r e c e n t l y  proposed by Congress). They s e t  f o r t h  t h e  quant i -  

t a t i v e  t a r g e t s  and l i m i t s  which govern t h e  a i r  qua1.i.t~ nia~lagement process .  

*We s h a l l  d i s t i n g u i s h  such " a i r  q u a l i t y  models" from i n d i v i d u a l  a lgor i thms 
(e .g.  e s t ima t ion  of plume r i s e )  which may be  combined i n  t h e  model. 
Fu r the r ,  f o r  o u r  purposes a  Gaussian d i s p e r s i o n  k e r n e l  may be  considered 
a  sub-model employing a lgor i thms t o  e s t i m a t e  t h e  r a t e  of d i s p e r s i o n  a s  a  
func t ion  of downwind d i s t a n c e  o r  time. F i n a l l y ,  s i n c e  complex models 
a r e  f r equen t ly  implemented a  d i g i t a l  computer, they  may be termed 
h e r e i n  computer models o r  computer codes. Often t h e  name of t h e  
computer code (e .g.  AQDM) i s  used synonymously f o r  t h e  a i r  q u a l i t y  model 
from which i t  i s  der ived .  

**41 Fed. Reg. 55525 (Dec. 21', 1976) 
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PREVENTION OF SlGNlFlGANT DETERIORATION ( P S  D ) 
INCREMENTS (Pal M~ )a 
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Simultaneously,  they  e s t a b l i s h  i m p l i c i t l y  a  l e v e l  of  accuracy d e s i r a b l e  i n  

a p p l i c a b l e  a i r  q u a l i t y  models. 

S c i e n t i s t s  have been engaged f o r  many yea r s  i n  t h e  s tudy  of atmos- 

p h e r i c  d i s p e r s i o n  of windborne m a t e r i a l  from i n d u s t r i a l  and o t h e r  p o l l u t a n t  

sou rces ,  i nc lud ing  m i l i t a r y  a c t i v i t i e s .  Much has been publ ished on t h e  

s u b j e c t .  I n  a d d i t i o n  t o  d e f i n i t i v e  t e x t s  such a s  P a s q u i l l  (1961 and 1974) 

and t o  summary r e p o r t s  such a s  Turner (1967) a r e  numerous a r t i c l e s  and 

r e p o r t s  desc r ib ing  r e sea rch  on t h e  formula t ion  and eva lua t ion  of a lgor i thms 

and mddels c h a r a c t e r i z i n g  t h e  va r ious  a s p e c t s  of t h e  problem. Given t h e s e  

r e s e a r c h  a c t i v i t i e s ,  coupled w i t h  t h e  emergence of a i r  p o l l u t i o n  c o n t r o l  , '  

agencies  a t  s t a t e  and l o c a l  l e v e l s  and of consu l t i ng  f i rms  e s t a b l i s h e d  

t o  a i d  both i n d u s t r y  and government, one should not  Le s u r p r i s e d  t o  f i n d  

e x t e n s i v e  p r o l i f e r a t i o n  o f . a l g o r i t h m s ,  sub-models, models and r e l a t e d  

computer codes, each designed t o  f a c i l i t a t e  one o r  more a s p e c t s  of  a i r  

q u a l i t y  analysis . .  Fu r the r ,  even though many models employ a  Gaussian 

k e r n e l  t o  c h a r a c t e r i z e  t h e  d i s p e r s i o n  phenomenon, r e s u l t s  can vary  widely 

depending upon o t h e r  c a l c u l a t i o n a l  f e a t u r e s  such a s  manipulat ion of emission 

and meteoro logica l  d a t a ,  t rea tment  of plume r i s e  and i n t e r a c t i o n s  w i t h  

e l e v a t e d  i n v e r s i o n s ,  eva lua t ion  of d i s p e r s i o n  c o e f f i c i e n t s ,  averaging 

techniques and s t a t i s t i c s  r o u t i n e s  t o  e s t i m a t e  compliance wi th  sho r t -  and 

long-term s t anda rds .  D i f f e r e n t  user -or ien ted  input /outp 'ut  f e a t u r e s  may 

d i s t i n g u i s h  two o therwise  i d e n t i c a l  c a l c u l a t i o n a l  procedu~.es .  And, 

f i n a l l y ,  t h e  same computer code can be  employed i n  d i f f e r e n t  ways ( e i g .  

one versus  f i v e  y e a r s  of meteo.rologica1 d a t a )  o r ' r e s u l t s  i n t e r p r e t c d  i n  

d i f f e r e n t  ways (e .g . ,  i n  determining compliance wi th  short- term NAAQS). 

Thus, w i th  numerous models i n  t h e  l i t e r a t u r e  and.numerous u s e r s  i n  
I 

t h e  f i e l d ,  t h e  p o t e n t i a l  e x i s t s  f o r  chaos, o r  a t  l e a s t  f o r  f r e q u e n t ,  hones t  

disagreement ,  even among d i f f e r e n t  u n i t s  w i t h i n  t h e  same o rgan iza t ion .  

Con.fusion of t h i s  s o r t  has  a l r eady  emerged where an i n d u s t r y  seeking  a  . . 

cons t ruc t ion  permit  i n  a  m u l t i s t a t e  a i r  q u a l i t y  c o n t r o l  r eg ion  i s  faced 

wi th  d i f f e r i n g  c a l c u l a t i o n a l  procedures  (and thus ,  i n  e f f e c t ,  d i f f e r i n g  

emission l i m i t s )  among the  va r ious  s t a t e  and l o c a l  agencies  and, q u i t e  

poss ib ly ,  between ad jo in ing  'Regional Of f i ce s  of t h e  f e d e r a l  EPA. 

It i s  ev iden t  t h a t  t h e r e  i s  a  need f o r  some measure of s t anda rd iza -  

t i d n  i n  a i r  q u a l i t y  a n a l y s i s .  A s  a  minimum such s t a n d a r d i z a t i o n  should be 



app l i ed  t o  c a l c u l a t i o n a l  procedures  uskd throughdut t h e  f e d e r a l  EPA and by 

s t a t e  and l o c a l  agencies  i n  t h e i r  o f f i c i a l  dea l ings  wi th  t h e  EPA. The 

i s s u e  then.becomes one of determining t h e  degree of s p e c i f i c i t y  (e .g . ,  

s p e c i f i c  computer codes) ,  what i n  f a c t  w i l l  be  s tandard ized  (e .g . ,  models 

vs .  a lgo r i thms) ,  the  r i g i d i t y  of t h e  requirements  ( o r  converse ly ,  t h e  

f l e x i b i l i t y  of t h e  use r  t o  s e l e c t  o r  even develop a l t e r n a t i v e  c a l c u l a t i o n a l  
' . 

methods), t h e  e x t e n t  of coverage (e .g . ,  s p e c i f i c a t i o n  of a  p a r t i c u l a r  model 

vs .  s p e c i f i c a t i o n  of t h e  model a long w i t h  procedures f o r  i npu t  of d a t a  and 

i n t e r p r e t a t i o n  of r e s u l t s ) ,  and f i n a l l y ,  and perhaps most impor t an t ly ,  t h e  

pcrformance c r i t e r i a  which a  c a l c u l a t i o n a l  procedure must meet t o  q u a l i t y  

f o r  i n c l u s i o n  i n  any o f f i c i a l  s ta tement  of  such s t anda rds .  

The need wi th in  the n a t i o n a l  a i r  p o l l u t i o n  c o n t r o l  program f o r  a  

guidance document on a i r . q u a l i t y  a n a l y s i s  p e r s i s t s .  Despi te  t h e  d i f f i c u l t i e s  

o u t l i n e d  above, t h e  EPA/Offi,ce of. A i r  Qual i ty  Planning and Standards (OAQPS) 

has been given t h e  r e s p o n s i b i l i t y .  f o r  developing t h e  r e q u i s i t e  Guidel ine.  

A f i r s t  d r a f t  was prepared and c i r c u l a t e d  f o r  i n i t i a l  in-house review dur ing  

December 1976. A second d r a f t  was publ i shed  i n  e a r l y  February.  The t a r g e t  

' d a t e  f o r  a  f i n a l  ve r s ion  of  t h e  Guidel ine is  J u l y  1, 1977. '  

I n  December Argonne was a p p r i s e d . o f  t h i s  schedule and requested '  t o  

organize  a three-day conference/workshop wherein s p e c i a l i s t s  i n  a i r  q u a l i t y  

a n a l y s i s  would c r i t i q u e  t h e  second d r a f t  o f  t h e  Guidel ine.  Recognizing t h a t  

t he  f e d e r a l  EPA and t h e  s t a t e s  had t o  f u l f i l l  t h e  important  a i r  q u a l i t y  . 

management r e s p o n s i b i l i t i e s  o u t l i n e d  i n  Fig.  1 employing the  s ta te -of - the-  

a r t  i n  a n a l y t i c a l  methods, t h e  conferees  were chal lenged t o  adv i se  EPA on 

the  b e s t  a v a i l a b l e  approaches t o  modeling a i r  q u a l i t y  impacts and t o  concur 

wi th  o r  where p o s s i b l e  recommend improvements t o  t h e  many a s p e c t s  of 

t h e  problem addressed i n  t h e  Guidel ine.  

The S p e c i a l i s t s  Conference on t h e  EPA Modeling Guidel ine was he ld  a t  

t h e  Nordic H i l l s  Inn,  I t a s c a  (Chicago),  I l l i n o i s  on February 22-24, 1977. 

  ember's o f '  t h e  s t a f f  of t h e  Energy and Environmental Systems Divis ion  of 

Argonne National  Laboratory served  a s  conference o rgan ize r s  and r e p o r t e r s .  

Several  r e p r e s e n t a t i v e s  of t h e  EPAIOAQPS a s s i s t e d  a s  resource  persons.  

The twenty-four conferees  were drawn from p r iva t e '  i n d u s t r y ,  u n i v e r s i t i e s ,  

pub l i c  i n t e r e s t  o rgan iza t ions ,  and f e d e r a l ' a n d  s t h t e  government. A l i s t  

of p a r t i c i p a n t s  and a f f i l i a t i o n s  appears  a t  t he  f r o n t  of t h i s  r e p o r t .  
: . ,  



These p a r t i c i p a n t s  and t h e  conference,  a s  .a body, are consfdered essenti:  

p a r t s  of the 'decis ion-making process  f o r  development of t h e  Guldelfne.  The * 

sum of t h e  s c i e n t i f i c  groupl 's  exper ience  i n  t h e  p r i v a t e  s e c t o r  lncluded many 

y e a r s  of  s e r v i c e  a s  s t a f f  members f o r  l a r g e  co rpo ra t ions  and as c o n s u l t a n t s  

t o  t h e  e n t i r e  spectrum of i n d u s t r i a l  a c t i v i t y  of  t h i s  Nation. The exper ience  

and procedures  followed i n  Canada and i n  Western Europe were brought t o  t h e  

group by s c i e n t i s t s  from Canada and t h e  United Kingdom. Those involved i n  

t h e  p u b l i c  s e c t o r  a r e  a c t i v e  a t  t he  l o c a l ,  s t a t e ,  f e d e r a l  and even i n t e r -  

n a t i o n a l  l e v e l s .  Severa l  of t h e  conferees  a r e  valued consu l t an t s  to  both  

p r i v a t e  and p u b l i c  a c t i v i t i e s  a s  w e l l  as independent p u b l i c  i n t e r e s t  associa-.  

t i o n s  .promoting environmental i s s u e s .  A l l  a r e  h igh ly  Icnowledgeable uf t h e  capa- 

b i l i t i e s  and l i m i t a t i o n s  of a i r  q u a l i t y  modelfng. 

The conference was organized around a mix of p lenary  s e s s i o n s  and 

concurrent  workshops. Major po l i cy  i s s u e s  and genera l  t e c h n i c a l  m a t t e r s  

were reviewed by t h e  conferees  a t - l a rge .  These genera l  d i scuss ions  provided 

guidance t o  working groups r e spons ib l e  f o r  examining s p e c i f i c  a s p e c t s  of  t h e  

Guidel ine ( see  Fig. 4 ) .  To a s s i s t  everyone i n  prepar ing  f o r  t h e  confcrence,  

a r e f e rence  notebook was prepared and d i s t r i b u t e d  a long  wi th  t h e  d r a f t  

Guide l ine  s e v e r a l  weeks i n  advance. This  notebook con ta ins  a b r i e f  charac- 

t e r i z a t i o n  of each model re ferenced  i n  Tables 2 and 3 of t h e  d r a f t  Guidel ine 

a long  wi th  key exce rp t s  of m a t e r i a l  re ferenced  i n  t h e  Guidel ine.  The 

p o r t i o n  of t h e  notebook conta in ing  t h e  model d e s c r i p t i o n s  i s  reproduced he re  

i l l  Sec t ion  3.11. 

I wish t o  thank my col leagues  a t  Argonne f o r  t h e i r  a s s i s t a n c e  i n  

p repa r ing  t h e  background m a t e r i a l ,  planning t h e  conference,  and i n  gene ra l  

s ee ing  t o  t h e  myriad of d e t a i l s  e s s e n t i a l  t o  a succes s fu l  meeting. We have 

a c t e d  only a s  o rgan ize r s  of t h e  conference and a s  r eco rde r s  and r e p o r t e r s  

of t h e  p o s i t i o n s  a r t i c u l a t e d  by t h e  conferees .  These conferees  endured a 

very  i n t e n s i v e  three-day marathon. The i r  except iona l  e f f o r t s  a t t e s t  t o  

t h e  se r iousness  w i th  which they  assumed t h e i r  r e s p o n s i b i l i t i e s .  

The fo l lowing  quo ta t ion  from Chief ~ u s t i c e  'David L .  Bazelon of t h e  

U.S. Court of Appeals f o r  t h e  D i s t r i c t  o f  Columbia seems a p p r o p r i a t e  t o  con- 

c lude  these  in t roduc to ry  comments. Speaking on t h e  d i f f i c u l t i e s  t h a t  t h e  

c o u r t s  face  i n  r e so lv ing  environmental deba tes ,  t h i s  j u r i s t  observes t h a t  

t h e  c o u r t s  a r e  not  t h e  proper  forum 
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... e i t h e r  t o  r e s o l v e  t h e  f a c t u a l  d i s p u t e s  o r  t o  make t h e  
p a i n f u l  va lue  choices .  What, t h e  c o u r t s  and judges can do, 
and do w e l l ,  when conscious of t h e i r  r o l e  and l i m i t a t i o n s  - 
i s  s c r u t i n i z e  and monitor t h e  decision-making process  t o  
make s u r e  t h a t  i t  i s  thorough, complete,  and r a t i o n a l ;  t h a t  
a l l  r e l e v a n t  in format ion  has  been cons idered;  and t h a t  
i n s o f a r  a s  p o s s i b l c ,  t hose  who w i l l  be a f f e c t e d  by a  
dec i s ion  have had the  oppor tun i ty  t o  p a r t i c i p a t e  i n  i t .  

[Decis ion makers should openly d i s c l o s e ]  where and why t h e  
e x p e r t s  d i sag ree  a s  w e l l  a s  where they  concur,  and where t h e  
informat ion  i s  ske tchy  a s  w e l l  a s  complete. When the. iss~ies 
a r e  c o n t r o v e r s i a l ,  any dec i s ion  which is  reached may be 
u n s a t i s f a c t o r y  t o  l a r g e  p o r t i o n s  of t h e  community. But 
those  who a r e  d i s s a t i s f i e d  wi th  a p a r t i c u l a r  d e c i s i o n  w i l l  
be  more l i k e l y  t o  acquiesce  i n  i t  i f  they  pe rce ive  t h a t  t h e i r  
views. and i n t e r e s t s  were given f a i r  hear ing .  

(Address t o  t h e  Atomic I n d u s t r i a l  Forum, January 10 ,  1977) 

This  ~ p e c i a 1 i s t s ' ~ o n f e r e n c e  and t h e  r e p o r t  which now fo l lbws  r e p r e s e n t s  
an important  element i n  such a  decision-making process .  



1 POLICY ISSUES AND GENERAL TECHNICAL MATTERS 
ADDRESSEP.IN THE PLENARY SESSIONS 
M o d e r a t o r / R e p o r t e r  : J .  J .  R o b e r t s  

P o l i c y  i s s u e s  and t e c h n i c a l  m a t t e r s  a d d r e s s e d  i n  t h e  p l e n a r y  s e s s i o n s  

d e a l t  p r i m a r i l y  w i t h  t h e  b roader  c o n s i d e r a t i o n s  s u r r o u n d i n g  t h e  a p p l i c a t i o n  

of models,  purpose  and s t r u c t u r e  o f  t h e  g u i d e l i n e  document, and c r i t e r i a  and 

p rocedures  f o r  i n c l u s i o n  t h e r e i n  of "approved" models.  These d i s c u s s i o n s  

provided gu idance  t o  t h e  working groups  s o  t h a t  t h e  i n d i v i d u a l  p o s i t i o n  

p a p e r s  a r e  c o n s i s ' t e n t  w i t h  p h i l o s o p h i c a l  and t e c h n i c a l  p e r s p e c t i v e s  of t h e  

c o n f e r e e s  a t  l a y g e .  F o u r t e e n  s p e c i f i c  p o l i c y  i s s u e s  and g e n e r a l  t e c h n i c a l  

m a t t e r s  a r e  summarized below. 

1..1 THE GUIDELINE TENDS TO STANDARDIZE A I R  QUALITY ANALYSIS 

The p r i n c i p a l  i s s u e  f o r  t h e  c o n f e r e e s  is  t h e  d e g r e e  t o  which i t  is 

a p p r o p r i a t e  f o r  a  G u i d e l i n e  t o  p r e s c r i b e  c a l c u l a t i o n a l  methods.  a n d / o r  

s p e c i f i c  computer codes  t o  be  used i n  t h e  a n a l y s i s  of a'ir q u a l i t y  problems. 

The d e s i r a b i l i t y  of some gu idance  i s  g e n e r a l l y  r e c o g n i z e d ;  t h e  d e g r e e  of 

s p e c i f i c i t y  of t h a t  guidance i s  t h e  i s s u e .  Refe rence  was made t o  t h e  

Congress iona l  ~ o n f  i r e n c e  Repor t  of September 30, .  1976 on  Clean A i r  Act 

~mendments  of 1976 where a n  amended S e c t i o n  318 a d d r e s s e d  "S tandard ized  A i r  
. . 

Q u a l i t y  Modeling" and s e t  f o r t h  a g e n e r a l  p r e s c r i p t i o n  f o r  a c o n f e r e n c e  on 

t h i s  s u b j e c t  which p resumabl i  would l e a d  t o  a  '"guidance document," p o s s i b l y  

pubLished i n  t h e  F e d e r a l  R e g i s t e r .  Again, h e r e ,  t h e  d e g r e e  of s t a n d a r d i z a -  

t i o n  is  l e f t  u n c l e a r  i n  t h a t  t h e  word "s tandard ized"  never  appears w i t h i n  

t h e  t e x t  of t h e  a r t i c l e  and,  f u r t h e r ,  t h a t  t h e  term " a p p r o p r i a t e  modeling" 

a p p e a r s  somewhat i n  i t s  s t e a d .  . 

A r e l a t e d  a s p e c t  t o  t h e  d i s c u s s i o n  on t h e  e x t e n t  o f  s t a n d a r d i z a t i o n  

concerns  t h e  l i k e l i h o o d  of  approved models a t t a i n i n g . s o m e  s p e c i a l  s t a t u s  i n  

l e g a l  c o n t e s t s .  It was g e n e r a l l y  recognized  t h a t '  such would, i n  f a c t ,  b e  

t h e  c a s e  al.though wording could  b e  i n c o r p o r a t e d  t o  s o f t c n  a r i g i d  i n t e r p r e -  

t a t i o n  by emphasiz ing t h e  o p p o r t u n i t y  a n d / o r  d e s i r a b i l i t y  under  c e r t a i n  

c i r c u m s t a n c e s  f o r  t h e  u s e r  t p , , , a t  h i s  d i s c r e t i o n ,  s e l e c t  a l t e r n a t i v e  

a n a l y t i c a l  p rocedures .  The near c e r t a i n t y  t h a t  t h e  G u i d e l i n e  would a t t a i n  

s p e c i a l  s t a t u s  i n  r e g u l a t o r y . m a t t e r s  a r g u e s  f o r  a c a u t i o u s  approach t o  

d e s i g n a t i n g  any p a r t i c u l a r  model . . a s  "approved" and emphasizes t h e  impor,tance 
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of. p roper  . e v a l u a t i v e  procedures .  -These l e g a l  i m p l i c a t i o x ~ s ~  a l s o  l ed - . t o  

recommendations of "conservat ive" modeling techniques  f o r  i n i t i a l  "screening" 

i n  t h e  new sou rce  review process .2  

Two widely d i f f e r e n t  p e r s p e c t i v e s  on t h e  i s s u e  of s t a n d a r d i z a t i o n  

were expressed by t h e  conferees .  On t h e  one hand, a " s c i e n t i f i c "  viewpoint  

emphasized t h a t  a i r  q u a l i t y  problems a r e  g e n e r a l l y  unique and should be 

t r e a t e d  on a case-by-case b a s i s  w i t h ' a p p r o p r i a t e  p r o f e s s i o n a l  counse l ing .  

Reference i n  t h i s  c a s e  was made t o  a p o s i t i o n  r e c e n t l y  d r a f t e d  by t h e  

American Meteoro logica l  Soc ie ty  (no t  y e t  approved by t h e  AMS Council)  which 

responds  p r i n c i p a l l y  t o  t h e  above-referenced proposed amendments t o  t h e  

Clean A i r  Act. The d r a f t  p o s i t i o n  s t a t emen t  expressed s p e c i f i c  concern 

w i t h  " the  concept  t h a t  t h e r e  should be c u r r e n t l y  e s t a b l i s h e d  one p a r t i c u l a r  

model which w i l l  be  capable  of ana lyz ing  a l l  conce ivable  s i t u a t i o n s , "  and 

went on t o  p o i n t  o u t  t h a t  t h e  wide range of meteoro logica l ,  geographica l ,  

and o t h e r  a s p e c t s  of  t h e  a i r  q u a l i t y  modeling problem, e s p e c i a l l y  r ega rd ing  

short-averaging-t ime s t anda rds ,  p r ec ludes  t h e  uniform a p p l i c a t i o n  of a 

s i n g l e  model and, i n  some c a s e s ,  i s  "not arnenablc t o  s imple  mathematical  

t rea tment .  " 

The o t h e r  d i s t i n c t  p e r s p e c t i v e  could be termed a " r egu la to ry  

p e r s p e c t i v e .  " It was most c l e a r l y  a r t i c u l a t e d  by spoke,smen from i n d u s t r i e s  

having t o  d e a l  w i t h  t h e  new sou rce  rev iew p roces s  a s  a p p l i e d  t o  s t a t e  

implementation p l a n s  and prevent ion  of s i g n i f i c a n t  d e t e r i o r a t i o n .  Here, 

t h e  c a l l  w a s  f o r  c l e a r l y  def ined  a n a l y t i c a l  procedur'es f o r  de te rmin ing  air 

q u a l i t y  impacts and, t hus ,  compliance w i t h  a p p l i c a b l e  I f m i r a t i o n s .  I n  

t h i s  s ense ,  t h e  Gu ide l ine  was s een  a s  r e q u i r i n g  t h e  use  of reasonably  

accep ted ,  s t a t e -o f - the -a r t  mathematical  models by which t h e  a p p l i c a n t  could 

independent ly  a s s u r e  himself of a r ea sonab le  l i k e l i h o o d  of  compliance 

b e f o r e  . the investment  o f  s i g n i f i c a n t  monies i n  t h e  pre-cons t ruc t ion  phases 

of a new development. The c a l l  was t o  i d e n t i f y  t hose  types  of problems 

whic'h could be  t r e a t e d  by approved models and t h e  gray  a r e a s  w i t h i n  which 

s p e c i a l  case-by-case . ana lys i s  would be  necessary.  It was f e l t  t h a t  

i n d u s t r y ' s  need f o r  c l a r i t y ,  ' f o r  reduc ing  u n c e r t a i n t i e s  i n  t h e  review 

l ~ e e  Sec t ion  2.4 and r e p o r t  of t h e  Working Group XI-5 

2 ~ e e  Sec t ion  2 . 3  



process ,  was t h e  p r i n c i p a l  mot iva t ion  behind t h e  :above-referenced s e c t i o n  

i n  t h e  Congressional  Conference Report.  A r e l a t e d  argument i n  favor  of some 

degree of s t a n d a r d i z a t i o n  concerned t h e  review of new p o l l u t i o n  sources  

impact ing on more than  one s t a t e  and poss ib ly  more than  one f e d e r a l  EPA 

reg ion .  This  s i t u a t i o n  i s  l i k e l y  t o  occur  under t h e  prevent ion  of s i g n i f i -  

c a n t  d e t e r i o r a t i o n  regulat ions, .  ~ i t h ' d i f f e r e n t  s t a t e s  and EPA r e g i o n a l  

o f f i c e s  applying d i f f e r e n t  a i r  q u a l i t y  models t o ' d e t e r m i n e  compliance of t h e  

proposed source ,  c h a o t i c  r e g u l a t o r y  s i t u a t i o n s  'can occur.  

The conferees  have reached a consensus on t h i s  i s s u e  i n  t h a t  i t  i s  

agreed . tha t  f o r  c e r t a i n  s t anda rd  types  of s i t u a t i o n s ; ' i t  would b e  d e s i r a b l e  

f o r  t h e  Guidel ine t o  i d e n t i f y  an  "appropr ia te"  o r ,  poss ib ly , ,  "approved" s e t  

of a lgor i thms  o r  p a r t i c u l a r  computer code(s )  t o  be a p p l i e d  - i f  t h e  p a r t i c u l a r  

model(s)  have been p rope r ly  v e r i f i e d  under t h e  c o n d i t i o n s  f o r  whi'ch t h e  

s tandard  a p p l i c a t i o n  would be p re sc r ibed .  The d e c i s i o n  i n  t h i s  regard  would 

be  made i n  accord w i th  an  approved s e t  of procedures  f o r  testing, v a l i d a t i o n ,  

and poss ib ly  c a l i b r a t i o n .  Secondly, s i g n i f i c a n t  f l e x i b i l i t y  should be 

provided t o  t h e  u s e r  whereby, wi th  a p p r o p r i a t e  p r o f e s s i o n a l  counse l ,  o t h e r  

a n a l y t i c a l  methods could be  employed where t h e  s t anda rd  s i t u a t i o n  was n o t  

encountered. 

1.2 SPECIFICATION OF COMPUTER CODES VERSUS APPROVED ALGORITHMS 

The Guide l ine  a s  c u r r e n t l y  proposed l i s t s  approved o r  recommended 

computer codes t o  perform d i f f e r e n t  a i r  q u a l i t y  ana lyses .  I n  f a c t ,  however, 

w i t h . t h e  except ion  of . r o l l back ,  they a l l  employ t h e  same Gaussian d i s p e r s i o n  

k e r n e l  and thus  could be viewed a s  t h e  same models. It i s  a l s o  recognized 

t h a t  a  computer code c o n s i s t s  of 'many a lgor i thms  c r i t i c a l  t o  t h e  e s t ima t ion  

of a i r  p o l l u t i o n  l e v e l s ;  among t h e s e  a r e  emission inven to ry  e s t i m a t e s  

( seasona l  average  and temporal ly  v a r y i n g ) ,  s t a t i s t i c a l  a n a l y s i s  of  meteoro- 

l o g i c a l  d a t a  i nc lud ing  t h e  i n i t i a l  a c q u i s i t i o n  and p roces s ing  of  such d a t a ,  

p r e d i c t i o n  of plume r i s e ,  d i s p e r s i o n  c o e f f i c i e n t s ,  and approximation of a r e a  

sources .  

Thus, while  t h e r e  i s  a  s t r o n g  sent iment  among t h e  con fe rees  t o  have 

t h e  Guide l ine  focus  a s  e x c l u s i v e l y  as p o s s i b l e  on t h e  i d e n t i f i c a t i o n  of 

approved a lgor i thms  which could t hen  be  used i n  c r e a t i n g  a n  ( i m p l i c i t l y )  

approved computer code, i t  becomes r e a d i l y  appa ren t  t h a t .  t h e  number 
. . 



of s t e p s  i n  performing t h e  o v e r a l l  a i r  q u a l i t y  a n a l y s i s  a r e  s o  c l o s e l y  

i n t e r r e l a t e d  t h a t  such an  approach would be d i f f i c u l t  t o  pursue,  e s p e c i a l l y  

a t  t h i s  t i m e .  Thus, t h e  Guide l ine  should,  where a p p r o p r i a t e ,  r e f e r e n c e  

s p e c i f i c  computer codes,  a l t hough  e v a l u a t i o n  s t u d i e s  should be  conducted on 

i n d i v i d u a l  a lgo r i t hms  a s  we l l  a s  on such. complex a i r  q u a l i t y  models. The 

working groups,  however, had many r e s e r v a t i o n s  about  t h e  s p e c i f i c  models 

l i s t e d  i n  t h e  Guide l ine ,  due i n  p a r t  t o  t h e  l a c k  of s u f f i c i e n t  v e r i f i c a t i o n  

exper ience ,  and i n  many cases  could n o t  g i v e  b l anke t . app rova1  t o  t h e i r  use.  

1.3 APPLICATION OF STANDARD COMPUTER CODES FOR "SCREENING" I N  THE NEW 
SOURCE REVIEW PROCESS 

Whcrcao t h c r c  i c  c t rong  r e l u c t a n c e  on t h e  p a r t  of many con fe rees  to 

a c c e p t  a  p a r t i c u l a r  code a s  a  s t anda rd  f o r  a  p a r t i c u l a r  a p p l i c a t i o n ,  t h e r e  

i s  gene ra l  agreement t h a t  c e r t a i n  codes could be  a p p l i e d  i n  a  "screening" 

p r o c e s s  wherein a  de t e rmina t ion . cou ld  be  made t h a t  t h e  sou rce  is i n  compli- 

ance  because t h e  a s s o c i a t e d  e s t i m a t e  of  a i r  q u a l i t y  impact i s  s u i t a b l y  f a r  

below any r e g u l a t o r y  t h r e sho ld .  The concept  i s  one of apply ing  t h e  a n a l y t i -  

c a l  procedure w i t h  s u f f i c i e n t  conserva t i sm t o  i d e n t i f y  t hose  s i t u a t i o n s  

which a r e  c l e a r l y  w i t h i n  t h e  a l lowable  l i m i t a t i o n s .  This  approach would 

d i s t i n g u i s h  a  computer model a s  be ing  a p p r o p r i a t e  f o r  s c r een ing  b u t  n o t  

n e c e s s a r i l y  s u f f i c i e n t l y  r e l i a b l e  t o  be endorsed a s  a  s tandard  f o r  a n a l y s i s  

where t he  d e c i s i o n  i s  a  c l o s e  one and where a  more . r e f ined  a n a l y s i s  and/or  

i n t e r p r e t a t i o n  of  t h e  r e s u l t s  of such an  a n a l y s i s  may 'be r equ i r ed .  There . 
' s t i l l  remains t h e  n e c e s s i t y  o f  c h a r a c t e r i z i n g  t h o s e  geome t r i ca l ,  meteoro- 

l o g i c a l  and o t h e r  c o n d i t i o n s  under which t h e  code is  a p p l i c a b l e  i n  t h e  

s c r een ing  process .  

The use of  s t anda rd  models a s  s c r een ing  t o o l s  t o  e l i m i n a t e  

"non-problems" from more ex t ens ive  new sou rce  review requi rements  has  

s e v e r a l  c o n s t r u c t i v e  r a m i f i c a t i o n s :  

1. I f  t h e  conse rva t ive  e s t i m a t e s  demonstrate  t h a t  a i r  q u a l i t y  
goa l s  could be r e a d i l y  achieved,  a  qu i ck  approva l  a c t i o n  is  
poss ib l e .  

2. I f  t h e  conse rva t ive  e s t i m a t e s  i n d i c a t g  a  p o t e n t i a l  problem, 
on t h e  b a s i s  of t h e  r e s u l t s ,  t h e  sou rce  can a l t e r  i t s  
des ign .  o r  imp1ement.a program involv ing  , f u r t h e r  measurements 
.and/or a r e f i n e d  modeling approach which'might y i e l d  a more 
r e a l i s t i c  assessment  of  a i r  q u a l l t y  impact. T h e - f a c t  t h a t  



the  s tandard ized  model r e s u l t s  were conse rva t ive  provides  a 
procedural  recourse  f o r  sources  t o  provide  more informat ion  
on t h e  expected impact. 

3.  From a n  advancement-of-technology point-of-view, p re s su re  
is  maintained on a l l  p a r t i e s  t o  produce a c c u r a t e  modeling 
techniques.  I f  the  s tandard ized  models a r e  too  conserva- 
t i v e ,  too  few "non-problems" a r e  i d e n t i f i e d  and EPA w i l l  
t h e r e f o r e  s t r i v e  f o r  more r e a l i s t i c  p r e d i c t i o n  methods 
t o  reduce the  conservatism. S imi l a r ly ,  because r e f i n e d  
approaches w i l l  be  requi red  f o r  a r e c o n s i d e r a t i o n  of a 
p o t e n t i a l  d e n i a l ,  sources  w i l l  be  i n t e r e s t e d  in engaging 
i n  e f f o r t s  which w i l l  tend t o  improve our understanding of 
t hc  t c c h n i i a l  issues. 

1.4 EVALUATION. AND CALIBRATION 

The a b i l i t y  of a computational procedure o r  any of it-s a1,gorithms t o  

proper ly  c h a r a c t e r i z e  t h e  phys ica l  processes  t h a t  govern t h e  t r a n s p o r t  and 

aerochemistry of a i r  p o l l u t a n t s  and thus  t o  p r e d i c t  p o l l u t i o n  .concentra- 

, . t i o n s  wi th  accep tab le  accuracy is  c l e a r l y  t he  most important  c r i t e r i o n  i n  
I 

eva lua t ing  tha t .  model f o r  i n c l u s i o n  i n  t h i s  Guidel ine.  Current1 y, t h e r e  i s  

no sys temat ic  procedure being employed by t h e  g e d e r a l  EPA f o r  t h e  
. . 

eva lua t ion  of a i r  q u a l i t y  models. Such a procedure would r ,equi re  c r i t e r i a  

f o r  a c c e p t a b i l i t y  and f o r  i n c l u s i o n  i n  a gu ide l ine ,  procedures  f o r  c a r r y i n g  

out  a t e s t  program inc luding  s p e c i f i c a t i o n s  on d a t a  and on t h e  range of 

cond i t i ons  under which t h e  model must be eva lua ted .  The eva lua t ion  process  

would inc lude  an i n t e r n a l  (EPA) review a s  w e l l  a s ,  u l t i m a t e l y ,  a n  independent 

peer group review. This eva lua t ion  process  c e r t a i n l y  would be  an  ex tens ive  

one involv ing  s i g n i f i c a n t  e f f o r t  on t h e  p a r t  of persons  developing and 

promoting p a r t i c u l a r  t h e o r i e s  and models.. A more ex tens ive  d i s c u s s i o n  of 

t h e  requirements  £,or such a sys temat ic  procedure a r e  descr ibed  i n  t h e  r e p o r t  

of Working Group 11-5. 

Most of t h e  models refgrenced i n  Table 3 of t he  proposed Guidel ine 

and 'recommended by t h e  EPA have undergone some eva lua t ion .  However, i n  
1 . . 

gene ra l ,  i t  was agreed t h a t  t h e  e x i s t i n g  models would not  m e e t  t h e '  c r i t e r i a  
* 

l i k e l y '  t o  be imposed v i a  t h e  above-mentioned sys t ema t i c  eva lua t ion  procedure. 

EPA i t s e l f  i s  w e l l  aware.of  t h e s e . l i m i t a t i . o n s  and w i l l  welcome s p e c i f i c  

recommends t i o n s  f o r  a comprehensive eva lua t ion  procedure. 



The mult i -source,  long-term a i r  qua l i t y '  models i n  Table 3  of the 

d r a f t  Guide l ine  g e n e r a l l y  employ a  c a l i b r a t i o n  s t e p  t o  f i t ,  u s u a l i y  by l i n e a r  

r e g r e s s i o n  techniques ,  t h e  model p r e d i c t i o n s  t o  a  s e t  of observed long-term 

averages.  The r e s u l t i n g  r e g r e s s i o n  c o e f f i c i e h t s  a r e  then  employed i n  a l l  

f u r t h e r  use of t h a t  model f o r  p r e d i c t i o n s  of f u t u r e  l e v e l s  of a i r  p o l l u t i o n  

under vary ing  source  and meteoro logica l  condi t ions .  P o s i t i o n s  f o r  and 

a g a i n s t  such c a l i b r a t i o n  were expressed. That c a l i b r a t i o n  has  been commonly 

used wi th  a p p a r e n t l y  accep tab le  r e s u l t s  would argue f o r  i t s  endorsement a s  

an  a c c e p t a b l e  procedure; t h a t  t h e  use  of c a l i b r a t i o n  imp l i e s  a  f a i l u r e  of 

t h e  model t o  p rope r ly  r e p r e s e n t  t h e  p h y s i c a l  processes  would suggest  rhar 

more a t t e n t i o n  be pa id  t o  those  f a i l i n g s  t h a t  t o  a  s t a t i s t i c a l  procedure t o  

concea l  theYr d e t a i l s .  The d e c i s i o n  on' t h i s  mat te r .  was l e f t  up t o  t h e  

working group on mult i -source models, wherein t h e  use  of c a l i b r a t i o n  

techniques  w a s  endorsed f o r  eva lua t ion  of long-term average concen t r a t ions  

i n  urban, mult i -source conf igu ra t ions .  

1.5 THE DRAFT GUIDELINE SUGGESTS A HIEHRCHY WHICH EVOLVES TOWARD ROLLBACK 
. AS THE PROBLEMS BECOME MORE DIFFICULT 

The confe rees  could n o t  understand t h e  r a t i o n a l e  f o r  t h i s  seemingly 

c o n t r a d i c t o r y  p ropos i t i on ,  Rollback techniques ,  a s  the.EPA admit ted,  a r e  

r a r e l y  an  accep tab le  op t ion  i n  t h e  eyes of t h e  EPA r e g i o n a l  o f f i c e s .  While 

perhaps appropr i a t e  f o r  a  f i r s t - c u t  e s t ima te  of t h e  degree  of r equ i r ed  

emission c o n t r o l  and poss ib ly  where t h e  geography and aerochemistry of t he  

problem would permit  a n  assumption of homogeneity, i t  makes no sense  t o  use  

a  super-simple model i n  complex s i t u a t i o n s . .  I n  gene ra l ,  i t  was recommended 

t h a t  r o l l b a c k  not  be included a s  a n  accep tab le  op t ion  f o r  S02, p a r t i c u l a t e s ,  

and CO.* Its a p p l i c a t i o n  t o  photochemical ox idan t s  and NO2 is d iscussed  i n  

more d e t a i l  under t h e  r e p o r t  from Working Group 1-3. 

Another a s p e c t  of  concern f o r . t h e  use  o f  r o l l b a c k  i s  under condi- 

t i o n s  where t h e r e  a r e  an  i n s u f f i c i e n t  number of monitor ing s i t e s  t o  a s s u r e  

t h a t  t h e  maximum p o l l u t i o n  l e v e l s  a r e  used i n  determining t h e  c o n s t a n t s  of 

*Working Group 1-1 d i d ,  however, accept  t h e  p ropos i t i on  t h a t  " i f  t h e  
meteoro logica l  o r  topographic complexi t ies  of the  r eg ion  a r e  such t h a t  t he  
u s e  of any a v a i l a b l e  a i r  q u a l i t y  model is  precluded,  then  t h e  model used 
f o r  s t r a t e g y  eva lua t ion  may be l i m i t e d  t o  a  Rollback Model.'' 



p r o p o r t i o n a l i t y .  Thus, one might s i g n i f i c a n t l y  underes t imate  t h e  degree of 

r equ i r ed  c o n t r o l s  i n  a r e a s  no t  monitored. Conversely,  r o l l b a c k  can over- 

e s t i m a t e  t he  degree of c o n t r o l  r equ i r ed  by focusfng on "hot spots." whi'ch a r e  

n o t  c h a r a c t e r i s t i c  of t h e  a r ea .  

1.6 ESTIMATING SHORT-TERM A I R  QUALITY IMPACTS: STATISTICAL VERSUS 
ENUMERATIVE APPROACHES 

Two v e r y  c o n t r o v e r s i a l  i s s u e s  emerge under t h i s  g e n e r a l  t o p i c .  

F i r s t l y ,  t h e  PSD increments  a r e  s t a t e d  a s  increments  never  t o  be e x c e e d z ,  a  

cond i t i on  which ha3 somewl~at f r i g h t e n i n g  i m p l i c a t i o n s  when viewed i n  terms 

of a  s t a t i s t i c a l  , t reatment  of meteorology and a i r  p o l l u t i o n  and t h e  

u n p r e d i c t a b i l i t y  of r a r e  events .  The EPA e x p l a i n s  t h a t  t h i s  dilemma would 

be r e so lved  by applying ' the models t o  a  f i x e d  and l i m i t e d  meteoro logica l  

h i s t o r y  (up t o  f i v e  y e a r s )  wherein,  i f  t h e  model d i d  n o t  i n d i c a t e  a  v i o l a t i o n  

of t h e  PSD increments ,  .approval would be  g iven  f o r  c o n s t r u c t i o n  of t h e  source.  

Fu r the r ,  i t  is  suggested t h a t  t h e  PSD increments  would be enforced on ly  

du r ing  t h e  review p roces s  and thus  c o n s t i t u t e  a ' p r o c e d u r a l  t ype  of r e .g~ .~ l a t i on  

r a t h e r ,  than  one which would be enforced a f t e r  t h e  f a c t  i f  monitored 

p o l l u t i o n  l e v e l s  showed t h e  increments  t o  be v i o l a t e d .  This  p o s i t i o n  seems 

somewhat c o n t r a d i c t o r y  t o  t h e  b a s i c  concept  of SIP development and r e v i s i o n .  

The second i s s u e  which comes under t h i s  gene ra l  heading concerns t h e  

procedure f o r  t h e  c a l c u l a t i o n  of short- term impacts ,  whether f o r  determining 

compliance w i th  short- term ( t h r e e  and twenty-four hour)  n a t i o n a l  ambient a i r  

q u a l i t y  s t anda rds .0 . r  w i th  PSD increments .  The m.st .c.ommqn.way of employing a  

model such a s  CRSTER i s  t o  c a l c u l a t e  a i r  p o l l u t i o n  l e v e l s  a t  each r ecep to r  

s i t e  f o r  each hour i n  a  'given pe r iod  of r e c e n t  h~is tory ;usua l ly  one t o  f i v e  

years .  The r e s u l t s  of t h i s  a n a l y s i s  a r e  then  app l i ed  i n  an enumerat ive sense  

whereby a s  long a s  no more than one v i o l a t i o n  per  year  a t  any s i t e  is found 

t o  e x i s t ,  t h e  NAAQS short- term v a l u e s  a r e  assumed m e t ,  and where .no v a l u e  

exceeds t h e  a p p r o p r i a t e  PSD increment,  t h a t  l i m i t a t i o n  i s  assumed s a t i s f i e d .  

An a l t e r n a t i v e ,  and t o  many persons  a  more s a t i s f y i n g  approach, would 
. . 

be t o  gene ra t e  o r  i n  some way employ a  s t a t i s t i c a l  r e p r e s e n t a t i o n  of ' the a i r  

q u a l i t y  a t  any g iven  r e c e p t o r  s i t e  and apply t h e  r e s u l t s  of such an a n a l y s i s  

to t h e  t e s t  of compliance. This  approach would r e q u i r e  some, pos s ib ly  minor,  

: e d & f i n i t i o n  of t h e  NAAQS and PSD. l i m i t a t i o n s .  Cons i s t en t  w i th  t h i s  



s t a t i s t i c a l  approach, a model such a s  CRSTER would be  run  over an  

a p p r o p r i a t e  per iod  of t ime wi th  t h e  r e s u l t i n g  computed 'values f i t t e d  t o  a 

s u i t a , b l e  cumulative frequency d i s t r i b u t i o n  func t ion .  It was observed t h a t  

s i m i l a r  problems occur  i n  i n t e r p r e t i n g  t h e  short-term d a t a  from a i r  q u a l i t y  

monitor ing s i t e s  which may be s u b j e c t  t o  occas iona l  and undetermined 

mal funct ions  producing er roneous ly  h igh  va lues .  

It is common engineer ing  p r a c t i c e  t o  use  s t a t i s t i c a l l y  computed 

c r i t e r i a  f o r  design. t o  meet extreme meteoro logica l  condi t ions .    rain age . . 

f o r  f l ood  c o n t r o l  and wind loads  on s t r u c t u r e s  a r e  two,examples. Appro- . 
' 

p r i a t e  meteo.cologica1 parameters  a r e  t r e a t e d  by s p e c i a l  s t a ~ i s t i c a l  

procedurcs  t o  e s t i m a t e  cond i t i ons  Tor s p e c i f i e d  pe r iods  ranging  from ten t o  

nne h u ~ d r e d  years .  These e s t ima te s  o f t e n  exceed the per iod  of r ~ r . n r d  by a 

f a c t o r  of two o r  more. Although meteoro logica l  cond i t i ons  associaced wiLh 

atmospheric transport models a r e  ve ry  d i f f e r e n t  from those  a s s o c i a t e d  wi th  

t h e  above examples, t h e  concept of us ing  a s t a t i s t i c a l  approach t o  de te rmine .  , 

compliance i s  analogous t o  t h e s e  e s t a b l i s h e d  p r a c t i c e s .  

Although t h e  consensus . is  t h a t ,  a s t a t i s t i c a l  approach , is  theo re t -  

i c a l l y  more v a l i d ,  i t  i s  recognfzed.  t h a t  a d e t a i l e d  i n v e s t i g a t i o n  of 

t h e  n a t u r e  of t h e  s t a t i s t i c s  should be completed p r i o r  t o  implementation.. 

I n  p a r t i c u l a r ,  concern is  expressed regard ing  t h e  a p p r o p r i a t e  form of t h e  

cumulati.ve d i s t r i b u t i o n  func t ion  t o  be used i n  any c u r v e - f i t t i n g  procedure.  

To t h e  e x t e n t  t h a t  enumerative ( i . e . ,  d e t e r m i n i s t i c )  methods a r e  

, used t o  determine compliance wi th  short- term s t anda rds ,  two approaches 

sugges t  themselves: (1) t he  above-described enumerative approach us ing  

CRSTER, where t h e  major ques t ion  i s  t h e  per iod  of record  over  which calcu- 

l a t i o n s  a r e  t o  be made; and ( 2 )  a "worst case" approach where the  cha l lenge  

is t o  i d e n t i f y  t h e  cond i t i ons  under which maximum ground . l e v e l  concentra-  

t i o n s  might occur.  

In  t h e  f i r s t  s i t u a t i o n ,  i t  was argued by one conferee  t h a t  t he  per iod  

of record b e  equ iva l en t  t o  t h e  p l a n t  l i f e  ( i .e . ,  a s  long  a s  twenty t o  t h i r t y  

y e a r s ) .  It was a l s o  recognized t h a t  even a f ive-year  s e t  of c a l c u l a t i o n s  

co1.11d be unreasonably cos t ly '  f o r  c e r t a i n  smal le r  sources .  

The worst c a s e  approach v i a  models such a s  CRSTER makes sense  t o  t he  

conferees  a s  a sc reening  mechanism whereby compliance can be assumed i f  the  



worst  ca se  e s t i m a t e  i s  conse rva t ive ly  below t h e  a l l owab le  increment.  

However, t h e  use  of  an  i d e a l i z e d  plume rise a lgo r i t hm ( a s  i n  CRSTER) might 

overlook s p e c i a l  h igh  p o l l u t i o n  c o n d i t i o n s  a s s d c i a t e d ,  f o r  example, w i t h  .' 

aerodynamic downwash. Other s p e c i a l i z e d  s i t u a t i o n s  such a s  unusual 

c i r c u l a t i o n s  (e.g., s e a  b reezes )  and fumiga t ion  should be  considered a s  

p o t e n t i a l l y  c r e a t i n g  t h e  worst  c a s e  s i t u a t i o n .  

F i n a l l y ,  i n  apply ing  a  "worst case"  a n a l y s i s ,  some' r ecogn i t i on  must 

be  taken  of t h e  p o t e n t i a l  f o r  occur rence  of such a  s i t u a t i o n  i n  o rde r  t o  

determine compliance w i t h  short- term NAAQS. 

1.7 TO WHAT EXTENT SHOULD THE USER'S BURDEN I N .  ACQUISITION OF DATA AND 
PERFORMANCE OF CALCULATIONS BE CONSIDERED IN RECOMMENDATIONS SZT FORTH 
I N  THE GUIDELINE? 

It is  g e n e r a l l y  recognized t h a t  f o r  some types  of c a l c u l a t i o n s  and. 

some computer codes t h e  burden of a c q u i s i t i o n  of emission and meteoro logica l  

d a t a  and t h e  computer c o s t s  can be  exces s ive  f o r  small p o l l u t i o n  c o n t r o l  

agenc i e s  and f o r  many i n d u s t r i a l  a p p l i c a n t s .  Thus, another  argl~ment  can b c  

made i n  favor  of  a n  inexpensive s c r een ing  p roces s  t o  l i m i t  t h e  number of 

s i t u a t i o n s  i n  which more ex t ens ive  a i r  q u a l i t y  a n a l y s i s  would be  r equ i r ed .  

However, i n  t hose  s i t u a t i o n s  where t h e  s t anda rds  a r e  i n  f a c t  t h r ea t ened  and 

a  more r e f i n e d  a n a l y s i s  is  r equ i r ed ,  t h e  b e s t  a v a i l a b l e  methods should be  

employed. This  burden would most l i k e l y  f a l l  upon t h e  f e d e r a l  EPA and upon 

s t a t e  agenc ies .  

To t h e  e x t e n t  t h e  Guide l ine  recommends models f o r  sc reen ing  purposes ,  

such models may r e f l e c t  a  d e s i r e  f o r  s i m p l i c i t y  a n d e a s e  of use.  To t h e  

e x t e n t . t h e  Guide l ine  recommends models f o r  g e n e r a l  a p p l i c a t i o n  i n  a i r  

q u a l i t y  assessments ,  t'hey should be  c h a r a c t e r i z e d  i n  t e r m s  of t h e  p o t e n t i a l  

burden upon t h e  u se r  bu t  t h e  d e c i s i o n  a s  t o  t h e  app rop r i a t enes s  of t h a t  

burden s h o u l d , b e  l e f t  t o  t h e  u se r .  

I n  a  somewhat r e l a t e d '  a s p e c t ,  t h e  Guide l ine  would permit  t he  

Regional Adminis t ra tor  t o  s e l e c t  a  model o t h e r  than  t h a t  recommended " i f  t h e  

d a t a  bases  requi red"  a r e  "unava i lab le  o r  inadequate ."  The degree  t o  which 

i t  is  incumbent upon t h e  EPA.or upon the  a p p l i c a n t  i n  a  new source  revi-ew 

procedure t o  d e l a y  t h e  p r o j e c t  u n t i l  adequate  d a t a  a r e  assembled should be 

c l a r i f i e d .  
j 



1 , 8  THE EPA OFFICE OE' A I R  QUALITY PLANNING AND STANDARDS DECIDED NOT TO 
INCLUDE OXIDANT MODELING I N  THIS  EDITION OF THE GUIDELINE 

EPA r e p r e s e n t a t i v e s  ' i n d i c a t e  t h a t  they have r e c e n t l y  organized a  t a s k  

. f o r c e  t o  develop methods f o r  r e l a t i n g  l e v e l s  of photochemical ox idan t s  t o  

t h e  r equ i r ed  degree  of hydrocarbon c o n t r o l s .  Thus, they chose t o  l e a v e  

ox idan t  modeling o u t  of t h i s  e d i t i o n  of t h e  Guidel ine.  The app rop r i a t enes s  

' of c u r r e n t l y  a v a i l a b l e  models f o r  t h e  d e s c r i p t i o n  of chemical ly  r e a c t i v e  

p o l l u t a n t s  i s  cons idered  b r i e f l y  i n  t h e  r e p o r t  of Working Group '.I-3. 

; 2.9 A I R  QUALITY DATA 

The . importance of  a i r  q u a l i t y  d a t a  i n  e v a l u a t i n g  t.he berformance of 

an  a i r  q u a l i t y  model i s  ev iden t .  The con fe rees  a r e  concerned t h a t ,  i n  

g e n e r a l ,  insufficient'consideration has  been g iven  t o  c r i t e r i a  f o r  p roper  

s i t i n g  of moni tors  and a c q u i s i t i o n  and p roces s ing  of a i r  q u a l i t y  d a t a  f o r  

v a l i d a t i o n  and f o r  c a l i b r a t i o n  purposes .  The EPA has  a  t a s k  f o r c e  c u r r e n t l y  

s tudy ing  t h e  moni tor ing  s i t u a t i o n  i n  t h e  USA, bu t  t h e  major t h r u s t  of  t h i s  

e f f o r t  would appear  t o  be a  c o s t / e f f e c t i v e n e s s  approach t o  minimizing t h e  

number of moni tors  necessary  t o  a s s u r e  compliance wi.th ambient a i r  q u a l i t y  . . 

s t anda rds .  The e s t ab l i shmen t  of a p p r o p r i a t e . c r i t e r i a  f o r  monitor ing d a t a  

t o  be  employed i n  m o d e l ' v a l i d a t i o n  s t u d i e s  would be  a  p a r t  of t h e  'evalua- 

t i o n  procedure developed pursuant  t o  p o l i c y  i s s u e 1 . 4 , .  above. F i n a l l y ,  i n  

a d d i t i o n  t o  t h e  need f o r  b e t t e r  a i r  q u a l i t y  d a t a ,  t h e r e  i s  a  need f o r  

modelers  t o  be more aware of  th.e d a t a  which i s  a v a i l a b l e .  

1.1 0 METEOROLOGICAL DATA 

I n  a  m a t t e r  analogous t o  t h e  concern f o r  t h e  q u a l i t y  of monitor ing 

d a t a ,  concern is  expressed f o r  t h e  inadequacy of me teo ro log ica l  d a t a  

c u r r e n t l y  a v a i l a b l e  v i a  t h e  Na t iona l  Weather Serv ice .  F u r t h e r ,  hour ly  

me teo ro log ica l  obse rva t ions  a r e  n o t  a v a i l a b l e  on magnetic t a p e  from t h e  

Nat iona l  Weather Records Center f o r  many si tes i n  t h e  USA. F i n a l l y ,  t h e  

NWS program of  twice  p e r  day urban soundings has  been d iscont inued .  

It is g e n e r a l l y  agreed t h a t  l i t t l e  can be done i n  t h e  near  f u t u r e  t o  

change t h e  method of obse rva t ion  and t o  r e i n s t a t e  t h e  sounding program. The 
. . - .- -- . - - -- 

Nat iona l  Cl imat ic  Center  is p repa r ing  hour ly  r e c o r d s  f o r  s e l e c t e d  l o c a t i o n s  a t  

t h e  r e q u e s t  of EPA under an  i n t e r agency  reimbursement agreement. Seve ra l  o the  

p a r t i e s  f rom. t ime  t o  t ime o b t a i n  c l i m a t i c  d a t a  o f . t h i s  t ype  under s i m i l a r  arrange-  
. . 

ment s . 



Concern is  a l s o  expressed f o r  a  l a c k  of adequate  me teo ro log ica l  d a t a  

a t  e l e v a t i o n s  app rox ima t ing . the  e f f e c t i v e  s t a c k  he igh t  of major e l eva t ed  

sources ,  a s  w e l l  a s  f o r  how. the  a v a i l a b l e  meteoro logica l  d a t a  a r e  used i n  

eva lua t ion  and i n  v a r i o u s  a lgor i thms .  

1.11 PROPRIETARY COMPUTER CODES 

The app rop r i a t enes s  of r e f e r e n c i n g  p r o p r i e t a r y  computer codes i n  t h e  

Guide l ine  i s  a  c o n t r o v e r s i a l  i s sue .  h e  l a r g e  m a j o r i t y  of con fe rees ,  

i nc lud ing  s e v e r a l  p r i v a t e  c o n s u l t a n t s ,  oppose t h e  i n c l u s i o n  of such models 

i n  t h i s  government pub l i ca t i on .  EPA r e p r e s e n t a t i v e s  i n d i c a t e  t h a t  they do 

n o t  i n t end  t o  r e f e r e n c e  such models i n  t h e  Guidel ine.  

Arguments i n  favor  of  i nc lud ing  r e f e r e n c e s  t o  p r o p r i e t a r y  models a r e  

c o n s i s t e n t  w i t h  a  s t r u c t u r e  f o r  t h e  G u i d e l i n e .  which .does  n o t  recommend' 

s p e c i f i c  computer codes bu t  r a t h e r  approved, gene r i c  methods and a lgo r i t hms  

f o r  a i r  q u a l i t y  a n a l y s i s .  It i s  f e l t  by some t h a t  t h i s  approach would 

a l low a  l i s t i n g  of  computer models, pub l i c  and p r i v a t e ,  which s a t i s f i e d  t h e  

ge~ i e r l c  c r f t e r i a .  This p o s i t i o n  i s  a l s o  c o n s i s t e n t  w i th  a  concern f o r  

exces s ive  s t a n d a r d i z a t i o n  of c a l c u l a t i o n a l  methods i n  c o n t r a s t  t o  more 

emphasis on case-by-case a n a l y s i s  by q u a l i f i e d  expe r t s .  Regarding t h e  

image of  s ec recy  a s s o c i a t e d  wi th  a  p r o p r i e t a r y  model, i t  i s  argued t h a t  t h e  

r e g u l a t o r y  agency could be provided w i t h  documentation and p o s s i b l y  

l i s t i n g s  of t h e  p r o p r i e t a r y  code a s  l ong  a s  t h e  agency d i d  n o t  r e l e a s e  t h i s  

in format ion  t o  t h e  publ ic .  F i n a l l y ,  p r o p r i e t a r y  models can be  t e s t e d  

a g a i n s t  sample problems i n  o r d e r  t o  demonstrate  t h e i r  cons i s t ency  w i t h  

o t h e r ,  approved, p u b l i c  domain models. 

This  r a t i o n a l e  f o r  i nc lud ing  p r o p r i e t a r y  models and t h e  a s s o c i a t e d  

procedures  f o r  t h e i r  e v a l u a t i o n  a s  we l l  a s  t h e i r  sa feguard  a r e  countered by 

a  number of arguments. From t h e  viewpoint  of a  government agency, i t  would 

appear t o  be i m p r a c t i c a l ,  i f  n o t  d i r e c t l y  c o n t r a r y  t o  law, f o r  p r o p r i e t a r y  

models t o  be  used i n  new source  review and, quite probably,  i n  t h e  des ign  

of r e g u l a t i o n s  and SIP r e v i s i o n s .  Regarding new source  review,  spokesmen 

from i n d u s t r y  express  g r e a t  concern t h a t  t h e  agency could be  u s ing  a  model 

t o  which they a s  a p p l i c a n t s  had no acces s .  The agency would a t  t h e  same 

t ime f a c e  requirements  f o r  compliance w i th  v a r i o u s  pub l i c  d i s c l o s u r e  laws, 

s t a t e  and f e d e r a l ,  and i n  a l l  l i k e l i h o o d  could n o t  honor an agreement ' to  



safeguard  t h e  d e t a i l s  of t h e  p r o p r i e t a r y  model. For example, t h e  gene ra l  

counse l  f o r  EPA Region V forbade  t h e  u se  of a  p r o p r i e t a r y  model i n  

r e g u l a t i o n  development f o r  ' these v e r y  reasons .  

A s  t o  t h e  u se  of  s t anda rd i zed  test problems f o r  e s t a b l i s h i n g  some 

deg ree  of  equiva lence  between models approved v i a  t h e  Guide l ine  and 

a l t e r n a t e ,  p r o p r i e t a r y  models, i t  is  recognized t h a t  such may be  d e s i r a b l e  

whenever a  p r i v a t e  p a r t y  chooses t o  u se  a  p r o p r i e t a r y  model i n  a  permi t  

a p p l i c a t i o n  o r  i n  l i t i g a t i o n .  The cha l l enge  then  becomes one of developing 

a set of t e s t  problems which exp lo re  t h e  f u l l  range  of a p p l i c a t i o n  of  t h e  

models i n  o r d e r  t o  determine w i t h  a f a i r  degree  of  conf idence  t h e  ques t i on  

of equiva lence  . 

I .  12 SUPPLEMENTAL CONTROL SYSTEMS (SCS)  

The Guide l ine  makes no r e f e r e n c e  t o  SCS. Although many of t h e  

computer codes r e f e r enced  i n  t h e  d r a f t  Guide l ine  a r e  a p p l i c a b l e  t o  SCS 

de t e rmina t ions ,  some codes more s u i t a b l e  t o  t r a n s i e n t  a n a l y s i s  were n o t  

considered.  Fu r the r ,  an  important  p a r t  of a n  SCS s t r a t e g y  is  ' t he  on-l ine - 
ana , ly s i s  of a i r  q u a l i t y  and me teo ro log ica l  d a t a  and t h e  r e l a t e d ,  near: 

t e r m ' f o r e c a s t i n g  techniques .  
. - 

Since t h e  Guide l ine  does n o t  add re s s  SCS, t h e  con fe rees  d i d  riot 

cons ide r  t h i s  s u b j e c t  i n  s i g n i f i c a n t  d ' e t a i l .  It i s  recommended  hat: t . 1 1 ~ :  

Guide l ine  be  amended t o  i n d i c a t e ,  probably by foo tno te ,  t h a t  SCS i s  n o t  

cons idered  w i t h i n  t h e  Guide l ine  and then  t o  provide  one o r  more r e f e r e n c e s  

f o r  t h e  u s e r  who is  i n t e r e s t e d  i n  pursu ing  t h e  f e d e r a l  requi rements  and 

a v a i l a b l e  methods f o r  t h e  implementation of .SCS. 

1. 13 STRUCTURE OF THE GUIDELINE 

The u t i l i t y  of t h e  d r a f t  Guide l ine  would be  g r e a t l y  improved i f  

c e r t a i n  minor s t r u c t u r a l  mod i f i ca t i ons  w e r e  incorpora ted .  Chapter 

subheadings and g r e a t e r  r e l i a n c e  on t a b u l a r  p r e s e n t a t i o n s  along wi th  a  

t a b l e  of c o n t e n t s  would make t h e  document more readable .  A s  mentioned 

e a r l i e r ,  SCS must be. r e f e r enced  i n  o r d e r  t o  c l a r i f y  t h e  in tended  scope of 

t h e  Guidel ine.  S i m i l a r l y ,  t h e  s e c t i o n  on growth does n o t  p rovide  adequate  

guidance f o r  handl ing  t h i s  complex s u b j e c t .  It would be  p r e f e r a b l e  f o r  t h e  



Guide l ine  t o  acknowledge i.ts l i m i t a t i o n  i n  t h i s  r e g a r d - a n d  provide  

r e f e r e n c e s  wherein t h e  u s e r . c a n  a s s e s s  t h e  s ta te-of- th 'e-ar t  of growth 

p r o j e c t i o n s  f o r  a i r  q u a l i t y  management. F i n a l l y ,  t h e  s e c t i o n  on model 

a p p l i c a t i o n  should be  expanded t o  provide  more guidance on use  of a p p r o p r i a t e  

emission da ta .  

1.14 PERIODIC REVIEW AND UPGRADING OF THE GUIDELINE 

By recogniz ing  t h e  g e n e r a l l y  u n s a t i s f a c t o r y  s t a t u s , o f  p a s t  e f f o r t s  

i n  v a l i d a t i o n  of air  q u a l i t y  models and t h e  need f o r  a more 'extensive., 

formalized procedure ' ( see  p o l i c y  i s s u e  1.4), t h e  con fe rees  wish t o  under- 

s c o r e  t h e  need f o r  p e r i o d i c  review and upgrading of t h e  Guidel ine.  Fu r the r ,  

t h e  absence o f  coverage of  t o p i c s  such a s  SCS and photochemical ox idan t s  

and t h e  l i m i t e d  t rea tment  of ox ides  of n i t r o g e n  c a l l  f o r  a s i g n i f i c a n t  
. . 

expansion i n  t h e  scope of f u t u r e  editions. 

The con fe rees  would be  p leased  t o  examine subsequent  d r a f t s  of .  t h i s  

f i r s t  e d i t i o n  and t o  p a r t i c i p a t e  i n  t h e  review of  f u t u r e  e d i t i o n s .  However, 

i t  i s  g e n e r a l l y  agreed t h a t  a more extended aid less i n t e n s i v e  review , -. 
schedule ,  perhaps i nvo lv ing  s e v e r a l  s t and ing  committees, would be  p r e f e r a b l e  

t o  t h e  h i g h l y  compressed schedule  imposed by a two- o r  three-day: i n t e n s i v e  

conference/workshop. 
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2 WORKING GROUP REPORTS 

The.working group r e p o r t s  a r e  based on d i s c u s s i o n s  he ld  w i t h i n  t h e  

working group meetings.  These r e p o r t s  i n c o r p o r a t e  c o r r e c t i o n s  and e d i t o r i a l  

changes recommended .by working group'members. Extens ive  r e v i s i o n s  o r  addi -  

t i o n a l  m a t e r i a l  submit ted subsequent t o  t h e  group meet ings by group members 

o r  o t h e r  conference  p a r t i c i p a n t s  have been re fe renced  where a p p r o p r i a t e  and 

c o l l e c t e d  t oge the r  i n  Sec t ion  3.  
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2.1.1 Changes in Models Reconunended'in   raft' Guidelines 

The consensus of t h e  group w a s  t h a t  Gaussian plume models a r e  t h e  b e s t  

a v a i l a b l e  a t  t h i s  t ime f o r  mult i -source s i t u a t i o n s .  The s i t u a t i o n  most f r e -  

quen t ly  r e f e r r e d  t o  throughout t h e  d i s c u s s i o n s  was t h e  urban a r e a  with a  l a r g e  

number of sources.  Cuncerns,were expressed r ega rd ing  t h e  need t o  s p e c i f y  t h e  

c o n s t r a i n t s  on t h e  use  of a  model and on v a r i o u s  a lgor i thms implementing a  

model. I n  t h i s  r ega rd ,  t h e  group recognized t h e  need f o r  w e l l  w r i t t e n  u s e r ' s  

gu ides  which d e t a i l  t h e  l i m i t s  of an a lgo r i thm ' s  a p p l i c a b i l i t y .  It was sug- 

ges t ed  t h a t  a l ist  of f e a t u r e s  which would make a lgor i thms more d e s i r a b l e  might 

be developed. This  was considered a reasonable  sugges t ion  but  no a t tempt  w a s  

made t o  produce such a  l ist . .  

Af t e r  accep t ing  t h e  Gaussian plume model as t h c  b e s t  c u r r e n t l y  a v a i l a b l e ,  

t h e  s p e c i f i c  a lgor i thms i n  Table 3 . o f  t h e  d r a f t  g u i d e l i n e  documenr were con- 

s ide red .  It was concluded t h a t  knowledge of t h e  s t a t e  of v a l i d a t i o n  of' t h e s e  

models was l ack ing  and t h a t  a  need e x i s t e d  f o r  v a l i d a t i o n  s t u d i e s  and, more 

gene ra l ly ,  packaged t e s t  c a s e s  t o  t e s t  new algori thms.  The group considered 

whether t o  r e t a i n  t he  h i e r a c h i c a l  s t r u c t u r e  of t h e  d r a f t  Table 3 o r  t o  simply 

l i s t  accep tab le  a lgo r i thms  with t h e  choice  of a p r r t i c u l a r  a lgo r i thm being re -  

l a t e d  t o  t h e  l e v e l  of d e t a i l  r equ i r ed  by t h e  t a s k  a t  hand. The consensus 

r e t a i n e d  t h e  hierachy.  

The use  of t h e  Larsen procedure f o r  e s t ima t ing  short- term averages  i n  

AQDM and CDM was d iscussed .  The group concluded t h a t  hour-by-hour c a l c u l a t i o n s  - 

as done by RAM a r e  a  p r e f e r a b l e  method b u t  d i d  not  f e e l  t h a t  t h e  s t a t i s t i c a l  

conversion of averaging t imes should be  precluded i n  urban a r e a s  where l a r g e  

p o i n t  sources  a r e  not  a  major in f luence .  The p o s s i b i l i t y  of g iv ing  CRSTER t h e  

c a p a b i l i t y  of handl ing  m u l t i p l e  sources  was d iscussed  and some v a l i d a t i o n  d a t a  

on CRSTER were presented .  It was noted t h a t  short- term p r e d i c t i o n s  tend t o  be  

a c c u r a t e  t o  w i t h i n  about  a  f a c t o r  of two and t h a t  t h e  suggested long-term a lgor -  

i thms tend t o  ove rp red ic t .  The p o i n t  was a l s o  made t h a t  AQDM, 0, and t h e  

Hanna-Gifford model (proper ly  app l i ed )  g i v e  equ iva l en t  c o r r e l a t i o n s  wi th  mea- 

sured  da t a .  The importance of r e p r e s e n t a t i v e  meteoro logica l  d a t a  and a  good 

emissions inventory  was s t r e s s e d  by s e v e r a l  members. P o s s i b l e  problems wi th  

the  e x i s t i n g  pa rame te r i za t ions  of CI i n  t h e  g u i d e l i n e  models were noted.  
Z 

The Texas Cl imato logica l  Model (TCM) and Texas Episodic Model (TEM) 

were sugges t ed . a s  a d d i t i o n a l  models f o r  Table 3. These models were repre-  

sen ted  a s  be ing  e s s e n t i a l l y  computerized a lgor i thms applying t h e  Hanna-  if ford 



model w i th  p rov i s ions  f o r  inc luding  t h e  e f f e c t s  of i n d i v i d u a l  po in t  sources .  

Although t h e r e  was some r e l u c t a n c e  t o  inc luding  models no t  a v a i l a b l e  from 

EPA o r  models i n  which a  member of t h e  group had a  p a r t i c u l a r  i n t e r e s t  i n  

Table 3, t h e  Texas models were recommended f o r  i n c l u s i o n  g iven  t h e  f a c t  t h a t  

they have been widely used. So t h a t  o t h e r  models might be included i n  f u t u r e  

r e v i s i o n s  bf Table 3, development of a  formal procedure f o r  approving equiva- 

l e n t  models was suggested. 

Throughout i t s  d e l i b e r a t i o n s ,  t h e  group w a s  aware t h a t  t h e , d a t a  t o  

make t h e  b e s t  t e c h n i c a l ,  s c i e n t i f i c  d e c i s i o n  a r e  f r e q u e n t l y  unava i l ab l e  bu t  

t h a t  a  need does e x i s t  f o r  guidance i n  making t h e  a d m i n i s t r a t i v e  d e c i s i o n s  

requi red  by law. 

The f i n a l  concensus of t h e  group f o r  s p e c i f i c  changes and a d d i t i o n s  t o  

t h e  February 1977 d r a f t  g u i d e l i n e  fol low.  Where doubt might e x i s t  as t o  where 

changes were made, a d d i t i o n s  o r  changes have been ind ica t ed  by a  ba r  i n  t h e  

l e f t  hand margin. Recommendations of t h e  group f o r  a r e a s  needing a t t e n t i o n  

o r  s tudy  fo l low t h e  suggested changes i n  t h e  g u i d e l i n e .  

On page 15,  change Table 3: 

Table 3.  Multi-Source Models Applicable  . t o  Spe 'c i f ic  
P o l l u t a n t s  and Averaging Timesa 

SO2 and TSP SO and TSP 
2 

Annual Average 

AQDMICDM 2  6  ' 2.7 
24-Hour Average 

RAM3 1 ,3  2  
3-Hour Average 

RAM3 1 ,3 2  , 

* 
S t a t i s t i c a l  conversion of averaging t imes r equ i r ed .  

a  
Numerical r e f e r e n c e s  i n  t he  t a b l e  c i t e  r e f e rences  i n  t he  d r a f t  ~ u i d e l i n e .  

b ~ p p r o p r i a t e  r e f e r e n c e  t o  u s e r ' s  manual. Descr ip t ions  df TCM and TEM a r e  
contained i n  Secs. 3 .1.1 and 3.1.2. 

On page 16: 

S imi l a r  models have been ,summarized and d iscussed  by Lamb e  t ..a1 . , 9 

10  11 
Moses , S t e r n  , and o t h e r s .  They a r e  a v a i l a b l e  from p r i v a t e  consu l t an t s  

and o t h e r  governmental agencies .  However, t o  meet t h e  need f o r  cons is tency  



i d e n t i f i e d  i n  t h e  Introduction t o  t h i s  g u i d e l i n e ,  s e l e c t e d  models have , 

been s p e c i f i e d .  Based on a  de te rmina t ion  by t h e  Regional Adminis t ra tor  

t h a t  another  a i r  q u a l i t y  model a l r e a d y  i n  u s e  by a  s t a t e  agency provides  

equ iva l en t  o r  more r e l i a b l e  concen t r a t ion  e s t i m a t e s ,  t h a t  model may b e  

used.  ~ u i d e l i n e s l ~  which provide  a procedure f o r  comparing a i r  q u a l i t y  

models a r e  i n  p r e p a r a t i o n .  

There are l i m i t a t i o n s  t o  t h e  u s e  of a l l  a tmospheric  t r a n s p o r t  and 

d i s p e r s i o n  models. Users must be aware of t h e s e  l i m i t a t i o n s  and n o t  apply 

t h e  models o u t s i d e  t h e i r  l i m i t a t i o n s .  Models l i s t e d  i n  Table 3 a r e  r e a d i l y  

a v a i l a b l e ;  t h e r e  a r e  ularly o t h e r  publ ished mult i -source models. 

Multi-Source Models Required for Sulfur Dioxide and Total Suspended 
Part'iculates (Annual Average ) . . 

The A i r  Qua l i t y  Display Model ( A ~ D M ) ~ ~  o r  t h e  Cl imato logica l  Dispers ion  

Model ( c D M ) ~ ~ , .  o r  TCM may b e  used t o  e v a l u a t e  mu l t i - sou rc  :omplexes. 

On page 18: 

I f  a  more d e t a i l e d  o r  more s u i t a b l e  model i s  a v a i l a b l e ,  e s p e c i a l l y  i n  

a Region w i t h  major meteoro logica l  o r  topographic complexi t ies ,  t h a t  model 

may be  used. 

I Also, i f  t h e  meteoro logica l  o r  topographic complexi t ies  of t h e  r eg ion  

a r e  such t h a t  t h e  u s e  of any a v a i l a b l e  a i r  q u a l i t y  model is precluded, Ll~rl l  

t h e  model used f o r  s t r a t e g y  eva lua t ion  may b e  l i m i t e d  t o  a  Rollback Model. 
3 0 

Multi-Source Models Required for Sulfur Dioxide mrd Total Suspended 
Particulates (Short-Tern Averages) 

The Real-Time Air-Quality-Simulation Model (RAM) 3i'32 may be  used t o  

e v a l u a t e  mul t i - source  complexes. 

I f  . the  d a t a  bases  r equ i r ed  t o  apply R A M  a r e  unava i l ab l e  o r  inadequate ,  

t h e  ,TEM may be used. 

I f  t h e  r e sou rces  r equ i r ed  t o  o p e r a t e  RAM o r  TEM a r e  no t  a v a i l a b l e ,  

AQDM o r  CDM may be  used t o  e s t i m a t e  short- term concen t r a t ions  of 'SO and 
2 

p a r t i c u l a t e  matter. These models must b e ' u s e d  w i t h  procedures  f o r  t h e  



1 

2 5 s t a t i s t i c a l  conversion of averaging t imes a s  d iscussed  by Larsen t o  

conver t  annual  average concen t r a t ion  e s t ima te s  t o  3-hour and 24-hour average 

I concen t r a t ions .  This  technique is  v a l i d  only i n  urban,  mult i -source s i t u a t i o n s  

and should n o t  be used i n  s i t u a t i o n s  dominated by s i n g l e  p o i n t  sources .  

Other similar techniques f o r  making t h i s  conversion may a l s o  be used. 

On' page 19 : 

I I f  a more d e t a i l e d  o r  more s u i t a b l e  model is  a v a i l a b l e ,  e s p e c i a l l y  

i n  a Region which has major meteoro logica l  o r  topographic complexi t ies ,  

t h a t  model may be  used. 

I. If t h e  meteoro logica l  o r  topographic compiexi t ies  of t h e  Region a r e  

such t h a t  t h e  u s e  of any a v a i l a b l e  a i r  q u a l i t y  model is  precluded,  then  t h e  

model used f o r  c o n t r o l  straCegy eva lua t ion  may be  l i m i t e d  t o  a Rollback 
30 

Model. 



2.1.2 ~ e t e o r o ~ o ~ i c a l  Data , 

I n  d i s c u s s i n g  t h e  s e c t i o n  on meteoro logica l  d a t a  i t  was pointed o u t  

t h a t  t h e  d a t a  l i s t e d  was t h a t  r equ i r ed  by t h e  models l i s t e d  and t h a t  more 

d e t a i l e d  d a t a  was l i k e l y  t o  be needed as models improve. .Several  comments 

i n d i c a t e d  t h a t  r e p r e s e n t a t i v e  meteoro logica l  d a t a : i s  no t  always r e a d i l y  

a v a i l a b l e  d e s p i t e  an  imp l i ca t ion  t o  t h e  con t r a ry  i n  t h e  d r a f t  g u i d e l i n e .  The 

group f e l t  t h a t  t h e  requirement of a  f i v e  year  .data  base  was reasonable  i f  

f i v e  y e a r s  of d a t a  were a v a i l a b l e .  This  was s t rengthened  by one ' 

member who r epor t ed  on a  s i t u a t i o n  where c o n s i s t e n t  r e s u l t s  began t o  b e  ob- 

taine.d a t  about  5 yea r s  when a t o t a l  dosage model w a s  used wi th  i n c r e a s i n g l y  

long me teo ro log ica l  d a t a  bases  i n  t h e  1-10 year  range.  

The consensus o f . t h e  group is  expressed i n  t h e  fol lowing recommendations 

f o r  s p e c i f i c  changes i n  t h e  d r a f t  gu ide l ine . .  

On page 30: 

S p e c i f i c  meteoro logica l  d a t a  r equ i r ed  t o  d e s c r i b e  t r a n s p o r t  and d i s -  

p e r s i o n  i n  t h e  atmosphere a r e  wind d i r e c t i o n ,  wind speed, wind shea r ,  atmos- 

p h e r i c  s t a b i l i t y  and mixing he igh t  a p p r o p r i a t e  t o  t h e  s i te .  These parameters 

may be de r ived  from r o u t i n e  measurements by Nat iona l  Weather Se rv i ce  (NWS) 

s t a t i o n s  and t h e  d a t a  may be a v a i l a b l e  both a s  i n d i v i d u a l  obse rva t ions  and i n  

summarized form from t h e  Na t iona l  Cl imat ic  Center ,  Ashev i l l e ,  N.C. I f  o t h e r  .. 
s e t s  of d a t a  which encompass wind d i r e c t i o n ,  wind speed,  a tmospheric  s t a b i l i t y ,  

mixing he igh t  o r  o t h e r  i n d i c a t o r s  of a tmospheric  turbulence  and mixing a r e  

a v a i l a b l e ,  they  may be used. Local  u n i v e r s i t i e s ,  i n d u s t r i a l  companies, pol- 

l u t i o n  c o n t r o l  agencies  and c o n s u l t a n t s  may be sources  of such d a t a .  A f i v e  

1 year  d a t a  base  is d e s i r a b l e .  
I 

On page 32 add t h e  paragraph: 

It is t o  be  noted t h a t  f u t u r e  a v a i l a b i l i t y  of meso and micro meteor- 

o l o g i c a l  d a t a  c o l l e c t i o n s  w i l l  make p r a c t i c a l  more d e t a i l e d  meteoro logica l  

a n a l y s i s  and subsequent improvement of model e s t ima te s .  

2.1.3 Source Data 
. . 

There were no major problems wi th  t h e  d r a f t  g u i d e l i n e  s ta tements  about  

sou rce  d a t a  f o r  mult i -source urban s i t u a t i o n s .  The consensus he ld ,  however, 

t h a t  o t h e r  than  area-wide d i u r n a l  v a r i a t i o n s  could be  important  and t h a t  



?mission models should be used where a v a i l a b l e .  The group suggested t h e  

fo l lowing  change i n  wording t o  express  i t s  consensus. 

On page 35: 

For mult i -source urban s i t u a t i o n s ,  de t a i l ed '  source  d a t a  a r e  gene ra l ly  

I impossible  t o  o b t a i n .  I n  theke  cases ,  source  da ta '  s h a l l  be  based on annual  

average cond i t i ons .  Area sou rce  information r equ i r ed  a r e  types and amounts 

of p o l l u t a n t  emissions,  t h e  phys i ca l  s i z e  of t h e  a r e a  over  which emissions 

a r e  p ro ra t ed ,  r e p r e s e n t a t i v e  s t a c k  he igh t  f o r  t h e  a r e a ,  t h e  l o c a t i o n  of t h e  

c e n t r o i d  o r  t h e  southwest corner  of t h e  sou rce  i n  a p p r o p r i a t e  coo rd ina t e s .  

I Where emission models a r e  a v a i l a b l e ,  ou tput  from such models should b e  used.  

Short-term models may be modified t o  accept  such d a t a .  

2.1.4 Supplementary Comments and Infomation 

Supplementary comments and information on mult i -source modeling were 

submit ted by s e v e r a l  conference p a r t i c i p a n t s .  Both members of t h e  working 

group i t s e l f  and o t h e r s  c o n t r i b u t e d ,  This material- can he fnund i-n Sec. 3 

and is  referenced  below. 

R. P o r t e r  submit ted a d d i t i o n a l  information on t h e  Texas models. Sec t ions  

3.1.1 and 3.1.2 d e s c r i b e  t h e  Texas Cl imato logica l  Model (TCM) and t h e  Texas 

Episodic Model (TEM), r e s p e c t i v e l y ,  i n  t h e  format used i n  t h e  conference note-  

book. 
8 

G.  Melvin presented a d e s c r i p t i o n  of I l l i n o i s '  A i r  Qua l i t y  Shor t  Term 

Model (AQSTM) i n  t h e  format of t h e  notebook i n  Sec. 3 . 9 . 6 .  The group d i d  n o t  

d i s c u s s  t h i s  model. 

A .  Boyer presented a minor i ty  r e p o r t  (Sec. 3.1.3) ' suggest ing l i m i t a t i o n s  

on who should be  r equ i r ed  t o  apply mult i -source urban models. The group a s  . 

a whole d i d  no t  t a k e  a p o s i t i o n  on t h i s  s u b j e c t .  He has  a l s o  desc r ibed  t h e  

u s e  of urban and s i n g l e  ,source models by t h e  Ontar io  EPA i n  sed.  3.9.7. 

S .  Hanna has provided a n  ex tens ive  d e s c r i p t i o n  of t h e  development'; 

a p p l i c a t i o n ,  and suggested uses  of t h e  Hanna-Gifford . model i n  Sec. 3.9.1. 

Included is  a d e s c r i p t i o n  of t h e  model i n  t h e  notebook format inc luding  a 

formula t ion  t r e a t i n g  chemical.  r e a c t i o n s .  



M. Williams has  suggested adding monitoring.requirements  to '  t h e  condi- 

t i o n s  under which r o l l b a c k  may be used and has  commented on t h e  choice  of 

r ecep to r  sites. H e  recommends s p e c i f i c  wording changes f o r  pp. 19 and 29 

of t h e  d r a f t  g u i d e l i n e  i n  Sec. 3.9.2. 

M. Smith submitted c r i t i c i s m s  of RAM i n  secs .  3.9.3 and 3.9.4. Sec t ion  

3.9.4 is  a l e t t e r f r o m  D r .  Howard M. E l l i s , o f  Enviroplan, Inc .  The c r i t i c i s m s  

r e l a t e  t o  t h e  l a c k  of v a l i d a t i o n ,  problems wi th  a va lues ,  and t h e  f u l l  load 
z 

opera t ion  assumption. Sec t ion  3.9.4 a l s o  sugges ts  t h a t  some measure of 

a c t u a l  ope ra t ing  r a t e s  be  used i f  f i v e ,  r a t h e r  than  one, yea r s  of meteorology 

data a r e  employed. 



2.1.5 Further Recornendations 

1.. Packaged test cases  should be developed f o r  comparing a n d  t e s t i n g  models. 

These cases  should inc lude  t h e  r equ i r ed  emissions and meteoro logica l  d a t a  - 

f o r  i npu t  and t h e  a p p r o p r i a t e  measured a i r  q u a l i t y  d a t a  hga ins t  which 

model pred ic t i .ons  can' b e  checked. 
. . 

2 .  User 's  G u i d e s s h o u l d  d e l i n e a t e  c l e a r l y  t h e  limits of a p p l i c a b i l i t y  of 

model a lgor i thms i n  o rde r  t o  avoid misuse. There is  a l s o  a f requent  l a c k  

of c l a r i t y  i n  t h e  s p e c i f i c a t i o n  of  t h e  i n p u t s  needed by p a r t i c u l a r :  

a lgor i thms.  

3. EPA should encourage cont inuing e f f o r t ,  e i t h e r  in-house o r  under c o n t r a c t ,  

f o r  v a l i d a t i n g  t h e  models they  a r e  recommending. Such informat ion  i s  

necessary  f o r  an informed s c i e n t i f i c  endorsement of p a r t i c u l a r  models and 

such informat ion  has n o t  been presented  a t  t h e  conference.  

4. A formal  procedure should be  developed f o r  approving o t h e r  models and 

p l ac ing  thew i n  the  guidel ine. .  
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2.2.2 Distinction Bemeen M~deZs and Computation Procedures 

For t h e  purposes  of t h e s e  d e l i b e r a t i o n s  a  c l e a r  d i s t i n c t i o n  should 

be  made between models and computat ional  a lgo r i t hms .  The l a t t e r  a r e  

sometimes c a l l e d  computer programs o r  computer codes.  A model is  a  s e t  

of mathematical  r e l a t i o n s h i p s ,  based on s c i e n t i f i c  p r i n c i p l e s ,  o f t e n  u s ing  

a d j u s t a b l e  parameters .  Examples of a tmospheric  concen t r a t i on  models a r e :  

r o l l b a c k ,  f i x e d  box models, Gaussian models, and moving box models. 

A computat ional  a lgo r i t hm i s  a  set of  d e t a i l e d  i n s t r u c t i o n s  f o r  

implemenr.Sqg a model. For example, AQDM, CDM, CRSTER, PTMAX, PTDIS, and 

PTMTP are all computa t iona l  a lgor i thms  f o r  implementing t h e  same b a s i c  

Gaussianmodel .  For i d e n t i c a l  i n p u t  d a t a  they must g i v e  t h e  same r e s u l t ,  

i f  they  f a i t h f u l l y  . r e p r e s e n t  t h e  agreed under ly ing  model. . 

This  d i s t i n c t i o n  was made because t h e  group agreed t h a t  t h e  Gaussian 

model i s  t h e  s t a t e -o f - the -a r t  model f o r  o p e r a t i o n a l  e s t i m a t e s  of TSP and 

SO2. The choice  of p a r t i c u l a r  a lgo r i t hms  t o  be  used depends on t h e  amount 

and q u a l i t y  of  input  d a t a  a v a i l a b l e ,  t h e  d e t a i l  r equ i r ed  i n  t h e  answer,  

t h e  a v a i l a b l e  budget,  and o t h e r  f a c t o r s .  

2.2.2 state-of-the-Art .Point Source Mode2 

The working group recognized t h a t  no node l  a v a i l a b l e  today,  nor.  

probably i n  t h e  f o r e s e e a b l e  f u t u r e ,  1s f r e e  of serious l i u r i ~ a t i o a s ;  b u t  

it was unanimous i n  recommending t h e  Gaussian s t a t i s t i c a l  model a s  t h e  

s t a t e -o f - the -a r t  model f o r  a l l  p o i n t  sou rce  eva lua t ions .  
1 .  

It  should be  mentioned t h a t  t h e  u s e  of t h e  t e r m  "Gaussian" i s  

und.erstood t o  r e f e r  t o  t h e  d i s t r i b u t i o n  of t h e , p o l l u t a n t  about  a  plume 

c e n t e r l i n e .  Consequently,  tee use  of a  p a r t i c u l a r  a lgo r i t hm t o  compute 

t h e  p o s i t i o n  of t h e  pluine c e n ' t e r l i n e  does n o t  a l t e r  t h e  f a c t  t h a t  t h e  
. . 

model is  s t i l l  b a s i c a l l y  a  Gaussian model. 

Each of  t h e  computat ional  a lgor i thms  l i s t e d  on page 14 (Table  2) 

of  t h e  d r a f t  Guide l ine  con ta in s  t h e  Gaussian assumptions f o r  t h e  repre-  

s e n t a t i o n  of plume d i s p e r s i o n  a s  a key f e a t u r e .  Therefore ,  t h e  group 
I 

agreed  t h a t  .each i s  accep tab l e  i n  p r i n c i p l e .  



Seve ra l ' conce rns  were expressed regard ing  s p e c i f i c  assumptions o r  

t h e  management of d a t a  i n  s e v e r a l  of t h e s e  a ' lgori thms.  However, none were 

s u f f i c i e n t l y  b a s i c  t o  warran t  d i sca rd ing  t h e  Gaussian model i n  favor  of 
293 another  approach. The major concerns a r e  l i s t e d  below: 

1. There is  evidence t h a t  t h e  a, curve  r ep re sen t ing  
t h e  A s t a b i l i t y  ca tegory  i n  t h e  Pasqui l l -Gi f ford  
formula t ion  may r e s u l t  i n  s e r i o u s  overes t imates  of short- term 
maximum va lues  from t a l l - s t a c k  sources .  

2.  The system of us ing  a random adjustment  t o  
winds recorded i n  10' i n t e r v a l s  may no t  be  
adequate  t o  r ep re sen t  f u l l  h o r i z o n t a l  plume spread .  Th i s  
system is  used i n  CRSTER ( s e e  r e s u l t s  of Group 11-4 d i s -  
cuss ions)  . 

3 .  ~ r o ' m  a n a l y s i s  of l i m i t e d  power p l a n t  d a t a .  i t  appears  t h a t  
t h e  24-hour p r e d i c t i o n s  of CRSTER.may be too  low f o r  r e l a t i v e l y  
f l a t  t e r r a i n .  It i s  worth determining whether t h i s  i s  a t y p i c a l  
r e s u l t  of t h e  model. 

4 .  There is  cont roversy  over t h e  technique  used f o r  a d j u s t i n g  
t h e  a lgor i thm t o  t e r r a i n  v a r i a t i o n s .  More g e n e r a l l y ,  how 
should t h e  Gaussian model be  modlfled when a plume approaches 
e l eva t ed  t e r r a i n ? ,  

5. There is  evidence t h a t  s t a b i l i t y  e s t i m a t e s ,  and t h e r e s u l t a n t  
a, and poss ib ly  ay va lues ,  should be  func t ions  of source  

h e i g h t ,  and no t  independent of i t  a s  shown i n  t h e  Pasqu i l l -  
Gi f ford  curves.  This  may i n f l u e n c e  t h e  a p p l i c a b i l i t y  of 
t h e  Gaussian model t o  t a l l  s t a c k  c a l c u l a t i o n s .  

6 .  E f f l u e n t  r e l ea sed  dur ing  one segment o f ,  t i m e  may have an  
e f f e c t  on t h e  concen t r a t ion  a t  a r ecep to r  a t  some l a t e r  
t ime. This  could i n f l u e n c e  multi-hour concen t r a t ion  estimates. 

7 .  Plume r i s e  is  n o t  considered as a f i n a l ,  s e t t l e d  i s s u e .  A s  
w i t h  t h e  d i f f u s i o n  a lgor i thms t h e s e  estimates should b e  reviewed. 

It should be noted t h a t  some of t h e s e  concerns a r e  s p e c i f i c  t o  t h e  

"CESTER" a lgor i thm,  namely p o i n t s  2 and 3 ,  whi le  o t h e r s  apply t o  t h e  

Gaussian model i n  gene ra l .  I t  stlould be emphasized t h a t  i n  a l l  c a s e s ,  

t h e  p a r t i c i p a n t s  were concerned wi th  t h e  problem of c a l c u l a t i n g  short- term 

ground-level concen t r a t ions  r e s u l t i n g  f rompo in t  source  and e s p e c i a l l y  
I ! 

t a l l - s t a c k  emissions.  Each qf t h e  i tems  l i s t e d  were only  b r i e f l y  d iscussed  

by t h i s  working group s i n c e  t h e  subsequent working groups o n ' s p e c i f i c  
, . 

i s s u e s  would presumably d e a l  w i t h  t h e s e  concerns.  



This  working group a l s o  expressed concern about  apply ing  t h i s  set 

of a lgor i thms beyond 50 k i lometers  from t h e  source.  The concerns ranged 

from vague uneas iness  because of t h e  l a c k  of data '  on d i s p e r s i o n  and model 

v a l i d a t i o n  a t  g r e a t e r  d i s t a n c e s  t o  t h e  r ecogn i t i on  t h a t  physio-chemical 

p roces ses ,  such a s  d e p o s i t i o n  a t  t h e  a i r - l and  o r  a i r - s ea  i n t e r f a c e  would 

alter the Gaussian d i s t r i b u t i o n  o£ t h e  p o l l u t a n t .  Conversion and l o s s  

processes  a r e  no t  t r e a t e d  by t h e  Guidel ine models. Neglect of t h e s e  

l a t t e r  f a c t o r s  should r e s u l t  i n  an  ove res t ima te  of '  ground l e v e l  concentra-  

t i o n s  ;. However, e x t r a p o l a t i o n  of t h e  Pasqui l l -Gif  f ord  d i s p e r s i o n  curves  

t o  l a r g e  d i s t a n c e s  could r e s u l t  i n  a n  underes t imate  of ground l e v e l  coa- 

c e n t r a t i o n s .  

Although no t  s p e c i f i c a l l y  agreed upon a s  a recommendation, .it 

w a s  c l e a r  t h a t  a l l  members of t h e  group favored expanded e f f o r t s  t o  r e f i n e  

and improve t h e  a lgor i thms l i s t e d  i n  t h e  proposed Guidel ines  by c a r e f u l  

comparison w i t h  da t a .  

2.2.3 AvaiZabi Zity of ReguZatory Algorithms (Programs, Codes) 

I t  was unanimously agreed t h a t  r e g u l a t o r y  agencies  (EPA, s t a t e  

and l o c a l  agencies )  should be  r equ i r ed  t o  state c l e a r l y  which models and 

a lgo r i thms  (programs, codes) they w i l l  u s e  t o  review cons t ruc t ion  permit  

a p p l i c a t i o n s .  

I f  publ i shed ,  widely a v a i l a b l e  a lgor i thms (e .g . ,  t hose  on t h e  

UNAMAP tape ,  a v a i l a b l e  from NTIS) are used,  then  a  l i s t i n g  of a lgo r i thms  

t o g e t h e r ' w i t h  a b r i e f  d e s c r i p t i o n  ,of how o p t i o n a l  f e a t u r e s  a r e  s e l e c t e d  

and which a lgor i thms a p p l y . t o  p a r t i c u l a r  c a s e s  should be  adequate.  I f ,  

on t h e  o t h e r  hand, they u s e  models which a r e  no t  r e a d i l y  a v a i l a b l e ,  they  

should b e  r equ i r ed  t o  make copies  of computer t a p e s  and complete program 

documentation, and make t h e s e  a v a i l a b l e  t o  any i n t e r e s t e d  p a r t y  a t  nominal 

c o s t .  
! 

- The purpose of t h i s  requirement is  t o  enable  t h o s e  who apply f o r  

'permits  t o  .know e x a c t l y  how t h e i r  r eques t  w i l l  b e  eva lua ted .  

Wherever p r a c t i c a l ,  r egu la to ry  agencies  s h o u l d , u s e  n a t i o n a l l y -  

a v a i l a b l e  models, r a t h e r  than ones p e c u l i a r  t o  t h e i r  agency. This  . 

recommendation minimizes t h e  number of d i f f e r e n t  r e g u l a t o r y  s i t u a t i o n s  

. . 



a  m u l t i - s t a t e  source  must f ace .  I f  t h e r e  is some s i g n i f i c a n t  advantage 

( i . e . ,  s p e c i a l  a lgo r i t hms  f o r  a c c u r a t e  t rea tment  of l a n d / s e a  breeze ,  

fumiga t ion ,  e t c . )  i n  u s ing  a  non-standard model, then t h i s  recommendation 

should be  ignored.  I n  such c a s e s  t h e  requirement f o r  adequate  documentation 

must be  re-emphasized. 

There should be  some c r i t e r i a  f o r  dec id ing  whether a l t e r n a t i v e  

a lgor i thms  o r  models a r e  accep tab l e .  It was unanimously agreed t h a t  such 

c r i t e r i a  could i nc lude  t h e  u s e  of  r e f e r e n c e  o r  bench-mark type  test  problems 

designed by t h e  EPA. 

2.2.4 Reconanendation for "Screening Procedure 

The computat ional  e f f o r t  and r e sou rce  expend i tu re  r equ i r ed  - t o  c a r r y  

o u t  s i n g l e  sou rce  c a l c u l a t i o n s  w i t h  t h e  CRSTER a lgo r i t hm a s  o u t l i n e d  i n  t h e  

Guide l ine  were judged l i k e l y  t o  be exces s ive  f o r  sma l l  sources .  Th i s  

judgment took i n t o  account  t h e  f a c t  t h a t  bo th  t h e  CRSTER and a l t e r n a t i v e  

computation a lgor i thms  (some of which a r e  much e a s i e r  t o  implement) were 

based on t h e  same Gaussian model. I n s t e a d  of t h e  i n d i s c r i m i n a t e  u s e  of . 

CRSTER f o r  a l l  sources ,  a  s c r een ing  procedure was recommended'. Only 

sou rces  f a i l i n g  t h e  s c r een ing  test  o r  f a i l i n g  t o  q u a l i f y  f o r  t h e  s c r een ing  

test should be sub jec t ed  t o  an a n a l y s i s  w i t h  t h e  more e l a b o r a t e  CRSTER 

a lgor i thm.  

The ques t i on  of p r e c i s e l y  what c r i t e r i a  should be  used i n  q u a l i f y i n g  

a  sou rce  f o r  t h e  s c r een ing  procedure and i n  dec id ing  compliance w i t h  t h e  

c o n t r o l l i n g  s t anda rd  was d i scussed  a t  some l eng th .  It w a s  g e n e r a l l y  agreed 

t h a t  sources  having s t a c k  h e i g h t s  g r e a t e r  t han  100 meters would au toma t i ca l l y  

be sub jec t ed  t o  t h e  more complete a n a l y s i s  by t h e  "CRSTER" model. Applica- 

t i o n  of t h e  "CRSTER" model must of course  be l i m i t e d  t o  c a s e s  w h e r e . t h e  

p h y s i c a l  s t a c k  he igh t  i s  s u b s t a n t i a l l y  g r e a t e r  than  t h e  sur rounding .  t e r r a i n  

v a r i a t i o n s .  Reserva t ions  were expressed because a p p l i c a n t s  might u s e  t h i s  

c i r t e r i a  a s  a  b a s i s ' f o r  s t a c k  des ign .  Hence, i t  may be  necessary  t o  cons ide r  

a d d i t i o n a l  c r i t e r i a  which t a i e  i n t o  account e f i l u e n t  o r  h e a t  emission r a t e  

a s  w e l . 1  as s t a c k  h e i g h t .  

To pas s  t h e  s c r een ing  test  t h e  p red i c t ed  c o n c e n t r a t i o n  u s ing  t h e  

sc reen ing  procedure must be less than  o r  equa l  t o  50% of t h e  c o n t r o l l i n g  

s t anda rd  concen t r a t i on .  



The recommended screening  procedure i s  a s  fol lows:  

a )  A h y p o t h e t i c a l  j o i n t  frequency d i s t r i b u t i o n  o f .w ind  speed 
and s t a b i l i t y  is  .developed con ta in ing  a l l  p o s s i b l e  reasonable  
combinations, of t h o s e  2 meteoro logica l  v a r i a b l e s .  This  d i s -  
t r i b u t i o n  i s  t o  be used i n  t h e  se l ec t ion .  of a p p r o p r i a t e  sho r t -  
term meteoro logica l  cond i t i ons .  

b) Computations a r e  c a r r i e d  out  u s ing  one of t h e  UNAMAP p o i n t  
source  models t o  de te rmine  t h e  1-hr.  maximum concen t r a t ions .  

c )  Longer-term concen t r a t ions  e s t ima te s  a r e  developed us ing  
s imple  r a t i o s  t o  t h e  hour ly  maximum concen t r a t ion  e s t ima te .  

. , 

It i s  t en t . a t i ve ly  suggested t h a t  i he  r a t i o  of 1-hr.  maximum 
t o  24-hr. maximum be  taken a s  3 f.[or s t a c k  h e i g h t s  l e s s  than  100m. 

d )   he es t imated  maximum concen t r a t ion  is  compared wi th  t h e  
c o n t r o l l i n g  s tandard  c'oncentrat2,on.' 'If t h e  es t imated  
v a l u e  i s  5 . 5 0 %  of t h a t  s t a n d a r d , t h e  t e s t  is  passed and nu . 
f u r t h e r  a n a l y s i s  u s ing  t h e  CKSTER model may be  r equ i r ed .  

I t  should b e  poin ted  o u t  t h a t  t h e  screening  procedure may have t o  
. . 

t a k e  i n t o  cons ide ra t ion  s p e c i a l  e f f e c t s  such as fumigat ion,  downwash, 

o r  t e r r a i n  complexi t ies  us ing  a p p r o p r i a t e  a lgor i thms.  (See t h e  r e p o r t s  

of t h e  Working Groups on Complex T e r r a i n  and Plume Dynamics.) 

This  recommended screening  procedure is  q u i t e  s i m i l a r  t o  t h a t  

o u t l i n e d  i n  " D r a f t - ~ u i d e l i n e s  ' fo r  A i r  Qual i ty  Maintenance Planning and 

Ana lys i s ,  Volume 10: Reviewing New S t a t i o n a r y  Sources" S W ,  MDAD, OAQPS, 

EPA, ~ e b f i a r y  1977. The l a t t e r  g u i d e l i n e  sugges ts  t h e  u s e  of an  

approach s i m f l a r  t o  t h a t  used by t h e  "VALLEY" model f o r  complex t e r r a i n  

c a s e s .  

See f o o t n o t e  4 f o r  f u r t h e r  comments. 

2.2.5 On the  Question o f  Enwneratiue us .  S ta t i s t i caZ  Use o f  t he  Estimates 
o f  Short-Term Concentrations 

I n  regard  t o  t h i s  ques t ion  t h e r e  was g e n e r a l ,  a l though n o t  unanimous, 

agreement t h a t  a  s t a t i s t i c a l  approach should b e  used.  However t h e r e  were 

d i f f e r e n c e s  of opinion regard ing  t h e  p r e c i s e  n a t u r e  of t h e  s t a t i s t i c a l  

approach, t h e  l e n g t h  of meteoro logica l  r eco rds  r equ i r ed ,  and which con- 

c e n t r a t i o n  va lue  ( h i g h e s t ,  second h ighes t )  should be  app l i ed  a s  t h e  c o n t r o l .  

It was gene ra l ly  f e l t  t h a t  t h e  ques t ion  of t h e  p r e c i s e  n a t u r e  of t h e  

approach is s u f f i c i e n t l y  impdrtant  t o  warran t  a  d e t a i l e d  i n v e s t i g a t i o n  

subsequent t o  t h e  conference.,  



The fo l lowing  s t a t eme i t  r e f l e c t s  t h e  consensus of t h e  ma jo r i t y  of 

p a r t i c i p a n t s  of t h i s  working group: 

I n  eva lua t ing  t h e  modeling r e s u l t s  t o  p r e d i c t  compliance wi th  sho r t -  

term NAAQS (n6t t o  be exceeded more than  once a year)  o r  PSD (not  t o  be 

exceeded),  t h e  test s h a l l  c o n s i s t  of computing t h e  predic ted  concen t r a t ions  
5 a t  each of t h e  s e v e r a l  worst r ecep to r  p o i n t s ,  f o r  a s p e c i f i e d  per iod  of t ime ,. 

us ing  t h e  s ta te -of - the-ar t  modeling technique  (e .g . ,  CRSTER o r  i t s  e q u i v a l e n t ) .  

These worst  r ecep to r  p o i n t s  a r e  def ined  by t h e  h ighes t  concen t r a t ions  f o r  t h e  

averaging t ime of concern (3  hours o r  24 hours ) .  The r e s u l t i n g  set of 

computed va lues  f o r  each of t h e  s e v e r a l  p o i n t s  chosen s h a l l  b e  f i t t e d  by a 
6 

s u i t a b l e  cumulat ive frequency d i s t r i b u t i o n  func t ion  . 
I n  o rde r  to .  b e  c o n s i s t e n t  w i th  both t h e  inhe ren t  u n c e r t a i n t i e s  

i n  t h e  frequency of occurrence of r a r e  events  and t h e  u s e  of t h e  second 

h ighes t  concen t r a t ion  a s  requi red  by t h e  NAAQS, t h e  fol lowing demonstrat ion 

of compliance seems appropr i a t e :  The d i s t r i b u t i o n s  s h a l l  be considered 

t o  demonstrate  compliance i f  t h e  cumulat ive d i s t r i b u t i o n s  func t ions  i n d i c a t e  

t h a t  t h e  short- term NAAQS w i l l  no t  b e  exceeded twice  i n  a ca lendar  y e a r ,  

more than one year  i n  each 5 yea r s  a t  any given p o i n t ,  and t h a t  t h e  PSD 

increments w i l l  no t  be  exceeded more than  once per  y yea r s .  

We understand t h a t  t h e  u s e  of t h e  second h ighes t  va lue  was chosen 

' t o  correspond t o  t h e  r e a l i t i e s  of ambient a i r  q u a l i t y  monitor ing.  The 

r e a l i t i e s  of modeling a r e  d i f f e r e n t .  Thus - f o r  modeled compliance - 
a p r e f e r a b l e  demonstrat ion of compliance would be: The d i s t r i b u t i o n s  s h a l l  

be considered t o  demonstrate  compliance i f  t h e  cumulative d i s t r i b u t i o n  

func t ions  i n d i c a t e  t h a t  t h e  short- term NAAQS w i l l  n o t  be exceeded, on t h e  

average,  more than  once per  ca lendar  y e a r ,  and t h a t  t h e  PSD increments  w i l l  

n o t  be exceeded more than once per  y yea r s .  I n  t h e  l a t t e r  s ta tement  t h e  

term "on t h e  average" i s  understood t o  b e  based upon a l i m i t e d  b u t  s p e c i f i e d  

l e n g t h  of r eco rd ,  say  one t o  f i v e  yea r s .  
. . 

The x and y i n  t h e  above paragraphs have been purposely l e f ' t  undefined.  

It w a s  be l ieved  t h g t  a thorough s tudy  of t h e  consequences of p o s s i b l e  choices  
7 

of - those va lues  should be made be fo re  v a l u e s  can be  ass igned  . 



FOOTNOTES FOR SECTION 2.2. 

1. Th i s  recommendation was made f o r  c a s e s  where t h e r e  i s  no apprec i ab le  

d e p l e t i o n  of plume m a t e r i a l  and where t h e  topography i s  r e l a t i v e l y  s imple.  

2. I n  a  post-con£ erence  c o n t r i b u t i o n  ( s e e  s e c t i o n '  3.9.2) M. Williams 

expressed some a d d i t i o n a l  concerns regard ing  CRSTER and RAM and poin ted  

o u t  a  documented case  i n  which plume r i s e  was suppressed by a n . e l e v a t e d  

inve r s ion  l a y e r .  Such phenomenorl a r e  n o t  proper ly  t r e a t e d  by t h e s e  

a l g o r  ithrns . 
3 .  A t  t h e  conference ,  M, Smith passed ou t  cop ie s  of comments prepared by 

H. GJ.1 is  r ega rd ing  t h e  "RAM" and o t h e r  g u i d e l i n e  recommended a lgor i thms.  

See s e c t i o n s  3 . 9 . 3  and 3.9.4.  

4 .  It i s  worthwhile c a l l i n g  a t t e n t i o n  t o  a  post-conference s u b m i t t a l  i n  

which A .  Boyer ( s e e  Sec t ion  3.9.7) d e s c r i b e s  a r egu la to ry  approach taken 

i n  t h e  Ontar io  Environmental P r o t e c t i o n  Act.  This  approach, which is  

a  v a r i a n t  of t h e  screening  procedure concept ,  r e q u i r e s  t h e  a p p l i c a n t  t o  

make e s t ima te s  of impact based on a  s imple p o i n t  sou rce  model app l i ed  

under c e r t a i n  meteoro logica l  cond i t i ons .  It is  then  t h e  r e s p o n s i b i l i t y  

of t h e  c o n t r o l  agency t o  determine whether t h e  combined e f f e c t s  of mul- 

t i p l e  sources ,  each complying w i t h  s i n g l e  sou rce  s t anda rds ,  when o p e r a t i n g .  

under a  wide spectrum of c o n d i t i o n s ,  i s  accep tab le .  

5. The l e n g t h  of meteoro logica l  record  t o  b e  used f o r  t h e  c a l c u l a t i o n s  was 

n o t  f i r m l y  agreed upon. Some were happy wi th  a minimum of one year  and 

a  maximum of f i v e  yea r s  i f  t h e  d a t a  w e r e . a v a i l a b l e  wh i l e  o t h e r s  p r e f e r r e d  

a  minimum of two yea r s .  One p a r t i c i p a n t  suggested t h a t  t h e  p ro j ec t ed  

l i f e  t i m e  of t h e  p l a n t  might be a  more a p p r o p r i a t e  record l e n g t h  t o  i n s u r e  

compliance wi th  t h e  s t anda rd .  The m a j o r i t y ,  however, were r e l u c t a n t  t o  

recommend a  s p e c i f i c  record l e n g t h  without  first examining t h e  whole 

ques t ion  i n  much g r e a t e r  d e t a i l .  
I 

6 .  A t  l e a s t  one working group member expressed formal concern over  t h e  

d i f f i c u l t y  of f i t t i n g  a i r  q u a l i t y  d a t a  wi th  a  s u i t a b l e  f u n c t i o n a l  form. 

See comments by Wevodau, Sec t ion  3.2.1.  This  concern p l u s  ul;hers l ead  

t h i s  member t o  conclude t h a t  t h e  enumerative approach, a s  recommended 

i n  t h e  d r a f t  g u i d e l i n e ,  was more accep tab le  a t '  t h i s  t ime.  Also s e e  a  

comment submit ted by a  non-working group member, R.  P o r t e r ,  Sec t ion  3.2.2,  



i n  which t h e  sugges t ion  was made t o  inc lude  wi th  t h e  f i t t i n g  procedure 

a  formal  t e s t  of "goodness of f i t " .  

7. I n  a d d i t i o n  t o  t h e  s ta tement  above, Mike W i l l i a m s  expressed reserva-  

t i o n s  abou t ' t he  u s e  of modeled second h ighes t  concen t r a t ion  es t imates . .  

H i s  s ta tement  was submit ted a f t e r  t h e  Group 1-2 meeting was adjourned 
' 

and w a s  t h e r e f o r e  p l a c e d i n  Sec t ion  3 . 2 . 3  under t h e  t i t l e  pla at ion ale for '  

E l imina t ion  of t h e  Maximum of Second Highest f o r  Modeling Purposes". 

An a d d i t i o n a l  comnient made o u t s i d e  t h e  group meeting whiCh addressed 

W i l l i a m ' s  comment w a s  submit ted by R. P o r t e r  and was placed i n  Sec t ion  . . 

3.2.2. 



- 

WAS $NTEN)TIONALLY 
LEFT BLANK 
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2.3 .1  Ovcrvim and phi 2osophy 

I n  o r d e r  t o  recommend a  model f o r  g e n e r a l , a p p l i c a t i o n ,  i t  i s  necessary  

t h a t  t h e  model m e e t  appr ,opr ia te ly  s p e c i f i e d  performance c r i t e r i a .  I n  our 

op in ion ,  whi le  a number of models a r e  now a v a i l a b l e  f o r  u s e ,  i t  i s  n o t  

p o s s i b l e  a s  of t h i s  w r i t i n g  t o  a p p r a i s e  t h e  performance of t h e s e  models f o r  

one o r  more of t h e  fo l lowing  reasons :  

- performance c r i t e r i a  do n o t  now e x i s t  

- evidence of v e r i f i c a t i o n  has  n o t  been s a t i s f a c t o r i l y  reviewed 

- adequate  evidence of v e r i f i c a t i o n  is n o t  a v a i l a b l e  

- accep tab le  eva lua t ion  e x e r c i s e s  have no t  been undertaken 

A s  a consequence, we recommend t h e  i d e n t i f i c a t i o n  of only g e n e r i c  c l a s s e s  

of mode l s , fo r  use ,  avoiding t h e  recommendation of any s p e c i f i c  model. 

While t h i s  p o s i t i o n  i s  i n  our  view a  wise  and a p p r o p r i a t e  one t o  . 

adop t ,  we r e a l i z e  t h a t  i t  f a l l s  s h o r t  of meeting t h e  short- term needs of 

t h e  u s e r  community. I n  o rde r  t o  p a r t i a l l y  s a t i s f y  t h i s  need, we propose 

a  two l e v e l  h i e ra rchy  of model usage -- 

- sc reen ing  (genera l  e s t ima t ion  and p o t e n t i a l  problem i d e n t i f i c a t i o n )  

- r e f i n e d  e x e r c i s e  (at tempt  a t  "best"  c re diction) 

* 
I n  t h e  c a s e  of CO p r e d i c t i o n  models, w e  t e n t a t i v e l y  recommend s p e c i f i c  

models f o r  s c reen ing  use ,  b u t  a t  t h i s  t ime we can only recommend s e v e r a l  

g e n e r i c  types of model a s  being p o t e n t i a l l y  s u i t a b l e  f o r  r e f i n e d  c a l c u l a t i o n s  

i n  p r a c t i c a l  a p p l i c a t i o n s .  'J'he s p e c i t i c  models t e n t a t i v e l y  recommended 

f o r  s c reen ing  purposes may be deemed s u i t a b l e  f o r  c e r t a i n  types  of r e f i n e d  

c a l c u l a t i o n  a t  some time i n  t h e  f u t u r e  upon completion and/or  p r e s e n t a t i o n  

of adequate  v e r i f i c a t i o n  s t u d i e s .  

I n  t h e  case  of t h e  photocliernical p o l l u t a n t s ,  we aga in  recommend 

s p e c i f i c  methods f o r  sc reening  purposes b u t  on ly  gene r i c  t ypes  of approaches 

f o r  r e f ined  c a l c u l a t i o n .  I n  t h i s  c a s e  however, t h e  s c reen ing  procedures  

a r e  no t  p o t e n t i a l l y  s u i t a b l e  f o r  r e f i n e d  p r e d i c t i o n s .  

, I n  any case ,  i t  is  incumbent upon t h e  u s e r  t o  a s s u r e  himself t h a t  a  

model is  t r u l y  a p p r o p r i a t e  f o r  a  p a r t i c u l a r  app l ' i c a t ion ,  be  it f o r  sc reening  

purposes  o r  r e f i n e d  c a l c u l a t i o n .  

* 
Sub jec t  t o  evidence of v e r i f i c a t i o n .  



Since  we a r e  unable  t o  recommend s p e c i f i c  models f o r  r e f i n e d  u s e  

a t  t h i s  t ime and recognizing t h e  eventua l  need f o r  such recommendation, we 

would s t r o n g l y  enFourage t h a t  t h e  fo l lowing  s t e p s . b e  under , taken 'as  qu ick ly  

a s  p o s s i b l e  and wi th  s u f f i c i e n t  t a l e n t  and resources :  

- E s t a b l i s h  r e l e v a n t  and unambiguous performance c r i t e r i a .  ,We 
' 

wouXd encourage t h e  convening 0 f . a  pane l  of expe r t s  t o  ach ieve  
t h i s  end. 

- E s t a b l i s h  an independent group having a  c h a r t e r  t o  perform a 
cont inuing  e v a l u a t i v e  func t ion  -- t h a t  i s ,  determining t f  
candida te  luudels s a t i s f y  t h e  s p e c i f i e d  performance c r i t e r i a .  

- Inco rpora t e  new information and knowledge i n t o  t h e s e  recommenda- 
t i o n s  annual ly  and in t roduce  s p e c i f i c  model endorsements as r a p i d l y  
a s  f e a s i b l e  (perhaps bimonthly o r  q u a r t e r l y ) .  

2.3.2 Genera2 Considerations 

Appl ica t ions  r e q u i r i n g  t h e  u s e  of a i r  q u a l i t y  models f o r  set 2 

p o l l u t a n t s  f a l l  i n t o  a  wide v a r i e t y  of c a t e g o r i e s ,  of. which . t he  fo l lowing  

are exaulples : 

- S t a t e  Implementation P lan  Revisions 

- A i r  Qual i ty  Maintenance P lans  

- Regional T ranspor t a t ion  P l a n s ,  i nc lud ing  Transpora t ion  ; 
Contro l  P l ans ,  T ranspor t a t ion  System Management, Trans- 
p o r t a t i o n  Improvement Program Requirements 

- NSR 

- I n d i r e c t  Source Review 

- '  PSD 
I 

- Others  

A need f o r  bo th  r eg iona l  and l o c a l  models i s  apparent  from a cons ide ra t ion  

of t h e s e  a p p l i c a t i o n s  and both needs can r a r e l y  be s a t i s f i e d  by a  s9ng le  

model. By ou r  d e f i n i t i o n ,  l o c a l  models d e a l  wi th  d i s t a n c e  scales of t h e  

o rde r  of 1 km o r  l e s s  and r e g i o n a l  models w i t h  d i s t a n c e  s c a l e s  g r e a t e r  

than 1 km. 

Seve ra l  gene r i c  . c lasse ' s  of models can be i d e n t i f i e d ,  each having 

advantages and disadvantages. .  The p r i n c i p a l  c l a s s e s  and some of t h e i r  

l i m i t a t i o n s  a r e :  



- Gaussian 

a )  cons ide rab le  s i m p l i f i c a t i o n  of r e a l  phenomena 
b) cannot t r e a t  low wind speed' c a s e s  . 

c)  c a n n o t , p r o p e r l y  t r e a t  ca ses  involv ing  complex t e r r a i n  
d) cannot p r o p e r l y '  treat c a s e s  involv ing  complex sou rce  geometr ies  

(mainly dcpressed and e l eva t ed  roadway s e c t i o n s )  
e) cannot t r e a t  t ime vary ing  behavior  

a )  s p e c i f i c a t i o n  of t h e  a p p r o p r i a t e  va lues  of t h e  d i f f u s i o n  
parameters  can be  d i f f i c u l t  

b) . gene ra l ly  r e q u i r e s  more meteoro logica l  d a t a  than  r o u t i n e l y  
a v a i l a b l e  

c) t h e  e f f e c t s  of numerical  e r r o r s  ( e  .g., pseudo-diffusion) must 
b e  eva lua ted  

a )  low s p a t i a l  and/or  temporal r e s o l u t i o n  
b) of t e n  s i t e  o r  r eg ion - spec i f i c  

- Phys ica l  

a)  s p e c i f i c a t i o n  of t h e  a p p r o p r i a t e  va lues  of t h e  d i f f u s i o n  
parameters  d i f f i c u l t  

b) s i t e - s p e c i f  i c  
c) d i f f i c u l t y  i n  achiev ing  dynamic and geometric s i m i l a r i t y  

A g e n e r a l  assignment of model c l a s s e s  t o  l o c a l  and r e g i o n a l  s c a l e  

a p p l i c a t i o n s  may be made as fo l lows:  

Loca l /S i t e - spec i f i c  Regional 

Gaussian Numerical. 
Numerical ~ t a t i s t i c a l / ~ m p i r i c a l  
Phys i ca l  Gauss i a n  

Care needs t o  be  exe rc i sed  i n  complex circumstances i n  which t h e s e  gene ra l  

assignments  may be  i n a p p r o p r i a t e  and i n  which a  s o p h i s t i c a t e d  a n a l y s i s  may 

be r equ i r ed .  We emphasize t h a t  t h e  burden i s  on t h e  use r  t o  cons ider  h i s  

s p e c i f i c  a p p l i c a t i o n  and needs c a r e f u l l y ,  t ak ing .  t h e  l i m i t a t i o n s  of d i f f e r e n t  

models o r  model c l a s s e s  i n t o  account .  

The main c r i t e r i o n  t h a t  should be used i n  s e l e c t i n g  a  model. f o r  a  

s p e c i f i c  a p p l i c a t i o n  is  t h e  p a s t  performance of t h e  model i n  s i t u a t i o n s  

which approximate t h e  a p p l i c a t i o n s  a t  hand as c l o s e l y  a s  poss ib l e .  This  

v e r i f i c a t i o n  evidence should inc lude  work by a n  independent .group o t h e r  than  

t h e  model developer  i f  p o s s i b l e ,  and s h o u l d ~ c o v e r . . a  wide range  of cond i t i ons  



i n  o rde r  t o  c l e a r l y  d e f i n e  t h e  l i m i t a t i o n s  of t h e  model. If p a s t  v e r i f i c a t i o n  

is inadequate ,  a  v e r i f i c a t i o n  s tudy should be  r equ i r ed '  as p a r t  of t h e  

a n a l y s i s ,  inc luding  t h e  s p e c i f i c a t i o n  of eva lua t ton  procedures  and per- 

formance gu ide l ines .  V e r i f i c a t i o n  i s  important  because i t  provides  t h e  

b e s t  mechanism f o r  i d e n t i f y i n g  model l i m i t a t i o n s .  i n  p r a c t i c e  and f o r  

determining t h e  s u i t a b i l i t y  of d i f f e r e n t  models f o r  s p e c i f i c  a p p l i c a t i o n s  

i n  an  a p p r o p r i a t e  manner. 

C o s t l b e n e f i t  cons ide ra t ions  should p lay  a  r o l e  i n  determining t h e  

l e v e l  of s o p h i s ~ l c a t i o n  wi th  which t h e  a i r  qua l i ty .ana1ys i . s  i s  t o  b e  c a r r i e d  

ou t .  Some of t h e  r e l e v a n t  f a c t o r s  a r e :  

- t h e  economic consequences o r  c o s t  of making a  s p e c i f i c  
d e c i s i o n  compared t o  t h e  c o s t  of t h e  a n a l y s i s  necessary  
t o  j u s t i f y  t h e  d e c i s i o n  t e c h n i c a l l y ,  

- t h e  ex t en t  t o  which a n  increased  l e v e l  of e f f o r t  i n  doing 
an  a n a l y s i s  is  j u s t i f i e d  by an  increased  l e v e l  of confidence 
i n  t h e  r e s u l t s ,  

- t h e  a v a i l a b l e  r e sou rces  (inu~ley,' s k f l l e d  manpower, computer) 

- t h e  d a t a  requirements  (meteoro logica l ,  emiss ions ,  a i r  
q u a l i t y ) .  

We suggest  t h a t  t h e  informat ion  i n  t h e  ~ u i d e ~ i n e  on t h e  fo l lowing  t o p i c s  

be  updated p e r i o d i c a l l y :  

- t h e  c o d i f i c a t i o n  o r  i d e n t i f i c a t i o n  of t y p i c a l  a p p l i c a t i o n s  

- model v e r i f i c a t i o n  information,  c l a s s i f i e d  p a r t i c u l a r l y  w i th  
r e s p e c t  t o  t y p i c a l  a p p l i c a t i o n s  

2.3.3 ' Carbon Monoxide Mode2 Recommendations 

Consis ten t  wi th  t h e  philosophy o u t l i n e d  i n  Sec . . 2 .3 .1 ,  we can 

t e n t a t i v e l y  recommend c e r t a i n  models f o r  u s e  a s  "screening" t o o l s ,  s u b j e c t  

t o  evidence of v e r i f i c a t i o n .  The term "screening" t o o l s  a p p l i e s  t o  

methodologies which provide  approximate and conse rva t ive  estimates of 

t h e  a i r  , q u a l i t y  'impact of a  s p e c i f i c  sou rce  type  s o  a s  t o  i d e n t i f y  t hose  

s i t u a t i o n s  which r e q u i r e  no f u r t h e r  a i r  q u a l i t y  impact eva lua t ion :  



Model Source Category 

. HIWAY+ + 
Hanna - Gif ford  - .HIWAY 

+ 
(Po in t  and Area Source 
.Models Recommended i n  
Sec t ions  2 .1  and 2.2) 

Ind iv idua l  P r o j e c t  Reviews 
Transpor t a t ion  Network Review 

Po in t  Sources 

These models must, of course ,  be used i n  a  manner c o n s i s t e n t  w i t h  t h e  
. . 

s c i e n t i f i c  p r i n c i p l e s  and assumptions inhe ren t  i n  t h e i r  development. Fu r the r ,  . 

t h e  u s e r  should apply t h e s e  models on ly  t o  s i t u a t i o n s  s i m i l a r  t o  t hose  i n  

which they  have been v e r i f i e d .  , A l s o ,  i t ' i s  recommended t h a t  U.S. EPA 

, immediately s u b j e c t  t h e s e  models t o  f u r t h e r  v e r l f f c a c i o n  p r u c e d u ~ s s .  

2.3.4 Short-Term PhotochemicaZ PoZZutant ModeZ Recommendations 

I n  t h i s  s e c t i o n  we d i v i d e  our  d i scuss ion  i n t o  two p a r t s ,  one dea l ing  

w i t h  t h e  u s e  of models f o r  s c reen ing  purposes and one w i t h  t h e  u s e  of models 

f o r  more r e f i n e d  p r e d i c t i o n s .  We a l s o  g ive  r ecogn i t i on  t o  t h e  problems 

of p o i n t  source  and r e g i o n a l  modeling of photochemically r e a c t i v e  p o l l u t a n t s .  

2.3.4.1 - Screening Purposes 

The purpose of a 8cr@ening e x e r c i s e  i s  t o  e l i m i n a t e  from f u r t h e r  

c o n s i d e r a t i o n  those  sources  which a r e  very  u n l i k e l y  t o  cause  o r  c o n t r i b u t e  

t o  ambient concen t r a t ions  i n  excess  of t h e  a i r  q u a l l r y  standards. A suggested 

t echnique  f o r  sc reening  NO sources  wi th  r e spec t  t o  NO s t anda rds  is  t o  u s e  
X 2 

a  s imple  gauss ian  d i f f u s i o n  model i n  conjunct ion  wi th  t h e  a p p r o p r i a t e  

Briggs f o r n u l a  t o  compute plume r i s e .  It should be assumed t h a t  a l l  NOx 

is  emi t ted  i n  t h e  form of NO and t h a t  NO is  a  conse rva t ive  p o l l u t a n t .  
2  2  

Future  v e r i f i c a t i o n  work may a l low t h e  assumption of 1004 conversion of 

NO t o  NO t o  be  r e l axed ,  thereby  inc reas ing  t h e  u t i l i t y  of t h i s  technique  
X 2  

a s  a  sc reening  procedure. The Gaussian model is used t o  e s t i m a t e  t h e  

h i g h e s t  1-hr.  maximum ground l e v e l  concen t r a t ion  ta.king i n t o  account  t h e  

e x i s t i n g  background concen t r a t ion ,  p o t e n t i a l  f o r  downwash of t h e  plume, 

+ 
Subjec t  t o  evidence of v e r i f i c a t i o n .  'A s p e c i f i c  concern is  t h e  v a l i d i t y  
of t h i s  model' f o r  "worst-case" low wind speed c o n d i t i o n s . ' .  



t e r r a i n ,  o t h e r  sources  and t h e  f u l l  range of p o s s i b l e  me teo ro log ica l  

cond i t i ons .  The approach should be conse rva t ive  i n  n a t u r e .  . 

A s  a  f i r s t  approximation, s e v e r a l  t echniques  may be used t o  e s t i m a t e  

t h e  r e g i o n a l  impact on oxidant  l e v e l s  of t h e  emission of ox idant  p r ecu r so r s .  

The technique  under development by EPA (EPA, January 1977) ,  commonly known 

a s  t.he Dimi t r iades  - Dodge I s o p l e t h  technique ,  should be  viewed a t  p r e s e n t  

a s  t h e  p r e f e r r e d  sc reening  procedure.  The technique ,  i f  adapted f o r  t h e  

u s e r ' s  s p e c i f i c  a r e a  and circumstances,  p rovides  a  qu ick  e s t i m a t e  of t h e  

degree  o t  c o n t r o l  r equ i r ed .  (A code f o r  such  u s e  is  now being developed 

under c o n t r a c t  t o  EPA). I f  t h e  necessary  d a t a  a r e  unava i l ab l e  f o r  develop- 

ing  a  site-,specif i c  system of curves ,  t h e  more g e n e r a l  curves  should be  
0 

used.  I f  i t  is n o t  p o s s i b l e , f o r  e i t l i e r  s e t  of curves  t o  be  used,  t h e  on ly  

a v a i l a b l e  a l t e r n a t i v e  is  Rollback; however, w e  have s e r i o u s  r e s e r v a t i o n s  

concerning t h e  u s e  of t h i s  procedure.  

2.3.4.2 Refined Predictions 

Once i t  has been determined through a  s c r e e n i n g . e x e r c i s e  t h a t  

exceedances of t h e  a i r  q u a l i t y  s t anda rd  may occur ,  it may be  a p p r o p r i a t e  

t o  p u r s u e . a  more re f ined .model ing  approach. Such approaches can be  

d iv ided  i n t o  po in t .  source  and r eg iona l 'mode l s .  

I n ' o r d e r  t o .  c a l c u l a t e  t h e  temporal and s p a t i a l  d i s t r i b u t i o n s  of 

NO and 0 t h a t  occur  i n  the<atmosphere ,  i t  i s  e s s e n t i a l  t h a t  a  numerical  
2 3 

modeling approach be  used.  Numerical models have t h e  a b i l i t y  t o  t r e a t  

through r e a l i s t i c  mathematical r e p r e s e n t a t i o n  of t h e  t r a n s p o r t ,  d i f f u s i o n ,  

and chemical r e a c t i o n  processes  t h a t  occur  i n  t h e  atmosphere.  Two c l a s s e s  

( g r i d  and t r a j e c t o r y )  of r e g i o n a l  numerical  models have been developed. 

These models a r e  c u r r e n t l y  undergoing t e s t i n g  and eva lua t ion .  U n t i l  t h e s e  

v a l i d a t i o n  s t u d i e s  a r e  completed, t h e s e  models must b e  e x e r c i s e d  w i t h  c a u t i o n .  

2.3.4.. 3 Models for Reactive Plumes from Point Sources 

Seve ra l  models which a r e  designed f o r  t h i s ' s p e c i f i c  t ype  of a p p l i c a t i o n  

have r e c e n t l y  been developed o r  a r e  c u r r e n t l y  under development. S imula t ion  of 

t h e  t r a n s p o r t ,  d i s p e r s i o n  and' chemical e v o l u t i o n  of plumes of r e a c t i v e  m a t e r i a l  

Erom po in t  sou rces  r e q u i r e s  t r ea tmen t s  of t h e  s imultaneous spread of  t h e  plume, 

en t r a i lmen t  of ambient a i r  w i t h  p o l l u t a n t  concen t r a t i ons  and chemical composition 



d i f f e r e n t  from t h a t  w i t h i n  t h e  plume, t h e  e f f e c t s  of t h e s e  phenomenh on t h e  

chemical  dynamics w i t h i n  t h e  plume, and advec t ion  of t h e  plum,e, a l l  on a  

t ime  dependent b a s i s .  C l e a r l y ,  models designed s p e c i f i c a l l y  f o r  t h i s  t ype  

of a p p l i c a t i o n  should be  used'. 

The d a t a  requirements  f o r  r e a c t i v e  plume models a r e  more demanding 

than  f o r  Gaussian models. I n  many c a s e s  cons ide rab l e  c a r e  must be  exe rc i s ed  

i n  s e l e c t i n g  t h e  most a p p r o p r i a t e  and r e p r e s e n t a t i v e  i n p u t s ,  i n  p a r t i c u l a r  

t h e  me teo ro log ica l  and anibient a i r  q u a l i t y . v a r i a b 1 e s .  This 'may r e q u i r e  t h e  

e x p e r t i s e  of experienced modelers and m e t e o r o l o g i s t s ,  depending on t h e  t ype  

of problem. Of cou r se ,  t h i s  does n o t  p r ec lude  t h e  a p p l i c a n t  from supple-  

menting e x i s t i n g  d a t a  bases ,  des ign ing  an  aeromet ic  monitor ing system, and 

c o l l e c t i n g  i i e l d  d a t a  t o  more adequacefy e s t a b l i s h  InpuLs. A uode l ' s  

performance can be  eva lua ted  on ly  through a p p r o p r i a t e  and w e l l  cons idered  

v e r i f i c a t i o n  s t u d i e s .  based on sound i n p u t s  and comparat ive data:  
.- . . 

2.3.4.4 Regional Models 

The assessment  of t h e  temporal and s p a t i a l  impacts of a  new 

emiss ion  sou rce  of NO and RHC on r e g i o n a l  a i r  q u a l i t y  r e q u i r e s  t h e  u s e  

of r e g i o n a l  a i r s h e d  models. Airshed models r e q u i r e  s u b s t a n t i a l  amounts 

of d a t a ,  i nc lud ing  a  gr idded emission inventory  f o r  bo th  mobile  and s t a -  

tionary sou rces  of NO (NO + NO2) and RHC. I n  a d d i t i o n ,  depending on t h e  
X 

chemical  mechanism, i t  may be r e q u i r e d  t o  f u r t h e r  c l a s s i f y  t h e  RHC accord ing  

t o  subgroups (such a s  o l e f i n s ,  a ldehydes ,  p a r a f f i n s  and a roma t i c s ) .  Th i s  

gr idded  emission inventory  g e n e r a l l y  r e q u i r e s  a  r e s o l u t i o n  of 1 t o  5 luu 

depending on t h e  a p p l i c a t i o n .  . I n  a d d i t i o n  d e t a i l e d  me teo ro log ica l  d a t a  

a r e  r equ i r ed  t o  d e s c r i b e  t h e  wind f low,  d i f f u s i o n ,  and i n v e r s i o n  f i e l d s .  

Grid models a r e  most a p p r o p r i a t e  f o r  a s s e s s i n g  a i r  q u a l i t y  impacts on a  

systems b a s i s  wh i l e  r eac , t i ve  plume models a r e  most u s e f u l  f o r  a s s e s s i n g  t h e  

impact of i s o l a t e d  sou rces .  , T h e s e  models a r e  complex and r e q u i r e  experienced 

modelers who can p rope r ly  i n t e r p r e t  t h e  r e s u l t s  and a s s e s s  t h e  impacts.  I t  

i s  of importance t o  n o t e  t h a t  because of complex i t i e s  o f '  t h e  models and t h e i r  

s u b s t a n t i a l  d a t a  requi rements ,  t h e i r  u s e  w i l l  most l i k e l y  be r e s t r i c t e d  

t o  a p p l i c a t i o n s  i n  ' those  reg' ions where s u f f i c i e n t  d a t a  a r e  a v a i l a b l e .  

Even i n  such r e g i o n s ,  a  c a r e f u l  e d i t i n g  of t h e  d a t a  bases  must be  undertaken 

t o  ensu re  proper  i n t e r p r e t a t i o n  of  model r e s u l t s .  



' Again, a s  w i th  t h e  r e a c t i v e p l u m e  models, ' the  r e l i a ' b i l i t y  of model p r e d i c t i o n s  

can only be  assessed  through card£ul$y..~pla&&d and designed v a l i d a t i o n  s t u d i e s .  
. . I  , 

Where i npu t  d a t a  a r e  a v a i l a b l e ,  i t  is s t r o n g l y  recommended t h a t  v a l i d a t i o n  

s t u d i e s  be  cons idered  an i n t e g r a l  p a r t  of t h e  modeling endeavor. 

2.3.5 Long-Term NO2 Mode2 Recommendations 

An a p p r o p r i a t e  s c r een ing  procedure f o r  de te rmin ing  impacts of new 

sou rces  on long-term (annual)  NO l e v e l s  would be  t o  make u s e  of an appro- 
2 

p r i a t e  model now i n  u s e  f o r  conse rva t ive  p o l l u t a n t s  (such a s  CDM i n  urban 

a r e a s ,  f o r  example) t oge the r  w i t h  t h e  assumptions: 1 )  t h a t  a l l  NO emissions 
X 

a r e  r e a l l y  NO emissions and 2) t h a t  NO i s  a conse rva t ive  p o l l u t a n t .  A f t e r  
2 2 

s u f f i c i e n t  exper ience  w i th  t h i s  procedure,  i t  may be  p o s s i b l e  t o  assume less 

than 100% conversion of NO t o  NO and thereby t o  improve t h e  u se fu lnes s  of 
X 2 

t h e  technique  a s  a s c r een ing  t o o l .  

I n  o r d e r  t o  o b t a i n  a r e f i n e d  estimate i t  w i l l  b e  necessary  t o  make 

u s e  of more s o p h i s t i c a t e d  techniques  app l i ed  on a case-by-case b a s i s . ,  

Supplementary Ma te r i a l  

Desc r ip t i ons ' o f  two r e a c t i v e  plume models may b e  found i n  Sec. 3.3.1 

and 3 . 3 . 2 .  
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2.4.1 s m a r y  o f  Discussion 

The s e c t i o n  i n  t h e  EPA d r a f t  Guidel ine t h a t  is d i r e c t l y  r e l a t e d  t o  long- 

range  t r a n s p o r t  cons ide ra t ions  i s  t h e  f i r s t  paragraph on page 21, which 

r eads  i n  p a r t  "It is  recommended t h a t  e s t i m a t e s  should no t  be  made f o r  

d i s t a n c e s  g r e a t e r  than 100 k' i lometers and t h a t  a i r  q u a l i t y  impact beyond 
. . 

t h i s  d i s t a n c e  b e  assumed t o  be  n e g l i g i b l e . "  T h e ' p o i n t  is  made f u r t h e r  on 

i n  t h e  paragraph t h a t  impacts a t  t h i s  d i s t a n c e  and beyond a r e  " l i k e l y  t o  

be  s m a l l  and f o r  a l l  except  very l a r g e  f a c i l i t i e s , "  and t h e  Regional  

A d m i n i s t r a t 0 r . i ~  d i r e c t e d  t o  cons ider  s p e c i f i c  l a r g e  i n d i v i d u a l  sou rces  

on a case-by-case b a s i s  i f  a  t h r e a t  t o  a i r  q u a l i t y  s t anda rds  o r  prevent ion  

of s i g n i f i c a n t  a e t e r i o r a t i o n  (PSD) increments  e x l s t s  a t  t h e s e  d i s t a n c e s .  

I n  t h e  gene ra l  d i s c u s s i o n  which a r o s e  from t h e s e  remarks, t h e  follow- 

ing  p o i n t s  were made and.agreed upon by t h e  p a r t i c i p a n t s :  

The g u i d e l i n e  should r e f r a i n  from spec i fy ing  a  s i n g l e  d i s t a n c e  
c u t o f f .  It was considered p r e f e r a b l e  t o  g i v e  a  range  of d i s t a n c e s  
t o  i n d i c a t e  some degree  of u n c e r t a i n t y  regard ing  t h e  maximum d i s t a n c e  
a t  which r e l a t i v e l y  s imple  models could be used f o r  e s t ima t ing  pol lu-  
t a n t  concen t r a t ions ,  and a range  of 50-100 km w a s  deemed a p p r o p r i a t e  
a l though a  lower va lue  of 25 km was a l s o  cons idered .  

Observa t iona l  evidence i n d i c a t i n g  t h a t  Class  I PSD increments  
have been o r  could b e  exceeded a t  d i s t a n c e s . o f  t h e  o rde r  
of 100 km from a s i n g l e  o r  a sma l l  number of sources  w a s  p resented  
and d i scussed .  It was f e l t  t h a t  t h e  assumption of n e g l i g i b l e  
i m p a c t  beyond 100 km would be  i n v a l i d  i n  a  s u f f i c i e n t l y  l a r g e  
number of c a s e s . t h a t  it should be  d e l e t e d  from t h e  g u i d e l i n e .  
( S p e c i f i c a l l y ,  d a t a  from Ref. 2  were presented ,which  i n d i c a t e d  
t h a t  SO2 concen t r a t ions  approaching 50 pg/m3 were observed 
approximately'  90 km downwind of a group of four  power p l a n t s  i n  
e a s t e r n  England. Seve ra l  p a r t i c i p a n t s  r epo r t ed  knowledge of o t h e r  
s t u d i e s  which a l s o  provided ev idence  f o r .  p o t e n t i a l  PSD increment 
exceedances. ~ h e s e  were provided a f t e r  t h e  conference  and a r e  
given as '  Refs.  1, 3-5.) 

Regarding t h e  d i f f e r e n t  averaging t imes s p e c i f i e d  i n  t h e  PSD 
r e g u l a t i o n s  f o r  S02, it w a s  f e l t  t h a t  i f  t h e  short- term ( 3  and 
24-hour) increments were n o t  exceeded, then  n e i t h e r  would t h e  
annual  increment.  A t t en t ion  should t h e r e f o r e  be focused on t h e  
p o s s i b i l i t y  of a  short- term exceedance i n  eva lua t ing  t h e  p o t e n t i a l  
impact of a new source .  

The need f o r  t rea tment  of i n d i v i d u a l  s i t u a t i o n s  on a  case-by-case 
b a s i s  should b e  emphasized. 

Plume d e p l e t i o n  and chemical conversion i n  plumes from e l eva ted  
sources  can be  s i g n i f i c a n t  a t  d i s t a n c e s  of t h e  o r d e r  of 25 km, 



, and a r e  n6rmally s i g n i f i c a n t  a t  d i s t a n c e s  of '50-100 ,lan and beyond 
under cond i t i ons  of app rec i ab le  v e r t i c a l  mixing. plume d e p l e t i o n  is  
normally s i g n i f i c a n t  a t  cons iderably  s h o r t e r  d i s t a n c e s  f o r  near- 
ground l e v e l  sources .  

A t t en t ion  was then focused on ques t ions  r e l a t i n g  t o  t h e  modeling of t r a n s p o r t ,  

d i s p e r s i o n  and dep le t ion  eve= d i s t a n c e s  beyond 50 lan and t h e  fo l lowing  

p o i n t s  were agreed upon: 

Techniques f o r  long range t r a n s p o r t  modeling a r e  a v a i l a b l e .  
(Refs. 6-16, provided by p a r t i c i p a n t s  a f t e r  t h e  conference.)  

Only l imi t ed  comparison of p r e d i c t i o n s  af t h e s e  models w i t h  
obse rva t iona l  d a t a  is a v a i l a b l e  and t h e  models cannot be  

. considered v a l i d a t e d .  

A t rea tment  of v e r t i c a l  d i s p e r s i o n  us ing  an  approach based 
on K-theory i s  g e n e r a l l y  more a p p r o p r i a t e  than  one us ing  
a  Gaussian approach whenever plume d e p l e t i o n  by d r y  d e p o s i t i o n  
is  s i g n i f i c a n t , d u e  t o  t h e  a b i l i t y  of t h e  former t o  i nco rpora t e  a  
more r e a l i s t i c  boundary cond i t i on  a t  t h e  e a r t h ' s  s u r f a c e .  

T ra j ec to ry  a n a l y s i s  of t h e  t y p e  u s u a l l y  done i n  t h e  a v a i l a b l e  
models r e q l ~ i r e n  wind, prcooure and t m y e r a t u r e  d a t a  both a t  
ground l e v e l  and a l o f t  a t  r e p r e s e n t a t i v e  sites w i t h i n  t h e  
a r e a  of i n t e r e s t .  

Based upon t h i s  d i scuss ion ,  s e v e r a l  changes i n  t h e  EPA g u i d e l i n e  

were recommended. 

2.4.2 Recommendations 

It is  recommended t h a t  t h e  paragraph i n  t h e  d r a f t  EPA Guidel ine on 

A i r  Qua l i t y  Models and Associated Data Bases which d e a l s  w i t h  long range 

t r a n s p o r t ,  s p e c i f i c a l l y  t h e  f i r s t  paragraph on page 2 1  of t h a t  document, 

be a l t e r e d  t o  read a s  fo l lows:  

 h he admin i s t r a t i on  of t h e  n a t i o n a l  prevent ion  of s i g n i f i c a n t  

d e t e r i o r a t i o n  po l i cy  may r e q u i r e  t h a t  t h e  a i r  q u a l i t y  Impact of a  

sou rce  be  est imated f o r  g r e a t  d i s r a n c e s  downwind. It i s  u n c e r t a i n ,  

however, what t he  impact of sources  a t  such g r e a t '  d i s t a n c e s  is. There 

are s e v e r a l  reasons f o r  t h i s ;  Our knowledge of 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  



* 
f o r  a i r  q u a l i t y  models becomes i n c r e a s i n g l y  tenuous wi th  downwind d i s t a n c e .  

Dis tances  beyond 50-100 .k i lometers  r e q u i r e  s u b s t a n t i a l  t r a v e l  t ime a t  t h e  

most f r e q u e n t l y  experienced wind speeds.  A s  t r a v e l  t i m e  i n c r e a s e s ,  t h e  

d a i l y  weather c y c l e  is  more l i k e l y  t o  a l t e r  plume t r a j e c t o r i e s  and d i s -  

p e r s i o n  c h a r a c t e r i s t i c s .  The impact a t  d i s t a n c e s  g r e a t e r  than  50-100 

k i lome te r s  is  l i k e l y  t o  b e  sma l l ,  however t h e  impacts a r e  n o t  n e c e s s a r i l y  

n e g l i g i b l e  f o r  l a r g e  sources .  Techniques a r e  a v a i l a b l e  t o  examine . 

t h e s e  impacts,  b u t  on ly  l i m i t e d  experience i n  t h e i r  u s e  is  c u r r e n t l y  

a v a i l a b l e .  I f  i t  appears  t h a t  a l a r g e  source  ( f o r  example, a  2000-MW 

coa l - f i r ed  power p l a n t  meeting new source  performance s tandards)  may 

c o n s t i t u t e  a  t h r e a t  t o  ambient a i r  q u a l i t y  s t anda rds  o r  prevent ion  of 

k i g n i f i c a n t  d e t e r i o r a t i o n  increments  a t  l a r g e  d i s t a n c e s ,  t h a t  source  

should be  cons'idered on a  case-by-case b a s i s  w i th  a v a i l a b l e  techniques."  

Supplementary Mate r i a l  

. A d e s c r i p t i o n  of models used by t h e  C e n t r a l  E l e c t r i c i t y  Generating . 

Board, England, f o r  medium and long range p r e d i c t i o n s  may be found i n  

Sec. 3.9.5.  

* 
Vertical d i g p e r s i o n  i n  the.; s i t u a t i o n s  i s  more ~ p p r o p r i a t e l y  t r e a t e d  

I w i t h  models which a r e  based on K-theory. There a l s o  a r e  i nhe ren t  
d i f f i c u l t i e s  w i t h  ~ a u s s i a n  models i n  c a s e s  where plume d e p l e t i o n  i s  
s i g n i f i c a n t  . Plume d e p l e t i o n  would normally b e  s i g n i f i c a n t  a t  d i s -  
t a n c e s  of t h e  o rde r  of 50-100 k i lometers  and beyond under cond i t i ons  
of app rec i ab le  v e r t i c a l  mixing, and a t  cons iderably  s h o r t e r  d i s t a n c e s  
f o r  near-ground l e v e l  sources .  
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2.5.1 Introductory Remarks 

Despi te  t h e  wide range 0.f problems implied by t h i s  t i t l e ,  the .working  

group focused on only  a few s i t u a t i o n s  not  r o u t i n e l y  t r e a t e d  by t h e  s tandard  

models bu t  which may l e a d  t o  v i o l a t i o n s  of short-term NAAQS o r  PSD incre-  

ments, e s p e c i a l l y  i n  Class  I a reas .  Three s i t u a t f o n s  were considered:  

1. Aerodynamic downwash; 

2. Sea breeze  and o t h e r  anomalous c i r c u l a t i o n  p a t t e r n s ;  

3.  I n t e r a c t i o n s  of t h e  plume wi th  a n  e l eva t ed  Invers ion  l a y e r :  

a. Furniga t i o n  

b. Trapping 

The members were i n  unafiimous agreement on t h e  proper way t o  approach 

t h e s e  i s s u e s  i n  a  g u i d e l i n e  document. F i r s t l y ,  t h e  g d d e l i n e  'should:: s t a t e  . . 

c l e a r l y  t h a t  i t  is  incumbent upon t h e  v a r i o u s  p a r t i e s  involved i n  t h e  

d e c i s i o n  making p roces s  t o  determine whether o r  no t  any of t h e s e  phenomena 

a r e  l i k e l y  t o  occur ,  and, i f  so ,  whether i n  a  manner l i k e l y  t o  cause v i o l a -  

t i o n s  of short-term l i m i t s .  Secondly, t h i s  sc reening  process ,  as w e l l  a s  

any subsequent ana lyses ,  must be c a r r i e d  o u t  under t h e  guidance of persons  

knowledgeable i n  t h e  phys i ca l  processes  involved. Thi rd ly ,  s i n c e  t h e  

s i t u a t i o n s  f o r  downwash and unusual  c i r c u l a t i o n s  r e q u i r e  a  case-by-case 

a n a l y s i s ,  no s tandard  models o r  rules-of-thumb should be formal ly  recommended 

i n  t h e  gu ide l ine .  And, f i n a l l y ,  t o  a s s i s t  t h e  u se r  of t h e  g u i d e l i n e  i n  

s e l e c t i n g  t h e  b e s t  a v a i l a b l e  and most a p p r o p r i a t e  a n a l y t i c a l  methods f o r  

e s t i m a t i n g  such impacts ,  one o r  more p e r t i n e n t  r e f e r e n c e s  should be  c i t e d .  

2.5.2 , Aerodynamic Downwash 

Includ'ed i n  t h i s  problem.area a r e  a l l  s i t u a t i o n s  wherein the  dynamics 

of t h e  e f f l u e n t  i n  t h e  immediate v i c i n i t y  of  t h e  source  a r e  inf luenced  i n  a  

s i g n i f i c a n t  manner by nearby s t r u c t u r e s  and t e r r a i n .  Two c l o s e l y  r e l a t e d  

approaches have, i n  gene ra l ,  been taken t o  s imu la t e  t h e s e  cond i t i ons  wi th in  

t h e  s t r u c t u r e  of t h e  s t anda ra  Gaussian plume model: 

1. An equ iva l en t  vo lumetr ic  source  is  assumed, wi th  a  c ross -  
s e c t i o n a l  a r e a  approximating t h a t  of t he  o b s t a c l e s  - 
u s u a l l y  t h e  b u i l d i n g  upon which t h e  s t a c k  o r  ven t  is  
s i t u a t e d ;  



2. An enhanced' oz i s  . . employed, u s u a l l y  w i th  a n  assumption of 
zero plume r i s e . ,  

These approaches a r e  documented i n  r e f e r e n c e s  1 , . 2 ,  and 3 i n  s u f f i c i e n t  

d e t a i l  t o  permit  t he  use r  t o  handle t h e  most common problem of a  s i n g l e  

bu i ld ing  and i t s  s t ack .  

I n  a  c l o s e l y  re l ' a ted  ma t t e r ,  t h e  members were agreed t h a t  t h e  ru l e -  

of -thumb, "a proper h e i g h t  f o r  a  s t a c k  is  2 1 / 2  times' t h a t  of any nearby 

s t r u c t u r e , "  should n o t  be a r b i t r a r i l y  app l i ed  t o  avoid downwash 

cond i t i ons  s i n c e  ( a )  i n  many in s t ances  t h e  r u l e  i s  unreasonably~conserva-  

t i v e ,  causing unnecessary expense and uns igh t ly  h igh  s t a c k s ,  and (b) i n  

o t h e r  i n s t ances  i t  may be . inadequa te  e s p e c i a l l y  i f  l o c a l i z e d  t e r r a i n  e f f e c t s  

i n f luence  t h e  a i r  f low i11 t h e  v i c . i n i t y  of t h e  source.  (See Ref. 4 f o r  a 

f u r t h e r  d i scuss ion ,  on these  top ic s . )  

The members recommended t h a t  t h e  g u i d e l i n e  inc lude  a  l i s t i n g  of 

s i t u a t i o n s  i n  which downwash e f f e c t s  might occur .  These would se rve  a s  

warnings t o  t h e  use r  t h a t  s p e c i a l  a t t e n t i o n  should be  g iven  t o  t h e  p o t e n t i a l  

f o r  downwash. They would no t  r e p r e s e n t  e x p l i c i t  criteria. Included i n  t h i s  

l i s t  should be: 

1. R e l a t i v e  h e i g h t s  of s t a c k  and nearby s t r u c t u r e s  o r  land  
f e a t u r e s  (both upwind and downwind); 

2. Dimensions of t h e  bu i ld ing  and s t a c k ,  i n  p a r t i c u l a r  t he  
a spec t  r a t i o  r e l a t i v e  t o  t h e  wind d i r e c t i o n ;  

3. Emission' c h a r a c t e r i s t i c s  - thermal  f l u x  and e f f l u e n t  
v e l o c i t y  a t  p a r t  l oad  ope ra t ion  a s  w e l l  a s  a t  des ign  
va lues ;  and 

4. Mul t ip l e  s t a c k  conf igura t ions .  > 

. . 

2.5.3 Sea Breeze 'and Other AnomaZous CircuZation Patterns 

The phenomenon.commonly known a s , a f 1 s e a  breeze" can have a s u b s t a n t i a l  

i n f luence  on t h e  t r a n s p o r t  and d i f f u s i o n  of p o l l u t a n t s .  The EPA modeling 

g u i d e l i n e  should recommend t h a t  is  be  accounted f o r  i n  major modeling s t u d i e s  

i n  a r e a s  where the  s e a  breeze  can be important.  Three a r e a s  i n  which the  

sea  breeze can be important  a r e  i n  long-term madeling, short-term modeling 

on a  r e g i o n a l  s c a l e ,  and sho,rt-term model ing 'of  i n d i v i d u a l  sources.  For 

i n d i v i d u a l  sources  t h e  sea bire&ze £ m i g e t i o n ,  doS&kedby ~ y o n s ~  and 
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H a l e s  , can l ead  t o  high short-term.coilcentrations of p o l l u t a n t s .  For 

short-term s t u d i e s  of a  l a r g e  area, '  t h e  s ea  breeze  can s t r o n g l y i n f l u e n c e  

l o c a l  c i r cu l a t ion , chang ing  wind and s t a b i l i t y  p a t t e r n s  and, aga in ,  

poss ib ly  caus ing  high short-term l e v e l s  i n  a r e a s  where they  wouldn't be o ther -  
7 wise expected. This has  been documented by Gatz . For long-term models 

t he  s e a  breeze  e f f e c t  can have a  marked e f f e c t  on t h e  s t a b i l i t y  cl imatology 

of t h e  shore  a r e a ,  a f f e c t i n g  wind p a t t e r n s ,  s t a b i l i t y ,  cloud cover,  and 

p r e c i p i t a t i o n  p a t t e r n s .  Great c a r e  must be  taken t o  ensure  t h a t  t h e  da t a  
8 used i n  such a  model is  r e p r e s e n t a t i v e  of t he  area.  (See Estoque ) .  

A meteorological problem which i s  s i m i l a r  p h y s i c a l l y  - b u t  d i s s i m i l a r  

topographica l ly  - is  t h a t  of t h e  mountajn/val ley windo. This ,  tou ;  is a 

l o c a l ,  thermal.ly-induced wind f i e l d  which must be taken i n t o  account i n  any 

type  of d i f f u s i o n  modeling i n  a n  a r e a  prone t o  t h e s e  winds, o r  s e r i o u s  

e r r o r s  can and w i l l  occur.  The need f o r  c o r r e c t ,  r e p r e s e n t a t i v e  d a t a  is  

never more c r u c i a l l y  f e l t  than whi le  modeling i n  b o t h , t h e s e  problem a r e a s .  

While t he  committee f e e l s  compelled t o  po in t  niit t h i s  dc f i c i cncy  i l l  the  

  resent d r a f t  g u i d e l i n e ,  we do no t  f e e l  competent t o  d r a f t  an  a l t e r n a t i v e  

and wish t o  sugges t  t h a t  an experienced,  knowledgeablc s c i e n t i s t  i n  t h i s  

a r e a  be r e t a i n e d  t o  d r a f t  t h i s    or ti on of t h e  Guidel ine.  

2.5.4 Interactions of the PZwne with an ~Zevatkd Inversion Layer 

The group considered two t o p i c s ' u n d e r  t h i s  heading: 

1. Short-term downwash of a plume d d r i n g . t r a n s i t i o n  from s t a b l e  . . 
t o  uns t ab le  cond i t i ons  (fumigat ion)  

2. Plume i n t e r a c t i o n  wi th  mixing he igh t  

Fumigation downwash may be  a  s i g n i f i c a n t  f a c t o r  i n  eva lua t ing  l a r g e  

sou rces  r e l a t i v e  t o  Class  I 3-hr. PSD increments.  . The gu ide l ine  use r  should 

be aware of t h i s . a n d  seek expe r t  adv ice  i f  fumigation is  reasonably 

a n t i c i p a t e d  t o  be a  s i g n i f i c a n t  f a c t o r .  The group. recognizes  t h a t  t h e r e  a r e  

many c a s e s  i n  which fumigat ion w i l l  no t  ~ i g n i f i c ~ n t . 1 ~  a f f e c t  3-hr. (or  . . 
l onge r )  concent ra t ions ,  b u t  we c a n n o t , o f f e r  specif ic  procedur'es t o  determine 

i f  fumigat ion is  a  s ign i f i ca ' n t  f a c t o r .  Fumigation i s  d iscussed  i n  Turner ' s  

.workbook9, "Meteorology and 'Atomic ~ n e r ~ ~ " l 0  and TVA s t u d i e s l l .  I n  

e v a l u a t i n g  t h e  e f f e c t  of fumigat ion on 3-hr. concen t r a t ion ,  t h e  use r  must 
1 



t ake  i n t o  cons ide ra t i on  the  s h o r t  d u r a t i o n  of fumigat ion a t  a  g iven  r ecep to r  

s i t e .  

Current  models (e.g., CRSTER) assume no concen t r a t i on  a t  ground l e v e l  

i f  e f f e c t i v e  s t a c k  h e i g h t  is, g r e a t e r  than  t h e  mixing heigh't.* The group 

g e n e r a l l y  agreed t h i s  assump:t ion  is n o t  uniformly v a l i d .  ** ~ r a ~ p i n ~  

probably does occur  sometimes even when t h e  c a l c u l a t e d  e f f e c t i v e  s t a c k  h e i g h t  

. is  g r e a t e r  than  t h e  he igh t  of  t h e  mixed l a y e r ,  and t h u s  t h e  i d e a l i z e d  

assumption i n  models such a s  CRSTER may l e a d  t o  underes t imat ion  of  'short-term . . 

maxima. However, we a r e  unable  t o  recommend a  ,change i n  c u r r e n t  models a t  

t h i s  t i m e ,  i n  p a r t  because of  t h e  u n c e r t a i n t y  i n  t he  manner c u r r e n t l y  used t o  

e s t i m a t e  hour ly  mixing he igh t s .  The group b e l i e v e s  t h i s  t o p i c  needs addi-  

t i o n a l  f i e l d  e v a l u a t i o n  i n  o r d e r  t o  i d e n t i f y  those  phys i ca l  c o n d i t i o n s  under 

which p lume. t rapping  can be assumed t o  occur .  . 

* See Sec. 3 . 9 . 6  f o r  a summary of a  model c a l l e d  "AQSTM" which was 
con t r ibu t ed  by G. Melvin. This  model t r e a t s  a tmospheric  t r app ing  and 
o t h e r  phenomenon d i s c u s s e d  i n  t h i s  s e c t i o n .  

**See Sec. 3 . 9 . 2  f o r  a d is ,cuss ion  of  a  c a s e  i n  p o i n t  by M. W i l l i a m s  which 
was submit ted a f t e r  t h e  conference.  
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The group w a s  i n  unanimous agreement t h a t  i t  i s  n o t  poss ib le  t o  speci fy  

a genera l  model f o r  providing a d e f i n i t i v e  statement concerning t h e  a i r  qual- 

i t y  impa,ct of a  source o r  group of sources l o c a t i n g  i n  complex t e r r a i n .  While 

a  number of gener ic  types and s p e c i f i c  algori thms a r e  ava i l ab le ,  i t  is not  

. p o s s i b l e  t o  appra i se  th'e performance 'of these  models o r  algorithms during 

t h i s  workshop f o r  one o r  more of the  following reasons: 

Lack of performance c r i t e r i a ,  

Lack of evidence f o r  adequate s imula t ion  of physical  
processes f o r  a l l  poss ib le  s i t u a t i o n s ,  and . , 

Lack of acceptable  evaluat ion  exerc ises .  

The diocuooion w a s  l i m i t e d  t o  topographic complexit ies  (e.g., l a k e  or 

sea  breezes were no t  discussed) and s i n g l e  sources. Considerable d iscuss ion 

*was devoted t o  the  use of the  Valley algorithm. Some v a l i d a t i o n  da ta  f o r  

Valley were presented and explained(see Set. 3 . 6 . 2 )  It was c l e a r  t h a t  Val- 

l e y  was not  uniquely defined f o r  var ious  members of t h e  group. One opinion 

held t h a t  s p e c i f i c  meteorological  condit ions,  2.5 m/sec winds and F s t a b i l i t y  

f o r  a  t o t a l  of 6 out  of 24 hours, were intended t o  be used i n  the  algorithm. 

(This  i s  the vers ion  described i n  t h e  conference notebook.) .  Other use r s  re- 

ported t h a t  they r e l a x  t h i s  r e s t r i c t i o n  i n  p r a c t i c e  and use  s i te -speci . f ic  

meteorology. The point  was a l s o  made t h a t  condit ions conducive t o  h ighes t  

concentra t ions  depend on the  s p e c i f i c  s i t u a t i o n  and may f requent ly  occur with 

moderate wind speeds, not  always under s t a b l e  condit ions.  It was a l s o  noted 

t h a t  even a s  a  screen,  Valley is  no t  app l i cab le  i n  a l l  s i t u a t i o n s  because i t  

might not  t r e a t  c r i t i c a l  s i t u a t i o n s  l i k e  c i r c u l a r  flows and invers ions  i n  

va l l eys .  Doubts were a l s o  expressed concerning the  use of Valley a s  a  conser- 

v a t i v e  screening technique. Concern was a l s o  expressed t h a t  speci fy ing the  

meteorology would allow some group t o  s e i z e  on these  condi t ions  and say they 

should always be used t o  es t imate  maximum concentrat ions even when such an 

assumption would be incor rec t .  One Valley user  expressed confidence i n  using 

the  a lgor i thm a s  a  screening procedure i n  mountainous t e r r a i n  with t h e  s p e c i f i c  

meteorological  input .  Another noted t h a t  i n  less #severe t e r r a i n  r e s u l t s  ob- 

ta ined from Valley with s i t e - s p e c i f i c  meteorology were only neg l ig ib ly  l e s s  

w e l l  co r re la t ed  with observed concentra t ions  than r e s u l t s  from a Gaussian 

model using a plume half-height  co r rec t ion  and t h a t  i n  general  i t  appears t o  



g ive  s a t i s f a c t o r y  r e s u l t s , a t  l e a s t  from viewpoint  of a r e g u l a t o r y  agency. It 

was decided t h a t  two p o s i t i o n s  concerning Valley had developed and should be  

noted: 

Some members of t h e  group f e l t  comfortable  wi th  Valley,  a t  
l e a s t  a s  a reasonable  screening  procedure i n  complex ter- 
r a i n ,  and 

1 

Most members of t h e  group, however, f e l t  t h a t  Valley could 
n o t  b e  recommended f o r  genera l  use  i n  complex t e r r a i n  o r  
even a s  a sc reening  t o o l  i n  a l l  s i t u a t i o n s  al though s t e p s  
could b e  taken t o  render  i ts  u s e  less ob jec t ionab le  a s  a 
s c r e e n  i n  c e r c a i n  circumstances.  

Addi t iona l  d i scuss ion  centered  on o t h e r  a v a i l a b l e  a lgor i thms f o r  and 

exper ience  wi th  t r e a t i n g  complex t e r r a i n .  R e s u l t s . u s i n g  a ha l f -he igh t  correc-  

t i o n  t o  a ~ a u s s i a n  plume model i n  t h r e e  r i v e r  v a l l e y s  i n  I l l i n o i s  were pre- 

s en ted .  This  experience a l s o  ind ica t ed  t h a t  t h e  worst  agreement occurred  

under calm condi t ions  o r  wi th  c i r c u l a t i n g  flows. ' It w a s  noted t h a t  poor 

agreement between p red ic t ed  and measured va lues  is u s u a l l y  a t ' t r i b u t a b l e  t o  

poor source  o r  meteoro logica l  da t a .  I n  gene ra l ,  . the group f e l t .  that good 

meteoro logica l  d a t a  is almost always a problem, p a r t i c u l a r l y  i n  complex t e r -  

r a  i n .  

A method of c o r r e c t i n g  t h e  Gaussian formula based on t h e o r e t i c a l  con- 

s i d e r a t i o n s  of flow around a hemispher ica l  o b s t a c l e  was a l s o  presented .  The 

method appears  t o  work b e t t e r  than  t h e  f u l l - l i f t  assumption. 

One proposal  considered t h e  use  of a combination o f ~ m e t e o r o l o g i c a l  and 
' 

a i r  q u a l i t y  modeling t o  develop . t h e  concept of  a i r  shed zoning.23 (See also 

~ e c .  3.6.1. ) This  approach was presented  a s  be ing  p a r t i c u l a r l y  a p p l i c a b l e  

t o  t h e  des igna t ion  of land a r e a s  f o r  t h e  purpose of t h e  prevent ion  of s i g n i -  

f i c a n t  d e t e r i o r a t i o n . .  

A computerized flow c o r r e c t i o n  model f o r  u se  i n  mountainous t e r r a i n  

was a l s o  descr ibed  b u t  t h e  group d i d  n o t  t a k e  a n y ' p o s i t i o n  on such work. 

The group made s e v e r a l  a t  tempts t o  develop some guidance m a t e r i a l .  

One sugges t ion  was .to enumerate t h e  l i m i t a t i o n s  on t h e  use  o f ' v a r i o u s  types  

of models (Gaussian, K-theory, s t a t i s t i c a l ,  e t c . )  . i n  complex t e r r a i n .  This  

approach w a s  a'bandoned i n  favor  of sugges t ing  a n  a d m i n i s t r a t i v e  procedure 

f o r  u s e  i n  complex t e r r a i n  s i t u a t i o n s .  The procedure is descr ibed  i n  

Sec t ion  2.6.2.  I t  inc1udes . a  sc reening  technique  which i s  

. \ 



d e t a i l e d  i n  S e c t i o n  2 . 6 . 3 .  P e r t i n e n t  r e f e rences  a r e  c i t e d  inc lud ing  some 

a n a l y t i c a 1 , r o u t i n e s .  Given the  d e a r t h  of a p p l i c a b l e ,  v a l i d a t e d  techniques.,  

t h e  group ' s  consensus c a l l e d  f o r  r e q u i r i n g t h a t  a thorough and comprehensive 

e f f o r t  b e  made t o  e v a l u a t e  sources  . i n  complex t e r r a i n  and f o r  a s s ign ing  con- 

s i d e r a b l e  p r i o r i t y  t o  devefoping and v a l i d a t i n g  models f o r  complex t e r r a i n .  

2.6.2 Recommended Procedure for Complex Termiiz 

Given t h e  agreement t h a t  no s i n g l e  model can  adequate ly  t r e a t  a l l  com- 

p l e x  t e r r a i n  s i t u a t i o n s ,  t h e  group suggested t h a t  a  s p e c i f i c  procedure be  estab-  

l i s h e d  t h a t  w i l l  l e ad  t o  a  r a t i o n a l  and adequate  assessment of a  sou rce  l o c a t i n g  

i n  complex t e r r a i n  and t h a t  w i l l  r e s u l t  i n  a two l e v e l  h i e ra rchy  of a model 

usage c o n s i s t i n g  of conse rva t ive  sc reen ing  procedures  followed 'hy detaj.1.e.d 

a n a l y t i c a l  s t u d i e s  when t h e  sc reens  are n o t  passed a n d ' i n  t h e  development of 

d a t a  which w i l l  l e a d  t o  f u r t h e r  model re f inement  o r  i npu t  d a t a  a c q u i s i t i o n .  

The fol lowing p roces s  is  recommended f o r  u s e  i n  eva lua t ing  sourc'es d e s i r -  

i ng  t o  l o c a t e  i n  complex t e r r a i n :  

1 )  Review a v a i l a b l e . d a t a  ( a i r  q u a l i t y ,  meteoro logica l ,  sou rce  
d a t a ,  e t c . )  and t h e  p h y s i c a l  s i t u a t i o n  ( a c t i o n  by sou rce  
a lone)  . 

2) Develop a r a t i o n a l e  w i th  regard  t o  a p a r t i c u l a r  a n a l y s i s  
technique (by analogy i f  necessary)  ( a c t i o n  by sou rce  
a lone)  . 

3)  A s  a  s c reen ing  procedure,  t h e  sou rce  reviews i n i t i a l  re- 
suJ.ts w i th  Agency; (See recomendat i .ohs i n  s1.ibscction 3 . )  ' 

4) I f  no agreement is r eached 'based  on t h e  sc reen  o r  i f  t h e  
source  does no t  pass  t h e  sc reen ,  then  t h e  source  has  a n  
op t ion  t o  develop d e t a i l e d  s i t e - s p e c i f i c  d a t a  and perform 
d e t a i l e d  ana lyses .  

5) Agency e v a l u a t e s  d e t a i l e d  ana lyses .  

6) Source c o n s t r u c t s  ( i f  approval  g ran ted ) ;  however, a i r  
q u a l i t y  monitor ing may be  r equ i r ed .  

7) A i r  q u a l i t y  d a t a  reviewed a s  necessary .  
I 

This  approach r e q u i r e s  c o n t r o l  agencies  t o  have acces s  t o  t h e  s e r v i c e s  

of q u a l i f i e d  personnel  who a r e  h i g h l y  knowledgeable i n  d i s p e r s i o n  c1,imatology 

and t h e  c h a r a c t e r i s t i c s  of a tmospheric  flow i n  complex t e r r a i n .  I n  a d d i t i o n ,  

t h e  EPA must s e r v e  as a  c lea i inghouse  f o r  d a t a  concerning t h e  a p p l i c a t i o n  of 

v a r i o u s  models i n  complex t e r r a i n  s i t u a t i o n s .  I 



It is f u r t h e r  recommended t h a t  s p e c i f i c  procedures  can b e  appl ied  f o r  use  

a s  sc reening  t o o l s  f o r  s p e c i f i c  phys i ca l  s i t u a t i o n s .  Within t h e  t ime l i m i t s  

of t h e  s e s s i o n ,  such a procedure could n o t  b e  f u l l y  developed. However, an 
" 

o u t l i n e  of phenomena which should be  considered i n  va r ious  complex t e r r a i n  

s i t u a t i o n s  and sugges t ions  f o r  modi f ica t ions  t o  f l a t - t e r r a i n  models a r e  pre- 

sen ted  i n  t h e  fol lowing sect'ion of t h i s  r e p o r t  a long  wi th  t h e  r e f e rences  t o  

some of t h e  a p p r o p r i a t e  l i t e r a t u r e .  

For those  sources  which do n o t  pass  t h e  sc;eening procedures ,  d e t a i l e d  

s t u d i e s  may be  conducted by t h e  sources  t o  develop t h e  meteoro logica l  d a t a  

necessary  t o  s e l e c t  and v e r i f y  a n  a n a l y s i s  procedure which w i l l  r e s u l t  i n  an  

a i r  q u a l i t y  impact assessment s u f f i c i e n t l y  r e f i n e d  t o  make t h e  necessary  sit- 

ing  dec i s ions .  A t  t h i s  po in t  t h e  a s s i s t a n c e  of  a meteoro logis t  knowledgeable 
. . 

i n  complex t e r r a i n  problems and f a m i l i a r  w i th  t h e  a r e a  of i n t e r e s t  is  r equ i r ed .  

2.6.3 Assistance i n  Defining Screening Techniques i n  ConpZex Terrain 

This s e c t i o n  provides  a gene ra l  d i scuss ion  of.phenomena which should 

be considered i n  address ing  compliance wi th  air q u a l i t y  goa l s  i n  r eg ions  of 
. . 

rough t e r r a i n .  The p u r p 0 s e . i ~  t o  provide.some guidance on appropr i a t e  model- 

i n g  techniques a s  a func t ion  of va r ious  source  conf igu ra t ions  w i t h  r e s p e c t  t o  

topography and meteoro logica l  s i t u a t i o n s  which might b e  expected.  Modifica- 

t i o n s  a r e  suggested which could be  incorpora ted  i n  a d i s p e r s i o n  model o r i g i -  

a n a l l y  developed f o r  f l a t  t e r r a i n  ana lyses  and which would b e  one of a number 

of gene r i c  types (e.g. ,  Gaussian, "K-theory"). The mod i f i ca t ions  a r e  proposed 

i n  t h e  context  of developing "conservat~ive"~mode1s which would tend t o  over- 

p r e d i c t  a i r  q u a l i t y  impact and which would b e  appropr i a t e ly  used f o r  "screening" 

purposes. Two broad c a t e g o r i e s  of meteoro logica l  flow s i t u a t i o n s  have been 

def ined:  1 )  plume i n t e r a c t i o n s  wi th  t e r r a i n  under organized flow cond i t i ons ,  

- a n d  2) e f f e c t s  of l o c a l  meteoro logica l  phenomena on d i s p e r s i o n  i n  complex 

t e r r a i n .  
< .  

2.6.3.1 PZwne Interactions with Terrain under Organized F l o w  Conditions 

This  s e c t i o n  is  concerned wi th  how a plume a f f e c t s  ground-level concen- 

t r a t i o n s  i n  f low s i t u a t i o n s  which might be  considered t o  be  organized i n  

'-'te sense  t h a t  t h e  wind f i e ld ,wou ld  have h igh  s p a t i a l  c o r r e l a t i o n s  from one 

Adcat ion  t o  another  and would! n o t .  b e  s i g n i f i c a n t l y  a f f e c t e d  by l o c a l  circula: 

i 



t i o n s .  These a r e  flows which l end  themselves t o  some s i m p l i f i e d  types  of 

t h e o r i e s  (e .g . ,  p o t e n t i a l  flow, modified p o t e n t i a l  flow, e t c . ) .  The approaches 

d i scussed  below a r e  ca tegor ized  by d i f f e r e n t  geometry and atmospheric s t a b i l -  

i t y  c l a s s i f i c a t i o n  cons ide ra t ions .  

' ( A )  Alterations t o  Plwne Wajectories  Due t o  Termin Effects 
. . 

Plume Height ~ r e a t e r  than the Height of  Nearby Terrain. Under t h e s e  

cond i t i ons ,  models which a r e  app ropr i a t e  f o r  f l a t  t e r r a i n  can gene ra l ly  b e  

u t i l i z e d  wi th  some modes't modi f ica t ions .  I f  t h e  plume he igh t  is mudh greater 

than  t h e  t e r r a i n ,  f l a t  t e r r a i n  assumptions may b e  v a l i d  i f  some cons ide ra t ion  

i s  g iven  t o  t h e  poss . ib le  enhancement of tu rbulence  due t o  "roUghneks .I1 '  For 

plume he igh t s  no t  much g r e a t e r  than r ~ s r a i n  h e i g h t s ,  some modi f ica t ions  t o  

t h e  plume c e n t e r l i n e  t r a j e c t o r y  seem appropr i a t e .  I f  t he  plume is embedded 

i n  a s t a b l e  l a y e r  above , the t e r r a i n ,  i t  i s  a  reasonable  approximation t o  

assume t h a t  t h e  plume t r a j e c t o r y  would be  h o r i z o n t a l  f o r  purposes of computing 

.ground s u r f a c e  concen t r a t ions .  (Note, however; t h e  comment about t h e  p o s s i b l e  

e f f e c t s  of "lee wave" phenomena. ) 

For a  plume approaching a t e r r a i n  o b j e c t  dur ing  n e u t r a l  a tmospheric  

s t a b i l i t y  cond i t i ons ,  modi f ica t ions  which a r e  suggested from p o t e n t i a l  flow 

theory  appear app ropr i a t e .  A comoniy  used mod i f i ca t ion  t o  Gaussian models 

involves  adding a n  increment t o  t h e  plume h e i g h t  over  t h e  t e r r a i n  equal  t o  

approximately one-half t h e  t e r r a i n  he igh t  (d i s t ances  es t imated  frpm t h e  v a l l e y  

f l o o r ) .  A more conse rva t ive  e s t ima t ing  technique would b e  t o  a l low a sma l l e r  

l i f t  of t h e  plume c e n t e r l i n e  above t h e  t e r r a i n .  This  is ,  however, a  poten- 

t i a l l y  poor assumption when t h e  plume h e i g h t  is n e a r l y  equa l  t o  t h e  t e r r a i n  

h e i g h t .  Under .non-stable cond i t i ons ,  a l lowing f u l l  l i f t  of t h e  plume, t h a t  

is, a t e r r a i n  fo l lowing  t r a j  ed tory  , would appear  t o  b e  g e n e r a l l y  nonconserva- 

t i v e ,  a l though i t  appears  from a t h e o r e t i c a l  p o i n t  of v i e w . t o  be  reasonable  
2 f o r  f low normal t o  two-dimensional type  r i d g e  o r i e n t a t i o n s .  

PZwne Height Lmer than the ~ e i ~ h t  of Nearby Terrain. I f  t h e  plume 

h e i g h t  is  i n i t i a l l y  lower than  t h e  he igh t  of nearby t e r r a i n ,  t h e  approach t o  

d e f i n i n g  t h e  flow p a t t e r n  and, hence, plume c e n t e r l i n e  t r a j e c t o r i e s ,  depends 
1 '  

c r i t i c a l l y  on t h e  l o c a l  topography, atmospheric s t a b i l i t y ,  and a i r f l o w .  Poten- 

t i a l  f low theory provides  some i n s i g h t  on t h e  approach f o r  n e u t r a l  atmospheric 

s t a b i l i t y  cond i t i ons .  I f  t h e  flow is  normal t o  a r idge ,  a plume embedded i n  



t h e  flow w i l l  a c c e l e r a t e  and 1 i f t . o v e r  t h e  r i d g e  wi th  an  a c t u a l  c e n t e r l i n e -  

s tandoff  d i s t a n c e  equal  t o  approximately one-half t h e  plume h e i g h t  above t h e  

upwind v a l l e y  flow. Because of t h e  flow a c c e l e r a t i o n ,  however, t h e  stream- 

l i n e  spac ing  dec reases  and, through d i s t o r t i o n  e f f e c t s ,  t h e  v e r t i c a l  dimen- 

s i o n s  of t h e  plume decrease .  The n e t  e f f e c t  sugges t  no a l t e r n a t i o n  of t h e  

e f f e c t i v e  s ' tandoff d i s t a n c e  i n  t h e  exponent ia l  t e w  i n  a  Gaussian'model.  3 

A numerical  s imu la t ion  a p p r o p r i a t e  f o r  t h i s  flow ' s i t u a t i o n  should account f o r  

t h e s e  k i n e m a t i c , e f f e c t s  au toma t i ca l ly .  I f  t h e  flow is normal t o  a  more i so -  

l a t e d  three-dimensional t e r r a i n  o b j e c t  (as opposed, t o  a  two-dimensional 

r i d g e ) ,  t h e  e f f e c t i v e  s t andof f  d i s t a n c e  (cons ider ing  both  t r a j e c t o r y  a l t e r -  

n a t i o n s  and. plume d i s t o r t i o n  e f f e c t s )  w i l l  b e  l e s s  t han  t h a t  f o r  flow over  a  

r i d g e  shape. A va lue  of about  one-half t h e  e f f e c t i v e  plume h e i g h t  i n  t h e  

absence of t e r r a i n  is  a n  approximation suggested f o r  t e r r a i n  o b j e c t s  wi th  

roughly equal  h o r i z o n t a l  and v e r t i c a l  dimensions.. Under s t a b l e  atmospheric  

. condi t ions ,  f o r  flow normal t o  a  two-dimensional r i d g e ,  t h e  flow may pas s  

over t h e  r i d g e  i f  t h e  s t a b i l i t y  i s  weak and wind speed i s  no t  t oo  low. I f  

t h e  temperature i nve r s ion  is s t r o n g  and t h e  wind weak, t h e  flow may "h1.nc.k.'' 

and e f f l u e n t s  would tend t o  s t a g n a t e  upwind of t h e  t e r r a i n .  I n  e i t h e r  ca se ,  ' 

c a r e f u l  cons ide ra t ion  would be  given t o  how t h e  p r i n c i p l e  of conserva t ion  of 

mass w i l l  a c t  t o  a l t e r  plume t r a j e c t o r i e s  and c o n s t r a i n  t h e  types of flow 

s i t u a t i o n s  possible ' .  On-site meteoro logica l  measurements, a s  w e l l  a s  any 

information on a i r .  q u a l i t y  concen t r a t ion  p a t t e r n s ,  a r e  extremely u s e f u l  i n  

such s i t u a t i o n s .  For s t a b l e  flow normal t o  more three-dimensional ly shaped 

o b j e c t s ,  t h e  p o s s i b i l i t y  of "blocking" is g r e a t l y  reduced because t h e  flow 

w i l l  tend t o  pas s  around t h e  s i d e s  of t h e  t e r r a i n .  The p o s s i b i l i t i e s . , f o r  

r e l a t i v e l y  h igh  ground l e v e l  concen t r a t ions  e x i s t s  under t h e s e ' c o n d i t i o n s ,  

however, i f  t h e  plume flows d i r e c t l y  toward t h e  t e r r a i n .  The frequency of 

occurrence of p o s s i b l e  meteoro logica l  cond i t i ons  which would cause t h i s  f low 

s i t u a t i o n  should be c a r e f u l l y  assessed .  

Under t h e s e  pos tu l a t ed  s i t u a t i o n s ,  i n s i g h t  r ega rd ing  t h e  expected plume 

behavior  can h e  g r e a t l y  enharked wi th  f i e l d  obse rva t ions  and/or  scaled-down 

phys i ca l  modeling s t u d i e s  ( s t r a t i f i e d  wind tunne l  o r  water- towing tank  experi: 

ments).  However, t h e  frequency of occurrence and p e r s i s t a n c e  of meteoro logica l  

cond i t i ons  cannot be- determined by t h e s e  techniques.  



( B )  Alterations t o  Turbulent Uiffusion Rates i n  ,CompZex Terrain Modeling 
Studies 

Genera2 Considerations. A number of f i e l d  measurement s t u d i e s  have 

i n d i c a t e d  t h a t  t h e  a s s o c i a t i b n  u t i l i z e d  i n  f l a t  t e r r a i n  of s t a b i l i t y  c l a s s i -  

f i c a t i o n  i n d i c e s  w i th  t u r b u l e n t  d i f f u s i o n  rates a r e  not  n e c e s s a r i l y  v a l i d  i n  

complex t e r r a i n .  I n  p a r t i c u l a r ,  a number of phenomena tend t o  d.ecrease t h e  

p o s s i b i l i t i e s  f o r  very low d i f f u s i o n  r a t e s  a s s o c i a t e d  wi th  s t a b l e  c l a s s i f i c a -  

t ions .  9 , A s h i f t  of s t a b l e  c l a s s i f i c a t i o n s  toward n e u t r a l  appears  

o f t e n  t o  be a p p r o p r i a t e  f o r  purposes of e s t ima t ing  atmospheric  turbulence  

l e v e l s .  Under s t a b l e  cond i t i ons ,  t h e  presence of t e r r a i n  may a l s o  g r e a t l y  

enhance crosswind "meandering" of a plume which i n  e f f e c t  reduces time- 

averaged concen t r a t ion  va lues .  8 

c on side rations i n  the Near-Field o f  Sources. For purposes of examining 

t h e  impact of emission sources  on riearby h igh  t e r r a i n  (w i th in  10 km) c a r e f u l  

c o n s i d e r a t i o n  should be  given t o  t h e  e f f e c t s  of buoyancy-induced entrainment  

on plume d i l u t i o n  dur ing  t h e  r i s i n g  phase of plume growth. Inc lus ion  of 

buoyancy-induced turbulence  can r e s u l t  i n  markedly d i f f e r e n t  e s t ima t ions  of 

plume c e n t e r l i n e  and ground-leiel  concen t r a t  ion  va lues .  

FarFie Zd A i r  Quality Impact. Addi t iona l  cons ide ra t ions  must be  given 

t o  e s t ima t ing  t h e  impact of plumes which t r a v e l  l a r g e  d i s t a n c e s  (30 km o r  

more) be fo re  encounter ing high. t e r r a i n :  

1 )  I f  a t  t h e  l o c a t i o n  of  t h e  encounter ,  t he  plume dimensions 
a r e  t h e  same o rde r  o r  l a r g e r  than  t h e  t e r r a i n  dimensions 
and t h e  plume c e n t e r l i n e  is below t h e  t e r r a i n  h e i g h t ,  then  
nea r  c e n t e r l i n e  concen t r a t ions  can b e  expected t o  occur  a t  
ground l e v e l .  

2) The t r a n s p o r t  wind f i e l d  may b e  h i g h l y  v a r i a b l e  both spa- 
t i a l l y  and temporal ly .  Therefore ,  methods f o r  e s t ima t ing  
d i s p e r s i o n  r a t e s  under t hese  cond i t i ons  need t o  b e  g iven  
s p e c i a l  a t t e n t i o n .  

3) Removal of gases  and p a r t i c u l a t e s  by chemical r e a c t i o n s ,  
scavenging, and d e p o s i t i o n  processes  may be  important  t o  
i nc lude  i n  t h e  e s t ima t ion  techniques t o  provide r e a l i s t i c  
e s t ima te s .  



(C)  Other Factors Affecting the Estimation of A i r  Quality Levels under 
Organized F l a w  Conditions 

Lee-Side Flows. Observat ional  d a t a  and phys i ca l  model experiments 

show t h a t  under s t a b l e  atmospheric cond i t i ons ,  t h e  f low may a c c e l e r a t e  on t h e  

l e e  s i d e  of mountain ranges and cause s t r eaml ines  t o  c l o s e l y  approach t h e  l e e  

su r f ace .  It is p o s s i b l e  t h a t  t h i s  t ype  of f low could cause a  down d r a f t  of a  

plume toward t h e  s u r f a c e  and would i n c r e a s e  ground-level concen t r a t ions .  

This  t y p e  of flow is  o f t e n  cha rac t e r i zed  by t h e  production'  of lee-waves down- 

wind' of t h e  mountains. Flow s e p a r a t i o n  e f f e c t s  on e f f l u e n t  d i s p e r s i o n  of 

sources  both upwind and downwind of a n  o b s t r u c t i o n  a r e  d iscussed  i n  a subse- 

quent s e c t i o n .  

Channeling Effects.  ~ o ~ o ~ r a p h i c  f e a t u r e s  b i l l  a l t e r  l a r g e r  s c a l e  

meteoro logica l  flows t o  tend t o  fo l low t e r r a i n  contours .  This  r e s u l t s  i n  
I I channeling'! of winds i n t o  p r e f e r r e d  d i r e c t i o n s  and t h e r e f o r e  a n  inc reased  

p e r s i s t e n c e  of winds i n  d i r e c t i o n s  a long  v a l l e y s .  These e f f e c t s  a r e  of spe- 

c i a l  importance i n  t he  a n a l y s i s  and a p p l i c a t i o n  of wind d a t a  a t  a  s i t e  f o r  

purposes  of eo t imat ing  24-hour and annual  average concen t r a t ions  where, f o r  

po in t  sources ,  p e r s i s t e n c e  of wind d i r e c t i o n  is  a major concern. 

kurrigation and Limited Mix-ing Depth Effect.  Spec ia l  a t  t e n t  i on  should 

be given t o  p o s s i b l e  high ground-level. concen t r a t ions  on h igh  t e r r a i n  durii lg 

meteoro logica l  flow cond i t i ons  cha rac t e r i zed  by fumigat ion of e l eva t ed  plumes 

t o  t h e  s u r f a c e  by vigorous mixing. Other f a c t o r s  be ing  equal ,  l a r g e r  ground- 

l e v e l  concen t r a t ions  can b e  expected under t hese  cond i t i ons  i n  rough t e r r a i n  

than  i n  f l a t  t e r r a i n .  Another concern is l i m i t a t i o n s  t o  d i l u t i o n  r a t e s  

a s s o c i a t e d  wi th  t h e  " l idd ing"  e f f e c t s  of a n  e l eva t ed  i n v e r s i o n  above h igh  

t e r r a i n .  This.  phenomena needs f u r t h e r  understanding;  a n  approach s i m i l a r  t o  

t h a t  adopted f o r  fumigat ion s imu la t ions  may b e  reasonable.  Numerical simula- 

t i o n  models which can account f o r  t h e  e f f e c t s  of s p a t i a l l y  and t i m e  va ry ing  

meteoro logica l  parameters would be  e s p e c i a l l y  app ropr id t e  f o r  a p p l i c a t i o n s  of 

t h i s  type. 



2.6.3.2 Effects of LoeaZ MeteoroZogicaZ Phenomena on Dispersion i n  
CompZex Terrain 

(A) Surface generated flow systems 

( i )  Upslope-downslope 

( i i )  ' Surf ace invers ion  dynamics 

( i i i )  Mechanical fo rc ing  and turbulence 
I 

(B) I n t e r a c t i o n  of su r face  generated flows wi th  
l a r g e r  s c a l e  meteorology 

( i )  Separat ion and decoupling 

( i i )  Channeling 

( i i i )  Lee waves and blocking 

(C) Worst case es t imates  

( A )  , Surface Generated F l o w  Systems 

A major complication i n  deal ing  wi th  d i spe r s ion  over i r r e g u l a r  topog- 

raphy i s  the  f a c t  t h a t  a 'simple atmosphere-surf ace i n t e r f a c e  does not  e x i s t  

a s  i t  does over a f l a t  sur face .  The amount of s o l a r  energy received by 

i r r e g u l a r  t e r r a i n  su r faces  v a r i e s  widely with e l e v a t i o n  and o r i e n t a t i o n  of 

the  su r face  toward the  sun (aspect ) .  This d i f f e r e n t i a l  heat ing  g ives  rise 

t o  l o c a l l y  forced wind systems and atmospheric s t a b i l i t y  v a r i a t i o n s  which 

have t o  be considered. The i r r e g u l a r  t e r r a i n ,  simply by i ts  presence, a l s o  

accs  co a l t e r  an otherwise s t r a i g h t  wind. 

. (i ) Ups Zope- D a w n s  Zope 

. .. 
.' ? 

. The genera l  cha rac te r '  of su r f  ace winds i n  mountainous ' t e r r a i n  is 
' ,$; 

r e a d i l y  i d e n t i f i e d .  Winds blow upslope (toward h igher  e l eva t ion  t e r r a i n )  on 
. . 

cl;egr sunny days and downslope (toward lower e l eva t ion  t e r r a i n )  a t . o t h e r  

times. l 2  ' 3 9  14' l 9  This descript i0.n is decept ive ly  simple because complex 

valley-mountain geometry of ten  d i s r u p t s  t h i s  . flow. ' $ ' Modeling t h e  disper-  

s i o n  from ground o r  low l e v e l  sources must take  i n t o  account these  p e r s i s t e n t  

and regu la r  upslope-downslope winds. Since such.winds a r e  r a t h e r  shallow, 

of t e n  not exceeding 100-200 meters depth, ' 9 ' l9  t a l l  sources may be sub- 

j ec ted  t o  q u i t e  d i f f e r e n t  flows under l in ing the  need f o r  s i t e  s p e c i f i c  d a t a  

taken a t  both the  source emission and e f f e c t i v e  plume he igh t  l e v e l s .  One 

must be c e r t a i n  i n  a r e a s  of complex t e r r a i n  t o  ensure t h a t  t h e  winds used f o r  

d i spe r s ion  a n a l y s i s  i n  f a c t  represent  the  immediate environment of t h e  s i t e .  



fii) Surface Inversion Dynamics 

Surface based inve r s ions  o f t e n  form i n  mountain v a l l e y s .  1 3 , 1 9  Ground 

based emissions,  low l e v e l  sources ,  a s  w e l l  as t a l l  sources ,  can be t rapped 

by such condi t ions .  Maximum s u r f a c e  concentrations may occur  a s  a r e s u l t  of 

the  l i m i t e d  v e r t i c a l  mixing,;especially dur ing  t imes of minimum i n v e r s i o n  

he igh t .  Gaussian models a r e  of l i m i t e d  va lue  f o r  c a l c u l a t i n g  such concentra- 

t i o n s .  Rather ,  a model which d i v i d e s  t h e  t o t a l  emiss ion  by t h e  volume flow 

r a t e  of a i r  i n  t h e  v a l l e y  below the  inversiori ,  a so -ca l l ed 'box  model, i s  more 

appropr i a t e .  1 5 , 2 2  This technique may be s u i t a b l e  a s  a conse rva t ive  screening  

method.. 

fiii) Mechanical Forcing and Turbulence 

Turbulence can be forced ,  enhancing mixing and d i s p e r s i o n ,  by t h e  

presence of topographic r e l i e f .  l 6  Such a cond i t i on  i s  d i f f i c u l t  t o  ana lyze  

al though t e r r a i n  types can be i d e n t i f i e d  which g ive  r i s e  t o  mechanical turbu- 

lence .  Abrupt changes i n  e l e v a t i o n ,  i s o l a t e d  topographic f e a t u r e s  and ve ry  

i r r e g u l a r  su r f  aces  a l l  can c o n t r i b u t e  t o  mechanical fo rc ing .  " l 6  Phys i ca l  

modeling techniques (wind tunne l ,  water  chanriels) can b e  used most success- 

f u l l y  t o  q u a l i f y  and quan t i fy  such mechanical tu rbulence  genera t ion .17  Physi- 

c a l  modeling techniques do no t ,  however, d e a l  w i th  the  frequency of occurrence 

and pe r s i s t ance ,  of t h e  meteoro logica l  cond i t i ons  modeled. 

f B )  Interactions of  Surface Generated Flows with Larger Scale 
Me teorology 

A major complicat ion of mountain meteorology is t h e  f a c t  t h a t  normal 

passage of l a rge - sca l e  meteoro logica l  systems is  g r e a t l y  a l t e r e d  by t h e  

topography. The expected s u r f a c e  induced flows, '  f o r  example, may be  s t r o n g l y  

a l t e r e d  o r  no t  occur  a t  a l l  a s  a r e s u l t  of l a r g e r  s c a l e  p a t t e r n s .  These 

l o c a l  e f f e c t s  of l a r g e r  s c a l e  systems can have a major e f f e c t  on d i s p e r s i o n  

modeling. 

fi) Separation und DecoupZing 

P a r t i c u l a r l y  when wind blows perpendicular  t o  a r i d g e  t h e  flow may 

s e p a r a t e  from t h e  downwind (leeward) s i d e .  Separa t ion  c a u s e s ' a  c losed  c i r cu -  

l a t i o n  which can b r i n g  a plume down t o  the  s u r f a c e  a's w e l l  a s  a wake e f f e c t  

~f t e n  f a r  downwind of t h e  o b s t a c l e .  It i s  no t  uncommon f o r  va r ious  ' types  



of flow systems t o  e x i s t  w i t h i n  a mountain' v a l l e y  reasonably independent o f ,  

o r  decoupled .from, the  a l o f t  meteorology. ' , ' ' 9  ' '. The modeling of a plume 

under such s i t u a t i o n s  can b e  very  complex, e s p e c i a l l y  i f '  t h e  plume t r a v e l s  

between each flow regime. Phenomena based flow f i e l d s  can be  introduced i n t o  

Gaussian models t o  be  used a s  s c reen ing  techniques.  However, a p r e f e r r e d  

modeling technology i s  aga'in t h e  use  of wind tunnels  and/or  water  channels ,  

b u t  t h e  problem of p e r s i s t e n c e  would need f u r t h e r  eva lua t ion .  

(i t )  ' O~mLne Z,iny , 

Wind components blowing p a r a l l e l  w i th  a v a l l e y  o f t e n  descend 'we l l  i n t o  

t h e  v a l l e y  and channel a s t r o n g  flow along t h e  v a l l e y  a x i s .  ' 9 ' 9 ' ' ' The 

convent iona l  Gaussian model is  appropr i a t e  so long as the wind fi.e.3.d is  . . 

prope r ly  s p e c i f i e d .  

(iii) Lee Waves and. Blocking 

Leewaves gene ra l ly  occur wi th  s t a b l e  flows and s e t  up a s t a n d i n g  pat-  

t e r n  of waves downwind of major t e r r a i n  f e a t u r e s .  ' s ''! Depending upon how 

c l o s e  t o  the' s u r f a c e  t h e s e  waves and t h e i r  a s soc i a t ed  flow's occur ,  e i t h e r  

s e p a r a t i o n  o r  a hfgh v e l o c i t y  s u r f  a c e  flow may r e s u l t .  ' ' ' Blocking, another  ' 

r e s u l t  of s t a b l e  flow, occurs  upwind (windward) of t e r r a i n '  and b a s i c a l l y  

r e p r e s e n t s  a reg ion  of ~ t a ~ n a t i o n . ~ , ' ~  Upwind s l o p e s  wi th  a reasonable  flow 

component perpendicular  t o  t h e  r i d g e  l i n e  may be s u b j e c t  t o  such blocking 

under s t a b l e  atmospheric  condi t ions .  A.box model such a s  descr ibed  above 

could be c a l c u l a t e d u s i n g  t h e  r i d g e  top  as mixing he igh t  m d ,  a a~lrfacc  a r e a  . . 

a p p r o p r i a t e l y  deffned.  Such a process  could b e  u s e d . a s  a s c reen ing  technique.  
. . 

An a l t e r n a t i v e  is t h e  use  of combined meteoro logica l  and d i s p e r s i o n  modeling. 2 3 

(C) .Worst Case ~ s t i m a t e s  

Worst ca se  e s t i m a t e s  of ground l e v e l  concen t r a t ions  under t e r r a i n -  

d i s t u r b e d  flow condi t ions  may be  addressed w i t h  s imple modeling techniques 

i f  c a r e  is taken '  i n  s e l e c t i n g  model i npu t  v a r i a b l e s .  Perhaps t h e  most impor- 

t a n t  e f f e c t  .of topo'graphic flow f e a t u r e s  is  t h e  .severe c o n s t r a i n t  on. .repre- .' 

s e n t a t i v e n e s s  of i n p u t  d a t a  i nc lud ing  mean wind, s t a b i l i t y ,  and turbulence ,  

s i n c e  t h e s e  flows e x h i b i t  stro.hg space-time v a r i a b i l i t y ,  p a r t i c u l a r l y  i n  t h e  

v e r t i c a l .  Some de termina t ion  must be  made t h a t  t he  plume is  involved i n  t h e  

same f low regime a s  t h e  meteoro logica l  i npu t  d a t a  throughout i ts  pa th  t o  t h e  

p o t e n t i a l  r ecep to r  s i t e .  



Many dra inage  f lows a r e  r e l a t i v e l y  shal low (< 200 m i n  depth)  and wind 

measurements near  ground l e v e l  may no t  apply  t o  an e leva ted  plume i f  i t  is  

above the  dra inage  regime. Also the  l a t e r a l  r a d i u s  of r ep re sen ta t iveness  of 

wind measurements becomes very smal l  i n  broken t e r r a i n .  

I f  t he  n e t  t r a n s p b r t  i s  proper ly  es t imated  and i f  a l t e r a t i o n s  t o  d i l u -  

t i o n  r a t e  due t o  l o c a l  e f f e c t s  a r e  accounted f o r ,  Gaussian plume o r  box model- 

i n g  concepts may be reasonably appl ied  t o  o b t a i n  bounds on ground l e v e l  

concent ra t ions  of p o l l u t a n t s .  I n  e s t a b l i s h i n g  procedures  f o r  e s t ima t ing  t h e  

impact of a  proposed f a c i l i t y  t h e  fo l lowing  s t e p s  should be considered : 

1. Examination of topographic c h a r t s  on s e v e r a l  s c a l e s  w i t h  

vary ing  degrees of smoothing w i l l  a i d  i n  determining t h e  

b a s i c  s e t t i n g  with regard t o  b a s i n  s t r h c t u r e ,  channel ing,  

downwash, drainage,and s t a g n a t i o n  p o t e n t i a l .  

2. A quan t i t a ' t i ve  c r i t i c a l  review of e x i s t i n g  meteoro logica l  

records  from s i t e s  w i t h i n  t h e  same gene ra l . t opograph ic  

domain w i l l  a i d  i n  e s t a b l i s h i n g  t h e  e x i s t e n c e  and occur- 

rence  frequency of topographic e f f e c t s  on t r a n s p o r t .  
~ 

These d a t a  a r e  l i k e l y  t o  be  sparse .  arid n o t  proper ly  

loca t ed  f o r  a  s i t e  a n a l y s i s ,  s o  s i t e ' m e t e o r o l o g y  must . , . . 

be considered nex t .  

3 .  Based on t h e  i n s i g h t s  gained from t h e  f i r s t  two s t e p s ,  

perform a s e r i e s  of observa t ions  t o  e s t a b l i s h  the  r a d i u s  

of r ep re sen ta t iveness .  This  should inc lude  e l eva t ed  

winds by means of p i b a l s  and concurren t  observa t ions  from 

combinations of topography such as d i f f e r e n t  s l o p e  f a c e s ,  

valley-mesa, h i l l s i d e - p l a i n ,  and source-receptor  p o i n t s .  

I n  documenting l o c a l  flows, cons ide ra t ion  should be given 

t o  t h e i r  recur rence  frequency, depth ,  l a t e r a l  e x t e n t ,  

d i u r n a l  p a t t e r n ,  n e t  wind speed ,and some measure of t u r -  

hul.ence i n t e n s i t y .  

4 .  The pre l iminary  a n a l y s i s  o u t l i n e d  above g ives  a  b a s i s  f o r  

e s t ima t ing  bounds on ground l e v e l  concent ra t ions  f o r  screen-  

ing  purposes and a i d s  i n  t he  des ign  of subsequent monitor ing 



networks. Using t h e  morphology of l o c a l  flows and t h e  

des ign  of t he  proposed f a c i l i t y ,  an  assessment can b e  made 

of t h e  i n t e r a c t i o n  of t h e  plume wi th  t h e s e  wind domains, 

inc luding  the  l i k e l y ,  p o l l u t a n t  t r a j e c t o r i e s .  

Examples of s imple model a p p l i c a t i o n s  given the  i n s i g h t s  from s t e p s  1-. 

4 above are:  

a .  PZwne InvoZved i n  Drainage Wind. These flows main ta in  a 

down~ldpe  .component and a r e  e s t imab le  from smoothed topo- 

graphic  c h a r t s .  The turbulence  i n  these wj.nds is  o f t e n  

, g r e a t e r  than  would be- impl ied  by a s imple AT p r e d i c t o r  

and should be measured i n  o rde r  t o  n o t  underes t imate  

d i l u t i o n .  Flows may vary from 1 to,  10  m/occ but. are 

o f t e n  remarkably s t eady  and amenable t o  Gaussian plume 

modeling along the .de te rmined  (poss ib ly  curved) plume 

a x i s .  The daytime coun te rpa r t  t o  t h e  drainage wind i s  

gene ra l ly  weak, b r i e f  and spo rad ic  and' is ddminated by 

the l a r g e  s c a l e  flow regime of t h e  day. 

b. PZwne Elevated above Drainage Flow. I f  i t  is determined 

t h a t  the  plume and r e c e p t o r  a r e  i n  t he  more liniform wind 

f i e l d  above the  l o c a l  dra inage  w i n d , t r a d i t i o n a l  modeling 

techniques [ f o r  organized f lows]  may be a p p l i c a b l e  t o  

worst case  de te rmina t ions .  

c .  Stagnation. A plume imbedded i n  a s t agnan t  f1.m crea t ed  

by a b a s i n  s t r u c t u r e  o r  b locking  by a r i d g e  may b e  t r e a t e d  

us ing  modified Gaussian plume techniques.  ' > 2  (The Valley 

model is a n  example of  one such technique.) Plumes above 

a s t a g n a n t  r e g i o n . i n  a w e l l  def ined  wind f i e l d  may be  more 

amenable to,  t h e  t r a d i t i o n a l  Gaussian plume model appl ica-  

t i o n s .  

d .  Separated Flows. These a r e  l o c a l  i n  c h a r a c t e r  and depend 

on t h e  e x i s t e n c e  of some gene ra l  meteoro logica l  cond i t i ons  
. . 

of s t a b i l i t y  and wind speed. The geometry of t h e ' s o u r c e .  

and the  obs tac le .  producing the  s e p a r a t i o n  is very  important .  

Wi th .an  ups t ream.source  es t imated  t o  be involved i n  t h e  



sepa ra t ed  flow reg ion ,  a  w e l l  mixed zone on the  l e e  s i d e  of 

t he  o b s t a c l e  ("box". model) may be  adopted . With the  source  

i n  a  l e e  s i d e  downwash, maximum ground l e v e l  concen t r a t ions  

would be due t o  a  n e a r l y  d i r e c t  pa th  of p o l l u t a n t  t o  t h e .  

ground i n  a  fumigat ion mode. 

2.6.4 Supp Zementaq Comments and Information 

Supplementary comments and information were' submit ted by both  members . 
of t he  working group And. o t h e r s .  This  m a t e r i a l  can be  f  aund i n  Sec. .3 - 6  and 

is  referenced  below. 

D. Fox submit ted a  d e s c r i p t i o n  of t h e  TAPAS model i n  t h e  format of t h e  

conference notebook (Set. 3.4.1) .  Th i s  model c a n . b e  app l i ed  i n  complex t e r r a i n .  

I n  Sec. 3.6.2, H.  S l a t e r  d i s c u s s e s  t h e  Val ley  model and some compari- 

sons of observed and est imated concen t r a t ions  inc luding  a  d e s c r i p t i o n  of t h e  

cond i t i ons  under which t h e  d a t a  were obta ined .  

M. W i l l i a m s  (Sec. 3.9.2) h a s  suggested a  s p e c i f i c  change i n  t h e  wording 

f o r  p.  '30 of t h e  d r a f t  Guidel ine.  The sugges t ion  concerns t h e  cho ice  of wind 

speed when an  e leva ted  sou rce  impacts h igh  t e r r a i n .  He p r e s e n t s  d a t a  on t h e  

u n a c c e p t a b i l i t y  of ground l e v e l  i n fe rences  of s t a b i l i t y ,  wind speed, and d i r e c -  

t i o n  dur ing  s t a b l e  cond i t i ons .  He a l s o  sugges t s  some changes i n  t h e  Valley 

a lgor i thm.  I n  Sec. 3 . 6 . 4 ,  he a l s o  comments on t h e  u s e  of plume ha l f -he ight  

c o r r e c t i o n s ,  t h e  uni formi ty  of t h e  wind f i e l d  i n t h e  lower atmosphere under 

s t a b l e  cond i t i ons ,  and t h e  i n f l u e n c e  of t e r r a i n  elements on s t a b l e  plumes. 
. - . - .- . . . 

The l e t t e r  from Howard M. E l l i s  of Enviroplan submit ted by M. Smith 

( ~ e c .  3.9.4) coknents on the  use  of a ha l f -he ight  r a t h e r  t.han a  f u l l - h e i g h t  

(CRSTER t rea tment )  r educ t ion  i n  ' e f f e c t i v e  s t a i k  h e i g h t  i n  complex t e r r a i n  and 

on turbulence  and d i s p e r s i o n  enhancement. 

G. Melvin <Set. 3.9.6) has  presented  a d e s c r i p t i o n ,  i n  t h e  notebook 

format ,  of t h e  I l l i n o i s '  A i r  Qual i ty  Shor t  Term Model (AQSTM) which can  be  

used i n  complex t e r r a i n .  

I n  Sec. 3.6.3,D. Henderson has  commented on t h e  u s e  of l o c a l  meteoro- 
-- 4.. 

l o g i c a l  coqd i t i ons  i n  Valley and on t h e  condi t ions!  under which t h e  model i s  

1st a p p l i c a b l e .  He has a l s o  noted f a c t o r s  which determine t h e  d e g r e e - o f  con- 

s e r ~ a t i s m  o£ a box model. 
i 
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2.7.1 In t roduc tory  Remarks 

T h i s  working group d e a l t  p r i m a r i l y  w i t h  d e t a i l e d  a s p e c t s  of t h e  

Gauss ian  plume model i n  g e n e r a l  and w i t h  some i s s u e s  s p e c i f i c  t o  some of 

t h e  a l g o r i t h m s  recommended i n  t h e  proposed g u i d e l i n e .  The problems asso-  

c i a t e d  w i t h  s p e c i a l  modeling! s i t u a t i o n s  such  as complex t e r r a i n  were n o t  

d i s c u s s e d .  
I 

The g e n e r a p  consensus  of t h e  group was t h a t  w h i l e  some s e r i o u s  

c o n c e r n s  were r a i s e d  and some impor tan t  q u e s t i o n s  needed t o  b e  answered,  

none were  s o  s e r i o u s  as t o  p r e v e n t  i n t e r i m  u s e  o f '  t h e  G115.de.line recommended 

s i m p l e  t e r r a i n  algorithrris  such as "RAM" and "CRSTER". 

The most: i m p o r t a n t  i s s u e  r a i s e d  by t h e  grnilp w a s  the v a l i d i t y  o f t h c  oub- 

j e c t i v e l y  e x t r a p o l a t e d  p o r t i o n  of t h e  a c u r v e  f o r  t h e  P a s q u i l l - G i f f o r d  s t a b i l i t y .  
z 

c l a s s  A and i t s  a p p l i c a b i l i t y  t o  t h e  computat ion of ground l e v e l  concen t ra -  

t i o n s  from t a l l  s t a c k  e m i s s i o n s .  similar q u e s t i o n s  were a l s o  r a i s e d  re- 

g a r d i n g  t h e  upward t u r n i n g  ' s t a b i l i t y  B c u r v e  and t h e  downward t u r n i n g  

s t a b i l i t y  D,  E,  and F c u r v e s  f o r  a . ~ h e ' ~ r o u ~  suppor ted  t h e  method of z 
m u l t i p l e  images f o r  t r e a t i n g  d i s p e r s i o n  i n  a  l i m i t e d  mixing l a y e r  and 

s t r e s s e d  t h a t  f o r  e l e v a t e d  r e l e a s e s  t h e  s u r f a c e  based s t a b i l i t y  pa ramete r  

must b e  accompanied by i n f o r m a t i o n  abou t  t h e  l a y e r  c o n t a i n i n g  t h e  plume. 

Of s p e c i a & . i m p o r t a n c e  is  t h e  p o s i t i o n  o f ' t h e  plume r e l a t i v e  t o  a ground ' 

based o r  e l e v a t e d  i n v e r s i o n  l a y e r .  

There  was s i g n i f i c a n t  d i f f e r e n c e  of o p i n i o n  abou t  t h e  v a l i d i t y  of 

t h e  p r e d i c t i o n  of n e u t r a l  hours  by t h e  "STAR" computer program and t h e  

i m p l i c a t i o n s  f o r  b o t h  ground based and e l e v a t e d  r e l e a s e s .  

The group unanimously agreed  t h a t  t h e s e  q u e s t i o n s  d,eserved s e r i o u s  

a t t e n t i o n  and recommended t h a t  a thorough and s y s t e m a t i c  s t u d y  be  con- 

d u c t e d  of b o t h  t h e  t h e o r e t i c a l  arguments and a v a i l a b l e  d a t a .  

These  i s s u e s  are more f u l l y  d i s c u s s e d  i n  t h e  f o l l o w i n g  t e x t .  

  is cuss ions on s e v e r a l  a d d i t i o n a l  i s s u e s ,  i n c l u d i n g  some s p e c i f i c  t o  t h e  

CRSTER a l g o r i t h m  a r e  a l s o  p r e s e n t e d .  

2.7.2 V e r t i c a l  P r o f i l e s  o f  Wind Speed 

The working group unanimously agreed  t h a t  t h e  r e p r e s e n t a t i o n  of 

t h e  i n c r e a s e  of wind speed, w i t h  h e i g h t  now employed i n  t h e  EPA modeling 



systems is  s a t i s f a c t o r y :  This  system t a k e s  t h e  form of a  power law wi th  t h e  

exponent vary ing  according t o  s t a b i l i t y  c a t e g o r i e s .  

2.7.3 Corrpnr~ison of STAR, AT, and a 
0 

I n  o rde r  t o  make any d i s p e r s i o n  e v a l u a t i o n ,  t h e  a v a i l a b l e  meteoro logica l  

d a t a  must be  s t r a t i f i e d  accord ing  t o  c a t e g o r i e s  r e p r e s e n t i n g  t h e  d i f f u s i v e  

capac i ty  of t h e  atmosphere.  A v a r i e t y  of s i m p l i f i e d  approximations have been 

used t o  r e p r e s e n t  t h i s  v a r i a b l e .  

The group n o t e s  t h a t  t h e  va r ious  systems,  when app l i ed  t o  t h e  same 

d a t a ,  g i v e  widely d i f f c r e n t  S i s t r i b u t i o n s  of s t a b i l i t y  c a t e g o r i e s .  Many 

au tho r s  have poin ted  o u t  t h e s e  d i f f e r e n c e s ,  bu t  a  p a i r  of examples show t h e  

. e x t e n t  of t h e  problem. 

Table  1 compares t h e  frequency of t h e  pasquill-p if ford s t a b i l i t y  

c a t e g o r i e s  es t imated  r'rom tower tempera ture  d i f f e r e n c e  (AT) measurements w i th  

a  se t  de r ived  from s t anda rd  d e v i a t i o n  of t h e  wind f l u c t u a t i o n s  (a  ) measure- 
8 

ments. The d i s c r e p a n c i e s  a r e  enormous, w i t h  d i f f e r e n c e s  a s  g r e a t  a s  a  f a c t o r  

of 3 o r  4 among t h e  major u n s t a b l e ,  n e u t r a l  and stable groups.  Table  2 com- 

pa re s  a  "STAR" c a l c u l a t i o n  w i th  t h e  AT and a e s t i m a t e s .  Again t h e  v a r i a t i o n s  
8 

a r e  huge. 
- 

A ques t i on  was r a i s e d  regard ing  t h e  p r e d i c t i o n  of n e u t r a l  s t a b i l i t y  

c a t e g o r i e s  by t h e  "STAR" program. While t h e  group d i d  n o t  unanimously a g r e e ,  

some p a r t i c i p a n t s  expressed t h e  op in ion  t h a t  t h e  "STAR" program tended t o  pre- 

d i c t  u n r e a l i s t i c a l l y  high numbers of n e u t r a l  hours  e s p e c i a l l y  f o r  low l e v e l  
2 

sou rces .  
8 .  

It i s  t h e  consensus t h a t  t h e  technique  of e s t ima t ing  s t a b i l i t y  now used 

i n  the.EPA computer eva lua t ions  (STAR) can be  used i n  t h e  i n t e r i m  b u t  t h a t  i t  

be reviewed t o  r e s o l v e  t h i s  ques t i on  and t o  develop an  a l t e r n a t e  system whieh 

w i l l  e l i m i n a t e  t h e  u n r e a l i s t i c a l l y  l a r g e  percentages  of n e u t r a l  hours  i f  nec- 

ce s sa ry  . 

We doubt t h a t  AT, a t  l e a s t  over modest h e i g h t  i n t e r v a l s ,  w i l l  s e r v e  a s  

an a l t e r n a t i v e  because of i n s t rumen ta l  accuracy problems, and because i t  is  

based on only  one of t h e  s e v e r a l  key f a c t o r s  r e s p o n s i b l e  f o r  t u rbu lence .  A 

p o s s i b l e  a l t e r n a t i v e  might be ha.sed on wind f l u c t u a t i o n s  f o r  e s t i m a t e s  of h o r i -  

z o n t a l  d i s p e r s i o n  and e i t h e r  AT o r  n e t  r a d i a i o n  measurements f o r  v e r t i c a l  d i s -  

pe r s ion .  



T a b l e  1 

* 
JOINT FREQUEE~CY OF og (30 ' )  and AT DATA ( X )  

200' - 5 '  

MARCH 1971  - FEBRUARY i972  

Category A B C D E F G Sum 

7 . 9 1  '36.28 Uns tab le  \ 
. . 

D 1 . 4 1  0.84 3.61' 29'. 2 1  3.35 '1 .59 45.90 45.90 N e u t r a l  
. . 

Sum 
. . 

0.82 0.45 1.87 2.78 1 .SO 0 . 6 1  11.28 I 

0 .01  
N 

. 0.03 ' 0.93 0.19 0.26 0.04 20.05 S t a b l e  

Uns tab le  N e u t r a l  S t a b l e  

* 
From: Environmental  Repor,t,  Tro jan  Nclclear Power P l a n t ,  Oregon. 



* 
T a b l e  2 

A B C D E F G 

* * 
ST= 1 .08  7.68 7.93 57.17 8 .74 17.39 

AT 3.20 1.84 8.09 12.87 60.29 12.29 5.65 

u 
8 

11.40 7.91 16.97 45.90 11.28 0 -77 0 .oo 
- - 

Unstab le  N e u t r a l  S t a b l e  

STAR 16.69 57.17 26.13 

AT 
I 

13.13 12.87 76.23 w 0 
GJ 

u 
I 

8 
36.28 45.90 20.05 

* 
Data based on a n  Environmental  Report  on t h e  T r o j a n  Nuclear  Power P l a n t ,  Oregon a s  
r e p o r t e d  i n  a l e t t e r  d a t e d  November 22,  1976 from James Carson t o  Maynard Smith.  
(See r e f e r e n c e  materials a t  end of r e p o r t )  

** 
The STAR program used s e l e c t s  o n l y  s i x  s t a b i l i t y  c l a s s e s .  



For f u r t h e r  d i s c u s s i o n  on problems a s s o c i a t e d  w i t h  s u r f a c e  based meteoro- 

l o g i c a l  d a t a ,  see Sec t ion  3 .9 .2  f o r  some remarks by M. Williams regard ing  t h e  

LAPPES Program' d a t a .  

2.7.4 Mix ing  H e i g h t  I n t e r p o Z a t i o n  Scheme Used i n  CRSTER 

There a r e  r e s e r v a t i o n s  about t h e  i n t e r p o l a t i o n  scheme used i n  CRSTER t o  

o b t a i n  hourly mixing h e i g h t s .  Th i s  system should.  be t e s t e d  a g a i n s t .  a v a i l a b l e  

d a t a  and t h e  r e s u l t s  should be documented. The scheme should be  examined and . 

could be  improved us ing  hour ly  s u r f a c e  tempera tures  t o  i n t e r p o l a t e  t h e  mix&, . 

, . 
h e i g h t s  be tween . the  s t anda rd  hours  of radiosonde,observacions. 

2.7 .5  . V e r t i c a l  Dispersion Est,irrrcl.Les 

There i s  evidence3 t h a t  i n  t h e i r  p r e s e n t  form, t h e  Pasqu i l l -  I , 

Gifford  a curves a r e  u n s u i t a b l e  f o r  c a l c u l a t i o n  of t h e  ground l e v e l  concen- 
z 

t r a t i o n  due t o  emissions f r o m - t a l l  s t a c k s .  I n  p a r t i c u l a r ,  t h e  s t a b i l i t y  A 

and,  t o  some e x t e n t ,  t h e  s t a b i l i t y  B curves  may r e s u l t  i n  l a r g e  overes t imates  

of  t h e  shor t - te rm maximum gruund-level  concen t r a t i on  (1-hr. t o  3-hr. averages  

e s p e c i a l l y )  and i n  underes t imates  of i t s  d i s t a n c e  when compared w i t h  observa- 

t i o n s .  Ex t r apo la t i on  of t h e  A curves  f o r  u and a beyond t h e  800m range 
Y z 4 

l e a d s  t o  va lues  of a /a equa l  t o  10 ,  which seems p h y s i c a l l y  unreasonable .  = Y 

AZsb, t h e r e  is  evidence.  t h a t  t h e  p re sen t  0 curves  f o r  D ,  E and F 
z 

s t a b i l i t y  .(which ' t u rn  downward) r e s u l t  i n  underes t imates  of t h e  maxi-. ' 

mum ground-level  concenftltatlon on v a ~ l u u s  ~ l u i c  s c a l e s  and ovcrosiiimates of 

i t s  d i s t a n c e .  . The degree  of t h e  underes t imates  .or overes t i tua tes  is, roughly . . 

p r o p o r t i o n a l  t o  t h e  plume s t a b i l i z a t i o n  h e i g h t  o r  s t a c k  h e i g h t .  

The group s t r o n g l y  recommended t h a t  t h e  changes t o  be  made t o  c o r r e c t  

t h e s e  d e f i c i e n c i e s  be  determined through a  sys t ema t i c  s tudy  of a v a i l a b l e  

d a t a  f o r  a wide v a r i e t y  of cond i t i ons  and o t h e r  p e r t i n e n t  in format ion  on 

t h e  e f f e c t s  of t a l l ' - s t ack  plume d h a r a c t e r i s t i c s  on ground-level  concen- 

t r a t i o n s .  P o s s i b l e  changes suggested by such a  s tudy ,  e s p e c i a l l y  f o r  t a l l  

s t a c k  c a l c y l a t i o n s  and d i s t a n c e s  g r e a t e r  than 1 'km, might i nc lude  t h e  

. . 



e l imina t ion  of t h e  A cu rvesand  t h e  u s e  of t h e  B cu rve  f o r  both A and B 

s t a b i l i t y  c a t e g o r i e s .  A l t e r n a t i v e l y ,  t h e  a curves  f o r  t h e  A ,  D ,  E ,  and 
z  

F  c a t e g o r i e s  may be  re formula ted  t o  show an approximate l i n e a r  dependence 

on d i s t a n c e  (on a  log-log p l o t ) ,  s t a r t i n g  a t  a ' d i s t a n c e  100 meters  from 

t h e  source .  I f  t h i s  procedure is  adopted,  t h e  e f f e c t s  of thermal  s t r a t i f i -  

c a t i o n  i n  l i m i t i n g  t h e  v e r t i c a l  growth of plumes can b e  accounted f o r  by 

t h e  u se  of m u l t i p l e  r e f l e c t i o n  terms i n  combination w i t h  a  s p e c i f i e d  mixing 

depth .  These ad jus tments  ( i . e . ,  i n c l u s i o n  of m u l t i p l e  r e f l e c t i o n s )  apply 

on ly  t o  plumes t h a t  s t a b i l i z e  w i t h i n  t h e  mixing l a y e r  and thus  i n .  p r a c t i c e  

' a re .mos t  a p p l i c a b l e  t o  t h e  A and D c a t e g o r i e s .  It should be  noted t h a t  t h e  

a lgor i thms  RAM and CRSTER t r e a t  l i m i t e d  mixing i n  t h i s .manne r  f o r  s t a b i l i t i e s  

A thr'ough D.  

Add i t i ona l  commen,ts on t h i s  sub j  e c t  were submit ted a f t e r  t he . . con fe rence  

by M.  !Ji l l iams ( s e e  Sec. 3 . 7 . 1 )  and D .  3. Turner and L.  E .  Niemeyer ( s e e  Sec. 3 . 7 . 3 ) .  

' F i n a l l y ,  i n  o rde r  t o  account f o r  v a r i a t i o n s  i n  s u r f a c e  roughness 

and u r b a n l r u r a l  d i f f e r e n c e s ,  i t  was suggested t h a t  some l a t i t u d e  be  g iven ,  

t o  e x e r c i s e  p r o f e s s i o n a l  judgement i n  making minor ad jus tments  i n  s t a b i l i t y  

c l a s s  a s s i g k e n t s .  See r e l a t e d  comments by Moore below. 

2 .7 .6 ,  ~ n i t i a ~  PZwne Dimension 

Plume s i z e  a t  t h e  plume s t a b i l i z a t i o n  d i s t a n c e  ( a t  downwind 

d i s t a n c e s  of approximately t e n  s t a c k  he igh t s )  should b e  determined and 

incorpora ted  i n t o  u and 0 determina t ions  by a d d i n g . v a r i a n c e s  o r  u s e  of 
Y z  

v i r , t u a l  d i s t a n c e s  t o  account  f o r  i n i t i a l  s i z e  of buoyant '  plumes. A 
2 ' .  

p o s s i b l e  a lgo r i t hm f o r  doing t h i s  has  been d iscussed  by G .  Br igga  . 

2.7.7 HorizontaZ D i s p e r s i o n  E s t i m a t e s  

3 
D .  Moore. of t h e  Cen t r a l  E l e c t r i c i t y  Generat ing Board (CEGB) 

presen ted  some r ecen t  r e s u l t s  of t h e  de te rmina t ion  of ground l e v e l  a 
Y 

va lues  due t o  e l eva t ed  sources .  The r e s u l t s  ob ta ined  from s u r f a c e  sampling 

(wi th  a  sampling time of roughly one hour) t o  d i s t a n c e s  of 14 km, i nd i -  

ca t ed  l i n e a r  v a r i a t i o n  w i t h  d i s t a n c e  f o r  a l l  c a s e s  s t u d i e d .  The cons t an t  

of p r o p o r t i o n a l i t y  va r i ed  from 0.04 under s t r o n g  winds t o  0.2 under l i g h t  

winds., These r e s u l t s  appeared t o  be  very  s i m i l a r  t o  t h e  Pasqui l l -Gi f ford  



cu rves  which apply  t o  t he  plume d i s t r i b u t i o n  r e l a t i v e  t o  i t s  c e n t e r l i n e  and 

which a r e  c h a r a c t e r i s t i c  of 3-minute sampling t i m e .  Currently ' ,  t h e  CEGB 

i s  u s i n g  a va lues  which a r e  a cont inuous r a t h e r  than  d i s c r e t e  f u n c t i o n  of 
Y 5 

t h e  s t a b i l i t y  v a r i a b l e  . 
The group concurred t h a t  t h e  p re sen t  PG curves  f o r  p should b e  used 

Y 
f o r  r u r a l  c a s e s  and f o r  1-hour sampling pe r iods  f o r  e l eva t ed  sources .  This  

p o s i t i o n  t a k e s  i n t o  c o n s i d e r a t i o n  t h e  o r i g i n a l  b a s i s  f o r  t h e s e  curves  (ground- 

l e v e l  r e l e a s e s  3 t o  10  minute  sampling t imes)  and t h e  i n f l u e n k e  of wind shea r  

f o r  e l e v a t e d  sou rces  which e f f e c t i v e l y  enha.nces' t h e  h o r i z o n t a l  cpread.  n e a r  

ground l e v e l .  

T h e  position was somcwhat less c l e a r  IUL near ground r e l e a s e s .  The 

g e n e r a l  op in ion  was t h a t  f o r  ground l e v e l  sources  and 1-hour sampling t i m e s  

t h e  p r e s e n t  PG curves f o r  a should be  ad jus t ed  f o r  sampling t i m e  u s ing  t h e  
Y 

115 power law. 

To account f o r  increased  s i t e  roughness o r  h e a t  f l u x ,  cs v a l u e s  
Y 

should be  s h i f t e d  one s t a b i l i t y  ca tegory  toward u n s t a b l e  (except  a s h i f t  

from B t o  A ) .  

The inco rpo ra t i on  of ' t he  Briggs' '  urban a curves  i n .  urban models 
Y 

wa r r an t s  f u r t h e r  cons ide ra t i on .  
. . 

Extreme caut ion .  i s  adv.ised i n .  t h e  u s e  o f '  so-ca l led  " s t a b i l i t y  G" 

c a t ego ry .  Contrary t o  t h e  t r end  f o r  decreased  d i s p e r s i o n  w i t h  i n c r e a s i n g  

stability, t h e  s t a b l e ,  l i g h t  wind s i t u a t i o n  which c h a r a c t e r i z e s  t h e  
6 " s t a b i l i t y  G" c a s e  has  been shown ( s e e  f o r  example Van d e r  Hoven ) t o  

occur  w i t h  r a t h e r  l a r g e  h o r i z o n t a l  plume meander. Thus, t h e  u s e  of P a s q u i l l  G 

r e s u l t s  i n .  s e r i o u s  ove re s t ima te s  of short- term concen t r a t i ons  from low- 
, -. 

l e v e l  sou rces .  

2.7.8 Wind Direction Randomization 

Most wind d a t a  a v a i l a b l e  f o r  a i r  p o l l u t i o n  s t u d i e s  a r e  recorded t o  

10  d i r e c t i o n  i n t e r v a l s ,  whereas t h e  t i m e  hourly-mean va lues  would have 



ihown v a r i a t i o n  wi th in  t h e s e  i n t e r v a l s .  To assume t h a t  t h e  winds a r e  a c t u a l l y  

f i x e d  on t h e  10' r a d i a l s  will :  r e s u l t  i n  u n r e a l i s t i c  maximization of concentra-  

t i o n s  i n  t hese  d i r e c t i o n s .  To overcome t h i s  tendency, a  randomizer has  been 

introduced i n  t h e  CRSTER computer program t o  f o r c e  d e v i a t i o n  of t h e  wind 

from one hour t o  t h e  nex t .  

. ~ c c a s i o n a l l y  t h i s  randomizer w i l l  r e p e a t  t h e  same random number f o r  
P 

s e v e r a l  hours i n  a  row. I t  may t h e r e f o r e  c r e a t e  an u n r e a l i s t i c a l l j l . l a r g e .  

3-hourly c a l c u l a t i o n .  The r e p e t i t i o n  e f f e c t  becomes very  u n l i k e l y  over  

lnn,gr?r p ~ r i i d s ,  .and p r e s e n t s  no problem. 

It is  recommended t h a t  t h i s  problem be  rev iewed;s ince ; three  consecu- 

t i v e  i d e n t i c a l  wind d i r e c t i o n s  i s  exceedingly u n l i k e l y  i n  na tu re .  A 

p o s s i b l e  s o l u t i o n  would involve  an  au tomat ic  o v e r r i d e  t o .  p revent  succes s ive  

d u p l i c a t i o n  of random numbers f o r  short- term eva lua t ions .  

See f u r t h e r  comments con t r ibu ted  a f t e r  t h e  conference by M. Smith, 

Sec t ion  3. 

2.7 .9  Review and Comment on PasquiZZ's Recommendations for Interim 
Changes t o  the Pasqui Z 2-Gifford curves1 . 

1. No change should be  made t o  t h e  p r e s e n t  "PG-curves" f o r  0 '. . It was 
Y .  

f e l t  t h a t  P a s q u i l l ' s  recommendations regard ing  0 could n o t  b e  gene ra l ly  
. .  8 .  

implemented a t  t h i s  time. 

2 .  I n  regard t o  adjustments  t o  s t a b i l i t y  c l a s s e s  t o  account  f o r  s u r f a c e  

roughness and t h e  urban h e a t  i s l a n d  e f f e c t , a  p r a c t i c a l  compromise was 

recommended: I n  an  urban a r e a  t h e  s t a b i l i t y  c l a s s  should be  changed 

by one u n i t ,  i n  t h e  d i r e c t i o n  of u n s t a b l e  t o  account f o r  t h e  combined 

e f f e c t s  of s u r f a c e  roughness and t h e  h e a t  i s l a n d .  

3. A c o r r e c t i o n  should be made i n  t h e  Gaussian model which t akes  account  

of tlfe plume dimension a t  an a p p r o p r i a t e  d i s t a n c e  downwind from t h e  

r e l e a s e  p o i n t  ( s e e  Sec t ion  2 .7 .6  of t h i s  r e p o r t )  bu t  no t  n e c e s s a r i l y  

fo l lowing  p r e c i s e l y  P a s q u i l l ' s  sugges t ion .  

2.7.10 Use of Models i n  Urban us. Rural Ai.leas 

I t  was noted t h a t  CRSTER i s  intended s p e c i f i c a l l y  f o r  r u r a l  

- a l c u l a t i o n s  ( i . e . ,  r e l a t i v e l y  smooth s u r f a c e . w i t h o u t  hea t  i s l a n d  e f f e c t s ) .  



For urban c a s e s  (rough s u r f a c e . a n d  urban h e a t  i s l a n d  e f f e c t )  t h e  
. . 

a p p r o p r i a t e  v e r s i o n  of should be  used i n  l i e u  of CRSTER.   ow ever, 
. . .  :: . 

t h e  group emphasized t h a t  the.EPA should be c e r t a i n  t h a t  t h e  RAM 

a l g o r i t h m  has  been v a l i d a t e d  by comparison w i t h  f i e l d  d a t a .  

I f  CRSTER were t o  be  used i n  urban-type s i t u a t i o n s  t h e  s f a b i l i t y  

c l a s s  should b e  changed by one u n i t  toward t h e  u n s t a b l e .  



FOOTNOTES FOR SECTION 2.7. 

1. Cramer, i n  a  post-conference c o n t r i b u t i o n ,  see Sec. 3 . 7 . 2 ,  emphasized 
t h a t  t h i s  s ta tement  should n o t  be  i n t e r p r e t e d  t o  mean t h a t  t h e  power-law 
exponents c u r r e n t l y  used by t h e  EPA a r e  n o t  s u b j e c t  t o  change. He 
suggested some p o s s i b l e  modi f ica t ions .  

2 .  I b i d .  Cramer f e e l s  t h a t  t h e  PG s t a b i l i t y  c a t e g o r i e s  p red ic t ed  by 
STAR a r e  very s a t i s f a c t o r y  provided t h a t  mix ing ,he ight ,  v e r t i c a l  temper- 
a t u r e  g r a d i e n t ,  and t h e  wind p r o f i l e  exponent a r e  a l s o  s p e c i f i e d  f o r  
each combination of wind speed and s t a b i l i t y .  

3. I n  h i s  post-conference cont t ' ibut ion,  8.- Cramer ( s e e  Sec. 3.7.2) has  
prepared a  w e l l  documented argument f o r  modifying t h e  PG a, curves ,  . . .  . 

:. t h i s  argument deserves  c a r e f u l  a t t e n t i o n .  

4 .  The group w a s  cogqizant  of t h e  f a c t  t h a t  t h e  or ig ina .1  a, curves  f o r  
s t a b i l i t y  A was based. on d i r e c t  measurements, i . e . ,  observa t ions  of 
v e r t i c a l  d i s t r i b u t i o n ,  only ou t  t o  lOOm and on i n d i r e c t  measurement, 

.. . . . . , . . . . - . ... 
i. e . ,  r educ t ion  from observa t ions  of ground l e v e l  d i s t r . ibu t i 'on ,  ' out  " 

t o  800m (see  Ref. 1 ) .  ' 

, . 

5 .  I n  h i s  p re sen ta t ion ,  Moore advocated t h a t  a, and ay be  expressed a s  
a n a l y t i c a l / e m p i r i c a l  func t ions  of sou rce  h e i g h t ,  sampl ing . t ime,  and 
s u r f a c e  roughness,  a s  w e l l  as s t a b i l i t y ,  wind speed.and downwind d i s -  
tance .  See Ref. 4 and Sec. 3.9.5. . . 

. . . . 
. . . . 
. . . . 

. .  . 
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2 .8 .1  Principles 

While t h e  d e s i r a b i l i t y  of providing mode1,recommendations t o  t h e  

u s e r  community i s  w e l l  recognized,  i t  i s  c l e a r l y  unwarranted t o  o f f e r  such 

recommendations when suppor t ing  in format  i on  i s  inadequate  o r  unava i l ab l e .  

' C o n s i s t e n t  wi th  t h i s  philosophy a r e  t h e  fo l lowing  requirements:  

- The s p e c i f i c a t i o n  t h a t  models must meet c e r t a i n  s t anda rds  of 

performance i f  they a r e  t o  be  endorsed i n  t h e  Guide l ine  f o r  

g e n e r a l  u se .  

- The acceptance  of model v e r i f i c a t i o n  a s  a  common p r a c t i c e  i n  

o v c r n l l  model u se  where performance i s  n o t  e s t a b l i s h e d .  

To provide  an o r d e r l y  b a s i s  f o r  determining model performance, we f o r e s e e  

t h e  fo l lowing  needs: 

- * 
- Presc r ibed  s t anda rds  f o r  model performance 

- Spec i f i ed  model v e r i f i c a t i o n  procedures  

- ~ s t a b l i s h e d  performance e v a l u a t i o n  procedures  

I n  o r d e r  t o  m e e t  t h e s e  needs ,  w e  s t r o n g l y  recommend t h a t :  

- An e f f o r t  be  mounted t o  e s t a b l i s h  t h e  a p p r o p r i a t e  

s t anda rds  and procedures  (under t h e  ausp i ce s  of EPA). 

- A cont inu ing  f u n c t i o n  be  e s t a b l i s h e d  w i t h i n  EPA expres s ly  f o r  

t h e  purpo'se of model eva luaf  ion .  

- ~ s t a b l i s h e d  s t anda rds  arid be  r e v i s i t e d  un a  r e g u l a r  

b a s i s .  

See  S e c t i o n  2 . 8 . 4 .  

Recognizing t h a t  t h e s e  recommendations do n o t  s a t i s f y  t h e  short- term 

needs of  model u s e r s ,  we'recommend t h a t  t h e  fo l lowing  p r a c t i c e s  be  adopted 

on an  i n t e r i m  b a s i s  u n t i l  t h e  needed f u n c t i o n s  a r e  pu t  i n t o  p r a c t i c e :  

rh 
Also of concern i s  t h e  e x t e n t  of g e n e r a l i t y  of model a p p l i c a b i l i t y .  
I n  o t h e r  words, t h e r e  i s  a  need t o  p l a c e  c o n s t r a i n t s  o n ' t h e  range  of 
model a p p l i c a b i l i t y  over which t h e  performance s t anda rds  a r e  expected 
t o  b e  met.  



- t h e  ex t en t  of eva lua t ion  undertaken f o r  models mentioned i n  t he  

Guidel ine be ind ica t ed  i n  a  manner c o n s i s t e n t  w i th  Sec t ion  

2.8.6. 

- a r e a s  of a p p l i c a b i l i t y  of t h e  models and c o n s t r a i n t s  ( a r e a s  of 

non-appl icabi l i ty )  be l i s t e d .  

Examples of t h e  type of information t o  be  suppl ied  a r e  shown i n  Sec t ion  

2.8.5. 

We b e l i e v e  t h a t  a t t e n t i o n  must be given t o  t h e  fo l lowing  cons ide ra t ions  

i n  a t tempt ing  t o  prepare  g u i d e l i n e s . f o r  model eva lua t ion  p r a c t i c e s  and 

procedures  : 

- V e r i f i c a t i o n  should be  viewed i n  two con tex t s  - gene ra l  and site- 

s p e c i f i c  usage. The d i s t i n c t i o n  between t h e  two con tex t s  should 

h e  maintained wherever app ropr i a t e ,  g iv ing  r ecogn i t i on  t o  p o t e n t i a l l y  

d i f f e r i n g  v e r i f i c a t i o n  requirements .  

- Performance s t anda rds  should vary  i n  s t r i ngency  and con ten t ,  g iv ing  

r ecogn i t i on  t o  : 

- t h e  d i f f e r e n c e s  i n  models 

.- v a r i a t i o n s  i n  d e s i r e d  l e v e l  of accuracy (compare.screening 
u s e  and r e f i n e d  u s e  of models) 

- lo£ t i n e s s  of performance goa l s .  (This  g ives  r ecogn i t i on  of 
t h e  two-step process  of (1) s e 1 e c t i n g . a  model w i th  a  c e r t a i n  
p o t e n t i a l  p r e d i c t i v e  c a p a b i l i t y  and (2) e s t a b l i s h i n g  t h e  e x t e n t  
t o  which i t s ,  c a p a b i l i t y  i s  r e a l i z e d .  See Sec t ion  2.8.6.  

- V e r i f i c a t i o n  a c t i v i t i e s  should b e  c a r r i e d  o u t  w i t h  o v e r a l l .  p r o j  e c t  

and information-gathering-goals  i n  mind, i . e . ,  g i v e  proper  cons i - '  

d e r a t i o n  to :  

- t h e  problem t o  be  reso lved  

- t h e  n a t u r e  of t h e  Standard t o  be  met ( i t s  form, i t s  averaging 
t ime,  e t c . )  

- V e r i f i c a t i o n  g o a l s  should b e  i n  concer t  wi th  p o t e n t i a l  l e v e l  of 

achievement i n s o f a r  a s  i t  i s  l i m i t e d  by t h e  accLracy of d a t a  i npu t  

t o  t h e  model and d a t a  t o  .be compared wi th  p r e d i c t i o n s .  



- Obl iga t ions  of t h e  u s e r  ( i n  c o n t r a s t  w i t h  t h e  cont ro l .agency)  should 

be  s p e c i f i e d  

- Recognition .shou'ld be  given t o  t h e  t r ade -o f f s  'between c o s t s  and 

b e n e f i t s  p r i o r  t o  mounting any s u b s t a n t i a l  v e r i f i c a t i o n  program. 

2.8.,3 Other Issues 

W e  wish t o  c a l l  a t t e n t i o n  t o  c e r t a i n  o t h e r  i s s u e s  t h a t  b e a r  on model 

e v a l u a t i o n  : 

- t h e  " v e r i f i a b i l i t y "  of a model - Can a p a r t i c u l a r  model, a s  a 

p r a c t i c a l  m a t t e r ,  be  eva lua ted?  I n  some c a s e s ,  i t  cannot .  

- t h e  p e r m i s s i b i l i t y  o t  c a l i b r a t i o n  - Under mar: cond i t l uus  is L l l e  

p r a c t i c e  warranted? 

- t h e  d i f f e r e n c e s  i n  v e r i f i c a t i o n  requi rements  f o r  long-term v e r s u s  

short- term p r e d i c t i o n s  

- t h e  importance of eva lua t ing  models under c o n d i t i o n s  which "stress" 

t h e  model, i . e . ,  which a r e  designed t o  most r e a d i l y  uncover suspec ted  

f laws  o r  shortcomings 

- t h e  d i f f e r i n g  e v a l u a t i v e  requirements  f o r  r e l a t i v e  ( e . g .  , r o l l b a c k )  

ve r sus  a b s o l u t e  ( e .g . ,  Gaussian plume models) p r e d i c t o r s  

- i n d i c a t i o n  of t h e  types  o r  c a t e g o r i e s  of s t a t i s t i c a l  procedures  

t o  be used i n  model e v a l u a t i o n ,  a t  a minimum 

W e  b e l i e v e  t h a t  each of t h e s e  i s s u e s  should r e c e i v e  f u l l  c o r k i d e r a t i o n  i n  

p repa r ing  a g u i d e l i n e  document. 

2.8.4 Proposed Mechanism for Meeting A'equirements , 

Clea r ly  a w e l l  d e f ined  mechanism must be  es tab l l shec l  a s  qu i ck ly  a s  

p o s s i b l e  t o  meet t h e  requirements  o u t l i n e d  above and indeed t o  i n s u r e  i n  a . 

l a r g e r  s ense  t h a t  s u i t a b l e  models a r e  p rope r ly  developed and r a t i o n a l l y  

a p p l i e d .  

- The Clean A i r  Act of 1970 r e q u i r e s  modeling a s  a t o o l  t o  ach i eve  t h e  

i n t e n t  and g o a l s  of t h e  Act. Accordingly EPA has  t h e  t o t a l  r e s p o n s i b i l i t y  

f o r  a l l  a s p e c t s  of modeling from concept through a p p l i c a t i o n .  S ince  t h e  

, . 



requirements  f o r  v a l i d a t i o n  and performance a s  desc r ibed  h e r e i n  a r e  a  key 

p a r t  of t h e  o v e r a l l  modeling problem, EPA has t h e  r e s p o n s i b i l i t y  t o  c a r r y  

o u t  t h e s e  t a s k s .  It is a, ,major e f f o r t  on a  cont inuing  b a s i s  r e q u i r i n g  addi- 

t i o n a l  i n t e r n a l  suppor t  t oge the r  w i th  a s s i s t a n c e  by g r a n t ,  c o n t r a c t  and 

c o n s u l t a n t s .  I n  s h o r t ,  EPA must e s t a b l i s h  w i t h i n  i t s  o rgan iza t ion  a  group 

r e s p o n s i b l e  f o r  ca r ry ing  o u t  t h e  t a s k s  descr ibed;  t o  do s o  on an ad hoc 

b a s i s  i s  t c t a l l y  inadequate .  

There are a number of advantages i n  having a n ' i d e n t i f i a b l e  group 

w i t h i n  EPA w i t h  t o t a l  r e s p o n s i b i l i t y  f o r  t h e  modeling e f f o r t  i nc l  lid i n8  : 

1. Model eva lua t ion ,  performance, 'and a p p l i c a b i l i t y  can b e  more r e a d i l y  

achieved and documented and t h e  r e s u l t s  made a v a i l a b l e  t o  all '  p a r t i e s .  

, 2 .  Resu l t s  of model a p p l i c a t i o n s  can be eva lua ted  and r e t a i n e d  i n  a  d a t a  

.bank f o r  u s e  i n  subsequent model improvements. 

3 .  Uniform methods can be  e s t a b l i s h e d  f o r  process ing  new models. 

4 .  A h ighe r  degree  of s t a n d a r d i z a t i o n  can b e  achieved i n  t h e  u s e  of 'models  

both f o r  enforcement a d  a i r  q u a l i t y  management. 

T h i s .  proposed mechanism would provide  f o r  a  p e r i o d i c  review of models i n  'use  

a s  w e l l  a s  t hose  proposed f o r  adoption and probably would invo lve  formal  

meetings wi th  o u t s i d e  expe r t s .  However, t h e  e f f e c t i v e n e s s  of such formal  

meetings would be g r e a t l y  enhanced by having t h e  b e n e f i t  of t h e  r e s u l t s  of 

a  cont inuous e f f o r t  w i t h i n  EPA. 
I . . 

2.8.5 Examp Ze Model EvaZuation Information 

.Examples bf eva lua t ion  information f o r  models l i s t e d  i n  t h e  .Guidel ine 

may inc lude  t h e  fo l lowing  informat ion .  

CDM - An urban mul t ip le -source  model t h a t  has  been ' subjectdd t o  

l i m i t e d  eva lua t ion  f o r  c i t i e s .  Resu l t s  i n d i c a t e  t h a t  

SO c a l c u l a t i o n s ,  are made more a c c u r a t e l y  than  t h o s e  f o r  TSP. 
2 

C o r r e l a t i o n  c o e f f i c i e n t s  ranged from t o  f o r  SO 
2 

and c o r r e l a t i o n  c o e f f i c i e n t s  ranged from - f o r  TSP. 

CRSTER - A s i n g l e  p o i n t  source  mode l ' fo r  t he  c a l c u l a t i o n  of t h e  d i s -  

t r i b u t i o n  of short- term concen t r a t ions  around ' t he  source.  

S t u d i e s  a t  f o u r  power p l a n t s  i n d i c a t e '  t h e  maximum concen t r a t ions  



c a l c u l a t e d  a r e  w i th in  a f a c t o r  of 2 of t h e  observed concentrat , ions 
. . 

a t '  l o c a l  monitor ing s t a t i o n s .  

Examples of l i m i t a t i o n s  a r e :  

CDM i s  a n  urban m o d e l , t h a t ' s h o u l d  n o t  be  app l i ed  t o  r u r a l  s i t u a t i o n s .  
. . . . . . . . . . 

RAM is a  mul t i - source  shor t - te rm model t h a t  has  riot been eva lua ted .  

It is composed from a lgor i thms such as t h e  Gaussina plume model and 

plume rise equat ions  s i m i l a r  ( i d e n t i c a l ? )  . to  CRSTER and i n  a  s i m i l a r  

a p p l i c a t i o n  could be expected . . t o  g i v e  s i m i l a r  r e s u l t s .  

None of t h e  models l i s t e d  have been v a l i d a t e d  i n  complex t e r r a i n .  

U s e  of d i f f e r e n t i a l  r e c e p t o r  he igh r s  has  n o t  been v a l i d a t e d .  

2.8.6 Levels of Model. Perfomnance and QuaZity ' 

. .  . . . .  

We should recognize.  t h a t  models o p e r a t e  a t  vary ing  l e v e l s  of performance 

and q u a l i t y ,  and should be t e s t e d  ( v a l i d a t e d ,  v e r i f i e d )  a g a i n s t  t h e  s t anda rds  

of t h e  va r ious  l e v e l s .  W e  sugges t  t h a t  t h e r e  a r e  roughly f o u r  such l e v e l s ,  

which i n  descending order  a r e :  

Top Level .  A model i n  t h i s  l e v e l  w i l l  p r e d i c t  concen t r a t ion .o f  any p o l l u t a n t  

a t  any t ime,  any p l ace ,  any averaging  t ime,  wi th  u n c e r t a i n t y  equal  t o  t h e  

u n c e r t a i n t y  i n  t he  inpu t  d a t a  ( e i i s s i o n s ,  meteorology).  An example of t h i s  

, t ype  from phys ics  i s  F = m a .  For t h a t  model w e  t r u l y  can p r e d i c t  w i th  . . 

accuracy equal  t o  i npu t  d a t a  accbracy ,  f o r  a l l  s i q e  and t i m e  s c a l e s ,  excluding 

r e l a t i v i s t i c  and u n c e r t a i n t y  p r i n c i p l e  l i m i t a t i o n s .  

To v a l i d a t e  a .model  i n  t h i s  ca tegory  would r e q u i r e  comparing i t s  t i m e  

and space  reso lved  p red ic t ions .  w i th  equa l ly  t ime and space  reso lved  observa- 

t i o n s ,  us ing  a l l  s o r t s  of meteoro logica l  i npu t s .  

Second Level. A second l e v e l  model would n o t  c laim t o  g ive  a c c u r a t e  t ime 

and space  reso lved  answers b u ~  would a t tempt  t o  p r e d i c t  t ime-resolved d i s -  

t r i b u t i o n s  of r e s u l t s  which were comparable t o  observed ones.  For example, 

t h e  observed mean and s .d .  of t h e  c o n c e n t r a t i o n ' a t  any po in t  should ag ree  

wi th  t h e  p red ic t ed  one, w i th in  t h e  u n c e r t a i n t y  of t h e  inpu t  d a t a .  An example 

of t h i s  type  from biology is  mendelian g e n e t i c s ,  which p r e d i c t s  t h e  d i s t r i b u t i o n  

of p r o p e r t i e s  ( q u i t e  a c c u r a t e l y )  b u t  gene ra l ly  does n o t  p r e d i c t ,  f o r  example, 

which seed w i l l  con ta in  which p r o p e r t i e s .  Af t e r  t h e  f a c t  we have worked ou t  



a g r e a t  d e a l  of " f i r s t  p r i n c i p l e s "  t o  exp la in  t h e  d i s t r i b u t i o n ,  b u t  t h a t  came 

af ter t h e  f a c t .  

Third Category. A t h i r d  ca tegory  would be  models f o r  which w e  have p l a u s i b l e  

s c i e n t i f i c  ba se s ,  bu t  f o r  which w e  have n o t  y e t  been a b l e  t o  show t h a t  t h e  

models do t r u l y  make a c c u r a t e  p r e d i c t i o n s .  For such models presumably a 

v e r i f i c a t i o n  of t h e i r  p r e d i c t i v e  powers is  p o s s i b l e ,  b u t  n o t  n e c e s s a r i l y  

easy.  An example from phys ics  of t h i s  t y p e  is  t h e  e x i s t e n c e  of "b lack  holes . "  

Current  theory  s a y s  they may e x i s t ,  wh i l e  d i r e c t  obse rva t ion  c u r r e n t l y  seems 

p o s s i b l e  b u t  n o t  easy.  

Four th  Category. . A  f o u r t h  ca tegory  of models are ones f o r  which t h e  s c i e n t i f i c  

bases  i s  ques t i onab le  bu t  perhaps p l a u s i b l e  and f o r  which experkmental v e r i -  

f i c a t i - o n  i s  u n l i k e l y  o r  impossible .  A non-related example is  t h e  way w e  a l l  

r a i s e  our  c h i l d r e n ;  we have poorly-founded b u t  p l a u s i b l e  i d e a s  of how one  I 

should do i t ,  and no e f f e c t i v e  measures of t h e i r  performance. 

I f  w e  a ccep t  t h e  i d e a  t h a t  t h e r e  a r e  such c a t e g o r i e s  of models,  w e  can 

enunc ia t e  t h e  fo l lowing  i d e a s :  

1.. Although models i n  lower c a t e g o r i e s  may have uses  f o r  s c r een ing  purposes ,  

f o r  d i spu ted  r e g u l a t o r y  d e c i s i o n s  one should u s e  a s  h igh  a ca tegory  m ~ d e l  a s  

i s  a v a i l a b l e .  

2. There should be  l i t t l e  e f f o r t  devoted t o  models of a lower' ca tegory  i f  

a h igher  ca tegory  model is  a v a i l a b l e  f o r  t h e  same t a s k .  

3 .  The ca tegory  i n t o  which a model f a l l s  should b e  determined .on t h e  b a s i s  

of v a l i d a t i o n  and t e s t i n g ,  r a t h e r  than  any o t h e r  way. 

4 .  The v a l i d a t i o n  requirements  f o r  t h e  v a r i o u s  c a t e g o r i e s  should b e  d i f f e r e n t  

from ca tegory  t o  ca tegory .  For t h e  f i r s t  ca tegory  t h e  requi rements  must be  

f o r  space  and t i m e  resolv.ed correspondence between c a l c u l a t e d  and observed 

concen t r a t i ons .  For t h e  second ca tegory  i t  would be  correspondence between 

computed and observed space  (bu t  n o t  t ime) reso lvgd  means and s t anda rd .  devia-  

t i o n s  of t h e  concen t r a t i on  d i s t r i b u t i o n s .  For t h e  lower two c a t e g o r i e s ,  

v a l i d a t i o n  wi th in  t h e  ca tegory  would seem unnecessary;  t h e  o b j e c t i v e  of 

v a l i d a t i o n  would b e  t o  move t h e  model t o  a b e t t e r  ca t ego ry .  

5 .  . EPA should be  asked t o  c l a s s i f y  e x i s t i n g  EPA models i n t o  t h e s e  c a t e g o r i e s  

and i n d i c a t e  what ' l e v e l s  of performance they  b e l i e v e  can b e  reached i n  t h e  n e x t  

f i v e  y e a r s  f o r  each p o l l u t a n t . a n d  each averag ing  time. 



T h i s  whole set of i d e a s  is summarizid i n    able' 2.8.1.. 

Supplementary Material 

A comment on t h e  u s e  o f  u n v e r i f i e d  models f o r  making r e l a t i v e  p r e d i c t i o n s  I 

may b e  found i n  Sec .  3.10.10.: 



 able 2.8.1.  Ca tegor iza t ion  of Models by Va l ida t ion  Technique 

. . 
. . .  A i r  P o l l u t i o n  Models which Proposed V a l i d a t i o n  

. ,Category Descr ip t ion  ,may f a l l  i n t o  t h i s  Category* ' Technique 

I Time and Space Resolved I 
S o u r c e - ~ e c e ~ t o r .  Models 

1.. Comparison Between 

Time & Space. Resolved 

Observed & c a l c u l a t e d  

I I f Observed & Calcula ted  
I 

I I S t a t i s t i c a l  Proper ty  

Only Models 

(Spaced Resolved) 

111 

I I I * 
These choices  a r e  t o  some ex t en t  a r b i t r a r y  and a s  shown some model f a l l  i n  more t han  one ca t eeo rv  

S i n g l e  Source Gaussian Comparison of S t a t i s -  

Plume (e .g . ,  CRSTER)? I I t i c a l  P r o p e r t i e s  of 

Multi-Source Gaussian? i Space Resolved 

. IV 

. . . . 
~ - - - " -  , 

depending on use .  

Models w i th  P l a u s i b l e  

S c i e n t i f i c  Bases,  bu t  

Curren t ly  no t  Val ida ted  

t o  Above Levels 

i I 
b 
b 
co 

Most CO Models, - I Move t o  Upper Category I 

Any Model Requiring 1 i f  V a l i d a t a b l e  

Empir ical  C a l i b r a t i o n ,  

Photochemical Models i 
i 

t 

Models w i th  Less. Plaus- 

i b l e  ~ c i e n t i f  i c  Bases,  

. Probably n o t  v a l i d a t a b l e .  

I 
I 

Rollback : Not V a l i d a t a b l e ?  
. . 

! 

. . . ! 
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3 SUPPLEMENTARY MATERIALS 

This  s e c t i o n  con ta in s  commentary, op in ions ,  and o t h e r  w r i t t e n  m a t e r i a l  

submit ted by the' p a r t i c i p a n t s  bo th  dur ing  and a f t e r  t h e  conference.  ' ~ x c e p t  

f o r  r e typ ing  and minor e d i t o r i a l  c o r r e c t i o n s ,  no changes have beep made 
. . 

i n  t h e  con ten t  o r  express ion  of t h e s e  c o n t r i b u t i o n s .  

S e c t i o n s  3 . 1  - 3.8 con ta in  m a t e r i a l  germane t o  t h e  working group 

r e p o r t s  (Sec t ions  2 .l - 2.8, - r e s p e c t i v e l y )  . 
. . 

 a ate rial which is  of more gene ra l  i n t e r e s t  has  been placed '  i n  Sec t ion  3 . 9 .  

Comments which r e f e r  t o  t h e  i s s u e s  d i s cus sed  i n  t h e  p lenary  s e s s i o n s  of  

t h e  conference and a d d i t i o n a l  i s s u e s  a r e  conta ined  i n  Sec t ion  3.10. 
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3.1 GROUP I-1 

3 . 1 . 1  Description o f  Texas CZimatoZogicaZ Mode2 (TCM) 

Submitted by Richard A. Porter at conference. 

TEXAS CLIMATOLOGICAL MODEL 

Reference: Porter, R. A. and Christiansen, - J.. H. ; "Two Efficient 
Gaussian Plume Models Developed at the.Texas Air Control Board." 
Proceedings of the 7th NATO~CCMS International .Technical Meeting 
on Air Pollution Modeling, Airlie House, Va., September, 1976. -- 
(Copy attached. ) . 

Christimsen, J. H. and Porter, R. A.; Users Guide to the Texas 
Climatological Model-, Texas Air Control Board, Austin, Tx, May, 1976. 

Abstract: The TCM I s  a climatological model that predicts long-term 
arithmetic mean concentrations of nonreactive pollutants from point 

b 
suuccee an3 area sources. The TCM io conceptually similar to the 
Climatological Dispersion Modcl (CDM) but incorporates design features 
that reduce the model run time by as much as two orders of magnitude. 

. . 
Equations : See references cited above. 



A .  Source-Receptor Re la t ionsh ip  

1. A r b i t r a r y  location- f o r  each p o i n t  source.  Unlimited number 
of sources .  

2. A r b i t r a r y  l o c a t i o n  and squa re  g r i d  wid th  f o r  each a r e a  source. ,  
The model w i l l  a l l o c a t e  a r e a  sources  i n t o  a  uniform square  g r i d .  

3. Receptor l o c a t i o n  is  a r b i t r a r y  g r i d  (max. 50 x 50) .  
4. Release h e i g h t s  f o r  p o i n t  sou rces  a r e  accepted  f o r  any he igh t .  
5. The a r e a  source  a lgo r i thm (Gifford-Hanna) does not  cons ider  

he igh t  of r e l e a s e .  
6. Receptors  a r e  a t  ground l e v e l .  
7. No t e r r a i n  d i f f e r e n c e  between sou rces  and r e c e p t o r s .  

B. Emission Rate 

A l l  sources  have a  s i n g l e  average  emission r a t e  f o r  t h e  averaging  
t i m e  per iod  ( i . e . ,  month, season ,  yea r ) .  . . ' , 

C. Chemical Composition 

one,  two, o r  t h r e e  p o l l u t a n t s  a r e  t r e a t e d  ~s imul taneous ly .  

D. Plume Behavior 

1. . Plume rise. c a l c u l a t e d  accord ing  t o  ~ r i g ~ s  (1971) n e u t r a l / u n s t a b l e  
equat ion.  

2 .  E f f e c t i v e  s t a c k  h e i g h t s  l e s s  t han  10  meters  a r e  considered 10 meters .  
3. E f f e c t i v e  s t a c k  h e i g h t s  g r e a t e r  than  300 meters  a r e  considered 300 

meters.  
4.  No plume r i s e  f o r  a r e a  sources .  
5. Doh-wash and fumigat ion no t  considered.  

E. Hor izonta l  Wind F i e l d  

1 c l i m a t o l o g i c a l  approach 
2. 16  wind d i r e c t i o n  
3. ~ e a n ' w i n d  speed c a l c u l a t e d  f o r  each s t a b i l i t y  c l a s s  f r o m ' t h e  j o i n t  

frequency f u n c t i o n  of s t a b i l i . t y ,  wind . ' d i r ec t ion ,  and wind speed. 
4.  .Wind speed c o r r e c t e d  f o r  p h y s i c a l  s t a c k  he igh t  (same a s  CDM). 

F. , V e r t i c a l  Wind Speed 

Assumed equa l  t o  zero'. 

G -  Hor izon ta l  Disper ion  

Assumed t o  be  uniform w i t h i n  each  22.5 degree s e c t o r  (same a s  CDM). 



Vertical Dispersion 

'1. Gaussian. plume. 
2. 6 stability classes (Pasquill-Gifford-Turner) A, B, C,.D-Day, 

D-Night , E+F'. 
3.  NO provision for variation in surface roughness. 

Chemistry/Reaction Mechanism 

Exponential decay according to user 'input half lif e (same as CDM) . 
Physical Removal 

Same as I above. 

Background may be entered by calibration coefficient for each 
pollutant. 

Boundary Conditions 

Perfect reflection assumed at ground. Mixing height not a factor 
because investigation shows no effect for typical climatology using 
the CDM .47L total mixing scheme. 

Emission - and Meteorological 'correlation 

Emissions not varied. 

1. Model is self-calibrating'with input of field receptor observations. 
2. .High correlation achieved of observed to calculated values for 

Houston TSP.1975, Houston SO2 1972, Dallas TSP 1972. 

Output 

Arithmetic.mean concentration for the averaging time of the Clima- 
tological input data.and emission data (one month to one year). 
Any combination of the following outputs are available: ' ' 

a. Listing of concentration for an arbitrarily spaced square grid 
of up to 50 by 50 elements. 

b. A print plot of the grid concentrations. 
c. Punched card output for isopleth maping (same as CDM). 
d. A listing of the five high contributors to the concentration 

(by % ,concentration) at each grid point. 



.P. Activity 

The TCM has been widely applied for evaluation of new source impact 
upon existing air quality and for evaluating the impact of growth in 
urban areas. The model is in use by more than 50 industrial firms, 
environmental consultants, and government (federal, state and local) 
agencies throughout the U. S. and Canada. Speed of operation (up to 
2 orders of magnitude faster than the CDM) and convenient output formats 
have made this model popular with a wide variety of users. 



3 . 1 . 2  Description of Texas Episodic Mode Z (TEM) 

Submitted by Richard A. Porter at conference. 

TEXAS EPISODIC .MODEL (TEM) 

References: .Porter, R. A. and Christiansen, J. H.; "Two ,Efficient Gaussian 
Plume Models Developed at the Texas Air Control Board." Proceedings of 
the 7th NATO/CCMS International Technical Meeting on Air Pollution ---- -- 
Modeling, Airlie House, Va., September, 1976. (Copy attached.) 

Chrietiansen, J. H.; Users Guide to the Texas Episodic Model, Texas Air 
Control ~oard, May, 1976. 

Abstract: The Texas Episodic.Mode1 (TEM) is a short-term (10 minute to 24 
hour averaging time) Gaussian Plume Model for ptediction of concentra- 
tion* of nonreactive pollutants due to. up to 300 elevated point sources ; 
and up tn 200 area sources. Coricantratians.ar-e calculated for 1 to 24 
scenarios of meteorological conditions, averaging time, and mixing height. 

Equations: See references.cited above. . . 



A. Sburce-Receptor Relat ionehip 

1. Up t o  300 a r b i t r a r i l y  loca ted  po in t  sources.  
2. Up t o  200 a r b i t r a r i l y  loca ted  a r e a  sources. 
3. A uniform square r ecep to r  g r i d  of a r b i t r a r y  spacing wi th  up t o  50 

by 50 rows o r  columns. 
4. Te r ra in  assumed f l a t .  
5. Unique r e l e a s e  he ight  f o r  each source. 
6. A l l  r ecep to r s  a t  ground l e v e l .  

B. Emission Rate 
B 

Unique emission r a t e  f o r  each source. 

C. Chemical Composition 

One, two, o r  t h r e e  p o l l u t a n t s  t r e a t e d  simultaneously. 

D. Plume Behavior 

1. Plume r i s e  according t o  one of s i x  equations from Briggs s e l e c t e d  
according t o  s t a b i l i t y  and d i s t ance  from source. E f f e c t i v e  s t a c k  
he igh t s  less than 10 meters a r e  considered 10 meters.  E f f e c t i v e  
s t a c k  he igh t s  g r e a t e r  than 2000 meters a r e  considered 2000 m. 

2. Mixing height  pene t ra t ion  f a c t o r  (P) is  a use r  input .  I f  e f fec -  
t i v e  source height  (H) is  g r e a t e r  than P t i m e s  t h e  mixing he igh t  
t h e  plume escapes. Otherwise t h e  . ~ T L  - - mixing scheme from ~ u r n e r ' s  
Workbook is used. 

3. Does not  t r e a t  down-wash o r  fumigation. 

E. Horizontal  Wind F ie ld  -- 
1. User suppl ied  s t a b i l i t y ,  wind speed, and d i r e c t i o n  f o r  t h e  averaging 

time period (10 minutes t o  3 hours) o r  f o r  each 3 hour period t o  
bu i ld  a 24-hour day. 

2. P o m r  law v a r i a t i o n  of wind speed wi th  r e l e a s e  he ight  (same a s  CDM). 
3. Steady s t a t e  wind f o r  each scenar io .  

F. V e r t i c a l  Wind Speed 

Equal t o  zero,  . . 

G. Horizontal  Dispersion 

1. s e m i - ~ m ~ i r i c a l i  Gauesian Plume. 
2. .User supplied s t a b i l i t y  c l a s s  for ,  each scenar io  (Pasquil l -Gifford-  

Turner).  
3. ' Turner (1969) d i spe r s ion  c o e f f i c i e n t s .  
4. No adjustmqnt f o r  s u r f a c e  roughne.8~. 



H. V e r t i c a l  Dispersion 

1. Semi-empirical Gaussian plume. 
2. User suppl ied  s t a b i l i t y  c l a s s e s  (pasquill-  if f o r d - ~ u r n e r )  f o r  

each scenario.  
3. 'Turner '(1969) d i spe r s ion  c o e f f i c i e n t s .  
4. No adjustment f o r  s u r f a c e  roughness. 

I. . chemist r y / ~ e a c t  i o n  Mechanism 

Exponential decay with use r  suppl ied  h a l f - l i f e .  

.J. Physical  Removal , 

Same aa I abovc'. . . 

K. Background 

May be input  wi th  c a l i b r a t i o n  f a c t o r .  

L. Boundary Conditions 

1. Lower boundary: p e r f e c t  r e f l e c t i o n .  
, . 2. Upper boundary: r e f l e c t i o n  from t o p  of mixed l a y e r  by t h e  .47L 

scheme of Turner (1969) except as ddecr ibed . in  D.2 above. 

Cor re la t ion  

User supplied values  of wind speed, wind d i r e c t i o n ,  s t a b i l i t y  c l a s s ,  
mixing l~elgltt  , ambient temperature f o r  each scehar io  <up t o  24 
scenar ios .  

1 ,  Limited v a l i d a t i o n  wi th  observed v i n y l  ch lo r ide  .observations.  
2. Cal ib ra t ion  by u s e r  suppl ied  coef f i c i e n t o  - (A, B) so  t h a t  

Xcal = A + .BX predic ted  . , . 

0. Output 
J 

1. Concentration mean for each receptor  g r i d  point  f o r  averaging 
' 

t imes o f :  
a. 10 minutes ' . . . 

, b . 30 minutes 
c. 1 hour 

, d. 3 hours 
e. 24 hours (based on e igh t  3-hour ssenarids,) 



. 2. Output i s  avaiiable for from 1 to 24 scenarios i n  the following 
. , .formats.: 

. . 
a.  l i s t i n g .  ' .  . . 

b. print plot.; 
c.. punched ciirde for isopleth maps. 
d.. 'culpabilitjr l ist  of the high f i v e  contributors to the concen- 

tration a t  each recept0.r grid .po.int. 
. . . . . . 
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3 J . 3  Minbrity Report on Application of Multi-Source, Urban Mode2 

Suhmifted by A .  Boyer at conference. 

MINORITYREPORT . 

The Application of Multi-Source, Urban ~o 'dels  

The application of complex multi-source urban models is to  be primarily 

the responsibility of control' agencies. The results  of 'multi-source simulations 
. . 

may be used by control agencies to  assess the effects of changing source 

strengths, control measures, or changing land-use patterns. Multi-source sim- 

ulations ky also be used by control agencies for amending guidelines for  the 
. . 

application of single source models in areas where many single sources in ter  - 

act .  

Individua,l sources .sould not be expected to  do more than apply single 

source models. In those cases where industries or  members of the public choose 

to  apply multi-source urban models control agencies should encourage such 

act ivi ty by providing urban source inventories. 



3.1 .4  
Description df the ~nvironmenta2- Research . & . . . - ~echnoZogy, . . Inc. ~ o d e 2 '  ERTAQ 

. Post Conference Submission by B. Egan 

Abstract: EKTAQ is a steady-state sector-averaged Gaussian plume model 
that calculates concentrations of up to six pollutants from an 
unlimited number of point, line, and area sources. The model may 
be operated in either the "sequential" mode to calculate one-, 
three-, or 24-hour concentrations for analysis of historical "worst- 
case" impacts or in the ~lclima~tological average" mode to calculate 
long-term averages for periods represented statistically by stability 
windroses. Dispersion coefficients may be user-specified. In the 
sequential mode, a fourth class of source, "tall stacks1', is available 
that provides for optional use of distinct dispersion coefficients 
more representative of this class of source. The model may be 
applied in both flat and hilly terrain. Up to 128 receptor points 
may be specified, at each of which the user may specify background 
concentrations as well as calibration factors. The contributions 
of individual source5 to selected receptors may be isolated at the 
user's option. In addition, program options are available for 
user-specified input format, storage of output files, and manipulation 
of the results of intermediate computations. 

J - Equations: 

X = 

For sources other than "tall stacks", at user's option, the crosswind 
dispersion function g may be sector-averaged over 22.5' by 1 

1 
'1 = 2x tan (w16) 

For "tall stacks", the crosswind dispersion function gl is given by 
. the statistically '"expected" value within the 22. sector for a 

receptors within the downwind sector, i.e. 

for receptors in the sectors adjacent to the downwind sector, 

This formulation avoids the difficulty 01 using centerline one-hour 
values when accumulating concentration estimates for multiple-hour 
averages. 



The v e r t i c a l  d i s p e r s i o n  func t ion  g2 i s  given by 

.+*{:;(WL)~]{ vz 
where L = mixing depth 

H = he igh t  of plume c e n t e r l i n e  above t h e  ground-level 
r ecep to r .  

~ e r r a i n  C o r r e c t i o n  ( t a l l  s t a c k s  only) : 

H  = H ,  + A H  - Tf x Min ( z  - zs, HS +AH),  r 

whereill 

H = he igh t  of  plume above t e r r a i n  a t  receptor .  . . . . 
' H  = he igh t  of s t ack  above s t a c k  base 
A fi = plume r i s e  . 

'r = topographic he igh t  of  r e c e p t o r  . (above sea-  l e v e l )  , 

. 's = topographic he ight  of s t a c k  base (above sea - l eve l )  
Tf . = s t a b i l i t y  dependent, u se r - spec i f i ed  t e r r a i n  c o r r e c t i o n  

f a c t o r .  

A. Source-Receptor Re la t ionsh ip  

Unlimited number of po in t ,  a r ea ,  l i n e ,  and t a l l - s t a c k  sources a t  
any 1nr.a.t i nns  , 

Up t o  128 r e c e p t o r  p o i n t s  a t  any s e l e c t e d  loca t ions .  

Unique topographic e l e v a t i o n  ' for  each r ecep to r .  

Receptors must be a t  ground l e v e l .  

. . 
B. Emission Rates  

Unique emission r a t e  f o r  each source  t h a t  may be v a r i e d  according 
t o  d i u r n a l ,  weekly, o r  monthly scheduling.  

C .  Chemical Composition . 

D . .  Plume Behavior 

Briggs (1970) f i n a i  plume-rise formulas 
' C 

S t a c k - t i p  downwash (Gifford)  f o r  t a l l  s t a c k s  
If plume h e i g h t e x c e e d s  mixing he igh t ,  concen t r a t ions  f u r t h e r  
downwind assumed equal  t o  zero. 
Plume and mixing depth both respond t o  t e r r a i n  o b s t a c l e s  ( see  Equat ions) .  



Horizontal Wind Field 

Wind direction constant at all heights over all space. 
Wind speed varies with height according to user-specified power- 
laws dependent on stability class. 

Vertical Wind Speed 

Assumed equal to zero except as implied by terrain correction 
factors. 

Gaussian plume sector-averaged in various ways depending upon 
application. 5 stability classes used with user-specified dispersion 
coefficients; different classes of sources may have different 
coefficients. "Urban'1 and "rural" options. 

Vertical Dispersion 

Gaussian plume. 
5 stability classes used with user-specified dispersion coefficients; 
different classes of sources may have different coefficients. 
"Urban" and "rural" options. 
Option for initial vertical source dimension. 

Chemistry/Reaction Mechanism 

Not treated directly (see J). 

Physical Removal 

Half-life decay factors. 

Background 

May be specified for each receptor or for all receptors. May be 
calculated if appropriate emissions inventory is input. 

~oundarv Conditions 

perfect reflection at the ground and at the top of the mixing 
layer. Mixing height follows terrain with correction factor 
(see Equations) . 
Emission and Meteorological Correlation 

None specifically, but see B. Emission Rates (above). 



Calibration option available which involves external determination 
of linear calibration coefficients; slope and intercept may be 
applied in subsequent runs. Comparison with observations made in a 
number of studies. 

Output 

Concentration values at each receptor. Output routines search 
complete data sets for high values and identify time periods of. 
interest. 
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3.2 GROUP 1-2 

3.2.1 Comments on Section 2.2.5 Submitted by R. ~evodau After the Conference 

E. I. DU PONT DE NEMOURS & COMPANY 
INCORPORATED 

ENGINEERING DEPARTMENT 

LOUVIERS BUILDING 

. . . . 

March 9, 1977 

D r ,  D. M, Rote 
Argonne National Laboratory. 
9700 South Cass Avenue 
Argonne, I L  60439 

Dear Don : 

I offer  the following cnmmenks nn tlw first round report of 
Working Group I - 2: 

Item 6 - "On the Question of Enumerative V s .  
S t a t i s t i c a l  Use of the Estimates of Short-Term 
Concentrations" 

I agree with the  consensus opinion tha t  a s t a t i s t i c a l  
approach is  theoretically more valid, However, I 
believe it is  very important that  the detailed inves- 
t igation on the precise nature of the s t a t i s t i c a l  
approach be completed prior t o  endorsement of t h i s  
approach, A t  t h i s  time, I favor the enumerative 
approach a s  recommended i n  the draf t  guideline, My 
main concern with a s t a t i s t i c a l  approach involves 
the di f f icul ty  i n  f i t t i n g  a i r  quality data, whether 
measured or  predicted, t o  a suitable cumulative 
frequency distribution function. 

I n  model applications t o  evaluate compliance with a i r  
quality standards, I favor use of the second highest 
value, I agree that  fumigation, stagnation, thunder- 
storm downdraft and terrain-induced mixing, none of 
which are considered by CRSTER, can be important 
factors i n  potential short-term violations, However, 
substitution of the highest computed value for second 
highest value is not an appropriate alternative i n  
these situations. '  This approach s k i r t s  the issue. 

! 



2 
March. 9, 1977 
D r .  D. M. Rote 

I n  these abnormal s i tuat ions al ternat ive procedures 
which do consider such factors  should be employed 
(or deGloped) instead of using the highest computed 
value from a model which does not consider these 
factors. 

I believe the report is accurate and representative. You have 
done an excellent job i n  coordinating and reporting the opinions 
exposed durir-rg our workshop sessions. 

Very truly yours, 

ENGINEERING SERVICE DIVISION 

mu.!& 
R. I. Wevodau 

RIW :bm 



3.2.2 Comments on Short-Term Analysis and on M. William's "Rationale for 
Elimination of the M a x i m  of the Second Highest for Modeling Purposes" 
13.2.3 below). 

Submitted by R. P o r t e r  a f t e r  t h e  conference.  

Comment 1 :  l a k e  sho re  fumigat ion should be, inclid.ed '2n cons ide ra t ion  of any 

short- term s tandard .  Also ~ r i ~ ~ s  (1969, p 51) recommends t h a t  plumes w i l l  

no t  escape i n  a l i d  s i t u a t i o n  u n l e s s  t h e  c a l c u l a t e d  plume rise Ah is g r e a t e r  

than 2 t imes t h e  mixing he igh t .  Normal fumigat ion and thunderstorm downwash 

a r e  too s h o r t  i n  du ra t ion  t o  i n f luence  a 3-hour mean. 

. . 

Comment 2: The problem wi th  t h e  second h igh  s tandard  f o r  modeling i s  t h a t  

w e  a r e  a t tempt ing  t o  p r e d i c t  concent ra t ions  too  f a r  ou t  on t h e  t a i l  of t h e  

d i s t r i b u t i o n  a l r eady .  11365 i s  even ha rde r  t o  p r e d i c t  than  21365. Any 

p r o b a b i l i s t i c  scheme should inc lude  a test of t h e  goodness of f i t  of t h e  

c a l c u l a t e d  . da t a  t o  t h e  assumed frequency d i s t r i b u t i o n .  (See t h e  submisston 

t o  t h e  NATO comniittees) . Resu l t s  i n  Frankfur t  showed t h a t '  i f  t h e  d a t a  

doee n o t  f i t  t h e  d l s t r i b u ~ i o n -  absurd numbers a r e  generated f o r  t h e  second 

high.  . See Sec t ion  3.10.1 f o r  a more.expanded d i scuss ion  of t h i s  <epic by 

P o r t e r .  



3.2.3 Rationale for Eliminution o f '  the Mmimwn 'of  Second Highest for 
ModeZing Ziirposes 

Submitted by M. W i l l i a m s  a f t e r  the-working Group 1-2 meeting. 

Since t h e  modeling used w i l l  n o t  consider  model u n c e r t a i n t i e s ,  t h e  

observed second h ighes t  concen t r a t ion  a t  a point"may indeed be  sbmewhat 

g r e a t e r  than t h e  s tandard  i f  t h e  second h ighes t 'model  va lue  i s  permit ted t o  
. . 

approach the  s tandard .  I t  should be, noted t 'ha t .  CRSTER does nd t  c a l c u l a t e  

concen t r a t ions  dur ing  f u i g a t i o n  o r  s t agna t ion .  It i s  'a lso p o s s i b l e  that , . 

thunderstorm downdraft c i rcumstances o r  r ap id  t e r r a i n  iriduced mixing may 

r e s u l t  i n  high concen t r a t ion  i n  t h e  r e a l  world. The model docs not  r e f l e c t  

such circumstances,  t hus  i t . m a y  no t  r e p r e s e n t  t h e  a c t u a l  frequency of h igh  

concen t r a t ions .  Thus, a procedure which uses  model ' c a l c i l a t i o n s  f  o= t h e '  second 

h i g h e s t  does n o t  a s s u r e  compliance wi th  s t anda rd .  I n  order  t o  p rov ide  a .  . 
, * 

margin of s a f e t y ,  i . e . ,  t o  provide g r e a t e r  a s su rance  t h a t  t h e  

observed concen t r a t ions  w i l l  n o t  exceed t h e  s tandard  when t h e  model 

e s t i m a t e  does no't ,  t h e  q u a n t i t y  t o  be compared wi th  t h e  s tandard  should b e  

t h e  es t imated  maximum concent ra t ion .  
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3.3 GROUP 1-3 

3 . 3 . 1  ~ e s c r i ~ t i o n  of the SAI Reactive Plume Model' 

NAME OF I~DEL:: .  Reactive ~ l u k e , ~ o d e l  (RPM) . ' . . ,  . . 

Source of Model : Systems Appl i c a t i  ons , , Inc.  
.950 Northgate Drive 
San Rafael , Cal i f o r n i  a 94903 ' .. . 

Sponsor: Ca l i f o rn ia  A i r  Resources ~ o a r d  
Sacramento, Cal .i f o r n i a  95825 

References: Liu; h. K.; M. A. Yocke, and P. Mundkur, " ~ ~ m e r i c i l  Simu- . . 
l a t i o n  o f  Reactive Plumes,'' 68th. Meeting o f  American I n s t i t u t e .  

, 
. . of Chemi cal Engineers, Los Angel es, Cal i fo rn ia  , November 1975. 

Liu, M. K., D. Durran, P. ~undkur ,  M. Yocke,  and'^. ~mes,  "The 
. Chemistry, Dispersion, and Transport o f  A i r  Pol lu tants  Emitted f r o m  

, Foss'il Fuel Power Plant's i n  Cal i forn ia, "  Draft  Final R e ~ o r t  stlbmitted 
t o  Cal i fo rn ia  A i  r Resources Board, S A I  Report ER 76-1 8, Apri 1 , 1976 ; 

Type of Model: Lagrangian--for . . e i t h e r  s ing le  po in t  o r  areal source. 

Special Feature o f  Model : Thts model i s  designed t o  estimate concentra- 
t ions  o f  reac t ive  species downwind o f  a s ing le  po in t  o r  areal  sotlrcil . 

o f  po l lu tants .  Assumi.iry t he  pbl l u t a n t s  are. wel l  mixed i n  the  v e r t l  cal , 
t h i s  model. i s  more su i tab le  f o r  plume fumigation and trapping 
condit ions. 

Status o f  Mode] Development: Operational. 

CHARACTERISTICS OF THE MODEL FORMULATION 

Model Equation: Mass conservation 

Pl  ume, Rise: Input  t o  model . 
. . 

Turbulent Dispersion: This model contains .two options: ' .  e i t h e r  the  
measured plume width and plume depth (as a funct ion o f  dov/nwind 
distance) o f  t h e  ,c lass ica l  Pasqui 11 - G i f  f o rd  methods (Turner, 1969) 
may be used. Plume dispersion i s  determined e i t h e r  by the  clas-, . 

s i ca l  Pasqui l l -Gi f ford method (Turner, 1969) o r  from the observed 
plume width and plume depth as a funct ion o f  downwind distance. 
Provis ion has been made f o r  entrainment.of  background po l lu tan ts .  



Wind Shear:' Wind velocity a t  pl ume height mus.t be used. A1 though : 

a simple correction ,according t o  a power law can be easi ly 
. incorporated, no treatment of wind shear i s  currently i n  the model. . -  . . . . .  . . 

. . 

. Terrain Interaction: No current treatment b u t  si'rnpl e cur15 i derbatian 
(s imilar  t o  the  'Valley model) can eas i ly  be iricorporated. 

Chemistry: This model is written i n  a modular form whic'h can accept 
any chemical k ine t ics  submodel w i t h  a maximum of 50 reaction steps.  
The k ine t ic  mechanism t h a t  i s  current ly in  this model i s  a mod-. 
i f i e d  version of the Hecht-Seinfel d-Dodge. mechanism (1974) for  

. hydrocarbon-NO -SO2 system.. ' 
, x. - ,  . .  . 

Spatial  Scal e: Medium sca le  ( -tens 'of kilometers) 

Temporal Average: s h o r t  and Medi urn (hourly averages). 
. . 

. . .  . . .. j . , '  . 

.. Source: Stack location 
Either  s tack emission ra tes  o r  i n i t i a l .  pol 1 utant concentrations .'.. 

within the  plume. .: t. 

. . . . * .  

. kteorology:  Wind speeds . . 

Stab i l i ty  c l a s s  (o r  plume width and pl urn? depth) . . 
Radiation in tens i ty  

. . 
. . 

. . 
. . 

0.thttr:. Kinetic meehariism . . 

- Ambient pollutant concentrations ' . 

CHARACTERISTICS OF THE RODEL COMPUTATION 
. . 

. . 
. ' 

Computer Language: FORTRAN IV . . 

. . 

' Computing Time: 10-50 PCU seconds ( C D C  7600) f o r  a typ'i cal r u n  
. . 

Storage ~equirement: -1  45,000 actual large core. 

IBM 370/168 Compa't'i bil i t y  : Yes . .  . 

KNOWN HODEL APPLICATION: T h i s  model was applied t o ' t h e  followingseven 
point sources (Liu e t  a ] , ,  1975, 1976; Tesche e t  a1 . ,' 1976) : 

Moss Landing Power Plant ,  Monterey , Cal i iorni  a 
.' 

Los Alamitos Power Plant ,  Los Angeles, California 
Haynes. Power Pl a n t ,  Los Angel es  , Cal i fornia 
Mobile Oil Refinery, Los Angel es ,  Cal i fornia . . 

Four Corners Power Pl an t ,  Farmi ngtori, Neki Nexi co 
Hobbs Power Plant ,  Hobbs, New f4exico 
Jefferson Power Pl znt , Jefferson,  Texas 



3.3.2 Description o f  the  DEPICT' Mode 2 

Reference: 1) Sklarev, R.C., and J.C. Wilson, 
"Applications of 'Dm.I@P t o  the Garfield, Navajo, and 
Onnond Beach A i r  Quality Data Bases" 
Science Applicattona, Inc. Report prepared f o r  
Southern California Edison, Ju ly  1976 - - 

. . 
. .  . 

. n 

. . . : 

2) Slrlarew, ' R.c., Wilson, J.C., and F'rabrick, A., , 

on valuation of A i r  Quality Models Point source 1.1odels" 
Science Applications, Inc., J a y  1976, .under contract 

. . 
t o  the  California A i r  Resources Board, Sacramento, CA. 

. . 

~ b s t r a c t  : The DWICT (Detailed Ekamination of Plme Ibrpact i n  Complex 
~errain) is  3-dimen~ional 'eulerian-nuaerlcal point-source 
model, .' The model calculates  the temporal and s p a t i a l  . . . . 

. . concentrations of i n e r t  o r  reactive pollutants i n  . f l a t  o r  . . 
canplex:-berrain. ' The model is modular i n  design and bas %be 
a b i 2 i . t ~  t o  update' algorithms i n  an e f f i c i e n t  mannBz. ' The 
model current ly uses e i t h e r  the Eschenroeder 16-step o r  the 
Hecht-Seinfeld 39-step chemical nechanisms for t h s  react ive 
,poh2'utanto. ' The modal is applicable t b  assess  a i r  quel t ty  
Impact f o r  point sources located i n  ru ra l  enviroments. 

Equations: Consematioq of Specie Equation 

. .  

A. Source-Receptor Relationship 

Point sources only.; (10 maximum), uniform grid squares, user  defined =id. 
Sources can be t rea ted  a s  ground . level  o r  elevated releases,  : . .. 

. . Receptors are located a t  center  of ~ r i d s .  . 

Receptor'locations a r e  3-dimensional, 
. . 

B. Bnission Rate' 

User specified emission r a t e  f o r  each pollutant. f o r  each point sourcs. 
.miss ion  ra tes  can vary hourly f o r  each soyzce. 



Chemical Composition 

. . . . . . .  . . . . . . . . . . .  
. . . . 

D. Plume Behavior . . . . . . . . . . . . . . 

. . . . . . 
. . . .  . . . . . . . . .  . . . . .- .. ' 

Plume rise c a l c & h  is based on ths  work'of Briggd wit,h s h p l e  .::. ': . . .  . .  . . modifications to' obte'in e a t b a t e s  of inversion penetration.. . . .  . . . . . . .  . . . . .  . . .  . . .  . . . . 

Four cases a& cadsidered: . . , . . . . . .  

I 
. . 1 wholly unstable atmosphere . 

. . 2 deep ground base inversion . . . . .  
3 elevated stable layer' . . . . . . . . 
4) shallow ground base inveroion. . . . . . .  I 

. . 
. . . . 

. . .  . . .  . . . .  
. . . . . . 

. . .  . . . . .  . . . . . . . .  . . 
. . ., . 

Wind Elow Fie ld  . . . . .  . .  , . 
. . 

The model calculates a three dimensional wind f i e l d  using the f ollovlng ! '  
. . . .  . equations, . . . .  

.- 

. . . . . ' . . . . . . ... 
. . 

. . .  . . .  . . . . . .  . . .  
. :  

. . . .  
. . . . .  . . 

. . .  
. . 

. . . : .  
. . . . . .  ' ._ . . . 

.. ......... :. . : - ........ 
. . .  - -  - ... .--. . . . .  . _ . . '  . . . . .  

. . . . . . . . . .  - 
. . ...-. 

. . 
. . .  . '72' . . -  . . .  

- 
Where b i s  t h e  per turbat ion v e l o c i t y  po ten t i a l ;  an? a r e  tramsuiission c k f f i c i e n t s  ' . . .  . . 

. . based on tenperat- p r o i i l e  o r  s t a b i l i t y  c l a s l e s  6-7) Wind o b s e m t i o o s  are 
' 

projected upward fYan the point  measured through the  portion of t he  grid . 1 

without any r n e a s u z n t s  based on. the  p o w r  law.  U =  a(+$o)q , . . 

. The i n i t i a l  hor izontal  wind compments a r e  calculated using a f i s  . 
i n t e rpo la t ion  scheme of  the v e r t i c a l  p ro f i l e s  f o r  each laypr.  

. . .  . . 
. . . . "  

. . . . . . . . .  



. . 

? ,vertical Dispersion , . . . . 

The v e r t i c a l  d i f fua iv f ty  parameters ere calculated baaed 0; the  
algorithms of Smith. and Howard. 

=& 
. . . .  . . .  where = wind speed k t  point of i n t e r e s t .  - - - .  . . .  . 

. = standard deviation of the k i n d  van; fluctuation. and i s  
. . . . .  dependent on s t a b i l i t y  class.  . . . . 

. . 

L = turbulence scale lbngth ( i n  meters) hnd depends bn height' . . 
abwo ground ,and s t ab i l i ty .  . .. 

. . . . < . . 

. . . . .  . . 
. . . . 

G. Horizontal Dispersion . . .  
. . 

The h o r i z o n b l  values, of d i f fus iv i ty '  a r e ,  calculated using -bhe relationshi* 
. . . . .  . . . . . .  . . ' K r =  d Kt, ' .  , . . .  . 

. . . . 
where c( . depends o n  s t a b i l i t y  class.  . . .  

. . . .  . . L '  . . 

. . . . . . 

.. 
. . 

H. chemistry itnd Reaction. MeChanim' 
- .  . . . .  

The model has the  option of using e i t h e r  t h e  ~schenroeder  , 16-step o r  the . - . 

: Hecht-Seinfeld 39,-step mechanism. . . 
. . . . 

. . . . . . 
. . . .  . . . . .  . . . . . . 

. . . .  
. . .  . . 

I. ' Physical Removal . . . . : . . . . . .  

Tbe 16-step mechanism includes a =action between and me . . 
. . HechbSeinfeld has nophysica l  removal process, . 

. . . . -  . . . . . .  
. . 

. . .  . . .  . . . . 
i.. '.. 

. . .  . . .  . . . .  ... : .  
. . 

Z . . 
. . .  ... , . . . 

J. Background . . . . . . 

. . - Treated as an hourly input  for t h e  chemical rceehaniks. ' .  . . .  . . . . . .  
. . 

K. Boundary Conditions . . 

Lower bouadery. (surface of '  earth) perfect  reflection. 
a .  

Upper boundary -, see p l m e ' r i s e ,  
. . .  



.Le Etnission and Meteorological Correlations : . .  

User supplies hourly values of wind speeds measurements (surface and a l o f t ) ,  
mixing height meaeurexnenta., s t a b i l i t y  f i e l d s ,  and emissions. 

. . 
< .  . . 

, .  . #  

. . .. . 
Prelimfnary val idat ion of the DEPICT Model has beenc&let&d for the fol loving 

I .  areas: ' . . .  . . .  . 
. . 

. . . . 

3) Onnond Beach' Generating Station 
 SF^, ", 0 ,  03) 

The model predicts the hourly temporal and spatial concentrations f o r  each 
, ' 

grid for iner t  o r  react ive  pollutants.  . . 
. . 

. . 

. . .  . . 
.- - .  

. . 
. . 



3 . 3 . 3  Description of the SAI Urban Airshed Mode2 

P o s t  Conference Submission by P h i l i p  M. Roth 

References: ( a )  Roth, P. M., S. D. Reynolds, P. J. W.  Roberts,  and 
J. H. S e i n f e l d  (1971), "Development c f  a  S imu la t i on  
Mbdel f o r  Es t ima t ing  Ground Level Concentrat ions of 
Photochemical Pol 1  u t a n t s  ," F i n a l  Report and 6  Appendices, 
APTD 0908-091 4, Systems Appl i c a t i o n s  , I n c .  , San Rafael , CA. 

( b )  Reynolds, S. D., M. K. L iu ,  T. A.  Hecht, P.  M. Roth, 
and J. H. S e i n f e l d  (1973), !'Urban Ai rshed Photochemical 
S imu la t i on  Model Study:-Volumes 1-111, EPA-R4-73-030 a-h. 
Systems Appl i c a t i o n s ,  Inc . ,  San Rafael ,  CA. 

( c )  Reynolds, S.  D. e t  a l .  (1976, 1977), "cont inued. Research 
i n  Mesoscale A i r  P o l l u t i o n  S imu la t i on  Modeling," Volumes 
I - I V  (EPA 600/4-76-016 a-d) and Vo'lumes V - V I I  ( i n  rev iew 
by sponsor),  Systems App l i ca t i ons ,  I n c .  , San Rafael , CA. 

Abs' tract : The S A I  Urban Ai rshed Model . i s  'a  f u l l y  t h r e e  dimensional 
gr id-based model capable o f  p r e d i c t i n g  t h e  s p a t i a l  and 
temqoral d i s t r i b u t i o n  o f  bo th  . i n e r t  and chemica l ly  
r e a c t i t e  pol.1 u t a n t s  . Basic i n p u t s  t o  the  model i n ' c l  ude 
the  s p e c i f i c  me teo ro log i ca l ,  emissions, and chemical 
c h a r a c t e r i s t i c s  o f  t h e  reg ion  o f  i n t e r e s t .  P r e d i c t i o n s  
f o r  up t o  13 p o l l u t a n t s  may be obta ined,  i n c l u d i n g  CO, 
S02,.03, NO2, NO, f o u r  hydrocarbon c lasses,  t o t a l  aeroso l ,  
PAN, HN02, and H202. A 42 s tep  k i n e t i c  mechanism i s  em- 
p loyed t o  represent  t he  p e r t i n e n t  chemical phenomena. 
The atmospheric d i f f u s i o n  equat ion  i's so lved numerical  l y  
on t h e  th ree  dimensional g r i d  t o  p r e d i c t  t h e  dynamic 

. . changes i n  p o l l u t a n t  concen t ra t i on  l e v e l s  over  a  p e r i o d  
of up t,o a  few days. The model i s  a p p l i c a b l e  t o  t h e  
examinat ion o f  reg iona l  a i r  p o l l u t i o n  problems, such as 
the  eva lua t i on  o f  a l t e r n a t i v e  emiss ion c o n t r o l  s t r a e g i e s .  

Equations : 



' I 

where : 

ci = concentration of specie i 
- - 
u , v  = horizontal components of the wind ' .  

- 
w = vertical component of the wind 

K,, = horizontal  turbulent di f fusivi  ty  

KV = vertical turbulent di f fusivi  ty  
, , 

R i  = rate '  of formation of specie  i by chemical 
; Si = r g t e o f  emission o f  specie i 

reactions 

A.  Source-Receptor,'Rel ationshi P . . 

1 ) - Emissions from 1 ine and area sources a re  spportioned to  
each grid c e l l  and a re  assumed t o  be emitted a t  ground level .  

2 )  Each point source i s  t reated separately.   he stack height 
. and plume r i s e  determine the.. ce l l  in which the emissions 

enter  the gr id.  
. . 

3)  ~rnbient concentrations a re  calculated f o r  each grid ce l l .  
Each concentration.represents a ' s p a t i a l  average over the 
volume of a grid c e l l .  . . 

B .  Emission Rates ' . . 

Emissions are  calculated external t o  the main program using 
EPA or  other appropriate emission fac tors .  All emission 
ra tes  can vary in time. 

Chemical Composition 

Both ine r t  and reactive species a re  considered. The thir teen 
pollutants fo r  which predictions a re  made include: 

C o y '  S o $ y *  N02, 03 four hydrocarbon c lasses ,  P A N ,  H202,. HN02, and to  a1 
aerosol n i t ra te , '  sul f a t e ,  and organic).  

D. Plume Behavior 

A po in t  source plume enters the modeling,grid a t  a heigfit 
calculated from the actual stack height pl'us the plume r i s e  
,given by the fqrmula of Briggs.. Consideration i s  given t o  the 
determination of whether the plume penetrates an elevated 
inversion layer ,  and, i f  so, whether i t  breaks through the  layer.  



Hor i zon ta l  Wind F i e l d  

. ' Ho r i zon ta l  wind components a re  c a l c u l a t e d  ex te rna l  t o  t h e  main 
program us ing  o b j e c t i v e  a n a l y s i s  techniques i n  con junc t i on  wi.th 
a v a l i a b l e  da ta  taken a t  t h e  sur face and a l o f t .  The wind f i e l d  
i s  f u l l y  - three-d imensional ,  thus a l l o w i n g  f o r  t h e  t rea tment  
o f  wind shear e f f e c t s .  Temporal v a r i a t i o n s  a r e  a1 so considered. 

F. V e r t i c a l  Wind 

The v e r t i c a l  wind component i n  each g r i d  c e l l  i s  c a l c u l a t e d  
us ing  the  c o n t i n u i t y  equat ion and t h e  h o r i z o n t a l  wind component 
i npu ts .  

G. Ho r i zon ta l  D ispers ion  

The h o r i z o n t a l  t u r b u l e n t  d i f f u s i ' v i t y  (KH) i s  assumed t o  
be a  constant .  

H. Vet.l;ical D ispers ion  

The v e r t i c a l  t u r b u l e n t  d i f f u s i v i t y  (Kv) v a r i e s  i n  space and 
t ime  and depends on t h e  h e i g h t  above t h e  ground, wind speed, 
sur face roughness, and t h e  atmospheric s t a b i l i t y  c lass .  
Algor i thms developed by L i u  e t  a l . ,  and Lamb e t  a l . ,  a re  
i nc luded  i n  t h e  model.' 

I. Chemistry/React ion Mechanism 

A general i z e d  1  umped mechanism c o n s i s t i n g  o f  32 r e a c t i o n  steps 
developed' by Whi t t e n  e t  a1 . , i s  empl.oyed t o '  descr ibe  the  
chemical i n t e r a c t i o n  o f  organics,  NOx and 03. Organics a r e  
segmented. i n t o  four  groups determined by t h e  f o l l o w i n g  carbon, 
bond c h a r a c t e r i s t i c s  : s i n g l e  bonds, r e l a t i v e l y  r e a c t i v e  ( f a s t )  
double bonds, .slow double bonds, and carbonyl  bonds. S i x  
r e a c t i o n  steps a r e  i nc luded  t o  t r e a t  t h e  o x i d a t i o n  o f  S02. The 
fo rmat ion  o f  n i t r a t e ,  s u l f a t e ,  and organ ic  aerosol  products i s  
parameter ized by f o u r  r e a c t i o n  s teps .  

J. Physical  Removal 

Surface deposit i :on o f  species i s  t r e a t e d  i n  each ground- leve l  
g r i d  c e l l .  The r a t e  o f  ' depos i t i on  depends on t h e  type of 
vegeta t ion  o r  ground sur face i n  t h a t . c e l 1 .  



K. Background Pollutants 

The influence of background pollutant concentrations i s  treated 
in 'the i n i t i a l  and boundary conditions of the governing equa- 
t ions.  

. Boundary Conditions 

The pollutant flux-for each species must b e  specified a t  . ' 

a1 1 .points on the boundary. (both horizontal and vert ical  ) where . 

the wind i s  blowing in to  the modeling region. 'The boundary~ 
condition a t  the ground incorporates .the influence of ground- 
level emissions as  well as surface removal processes. 

M .  Emission and Meteorological 'Correlation 

Emissions and'meteorological inputs to  the model a re  compiled 
in special data preparation programs. These programs a r e .  
ta i lored  t o  each appqication of the model in order t o  provide 
an effect ive interface between the exis t ing observational data 
and the emissions and meteorological input f i l e  needs of ttie 

I SAI model. 

Evaluation s tudies  using an early version of the SAI Model 
developed' in 1943 were carried out f a r  Lus Angeles, Las Vegas, 
and .Denver fo r  GO, NO, NO?, 03 and hydro,carbons. The l a t e s t  
version has been applied t o  Denver a'nd. i s  currently being : 
adapted to  S t .  Louis, Los Angeles, and Sacramento. 

0. O u t p u t  i 

The model produces gridded maps i  1l.ustrating the spat ia l  
dis t r ibut ion of one-hour-average pollutant concentrations 
over the ent i re .  region of in t e res t .  Vertical concentration. 
prof i les  and predictions a t  a i r  monitoring s ta t ions  or other 
user-selected s i t e s  may a lso  be displayed. The model output 
may also be interfaced w i t h  contour plot t ing routines t o  
generate diagrams of concentration isopleths.  



.. 3 . 3 . 4  Description of the Environmental Research '& Technology, Inc.  Model ARTSZV 2.0 

. . Post Conference Submission by B. Egan : 
Reference: "Lagrangian Photochemical/Diffusion M~del'~,.Environrnental 

. . 

Research E Technology, Inc. (In preparation), May 1977. 

Abstract: .ARTSIM is a trajectory-oriented model intended for regional 

application. 1t simulates chemistry and diffusion in a moving 

polluted air mass.. The. chemical model contains 54 reactions and 

explicitly treats .four hydrocarbon classes,.namely, .alkenes, alkanes, 

aromatics and aldehydes as well as photochemical oxidants, SOZ, and 

sulfate.. The model computes pollutant concentration as a function 

of height and time. It contains 3-modules: (1) trajectory generation; 

.(2). source emissions; (33 chemical/meteorological. 

Equations: 

where c = vector of pollutant concentrations 

K(z,t) = diffusion coefficient which varies with height 

and time 

R(c) = vector of chemical reaction rates 

A. Source-Receptor Relationship 

Area and. point sources are used. Elevated point sources may be used. 

~eneralizkd.input structure allows use of 'source emissions data at 

various .levels of resolution. Source-oriented and receptor-oriented 

trajectories may be specified. 

B. Emission Rate 
. I 

~ates must be specified for each primary pollutant. Hourly rates 

for traffic and stationary sources required. 

J 
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. . 

C. Chemical Composition 

54-reaction chemical model including NO, NOZ, 03, SO2, sulfate, alkenes', 

alkanes, aromatic hydrocarbons, and aldehydes. 

D. Plume Behavior 

N/ A 

E. Horizontal Wind Field 

Hourlyu- and v-components must be input for trajectory cal'culations. 
. . . . 

F. Vertical Wind Speed A- , 

Not included. 

G. Horizontal Dispersion 

Assumed negligible 

. , 

H. vertical' Dispersian 
. . 

Diffusivities are specified at up to 10 vertical levelswitll arbitrary 

time resolution. Any atmospheric stability class can be used for 

various times of day. 

I. Chemistry - ReacLiu~t Mechanism 

See Section C 

J. Physical Removal 

Physical removal is simulated by a variety of ground boundary conditions . 

and/or chemical reactions in kin.etic model. . 

. . 
K . Background 

. . 

Background concentrations can be specified as initial or boundary 

conditions. 



. 
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L. . Boundary Conditions 

a) .Source boundary condition at ground: ' 

aci 
K(o,t) - = Di (t) , i denotes ith species, mi(t) = source flux a z 

b) Constant-concentration boundary condition: 

c = constant 
. . i 

c) Absorption at the ground: 

vd = deposition velocity 

n = power of ci 

d) Top boundary condition (impermeable boundary) 

M. Emission and Meteorological Correlation 

N.' Validation - Calibration. 

a) A. Q. Eschenroeder, J .  R. Martinez, and R. A. ~ordsieck, 

llEvaluation of a Diffusion Model for. Photochemical Smog 

Simulationff,'General Research' Corporatibn, CR-1-273, Oct. 1972 

b) AeroVironment . . , Inc . , . lfLas Vegas Valley Air Qua1 i.ty studyf1, 
April 1976 

c) AeruVironment, Inc., "Truckee Meadows Basin Air Quality Studyw, 

April 1976. . . 



L 
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N. d) Stanford Research ~nstitute, "Present and Prospective . San Francisco 

Bay Area Air Qualityw, ~ecember' 1974. 

0. Output  

' Species concentrations as functions of time and height above ground. 

Time resolution is arbitrary down to 1 minute. Variable vertical mesh. 

spacing may be used. 



3 . 3 . 5  Description o f  the RzvironmentaZ Research &. Techno Zogy, Inc. Mode Z LAPS 

Post conference submission by 3. Zgan 

Reference : R. A.  ~ordsieck. "A Local Air Pollution Simulator (LAPS) ; 
Volume I, User's Guide," Environmental Research & Technology, 
2030 Alameda Padre Serra, Santa Barbara, California 93103, 
1977 (In ~re~aration). . . 

Abstract: LAPS employs numerical techniques to calculate concentration 

fields downwind' of single or multiple concentrated sources. These 

sou~ces may be individual.point sources at various heights, an area 

source strip on the ground at arbitrary orientation 'with respect to 

the wind, or combination of the two. The model uses the Lagrangian 

or trajectory approach with lateral dispersion. . Steady or unsteady 

conditions may be modeled and the averaging times associated'with 

the calculated concentrations are related to the averaging periods 

. :  of the input emissions and meteorology. Vertical mixing conditions 

are simulated using time- and space-varying eddy diffusivities. Up 
to seven pollutants may be modeled simultaneously with optional 

equilibrium chemical coupling between the species. 

Equations: 

The basic transport equation mode1ed.b~ LAPS is:.' 

. . 
where 

c = pollutant concentration 

u = wind speed in x-direction 

D (z) = lateral eddy diffusivity at z . Y. 
DZ(z) = vertical eddy diffusivity at z . . 

~(x,y,z,t)= source-sink term to model pollutant emission fluxes 

and simple chemical reactions 



: LAPS - Page 2 

In  the  Lagrangia~l fo rn~u la t ion ,  t he  coordinate  systern of the a i r  
. . 

parce l  i s  o r i en ted  with x i n  t h e  d i r e c t i o n  o f  t h e  wind and moves a t  the  

wind speed u. Thus, t h e  wind speed r e l a t i v e  t o  t h e  moving coordinate 

sys;em is  z e r o  and t h e  term u s . i s  removed from t h e  e q u a t i o n .  LAPS . 
ax 

so lves  t h e  reduced equation by a '  combination of f i n i t e  d i f f e rence  tech- 

niques i n  t h e  z and t dimensions.and mul t ip le  superpos i t ion  of  an  ana ly t i ca l  

s o l u t i o n  f o r  Gaussian spreading from. a f in i t e -wid th  source i n  t h e  y and t 

d i r e c t i o n s .  . , 

A. Source-Receptor Rela t ionship  

: Up t o  l o p o i n t  sources  a t  a r b i t r a r y l o c a t i o n s .  

Unique s t a c k  he igh t  and c f f l u x  parnmctcrs f o r  cach s tack .  
. , 

Separate.uniform a r e a s o u r c e s  allowed' over e n t i r e  region and/or .within 

a f in i t e -wid th  s t r i p  located  and o r i en ted  by use r  inpu t .  . 

S p e c i f i c  r e c e p t o r  l o c a t i o n s n o t  c u r r e n t l y  ca lcu la ted ,  but a  ground 

concentra t ion  map i s - p r o v i d e d  and v e r t i c a l  p r o f i l e s  a r e  ' 

a v a i l a b l e  a t  u s e r  s p e c i f i e d  time i n t e r v a l s .  

B. Emission Rate 

Unique ave rageemiss ion  r a t e s  o f  a l l . p o l l u t a n t s  f o r e a c h  point  and 

a r e a  source.  . . 

C. Chemical Composition 

Up t o  seven chemical spec ies  can b e ' s p e c i f i e d  by name and molecular . 

weight. 

D. Plu~iie Behavior . . 

Br?ggs (1971) f ina l .  plwne r i s e  formula f o r  neut ra l :  o r  uns table  

condi t ions  with u > 3.1  mph. 

 ohw wash not  t r e a t e d .  
. . 

Plume r i s e  l imi ted  t o  invers ion  height  unless  s tack  pene t ra te s  base 

0f : invers ion  l aye r .  



. . . ,  
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E. Horizontal Wind Field 

Wind speed is uniform over y and z, but, may be varied with time. 

Vertical mixing inddccd by *ind shear can be modeled through adjust- 

ment of the vertical eddy diffusivities. . .  . 

, , 

Vertical Wind Speed 

Neglected. 

G. Ilorizontal Dispersion 
. 

Lateral dispersion is treated using an analytic solution for one- 

. dimensional diffusion from a finite-width source. . Each c'ell 
. . 

in a row at each vertical station is treated as an isolated 

source which diffuses laterally for one time step. The results 1 

of these calculations are superposed to give' the complete solution 

in each row of .cells. 

The lateral eddy diffusivities can be varied with hcight a ~ ~ d  time. 

'. . 

H. Vertical Dispersion . . 

Vertical dispersion ismodeled using a Crank-Nicolson finite difference, 

formuiation for vertical diffusion with variable eddy diffusivities. 

The vertical eddy diffusivities can 'be varied with height and time. 

I. Chemistry - Reaction Mechanism 
. - 

~quilibrium chemical coupling of N0,NO and 0 is optional. 2 ' 3 

First order conversion of SO2 to sulfate is optional. 

Governing rate constants and conversion rates are input parameters. 

J. physical Removal 

Fallout not modeled. . 

Rainout not modeled.. , . 



LAPS - page 4 .. 

Impaction of particulates or complete chemical uptake at the ground 

is optional for any species. . . 

K. Background 

Vertical profiles of background concentrations are specified by the 
. . 

user fo'r each species. 

L . Boundary Conditi.on s 

Optional time varying surface fluxes of each species, indepndeotly 

specified .for a source step and for the rei~laining area. 

Constant ground concentration may be specified for any species to 
. . 

enable calculation of surface uptake. 

Reflection coefficient at sidewalls may be set by the user. 

Emission and Meteorological Correlation - 

N. Validation - Calibration . 

Thus far, validations have consisted of comparisons with various ' 

analytical solutions; for example, for steady-state Gaussian 

plumes and step changes in flux or concentration boundary con- 

ditions. In each case, it has been possible to achieve accuracy 

in the 10% and under range, which is certairlly wgthin the accuracy 

of real-world input data. No comparisons with measured data 

have been attempted as yet, owing partially to the scarcity of 

good nieasured data, either roadside CO profiles or po in t  source 

plume concentrations collected with simultaneous car counts ..or 

pollutant emissions and meteo~ologica~l data. . . 

0. Output 

Vertical concentration. maps giving conceritrations a,t ~iiesh points iri 

an array of up to 10 vertical stations and 20 horizontal stations 

at user-specified time intervals. (Optional) 



. LAPS - 'page'. 5 -. 

0. (cont 'd) 

Ground concentrat ion maps showing ground concentra t ions  a t  up t o  

20 s t a t i o n s  normal t o  t h e  wind d i r e c t i o n  a t  use r - spec i f i ed  time 

i n t e r v a l s  along t h e  a i r  t r a j e c t o r y .  (Optional) 

Ground concentra t ion  contours - A p r i n t e r - p l o t t e d  symbol map derived 

from t h e  a r r a y  of  ground concentra t ions  del inea. tes  up t o  10 user-  
. . 

spec i f i ed  contour i k v e l s .  The u s e r  m a y  ' s e l ec t  which species  a r e  

t o  be p l o t t e d  and speci fy  d i f f e r e n t  contour l e v e l s  f o r  each 

s e l e c t e d  species .  

Concentration vs .  d i s t ance  p l o t  - This opt ion  produces a p r i n t e r - p l o t  

of  ground concentra t ions  vs .  d i s t ance  along t h e  t r a j e c t o r y  f o r  

up t o  f i v e  user-se lec ted  spec ies ,  

. . 
Ground, concentra t ion  c r o s s p l o t  - This opt ional  output  g ives  ground 

' c o n c e n t r a t i o n p r o f i l e s  normal t o  a roadway ( i . e .  a source s t r i p )  

a t  use r - spec i f i ed  i n t e r v a l s  along t h e  road. 





3.4 GROUP 11- 1 . . 

3.4.1 Description o f  the EnvironmentaZ Research & Techno Zogy, Inc. Mode Z EGAMA 

Post conference submission by B. Egan 

Reference: Egan, B.A. and J.R. Mahoney, 1972a: "Numerical modeling 
of advection and diffusion of urban area-source pollutants." 
J. Appl. Meteor., 11. 312-322. 

Egan, B.A. and J.R. Mahoney, 1972: "Applications of a 
numerical air pollution transport model to dispersion 
in the atmospheric boundary layer." J. Appl. Meteor., 11. 
1023-1039. '. 

Abstract: The E~an-Mahoney advcction-JiIfusion model (EGAMA) simulates 
the dispersion mechanisms of grid-cell emissions using a numerical 
solution to the basic tracer equation. ~he'model utilizes moments 
of the concentration distribution within each grid cell in a computation 
scheme designed to virtually eliminate numerical, pscudo-diffusion 
effects. The capability of this model to treat spatial and temporal 
variations in the wind and diffusivity profiles allows for specialized 
adaptations for a wide range ofnmodeling, applications, e.g., near- 
field dispersion of highway .sources, fumigation episodes due to 
sources located near land-water interfaces, and long range transport 
problems. 

E dtions: The hasic mass conservation equation for a pollutant species ,A__ 
in a planer non-divergent flow field may be.written: 

' where C = pollutant concentration 
U = component wind speed in mean (x) direction 
V = cross wind speed .component 
K = vertical eddy diffusivity 
Q .  = emission rate 
R = Removal or production rate (specific form 

depends upon mechanism) ' '. 

A. Source-Receptor Relationship 

Emission rates may be assigned to each grid .cell. Average concentrations 
within each model grid cell are computed by step-wise integration 
for evenly' spaced time intervals. Two or three dimensional grid 
systems may be specified. I 

B. Emission Rate 

Time and spatially variable emissions within each grid cell can 
vary with time and represent average value's over the geographical 
space encompassed by a single grid cell. 



. . 
C .  Chemical composition 

Transformation and decay a s  well a s  su r face  deposi t ion  of the  . - 

contaminant species  under examination may be incorporated.  These . 
processes a r e  of primary concern f o r  long range t r anspor t  applications. , 

D .  Plume Behavior % 

No plume r i s e  formula per  s e  i s  incorporated by t h e  model. Emissions 
are assumed well mixed i n ' t h e  v e r t i c a l  wi th in  each g r i d  c e l l .  
Prel iminary plume r i s e .  ca lcu la t ions  (e.g.,  Brigys formulae) .can be 
performed t o  e s t a b l i s h  t h e  v e r t i c a l  loca t ion  of each emission 
source. 

E. IIorizontal Wind Field 

steady-.s tate  o r  s p a t i a l  ly/temporal l y  varying ambient winds may be 
spec i f i ed  throughout t h e  g r i d  system. The speed a t  any point  is  
c,onsidered constant  during a given time s t e p .  The e f f e c t s  of 
obs tac les  on a l te ' r ing  t h e  flow f i e l d  may be simulated.. 

F. V e r t i c a l  Wind Speed 

No.rmally assigned zero i n i t i a l  value.  Ver t i ca l  wind speeds r e s u l t i n g  
from flow over obs tac les  o r  downwash a r e  i n t e r n a l l y  generated ( for  
example r e t u r n  flow c i rc .u la t ion  i n  depressed highway sec t ions ) .  

G .  Horizontal  Dispersion 

Turbulent d i f f u s i v i t i e s  can be spec i f i ed  t o  s imulate hor izonta l  
d ispers ion .  In  app l i ca t ions .wi th  l a rge  g r i d  c e l l s ,  hor izonta l  
d i spe r s ion  i s  o f t e n  neglected compared t o  the  t r anspor t  terms. 

H. Ver t i ca l  D i s ~ e r s i o n  

The v e r t i c a l  diffusion'component i s  simulated by a conventional 
forward-time, center -d i f ference  technique modified so t h a t  v a r i a b l e  
g r i d  spacing can be spec i f i ed  i n  the  v e r t i c a l .  In regions where 
parameters o r  concentrat ions vary rap id ly  with he ight ,  r e s o l u t i o n  
and accuracy can be improved by smaller  v e r t i c a l  g r i d  spacing. 

I .  Chemistry/Reaction Mechanisms 

Program presen t ly  allows incorporat ion of two specie  r e a c t i v e  
chemistry. Modifications a r e  underway t o  expand c a p a b i l i t y  t o  
mul t ip le  species .  

J'. Physical Removal 

Surface deposi t ion  of the  contaminant species  modeled i s  simulated 
a t  t h e  lower boundary of the  g r id . sys tem. ,  Other removal processes,  
including chemical t ransformation and decay can a l s o  be incorporated.  



K. Background Concentrations 

Can be specified as initial conditions throughout the grid system 
and in the form of boundary values which are advected into the 
computational region. 

L. Boundary Conditions 

Winds, diffusivities, and pollutant fluxes .at top and bottom of 
grid system may be spe'cified. 

M. Emission and Meteorological Correlation 

Could be specified. 

Extensive validation/calibration study performed for highway 
applications (2D-version) limited validation of 30 version performed 
in long range SOx modeling study. 

0. Output 

concentration fields at all grid locations at specified time intervals 
or t im& 'averaged. 

. . ' 
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3.6 GROUP 11-3 ' .  . 

. .. 3 . 6 . 1 .  . Description of TAEVLS Mode2 

Submitted hy D. G. Fox a t  t h e  conference. 
TAPAS 

Reference: (a) Fosberg, M.A. and D. G.. Fox.. "A. ~ o ~ o g r a ~ h i c  A i r  P o l l u t i o n  
~ n a l ~ s i s  System" t o  be  submitted . t o '  Atnospheric Environment .. 

, . (b) Fosberg, M.A. and D.G. Fox. "An A i r  Qual i ty  Index t o  Aid 
i n  Determining Mountain Land Use". I n  Proceedings of t h e .  
Fourth National  Conference on F i r e  and Forest  Pfeteorology, 

: -  Nov., 1976, USDA For. Serv. Gen. Tech. Rep. W 3 2 , ' p .  167- . 

170, 1977. . . 
V 

(c') Fosberg, M.A., ID. G, Fox', E.A. ~oward'and J .D .  Cohen. 
"Nonturbulent Dispersion Processed i n  Complex Terrain", 
Atmos. Env:lO, p. 1053-1055, 1976.' 

(d) ' Fosberg, M.A., W. E. Pfarlat t  a n d  L. Krupnak. "Estimating 
Airf low P a t t e r n s  Over Complex Terra in ,  USDA Fores t  S e r v i c e .  . 

Research Paper No. 162, '16 p., ,1976. 
. . 

(e) D.G. Fox, G. Wooldridge, and o the rs ,  "An Experimental 
Study o f  Mountain Meteorology". I n  Proceedings of t h e  
Third Symposium on Atmospheric Turbulence Diffus ion.and 
Ai r .Qua1 i . t~ .  Aner:Met. Soc., Raleigh, NC, 1976 

Abstract :  TAPAS combines a s imula t ion of t h e  wind f i e l d  over  mountain- 
ous t e r r a i n  wi th  a Gaussian derived d i f f u s i o n  model. The 
d i f f u s i o n  model is employed i n  each g r i d  c e l l  of t h e  c a l c u l a t i o n  

. i n  o rder  t o  provide an  estimate of t h e  mixing cond i t ions  
wi th in  these  c e l l s .  These condi t ions  a r e  combined with 
t h e  P o l l u t a n t  Standards Index such t h a t  a maximum allowable 
emission i s  calcula ted .  These i n  t u r n  represent  an 
atmospheric c o n s t r a i n t  f o r  planners t o  work with. 

Equations: ( Wind Model 
(a) . Cressman o b j e c t i v e  a n a l y s i s  
'(b) P o t e n t i a l  flow over  topography 
(c) Inf luences  of s u r f  ace temperature and roughness'. . . 

See re fe rence  (d), 
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TAPAS 

A. Source-Receptor Rela t ionship .  

(a) sources  a r e  evaluated on the  b a s i s  o f  t h e i r  ins tantaneous  
emission r a t e  (mglsec) for$'values and i n  terms o f .  t h e i r  
t o t a l e m i s s i o n  (mg) over  the  s t andard  time period f o r  t h e  

%values. 

(b)   here is no d i s t i n c t i o n  made be tweenpo in t ,  l i n e  and a r e a  
sources. 

. .  . 

(c) There a r e  no s p e c i f i c ,  r ecep to r s ,  Analysis  i s f o r  ground 
l e v e l  concentra t ions .  

B. Emission Rates 

(a) c a l c u l a t e d  from EPA emission f a c t o r s  e x t e r n a l  t o  t h e  model.. 

(b) Model provides t h e  t o t a l  al lowable emission wi th in  each g r i d  
c e l l  (ranging from .25 km2 t o  9 ) t o  achieve a p rese lec ted  
l e v e l  of a i r  q u a 1 i . t ~ .  

C. Chemical Composition 

Only non-reactive p o l l u t a n t s  a r e  t r e a t e d .  

D. Plume Behavior 

~b e x p l i c i t  t reatment of plume behavior. . . 

E. Hor izonta l  Wind F ie ld  

The wind component c a l c u l a t e s  an  o v e r a l l  d r i v i n g  wind by 
Cressman d b j e c t i v e  ana lys i s .  Th i s  is then a l t e r e d  by 
topography wi th in  t h e  r e s t r i c t i o n s  of  p o t e n t i a l  flow. The 
p o t e n t i a l  f low is cor rec ted  by s u r f a c e  temperature and 
s u r f a c e  roughness cons idera t ions .  

F. V e r t i c a l  Wind 
1 

The c a l c u l a t e d  wind is  const ra ined t o  fo l low the  t e r r a i n  a t  
t h e  surface .  The r a t e  of change of v e r t i c a l  v e l o c i t y  (2uria2) 
i s  e x p l i c i t l y  c a l c u l a t e d  a s  t h e  divergence. 



. TAPAS 

G. .Hor izonta l  Dispersion 

A Gaussian formulat ion is  a l t e r e d  t o  inc lude  the  e f f e c t s  of  
mass divergence ( s e q  re f .  c )  on h o r i z o n t a l  d ispers ion .  

- 
This  e f f e c t  is coupled wi th  t h e  va lues  of  gy presented by Turner f o r  each s t a b i l i t y  c l a s s .  Other more s o p h i s t i c a t e d  
forms of d i spe r s ion  can be included. 

. . 

H. V e r t i c a l  Dispersion 
. . . . 

6 i s  determined from Turner f o r  e a c h  s t a b i l i t y ,  c i a i s .  Orlrer 
forms of d i spe r s ion  can be  included. 

I. ~hemistry/~eace=on Mechanism 
* 

None 

J. Phys ica l  RemovaS . . 

. . 
None 

Can be removed, i f  know, from t h e  c a l c u l a t e d  t o t a l  a l lowable  
emission. 

, . 

L. Boundary Condit ions . . 
, . . . 

. . .  No upper bound on v e r t i c a l  d i f f u s i o n '  wi th in  each c e l l  al though 
t h e  wind is ca lcu la ted  assuming a l i d ,  a s p e c i f i e d  d i s t a n c e  , , .  

above t h e  topography. 

M. Emission and ~ e t e o r o l o ~ i c a l  Cor re la t ion  

. . 
None . . . . 

N. - Val ida t  ion /Ca l ib ra t ion  

T h e  wind model has undergone v a r i o u s  t e s t s  of accuracy and i t s '  
parameters have been ad jus ted  accordingly  . The d i f  f usion-wind 
combination ha.s not  been val ida ted .  . 



TAPAS 

0. Output 

A matr ix  of t h e  a l lowable  emissions wi th in  each g r i d  c e l l  is 
output  f o r  each i n d i v i d u a l  ambient a i r  q u a l i t y  s tandard ,  *i. e. 
1 hr.CO, 8 hr .  CO, 24 hr .  TSP, o r  f o r  any o t h e r  p rese lec ted  
l e v e l  of  a i r  q u a l i t y ,  i.e. f o r  24 hr .  TSP p= 100, 
% = 75 P g l m 3  o r  = 8, 7, -75 /&/in3 ( c l a s s  I )  
o r  = 17, &= 75 pgh3 ( c l a s s  11). . 

The model i s  a b l e  t o  accomodate s e l e c t i o n  o f  d i f f e r e n t  va lues  
of p a t  d i f f e r e n t  g r i d  p o i n t s  s o  t h a t  c l a s s  I, I1 and I11 
a r e a s  can be  analysed togetlier.  



3.6.2 Validation Data on the VALLEY Model 

Submitted b y  Herschel H.' Slater, post-conference 

Val ley  Model: Comparisons o f  Observed and Estimated 

Concentrat ions and Re1 ated Observations 

: The Val l e y  Model was. i n i t i a l l y  used t o  est imate the -impact o f  
. . ; ' I  

emissions from s.ing1 e sources, on e levated . t e r r a i n .  , There.,are few data 
. . , 

ava i  1 ab le  t o  eval'uate t h i s  o r .  any 'o ther  model o r  a n a l j t i  ca l  Fbut i  ne i n  

rough t e r r a i n  s i t u a t i o n s ,  because: (1 ) i t  i s  d i f f i c u l t  t o  l o c a t e  and 

operate moni t o r i n g  equipment i n  complex t e r r a i n  ; (2)  the  representa- 

t i veness  o f  mkteoro l og ica l  da ta  i s  o f t e n  unc&.laln;: and ('3) some sho r t -  

, term standards are  addressed t o  r a r e  events. Sensing the  r a r e  event may 

r e q u i r e  a very  h i g h l y  r e l i a b l e ,  cont inuous ly  opera t ing  mon i to r ing  

program. 

The dramatic example o f  the  l a t t e r  i s  prov ided by data c o l l e c t e d  by ' .  

the  Kennecott Copper Corporat ion a t  two o f  t h e i r  sampling s i t e s  on . 

. . 
January 20, 1976. The b e a r i n ~ s  from the  main stack t o  the  .moni t o r s  were 

w i t h i n  5" o f  each o ther  (about 250° True).  One moni to r  was about 2.7 . n 

m i l e s  (4.5 km) from and 300 f e e t  (100 m) above the  stack top. It meas- 

ured a 24-hour SO2 concent ra t ion  of 2.71 ppm. The second moni tor  was ' 

about 3.0 m i l e s  (5  km), from and 1100 f e e t ,  (350 m)' above the stack top. 

I t  measured .0.02 ppm f o r  the 'same 24-hour per iod.  The maximum concen- 

t r a t i o n s  a t  moni tors w i t h  e levat ions '  near o r  below the  base o f  the 

stacks were a t  most 10-22% of the h ighes t  concentrat ions measured on the 

h i 1  l s i d e .  ( I t  i s    rob able the  concentrat ions'  a t  the moni tors near the  

e leva t i ons  o f  the stack bases were caused by sources o ther  than the 

p o l l u t a n t s  emi t ted  from the stacks.)  I t  i s  q u i t e  apparent t h a t  the 
. . 

e f f l u e n t s  from the stacks were contained. i n  o r  below an i n v e r s i o n  and 

l a y  along the  h i l l s i d e  above the base and below the  c res t .  



Comparisons of estimated and observed 24-hour su l fur  dioxide con- 

centrations measured a t .  s i t e s  located a t  elevations greater  than the 

stack top of a nearby ;source a re  shown i n  Table A-1. In f ive  case's, the 

emission r a t e  was well documented. To make the concentration estimates 

i t  was assumed tha t  s tab le  conditions ( F )  and l igh t  wind speeds (2 .5  

mps) described the dispersion condi t i n n s .  

Quant i ta t ive comparisons have been made which.digress from the 

original purposes and. applications of the Val ley Model ; e.g., compari- 

sons made fo r  1-hour averaging times. Also, observations e x i s t  which 

can be only qual i ta t ive ly  related to  the plume impingement concept of 

the Valley Model. Some examples which may provide some useful insights  

follow. 

Lantz, Hoffnagl e and ~ a h w a ( ~ )  developed 1 - h o u r  estimates from the 

Val ley Model and. compared estimated and ;observed concentrations from the 

Navajo   en era tin^ Plant Study. Using 4 s e t s  of meteorological inputs 

they developed 12 data-pairs.   he r a t i o  of 'estimated to  observed 

maximum 1-hour concentrations ranged from 0.7 to  2.4. 

Slowik and used the Valley Model to  estimate concentrations 

a t  a sampling s i t e  on Laurel Ridge, Pa., near the Conemaugh Generating 

Station. Comparisons were made with one year of 1-hour su l fur  dioxide 

concentrations. The data were screened on the basis of wind directions 

collected a t  a wind sensing s i t e  on Chestnut Ridge, 14 km from the 
. , 

monitoring s i t e .  The itudy presumes' t ha t  the wind observation on 

Chestnut Ridge defines ;the plume. t ra jectory i n  a11 cases. I f  t h i s  



, . _. 
TABLE A-1 Comparisons ~etween ES timateb Miximum anb Second . 

. , ,  Highest and Observed 24-Hour SO2 Concentrations. , . . 

- '  Estimated Concentrations Are Based On Valley Model 
. Assuming F S t a b f l i t y  and 2.5 mps Wind Speed. 

, - 

Location 

Crusher ) 

Lower(2) 
Lake 

3 3 )  

( )  

C-Hi11 '4) 

Phel pf ) 
Mine 

Jones ( ) 
Ranch 

Source 

Gar f ie ld  
Smel t e r  

Gar f ie ld  
Smelter 

Navajo 
P. P. 

Navajo 
P. P. . 

Anaconda 
Smelter 

(a) Micrograms per cubic meter except where otherwise indicated. 
(b) Emission ra tes no t  we1 1 -documented. 
(c )  R e l i a b i l i t y  of a i r  q u a l i t y  data not  ascertained. 

. . 

Morenci 
Smelter 

Miami 
Smelter 

Period 

4/15/73- 
1 /31/74 

2/01 /74- 
1 /31/75 

3/08- 
12/16/75 

1/1-25/76 

10/1/74- 
2/17/75 

10/1/74- 
2/17/75 

1975 

1974 
975 

Although some data have been acquired a t  GHil l  near the 
Anaconda smelter, unresolved uncer ta in t ies  w i t h  the data 
make i t  inadvisable t o  apply them f o r  va l i da t i on  purposes. 

24-Hour concentration (a )  

15490(~)  

8610 '~)  
8 6 1 0 ( ~ )  

Estimated 

2480 

2480 

1.18ppm 

1.18 ~ p m ( ~ )  

36 

25 

Ratio 
Es t/ Obs 

Max 

1.0 

0.4 

0.4 

0.4 

1.1 

0.8 

82547 

2042 
2642 

Observed 
2nd 
High 

1.0 

0.8 

1.0 

0.6 . 
1.9 

1.7 

Max 

2564 

61 30 

2.66ppm 

2.71 p p d c )  

, 32 

30 

241 6 

1760 
1548 

2nd 
High 

2473 

31 30 

1.20ppm 

2.14 ppm(C) 

19 

15 

6.1 

4.2  

3.3 

6.4 

4.9 
5.6 



very tenuous assumption is  accepted, then the r a t i o  of estimated to  

observed 1-hour concentrations was 40 fo r  the maximum hourly, 65 for  the 

second highest and 30 fo r  the 90th perdentile concentration. 

Keen observers of 'plume configuration have long noted tha t  plumes : 
. . 

from the stacks of sources located i n  h i l l y  te r ra in  usually have greatest  

impact on higher te r ra in .  Studies of the plume travel of the C l  i f t y  

Creek power plant and observations near the b!idowls Creek f a c i l i t y  

confirm t h i s  observation i n  a qua l i ta t ive  sense. ' (The Navajo study 

provides quantitative conf irmatidn. ) Observers do not agree tha t  a 
1 

part icular  plume configuration such as high-wind fumigation, .inversion : 

- . .  . brea k-up 'fumigation 'or impingement i s  ,associated w i t h  g rea tes t  ground 

1 eve1 concentrations. The c r i t i c a l  configuration i s  influenced by the 

charac ter i s t ics  of the source, i t s  s i t e ,  the frequency of weather events, 

the location and orientation of nearby te r ra in  features ,  and the operating 

schedule of the f a c i l i t y .  

his described several circumstafices whi kh  support qua1 i -. 
. . 

t a t ive ly  the assumptions on which the Valley Model i s  based; namely, i n  
. . 

hi1 ly  t e r r a in  the 'highest 24-hour concentrations caused 'by pol 1 utants 

emitted from a stack whose top i s  lower ,than the 'e levat ion o f .  nearby 

t e r r a in  features occur under 1 ight  wind s table  .conditions. Scorer 

describes plume character is t ics  of a, number of sources. He s t a t e s  that 

in Bohemia (p .  36):  "The gases from large power s ta t ions  d r i f t  .with 
' very l i t t l e  di lut ion above the height a t  which they were emitted, b u t  

below 'the mountain tops, .  unti 1 they i'nlpi nge on the hi.11 s.ides and damage 

th.e pine t rees . .  . ." He describes a si.tuation in. New Zealand where, 



due t o  s t e e p l y  s lop ing  nearby mountains, a i r  p o l l u t a n t s  a re  trapped i n ,  

calm weather and o f ten  impinge on the  h i l l s i d e s .  Fur ther ,  on page 46, 

he c i t e s  t h e  coasta l  area o f  Lebanon where. ". . . the plumes from t h e  

f a c t o r y  chimneys a t  the  coast  impinge on. the  r i c h  f ru i t -g row ing  f i e l d s  

which s lope up s t e e p l y  i n l a n d  ..." 
The c l a s s i c  T r a i l ,  - 0 . ~ .  study o f  Hewson and ~ i 1 1 ( ~ )  suggests t h a t ,  

on occasion, h ighe r  concentrat ions occurred on t h e  slopes o f  t h e  Columbia 

R ive r  Va l ley ,  above the  , v a l l e y  f l o o r  b u t  below t h e  c r e s t s  o f  t he  sur-  

rounding h i l l s ,  than elsewhere.. 

An o f t  c i t e d  t r a c e r  s tudy by  S t a r t ,  Dickson, and ~endkl.1' ') was 

conducted i n  Hunt ington Canyon, Arizona. Based upon the  s i n g l e  1 i r k - o f -  

, b e s t - f i t  through observed vs. est imated concentrat ions f rom t h e  f o u r  1- ! '  

hour v a l i d  t r a c e r  t e s t s  conducted d u r i n g  s t a b l e  cond i t i ons ,  w i t h i n  a 48- . . 

hour per iod,  t he  authors conclude t h a t  t h e  d i l u t i o n  i n  t h e  Canyon was 15 

times t h a t  t o  be expected over  f l a t  t e r r a i n .  Estimates were made by the  

b i v a r i a t e  Gaussian fo rmula t ion ,  us ing  the  f l a t - t e r r a i n  P a s q u i l l - G i f f o r d  

d i f f u s i o n  parameters corresponding t o  the  s t a b i l i t y  observed i n  t h e  

Canyon. However, when t h e  same data  a re  expressed as t h e  r a t i o  of t he  

est imated concent ra t ion  t o  t h e  study-per.iod maximum observed concen- 

t r a t i o n  a t  - each of t he  f o u r  sampling a rcs  ( a t  d is tances about 2.2, 2.8, 

4.2, and 6.2 k m ) ,  we o b t a i n  values o f  0.95, 1.1, 2.6, and 1.0, r e s p e c t i v e l y .  

Re la t i ve  t o  many model ing r e s u l t s ,  t h i s  i s  an e x c e l l e n t  r e l a t i o n s h i p .  

I t  i s  i n t e r e s t i n g  t o  note  t h a t  each maximum occurred a t  an end sampler 

o f  t h e  respec t i ve  arc:. How adequately t h i s  s e t  o f  data rep resen ts  the  

d i spe rs ion  cond i t ions '  when t h e  h ighes t  concentrat ions o f  t h e  year  occur 

has n o t  been resolved.  
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REF: 8AH-A 

M r .  A l be r t  E. Smith 
Energy and Environmental Systems D iv is ion  
Argonne .National Laboratory 
9700 South Cass ,Avenue 

. . Argonne, IL 60439 

Dear A1 : 

As a fol low-up t o  our recent telephone conversation concerning comments 
on the EPA Modeling Guidel ine Working Group 11-3, I am submit t ing the 
fo l lowing suggest-ions. My f i r s t  su]ggestions are re l a ted  t o  use of 
the EPA ~ a l ' l ' e y  Model. i n  complex t e r ra i n .  These are followed by s,ug- - . 

gest ions on the w r i t t e n  statements.prepared by. Bruce Eagan., Do,uglas 
Fox, and Sumner Barr. 

A S  I indicated i n  the workshop I have used the Val ley Model d i f fe rent ly  
, than presented by Herschel S la te r  a t  the workgroup'. I h'ave attempted 
t o  use 1,ocal meteorological condi t ions which' would take i n t o  considerat ion 
the frequency o f  occurrance o f  the p a r t i c u l a r  s tab i  1 i ty, wind d i r ec t i on  
and wind speed frequency d i s t r i b u t i o n .  This al lows more v e r s a t i l i t y  
i n  apply ing the model, but  requires considerat ion of 'persistance. of 
the prescribed meteor01 ogi ca l  condi t ion.  

Several suggested changes t o  the Val ley Model User's Guide were, given 
by me t o  Herschel S la te r  and Ed Bur t  on ' t he  telephone. I suggested 
t h a t  ' i n  t h e .  i n t roduc t ion  a statement s l m l l a r  to '  that ,  given 'below be . 
inc luded . 
"The EPA Valley Model i s  a, modif ied Gaussian technique des,igned f o r  
making ground concentrat ion estimates f o r  plumes. emitted from area ' 

sources and elevated po in t  sources.. Experience indicates t h a t  maximum 
24-hour ground leve l  concentrations frequently occur i n  elevated t e r -  
r a i n  when plumes are contained i .n a s tab le  layer  below the he ight  

' 

of the  t e r r a i n  w i t h  the flow blocked under l i g h t  wind condi t ions.  
This condi t ion was given primary considerat ion i n  the Val l e y  Model 
development for  sh'ort term estimates." 



The fo l lowing comments per ta in  t o  the submission referred t o  a t  the 
beginning of t h i s  l e t t e r .  . . _ .  . . . . 

, . . ,. 

On page 11 a t  the end of sect ion ( i i ) ,  the  statement i s  made t h a t  
the box model approach i s  a conservative screening method. Without 
speci fy ing averaging times, and how the top of the box i s  defined 
one cannot general ly  conclude t h a t  a box model i s  conservative. 
The r e s u l t s  of the box model are very sens i t i ve  t o  the designation 
of the top boundary. 

A t  the bottom of page 11 and a lso  i n  one o f  D r .  Eagan's sections, 
physical  modeling i s  proposed as a useable technique f o r  source i m -  
pact  analysis i n  complex t e r ra i n .  The guidel ines should po in t  out  
t h a t  the frequency of ocurrance and persistance o f  meteorological 
condi t ions are no t  determined i n  physical modeling techniques. 

Several other suggestions were given t o  you on the telephone, bu t  I 
bel ieve the above covers those items I agreed t o  w r i t e  you about. 
I hope these suggestions w i l l  be he lp fu l  t o  you. 

Sincerely yours, 

Dona1 d Henderson 
Regional Meteor01 o g i s t  



3.6.4 Comments by M. Williams 

Submitted after the conference.. 

0 n  t h e  oc.casions .of w h i c h  I a m  a w a r e ,  the u s e  of a  p lume half height  

c o r r e c t i o n  . w  ould have  p roduced  d r a s t i c a l l y  lower  va lues  than those  o b s e r v e d  

o r ,  t h o s e  p r e d i c t e d  by V a l l ey .  T h e s e  case ' s  involve. s t a b l e  f low toward Le r r a i n  

a c  high a s  t h e  a p p r o x i m a t e  p lume height.  

With r e s p e c t  'to the u s e  of the p r inc ip le  of c o n s e  rvht ion .u l  Inass  to  con 

s i d e  r  wha t  f low s i tua t ipns  m a y  be poss ib le ,  i t  is v e r y  i m p o r t a n t  that ,overly 
. . 

s i m p l i s t i c . r n o d e l s  not be used.  T h e r e  is a tendency on the p a r t  of s o m e  to. 

u s e  v e  r y  s i m p l e  rn.ode1.s w  hich a s s u m e  tha t  the wind i s  approxinia te ly  uni form'  
4 ' 

i n  d i r e c t i o n  the o v e r  than  lower  2000 f e e t  of the a t m o s p h e r e .  Under  s t a b l e  

c o n c i i ~ i o n s  th is  a s s u m p t i o n - i s  f r equen t ly  fa lse ,  F U  r the r m o r e ,  the u s e  of this 

a s s u m p t i o n  m a y  s u g g e s t  r e s t r i c t i o n s  on' plume. belldirior which d o  not; i n  f a c t ,  

e x i s t .  Wc have  found rase 's  ivhe re h st'ablc plurnc r ~ a , r . h e d  a d i s t an t  r idge top  

( 3 3  k m )  with l i t t le  o r  no standoff dis.ta.nce, The r idge  was  approx imate ly  two 

d i m e n s i o n a l  f e a t u r e  o r i en ted  a t  45O to the d i r e c t i o n  of t r ave l .  Winds we re a p -  

With r e s p e c t  t o  a l t e r a t i o n  of diffusion. r a t e s  we h a v e  found that t e r r a i n  

e l e m e n t s  d o  not a p p e a r  to  inf luence  the diffusion of s t a b l e  p l u m e s  un less  they 
. . 

. . 
a r e  a t  f u l l  p lume  height .  As  long a s  t h e r e  i s  no in te rven ing  t e r r a i n  between 

1 

an ob jec t  and the s o u r c e ,  i t  s e e m s  that  .no a l te  ra t ibn  i n  diffusion r a t e s  i s  j u s t i -  

f ied  f o r  e l eva ted  p l u m e s  d u r i n g  s t a b l e  conditions. 



3.7 GROUP 11-4 

3.7.1 Comments on the Group 11-4 Discussion 0.f the Posqri . lZ-C~ffo.v,d 
. . a Curves 

7: 

. . Submitted by M. Williams a f t e r  t h e  conference. 

Unfor tunate ly  I w a s  ' n o t  a p a r t y  to the d i scuss ic r ,  which produced , t h e s e  
. . 

conc lus ions  s o  I d,o not know wha t  b a s i s  w a s  u s e d  to p roduce  the s t a t ed  con-  

c lus ions .  ' ~ o w e L e r ,  1 h a v e  r e v i e w e d  d a t a  which d o e s  r e l a t e  to  the  q u e s t i o n  

at. hand,  F i r s t ,  the C e n t r a l  E 1 e c t r i c i . t ~  Genera t ing  B o a r d  h a s  . r epor ted  o n  

r n e a s u r e k e n t s  n e a r  to  p o w e r  p l a n t s  with s t a c k s  of 137 m e t e r s  a n d  183 m e t e r s  

1. 
i n  he ight .    he ca lcu la t iona l  t echn ique  w a s  tha t  of the  P a s q u i l l  H.mik m e t h o d  

which i s  s i m i l a r  to the  T u r n e r  me thod  excep t  tha t  t h e  i.f3: a r e  a  l i t t le  

: s m a l l e r  i r i  the Pasql l i l l  t echn ique  and the p l u m e  r i s e  i s  ca lcu la ted  d i f ferent ly .  

The  p l u m e  he igh t s  calcu ' lated th rough  the Em;;\ method a r e  s ign i f i can t ly  

slmal1t.r than those  c a l c u l a t e d  th rough  ~ r i g ~ ~ s , ~ l u m e  r i s e  u s e d  i n  CRSTER. 

3llra s l l . rements  n e a r  (1. 4 kin)  the p lant  with the t a l l e r  s t a c k  g e n e r a l l y  gave 

\?slues c o ~ n p a r a b l e  to t h o s e  p r e d i c t e d ,  the  except ion  being tha t  dur ing  A 

s t a b i l i t y  with winds  of 2. 9 m / s e c  a  3 - m i n u t e  concentra t ion  of 58 pphm w a s  

p r c ~ d i t t e d  w~hilc the - m e a s u r e d  va lue  w a s  only 32 pphm and the h ighes t  mea ' su r -  

e d  va lue  w a s  only 36 p p h n , .  Us ing  a  B r i g g t s  p lume  r i s e  w i t h  T u r n e r  d i s p e r -  

s ion  p a r a m e t e r s  the ca lcu la ted  value i s  40 pphm which a p p e a r s  to  be  i n  good 

a g r e e m e n t .  T h u s  th is  ev idence  i n d i c a t e s  tha t  f a r i l y  good a g r e e m e n t  i s  ob-  

t a i n - d  if the  T u r n e r  v a l u e s  a r e  taken a s  3-  J 0 minute  ~ a l u e s .  The s a m e  d o c u -  

m e n t  s u g g e s t s  that  the r n a s i m n m  o n e - h o u r  va lues  a r e  f r o m  ha l f  to  t h r e e -  

q u d r t e r s  of the  3 mil lu te  v a l u e s .  Thus  the  P a s q u i l l  n l r v e s  m a y  o v e r p r e d i c t  



by 33 to  100% if u s e d  a s  o n ? - h o u r  v a l u e s  a t  d i s t a n c e s  of about  1 .4  km. T h i s  

w a u l d  s u g g e s t  that  t'he c o r r e c t i o n s  should  be  appl ied  to  5 not, c3 . In  a d d i -  -a 
t i o n  t o  the g r o u n d - l e v e l  m e a s u r e m e n t s  t h e r e  a r e  m . e a s u r e m e n t s  of a c t u a l  

p l u m e  d i m e n s i o n s .  T h e s e  ind ica te  tha t  . v e r t i c a l  s p r e a d s  k i l l  be w e l l  i n  e x -  

c e s s  ( m o r e  than twice)  of those  expec ted  f o r  C l a s s  B o c c u r r e d  e v e n  though 

the  wind  spec+ds w e r e  too  high ( 5 . 8  m / s e c )  f o r  Ca tegory  A .  Th i s  d a t a  d o e s  

not  s e e m  to  . s u p p o r t  . e i t h e r  t h e  r e p l a c e m e n t  of C a t e g o r y  A by C a t e g o r y  B o r  the 

l i n e a r  ex t rapo la t ion  technique .  Both of t h e s e  p r o c e d u r e s  would l ead  to  d r a T  
! 

m a t i c  underpred ic t ionzfo r  low wind s p e e d ,  n e a r  p lan t  c a s e s .  

. 
T h e  m o a s u r e m t n t s  do  s u g g e s t  s o m e  u n d e r p r e d i c t i o n  a t  5 km. F u r t h e r -  

I n i , r t !  s o m e  of 6; fo r  c a t e g o r i e s  B - D  w e r e  g r e a t e r  than given by T u r n e r  

111 additloll to tl-tc Engl i sh  w o r k  t h e r e  i s  w v r k  i n  e a s t e r n  Mantana  which 

b 

s u s g c . c t s  that t!lc. Turncsr u f t c u r v e s  a r e  a p p r o p r i a t e .  '1 h e s e  dara  a r e  Ldsed 
. . 

! 6 6  ' 
on w c ~ r i i  \r<.i.t.h a sll\,e:r .. ' t t a b e r .  I have ; ~ l c l u s r d  Figlgurcs 5 and 6 Irorn t h i s  

F i n a l l y ,  the  L a p p e s  study a l s o  s u g g e s t s  the i m p o r t a n c e  of looping type 

4 .  

si?u;!tions. Thp  \\:ark s l ~ o \ v s  tha t  the h ighes t  ground l eve l  concen t ra t ions  e n -  . 

c c u n t c r e c !  o c c u r r e d  c l o s e  in. T h e r e .  w e r e  two o c c a s i o n s  w h e r e  i t  looked as. 

ih03~gh t h e  p lume \vas undergo ing  c l a s s i c  looping type behav io r  n e a r  the  Ke)7- 

A 
s t o n e  p lan t .  In both ca 'ses p e a k  v a l u e s  ive re  c o m p a r a b l e  to those  p r e d i c t e d  

\ v i t h  a  B r i g g ' s  plunle. r i s e  - Turn'er  d i s p e r s i o n  p a r a m e t e r s  c o d b i n a t i o n .  F u r  - 

n l c r e ,  r e p e a t e d  i n s t a n c e s '  of h igh c o n c e n t r a t i o n s  w e r e  found a t  11:00 a . m .  
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Figure 5. Comparison of the colstr ip  vertical  d i f f k i o n  
coeff ic ients  .to those of .  Turner and ~owrre's urban curves. 

a . o o m w d k a M e  . . 

Figure 6. Comparison of - the ~ o l s t r i p  horizontal diffusion 
coef f i c ients  t o t h o s e  of Turner s.nd,~owne's suburban curves. , 



3.7.2 Sup Zementary ~ k e n t s  on Discussion Topics of 
Wor f ing Group 11-4, 

Submitted by H .  Cramer a f t e r  t h e  conference adjourned.  

1. VGRTICAL PROFILES OF WIND SPEED 

I am in agreement with the working group's statement that the representa- 

tion of the increase of wind speed with height employed in the EPA models by means 

of a power law with the exponent; varying according to stability categories is satis- . 

factory. However, this statement of the working group should not be interpreted to 

mean that the values of the power-law exponeuls now uacd by EPA sse fixed and.not 

subject to change. F o r  example, wind-profile exponents a re  known to vary not 

only with stability category but also with wind speed and surface roughness. Spec- 

ifically, it may p'rove desirable to vary the present values of the power-law expon- 

ents  f o r  the C and D stability categories with moderate and high wind speeds and 

with large changes in surface roughness parameters .  

2. CONFLICTS AMONG SYSTEMS FOR ESTIMAT.ING STABILITY CATEGORIES ' 

. . 

In my experience the STAR program incorporating T u r n e r ' s  system U . B I I I ~  

hourly surface observations: Lo assign Pusquill stahi1it.y categories is very satisfac- 

tory provided it is recognized that other meteorologicul parameters  such a s  the 

mixing height, vertical gradient of potential temperature and wind-profile exponent 

must  additionally be specified fp r  each of the various combinations of wind-speed 

and stability categories. Of these parameters ,  the mixing height is by f a r  the most  

variable and should not be considered fixed for  any stability category, especially 

neutral. (One of the basic deficiencies of the Pasquill-GifIord u curves is that 
z 

they contain implicit mixing heights -- see  comments below under  Topic 3. ) In my 

view, the opinion expressed by the working group that the STAR progrem tended to  

predict unrealistically high frequencies of occurrence uf neutral stability reflects 



a lack of understanding of the importance of taking the mixing height Into considera- 

t ion when considering the behavior of tall-stack plumes during neutral stability. 

The STAR program output yields a stability classification that. strictly applies in 

the f i r s t  10 meters  o r  so above the surface. If the plume stabilization height is in 

a stable layer above 'the surface layer, which i s  frequently the case for  tall stack 

plumes, the plume behavior does not and should not correlate with the behavior ex- 

pected on the basis  of the stability category assigned to the surface layer. The 

STAR program stability classification must  be .supplemented by detailed specifica- 

ti'on of the wind and temperature profiles along the vertical from the ground surface 

beyond the height attained by the upper edge of the plume a s  i t  t ravels  downwind. 
I 

A s  shown in Figure 1, the meteorological inputs required for application of the 

Gaussian plume model to tall stacks a r e  thus directly related to vertical profiles of 

wind velocity and temperature (and in some cases  to the vertical profiles of humidity 
' 

and turbulent intensity a s  well) representative of a large reference a i r  volume. This 

reference volume, which includes the source and the points on t11e ground a t  which 

concentrations a r e  to.be calculated, extends vertically to the top of the mixing layer 

and has  horizontal dimensions large enough to contain significantground-level 

concentrations. : 

I would like to register  my complete and irrevocable opposition to the A T  

method for determining stability categories. Even i f  one ignores the very consider- 

able and insurmountable practical difficulties in measuring and' interpreting small 
0 

vertical temperzture differences of the o rde r  of 0.1 C, the - A T  observations a re  

strictly applicable only over the measurement height interval which i s  generally 

lOOm o r  less. In working with tower AT measurements and following the AEC 

(ERDA) guidelines relating AT to stability categories, I have never been able to 

obtain results  that appear to be reasonable on the basis of any conventional cr i ter ia .  

On the other hsnd, use  of the Turner and STAR program procedures yields resul t s  

that. appear to be consistent with the uiind measurements made on the towers and 
. . 

other conventional criteria.  



Zh 
= H = Depth of s u r f a c e  mb:ing l a y e r .  1 kilometer 

m 

v = x = .  hIrciiinum don~n~s.incl clistclnces 1C0 kilometers  
- h  h 

Figure 1. S c I ~ c , n ~ a t i c  representation of thc ~ c € e r e n c c  h i r  trolumc. 



3. VERTICAL DISPERSION ESTIMATES 

As we have discussed over the telephone, the f i r s t  sentence on page 7 of . 

the 2 March F i r s t  Round Report of Working Group 11-4 was typed incorrectly and 

should'be changed to read: 

"In their present  form, the Pasquill-Gifford a, curves a r e  
unsuitable for calculating the ground-level concentrations produced 
by tall stack emissions. Specifically, the a, curve for  A stab- 
ility results in' large overestimates of the short-term maximum 
ground-lev el concentrations (1-hour to 24-hour averages) and in 
large underestimates of'the distances to, the maximu.m concentra- 
tion compared . . with observations. " 

There a r e  two basic deficiencies in the Pasquill-Gifford 3 curves that 
I 

make them inherently unsuitablefor describing the vertical dispersion of tall stack 

plumes: 

a They re fe r  specifically to the vertical di.spsrsion of   plume^ 

from sources located a t  o r  near ground level and thus con- 

tain the effects of the large vertical gradients of atmospheric 

density (temperature gradients) and turbulence near  the a i r -  

ground interface 

a ' They a r e  principally based on measurements of vertical 

plume dispersion made a t  distances l e s s  than 1 km from the 

source; the portions of the curves extending beyond 1 km a r e  

extrapolations and were originally intended only to serve  a s  

rough approximations to vertical dispersion from ground 

sources a t  these longer distances 

The.light lines in Figure 2 show the pasqui l l -~ i f fdrd  curves  lor the A, 13, 

C, D, E, and I: stability categories. , The strong .curvature of the A, D, E and I; 



DOWNWIND DISTANCE (km) 

FIGURE 2. Pasquill-Giffoford uz curves (light l ines)  and suggested modi- 
f ications (heavy lines). 



curves reflects the influence of the vertical gradients of temperature and turbulence 

in the a i r  layers close to the ground on the upward vertical dispersion of plumes 
I 

under very unstable conditions (A stability) and under neutral o r  slightly stable to 

stable conditions (D, E and F stability). Both measurements and theoretical rea- 

soning indicate that the downward dispersion of plumes from elevated sources 

toward the ground 'surface is  characterized by a curves that plot as  straight 
Z 

ra ther  than curved lines on double logarithmic paper (i. e., a x) as shown by 
z 

the heavy lines in Figure 2 labeled A' through F' . ~ h 6  upward dispersion of plumes 

from elevated sources depends on the vertical temperature gradients and turbulence 

in the a i r  layers above the plume stabilization height. 

In the absence of elevated temperature inversions that restrict upward 
,... 

plume growth, there appears to be.an approximate linear relationship between ver- 
' ' 

tical'plume dispersion and a . For  example, Pasquill (1974, p. 202) 'cites experi- 
z 

ments by ~ C g s t r o m  (1964) in which smoke puffs were released at a height of 50 m 

with the result that az encreased linearly with travel distance out to about 300 m 

in all stabilities; at longer distances, a tended to increase less rapidly with dis- 
z 

tance possibly because of a restriction on further upward expansion by an elevated 

stable layer at the top of the mixing layer. Pasquill (1974; p. 200) aslo cites , .  

experiments by Hay and Pasquill (1957) involving continuous tracer releases at a 

height of 150 m which showed a linear relationship between vertical spread (a ) 
Z 

and the travel time to downwind dista'nces of 500 meters, the maximum distance 

at which measurements were made. Briggs (1975, p. 36) notes that recent studies 

of tall stack plumes show az approximately linear with distance in the most un- 

stable categories. 

The strongest evidence of the inapplicability of the Pasquill-Gifford oz 

curves to tall stack plumes comes from comparisons of observations of plume 

behavior and measurements of'ground-level concentration with model predictions. 

The approximate relationship between aZ and the maximum hourly ground-level 

concentrati0.n for a tall stack plume is given by 



- - 2Q . 

'max 
nei i  H 

- where H i s  the plume s t a b i l i ~ ~ t i o n h e i ~ h t  and both o and o a r e  evaluated a t  
. z Y 

the distance x ' of the maximum ground-level concentration. ' Assuming all 
rnax 

parameters  to be fixed except' o and a a t  x 
z the predicted x 

Y max' is rnax 
directly proportional to 'the ratio (%/oy)xm, . Also, the distance at 'which x . 

8 ,  
rnax 

occurs is the distance a t  which o = ~/fi  o r  0.707H. For  simplicity, we assume . z - 
' a p l u m e  stabilization height of 500 m fo r  A stability and a plume stabilization height 

of 300 m for D stability. By means of the two relationships given above and refer- 

ence to the oZ curves'  in Figure 2 and the Pasquill-Gifford o curves, we obtain . . , 

1 Y 
the results given in Table 1. As might be expected, the P. G. oz curve for  A 

TABLE 1 . , 

RESULTS OF EXAMPLE CALCULA1'IONS 

H 
. .. 

. (OZ)X 
rnax ,. 

X 
rnax 

( a )  '. 

Xlnax 

(oz /u  ; 
Xmax 

A Stability 

500 m 

354 m 

D Stability 

300 m ,  

212 m 

21,000 m 

4,500 m 

1,000 m 

270 m 

0.2 

0.8 

P. G. 

Mod. P. G. 

P. G. 

Mod. P. Go 

P. G. 

Mod. P. G. 

, . 

900 m . 

2,000 m 

200 m 

390 m 

1.8 

0.9 



stability places the maximum ground-level cpncentration about twice as close to 

the stack as the modified uZ curve and yields a maximum concentration twice 

as  large as  the modified a, curve. Similarly, the P. G. u, curve for D stability 

places the maximum ground-level concentration about five times farther ,from the 

stack than the modified uz curve and yields a maximum concentration four'times 

smaller than the modified a, curve. 

Table 2 shows the uz/u ratios for all the pasquill-p if ford curves at distances Y 
from 0.1 to 10 kilometers. Note that the u,/oy ratios for C stability a re  approxi- 

mately constant with increasing distance (which reflects the condition that a, a x )  

while the ratios for other stability categories either increase with distance (A and 

B stability) o r  decrease with distance (D, E and F stability). Assuming that the 

vertical dispersion of tall stack plumes toward the ground,when the plumes are con- 
. . *  

tained in the surface mixing layer requires that o, a x (following the modified P. G. 

curves shown in Figure 2 and the P. G. curve for C stability), departures of the 

\/vy ratio6 in Table 2 f i - ~ r n  a nomitlal value'of about 0.6' provide a relative 

measure  of the overestimation (u / o  > 0.6) o r  underestimation (uz/uy < 0.6) of 
Z Y  . 

the-maximum hourly ground-level concentration. It follows that the P. G. o,. , 

curves lead to large overestimates of the maximum ground-level concentrations for 
. . 

A and B stability and to large underestimates for D, E and F stability. Similarly, 

the P. G. u, curves lead. to large underestimates of the distance to the maximum 

ground-level'concentration in A and B stability and to very large overestimates of 

the distance to the maximum ground-level concentration for D, E and F stability. 

The degree of overestimation o r  underestimation in a particular stability category 

is directly related to the plume stabilization height. The minimum plume stabilization 

heights by stability category at which these effects become significant are approxi- 

. * Weil and Hoult (1973) in a study of SO observatiotls from the Keystone plant foulid 
that a value of u / a  = 0.6 correlate best with hourly maximum ground-level con- 

z .  Y 
g 

centrations during unstable conditions. . . 



TABLE 2 

RATIOS OF %/uy FROM THE PASQUILL-GIFFORD CURVES 

Distance 
&m) 

0.1 

, '  0.2 

0.5 

0.7 

1.0 

1.5 ' 

2. 0. 

3.0 

4.0 , 

5. 0, 

6.0 

8.0 

10.0 

. . 
1 

. Stability 
'A 13 Category. C . D E C '  F 

0.53 0.54 0.59 0.60 0 . 6 0  0.57 

,0.57 0.57 0.60 0.56 0.56 0.54 

, 0.96 0.63 0.58 ' 0.50 0.49. 0.47 

1.32 0: 66 0.58 . ,O. 47 . 0.46 . 0.44 

1.97 0.69 0.58 0.44 0.42 . ,O. 40 

. 3.39 0.74 0.58 0.41 0.38 . 0.36 

'5.05 0.79 0.58 . 0.38 0.35 . 0.33 

8.49 . 0.85 0.59 0.35 0.31 0.28 

. 0.91 0.59 0.33 0.28 0.26 

0.96 0.59 0.30 ' 0126 0. 23 

1.00 0.59 ' 0.29 0.24 0.21, 

1.07 0.60 0.27 0.22 0.'19 

' 1.14 . 0.60 . 0.26 . 0.20 0.17 

, 

. . 

1 .  



mately 100 m (A stability), 300 m. (B stability), 45 m (D stability),  22m (Estability) 
5 

and 11 m ( F  stability). 

Confirmation of the: effects described above'is readily found in the results  

of model validation studies sponsored by EPA. F o r  example, Lee, e t  al. (1975) -- 
describe a validation study of the EPA CRSTER Model (which uses the Pasquill- 

Gifford curves) that involved the application of the model to four power plants. In 

each case, there was no significant positive correlation between concurrent calcu- 

lated and observed hourly and 24-hour average SO2 concentrations. F o r  a year  of 

da ta ,  the CRSTER Model tended to overpredict the maximum observed hourly SO2 

concentrations and to underpredict to maximum observed 24-hour average concen- 

trations., The poorest model performance was at the canal Plant, which i s  10,cated 

near  Cape Cod Bay and consequently has a much grea ter  frequency of occurrence 
- of D, E and F stability than the other 'plants studied. Table 3 shows a comparison 

of hourly SO2 concentrations observed at monitor stations in Tacoma, Washington 

downwind from !he 172-meter staolc of thc ASARCO cupper smel ter  wi th  two s e t s  of 

concurrent calculated concentrations. One set of calculated concentrations was . 
made by means of the short-term Gaussian plume model described by Cramer, e t  al. -- 
(19'5) which, except for the use of o, curves similar  to'those shown by the heavy 

lines in Figure 2, is practically identical to the,EPA CRSTER Model. The second - 
set of calculated concentrations (pasquill-Gifford) was made by means of the same 

short-term model except that the Pasquill-Gifford curves were used. .Differences 

in the two se t s  of calculated values in Table 3 a r e  essentially due to the differences in 

the a, curves because the same source and meteorological inputs were used for  both 

sets.  F o r  all  the cases  shown in Table 3, the average ratio of calculated and ob- 

served concentrations i s  0.11 for  the model calculations using the Pasquill-Gifford 

curves and approximately unity for  the model calculations using the modified curves. 

The principalexplanation i s  that the pasquill-p if ford curves for  D and E stability do 

not allow the plume to come to the ground at the distances of the monitors.. This is 

the same result found by Lee, - e t  - al. (1975) a t  the canal  Plant. The modeling 



'TABLE 3 

COMPARISON OF CALCULATED AND OBSERVED 
HOURLY SO2 CONCENTRATIONS 

Observed 
Concentratior: 

( P P ~ )  * 

~ 2 6 ~ ~  and P e a r l  
2 Reservoi r  

Highlands 

3 ~ 2 6 ~ ~  and 'Pearl  

4 
~ 2 6 ~ ~  and P e a r l  
Re s e  rvoi r  

~ 2 6 ~ ~  and P e a r l  
~ 2 6 ~ ~  and P e a r l  

2alculated and 
~ n c e n t  rations ** 

Ratios of 
Obse'rved ( 

Pasquill-  
Gifford 

Calculated Concentration 
; , ( P P ~ ) *  . 

(1.23) 
0.27 
0.73 

0.40 (0.46) 

7 ~ 2 ~ t h a n d P e a r l  

t h 
8 

N26 and p e a r l  
Reservoi r  

Cramer ,  e t  al. -- , (197.5) a 

- 
Pasquill- '  
Gifford 

0 . 5 6  (11. 68) 
0. 6.2 

0.30 (0.22) 
0.26 (0.26) 

Pasqui l l  
Stability 
Category ~ r a m e r ,  -- e t  al. 

. (1975) 
- 

0.03 
0.00 
0.06 

0.12 

O.GO.(0.46) 

0.32 (0.21) 
. 0.37 

- - 

*Numbers enclosed by parentheses  a r e  concentrations measured by the ASARCO SOg monitor a t  ~ 2 6 ~ ~  and Pea r l .  

**Numbers enclosed by parentheses  a r e  rat ios  of calculated and observed concentrations f o r  the ASARCO SO2 mon- 
i to r  a t  ~ 2 6 ~ ~  and Pear l .  

0.00 
0.00 

0.04 
0.01 

- - - - - 

0.88 
0.04 
0.44 

0.25 

0.00 ' 

0.00 
0. Oil 

- -- 

(0.02) 
0.00 

- 0.08 

0.30 (0. 26) 

0.61 
.O. 64 

0.30 . 

0.23 

0.00 (0.00) 
0. 00 

0.13 (0.18) 
0.04 (0.04) 

0.26 

0.44 
0.39 

0. 00 (0.00) 

0.00 (0.00) 
0.00 



TABLE 3 (Continued) 

N ~ G ~ ~  and Pear l  
9 ~ 2 6 ~ ~  and Pear l  

~ 2 6 t h  and Pear l  

12 hIc J.licl;en Heights 

Me eke r 
Meeker-Brown 
Meelcer 
haleeke r-Brown 
Meeker 
Meeker-Brown 

A.lc Micken Heights 
l4 

Tukwila . 

~ 2 6 ~ ~  and pear l  
19 Reservoir 

~ 2 6 ~ ~  and Pear l  

Calculated Concentration Ratios cf Calculated and 
Observed (PP~.?) * Observed Concentrations** 

1 Concentration I I 

1 @pm)* Pasquill- Cramer, -- e t  al. . Pasquill-. Cranler, e t  al. -- 
i I Gifford I (1975) I Gifford I , .(1975) ' . 

Pasquill 
Stability 
Category 

Mean Ratios 0.11 (0.12) 0.97 (1.00) 

*Numbers enclosed by parentheses a re  concentrations measured by the ASARCO SO2 monitor at ~ 2 6 ~ ~  and Pearl: 

**Numbers enclosed by parentheses are rat iosof calculatecl and observed conccnlrations for the ASARCO SO2 mon- 
. i tor-at  ~ 2 6 ~ ~  and Pearl.  



techniques, emissions data, meteorological data and the air observations 

referenced in Table 3 are describedin detail in the report prepared for EPA by 
.. . 

Cramer, et al. (1976). . -- 
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3.7.3 Comments on Report of Working Group 11-4 

Submitted by D .  Bruce Turner  and L .  E.  Niemeyer a f t e r  t h e  conference.  

Group 11-4 expressed concern w i t h  t h e  adequacy of t h e  P a s q u i l l -  

  if ford v e r t i c a l  d i s p e r s i o n  c o e f f i c i e n t s  f o r  u n s t a b l e  condi tons  when 

a p p l i e d  t o  sources  w i th  t a l l  s t a c k s .  Never the less ,  t h i s  d i s t i n g u i s h e d  

group d i d  not  see f i t  t o  make a  recommendation f o r  changes,  a t  t h i s  t ime. 

The pasquill-p if ford cu rves  have s tood  t h e  test  of over  a  decades '  use .  

The prudent  cou r se  of a c t i o n  is t o  con t inue  t o  u s e  t h e  t ime- tes ted  f a c t o r s  

u n t i l  such t i m e  a s  t h e  d a t a w h i c h  a r e  now becoming a v a i l a b l e  a s  sampling d a t a  

from t h e  v i c i n i t y  of f a c i l i t i e s  w i th  t a l l  s t a c k s  a r e  organized ,  u n t i l  they' 

a r e  sub,jected t o  f u l l  s c i e n t i f i c  rev iew and s c r u t i n y  and u n t i l  t h e  

s c i e n t i f i c  community a g r e e s  t h a t  c u r r e n t  va lues  f o r  t h e  v e r t i c a l d i s p e r s i o n  

parameters  r e s u l t  i n  wholly u n s a t i s f a c t o r y  e s t i m a t e s .  I t  is our  c u r r e n t  

t a s k  t o  encourage, enhance and a i d  a  prompt s c i e n t i f i c  a n a l y s i s  a n d r e v i e w  

of t h i s  ma t t e r .  To our  knowledge such a c t i v i t i e s  a r e  underway by s e v e r a l  

a tmospheric  s c i e n t i s t s  and by p r o f e s s i o n a l  s c i e n t i f i c  s o c i e t i e s .  
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3.9 GENERAL SUPPLEMENTARY MATERIALS 

3.9.1 Use and Formu Zat ion  o f  t h e  Hanlia-Gi f f o r d  Mode Z 

1 U.S. DEPARTMENT OF COMMERCE 1 ---- :d-%? 
-' - ' ~na l  Oceanic and Atmospheric Administration 

INMENTAL RESEARCH LABORATORIES - I Post  Off ice  Box E 

Oak Ridge, Tennessee 37830 

February 25, 1977 

M r .  Kenneth Brubaker 
Energy and Environmental Systems Divis ion  
Argonne National  Laboratory 
9700 S.  Cass Avenue 
Argonne , I l l i n o i s  60439 

Dear M r .  Brubaker: 

I ' v e  had a chance t o  review t h e  s e c t i o n  on my model on pages 
2.18 through 2.21 of your r e p o r t  "Descriptinns of A i r  Qual i ty  
Models and Abst rac ts  of Reference Materials." There are a 
few c o r r e c t i o n s  t h a t  should be made. I suppose these  problems 
a r e  b a s i c a l l y  my f a u l t ,  s i n c e  w e  have published our model i n  
a s e r i e s  of a r t i c l e s ,  r a t h e r  than i n  a comprehensive u s e r ' s  
guide. 

You and t h e  EPA break up our model i n t o  a short-term and a 
long-term model. In  r e a l i t y ,  we never intended such a d i v i s i o n  
and b e l i e v e  the  model i s  equa l ly  app l i cab le  t o  averages from 
20 o r  30 minutes on up. H i s t o r i c a l l y ,  w e  began i n  la te  1969 
wi th  t h e  equat ion  

where oZ = axb. Af ter  applying t h i s  equat ion  t o  s e v e r a l  griddad 
urban a r e a s ,  we discovered t h a t  the formula 

works j u s t  f i n e  f o r  most a reas ,  where 



The "constant" C t h e o r e t i c a l l y  equals 'about  600, 200, and 50 f o r  
s t a b l e ,  neu t ra l ,  and unstable  condit ions,  respect ively .  So, you 
see  we do have t h e o r e t i c a l  expression f o r  C ,  i n  con t ras t  t o  the  
statement made i n  your review. Fur ther ,  w e  always caution t h a t  
(1) should be .used i n  place of (2)- whenever t h e  l o c a l  emission 
Qo i s  much l e s s  than t h e  Q ' s  of neighboring gr id  blocks. Also, 
i t  has always been recommended a s  p a r t  of our model t h a t  s t rong 
po in t  sources ( the re  a r e  usual ly  10 o r  20 i n  an urban a rea )  be 
t r e a t e d  separa te ly  using the  standard plume model. 

Of course, whenever good observations of concentrat ions a r e  
ava i l ab le ,  the constant  C i n  equation (3) o r  the  expression 
J 2 / n ( ~ x / 2 )  l -b l  (a(1-b) ) i n  equation (1) should be  replaced by 
a ca l ib ra ted  value. The d iu rna l  v a r i a t i o n  of C has always been 
questionable,.  b u t  through t h e  ana lys i s  of much CO da ta  from 
severa l  s t a t e s  I have recen t ly  deve1oped.a d i u r n a l  curve f o r  
C. This w i l l  be reported i n  the  open l i t e r a t u r e ' d u r i n g  the  next  
few months. 

W e  have a l s o  found from studying observed po l lu tan t  concentrat ions 
t h a t  the  ca l ib ra ted  C v a r i e s  with the  pollutant ' ,  being highest  
f o r  CO, lowest f o r  S02, and intermediate f o r  suspended.part icles.  
There a r e  severa l  hand waving 'arguments f o r  these  d i f ferences .  
Other modelers. a t  the  Nordic H i l l s  workshop reported exac t ly  the  
same behavior with t h e i r  models. 

In  1973 I, extended t h i s  'model t o  include the  photochemical, 
p o l l u t a n t s  NO, N02, and oxidants. The seven-step react ion 
mechanism proposed by Friedlander and Seinfeld was used, although 
any k i n e t i c  mechanism could be plugged i n t o  the  model. Predic t ions  
of t h i s  model w e r e  compared with p red ic t ions  of o the r  models i n  
the  Los Angeles basin,  showing t h a t  our model'was j u s t  a s  good 
as the  o the rs ,  In  t h i s  case a s  w e l l  a s  i n  the  o the r  r e p r i n t s  
t h a t  I have enclosed, w e  test o r  v a l i d a t e  our model extensively.  
Because of the  ease  with which our model i s ' a p p l i e d ,  I can 
conf ident ly  s t a t e  t h a t  i t  has  been va l ida ted  i n  the  open 
l i t e r a t u r e  much more o f t en  than any o the r  urban dispers ion 
model. Whenever a n e w  set of observations comes ou t ,  we test 
it .  

The following o u t l i n e  i s  my sugges t ion . fo r  a r e v i s i o n , t o  pages 
2.18-2.21 of your repor t :  

~eferences : l )Hanna,  S.  R. A Simple Method of Calculat ing 
Dispersion from Urban Area Sources. J. A i r  
Po l l .  Cont. Assoc., 12, 774-777 (Dec. 1971). 

2 ) ~ i f  ford ,  F. A. and S.  R. Hanna. Modeling Urban 
A i r  ~ o l i u t i ~ n .  Atmos. Environ., z, 131-136 (1973). 

3)Hanna, S'. R.  A Simple Dispersion Model f o r  the  
Analysis of Chemically Reactive Pol lu tants .  
Atmos. Environ., - 7, 8.03-817 (1973). 



Abstract :  This i s  b a s i c a l l y  an a r e a  source model t h a t  can 
be applied t o  any s i z e  g r id  square. It can be used in 
conjunction with the  Gaussian plume model, which is  used t o  
t r e a t  the  l a r g e s t  point  sources i n  t h e  region.  Chemical 
r eac t ions  and physica l  removal mechanisms can a l s o  be 
incorporated i n t o  the  a r e a  source model. 

Equations: For g r i d  squares i n  which t h e  l o c a l  a r e a  sources 
emissions a r e  much less than those i n  neighboring g r id  squares: 

f o r  a rea  sources across  which emissions a r e  nea r ly  uniform 
. . 

= c(Q/U> 

where 

I f  good d a t a  on x,, Q, and U a r e  a v a i l a b l e ,  C can be est imated 
o r  "cal ibrated1'  with these  data.  

A. Source-receptor r e l a t i o n s h i p  
Uniform g r i d  squares defined by user .  
Receptors and a r e a  sources a t  ground l e v e l .  . 

Receptor a t  cen te r  of g r i d  square. 
Point  sources a t  any loca t ion .  

B .  Emission r a t e  
User-specified f o r  each g r i d  squa,re o r  point  source ,  
emissions not  time-varying over the  period of i n t e r e s t .  

C. Chemical composition 
Define t h e  normalized concentra t ion  

m e n  chemical r eac t ions  a r e  not  important,  then according 
t o  eq. ( 3 ) ,  X* = 1.0. 
Assume t h a t  C = AxlZ, where Ax i s  t h e  width of t h e  region 
and Z is the  height  of v e r t i c a 1 , d i s p e r s i o n .  For i l l u s t r a t i o n ,  
use the  Friedlander-Seinfeld (1969) seven s t e p  photochemical 
k i n e t i c  mechanism. Then 



B a constant ( 5  

- .  . . . -. . 

a 1 
4 - In mO]* = - - Ax3 

at* . * 
~ o l t  1 - ~ 0 2 1 .  [RHI* (a QNO~ QR? =) (6) 

: a  1 
..-In [NO,]* = - - A$ : 
at* wozl* 1 + Ih'Ol* [RHI* (a QNO QRH rn2) 

1 A$ ' . . a .  . - In JRHJ* = - - 1 - 
at* PHI* [NO21* QNO~ 

where t* = ~U/AX and a, A ,  8 ,  and p are rate constants. These. 
equations can be rewritten, using the reference, for any kinetic 
mechanism. 

D. Plume behavior 
~aussian plume model with Brlggs' plume rise for point 
sources. 

E. Horizontal wind field 
User-supplied wind speed and direction over a 16 point wind rose. 
No variation of wind with height. 
Constant winds for each calculation. 

F. Vertical wind speed 
Assumed equal to zero. 

G. Horizontal dispersipn 
Narrow plume approximation for area sources. 
Power law oy = axb for point sources. 

H. Vertical dispersion 
a, = axb assumption used, with a. and b from Smith (1968) 
or Bxiggs (1973). 



I. Chemistry and Reaction Mechanism 
Friedlander and Seinfe ld  (1969). 
Any mechanism could be inpu t ,  however. 

J. Physical  removal. 
1/ ( 1  + C(vd/u)> f a c t o r  appl ied  to '  concent ra t ion  
p red ic t ion ,  where vd is  t h e  deposi t ion  speed. 

K. Background 
Use whatever is appropr ia te  f o r  t h e  l o c a l  background. 

L. Boundary condi t ions  
Lower boundary: p e r f e c t  r e f l c e t i o n  uriless w e t  o r - d r y  

I 

deposi t ion  .is occurring. 
Upper,boundary:. mixing he igh t  limited.. 

, : 

M. Emission r a t e s  and meteorological  parameters a r e  a l l  input  
. . 

N. ~ a l i d a t i o n / ~ a l i b r a t i o n  
Extensive v a l i d a t i o n  has  been done i n  the  references .  

0. Output 
Concentration over the  appropr ia t e  averaging t i m e  a t  each 
receptor .  
The chemical model has a t i m e  varying output ,  however. 

I hcipe' t h a t  these  comments w i l l  'aid i n  the  prepara t ion  of your 
r epor t .  

S incere ly ,  
/' 

-- 
Steven R.  H h n a  
Research Meteorologist 
Atmospheric Turbulence 
and Diffusion Laboratory 

cc: D. B. Turner 
Herschel S l a t e r  



3; 9.2 ~ccomrnended Changes i n  Draft CuideZines 

Submitted by Michael D. Williams , .  . . .. . . 
1 

i . .  . 

On page 6 

I believe that .the second highest of a l l  estimated concentrations should 
be used. Thus on page. 6 the relevant sentence would read: . . . .  . .  . .  . .. 

ltThus, emission liinits whi-ch are-  to be based on an averaging time of 
24 hours  or '  l e s s  shall  be based on the second highest of a l l  estimated concen- 
t ra t ions  (plus a background concentration which can reasonably be assumled to 

' occur with that concentration; s e e  section on background concentrations). " 

This i s  consistent with the protocol between E P A  and Salt River Project  
with respect  to  the measurement program for the Navajo Generating Station 
Sulfur Dioxide Field Monitoring Program. 

I note that if the highest, second highest concept i s  to be used; then 
meteorological data equivalent to the life of the facility should be useil rather 
than for  a five-year period. It . .seems likely that the ,secbnd highest a t  an in- 
dividual point in  a year  will' increase a s  the number of years tested. 

\ 

Page  19 

Under i tem (4), with respect  to an a r ea  with meteorological o r  topo- 
graphic complexities, I believe this item should read: 

- "(4) If the meteorological o r  topographic complcxitieti of the region . . 
a r e  such that the use  of any available air quality model i s  precluded. then the 
model  used for  control s trategy evaluation may be limited to a rollback mode130. 
if a dense monitoring network is in place and has  been operating for a t  leas t  
two years.  In this context a dense monitoring network would be one in  which 
all points expected to receive high concentrations on the basis of models- appli- 
cable to the te r ra in  a r e  well covered. " 

I believe this change is justified because a rollhack model based on a 
limited sampling network which does not address the points of controversy 
is likely to be much worse than best est imates based on existing models. 

Page  29 

The las t  sentence in the f i r s t  paragraph should read: 



. . 

"The receptor grid must allow suffiifent apatial detail and resolution 
. . 

so that the location of the maximum hr highest', s .ecbd 'high&st  cdnceetratiori' 
i s  identified fot all areas. " . ~ 

. . . .  . 
. . . .  , 

. . 
The "which are  accessible to the public'1t could, undei 

c .  

some interpretations, be limited to roadiidi! a iear .  The mountain climber 
struggling with a diffisdltpitch probablj iikeda clehi air tob. Fuithermore; 
the intent-bf the stabdards to protect inoie. than just human life. Finally. 
the health bf vegetation bn:a s teep slope net gbiierally accessible to the public, ,. 

may be ve ry  importantfor es the t icdr  soil holding purposes. ' , 

. . . .  . . .. 

. page 30 . . 

1 

After the second sentence in the second paragraph, ' insert  the following 
sentences: 

t 

"In cases where the impact of elevated sources on high terrain during 
stable conditions i s  to be considered the relevant winds a re  those measured 
a t  expected plume height rather than ground level or near ground level. In 
cases where the frequency n i  A atability conditions is important, methods 
should be used to either make direct measurement of the frequency through 
the use of a bivane o r  adjust the frequency given by the Turner categoriza- 

. tion scheme to provide a better estimate of the actual frequency. I t  

I 

During stable conditiona the ground level' inferences of stability, wind 
speed and wind direction a re  likely to be so poor as  to make their use unac- 
ceptable. Table I reports all days of stable conditions (at  plume height) r e -  
ported in Schiermeier's l t ia rge  Powei Plant Effluent Study (LAPPES) Volume 
In. Instrumentation, Procedures ahd Data ~abulat ions ( 1970)11 January, 1972. 



TABLE I 
. . I . .  . , , . .  .. ' . .  E . . :.. . . ,,_. 

:. ' b '  ' 

': . ..., : '  . . . .. . . .  
. . .  

. .  , . , :. .. . . . .  .. .. - ' 

. . .  D,ire.ction , 
. Direction 

Speed ' ' ni f ference Difference 
Date Time Height . (mps )  Di re  c tion 50 m - Sfc 400 - 50 m 

. , 

. , . . 

07 08 Sfc Apr i l  20 2..2 ,: .- . .;140. o . ' , ... 5.8O . - -  
: , . ,  . 50 .m . ,  4;.3 ,. ' 145.8 - - 

. . . .  .. . . .  . . 
48. 2O 

4 0 0 m  ' ;  12.0 , 194. . - - 
. . 

- - 
Apr i l  2,2 0700' Sfc .O.  0 . - -  . . , . . .. . - - - - 

50 m 2.6 2 17. - - . 6 3 .  
4nn m 12.1 ; 280. - - . . - - 

A p ~ i l  2 7 0635 S f c  b, 0 - - - 
. . - - .  

50 m 70. .5 3.4 . . - - 150. 
400 m 220. 4.4 - - - - 

Apr i l  28 08 00 Sf c. 0 .0 .  - - - - 
, . 

- - . . . . . . 50 m '1 . 1 :. . .l 24;:. .:. - - 
. . . . 81. 

4.4' 400 .m 205. ' .  - - - - 
0830 Sfc A p r i l  30 0i.o : '  . . - - - - - - 

: 50 m . .4 .8  , ' . .  146. - - 
. . ' 32. 

400 m 5 .6-  178. - - . . - - 
, . 

May 5 0704 ' Sfc ' " . 8 . .  215. ' . . 20 - - 
3.. 2 - - 

. . 
50 m 213. - - 3 9. 

. ,. . 400 . 7 . 0  2 52. - - 
. . 

- - 
Sfc May 8 .. : .:., !:.]8nn . ; 8 ;. . '  195. . - . . ‘  33. , " .  . . - - 
50 m 8 . .  , . .  4. . 228. - - 3' 5. 

, 400 17.4 . ',2 63 . - - , .  - - 
07 00 

. 
Sfc May 9 ' . a .  -. 230. :. 3 .  - - 

. . . .  . 
50 m 3.' 6 , t  . . 233. . ',. - - 36. 

400 m 14.3 269. - - - - 
May 1'1 0630 Sfc 0. 0 - - .  - - - - 

50 m 4.8 216. - - 39. 
400 m 7.5 255. - - - - 

08 3 0 May 15  Sfc 1.3 225. . . -87. - - 
50 m 4.6 ,138. - - 27. 

400 m 9.5 165, - - - - 
Oct. 14 08 00 Sf c. 0.0 - - - - - - 

50 m 1.3 2 11. - - - 1 6,- 
400 m 8. 6. 195. - - - - 

Nov. 9 0900 Sfc 4.4 110. 20. - - 
50 m 4.7 130. - -  27. 

400 m 13.2 157. - - - - 



Exhibit # 1 also shows that surface winds tend to be poor predictors.  

With respect  .to the second line work by Lunsand  Church "A Comparisoh 
of 'Turbulance intensity and Stability Rates ~ e a s i r e m e n t s '  to Pasquall  Stability 
Classes,  I '  Journal  of Applied Meteorology, Volume 11, June, 1972; pp .663- 
669, i l lus t ra tes  the large discrepancy between stability a s  indicated by fluctua- 
tions i n  the ver t ica l  component of the wind and b y  Turner stability categories. 

Finally I have difficulties with both CRSTER and Vblley. The principal 
defects in CRS.TER a r e  that fumigation i s  not,considered and that reduced 
plume r ise 'wi th  a capping inversion is not considered. I note that a group 
(Dames and Moore) modeling fo r  utilities in  the S ~ u t h w e s t  has suggested that 
the plume r i s e  may be restr icted to 2 1 3  of , i t s  normal  value. ,There i s  a case 
in the Lapqse study in which the plume r i s e  &s about one-half of i t s  expected 
values (May 4, 1970, near  Homer City). I believe some changes could be in- 
corporated into CRSTER which wduld permit  be t ter  predictions in  the case of ' 

limited mixing situations. . . 

With respect  t owl l ey ,  I believe a number of modifications a r e  reason-  
able which would improve i t s  prediction capabilities. .These can be drawn 
f rom experience a t  the Navajo Plant plus a i r c r a f t  measurements of stable 
flow dispersion in  the Navajo region, Four Corners  region and the .TVA. 
Fo r  rnore 'distant  t ravel  I recommend that time of t ravel 'be  considered. - .  

T h e . p r i n c ; ~ a l  elements of the model changes a r e  described below. 



Modifications to CRSTER 

Schiermeir 's  LAPPES study ca r r i es  a case where the mixing layer 
clearly inhibited plume rise.  On May 4, 1970, ground level concentrations 
were  consistently about 0.5 ppm a t  3 km downwind between 10:3 0 and 10:45 
(p. 80). Helicopter temperature profiles gave a strong inversion a t  765 
me te r s  (p. 218); pilot balloons indicated an  average wind speed between stack 
top and 750 m e t e r s  of 2.2 to 2.5) m / s e c  (p. 244). Plant  operational parameters  
(pp. 287-288) gave one unit a t  2126 grnlsec, VS = 21.3, T = 1490 c, DT = 137O @, 
while the other unit was a t  2956 gm/sec,  VS = 21.3, T = 158, DT = 106. With 
a stack height of 244 mete rs  and stack radius of 3.65 mete rs ,  the expected 
stack height will be 1380- 1535 meters .  Under these circumstances CRSTER 
would give a ze ro  concentration because the expected height would be greater  
than the height of the mixing layer. A B stability calculation using the actual 
height '265 m e t e r s  would give x = 1376 ug/m3 a s  opposed to a measured maxi- 
mum of 1493 ug/m3. The predicted maximum would occur a t  4. 5 km. On the 
other hand, a n  A stability calculation would give 3742 a t  1.2 km. Thus, for A 
stability one would have to use an assumption that one-half of the plume pene- 
t ra ted  the stable layer and was trapped. On this basis I suggest that 

however, for A s t a b i l i t , ~  

, , 

~ e ~ l a c e h e n t  for  Valley 

The resul ts  of the Navajo study indicated that the maximum 3-hour con- 
centratic:; could be represented by: 

with the values considered a s  10-minute averages and extrapolated to 3 hours 
via a technique: 

Note that the equation for x ' doe  s not use plume refle.ction. The parameters  
6 y  and az akc , Turner values for E stability. Ho,wever, a i r  craft data in TVA, 
Four ~ 0 r n e r . s  and.the Navajo a rea  suggest th,at the distance dependence i s  in- 

. . 
correct .  . -  Instead a form: 



is-suggested. T ~ U Y  I recommeiid 
. . 

y = 140.6 x * 5 5  ) dy; ma in meters  
1 x iri kilometer s 

6 i 5 = 6 8 . 0 * * ~ ~  ) 

F i h a l l ~ ,  I belike= tl.6. of flight ikijdid Be cbn$idtiie& Thuis the model . . 

would calculate the concentration eApected a t  the rec~ptor a t  x arid then examine 
the wind directibnd foi  the +.'re x/ui if the wind direction were reasonably con- 
sistent during that t h e  the calcirl=t&d =oh=entrations would be presumed to 
have occu r reda t  the ieceptor. OthGi*ise, they would not. Workby Start, 
e t al. in Utah suggests simifar relatioiis' apply to unstable and .neutral condi- 
tions. 
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3 . 9 . 3  - Connnents on the RAM Urban Model - .- - - . - - -- - - - . . .  . . , . . . . -.. 

bC -8itA-Sin9er j M l t e o r o / 0 8 i s t h  A,,. DATE: February 4 ,  1977 

Model Study File .  . (Maynard E .  smith) - 
FROM: JRM 

RE: The RAM Urban Model 

Howard E l l i s  made many po in t s  i n  h i s  s tudy of t he  RAM Model, a 
few of which deserve comment i n  regard t o . t h e  Argonne Conference. 

RAM i s  an urban model designed t o  c a l c u l a t e  maximum 24-hour con- 
c e n t r a t i o n ~  on a g r i d  us ing a yea r ' s  worth of da t a .  It could be used 
f o r  1-hour and 3-hour p red ic t ions .  C r i t i c i s m s  of i t  follow: 

1. The model has not  been va l ida ted .  An extensive  v a l i d a t i o n  
s tudy must be done before  the  p red ic ted  r e s u l t s  cail be  con- 

. . s idered  r e a l i s t i c .  

2. o> values  a r e  excess ively  high f o r  Pasqu i l l  A and B ( they 
a r e  equal  f o r  these  two c l a s s e s ) .  The a, curve f o r  Pasqu i l l  
A and B i s  not  a s  extreme a s  t h e  CRSTER Model. However,.the 

: e f f e c t '  would be a doubling or  t r i p l i n g  of the predic ted max- . * 

imum concentra t ion compared t o  our modeling of t a l l  s t acks  
f o r  1-hour periods under very uns tab le  and uns tab le  conditions. - 
These dZ values  were developed from the  , S t .  Louis t e s t s  i n  . 
t h e  mid-601s, us ing low-level t r a c e r  r e l ea ses  and do no t  ap- 
pear  t o  be  app l icab le  t o  even low-level sources,  l e t  'alone 
e leva ted  sources.  I n  b r i e f . ,  cfZ i s  considered inverse ly  pro- 
p o r t i o n a l  t o  t h e  crosswind in t eg ra t ed  concentrat ions observ.ed 
i n  these  t e s t s .  E l l i s  documents s eve ra l  s t ud i e s  showing t h a t  
t h e  urban plume center ' l ine  i s  l i f t e d  by a mean upward wind 
component, leading t o  very  low sur face  CIC.and t h e  r e s u l t i n g  
i n f l a t e d  dZ values  used i n  RAM. 

4. What the  proper urban ..dz values  ought t o  b e .  i s  uncer ta in .  
~ l l i s '  th inks  they ought t o  be about 1 . 4  times t h e  corresponding ,. 

Pasqui l l -Gifford  r u r a l  a' . I d i sagree  wi th  t h i s  conclusion for. 
t h e  cZ corresponding t o  'A" s t a b i l i t y .  Those values  a r e  a l -  
ready f a r  too high a s  was pointed o u t  a t  Muskingum. 

Some evidence does e x i s t  t o  suppor t  a "1.4" f a c t o r  f o r  t he  
o t h e r  s t a b i l i t y  c l a s s e ~ ,  though i t  i s  not  conclusive. But 
. t he re  i s  no doubt t h a t  t h e  RAM 6,'s corresponding t o  "A" and.  
"B" s t a b i l i t y  a r e  much too high. 

I 

I have prepared some p l o t s  comparing Smith-Singer, Pasqui l l -  
Gifford and M I  < . c u r v e s .  A l l  systems agree r a t h e r  wel l  on 
o'y values .  

i 

5 .  .The EPA assumption of constant  f u l l  load operat ion of sources 
i n  urban a reas  -is absurd. 



3.9.4 Conunents Regmding EPA .Models 
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4 ,  ORlPfrlT WAY, RUTHFRFORD, N. J. 07070 

. . .  

February 16 ,  1977 . 
. . - . . . 

- . . . - 
-Mr. Maynard' E. Smith . . 

,SmitH-Sj.nger Mete ro log i s t s ,  Inc .  ' .  . . 
1 3 4  Broadway ' . 
A m i t y v i l l e ,  New York 11701 .. , . . 

. . 
8 .  

Dear ~ a ~ n a r d  : 

Concerning your  1/29/77 l e t t e r ,  I would l i k e  t o  s t r e s s  
t h e  fo l lowing  p o i n t s  concerning t h e  E.P.A. Models'now . i n  use .  

1, RAM Model (Urban Version) ,  This  model was used 
f o r  t h e  f i r s t  t ime I n  E.P.A. r e g u l a t i o n  s e t t i n g  i n  Ohio and 
h a s  seven s e r i o u s  problems. The enclosed e v a l u a t i o n  adequately 
d e s c r i b e s  o u r  concerns as w e l l  as recommendations f o r  a Revised 
RAM Model for urban a r e a s .  I and many of t h e  e l e c t r i c  u t i l i t i e s  
i n  Ohio y i t h  p l a n t s  i n  urban a r e a s  w i l l  be very  g r a t e f u l  i f  you 
would read  the enclosed  cr l t i ca l  eva lua t ion ,  perhaps d i s c u s s  i t  
w i t h  m e  p r i o r , t o  t h e  meeting, and then  f o r c e f u l l y  p r e s c n t  t h e  
c r i t i c i s m s  you concur wi th  a t  t h e  2/22 meeting. Perhaps t h e  
most s e r i o u s  problem wi th  Urba~i RAP1 i~ the use of v e r t i c a l  
d i s p e r s i o n  r a t e s  t h a t  are g r e a t l y  i n  excess  of Pasqui l l -GiEford 
v e r t i c a l '  d i s p e r s i o n  r a t e s  and t h a t  l e a d  t o  p r e d i c t e d  m a x i m  
shor t - t e rm c o n c e n t r a t i o n s  from power p l a n t s  t h a t  a r e  two t o  
f o u r  t imes  p rev ious  p r e d i c t i o n s  us ing  Pasqu i l l -Gi f fo rd  d i s p e r s i o n  
r a t e s .  I c o n s i d e r  t h e  u s e  o f  Urban RAN a s  p r e s e n t l y  c o n s t i t u t e d  
t o  be t h e  s i n g l e  most s e r i o u s  problem wi th  p r e s e n t  E.P.A. riodels 
f o r  u rban  a r e a s .  

2, :use of P a s q u i l l  S t a b i l i t y  C lass  A a s  t h e  Most 
Extreme V e r t i c a l  Dispers ion  Rate. My concerns wi th  t h i s  i s s u e  
and t h e  n e c e s s i t y  of u s i n g  a l e s s  extreme v e r t i c a l  d i s p e r s i o n  
rate  under t h e  most u n s t a b l e  me tes ro log ica l  cond i t ions  a r e  
p r e s e n t e d  i n  t h e  appendix t o  t h e  Muskingum River  P ian t  r e p o r t  
p repared  by Enviroplan i n  l a t e  1976. Your o f f i c e  h a s  a copy 
o f  t h i s  r e p o r t .  

3.  P r e d i c t i o n  Modelinn i n  Complex Ter ra in .  Two i s s u e s  
are of  s p e c i a l  importance he re :  1 )  t h e  assumed p o i n t  of c l o s e s t .  , 

approach of  t h e  plume c e n t e r l i n e  t o  ground-level  a s  t h e  t e r r a i n  
r ises,  .and 2) . t h e  enhancement of the  turbulence  and d i s p e r s i o n  
as t h e  plume approaches e l e v a t e d  t e r r a i n .  The Egan approach' t o  
i s s u e  1) of reducing t h e  e f f e c t i v e  s t a c k  h e i g h t  by h a l f  t h e  



. . 
M r .  Maynard E. Smith 
February 16 ,  1977 
Page 2 

i n c r e a s e  i n  ground e l e v a t i o n  seems more reasonable than using 
t h e  E.P.A. CRSTER ~ o d e l ' s  f u l l  ground displacement procedure 
of s u b t r a c t i n g  t h e  e n t i r e  d i f f e r e n c e  i n  ground e l e v a t i o n  
between r e c e p t o r  and s t a c k  base from t h e  e f f e c t i v e  s t a c k  
h e i g h t .  Progress  on t h i s  i s s u e  and i s s u e  2 )  would be h e l p f u l  
i n  e l i m i n a t i n g  some of t h e  very  major conservatisms i n  E . P . A .  
p r e d i c t i o n  modeling with CRSTER. 

I 

4. Proposed Use of Five Years of Meteorology i n  the  
P r e d i c t i o n  Modelinq. I f  E.P.A.  adopts  t h i s  procedure of us ing  
f i v e  i n d i v i d u a l  yea r s  of meteorology i n  modeling, i t  i s  i m p ~ r t a n t  
some measure of a c t u a l  ope ra t ing  r a t e s  r a t h e r  than cons tant  
maximum p o s s i b l e  opera t ing  r a t e s  be used. One excuse f o r  using 
c o n s t a n t  maximum opera t ing  r a t e s  i s  t h a t  only a  s i n g l e  year  of 
meteorology i s  being used f o r  a n a l y s i s .  I f  t h e  number of years  
of meteorology i n c r e a s e s ,  some adjustment i n  t h e  assumption on 
o p e r a t i n g  r a t e s  i s  needed t o  produce reasonable p red ic ted  con- 
c e n t r a t  ions .  , . 

F i n a l l y ,  I would c e r t a i n l y  ruelcome ,any f u t u r e  
oppor tun+t i e s  t h e r e  may be t o  p a r t i c i p a t e  d i r e c t l y  i n  f u t u r e  
meetings of t h i s  type.  

S ince re ly ,  

ENVIROPLAN, INC. 

Pres ident  

H M E / P ~  e 
Enc . 

ENVIROPLAhT. INC. 

! 



3.9.5 .Descriptions of C.E.G.B. Air QuaZzty Models 

Central Electricity Research Laboratories 
. . 

. . 

Description of C.E.G.B. Air.Quality Models 

,References Papers by Moore D.J. listed in EPA-600/4-76 030a,.also: 

Scriven, R.A. and Fisher B.E.A. and Fisher B.E.A. 1975 Atms Env. 9 
. . . . .  . . 

- 
. .  . . . . .. - - -. . . 

49 ' and 59 and '1063. . . . . . . 

, . ' 
Fisher B.E.A. and Maul P.R. and ~oore D. J. 1976 ~toceedings of Symposium ' I 

I 
. 'systems and ~ ~ d e i s  in Air and water ~ollutioh' 1nstit;te of Measurement 

and dontrnl ,  ond don: . . 

~oore, D. 3. 1975 Proc. Inst. Mech Eng. 189, 33. and 1976. Atmospheric . -  

Pollution 51-30 Ed. M. Benarie, Elsvier. . 

Abstract 

' (ii) 

The C.E.G.B. models include i 
, . 

~ a u s ~ ~ m m o d e l s  for predicting maximum g.1.c.s. frbm single 
. --.-. 

sources, the.vertica1 spread being related to an average 

vertical diffusivity, conservation of emitted material assumed. 
1 

Diffusivity profile models for calculating medium and long 
L 

range effects including wet and dry deposition and chemical 



' ,- 

Gaussian Model . . 

A. , Source-Receptor Relationship 
.. . 

Point source only., twin stacks assumed separate f o r  plume height 

calculation single source for g.1.c. calculation. ~ulti-flue stacks as single 

sources. Receptor measuring potnts usually at 2 m above surface. 
. . 

B. Emis'sion Rate 

Take from station load and fuel data. - . . . 
, . 

C. Plume Behaviour: 

Plume rise calculated form C.E.G.B. plume rise equations.' .Growth . 
' 

I 

due to'relative motion taken into account in calculating location'of maximum. 
. . 

. . 

g.1.c. but not its magnitude. 1 
- . .  ' 

I 

D. Horizontal Wind Field I 

' .  
wind' speed and. direction measurements 'made to about 2 'stack heights . . !  

I 

. . . . 
on adjacent tall towers. Value of B based on measurements of crosswind spread . . j 

I 

and fluctuations in measured ~ i n d  .di.rec tion. . . 

p LX. , E. Vertical Dispersion uz 

L is a function of: 

Height of source and/or height . of . mixing layer (H,h) (m) . 

' % (U) 
I 

Free stream wind speed 1 
f 

Lapse rate above stack top (ae/az) (~m-')' . ' . .  1 
. . 

sensible heat flux due to (i) solar heating. of . . . . I  

( E .  (~m-*) 
I 

ground. 
' 0 .  

I 
t 

. , 
. or (ii) advection e£fects 1 ! 

or cooling of 
(El) (Wrn2) . i 

cloud-togs . I 

I 
Surface roughness length (m) I 

i 
I ' . :  

Coriolis parameter i I 
i 

~ssumed independent of sampling the T for T' > 3 bin. ! 

2 2 
F. ~ater'al Dispersion a = L X + B  x . . .  

Y i 

B is a function of free stream wind speed and sampling time T(s) (for , 

I 
i 
I 

given source location and wind direction). 

i 



G. . Emission and ~eteorological .Correlations. 

The'calculations give ensemble mean values of maximum g.1.c. under 

a restricted range of meteorological conditions and emission rates when plume 

material remains within.the mixing layer. .Vertical wind effects and interaction 

with the top of the mixing layer'cause, variations about',the ensemble mean and 
. . 

lead t'o a scatter with values fallingwithin a range 0 to 2 times the enremble . '  
. . 

' mean value.. . . . .  

- , , ~errain effects are not included a$ the sites studied are mostly 

calculations refer to SO2 but could be applied to any other 

conservative emission with negligible fall velocity. . . 

I 
~ack~roind is estimated from observationg.. The model bay be used , . i  

I 
I 

to make . . estimates of 'concentration out t'o about 3 times the distance of. ! 
i .  

sampling periods from 3 minutes to 1 year. 
f 

. . i 

. 
H. ~alidation/~alibrat ion 

Comparison with 3000 hours of observationsat 2 power stations.' . 
. . i 

i r.m.s. residuals '% 12 per cent for ensemble means of grouped data (27 principal . 1 . , .  
: i 

. a 

meteorological categories. ) 
. . 

I. Output . 

I 
Maximum g. 1 .'c. , distance of maximum, for specified sampling period. 

! 

Can give spatial', distribution' if required. 

. ,  . . . . I 
Individual .large sources treated as point sources.as in a gaussian I .  

model. Lower level emissions averaged over. 10 km squares. 

Long range model All emiss,ions est.imated over 127 km squares. 

. . 
Chemical Composition - ~0rmai.i~ 'soy 
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B. Horizontal Wind Field 

Average wind direction calculated using available meteorological 

.data (wind or pressure field J 1. . 

C. Vertical Wind Speed - None. 
D. Vertical ~is~ersion . . . . . . . . 

K profile, K to height in layerof. depth Z1, constant . . 
.. . . .  . 

from Z, to h, &o above h. Constant value of h consistent withvalues of L I 
in gaussian model (Kl = - UL where L and K are both independent of z). 2 I ' I  

E. . Crusswind 'Dispersion 
. . I 

Based on gaussian modelfor hourly average ai,d wind,,rose or 

distribution of wind trajectories for annual average: 
. . 

,. 1 ! 
. . I 

F. Surface Deposition. ' ! 
. . 

Use is made of effective deposition velocity (7 ) : at thetop of 
' 

g . . 

.. the surface layer, which .is accurate .for long range transport. 

For near and middle distance transport exact K model uses V at ground. 
g 

G. Removal by Precipitation I 
. . I 

. . .  
: I . Can be included by suitable :decay constant for. hourly..or daily &, 

, . . .  

average. precipitation included statistically. with constant 'exp'ected duration 
I 
I 
j 

. i 

of dry and wet periods for annual average. , . I 

i 
H: Chemical reactions i 

. . 
I 

c Conversion of SO2 to SO included. ' I 
4 I 

! 

. ~ackground:' Man-made contribution may be calculated if.source inventory available. 

Flux of SO2 leaving U.K. compared with aircraft measurements of 
! . :  

vertical profiles for middle distance transport. ; 

. . i 
Dry and wet aeposition of S over W. Europe.compared with OECD . .. i 

I 

I 
network. Observations of concentrations of SO2 and SO at' distances up to'. . . ! 

4 I . . . . I 

, . . . 
' I. 

80 km from groups of power stations compared with aircraft:cross-sections.' , 

i 



. . 
' _  G. 1. c. of SOi and so4 a t .  distances up t o .  150 km f r o m u r b a ~  ' 

complex. " 

J.  , Output . . .  
. . . . . . 

. . .  
.Variable t o  : s u i t  =equirement - .+,.g. suifa& deposit ion *attern,  

. . . . .  

g:l . c .  pat teq , '  SOi flux. 
. . .  
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3.9.6 Description o f  the  A i r  QuuZity Short Term Mode2 

Reference:  " A i r  Qua l i t y  Shor t  Term ~ o d e l , "  I l l i n o i s  Environmental . , P r o t e c t i o n  Agency, S p r i n g f i e l d ,  I l l i n o i s ,  January  1976. . . 

Abs t r ac t :  The A i r  Q u a l i t y  Shor t  Term Model (AQSTM) i s  a  s t e a d y  
s t a t e  Gaussian plume model f o r  e s t i m a t i n g  c o n c e n t r a t i o n s  
of  r e l a t i v e l y  s t a b l e  p o l l u t a n t s  f o r  averag ing  t imes .from . 

an hour  t o  a  day from m u l t i p l e  p o i n t  sou rces  i n  . l e v e l  o r  ' . 

complex t e r r a i n .  Concen t r a t i ons  &an be  computed t o  simu- 
l a t e  i n v e r s i o n  break-up fumiga t ion ,  l a k e -  s h o r e  fumig.ation, 
and a tmospher ic  t r app ing .  

Equat ions:  
1 )  ~ o n t r i b u t ' i o n  from each upyind point so1lrr.e 

. X - Q 

2) Trapping 

1 

3)  Fumigation 

W ~ I  hi: .ti + 2 5 
afl: fJy + H78 

4 )  Continuous Lake Shore Fumigat ion 



Figure 2. Lake Shore Fumigation. 



A .  Source - Receptor Re la t i onsh ip  

A r b i t r a r y  l o c a t i o n  f o r  a  maximum of 200 p o i n t  sou rces  . 
Up t o  900 r e c e p t o r s  l o c a t e d  on uniform r e c t a n g u l a r  g r i d  
Unique r e l e a s e  he igh t  f o r  each p o i n t  sou rce  
Unique s e p a r a t i o n  f o r  each source- receptor  p a i r  
Unique topographic  e l e v a t i o n  f o r  each r e c e p t o r  and sou rce  
Receptors  must be  a t  ground level  

B. Emission Rate  

Unique cuns t an t  emission r a t e  f o r  each source  

C .  Chemical Composition - 
~ r e a t s  one o r  two p o l l u t a n t s  s imul taneous ly  

D.  Plume ~ e h a v i o r  . 

Briggs  (1971, 1972) f i n a l  plume r i s e  formulae 
Does n o t  t r e a t  downwash. I f  pliirne he igh t  exceeds mixing h e i g h t ,  maximum 
plume he igh t  i s  l i m i t e d  t o  t h e  mixing he igh t .  T r e a t s  fumiga t ion  by: (a )  
u s e r  spec i fy ing  s p e c i f i c  h e i g h t  of l i m i t i n g  l i d  and averag ing  t ime,  o r  (b)  
u s e r  spec i fy ing  r a t e  of rise of i n v e r s i o n  breakup (mixing h e i g h t )  and s t a r t i 1  

E. Hor i zon ta l  Wind F i e l d  h e i g h t .  

User s p e c i f i e s . h o u r l y  wind speed and d i r e c t i o n  
Wind speed c o r r e c t e d  f o r  r e l e a s e  h e i g h t  based on power law ' va r i a t i on .  
Cons tan t ,  uniform ( s t eady - s t a t e )  wind assumed. I n  complex t e r r a i n ,  plume 
allowed t o  r i s e  2 t h e  d i s t a n c e  between t h e  base  of t h e  s t a c k  and t h e  h e i g h t  
of a  g round-basedreceptor .  Plume assumed t o  remain a t  cons t an t  he igh t  abovr 

F. V e r t i c a l  Wind Speed ground fo l lowing  i n i t i a l  r i s e .  

Assumed equa l  t o  ze ro  

G. Hor i zon ta l  D i s ~ e r s i o n  

Dispers ion  c o e f f i c i e n t s  from Turner  (1969); no ad jus tments  mads f o r  . 
v a r i a t i o n s  i n  s u r f a c e  roughness o r  t r a v e l  t ime. 

User-supplied hour ly  s t a b i l i t y  c l a s s  
Averaging time adjhstment  accord ing  t o  Turner (1969) ( t o  one hou r ) .  

H.  V e r t i c a l  Dispers ion  I 

Dispers ion  c o e f f i c i e n t s  from Turner  (1969); no ad jus tments  made f o r  
v a r i a t i o n s  i n  s u r f a c e  roughness ,  averag ing  t i m e  o r  t r a v e l  t i m e  ' 

User-supplied hou r ly  s t a b i l i t y  c l a s s  ' 

I. Chemistry/React ion Mechanism 

Not t r e a t e d  



J. Phys i ca l  Removal 

Not t r e a t e d  

. .  . 

K. Background 

. , Not t r e a t e d  

L. Boundary Condi t ions  

Lower boundsry: p e r f e c t  r e f l e c t i o n  
' Upper boundary: user - input  mixing he igh t  used'; p e r f e c t  x -e f lec t iun  

assumed 
Permi ts  u s e r  t o  i npu t  contit luous non-horizontal  boundary l a y e r  
nr r i s i n g  ho i~ndary  l a y e r .  

M. Emission and ~ e t e o r o l b ~ i c a l  c o r r e l a t i o n s  

'No c a l i b r a t i o n  op t ion  provided 
D i r e c t  a p p l i c a t i o n  of Turner (1969) procedures  

. . 

. . 
0.  Output 

, . . . , . .  

Average concen t r a t i on ,  s o u r c e  c o n t r i b u t i o n s  a t  each  r e c e p t o r  f o r  
t o t a l  pe r iod  .of '  i n t e r e s t  L 

I n d i v i d u a l  p o i n t  c u l p a b i l i t y - ' l i s t  f o r  5 maximum r e c e p t o r s  

. . .  

P. Computer Time Requirements 
. . 

14 sources '  w i t h  800 r e c e p t o r s  r e q u i r e s  8 seconds CPU t i m e  
('IBM 3701168) 



3.9 .7  Application of A i r  Quality Models Under the Ontario Environmental 
Protection Act 

Submitted by A. E. Boyer: post-conference. 

The design of pollution control equipment and the 
administration of environmental protection legislation are both 
complicated by the wide variability of air quality resulting from 
the interaction of pollution source characteristics and limiting 
meteorological variables. 

From the point of view of source design, it is often 
desirable to design facilities to operate under whatever range of 
meteorological and operating conditions are likely to occur during 
the life of the source. An evaluation of limiting meteorological 
conditions, however, often shows that these limiting conditions 
occur a small fraction of this time; to design facilities to 
operate under all conditions, including these infrequent happenings, 
may result in greatly increased design costs. 

The development of environmental legislation requires 
resolution of the need for laws which are easily understood and 
enforced and at the same time, cover a wide range of complex 
possibilities. These two ends are not easily resolved. 

The development of several air quality simulation models 
provides tools for the analysis of the interaction of important 
source and meteorological conditions. The problem then is how to 
apply these models within the legal and engineering limitations 
noted above. 

The Ontario Environmental Protection Act provides the 
framework for agencies and pollution sources to function within 
a simply enforced law based on a point source model. This Act 
also allows for redefinition of these simple controls in the 
event subsequent ambient air quality does not meet desired goals. 



An example of the application of both simple point 
source and complex urban air quality simulation models within 
Ontario 1egislation.i~ illustrated by Boyer and Shenfeld in, 
"Atmospheric Impact of Coal Firing", Power Magazine, March 1975. 
The question of converting an urban power generating station to 
an all coal-fired operation is examined. In this example, the ' 

Ontario Ministrjr of the Environment applied'a multi-source urban 
model to"the question of a h  quality impact under the. assumption 
of the interruption of natural gas consumption by industrial and 
commercial users, limiting meteorological conditions and con- 
version of a large power generating station to an all coal-fired 
operation. 

The conclusions of the above study are less important 
here than the methodology and the division of responsibility 
between the individual sources and the control agency, in this 
case, the Ontario Ministry of the Environment. 

Each of the sources contributing to the SO2 .levels under. 
study had previously been required to meet short-term (30-minute9 . 
air q~aiity criteria for various pollutants. Compliance with 
this regulation can be satisfied by estimat.es of impingement 
concentrations based on a simple point source model. Certain 
frequently occurring meteorological conditions are specified for 
the basis :of this estimate. 

. . 

The responsibility of the control agency is then to 
estimate the combined effects of multiple sources under a wide 
spectrum of weather and operating conditions. This is accomplished 
in a variety of ways, including the application of urban air 
quality simulation models. 

If after application of the urban model, the control 
agency decides that the combined effect of multiple sources all 
meeting the regulation for a single source is unacceptable, then 
the single source limits may be changed by the issuance of new 
guidelines for the application of single source models. Other 
options may be included in the amended guidelines as, for example, 
the use of supplementary control systems. 



Working within this framework, each source is assured 
that' so long as ambient air quality objectives are met, the 
singlesource requirements with which they, are forced to comply, 
will not be made more stringent. 

The advantage of the guideline described above is that 
it allows for enforcement based on a simple straightforward point 
source model, while at the same time, allowing for a more detailed 
assessment of complex multi-source model applications by the con- 
trol agency. In addition, while the various evaluations are in 
progress, it is in the interest of both the agency and the various 
sources that ambient air quality goals are met. 

~hk~rocedure sugge,sted above is similar to the use of' . . 

emissions off set regulations used by the Environmental Protection . 
Agency.. They are different' in that the Ontario guidelines make 
allowances for not only emission offsets to achieve desired air 
quality, but also variations in stack design, emission temperature 
and velocity, and in some cases, may include options for supplemental 
.controls under limiting meteorological conditions, 

1. Boyer, A.E. and Shenfeld, L. "Atmospheric Impact of Coal 
Firing", Power, March 1975, . . 

2.' P.S. Wong, K. Heidorn'and D. Yap, "Modeling Sulphur Dioxide 
Levels in the .Sarnia Area", Water, Air and Soil Pollution 
(1976) 407-414. 



-228- 
3 ,9 .8  Comments Regarding CRSTER 

Dr. John J. Roberts 
Deputy Division Director 
Energy and Environmental Systems 
Argonne National Laboratory 
9700 South Cass Avenue 
Argonne, Illinois 60439 . . 

Dear Dr. Roberts: , ' .  

Your letter of   arch 4 about the Specialist Conference on the 
EPA Modeling Guideline suggested that individual letters be sub- 
mit'ted forthe Appendix where participants have comments which are 
pertinent to the sessions, but were not actually a part of pro- 
ceedings. ,: . . . . 

In Session 11-4 the randomizer system used in the CRSTER model 
was discussed, and the working group decided that the method should 
be studied to see whether wind direction variability is adequately 
represented. This letter is a partial response to that suggesti,on. 

. The CRSTER model provides for a random 'adjustment to. the wind . 
directions.which are typically reported only in lo0 intervals by 
the National Weather Service. This procedure is supposed to simu- 
late the rea1,wind fluctuation from hour to hour, . .  

\ .  

The effect of the system on calculated ground-level concentra- , ' . . 
,tions has been evaluated. Table 1 shows the concentrat'ions'directly 
downwind, of the three-hourly mean wind under three conditions; 
(a) with no direction fluctuation, (b) with a flo shift, and 
(c) with a +40, -50 shift. The 'latter is the maxinium variability 
possible in the existing CRSTER system. Only with the maximum fluc- 
tuation is the mean ground-level concentrations.reduced appreciably. 

. . 
Most modeling systems based on real data use a.meth'od sumulating 

a more rapid lateral plume diffusion than allowed by CRSTER. TVA 
uses cry values which are larger than Pasquill-Gifford;. both Smith- . . 

Singer and 'the state of Maryland use wind shear terms; Cramer assumes 
more rapid diffusion' while the. pluine ,is rising after release. 



Dr. John J. Roberts March 21; 1977 

i 

Two studies are suggested to EPA to define a better randomizer 
system: 

1. Study real houily urean wind direction fluctuations 
to determine the typical fluctuations over 3-hourly 
and 24-hourly periods. 

2. Examine the oy values implied by the TVA, Maryland 
and Smith-Singer systems. These data should show 
how the randomizer mightbe improved. 

Sincerely yours, 

~ - - -  

~a;k L. Kramer 
JohnR. Martin ' . 

MES : la 
Encl'osure 
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3.9.9 Conanants On t+e Need for Mode2 Accuracy 

Post conference Contribution by J .  L. Shapiro 

In severa l  different pa r t s  of the report ,  re ferences  a r e  made . 

t o  the required accuracy for uniformity of validity of models.' ' F o r  

exarnple, the p re face  r e f e r s  to  an implicit "level of accuracy desirable .  " 
In Section 2. 5. 4 "the group generally agreed this  assumption i s  not 

uniformly valid. " There a r e  other references t o  this  subject, both 

explicit and implicit. 

While some attention was directed t o  this by Group 11-5, with an 

indication that performance s tandards of models should be related t o  the 

"loftiness of performance goals, " the overall  tenor  of the report  does not 

adequately.reflect this  view. It appears  tha t ' the  validity of models a s  

evaluated by the workshop participants is readily destroyed by citing' 

instances where the  models1 predictions were ekcee'ded. In general., 

the group i s  relatively satisfied with Models that over-predict  a s  

compared t o  models that under-predict .  

This traditional approach obviously i s  necessa ry  in many 

applications but it is  a l so  obviously highly ove r - r e s t r i c t ive  in some 

cases ,  par t icular ly where PSD l imits  a r e  on the border  line of 

significance. In such cases ,  models should be adopted which a r e  the 

best available and which most  closely represent  an "expected value" 

with the recognition that some cases  will over-predict  while others  

will under-predict .  As experience is  gained and we l ea rn  more 'about  

the details,  we would expect that such models will be refined t o  reduce 

the magnitude of the e r r o r s .  
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3.10 P O L I C Y  I S S U E  SUPPLE!dENTARY MATERIALS 

3.10.1 On the Use of  S t a t i s t i c a l  Techniques for the  Prediction of Second 
High 24 Hour Concentrations 

Post Conference Contribution 

~ i c h a r d  A .  Porter, P .  E. 

A i r  p o l l u t i o n  s t anda rds  s t y l e d  a s  l e v e l s  "not t o  be exceeded more than  

one t ime per  year"  r e q u i r e  a  p r o b a l i s t i c  approach i n  modeling. However, models 

t h a t  a r e  c u r r e n t l y  a v a i l a b l e  ( l i s t e d  i n  t h e  d r a f t  gu ide l ine )  a r e  n o t  s u i t a b l e  

f o r  determining t h e  second h igh  va lue .  Only t h e  RAM model i s  , a v a i l a b l e  w i th  

a  s t a t i s t i c a l  pos t  p rocessor ,  bu t  t h e  R A M  modcl canta l l l s  no method f o r  t e s t i n g  

themodel-generated d a t a  f o r  goodness of f i t  t o  the .praposed  log-normal d i s -  

t r i b u t i o n .  P r e d i c t i o n s  of va lues  a t  t h e  extreme end of t h e  p r o b a b i l i t y  d i s -  

t r i b u t i o n  func t ion  a r e  very  s e n s i t i t i v e  t o  t h e  f i t  of t h e  d a t a  t o  t h e  proposed 

d i s t r i b u t i o n .  Order of magnitude e r r o r s  may b e  encountered when t h e  d a t a  is  

forced  t o  f i t  t h e  wrong d i s t r i b u t i o n .  

Many i n v e s t i g a t o r s  have examined t h e  frequency d i s t r i b u t i o n  of a i r  

p o l l u t i o n  concen t r a t ions  a t  a i r  p o l l u t i o n  monitor ing f a c i l i t i e s .  A wide range 

of skewed frcquency d i s t r i bu t . i ons  have been f i t t e d  t o  t h e  empi r i ca l  d a t a .  The 

d i s t r i b u t i o n s  proposed inc lude  Weibull (Barlow, 1971; Milokai ,  1972) and neg- 

a t ive-b inomia l  d i s t r i b u t i o n s  (Pr inz  and Stratman,  1966);  but  by f a r  t h e  most 

ex t ens ive ly  f i t t e d  d i s t r i b u t i o n s  a r e  log-normal (Bencala,  and S e i n f e l d ,  1976; 

Knox and Po l l ack ,  1974; S h o j i  and Tsukatan i ,  1973) i n  t h e  m u l t i p l e  source  ur -  

ban environment and exponent ia l  (Gi f ford ,  1959; Scr iven ,  1965; ~ a r t r e l l ,  1966) 

i n  an  environment dominated by a  s i n g l e  source .  I n  t h e  c a s e  of t h e  urban 

environment t h e  work of R .  I .  Larsen (Larsen,  1970; 1971) based on a n a l y s i s  of 

seven yea r s  of cont inuous monitor ing d a t a  from USEPA monitors  i n  urban a r e a s  

i s  t h e  most widely c i t e d  i n v e s t i g a t i o n  of t h e  log-normality of a i r  p o l l u t i o n  

concen t r a t ion .  S tud ie s  by P. J .  Barry (Barry, 1971; 1975) support  t h e  theory  

t h a t  receptors ,dominated by a  s i n g l e  source , record  concen t r a t ions  of po l lu-  

t a n t  t h a t  a r e  exponen t i a l l y  d i s t r i b u t e d .  The work by Barry is  based on sev- 

e r a l  y e a r s  of d a t a  us ing  ARGON-41 i n j e c t e d  i n  t h e  plume of a  power p l a n t .  

(Porter  . and' . Christ.iansen'; 1976).  

I n  t h e  paper "P red ic t ions  of Annual Su l fu r  Dioxide Concent ra t ions  f o r  

Frankfur t  An.Main, Federa l  Republic of Germany, Aug., 1971 t o  J u l y  1972 

( p o k e r  and ~ h r i s t i a n ~ e n ,  1976) , a frequency d i s t r i b u t i o n  of concen t r a t ions  



was genera ted  us ing  t h e  Texas Episodic Model f o r  242 r ecep to r  p o i n t s  i,n t h e  

.Frankfurt  a r e a .  Two methods jwere used t o  est imat 'e  t h e  parameters  of t h e  

log-normal d i s t r i b u t i o n :  1 )  t h e  g raph ica l  method of Larsen (Larsen,  1971), 

e s s e n t i a l l y  t h e  concept used , i n  RAM; 2) t h e  Delta-  Log-normal d i s t r i b u t i o n  

(Atahison and B ~ o A ,  1957), a t h r e e  parameter log-normal d i s t r i b u t i o n  t h a t  

a c c e p t s  zero, v a r i a t e s  . T e s t s  ' f o r  log-normali ty  us ing  t h e  Kolmogorov-Smirnov 

S t a t i s t i c  d i l l i e n f o r s ,  H .  W . ,  1967) f a i l e d  a t  73 of t h e  242 r e c e p t o r s  f o r  

one o r  bo th  of t h e  methods used t o  e s t i m a t e  t h e  log-normal parameters.  

A l l  hut  two of t h e  r e c e p t o r s  t h a t  f a i l e d  t h e  t e s t  f o r  log-normali ty  

we-re l oca t ed  on t h e  edge of t h e  urban a r e a .  Both theo ry  and observed d a t a  

suggest  t h a t  t h e  frequency d i s t r i b u t i o n  of concen t r a t ions  at a  r ecep to r  due 

to a s t n g l c  po in t  'sni1rr.e i s  exponent ia l  (Gif f o r d ,  1959; Barry,  1975).  I u  

t h e o r y ,  a  r ecep to r  l oca t ed -  i n  t h e  c e n t e r  of a uniform a r e a  source  w i l l  have 

a  log-normal d i s t i - i b u t i o n  of concen t r a t ions  (Bendala, and ~ e i n f e l d ,  1976).  

One can expect t h a t  r e c e p t o r s  t h a t  a r e  l oca t ed  i n  urban a r e a s  (away from t h e  

i n i l u e n c e  of a  s t r o n g  s i n g l e  source)  w i l l  have log-normal d i s t r i b u t i o n s ,  and 

r e c e p t o r s  t h a t  a r e  inf luenced  by a  s i n g l e  source  will. have exponen t i a1 ,d i s -  

t r i b u t  i o n s .  However, t h e  frequency d i s t r i b u t i o n s  of concen t r a t ions  a t  recep- 

t o r s  t h a t  do n o t  f i t  i n  one of t h e  above c a t e g o r i e s  a r e ' p r n b a b l y  a  mixture  

of t h e  two d i s t r i b u t i o n s .  The exper ience  w i t h  t h e  Frankfur t  s tudy  c i t e d  

above ind ica t ed  t h a t  unreasonably l a r g e  v a l u e s  f o r  t h e  second high concea t ra -  

t i o n  were p red ic t ed  f o r  non-urban r e c e p t o r s  t h a t  had low p red ic t ed  mean con- ' 

c e n t r a t i o n .  These r e c e p t o r s  f a i l e d  t h e  t e s t  f o r  log-normali ty .  It i s  sug- 

ges ted  t h a t  any model t h a t  u ses  s t a t i s t i c a l l y  p roces sed .da t a  t o  e s t i m a t e  con- 

c e n t r a t i o n s  should inc lude  a  . r e s t  .of t h e  d a t a  f o r  goodness of f i t  t o  t h e  pro- 

posed d i s t r i b u t i o n .  

AZterna.tive Methods 

The a l t e r n a t i v e  t o  t h e  s t a t i s t i c a l  approach i s  t o  u s e  t h e  "worst case" 

e s t i m a t e  f o r  t h e  concen t r a t ions .  The RAM model can be  used t o  survey a  spec- 

i f i e d  period of meteoro logica l  record  t o  determine t h e  worst c a s e  cond i t i on  

i n  terms of p red ic t ed  concen t r a t ion .  O r  a  s h o r t  tezm model (such a s  t h e  Texas, 

Episodic  Model) can be  exe rc i sed  on s e l e c t e d  s c e n a r i o s  of me teo ro logy . tha t  

can be  expected t o  r e s u l t  i n  t h e  h ighes t  concen t r a t ions  f o r  t h e  sou rces  in-  

volved.  
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3.10.2 Methods for Estimating Levels Bot t o  Be Exceeded or  N 6 t  to Be 
Exceeded More Than Once Per Year 

Distributed a t  Conference 

Richard A .  Porter 

The sound s c i e n t i f i c  approach t o  e s t ima t ing  compliance wi th  s t anda rds  

s t y l e d  "not t o  be exceeded more than  xxx t imes per  xxx" is a p r o b a b i l i s t i c  ap- 

proach. However, none of t h e  models t h a t  a r e  now widely a v a i l a b l e  con ta in  

t h e  s t a t i s t i c a l  pos t  p rocessor  necessary  t o  make such a  p r o b a b i l i t y  s t a t e -  

ment.' Therefore ,  some method must be  s t a t e d  f o r  e s t ima t ing  compliance w i t h  

such short- term s t anda rds  without  having t h e  necessary  s t a t i s t i c a l  pos t  

p rocessor .  There a r e  two p o s s i b l e  methods: 1 )  survey of h i s t o r i c  d a t a ;  

2 )  e s t i m a t i o n  of worst  c a s e  from meteoro logica l  and source  cons ide ra t ions .  

Survey of  His tor ic  Data 

This  is  t h e  method used by RAM.  h he c jkes t io i  .becomes : What per iod  of 

record  should be  u s e d ?  Using more then  one yedr of d a t a  causes problems with 

computat ional  t ime.  Using only  one year  of d a t a  l i m i t s  t h e  number of meteor- 

o l o g i c a l  c o n d i t i o n s  examined. P r a c t i c a l  cons ide ra t ions  can dec ree  t h e  per-  

iod of record  examined. Less  than one yea r  of d a t a  would be unacceptable .  

Estimation of  Worst Case 

An experienced modeler can es t in ia te  t h e  worst ca se  cond i t i ons  when 

only  a  few sources  a r e  being cons idered . .  'such an  op t ion  i s  ve ry  economical 

and should' be a v a i l a b l e  a s  a  t o o l  f o r  e s t ima t ing  worst case .  

 he paper Predict ions o f  Annual Su l fur  Dioxide Concentrations for Frankfort 
Air Main Germany; Aug. 71 - July  72.  7 t h  Technical  Meeting of t h e  NATOICCMS 
Committee. ( P o r t e r  and Chris t iansen. ,  1976), d i s c u s s e s  t h e  problems a s s o c i a t e d  
with frequency d i s t r i b u t i o n  de termina t ion .  



3.10.3  Position on Recently Proposed Amendments t o  the Clean A i r  Act 

(Draft, prepared by the Committee on the MeteoroZogicaZ Aspects 
of A i r  ~oZZution of the American MeteoroZogicaZ Society and 
not yet  approved as of the date of the conference by the Amer- 
ican MeteoroZogicaZ Society Counci Z . ) 
~ i s t r i b u t e d  a t  Conference 

Bricce A .  Egan 

The 94th  Congress considered* a t  length,  p roposa ls  t o  t h e  Clean ~ i r  Act 

of 1964, a s  r e v i s e d  i n  1970. Many i s s u e s  w e r e  d i scussed  and presented  t o  

Congress and i t s  committees i n  c o n s i d e r a t i o n  of t h e s e  amendments; a  j o i n t  

House-Senate conference b i l l  was a l s o  prepared.  Congress adjourned without  

pas s ing  any amendments. The Committee on t h e  Meteorological  Aspects  of A i r  

P o l l u t i o n  of t h e  American Meteorological  Soc ie ty  f e e l s  it necessary  t o  es tab-  

. l i s h  c e r t a i n  i s s u e s  of p o l i c y  regarding '  t h e  u se  of meteoro logica l  knowledge 

i n  a i r  p o l l u t i o n  s t u d i e s .  Inasmuch a s  t h e s e  p o l i c y . i s s u e s  were addressed i n  

t h e  Clean A i r  Act Amendments, we f e e l  it is important t o  comment on a r e a s  

where meteoro logica l  e x p e r t i s e  is  r equ i r ed .  

Ex i s t i ng  l e g i s l a t i o n  and Environmental P r o t e c t i o n  Agency r e g u l a t i o n s  

have e s t a b l i s h e d  Nat iona l  Ambient A i r  Qua l i t y  S tandards  (NAAQS) designed t o  

p r o t e c t  t h e  h e a l t h  and we l f a re  of t h e  gene ra l  pub l i c  by n o t  a l lowing  a i r  

p o l l u t i o n  l e v e l s  t o  exceed c e r t a i n  va lues  f o r  d i f f e r e n t  averaging t imes .  

Under t h e s e  r e g u l a t i o n s ,  t h e  es tab l i shment  o r  con t inua t ion  of any source  of 

a i r  p o l l u t i o n  i s  allowed i f  it can be  shown t h a t  p o l l u t i o n  from t h a t  f a c i l -  

i t y  w i l l  not  add t o  t h e  p o l l u t i o n . b u r d e n  by an amount which would cause  an 

e x c e s s . o f  t h e  NAAQS. A second type  of r e g u l a t i o n  adopted, by t h e  Environmen- 

t a l  P r o t e c t i o n  ~ ~ e n c y  addres ses  t h e  emission of p o l l u t i o n  from new i n d u s t r i a l  

and o t h e r  sources .  New Source Performance Standards (NSPS) r e q u i r e  t h a t  a  

f a c i l i t y  must r e s t r i c t  emissions of c e r t a i n  c r i t e r i o n  p o l l u t a n t s  p e r  u n i t  of 

product ion  us ing  Best  Avai lab le  Cont ro l  Technology (BACT). Thus t h e r e  a r e  

i n .  e x i s t e n c e  two types  of s t anda rds ,  one which addres ses  ambient a i r  q u a l i t y ,  

and a second which r e q u i r e s  t h a t  each new s o u r c e ' b e  c o n t r o l l e d  so  a s  t.0 l i m -  

. i t ,  w i t h i n  p re sc r ibed  amounts, i t s  p o l l u t i o n  emissions t o  thea tmosphere .  

The Supreme Court of t h e  United S t a t e s  hai determined ( S i e r r a  Club 

vs .  Ruckelshaus) t h a t  t h e  Clean A i r  Act Amendments of 1970 empower t h e  Envi- 

ronmental P r o t e c t i o n  Agency t o  i s s u e  a  t h i r d  t y p e  of r e g u l a t i o n  t o . p r e v e n t  



' t h e  s i g n i f i c a n t  d e t e r i o r a t i o n  of a i r  q u a l i t y  and i n  p a r t i c u l a r  t o  preserve  

e x i s t i n g  c l ean  a i r  r eg ions .  Regulationk were promulgated by t h e  ~ n v i r o n -  

mental P r o t e c t i o n  ~ g e n c y  i n  1974 which provide  f o r  t h e  c l a s s i f i c a t i o n  of 

a r e a s  w i th in  t h e  U.S. according t o  a l lowable  increments of d e t e r i o r a t i o n .  

I n  C l a s s  I ( p r i s t i n e  a r eas )  n o  s i g n i f i c a n t  d e t e r i o r a t i o n  of a i r  q u a l i t y  

would b e  allowed. C la s s  '11 a r e a s  would a l low very  l i t t l e  d e t e r i o r a t i o n  . 

an'd C la s s  I11 reg ions  would a l low a i r  q u a l i t y  t o  d e t e r i o r a t e  t o  t h e  NAAQS. 

A number of methods o r  'models l 'have  been used h i s t o r i c a l l y  by f e d e r a l ,  

s t a t e . ,  and l o c a l  agenclea ,  by i n d u s t r i a l  sources  and o t h e r s  f o r  c a l c u l a t i n g  

t h e  ambient a i r  q u a l i t y  r e s u l t i n g  from va r ious  c o n f i g u r a t i o n s  of a i r  po l lu-  

t i o n  sources .  'Mathematical models, when used r e spons ib ly  w i t h  good meteoro- 

l o g i c a l  da tg ,  have proven inva luab le  i n  ana lyz ing  t h e  e f f e c t s  of new construc-  

t i o n  on ambient a i r  q u a l i t y .  

This  committee i s  p a r t i c u l a r l y  concerned t h a t  language I n ' c e r t a i n  of 

t h e  v e r s i o n s  of t h e  Clean A i r  Amendments proposed ta  t h e  94th Congress and 

i n  t h e  Conference Report (House of Represen ta t ivesRepor t  No, 94-1742, Scp- 

tcmber 30, 1996) included wording t o  t h e  e f f e c t  t h a t  a  model o r  a  group of 

models would be des igna ted  by t h e  Administrator  of t h e  ~ n v i r o n m e n t a l  Pro- 

t e c t i o n  Agency t o  eva lua t e  t h e  impact of new and e x i s t i n g  sources  of emis- 

s i o n s  on ambient a i r  q u a l i t y .  

The term 'model', wi th  r e s p e c t  t o  a i r '  q u a l i t y  cons ide ra t ions ,  has  

been taken t o  mean a  r e l a t i o n s h i p ,  a n a l y t i c a l  o r  empi r i ca l ,  which r e l a t e s  

t h e  ambient a i r  q u a l i t y  a s  measured a t  a  r ecep to r  t o  t h e  emission of mate- 

r i a l  from sources  i n f luenc ing  t h a t  r e c e p t o r .  Such r e l a t i o n s h i p s  can be  

e s t a b l i s h e d  and have, i n  f a c t , .  been va l ida t ed  on many occas ions ,  i f  meteo- 

r o l o g i c a l  cond i t i ons  a r e  adequate ly  known. While t h e r e  is  much a c t i v e  r e -  

search  i n  progress  t o  improve t h e  c u r r e n t  s t a t e -o f - the -a r t  of such models, 

t h e  p re sen t  models do not  permit  a c c u r a t e  p r e d i c t i o n s  of ambient a i r  qual- 

i t y  when meteoro logica l  cond i t i ons  a r e  no t  known. F u r t h e r ,  many meteoro- 

l o g i c a l  phenomena which a r e  r e spons ib l e  f o r  t h r e a t s  t o  s h o r t  averaging time 

s tandards  a r e  not  amenable t o  s imple mathematical t r ea tmen t .  

Our s p e c i f i c  concern i s  w i t h  t h e  concept t h a t  t h e r e  should be c u r r e n t l y  

e s t a b l i s h e d  one p a r t i c u l a r  model which w i l l  be capable  of ana lyz ing  a l l  con- 

c e i v a b l e  s i t u a t i o n s .  From a  p r o f e s s i o n a l  meteoro logica l  po in t  of view, we 



f e e l  t h i s  i s  not  a  t e n a b l e  p o s i t i o n  t o  suppor t .  The s c a l e s  of a tmospheric  J1 

motion which are r e s p o n s i b l e  f o r  d i s p e r s i n g  p o l l u t a n t s  vary  from s i t e  t o  

s i t e  and e x h i b i t  q u i t e  v a r i a b l e  behavipr .  ' While meaningful averages  c a n . ,  , 

g e n e r a l l y  be c a l c u l a t e d  a n d . e s t a b l i s h e d  from d a t a ,  t h e r e  i s  no model cur-  

r e n t l y  a v a i l a b l e  which has  a  proven r e l i a b i l i t y  f o r  a range  of commonly en- 

countered  topographica l  and 'me teo ro log ica l  s i tua t ions .+of  importance. The 

d i v e r s i t y  of meteoro logica l ,  geographic,  and s i t e - . s p e c i f i c  c o n d i t i o n s  which 

e x i s t  i s  such t h a t  very  c a r e f u l  cho ice  of a  model is  important  and a t t e n -  

t i o n  must be g iven  t o  whether a  given modeling approach adequate ly  handles  

t h e  s i t u a t i o n  of concern.  Models, a f t e r  a l l ,  a r e  simply an  ex t ens ion  of 

p r o f e s s i o n a l  op in ion  and abilities on t h e  p a r t  of t h e  model maker. To i n -  

c a u t i o u s l y  o r  c a s u a l l y  apply  a  model t o  a spec i I l c  s i t u a t i o n  wi thout  care-  

f u l  meteorcalogical and o t h e r  p r o f e s s i o n a l  c o n s i d e r a t i o n  i s  n o t  a p p r o p r i a t e  

f o r  problems having s i g n i f i c a n t  economic and s o c i a l  i m p l i c a t i o n s .  While 

it  may be  d e s i r a b l e  from a l e g a l  p o i n t  of view t o  adopt one uniform method 

f d r  c a l c u l a t i n g  a i r  q u a l i t y ,  i t  is  a  s c i e n t i f i c a l l y  i n d e f e n s i b l e  and un- 

r ea sonab le  procedure,  g iven  t h e  non-unif.ormity and complexity of t h e  atmos- 

p h e r e , .  and t h e  wide v a r i a b i l i t y  i n  me teo ro log ica l ly  r e l e v e n t  geoinetric fac-  

t o r s .  

The above d i s c u s s i o n  has  been i m p l i c i t l y  cons ide r ing  t h e  p o l l u t a n t s  

f o r  which non-de t e r io ra t i on  s t anda rds  a r e  p r e s e n t l y  being proposed, namely 

s u l f u r  d iox ide  and p a r t i c u l a t e s .  When one cons ide r s  t h e  problems of. mod- 

e l i n g  t h e  t r a n s p o r t  and t r ans fo rma t ion  of o t h e r  p o l l u t a n t s  of concern such 

a s  s u l f a t e s  o r  a x i d a n t s  which may invo lve  atmospheric  chemical r e a c t i o n s  
1 

and o t h e r  p h y s i c a l  phenomena s t i l l  n o t  w e l l  understood ( f o r  example, d i s -  

p e r s i o n  of p o l l u t a n t s  over  long d i s t a n c e s )  then t h e  arguments a r e  even more 

compell ing t o  n o t  advoca te  t h e  adopt ion  of  uniform modeling techniques .  

The s ta te -of - the-ar t  simply does no t  j u s t i f y  i t .  

The atmosphere i s  a  l a r g e  bu t  f i n i t e  resource .  Used r e spons ib ly ,  i t  

can provide a  d i s p o s a l  mechanism f o r  many of t h e  p o l l u t a n t s  of our  modern 

s o c i e t y .  Responsible  u s e ,  however, i nc ludes  c o n t i n u a l  c o n s u l t a t i o n  w i t h  
I 

p r o f e s s i o n a l  me teo ro log i s t s  whose knowledge and exper ience  w i l l  p rov ide  

guidance on t h e  b e s t  c u r r e n t  methods f o r  eva lua t ing  t h e  e f f e c t s  of emissions 

on a i r  q u a l i t y ,  and who can provide  even more r e l i a b l e  methods a s  our  under- 

s t a n d i n g  of a tmospheric  phenomena i n c r e a s e s .  



3.10.4 Consistency and Standardization 

Distributed at Conference 

B m c e  A. Egan 

Considerable  d i scuss ion  a t  t h e  conference centered  on t h e  i s s u e s  of 

needs f o r  cons is tency  and s t a n d a r d i z a t i o n  and t h e  compromises i nhe ren t  i n  

adopting s tandard ized  models. 

S t anda rd iza t ion  of approach was s t a t e d  as a  concept which would grea t -  

l y  r e l i e v e  t h e  work load p r e s e n t l y  w i t h i n  t h e  v a r i o u s  EPA reg?-crnal o f f i c e s  

and support  f a c i l i t i e s  wi th  r e s p e c t  t o  reviews of SIP r e v i s i o n s ,  New Source 

Reviews, PSD, e t c .  S tandard iza t ion  wa.s a l s o  s t a t e d  a s  a n  o b j e c t i v e  expressed 

t o  -EPA by v a r i o u s  i n d u s t r y  groups who were concerned. t h a t  d i f f e r e n t  EPA re- 

g iona l  o f f i c e s  had d i f f e r e n t  approaches and t h i s  may r e s u l t  i n  v a r i a t i o n s  i n  

r equ i r ed  emission l i m i t a t i o n s  f o r  what o therwise  could be  considered s i m i l a r  

source s i t u a t i o n s .  Therefore,  d i f f e r e n c e s  r e s u l t e d  simply a s  a  ma t t e r  of 

l o c a t i o n .  A c a s e  where two r e g i o n a l  o f f i c e s  d isagreed  on t h e  methodologies 

f o r  t h e  same source  a f f e c t i n g  both r eg ions  was c i t e d  a s  i n d i c a t i v g  of . the need 

. f o r  a  c o n s i s t e n t  approach. It  was s t a t e d  t h a t  new sources  needed t o  be 

assured  t h a t ,  a f t e r  cons t ruc t ion  was s t a r t e d ,  t h e  ground r u l e s  would no t  

change .so  a s  t o  r e q u i r e  s t i l l  more s t r i n g e n t  emission l i m i t a t i o n s .  Sec t ion  

318' of t h e  September 30, 1976 House of ' ~ e p r e s e n t a t i v e s  Conference Report w a s  

c i t e d  a s  r e q u i r i n g  t h a t  a  modeling conference be he ld  and t h a t  ... " spec i a l  

a t t e n t i o n  s h a l l  be  g iven  t o  app ropr i a t e 'mode l ing  n e ~ d s s a r y  f o r  c a r r y i n g  o u t .  

s u b t i t l e  C of T i t l e  I ( r e l a t i n g  t o  prevent ion  of s i g n i f i c a n t  d e t e r i o r a t i o n  

of a i r  q u a l i t y ) .  " 

S tanda rd iza t ion  of modeling approaches has  t h e  p o t e n t i a l  f o r  c r e a t i n g  

o t h e r  problems. . The p re sen t  s ta te -of - the-ar t  does not  permit t h e  i d e n t i f i c a -  

t i o n ' o f  a  s i n g l e  s p e c i f i c  model which would b e  most app ropr i a t e  f o r  most 

sources.  S i t e  by s i t e  ana lyses  which inc lude  room f o r  p r o f e s s i o n a l  judgment 

r ega rd ing  choice  of modeling techniques and meteoro logica l  parameters  i s  . , 

gene ra l ly  r equ i r ed .  They a r e  e s p e c i a l l y  app ropr i a t e  f o r  t h e  a n a l y s i s  of 

s i t i n g  and c o n t r o l  a l t e r n a t i v e s  of sources  where l a r g e  c a p i t a l  investments  

a r e  involved. The problem wi th  t h e  use  of a  s p e c i f i c  s tandard  model i s  t h a t  

i f  t h i s  model i s  non-conservative ( t h a t  is ,  i t  is  considered t o  b e  app ropr i a t e  

f o r  a "most probable" concen t r a t ion  e s t ima te )  i t  can be  expected t o  e r r  

sometimes by ove rp red ic t ing  and sometimes by underpredic t ing .  Over p r e d i c t i o n s  



. . 

would suggest  emission l i m i t a t i o n s  which a r e  beyond t h a t . c a l l e d  f o r  i n  o rde r  

t o ' m a i n t a i n  ambient a i r  q u a l i t y  s t anda rds  and t h e r e f o r e  no t  cos t - e f f ec t ive ;  

unde rp red ic t ions  would suggest  emission l i m i t a t i o n s  which would r e s u l t  i n  

concen t r a t ions  i n  excess  of t h e  s t anda rds  - t h e r e f o r e  not  respons ive  t o  EPA 

r e g u l a t i o n s .  .Thus, a  s tandard ized  approach i f  used t o  d e f i n e  emission 

l imi ' t a t i ons  which would r e s u l t  i n  concen t r a t ions  c l o s e  t o  an  a i r  q u a l i t y  goa l  

(NAAQS o r  PSD increments) has  hidden c q s t s  a s s o c i a t e d  wi th  po ten t . i a l  "over- 

k i l l "  and "underk i l l "  on a  s i t e  by s i t e  b a s i s .  

A second problem a s s o c i a t e d  w i t h  s t a n d a r d i z a t i o n  a s  d iscussed  above ' 

is  t h a t  i t  t ends  t o  d iscourage  t h e  advancement of our  s c i e n t i f i c  understand- 

i n g  of a i r  p o l l u t i o n  phenomenon, A s tandard ized  approach would have reso lved  

t h e  deba te  of the  two r e g i o n a l  o f f i c e s  c i t e d  above b u t  t he  r e s o l u t i o n  might 

n o t  have  s a t i s f i e d  e i t h e r ' s  concerns about  t h e  s p e c i f i c  t e c h n i c a l  i s s u e s  a t  

hand. Science advances more respons ' ively when t e c h n i c a l  d i f f e r e n c e s  a r e  

a i r e d  and a  judgment passed on t h e  b a s i s  of t h e  technica1,arguments .  

A s o l u t i o n  proposed i n  t h e s e  which meets t h e  concerns out- 

l i n e d  above is  t o  move toward t h e  adoption of s tandard ized  models f o r  screen- 

i ng  purposes.  These models would b e  purposeful ly.  made t o  produce "conserva- 

t i ve"  e s t i m a t e s  of ambient a i r  q u a l i t y  l e v e l s . '  They would be  used t o  Iden- 

t i f y  and e f f i c i e n t l y  d e a l  w i th  "non-problems." I f ,  f o r  example, t h e  conser- 

v a t i v e  model i n d i c a t e d  t h a t  a  new source would n o t  t h r e a t e n  a i r  q u a l i t y  goa l s ,  

a  qu ick  approval  could be  granted.  I f  t h e  model i nd ica t ed  a  p o t e n t i a l  pro- 

blem, then  a r e f i n e d  modeling and a n a l y s i s  approach ~ h o u l d  be defined which 

w o u l d a t t e m p t . t o  produce more r e a l i s t i c  e s t i m a t e s  of  t h e  a c t u a l  impact.  The 

r equ i r ed  approach could involve  t h e  co . l l ec t ion  of more complete d a t a ,  more 

a p p l i c a b l e  ( s i t e - s p e c i f i c )  meteoro logica l  parameter iza t ion  and model va l ida -  

t i o n  e f f o r t s .  The. gu ide l ine  document can then provide guidance on t h e  choice  

of gene r i c  models ( b a s i c  model types)  which a r e  thought t o  be  most a p p r o p r i a t e  

f o r  t h e  v a r i o u s  sou rce  types  and f o r  v a r i o u s  combinations of source  config-  

u r a t i o n ,  l o c a l  meteorology, and l o c a l  topography. 

Discussion concluded i n  t h e  t o p i c  of provid ing  i n  t h e  g u i d e l i n e  docu- 

ment a  s t rong  s ta tement  regard ing  t h e  r i g h t s  of sources  t o  choose a l t e r n a t i v e  

modeling approaches . . f o r  t h e  r e f i n e d  types  of e s t ima te s .  The p r e d i c t i o n s  which 

r e s u l t  from t h e  u s e  of a l t e r n a t i v e  models must be  d e f e n s i b l e  i n  a  s c i e n t i f i c  

sense  implying adherence t o  known phys i ca l  p r i n c i p l e s  and t h e  p r e s e n t a t i o n  of 



model v a l i d a t i o n  da t a .  A i d k o i i i r y  6;  t h i s  d i scuss ion  w a s  t h e  r ecogn i t i on  
* 

t h a t  i f  a  ne" model were t o  prove s u p e r i o r  t o  t h e  screening  model from an  . . 
accuracy po in t  of ?i;w ( a d j u s t i n g  f o r  t h e  b u i l t - i n  conservat ism o£ t h e  

.. 1; :' 
, .. 4 . . .  

i" " . . 

screening  model) t h e n  t h e  new midel might be  a candida te  f o r  upgrading t h e  . . 

s tandard ized  model a t  a  f u t u r e  da t e .  A conclusion "as t h e  r ecogn i t i on  of 

t h e  need t o  e s t a b l i s h  a  very  good d a t a  base i n  t h e  pub l i c  domain f o r  purposes 
. . 

of evaluat i*g a l t e r n a t i v e  modeling approaches. 



3. iO. 5. S t a t i s t i c a l  EvaZuation o f  Compliance . ' 

Distr ibuted.  a t  Conference 

Noel de Nevers 

I n  e v a l u a t i n g  t h e  modeling r e s u l t s  t o  determine compliance w i t h  sho r t -  

term AAQS (not  t o  be  exceeded more than  once per  year )  o r  PSD (not  t o  be  

exceeded),  t h e  t e s t  s h a l l  c o n s i s t  of computing t h e  p red ic t ed  concen t r a t ion  

a t  t h e  wors t ,  r e c e p t o r  po in t ,  f o r  e i c h  a p p l i c a b l e  pe r iod  ( 1  h r .  , 3 h r . ,  o r  

24 h r .  where ,appl icable)  f o r  a per iod  of n o t  less than  - yea r s  and longer  

i f  d a t a  a r e  a v a i l a b l e  and us ing  t h e  most probable modeling techniques.  The 

r e s l l i t i n g  computed va lues  s h a l l  be  f i t t e d  by a s u i t a b l e  c*ulative frequency 

d i s t r i b u t i o n  func t ion .  The d i s t r i b u t i o n  s h a l l  be  considered t o  demonstrate 

compliance i f  t h e  cumulative d f s r r i b u t i o n  fux~cLloll i n d i c a t e s  t h a t  t h c  cccond 

h igh  s h o r t  term s tandard  w i l l  no t  b e  exceeded twice  i n  a ca l enda r  year ,  more 

than  one year  i n  ,each - yea r s ,  and t h a t  t h e  PSD increments  w i l l  no t  be  

exceeded more than once per  - years .  

* 
Thi s  v e r s i o n  should be regarded a s  a d r a f t  ve r s ion .  The f i n a l  form is  
incorpora ted  i n  Sec t fon  2 .2 .5 .  

. .  . '  



3.10.6 S ta t i s t i ca t  Evatuation of Compliance l ~ e v i s e d l  * 
Disqtr ibuted a t  conference by ~ o e i  d e  Nevers 

I n  eva lua t ing  t h e  modeling r e s u l t s  . . t o  determine compliance wi th  

short- term AAQS (not  t o  b e  exceeded more than  once peq year )  o r  PSD. (no t  

t o  be  exceeded),  t h e  t e s t  s h a l l  c o n s i s t  of computing t h e  p red ic t ed  concen- 

t r a t 2 o n  a t  t h e  worst  t ecep to r  p o i n t ,  f o r  each a p p l i c a b l e  per lod  ( 1  h r . ,  

3 h r .  o r  24 h r .  where app l i cab le )  f o r  a per iod  of n o t  i e s s  than  - 1 year  

and longer  i f  d a t a  a r e  a v a i l a b l e  (but  g e n e r a l l y  n o t .  more than 2 y e a r s ) .  and 

us ing  t h e  most p robab le  modeling techriiijues . , The re$$lting coiapyted v a l u e s  

s h a l l  be  f i t t e d  by a s u i t a b l e  cumulative frequency d i s t r i b u t i o n  func t ion .  

The d i s t r i b u t i o h  s h a l l  be considered t o  demonstrate  compliance i f  t h e  

cumulat ive d i s t r i b u t i o n  func t ion  i ~ d i c a t e s  t h a t  t he  (seqbnd high) s h o r t  

term ambient a i r  q u a l i t y  s tandard  w i l l  n.oc b e  exceeded tw ice  i n  a ca l enda r  

y e a r ,  more than  one year  i n  each - xx years , '  and t h a t  t h e  PSD increments 

w i l l  no t  be exceeded more than once per  y yea r s .  

(The above assilmr?~ we MUST uec , the spme fbr ina~  (s,kcuhij > .  high.) as 

is  used i n  the. d e f i n i t i o n  of t h e  AAQS. We und.&rstand t h a t  t h e  format was 

chosen t o  correspond t o  t h e  r e a 1 i t i . e ~  .of anhbien.t a i r  d.uali,ty - .  s,ampling. 

The r e a l i t i e s  of modeling a r e  di,ffer.en.t;  Thus f o r  modeled compliance - 
we would p r e f e r  t h e  a p p r o p r i a t e  s e c t i o n  of t h e  f i n a l  sen tence  t o  read  

". . . i n d i c a t e s  t h a t  t h e  s h o r t  term ambient a i r  q u a l i t y  s tandard  w i l l  

n o t  b e  exceeded, on t h e  average,  more than  once per  ca lendar  yea r ,  and 

t h a t  t h e  PSD . . . "1 

We have purposely l e f t  t h e  x and y i n  t h e  abovega rag raphs  undefined.  

We b e l i e v e  t h a t  a thorough s tudy  of t h e  consepuences of p o s s i b l e  choices  

of t hose  va lues  should b e  made be fo re  v a l u e s  a r e  ass igned .  

* 
This  ve r s ion  should be  regarded a s .  a d r a f t  ve r s ion .  The f i n a l  form 
is  incorpora ted  i n  Sec t ion  2.2.5. 



3.10.7 Comment on S ta t i s t i caZ  Guide for Compliance 
. . 

Distributed a t  conference 

W.  A .  Perkins. 
. ~ 

. .  . . . 

It is  colirmon engineer ing  p r a c t i c e -  t o  u s e '  s t a t i s t i c a l l i  computed c r i -  

t e r i a  , f o r  s t ruc ' t u ra l  des ign :  t o  meet extreme p e t e o r o l o g i c a l  cond i t i ons .  Drain- 
\ 

age  as f lood  c o n t r o l  improves and wind l o a d s  on s t r u c t u r e s  a r e  two'examples. ' 

Appropr ia te  meteoro logica l  parameters  a r e  t r e a t e d  b y . s p e c i a 1  s t a t i s t i c a l  

procedures  . to  e s t i m a t e  cond i t i ons  . f o r  s p e c i f i e d '  r e t u r n  pgr iods  ranging  -from 

10 .  t o  100 y e a r s  (10% t o  1% of  t h e  d i s t r i b u t i o n  func t ion )  ... These e s t i m a t e s  

of t e n  ' exceed t h e  pe r iod  .,qf record  .by a f a c t o r  of  two o r  more. 

~eteorolo~ical~conditions r equ i r ed  f o r  atmospheric t r a n s p o r t  models 
. . 

a r e  ve ry  d i f f e r e n t  from those  used i n  t h e  above examples.   ow ever, t h e  c o n - .  , 

cep t  of u s ing  a s t a t i s t i c a l  approach t o  determine compliance is  analogous t o -  

, e s t a b l i s h e d  p r a c t i c e .  



3.10.8 Validi ty ,  of Hour-by-Hour Estimates of A i r  Quality (The Use of the 
Nowcast i n  PoZZution Potential Forecasting) 

. . . . 
~ i s t r i b u t e d  a t  Conference 

A.' E. Boyer 

A p r a c t i c e  developed i n  p o l l u t i o n  p .o ten t ia1  f o r e c a s t i n g .  has  been t o  

ana lyze  c u r r e n t  condi t ions  s o  a s  t o  p repa re  a  c o n s i s t e n t  p i c t u r e  of a i r  

q u a l i t y  and meteoro logica l  d a t a  i n  map format.  Th i s  process  is  . v e r y . s i m i l a r  

t o  t h e  meteorolo 'gical  e x e r c i s e  c a l l e d  "map ana lys i s . "  I n  t h e  case  .of t h e  

weather map, seler . ted r e p o r t s  of p re s su re ,  t en~pe ra tu re ,  wind, p r e c i p i t a t i o n ,  

and o the r  v a r i a b l e s  a r e  used t o  e s t ima te  t h e  cont inuous i n i t i a l  d i s t r i b u t i o n  

o f  a i r  mass and f r o n t a l  c h a r a c t e r i s t i c s .  

I n  t h e  case  of p o l l u t i o n  p o t e n t i a l  f o r e c a s t i n g ,  a n  e x e r c i s e  r e f e r r e d  

t o  a s  t he .  " n o k a s t "  c o n s i s t s  of afialyzing i n i t i a l  v a l u e s  of  wind v e l o c i t y . a n d  

shea r , .  cont inuous temperature g rad ien t s ,  s t a b i l i t i e s ,  a long  wi th  measured. and 

s imulated a i r  , q u a l i t y , v i i u e s  to.  e s t ima te  t h e  cont inudus i n i t i a l  s t a t e  of . 

v e l o c i t y  and thermal  s t r u c t u r e  'of t h e  atmosphere. 

The nowcast 

meteoro logica l  d a t a  

. . .  

is  an  a t tempt  t o  use  a  l i m i t e d  amount of a i r  q u a l i t y  and 

i n  t h e  v i c i n i t y  .o f  a  . p o l l u t i o n  source  to. , p r e s e n t  a  snap- 

s h o t  o r a n a l y s i s  of  t h e  cont inuous d i s t r i b u t i o n  of a i r  q u a l i t y  and meteor- . 
ology i n  t h r e e  dimensions. It is  based on t h e  concept t h a t  i f  .one i s  given . 
. . 

t h e  he igh t  of a n  e l e p h a n t . a t  eye l e v e l ,  i t  is l i k e l y  t h a t  one could e s t ima te  

o t h e r  dimensions of t h e  elephant. '  . 1 n a  s i m i l a r  fash ion ,  given a  l i m i t e d  

number of meteoro logica l ,  source,  and a i r  q u a l i t y  measurements, a  s k i l l e d  

meteoro logis t  us ing  mathematical s imu la t ion .  models c.an f i l l  i n  t h e  gaps 

between t h e  r e p o r t i n g  po in t s .  Th i s  i n i t i a l  s t a t e  a n a l y s i s  ' is then  thd  b a s i s  

of d e c i s i o n s  f o r  t h e  need f o r  environmental c o n t r o l  i n  t h e  coming hours.  It 

is .a c o r o l l a r y  of meteorological ,  p r e d i c t i o n s  t h a t  no p r e d i c t i o n  .can be more , 

d e t a i l e d  o f  more Accurate than t h e  i n i t i a l  state ana l j r s i s  upon which i t  i s  

based. .1t is  f o r  t h i s .  reason t h a t " t h e  .concept of t h e  nowcast o r  of t h e  

i n i t i a l  s t a t e  a n a l y s i s  of a i r  q u a l i t y  and meteorology i s  so  important .  



3.10.9 A Coment Concerning- the Use o f  Unverified Models as "Relative 
Predictions I' 

. . 
Post-conference:contribution~submitted by P h i l i p  M. Roth 

Oftentimes t h e r e  is  doubt a s  t o  t h e  accuracy of  a p a r t i c u l a r  model 

as an  "abso lu t e  p red ic to r "  due t o  shortcomin.gs i n  it's formula t ion .  On 

occas ion  such mod&ls ,a re  used i n s t e a d  t o  es t imate '  d i f f e r e n c e s  i n  concentra- 

t i o n  between a base  c a s e  and a . ' case  of i n t e r e s t .  I n s o f a r  as we can s e e ,  . 

t h e r e  i s n o  evidence t o  support  t h e h y p o t h e s i s  t h a t  a  model whose a b s o l u t e  

p r e d i c t i v e  c a p a b i l i t y  i s  i n  doubt w i l l ,  i n  gene ra l ,  perform more r e l i a b l y  . 

when used a s  a r e l a t i v e  p r e d i c t o r .  Hence, t hose  no te s  of c a u t i o n  r a i s e d  . ' 

concerning t h e  u s e  of models a s  a b s o l u t e  p r e d i c t o r s ,  ,i. e . ,  t h e  'heed f o r  - . 

model eva lua t ion  and v e r i f i c a t i o n  f o r  a  v a r i e t y .  o f '  r e l e v a n t  cond i t i ons ,  
. .  . 

should apply when t h e s e  models a r e  used a s  r e l a t i v e  p r e d i c t o r s  as w e l l .  



3.10.10 Comments on Various Issues 

March 25, 1977 

Dr. John J. Roberts 
Deputy Division Director 
Energy and Environmental Systems 
Argonne National Laboratory 
9700 South Cass Avenue 
Argonne, Illinois 60439 . 

Dear Dr. Roberts: 

This letter summarizes several ideas which we consider 
pertinent to the issues raised at the recent Specialist's Con- 
ference on the EPA Modeling Guidelines. We would like to have 
it included in the Appendix. 

1. Screening Procedures 

Overthe past decade the effort required for the approval 
of any.facility emitting pollutants has grown enormously. 
.'Much .of this effort is good because it' represents genuine 
concern about' environmental problems, but some is totally 
unnecessary paperwork and conputation. We strongly favor 

- the use' of screening techniques to simplify approvalproce- 
dures . 
As recommended by Working Group 1-2, it should often be 
possible to reach a "yes-no" decision about a new facil- 
ity from a limited set of calculated hourly mean concen- 
trations. Tliese should cover a wide range of hypotheti- 
cal wind and stability conditions, but need not involve 
any site data. If none of these test calculations exceed 
a specified concentration level, the facility could be 
accepted without further study. 

To apply such a system one should know how hourly values 
are related to 3-hourly and 24-hourly concentrations.. 
The recent paper by Martin and Reeves* should be helpful 
to EPA in developing such a screening procedure. They 
show the following ratios apply-for a typical group .of 
power plants: 

7k Martin, J.'R. and Reeves, R. W., Relationships Among Observed 
Short-~erm Maximum Sulfur Dioxide Concentrations Near Coal-Fired 
Power Plants, 1977 Annual APCA Meeting (in press).. 
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Dr.'John J. Roberts March 25, 1977 * 

Maximum 3-Hour Concentration = 0.77 

Maximum 1-Hour concentrat ion 

~aximum: 24-Hour 'Concentration - 0. 28 - 
Maximum 1-Hour Concentration 

Maximum 24-Hour. Concentration = 0.37 

Maximum 3-Hour Concentration 

Air Quality Standards 

~ l t h o u ~ h  we understand why EPA is reluctant to revise 
the established sir quality standards,' a number of the 
Col~fercnca participants favored a change in expressing 
the standards so that more reasonable and reliable 
statistics could be employed. Rev.ising the air quality 
standards so that maximum values are not involved would 
be a great improvement .for the following reasons: 

a. The maximum or second maximum, whether computed or 
observed, is an inherently controversial quantity. 
One .can always argue that the examination of a 
longer period of record or a more adverse set of 
assumptions would reveal a higher concentration than 
had been discovered to date. 

b. 'A standard based on extreme values tends to invulve 
spuriuus data. Improper recorder operation, computer 
errors or even one untenable assumption may suggest 
an apparent violation where none exists. 

c. Protecting against an absolute maximum is not a real- 
istic objective. All human activity involves risk 
and it is reasonable to balance the severity of the 
event against the probability of occurrence. Total 
elimination of risk is an unreasonable objective'. 

There is no technical reason why the short-term standards 
cannot be redefined. so that the limiting values fall with- 
in the no'rmal- statistical population. Careful choice of 
new limiting values would still prevent the existing max- 
imums from being exceeded very often, but it would elimi- 
nate the controversial "never'" concept. 

For example, one might specify in'.-a new 3-.hourly SO2 stand- 
ard that a concentration of 200 flg/rn3 should not be exceeded 
in more than 1% -of the cases. Based on typical probability 
distributions this would insure that a 1,300 mg/m3 level. 
would seldom be exceeded. 
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3. Alternative Models or Algorithms 

The participants emphasized the basic conflict between 
the need for more consistent regulatory treatment and 
the need to retain flexibility. In striving for' con- 
sistency, EPA Guidelines should not stifle alternatFve 
approaches to solving air quality and emission problems 
If they do, certain situations would be treated unrea- 
sonably, and both research and imaginative review would 
be discouraged. 

On the other hand, capricious 'acce,ptance or rej ection 
of alternatives at the state and regional levels could 
destroy regulatory consistency, a primary objective of 
the Guideline. 

We recommend a review procedure for alternative algorithms 
in which the systems would be evaluated by the EPA techni- 
cal staff in Raleigh. Once an alternative system has been 
approved,' it would no longer be necessary to justify its 
use for each subsequent application in any region,"other 
than to assure that the system is ap.propriate f0r.a gar- 
ticu1.a.r problem. 

The term "equivalent" should not have the same. stringent 
limitations as would. be true of air quality measurements. 
Diffusion modeling is much less precise, and there is no 
-certainty that a.given EPA algorithm is significantly bet- 
ter than some other alternatives.' The limits of accept- 
ability should the,refore be correspondingly broad. 

4. ' Rollback 

The initial reaction of most of the Conference participants 
was to reject rollback entirely as a modeling technique. 
It seems to us, however, that rollback still has a place in 
control strategy. It is appropriate when applied to a large 
group of very similar sourceswhichcannot be modeled or con- 
trolled in any other way. Residential heating and automo- 

. biles are good examples of this type of source. 

Rollback should not be used as a substitute for a more 
erudite analysis merely because the problem is compl@x, the 
modeling is difficult, or because it is time-consuming. 
Application in these circumstances is precisely what has 
given rollback a .bad name. 

5. Background Concentrations 

The definition of background concentrations is still an 
unsettled problem. However, there are serious flaws in 
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two methods which are frequently proposed. 

a. For an isolated source,or closely-packed group of 
sources, the proposed backgrourld is the maximum 
concentration at a nearby air quality station 
determined when the. source cannot affect, it. This 
definition suffers'from the same drawbacks as the 
maximum in an air quality standard. Instrument 
probler~ls and very unusual .me.teorological circum- 
stances may be responsible for this single value. 

It is erroneous and overly conservative to assume 
that this maximum background exists. throughout the 
region'and on,all time scales. A significantly 
lower value should'be selected. 

b. The draft Guideline suggests an optional method to 
determine background when no monitors are near the 
source. This method consists of using as background 
an average monitored concentration from sites in 
similar to.pographic and climatological settings. 
The flaw in this technique is that the average moni- 
tored concentration at one location is influenced by 
its own local sources. It does not represent back- 
ground even at the point of measurement. Transferring 
this concentration from one location and call5ng it 
the background at another site compounds errors. 

6 Use of Measured Air Quality Data 

Accurate air quality data, regardless of the agency re- a 

spons.ible for measurement,. must play a more important role 
in assessing compliance with stand'ards and in model vali- 
dation. 

As mentioned earlier, the frequency, distributions of air 
quality data are more valuable than isolated maximums. 
They provide a more complete picture of the impact of a. 
pollutant on the area. Distribution curves will reflect 
the effect.of emission changes more faithfully th.an naxi- 
mum values., since they are much. less sensitive to minor 
variations in meteorology or measurements. 

Another important use for the data distributions is in - - 

the validation of diffusion models. Comparing the pre- 
dicted and observed concentration distributioi~s is more 
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. . 

March 25, 1977  

effective than relying upon matching the observed and 
predicted maximums, especially for short-time scales. 

Mark L .  Kramer 



ERT 
3.10.11 Comments on the Use of Proprietciry Models and some, Examples 

Post  conference submission by B .  Egan 

ENVIRONMENTAL RESEARCH &TECHNOLOGY, INC. 
CONCORD.MASS. CHICAGO - LOS ANGELES WASHINGTON. D.C. 

REF: AQSD-1428 

25 April 1977 

Dr. John J. Roberts 
Argonne National Laboratory 
9700 South Cass Avenue 
Argonne, Illinois 60439 

Dear nr. Roberts: 

I would ,like to offer some supplementary material relating to the 
issue of proprietary moclels and the inc.lusion of descriptions of models 
in the Report of the Specialists Conference on the EPA Modeling Guideline. 

ERT feels that it.will be very important for EPA to clearly articulate 
its position regarding its intended exclusion of proprietary models in ' .  

the Modeling Guideline recommendations. In particular, .a clarification 
should be made regarding whether the intent is to discourage the use of 
proprietary models by EPA regional offices or whether the intent is more 
generally to not accept the results of analyses performed by anyone on 
the basis of proprietary model computations. 

. . 
As a consulting firm with business in the areas of model development 

and application, ERT is concerned about the implications of the latter 
possible intention. We feel strongly that, just as patents and copyrights 
protect investments in other commercial areas, establishing a proprietary 
status to models or algorithms which have commercial value, provides a 
means of encouraging and protecting private investments in the development 
of advanced modeling techniques. Our company, for example, over the 
years has invested well over one-half million dollars in internal development 
projects relating to model development. We believe that private investments 
have historically contributed substantially to advancing the state-of- 
the-art of modeling and we, therefore, wish to discourage EPA from 
,lllegislating awayff incentives for further advancing our capabilities in 
the area of modeling air pollution impacts. In our opinion, proprietary 
status does not at all preclude the possibility that a model (including 
computer code) can be reviewed and tested in detail by concerned parties. 

Having stated our feelings about the principles involved, as a 
matter of practice we recognize the potential benefits of having a 
number of our models more widely appreciated. We are, therefore, offering 
for inclusion in the Report of the Specialists Conference, the enclosed 
descriptions of models which ERT currently utilizes in air quality . 

studies. We have summarized the main features of four of the models in 
accordance with the format Argonne used in the referenced document: 
Descriptions of Air Quality Models and Abstracts of Reference Materials. 

' 696 VIRGINIA ROAD CONCORD, MASSACHUSETTS 01742 (617) 369-8910 TELEX:.923 335 ENVIRORES CNCM CABLE: ERTCON 
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Versions of each of the models have been considered non-proprietary by 
ERT in the past. If it becomes a prerequisite for inclusion in th,e 
modeling guideline, ERT would -offer the current versions as non-proprietary 
also. . . .  

I would suggest that the ERTAQ descripfion be included in' the 
section on multiple-source, set 1 pollutants; +the ARTSIM and LAPS models 
be included in the section on set 2 pollutants and EGAMA be included in 
the Long Range Transport and Loss Mechanism (11-I),& 

For more general interest we have enclosed a tabular description of 
computer models utilized by ERT for a variety of applications. An 
important point is the recognition that a number of important environmental 
assessment problems require special models which include detailed treatment 
of effluents as a function of unique source configurations or thermodynamics 
(e.g. cooling towers, gas turbines). Other applications, such as SCS 
(Supplementary Control Syste~~~s) feasibility studies, require specialized 
programs which utilize system operational input data and provide output 
information which includes considerations of a variety of engineering 
and operational constraints,. 

I hope these materials will be of use to you in the final report. 

f, 
4 

e A. Egan 
Manager . 

Air Quality Studies Division 

Enclosures 

* 
Section 3 . 1 . 4  

'sections 3 . 3 . 4  and 3 . 3 . 5  

"section 3 . 4 . 1 .  
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'l'Ali[l I.AR SIIbIbIAIIY 01: SObll; K l i Y  Ell'l', 1 NC. A1 11 Q[JAl,I'I'Y blO11liLS 

. . 
Typical Applicat ions 

s Regional S tudies  

e "Background" AQ 

s Seasonal/Anllual Averages 

e Arbi t ra ry  Source-Receptor 
Geometry 

e Level Ter ra in  Only 

e LOG Level, Sources 

s Transportat ion Links 

B Des.igned f o r  s t ack  he ight  
determina.~io~. i  

' a  I so l a t ed  Source UEC 
F e a s i b i l i t y  S tudies  

0' I d e n t i f i c a t i o n s  of  "1Vorst 
Caset' Meteorology 

s I d e n t i f i c a t i o n  o f  Haximum 
Ground Level Concentrat ions 

s t4iehway Impact S tud i e s  
(Espec ia l ly  well s u i t e d  f o r  
near roadway AQ es t imates )  

s s p e c i a l  S tudics  : 
Downwash 
S t r e e t  Canyon 

, Effects 
Fumigation 

. 

r .Resoarch ,Tool' 
' Long range transpurl:  

Chemical T T ~ I I S  formation 
Sca/Lnke Breeze Flows 

-- 
a ~ e ~ i o n a l  Transport  of SO* 

and SO4 

Ideal  f o r  p r e d i c t i n g  dai-ly 
.mean concent ra t ions  a t  n 

r ecep to r  f o r  an ep isode .  

A 

r 

Mode 1 

ERTAQ 

. . 

PSDM 

EGAMA 

- 

. . 

ATRAJBOX 

Kcy Elements/ '~eatures  

o Gaussian Plume i n  Ver t ica l  

Sector Crosswind Averaging 

Climatological Wind Rose .Input 

e ~ r i g g s  Final .Plume Rise 

s k r n e r  (Pasqui l l /Gifford)  0 %  

s Point,  Line and Arco Sources 

e Cli~natological  Mixing Depth . 

Double Gaussian Flume (ASME 
coef f i c , i en ts )  

One o r  Two Ppint Source S i t e s  
Only (5 10 s tacks  p e r  source) 

Sector  cen t e r l i ne  Concentra- 
t i ons  Only 

"Weather Conditiontt Inputs  . 

s Iligh ~ c s o l u t i o n  Numerical . 
Simulation Model based on 
Conservation of Mass Equation 

o Eddy Di f fd s iv i t y  (K Tlleoryj . 
vs. Gaussian Dispersion 

B Time and S p a t i a l l y  Variable  . . 
Meteorological Inputs  Allowed 

6 Requires independent determina- 
t ion  'of? flow Fields  (Dane 
i n t e rna l l y  f o r  Highway ~ p p l i -  
cat ions)  ' , 

s Forward time-step " ~ a r c l . i n ~ ~ '  
. Computation Routine 

A i r  ,Trajectory l r anspo r t  
Mode'l with well-mixed BOX 
approach 

o Lincar ~ l ~ e l n i s t r ~ '  and Dcpo- 
s i t i o n  processes 

s Tracks t ranspor t  df air from 
. i t s  o r i g in  t o  receptor  f o r  a 

specif ied time 



'I'ABUIAR SIJbIJlARY OF SOME KEY E ~ T ,  INC . A 1  R QIJALITY FI0DEI.S continued 
. . 

. . 
blodcl , I , Kcy Clements/Fcrtures I ~ ~ ~ i c a l  Applications I 

I . ~eteorological Data Inputs I I 

COOLTOIVR 

Drift Deposition ~odel which 
Includes Consideration 
of Plume Dynamics, Droplet 
size and Mass Distributions, 
evaporation effects on drop 
fall velocity 

Based on Convective .Rise of Cooling Towcr Studies: Visible 
Cumulus Cloud Formations Plume Length, Icing and Fogging 

Moisture Parametrization, Phase Potentials 

Changc and Plume Merger I.. , . . -  Considerations 

e Cooling Tower Salt Deposition 
Predictions 

PSDM- 2 a Particulate AQ studies . 

. . 

e PSDM modified to. incorporeite 
fall velocity and ground 
deposition rate 

I. 1. Sea Breeze Fumigation I 
FlJblIG 

o Three-Dimensional Long range regionai transpcrt 

SULFA3D I Diffusive Grid Model I 
 ine ear Deposition and  rans sf or- 
: mation processes with first 

ordcr Chemistry 
4 

e Based on EGAMA and Bounda::~ 
' 

,,Laver Parameterization 

o Regional Sulfate Predictions 

" . ' 

. . 

Timi dependent inversion 
breakup fumigation 7 

MONITOR ~is~ersion Model inputs used 
.to rank usefull'ness of 
alternative monitoring, ' . 
locations i' 

e SCS Feasibility .studies 

\ . 
~~tirnal Monitoring Site 
Location 

PRORId o Dispersion Model inputs 
used to generate statistics 
for probability analysis of , 

t-xcsedi ng s t o n d o r d s  
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b 

blodel -- 
RATE BOX 

. . 

DIFDEP 
( D i  f f t i -  
slon/Dep- 
o s i t i o n )  

CRSVAL 

. DIFKIN 

ASTEC 

PLUPE 

Key Elements/Fcatures -- 
Onc-Dimensional sector /squa& 
bfodel rvith well-mixed BOX 
Approach f o r  Point/Urban Area 
Sources , 

.Finite-ni.f  ferencr. Numerical 
So lu t ion  

e Includes Ifashout and Rainout '  

Sarnc as  Plumc with TWO ?'racer 
Equations f o r  SO2 and SO4 

a Linear Chemistry and Removal 
Processes -- 

e P~odi f i ca t idn  of  EPA CRSTER ' . 
blodels f o r  Com?iex Ter ra in  

;, Incorporates  s o ~ . ~ e  f e a t u r e s  t 
o f  EPA-Valley Mtdel 

. b Gaussian plume , :oncentra t ion 
p r o f i l e  e i t h  Mult iple  Images 

F i n i t e  Differenbe s o l u t i o n s  
based 011 e a s s  conservat ion Eqn. 

8 Chcmical k i n e t i c s  and t h e  
upward spread t l~ rough  a 
s e r i e s  of v e r t i c a l  c e l l s  ' 

V e r t i c a l  di.f fus,ion c o e f f i c i e n t s  
. . 

a GriJJcJ A ~ e a  Sourccs , , 

Gifford/llsnna Cor~cept 
4 

Computationally Incxpensive . 

0 Ris ing Plume Deflected by 
. ' Crosswind 

e Plorton, Turner and Taylor  . 

Local S i m i l a r i t y  Ijypothesis 

e C o ~ ~ s c r v a t i o n  Equations and 
' Entrainment Coef.ficients 

Plcteorol'ogical Soundi'ng Data. 
Inpu t s  

. . .  
Typica l .  ~ ~ ~ l i c a t i d n s  --- -- 

o Po in t  o r  Urban Sca le  S u l f a t e  
P r e d i c t i o ~ l s  

o I d e a l  f o r  l o c a l  SO2, SO4 and 
' H2S04 

- 
0 Poin t  Source s u l f a t e  Prqblcri~s 

Q Acid Rain P r e d i c t i o n s  
. . 

o Est imates  o f  hour?y  ground 
l e v e l  concen t ra t ions  due t o  
l a r g e  p o i n t  source  i n  a r e a s  
o f  complex t e r r a i . 1  

CJ National  and Stat.a.Ambient 
A i r  Q u a l i t y  Standards  S t u d i e s  

'o Regional 'maxirnum ox iden t  
concen t ra t ions  

e "Background" 0 concen t ra t ion  3 

e Transpor ta t ion  s t r a t e g y  
e v a l u a t i o n  O f  0 c o n c e n t r a t i o n  3 

. . 

Regj.'onal . Mndal ( F l a t  T e r r a i n )  

e ~ u l t i ~ ' l c .  Area Sourc.cs (Homo- 
geneous Emission Geometry) 

e Gas Turbine Plume S t u d i e s  

s, Unconventional Stack Geon~etry 
o r  E f f l u e n t  Charac te , r i s t i c s  

o F i n a l  Plume Rise P r e d i c t i o n s  



3:11 Descriptions of  A i r  Quality Models 

Thi s  s e c t i o n  is  a n  exac t  r ep roduc t ion  of S e c t i o n s  1 and 2 of t h e  . 

notebook e n t i t l e d  "Descr ip t ions  of A i r  Q u a l i t y  Models and A b s t r a c t s  o f  

Reference Ma te r i a l s "  prepared by ANL s t a f f  and d i s t r i b u t e d  t o  t h e  p a r t i -  

c i p a n t s  p r i o r  t o t h e  conference .  A supplement t o  t h a t  notebook w a s  prepared 

and d i s t r i b u f e d  a t  t h e  conference.  It h a s  a l s o  been reproduced here .  

Sec t i on  3 of  t h e  notebook, which h a s  n o t  been reproduced he re ,  con ta ined  

a b s t r a c t s  of t h e  r e f e r e n c e s  c i t e d  i n  t h e  d r a f t  Guide l ine .  
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Introduction 
. . 

This section contains two outlines, the first listing the aspects of . ' 

atmospheric dispersion which simulation models must treat and the second . 
. 

. . 
providing a 1 ist of features defining appl ications to which models are applied. 

The first outline of model characteristics provides the framework for 

the mode-l descriptions in Section 2. It also provides a common'basis.for 

comparing and evaluating models. 

The se'iond outline of features of model appl'ications is intended to aid . 

in the identification of spe$ific features characterizing situations related 

to various issues to be addressed. 



Model Charac ter i  s t i  cs 

I. General cons idera t ions  . . 
A. Method as implemented > .  , 

B. Basis f o r  parameter iza t ion  

11. S p e c i f i c  elements . . 

A. Emission c h a r a c t e r i s t i c s  
1. Source-receptor r e l a t i o n s h i p  

a. Downwind d is tance . . 

b; O r i e n t a t i o n  
c. Release he igh t -e leva t fon  
d. Hor i zon ta l  l o c d t i o n  
e: Ground l e v e l  vs. e leva ted 

2 .  Emission r a t e  
a. Spa t i a l  v a r i a t i o n  
b. Temporal v a r i a t i o n  

3. Chemical composit ion o f  emissions 
B. Transport  c h a r a c t e r i s t i c s  

1. Plume behavior 
a .  Plume r i s e  
b. Fumigation - i n v e r s i o n  breakup 
c. Downwash 
d. Looping 
e. Trapp-ing . . 

2. Ho r i zon ta l  wind f i e l d  
a. S h e a r ' ( v a r i a t i 0 n  i n  speed a.nd d i r e c t i o n )  . 
b. Pe r iod i c  v a r i a t i o n s  (seasonal, d i u r n a l )  
c. T e r r a i n  e f f e c t s  (e.g.., channel ing)  
d. Pers is tence 

3. V e r t i c a l  wind speed 
a. T e r r a i n  e f f e c t s  
b. Lake breeze % 

4 .  Ho r i zon ta l  d i spe rs ion  
a. S t a b i l i t y  
b. Surface roughness 
c. Averaging. t ime as compared t o  t r a n s p o r t  t ime 

5. V e r t i c a l  d i spe rs ion  
a. S t a b i l i t y  
b.. ,Surface roughness 
c.  Mix ing  he igh t  
d. Elevated vs. ground l e v e l  sources 

C; Removal and t rans format ion  
1. Chemistry and r e a c t i o n  mechanism 

a. Secondary product ion  . . 
.b. Chemical removal 

2 . '  Phys ica l  removal 
a. Dry depos i t i on  
b. P r e c i p i t a t i o n  scavenging 
c. Resuspensiont 



VI. 

D. Background 
1. Long term 
2. ' Short term 
3. Directional dependence 

E. Initial conditions 
F. Boundary conditions 

1. Ground 
. .  2.. Mixing height 

3. Sides in complex terrain 
G. Corre1,ations 

1. Emissions 
2. Meteorological. 

Val idation 
A. Sensitivity analysis 
B. Field studies 

~equi'remerits for. implementat ion 
A. . Resource requirements . 

1. Personnel 
2. Monetary . . 

3. Computer 
B. Data requirements ' 

Output 
A. Averaging time ' . 

B. Spatial resolution 
C. Source culpability list - . 

D. Frequency distribution. 
E; Special output (e.g. , amount deposited 
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~ e a t u r e s  o f  ~ode.1  Appl i c a t  i ons 

I. Pol 1  u t a n t  c h a r a c t e r i s t i c s  
A. Product ion 

1. Primary 
2. Secondary 
3. Resuspension 

B. Removal. 
1. None 
2. Chemical 
3. Physical  

C. Chemical i d e n t i t y  
1. S ing le  substance 
2. Mix tu re  

11. Averaging t ime  
A. Long-term: (,month, season, yea r )  
B. Short-term: 1-24 hrs.  (1, 3, 8, 24) 

111. ' Source c h a r a c t e r i s t i c s  , 

A. Numbe.r 
. .  . '1 .  S ing le  

2. ' M u l t i p l e  . . 

B . .Geometry 
1. P o i n t  
2. Area 

' 3 .  Lii-ie 
4. Combi~a't;l'oii 

C. Release he igh t  
1  . Ground . level.  

.2.  E levated 
D. Temporal, 

1. Constant 
2. Time-varying 

I V .  .Transport c h a r a c t e r i s t i c s  
A. Geography 

1. Simple t e r r a i n  
2. Complex t e r r a . i i  ( rough terra.i,n, l ake  breeze) 
3. Urban 
4. ,:Rural 

B. . Range ; 
1. Short 
2. Meso . 
3. Long . . 

C. Tra'nsport t ime  
> 

V. . Output 
.. A. Mean 

1. S p e c i f i c  l o c a t i o n  
2 .  A r b i t r a r y  l o c a t i o n s  o r  i s o p l e t h s  

B. ~ r e q u e n c y  d i s t r i b u t i o n  
.I. S p e c i f i c  l o c a t i o n  
2. A r b i t r a r y  l o c a t i o n s  o r  i s o p l e t h s  . . . . 

C. Maximum a t  s p e c i f i c  recep to r  . o r  o v e r a l l  maximum 

V I .  A c t i v i t y  
A. Overa l l  p lann ing  . . 
B. Source-speci f i c  rev iew 







This  sec t i on  prov ides b r i e f  desc r ip t i ons  o f  t he  models suggested f o r  use 

i n  t h e  gu ide l ines .  ~ o l l b a c k  has n o t  been inc luded.  A b r i e f  d iscuss ion  o f  t h e  

1 i m i t a t i o n s  o f  r o l l  back i s  prov ided i n  ~ e f e r e n c e  30 i n  Sect ion 3. The format 

o f  each d e s c r i p t i o n  fo,l lows the  o u t l i n e  o f  model c h a r a c t e r i s t i c s  g iven i n  

Sect ion 1. The desc r ip t i ons  are  i n  a lphabe t i ca l  order.  



APRAC- 1A 

APRAC- 1A 

Reference: Nos. 34, and 35 i n  t h e  gu ide l ine .  

Ludwig, F.L. and R.L. Mancuso. "User 's Manual f o r  t h e  APRAC-1A 
Urban D i f fus ion  Model Computer Program. " Prepared f o r  D i v i s i o n  
of Meteorology, Environmental P ro tec t i on  Agency, under Contract  
CAPA-3-68 ( 1-69) (NTIS PB 21 3091 ), Research T r i a n g l e  Park, North 
Carol i na 2771 1 , September 1972. 

Ludwig, F.L. and W.F. Dabberdt. "Evaluat ion o f  t h e  APRAC-1A 
Urban D i f f u s i o n  Model f o r  Cav'bon Monoxide..'' Prepared f o r  D i -  
v i s i o n  o f  Meteor01 ogy, Environmental P ro tec t i on  Agency, under 
Contract  CAPA-3-68 (1-69) (NTIS PB 21081 9), Research T r i a n g l e  
Park, North Carol i n a  27711 , February 1972. 

Abst rac t :  APRAC i s  a model which compu,tes' hou r l y  average carbon monoxide 
concentrat ions f o r  any urban l o c a t i o n .  The model c a l  cu la tes  
c o n t r i b u t i o n s  from d ispe rs ion  on vari.ous scales : extraurban-, 
main ly  from sources upwind o f  t he  c i t y  o f  i n t e r e s t  ;. i n t rourban,  
f rom freeway, a r t e r i a l ,  and feeder s t r e e t  sources; and l o c a l ,  
from d ispers ion  w i t h i n  a s t r e e t  canyon. APRAC requ i res  an 
extensive t r a f f i c  i nven to ry  f o r  the  c i t y  o f  i n t e r e s t .  

H e  " b b ~ e n o d e l  value" Q; - ( x i + ,  - R ; )  LiL 

= .pu;nd are& so w e d  labe( il 
j - slab;Iity da5s label 

= 4 i , X b i j  f4 Q? ond b$ from (G )y x wiM,;? ~ 4 ~ ~ e , , t  ; 3 

- kQs C M - Z )  Windward side X w  - 
' ( u t o . s j w ~  





APRAC- 1 A 

APRAC - 1 A 

A. Source-Receptor Relationship 

User specif ies  s e t  of t r a f f i c  l inks ( l i ne  sources) by providing link 
endpoints, road type, dai ly  t r a f f i c  volume 

The t r a f f i c  1 inks may have arbi t rary length and orientation 
Off-link t r a f f i c  allocated to 2 mi x 2 mi grid 
Link t r a f f i c  emissions a re  aggregated into a receptor oriented area 

source array 
The boundari-es of the area sources actually treated are  1)  arcs a t  

radial  distances from the receptor uhi ch increase i n  geometric 
progression, 2) the sides of a 22.5 sector oriented up~ ind  for  
distances greater than 1000 m,  and 3) the sides of a 45 sector 
oriented upwind for  distances less  than 1000 m. 

A similar area source array i s  established f o r  each receptor 
Sources assumed a t  ground level 
Up to  10 receptors 
Receptors a t  ground level 
Receptor 1 oca ti ons a re  arbi t rary 
Four internally defined receptor locations on each user-designated 

s t r e e t  a re  used in a special s t r e e t  canyon sub-model 

Emi-s s i on Rate 

Daily t r a f f i c  volume for  each link and off-link g r i d  square i s  input 
and modified by various factors to  produce hour-by-hour emissions 
from each link 

L i n k  emissions aggregated. as described above: sector area 
source contributions obtained analyt ical ly  

Off-link t r a f f i c  emissions on 2 mi grid are  added into sector area 
sources 

In s t r e e t  canyon sub-model, a separate hourly emission ra te  i s  
provided by user for  the link in question 

C. ~l ume' Behavior 

Does not t r e a t  plume r i s e  
Does not t r e a t  fumigation or downwash except in s t r e e t  canyon sub-model 
In s t r e e t  canyon sub-model, a he1,ical circulation pattern i s  assumed 

. D. Horizontal Wind 'Field 

Hourly wind  speed and direction in tens of degrees i s  input 
No variation of wind'speed or  direction w i t h  .hei.ght 
Cons,tant, uniform (steady-state) wind assumed within each hour 

Vertical Wind Speed 

Assumed equal to  zero except in s t r e e t  canyon sub-model 
He1 ical c i rculat ion assumed by s t r e e t  canyon sub-model 

\ 



F. Horizontal - ...- Disp'ersion 

Sector .averaging uniform dis tr ibut ion wi thin sec tors .  
22.5; sectors beyond 1 km 
45.0 sectors within 1 ' km 

C. Vertical Dispersion 

Semi-empirical/Gaussian plume 
6 s t a b i l i t y  classes;  stabi 1 i ty class determined internal ly  from user- 

suppl ied meteorological data [modified from Turner (1 964)] 
Dispersion coefficients from McEl roy and Pooles (1 968), modified 

using inforination i n  Leighton and Di tmar (1 953) 
ko adjustments made fo r  variations in surface roughness 
Downwind distance variation of oZ assumed to  be ax fo r  purposes of 

doing analytic integration 
In s t r e e t  canyon sub-model, empirical function of wind speed and s t r e e t  

width and direction i s  used 

H. ChemistrylReaction Mechanism. 

Not treated 

I. Physical Removal 

Not treated 

J .  Background 

. Box model used to  estimate contribution from upwind sources beyond 
32 'ka based on wind speed, mixing height, annual fuel consumption 

In s t r e e t  canyon'sub-model, contribution from other s t r e e t s  i s  . . 
i ncl uded i n  background 

K. Boundary Condltions 

Lower boundary: perfect ref lect ion . . 
Upper boundary: perfect. ref lect ion;  ignores e f f ec t  unt i l  concentration 

equals tha t  calculated using -box model ; uses box model. (uniform . . '  

vertical d is t r ibut ion)  thereaf ter  
Mixing height determined from morning radiosonde data as follows:' 

midnight to  dawn: constant a t  pre-dawn value obtained using 
minimum urban temperature 

dawn t o  sunset: afternoon maximum temperature used t o  obtain 
maximum height; hour-ly val ues obtained' from surface temperature 
variations 

sunset to  midnight: l inear  interpolation w . i t h  time 

.L. Emission and Meteor01 ogi cai Correl a t i  on 

Emissions a function of hour.of the day and day of the week 
Meteorological parameters are  functions of hour of the day 



No ca1.i bration option provided 
Some documented validation experience available 

N.  O u t p u t  

Hourly concOntFition, vhl uei i t  eac,h receptor 
Frequency di s tri.b'ut,ion based. on hourly values can, be. obtained 
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AQDM 

. AQDM 

Reference: No. 26 i n  the  gu ide l ine .  

TRW Sys terns Group. " A i r  Qua1 i ty  Disp lay  Model . " Prepared 
f o r  Nat ional  A i r  P o l l u t i o n  Contro l  Admin i s t ra t i on  under 
Contract  No. PH-22-68-60 (NTIS PB 189194), DHEW, U.S. Pub1 i c  
Hea l th  Service, Washington, D.C., November 1969. 

Abst rac t :  The A i r  Q u a l i t y  D isp lay  Model (AQDM) i s  a c l i m a t o l o g i c a l  
steady s t a t e  Gaussian plume model t h a t  est imates annual 
a r i t h m e t i c  average s u l f u r  d iox ide  and p a r t i c u l a t e  concentra- 
t i ons  a t  ground l e v e l .  A s t a t i s t i c a l  model based on Larsen - 
(1969) i s  used t o  t rans form t h e  average concentrat ion data 
from a 1 i m i  t e d  number o f  receptors  i n t o  expected geometric 
mean and maximum concent ra t ion  values f o r  several  d i f f e r e n t  
averaging times. 

For bith p i a t  and' aces  sources : 

Y = crossw;nd disiance be,+ween reup& and ~ e ~ h K . k  cenCed;&e 
. . 

c-= J I P E ~ C  ~ ;dth  a+ ncepfor lorn.kbr\. , . 



AQDM 

Source-Receptor Re1 ationship . . 

Arbitrary location for  each point source 
Arbitrary location and s ize for  each area source 
Up to 225 receptors located on uniform rectangular grid 
Up to 12 user-specified receptor locations 
Unique release heiaht fo r  each point, area source 
Unique separation for  each source-receptor pa i r  
Receptors a t  ground level 
No te r ra in  differences between source and receptor 

B .  Em1 ss.ion Kate 

Point sources : single rate  for. each- source 
Area 'sources : single ra te  f o r  each source 

Each source ' treated by effect ive s ingle  point sour,ce 
approximation 

No terryoral variation a1 1 owed 
. . 

C.  Chemical Composition 

Treats one or  two pol 1 utants simul taneously 

D. Plume Behavior 

~ o l l a n d  (1953) formula, w j t h  adju:stment fo r  s t a b i l i t y  
. '  . No plume r i s e  calculated f b r  area sources 

Does not t r e a t  fumigation or downwash 
.2 

I f  stack height plusplume r i s e  i s  g rea te r than  mixing height,  - 
ground level concentration a5sume'd equal t o  zero . 

. E .  Horizontal Wi.nd Fie1 d 

Climatoloqical ap~roach 
16 wind directions 
6 w i n d  s ~ e e d  classes 
No variation i n  windspeed with heiaht 
Constant, uniform (steady-state) wind assumed 

F. Vertical Wind Speed . . 

Assumed equal to zero 

G .  Horizontal Dispersion 
C.1 imatoloqi cal approach 

. . . Linear inter~olat ion-between 22.5' sector centerlines;  
center value calculated by sector'averaging.procedure 
(narrow pl ume approx.imation) 

Averaging time = 1 month . -  1 year 



H .  Vert ical  Dispersion 

AQDM 

Semi -empi ri cal /Gaussian pl ume . . . . 

5 s tab i  1 i t y  c lasses  (Turner, 1964) 
Neutral s t a b i l i t y  s p l i t  i n t e rna l l y  into. 60% day,' 40% night  
Dispersion coef f i c ien t s  from Pasqui 11 (1961 ) and Gifford (1961 9 
Neutral dispersion coef f i c ien t s  used , f o r  a l l  neutral  and s t a b l e  c lasses  
No provision f o r  va r ia t ions  i n  surface roughness 

I 

Chemistry/Reaction Mechanism . 
. . 

No provision f o r  treatment 

J . ' Physical Removal 

No provision f o r  treatment. 

K. Background 

'Input s i ng l e  constant  background val ue f o r  each pol 1 u b n t  

L .  Boundary Conditions 

Lower boundary (ground) : perfect  ref1 ect ion 
Upper boundary (mixing h t ) :  no e f f e c t  u n t i l  a >.47H 

(occurs a t  x-x ) *- 
f o r  x . 2xLuniforh m i x i n g  
i n  ,between-.linear in te rpo la t ion  

. . t r an s i t i on  region 'used 

M. Emission and Meteorological Correlat ion 

l\ l i  nd speed ,, d i  r e c t i  on ,' s tabi  1 i t y  
corre la ted via wind rose . . 

Emission r a t e  - not corre la ted 
' w i t h  any o ther  f a c t o r  

Non-sequenti a1 (c l  imatol ogi cal ) . 
1 imi ted correl  a t i  on 

Mixing height adjus ted,  according t o  s t a b i l i t y  c lass  : 
Class A - 1.5 x afternoon cl imatological  value 
Class D ( n i g h t ,  i n t e rna l l y  divided) ' 

average of 100 meters and afternoon cl imatological  value 
' 

Class E - assumes 100 meters 

N .  Val idation/Cal i brat ion . 

Calibrat ion option ava i lab le  
Substantial  experience b u t  1 imdted documentation 



AQDM 

0. Output 

1 month - 1 year averaging t ime simulated (a r i thmet i c  mean on ly )  
A rb i t r a r y  averaging time by Larsen (1 969) procedure 

( t y p i c a l l y  1-24 h r )  
Assumes 

1) lognormal concentrat ion d i s t r i b u t i o n ,  
2) power law dependence o f  median and maximum 

\ 

concentrat ions on averaging t ime 
Up t o  225 gridded receptor locat ions,  12 a r b i t r a r y  locat ions 
Ind iv idua l  point ,  drea source cul pabi 1 i t y  1 i s t  f o r  each receptor 



' CDM - 

Reference: 'No. 27 i n  the  gu ide l ine .  
. . 

Busse, A.D.:'and J . R .  Zirrunerman. "User 's Guide f o r  'the Climato- 
l o g i c a l  Dispers ion Model. " ' ' Pub1 i c a t i o n  No. EPA-RA-73-024 
(NTIS PB 227346/AS), Environmental P ro tec t i on  Agency, Research 
T r iang le  Park, North Carol i na  2771 1, December 1973.. ' 

Abs t rac t :  The C l  imato log ica l  Dispers ion ~ o d e l  (CDM) i s  a C l  imato l  og i ca l  
' s teady-state Gaussian plume model f o r  determining long-term 

(seasonal o r  annual ) a r i t h m e t i c  average po l  1 uta'nt concentra- 
t i o n s  a t  any ground l e v e l  re,ceptor i n  an urban area. 

A s t a t i s t i c a l  model based on Larsen (1968) i s  used t o  t rans-  
form the average concent ra t ion  data f rom a l i m i t e d  number 
o f  receptors i n t o  expected geometric m a n  and maximum con- 
cen t ra t i on  values f o r  several d i f f e r e n t  averaging times. 

Equations: 

n=i K=I q=l Im=r 



CDM 

A. Source-Receptor Re1 a t i o n s h i p  

A r b i t r a r y  l o c a t i o n  f o r  each p o i n t  source 
Area sources equal un i fo rm g r i d  squares 
Receptor l o c a t i o n  a r b i t r a r y  
A r b i t r a r y  re lease h t s  f o r  p t .  and area sources 
Unique separat ion f o r  each source-receptor p a i r  
Receptors are a t  ground l e v e l  

. No t e r r a i n  d i f f e rences  between source/receptor 

B. Emission Rate 

Po in t  sources: s i n g l e  r a t e  f o r  each source 
Area sources: s i n g l e  r a t e  f o r  each source 

area i n t e g r a t i o n s  a r e  done numer ica l ly  one 22.5' sec to r  
a t  a  time; sampling a t  d i s c r e t e  po in ts  def ined by 
s p e c i f i c  r a d i a l  and angular  i n t e r v a l s  on a  p o l a r  
g r i d  centered on t h e  receptor  

Day/niqht v a r i a t i o n s  i n  emissions, same v a r i a t i o n  assumed 
f o r  a1 1  sources. 

C . Chemi ca l  Compos i ti on 

Treats one o r  two p o l l u t a n t s  simultaneously 

D. Plume Behavior 

Only Briggs (1971 ) neut ra l /uns tab le  f o m u l a  used. 
I f  s tack  he igh t  + plume r i s e  i s  g rea te r  than mix ing  he ight ,  

ground l e v e l  concentrat ions assumed equal t o  zero. 
A1 t e r n a t i v e  t o  Briqgs - i n p u t  value o f  plume r i s e  times wind 

speed f o r  each p o i n t  source. 
Yo plume r i s e  ca l cu la ted  f o r  area sources. 
Does no t  t r e a t  fumigat ion o r  downwash 

E. Hor izonta l  \Jind F i e l d  

Cl' imatol og ica l  approach 
16 wind d i r e c t i o n s  
6 wind speed classes 
Wind speed 'correc'ied f o r  re lease he igh t  based on power law 

v a r i a t i o n  exponents from DeMarrais (1 959) 
Constant, uni form (steady-state)  wind assumed 

F. V e r t i c a l  Wind Speed 

'Assumed equal t o  zero 



CDM 

Hori zontal Dispersion 

Climatological 
Uniform d is t r ibu t ion  wi th in ' each  of 16 sectors  

(narrow-pl ume approximation) 
Averaging time = 1 month t o  1 year 

H . Verti cal 'Dispersion 

Semi -empirical /Gaussi an plume 
5 s t a b i l i t y  c lasses  as defined by Turner (1964) 
Neutral s t a b i l i t y .  s p l i t  i n to  day/night cases on input 
Dispersion coeffi  e ien t s  taken from Turner (1 970) . 

Area sources - s t a b i l i t y  c l a s s  i s  decreased by 1 categ0r.y from 
i n p u t  values ( t o  account f o r  urban effects . )  

Neutral dispersion coef f ic ien t s  a re  used f o r  a l l  neutral 
pnd s t ab l e  c lasses .  

No provision f o r  var ia t ions  i n  surface roughness 
. . 

. . 
I .  Chemistry/Reaction Mechanism 

, Exponential decay, user-input ha1 f l  i f e  

J . Physical Removal 

Exponential decay, user-input ha1 f l  i f e  
Always applies the  same , r a t e  constant 

: K. Background 

Input s ing le  constant .  backgroun'd value f o r  each pol 1 utant .  

L .  Boundary Conditions 

cower boundary (ground) : assuilles perfect ref  lbction . 
Upper boundary (mixing height) :  no e f f e c t  un t i l  dispersion 

coef f ic ien t  equals 0.8 of the  mixing height,; uniform ver t ical '  
mixing assumed tieyond t h i s  point. 

M. Emission and Meteorological Correlation 
. . 

Wind speed, di rec'tion, s t a b i l i t y  cor re la ted 'v ia  w i n d  rose 
Mixi n q  height . i s  adjusted according t o  stabi.1 i t y  c lass  : 

Class A - 1 .5  x afternoon climatological value . . 

Class D (n igh t )  - average of morning and afternoon climatological values 
Class E - morning climatological value 

Emission ra tes :  day-night var ia t ion allowed; a l l  sources vary 
by same f ac to r  

Non-sequential (climatological ) 1 imited corre la t ion 



CDM 

V a l  i da t ion /Ca l ih ra t ion  
. .  . 

L imi ted va l ida t ion  experience 
Cal i  b ra t ion  opt ion avai l.able . . 

I . . 

0.' Out9ut 

One month t o  one-year a'veiaging time simulated (ar i thmet ic '  
mean on ly)  ' . 

Arbi trar." averaging time by Larsen (1 969) procedure 
( t yp . i ca l l y  1-24 . . . hr . )  
Assumes -- 

1) lognormal concentrat inn distrl bution, 
2 )  power law dependence o f  median and maximum 

concentratj.ons on averaging t ime . , 
- . .- 

A rb i t ra ry .  number and locat ion"  o f  receptors 
Ind iv idua l  po in t ,  area source, cul 'pabi l  i t y  1 i s t  f o r  each receptor 
Point,  area concentrat ion rose f o r ,  each receptor 
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CRSTER 

. . -  . . 
Reference: No. 13 i n  guide1 ine'. 

Environmental 'Pro tec t ion  Agency. "A Userl.s Guide t o  the  
S ing le  Source (CRSTER) Model ." Of f ice  of A i r  Qua1 i t y  Plan- 
n i n g  and Standards,, Research T r iang le  Park, North, Carol i n a ,  . 
27711 , 1977.. ( I n  prepara t ion)  

~ b s t r a c t :  ' CRSTER . is  a steady s t a t e  ~ a u s s i a n  plume technique appl i c a b l e  
i n  uneven te r ra in . ,  The,purpose o f  t he  technique i s  t o :  . . 
1  ) determine t h e  maximum 24-hour concent ra t ion  f rom a sing1 e 
p o i n t  source of up t o  19 stacks f o r  one year, 2 ) .  t o  deter- 
mine the  meteorological.  cond i t ions  whSch cause t h e  .maximum 
concentrat ions, a'nd 3) t o  s to re .  concentrat ion in format ion  
useful i n  c a l c u l a t i n g  frequency d i s t r i b u t i o n s  f o r  var ious 
averaging times. The 'concent ra t ion  f o r  each hour o f  t h e  . 
year  . i s  ca l cu la ted  and midnight .  - t o  - midnight  averages . ' 

are determined f o r  each 24-hour per iod.  

~ q u a t i o n s  : 

L = ~o<&nh, hdeppndoct OF d o w n w - t n d d i r k n a  '. 

U =  (~Caek he$& + +he n'se)-(d;,Ffor~nre ;n eleuahbv, 
' 

S~tueetn recepbr and base: s f ,  stack ). 



CRSTER 

CRSTER 

A. Source-Receptor Relationship 

Up to  19 point sources, no area sources 
All point sources assuied a t  the same location 
Unique stack height fo r  each source 
Receptor locations res t r ic ted  t o  36 azimuths (every 10') and 

5 user-specified radial  distances 
Unique topographic elevation fo r  each receptor; must be less  

than stack height 
Receptors must be a t  ground level 

B. Emissjon Rate 
7 - d  

Unique' average emission r a t e  for  each source 
Monthly variation in emission r a t e  allowed 

C. Chemical Composition . . 

N/A 

D. Plume Behavior 

Briggs (1971, 1972) f inal  plume r i s e  formulas 
Does n o t  t r e a t  fumigatiort or  downwash 
If  plume height exceeds mixing height, concentrations fur ther  

downwind assumed equal to  zero 

E. Horizontal Wind Field 

Same as RAM 

F. Vertical Wind Speed 

Assumed equal to .  zero . 

G. ~ o r i z o n t a l  Dispersion 

Semi-empirical/Gaussian plume 
7 stabi 1 i ty classes used; Turner '(.I 964), Pasqui 1 (1 961 ) 

Class 7: ' extremely s table ,  elevated plume assumed not 
to  touch the. ground 

Dispersion coefficients from Turner (1 969) ; no fur ther  adjustments 
made fo r  variations in surface roughness, transport or 
averaging time 

H. Vertical Dispersion 

Semi-empirical/Gaussian plume , . 

7 s t a b i l i t y  classes 
Dispersion coefficients .from Turner (1 969) ; no fur ther  adjustments 

made 



CRSTER 

I .  ChemistrylReaction Mechanism 

Not t reated 

J .  Physical Removal. 

Not t reated 

K. Background 

Not t reated . . 

L. Boundary Conditions 

Lower boundary: per fec t  re f lec t ion  a t  the same height as the  receptor 
Upper boundary: per fec t  re f lec t ion  

Mu1 t i p l e  re r lec t ions  handled by sumat ion  of s e r i e s  un t i l  rrz= 1.6 x 
mixiny height 

Uniform ver t i ca l  d i s t r i bu t i on  thereaf te r  
Mixing height i s  constant and follows topographic variat ions:  

Taken from base of stack f o r  determining whether plume punches through 
Taken from receptor elevation fo r  determining ver t i ca l  concentration 

d i s t r ibu t ion  
Hourly mixing height obtained from radiosonde data using same 

interpola t ion algorithm as RAM 

M. Emission and Meteorological Correlation 

. Same as RAM 
Monthly emission var ia t ion allows l imited emission - 

meteor01 ogy corre'l a t ion 
. , 

N.  Val idation/Cal i bration 

No ca l ib ra t ion  option provided 
Comparison w i t h  observations around a t  l e a s t  5 separate power plants 

have been made 
Additional work i n  progress I 

0. O u t p u t  '. . . 

Highest and second highest 1-hour and 24-hour concentrations a t  each 
receptor for the year plus the  annual ar i thmet ic  average a t  each 
receptor . , . 

-For each day i n  the y e a r , t h e  highest 1-hour and highest 24-hour 
concentration values found in' the  f i e l d  of receptors ' 

Hourly concentrations f o r  each receptor a reou tpu t  onto magnetic tape 
fo r  fu r ther  processing, f o r  example t o  obtain the frequency ' .  

dis t r ibu t ion  
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HANNAi.G IFFORD 

Reference: Numbe'rs 28, 29 i n  gu ide l ines .  

Hannai S.R. " A  Simple Method o f  Ca lcu la t i ng  Dispers ion from 
Urban Area Sources." J. A i r  P o l l u t i o n  Contro l  Assn., Vol. 21, 
No. 12, pp. 774-777, December 1971. 

G i f f o r d ,  G.A., and S.R. Hanna. "Modeling Urban A i r  Po l l u t i on . "  
Atmospheric Environment, Vol . 7, pp. 131-136, 1973. 
(a1 so S.R. Hanna, p r i v a t e  communication *) 

Abst rac t :  Two s l i g h t l y  d i f f e r e n t  vers ions o f  t he  same model a r e  de- 
scr ibed. The f i r s t  i s  a pu re l y  d e t e r m i n i s t i c  vers ion  which 
does n o t  r e q u i r e  any l o c a l  a i r  q u a l i t y  data f o r  i t s  imple- 
mentation. The form o f  t h e  second ve rs ion  may.be de r i ved  
from the  f i r s t  on the  assumption t h a t  area source emissions 
are  uniform. For ac tua l  use however, i t  i s  recommended t h a t  

- l o c a l  a i r  q u a l i t y  data be used to,  i n  essence, c a l i b r a t e  the  
model . 

Equations: . . 

* 
S e e  a l s o  S e c t i o n  3.9.1. 
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\ 

HANNA-G I FFORD ( Short-Term) 

A. Source-Recep t o r  Re1 a t i  onshi p , . 

- Area iources  only:;. un i fo rm g r i d  squares.; user-def i ned g r i d  
Sources assumed a t  ground l e v e l  . . 

,Receptors assumed 'at  ground l e v e l  d 

'Each receptor  i s  assumed loca ted  a t  center  o f  a, g r i d  square 
Unique separa t ion  fo r  each source-receptor p a i r  

. . . . 

B. Emission Rate . . 

. . 

A r b i t r a r y  user -spec i f ied  emission r a t e  fo r ,each g r i d  square 
En~iss i  yn r a t e s  as'sumed constant  . .. 

C. Chemical Composition 

D. Plume Behavior 

Plume r i s e  n o t  t rea ted  
Does n o t  t r e a t  fumigation, downwash . . 

Hor izonta l  Wind 'F ie ld  

User-suppl i e d  hour l y  wind speed and d t r e c t i o n  
No. v a r i a t i o n  o f  wind speed o r  d i r e c t i o n  w i t h  he,ight 
Constant, uniform (steady-state)  wind assumed 'w i th in , .  each hour 

F. V e r t i c a l  Wind' Speed 

Assumed. equa'l t o  zero 

G. ~ o r i z o n t a l  Dispers ion 

harrow p l  ume a.pproximation; h o r i z o n t a l  d ispers ion  n o t  t r e a t e d  expl i c i  t l y  

H e  V e r t i c a l  Dispers ion 

Semi-empirical/Gaussian plume b D ispers ion  c o e f f i c i e n t  assumed of t he  form oZ = ax 
A n a l y t i c  i n t e g r a t i o n  of upwind area source 

c o n t r i b u t i o n s  assuming each can be represented 
as an i n f i n i t e  crosswind s t r i p  of w id th  equal t o  
area g r i d  spacing.' 

D ispers ion  c o e f f i c i e n t  parameters a, b modif ied from Smith (1  968) 
S t a b i l i t y  classes modi f ied  from Smith (1968) 
No adjustments made f o r  v a r i a t i o n s  i n  sur face roughness 

I. Chemistry .arid ' ~ e a c t i o n  Mechanism . . 

. . 

No t .  t rea ted  



J. Physical Removal 

Not t reated 

K. Background 

Not t reated . . 

Boundary condi'ti ons 

Lower boundary: perfect  re f lec t ion  
Upper boundary: mixing height assumed high eno,ugh t o  have no e f f ec t ;  
.. t r e a t s  only effects '  of l'ower boundary . ' 

M. Emission and Meteo,rol ogical 'Correlat ions 

Emission r a t e s ,  meteorological parameters a l l  input by user on hourly 
bas i s 

Ca1ibration.no.t used i n  previous applications.  Some val idat ion experience 
. . has been pub1 ished 

In nearly a l l ,  appl icat ions ,  a .si.n.gle s e t  of di.spersion coef f ic ien t  . ' 

' .  parameter values (a. = 0.15, b = 0.75) has been used, corresponding 
t o  neutral  s t a b i l i t y  

. , 0. O u t p u t  
. . 

Hour-by-hour average concentration val ues a t  each receptor 
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. . 

HANNA-GI FFORD (Long Term) 

This model i s  intended f o r  use i n  p r e d i c t i n g  an area-wide average 

p o l l u t a n t  concentrat ion,  and i s  expected t o  work bes t  f o r  long averaging 

t.imes, The working equat ion i s  

i n  which . . 
. . 

X = average concent ra t ion  w i t h i n  a s u i t a b l y  de f ined region, 

Q = average emission r a t e  per  u n i t  area w i t h i n  -the same region, 

u = average wind speed i n  the  po l  l u t e d  l a y e r  over t h e  des i red  
averaging time, and 

C = p r o p o r t i o n a l i t y  constant  t o  be determined e m p i r i c a l l y  Tor 
each d i f f e r e n t  reg ion  

s p e c i f i c  values o f  C f o r  b o t h  SO2 and TSP concentrat ions i n  a l a r g e  number o f  

U.S. c i t i e s  have been presented by G i f f o r d  and Hanna- (1973). I t  i s  recom- 

mended t h a t  l o c a l  emission, m e t e o r o ~ g i c a l  and a i r  qua1 i t y  data be used t o  

de te rm ine  the value o f  c appropr ia te  f o r  t he  reg ion  o f  i n t e r e s t .  I f  such ' 

data i s  n o t  ava i l ab le ,  an approximate average value of C = 225 has been 

recommended f o r  use i n  eva luat ing  t h e  t r u e  area source e f f e c t  i n , t h e  absence 

'o f  removal ' o r  decay processes. 
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HIWAY 

Reference: No. 36 i n  gu ide l ine .  

Zimmerman, J.R. .and R.S. Thompson. "User's Guide f o r  HIWAY: 
A Highway A i r  Pol 1 u t i o n  Model,. " 'Pub1 i c a t i o n  No. EPA-650/4-74- 
008 (NTIS PB 239944/AS), Environmental P ro tec t i on  Agency, Re- - 
search T r iang le  Park, North Carol i n a  2771 1 , Februa.ry 1975. 

Abstract :  HIWAY i s  a Gaussian plume model t h a t  computes the  hour l y  con- 
cen t ra t i ons  of non-react ive p o l l u t a n t s  downwind o f  roadways. 
It i s  app l i cab le  f o r  uni form wind cond i t i ons  and l e v e l  t e r r a i n .  

. . 
A1 though best  s u i t e d  f o r  at-grade highways, i t  'can a l s o  be 
app l i ed  t o  depressed highways ( c u t  section's). 

Equations: 
D 

x J F d ~  
u 0 

t i k g r a l  along ley& of  ilk segwe~t , 
evaluakd us~n .hnpedoidal rule 

. 9, = CO ~ M ~ S S ; O M  C R C ~  /unit ley 119. 
. . 
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HIWAY 

A. Source-Receptor Re la t ionsh ip  

Hor izonta l  f i n i t e  l ine,' m u l t i p l e  l i n e  sources (up t o  24 l i n e s )  
S t r a i g h t  1 ines, a r b i t r a r y  o r i e n t a t i o n  and leng th  

. . One road o r  highway segment'per run 
A r b i t r a r i l y  located receptors ; downwind of t he .  sources 
Unique source-receptor d is tance defined 
A r b i t r a r y  receptor  he ights  
A r b i t r a r y  re1 ease he ights  

, 'Cut  section.mode 
Receptors cannot:be l oca ted  i n  t h e  c u t  
Emissions t r e a t e d  as coming from 10 equal uniform l i n e  sources 

a t ,  t he  top o f .  the c u t  
F l a t  t e r r a i n .  assumed 
L i n e  sources t r e a t e d  as sequence o f  p o i n t  sources; t he  number used i s  

such. t h a t  convergence t o  w i t h i n  2% i s  achieved. 

B. Emission Rate 

Constant un i fo rm emission r a t e  f o r  each lane 

C. Chemical '~omposi t i  on 

D. PlOme Behavior 

Not t r ea ted  

User s p e c i f i e s  a r b i t r a r y  wind speed and d i r e c t i o n  
No v a r i a t i o n  o f  wind speed and d i r e c t i o n  w i t h  he igh t  
Uniform, constant  (s teady-state)  wind assumed 

F. V e r t i c a l  ' W i  rid .Speed 

Assumed equal t o  zero 

G. Hor izonta l  Dispers ion 

' Semi-empirical/Gaussian plume 
User s p e c i f i e s  which of 6 s t a b i l i t y  classes t o  be used; Turner (1'964) 
D ispers ion  c o e f f i c i e n t s  from Turner (1 969) ; f o r  

d is tances less  than 100 m, d ispers. ion c o e f f i c i e n t s  f rom 
Zimmefman and Thompson (1 975) 

Level grade mode - i n i t i a l  value o f  d i spe rs ion  c o e f f i c i e n t  equals 
3 meters 

Cut sec t i on  mode - i n i t i a l  va'lu'e of di .spersion c o e f f i c i e n t  approximated 
as a funct i .on o f  wind speed 

No fu r the r  adjustments t o  .d i spe rs ion  c o e f f i c i e n t s  are made 



HIWAY 

t i .  Vertical Dispersion 

Semi-empirical/Gaussian plume * 

User specif ies  s t a b i l i t y  class  
Di spersi  on coefficients from Turner (1 969) ; fo r  distances 1 ess 

than 100 m ,  dispersion coefficients from Zimmerman and Thompson (1 975) 
Level grade mode - i n i t i a l  oz = 1.5 meters 
C u t  section mode - i n i t i a l  oz = function of wind speed 

Not . treated 

J. .Physical Removal . . 

Not treated 

K. .  Background 

Not treated 

. L. Boundary Conditions . . 

Lower boundary': perfect ref 1 ec t i  on 
Upper. boundary: perfect ref 1 ection . 

i)' Stable conditions or mixing height greater than, 5000 m: 
assumes no ef fec t ,  t r ea t s  only ref lect ion from ground 

ii) Other s t a b i l i t i e s  with o Z i  1.6 times mixing heights 
assumes uniform mixing 

iii) Other neutral e r  unstable condi ti.onsi perfect .  reflection, '  
mu1 t i p l e  ref lect ions t reated by summation of- se r i e s  ' 

M. . Emission and Meteorological Correlation 

N/A;  user inputs a1 1 specif ic  parameter va'l ues' .for hour in question 

N. Val idation/Cal ibration 

Val idation studies have been pub1 ished 

0. Output 

1 -hour average .concentration a t  each receptor 
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. . PTD I S 

Reference: Same as PTMTP. 

Abst rac t :  PTDIS i s  a  steady-state Gaussian pllime model t h a t  est imates 
sho r t - te rm 'cen te r - l i ne  concentrat ions d i r e c t l y  downwlnd 
o f  'a p o i n t  source a t  d is tances spec i f ied  by the  user. The 
e f f e c t  o f  l i m i t i n g  v e r t i c a l  d i spe rs ion  by a ' m i x i n g h e i g h t  
can be inc luded and gradual plume r i s e  t o  the  po ' in t  o f  
f i n a l  r i s e  i s  a l s o  considered. An op t ion  a l lows the  ca l -  

' c u l  a t i o n  o f  i s o p l e t h  ha1 f -widths f o r  spec i f i c  concentra- 
t i o n s  a t  each downwind d is tance.  

Equations: 



PTDIS 

A. Source-Receptor Re la t ionsh ip  

PTDIS 

S ing le  :tack o f  a r b i t r a r y  he igh t  
Up t o  50 receptors spec i f ied  by user; a l l  receptors a t  

qround l e v e l ,  below plume center1 ine,  a t  user -spec i f ied  
downwind d is tances 

F l a t  t e r r a i n  assumed 

Emission Rate 

S ing le  constant  value 

G. Chemi ca l  . Composi t i o n  

Briggs (1971, 1972) plume r i s e  formulae 
A l t e r n a t i v e l y ,  one user-suppl ied plume r i s e  value can be used 
Does n o t  t r e a t  fumigat ion o r  downwash 
I f  plume he igh t  exceeds mix ing  height ,  ground l e v e l  concen- 

t r a t i o n  assumed equal t o  zero 

E. Horizo9ntal Wind F i e l d  

Wind' d i r e c t i o n s  imp1 i c i  t along. source-receptor d i r e c t i o n  
Uses .user-def ined wind. speed 

. . No v a r i a t i o n  9'n wind.speed w i t h  he igh t  . . 

Constant, u n i f o m  (steady-state)  wind assumed . ', 

F. V e r t i c a l  Wind Sp'eed : 

Assumed equal t o  zero 
. . 

G .  Hor izonta l  D i  spers'ion 

Semi - e m ~ i  r i c a l  /Gaussian plume 
Calcu la t ions  f o r  a s i n g l e  user -spec i f ied  s t a b i  li ty c lass,  . 

Turner (1 969) 
Dispersion c o e f f i c i e n t s  from Turner (1969) ; no adjustments 

made f o r  v a r i a t i o n s  i n  sur face roughness, averaging t ime 
o r  t r a v e l  t ime 



a PTDIS 

. H .  Vertical Dispersion 
. Semi -empi r i  cal /Gaussi an pl ume . . 

. . .  

Calculations done f o r  user-specified s tabi  1 i ty class  
* Dispersion coeff i cients from Turner (1969) ; no 'adjustments 

made fo r  variations . i n  surface roughness' 

Not treated 

J .' Physi cal Removal 

Not treated 

K .  ~ackgrourid 

Not treated 

L .  Boundary Conditions .. 

Lower boundary: perfect reflection . . 

Upper boundary: user-input mixing height used';. perfect 
reflection assumed 

Mu1 tip.le. ref1 ections numerically accounted for  by summation . 
o f  ser ies  

M: Emission and Meteorological Correlations 

Val idation/CalIBratlon 

No calibration option pr&ided . 

Di rect  a p p l  i cation o f  Turner (1969) procedures 
r 

0. o u t p u t  

center1 i n e  , ground-level values of concentration 'and normal i zed 
concentration (concentration x w i n d  speed/emission ra te )  uY, uz  
and plume height a t  user-suppl ied downwind distances 

Isopleth halfwidths of up 'to eight user-specified ground 
level concentrations, a t  same downwind distances as above 

. .  . 
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PTMAX 

PTMA-X - 
# 

Refe,rence: Same as. PTMTP. 

Abst rac t :  PTMAX i s  a steady-state Gaussian plume model t h a t  performs 
an ana lys is  o f  the  maximum short - term concentrat ions f rom 
a s i n g l e  p o i n t  source as a f u n c t i o n  of s t a b i l i t y  and wind . 
speed. The f i na l8  plume h e i g h t  i s  used fo r  each computation. 
A separate ana lys i s  must be made f o r  each i n d i v i d u a l  stack; 
b u t  t h e  model cannot g i ve  t h e  maximum concentrat ions o f  a 
combination o f  stacks. 

Equations: , 
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PTMAX 

A .  source-~eceptor Re1 ationshi p 

Single stack used . . 
Determines downwind distance. to  ground-level maximum concentration 
Flat  terrain 

4 .  Unique release height , .. , . . . 

B. Emission Rate . ' 

Sinqle value , 

, C.  Chemical Composi tion 

. N / A  

'Plume Behavior , , 

~ r i q g s  (1971, 1972) final plume r i se  formulae 
Does not t r e a t  downwash or fumigation 

E .  Horizontal Wind Field 

Wind direction implicit  along source-receptor direction 
Calculations done for  fixed, internal ly  defined s e t  of wind 

speed values 
No variation in w i n d  speed with heiqht 

' Constant, uniform (steady-state) wind  assumed 

F. Vertical. Wind Speed 

Assunled equa1.t.o zero 

G.. Horizontal Dispersion - ' 
Semi -empi rical/Gaussi an plume 
6 stabi 1 i ty classes as defined by Turner (1964) 
Calculations done for  dispersion coefficients from Turner (1 969) ; 

no adjustments made for  variations i n  surface rouqhness, 
travel or averaqinq times 

H .  Vertical Dispersion 

Semi-empi rical  /Gaussian plume 
Cal cul ations done fo r  6 stabi 1 i ty classes 
Dispersion coefficients from Turner (1 969) ; no adjustments made 

for  variations in surface rouqhness 

Not treated 
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Physi  ca l  Removal 
. . 

Not t r e a t e d  

Background 

. . Not  t r e a t e d  
. . 

L. Boundary Cond i t ions  

Lower boundary : ~ e r f e c t .  r e f l e c t i o n  
Upper boundary: m i x i n g  h e i g h t  assumed h i g h  enough- t o  have n'o e f f e c t  

, , 

. M. Emission and ' ~ e t e o r o l o ~ i c a l  c o r r e l a t i o n .  . , 

. . 
N. ~ a . l i d a t i o n / C a l i b r a t i o n  . . 

. . 
No c a l i b r a t i o n  o ~ t i o n  ~ r o v i d e d  
P i  r e c t  appl  i c a t i  on o f  ~ u r n e r  (1 969) . procedures 

0. Output  

Yaxiniuni U~.T)L(II('I l e v e l  concen t ra t ions ,  d is tances  t o  maximum 
values and f i n a l  ~ l u m e  h e i g h t s  f o r  a l l  s t a b i l i t y  c lasses  
and wind s ~ e e d s  

Pveraqinq t ime l e s s  than 1 hour  (Turner ,  1969) 
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PTMTP 

Reference: No.. 17 in the guideline. 

Environmental Protection Agency. "User's Network for , . ' . 

Appl ied' Model ing of 'Air Pol 1 ution (UNAMAP) . (Computer 
program on tape for. point source models, HIWAY, Cl ima- 
tological Dispersion Model , and APRAC-1A) yNTIS PB 229771 , 
National Technical Information Service, Springfield , V i  r- 
ginia, . . 1974. . . 

Abstract: PTMTP is a steady-state, . Gaussian. pl ume model that estimates 
for a number of arbitrarily located recept0.r points .at or 
above ' ground-1 eve1 , the concentration .from a number of point 
.sources. Plume. rise is determined for each source. .. Down- 

, .  wjnd and crosswind distances are determined for each source- 
receptor pair. Concentrations at a receptor from various 
sources are' assumed additive. Hour. by hour calculations 
are made based on hourly meteorological data; .both hourly, 
concentrations and averages over a,ny averaging time from 
one to 24 hours can be obtained. . . 

Equations: 
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PTMTP 

A .  Source-Receptor Re1 a t i o n s h i p  

Up t o  25 a r b i t r a r i l y  l oca ted  p o i n t  sources 
Up t o  30 a r b i t r a r i l y  l oca ted  receptors 
Unique separat ion f o r  ea'ch source-receptor p a i r  
Unique re lease h e i g h t  f o r  each source 
T e r r a i n  assumed f l a t  
A r b i t r a r y  he igh t  above ground f o r  each receptor  

B. Emission Rate 

Unique constant  emission r a t e  f o r  each source . . 

C . Chemi ca l  Cornpos i ti .on 

N/A . 

D. Plume Behavior 

Br iggs '(1971, 1972) plume r i s e  formulae 
Does n o t  t r e a t  fumigat ion  o r  .downwash 
I f  plume h e i g h t  qxceeds m ix ing  he igh t ,  concent ra t ion  a t  

any ' r ecep to r  f u r t h e r  downwind i s  assumed equal t o  zero 

Hor i zon ta l  Wind F i e l d  

Uses user-suppl ied hou r l y  wind speed and d i r e c t i o n  . x 

No v a r i a t i o n  i n  speed and d i r e c t i o n  w i t h  he igh t  
Constant, un i fo rm (s teady-s ta te)  wind assumed w i t h i n  each hour  

F. V e r t i c a l  Wind Speed 

Assumed equal t o  zero 

G.  Ho r i zon ta l  Dispers ion 

Semi -empi r i ca l /Gauss ian  plume 
User-suppl ied hou r l y  s t a b i l i t y  c lass,  Turner  (1969) 
Dispers ion c o e f f i c i e n t s  from Turner (1969) ; no adjustments 

made f o r  v a r i a t i o n s  i n  sur face roughness, averaging t ime 
o r  t r a v e l  t ime 

. . 
V e r t i c a l -  Dispers ion 

Semi -empi r i  cal/Gaussian p l  ume 
User-suppl i e d  h o u r l y  s t a b i  1 i ty c lass  
Dispers ion c o e f f i c i e n t s  f rom Turner (1969) ; no adjustments 

made f o r  v a r i a t i o n s  i n  sur face r.oughness 
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I .  Chemis try/Reaction Mechanism 

Not treated 

J .  Physical Removal 

Not treated 

K.' ' Background 

Not treated 

L .  Boundary Conditions . , 

Lower boundary: perfect reflection 
Upper boundary: user-input mixing height used; perfect 

reflection assumed 
Mu1 t ip l e  reflections numerically accounted fo r  by summation 

of ser ies  

M .  'Emi ssiori and ~e teoro logica l  Correl ation 
' User-suppl ied hourly values of wind speed, direct ion,  stabi 1 i ty  

class ,  mixing height, ambient temperature. (used in plume 
r i se  calculations) are cor,related 

, . 

Val idation/Cal i.bration 

No cal i bration option provided 
Direct appl ication of Turner (1969) procedures 

Hourly concentration, individual source contribution 1 i s t  a t  
each receptor 

Average concentration, source contributions a t  each receptor 
fo r  to ta l  period of in te res t  
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. ' RAM 

RAM - 

Reference: No. 32 i n  gu ide l ine .  

Hrenko, J .' and D .B. ~ u r n e r .  "An . E f f i c i e n t  ~ a u s s i a n - ~ l  ume 
Mu1 t i p l e  Soyrce A i r  Qua1 i ty A1 g o r i  thm." Paper presented 
t o  the  Annual Meeting of t he  A i r  . P o l l u t i o n  Contro l  Associat ion, 
Boston, Mass., 1975. (Ava i l ab le  upon request  from EPA, OAQPS, 
Moni to r ing  and Data Analys is  D iv i s ion ,  Research T r iang le  Park, 
North Carol i n a  2771 1 ) 

Abst rac t :  RAM i s  a steady s t a t e  Gaussian plume model f o r  es t ima t ing  
concentrat ions o f  r e l a t i v e l y  s t a b l e  p o l l u t a n t s  f o r  averag- 
i n g  times from an hour t o  a day i n  urban areas from p o i n t  
and area sources. Level o r  g e n t l y  r o l l  i n g  t e r r a i n  i s  
assumed. Ca lcu la t ions  a r e  performed f o r  each hour. 

Equations : 

Conk buhb,, s;n31r Xz 
- upwind area burce W A  - kJ f d~ , i t i 9 r ~ (  evatuakd 

x I htc~en'tsI( 

t , , x s =  p i n k  o f  'tnter~c,kon of my frcm recepbf Y 
k are& ~ource  in y e s h b f i .  
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RAM 

A. Source-Receptor Re1 a t i o n s h i  p 

A r b i t r a r y  l o c a t i o n  f o r  p o i n t  sources 
Receptors may be 

1 )  a r b i t r a r i l y  l oca ted  
2) i n t e r n a l l y  l oca ted  near i n d i v i d u a l  source maxima 
3 )  on a program-generated hexagonal g r i d  t o  g i v e  good coverage t o  

a user -spec i f ied  p o r t i o n  o f  t he  reg ion  o f  i n t e r e s t  
Receptors a1 1 a t  same h e i g h t  above ( o r  a t )  ground 
F l a t  t e r r a i n  assumed 
Unique s tack  h e i g h t  f o r  each p o i n t  source 
User may spec i f y  up t o  th ree  e f f e c t i v e  re lease he igh ts  f o r  area sources, 

each assumed appropr ia te  f o r  a 5 m/sec wind speed. Value used f o r  
any g iven area source must be one o f  these th ree  

Unique separat ion f o r  each source-receptor p a i r  

B. Emission Rate 

Unique, constant  emission r a t e  f o r  each po in t ,  area source 
Area source treatment- 

Narrow plume approximation ' 

Area source used as input ;  n o t  subdiv ided i n t o  un i fo rm elements 
A r b i t r a r y  emission he igh ts  imput by use r  
Areas must be squares; s ide  lengths  = i n t e g e r  m u l t i p l c s  of a 

bas ic  u n i t  
E f f e c t i v e  emission he igh t  = t h a t  app rop r ia te  f o r  5 m/sec wind 
Area source c o n t r i b u t i o n s  obta ined by  numerical  i n t e g r a t i o n  

along upwind d is tance o f  narrow-plume approximation formulae 
f o r  c o n t r i b u t i o n  from area source w i t h  g iven e f f e c t i v e  re -  
lease he igh t .  - 

C. Chemical Composition 

N/A 

D. Plume Behavior 

Br iggs (1971, 1972) plume r i s e  formulas. 
Does n o t  t r e a t  fumigat ions o r  downwash 
I f  plume he igh t  exceed mix ing  height ;  ground l e v e i  concent ra t ion  assumed 

zero 

E. Ho r i zon ta l  Wind F i e l d  4 

Uses user-suppl ier l  h n ~ r r l v  wind soeeds 
Uses user-suppl i e d  hou r l y  wind d i r e c t i o n s  (nearest .  1  0°), i n t e r n a l  l y  

mod i f ied  by a d d i t i o n  o f  a random i n t e g e r  va lue between -4O and +50 
Wind speeds co r rec ted  f o r  re lease he igh t  based on power law v a r i a t i o n ,  

exponents from DeMarris (1959); d i f f e r e n t  exponents f o r  d i f f e r e n t  
s t a b i l i t y  c lasses,  re fe rence he igh t  = 10 meters 

Constant, un i fo rm (s teady-s ta te)  wind assumed w i t h i n  each hour 

F. V e r t i c a l  Wind Speed 

Assumed equal t o  zero 
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G. Ho r i zon ta l  Dispers ion 

Semi -empi r ica l  /Gaussian p l  ume 
Hour ly  s t a b i  1 i t y  c lass  determined i n t e r n a l  1-y by Turner (1964) procedure 

s i x  classes used 
D ispers ion  c o e f f i c i e n t s  f rom McEl r o y  and Pooler . (1968) (urban) o r  Turner 

(1969) ( r u r a l ) .  No f u r t h e r  adjustments made f o r  v a r i a t i o n s  i n  sur face 
- roughness o r  t r a n s p o r t  t ime 

Semi-empirical/Gaussian~plume 
Hour ly  s t a b i l  i ty c lass  .determined i n t e r n a l  l y  
Di spers i  on c o e f f i c i e n t s  f rom McEl r o y  and Pool e r  (1  968) (urban) o r  Turner 

. (1969) ( r u r a l ) .  N o . f u r t h e r  adjustments made f o r  v a r i a t i o n s  i n  sur face 
roughness 

. . 

1' .'   he mi s t r y / ~ e a c t  iurl Mechanism 

Exponential  decay, user - input  h a l f l i f e  

J. Physical  Removal 

Exponential  decay, user - input  h a l f l i f e  

K. Backaround 

Not t r e a t e d  

L . ~ o u n d a r y  Condi ti on:s 

Lower boundary: per fec3 r e f l e c t i o r i  
Upper boundary: ' ~ i e r f e c t  r e f  1 e c t i o n  
Neut ra l  and uns tab le  cond i t i ons  

M u l t i p l e  r e f l e c t i o n s  n u i ~ i e r i c a l l y  accounted f o r  by summation o f  se r i es  
u n t i l  d, = 1 .6 .x  mix ing  he igh t  

Uniform mix ing  assumed i n  v e r t i c a l  t h e r e a f t e r  
S tab le ' cond i t i ons :  ignore  e f f e c t  o f  upper boundary 

Mix ing  he igh t  f o r  a g iven hour i s  obta ined by s u i t a b l e  i n t e r p o l a t i o n  us ing  
data f rom soundi'ngs t a k e n t w i c e  a day. I n t e r p o l a t i o n  technique depen- 
dent on. mode of 'opera t ion  (urban o r  r u r a l  ) and c a l c u l a t e d  s t a b i l  i ty  
c1as.s fo r  t h e  hour i n  ques t ion  as w e l l  as t h e  s t a b i l i t y  c lasses f o r  
t he  hours j u s t  preceding sun r i se 'and  sunset. See at tached d e s c r i p t i o n  

, and f i g u r e  . . . . 

M. Emission and Meteor01 oa i ca l  C o r r e i a t i o n  

User suppl ies '  hou r l y  va lues  o f  wind spe'ed, d i r e c t i o n ,  mix ing  he igh t  and 
o ther  meteorological  ' var iab les  . requ i red  f o r  de terminat ion  o f  s t a b i l i t y  
c lass  and plume r i s e  

N. ~ a l  i d i t i o n / C a l  i b r a t i o n  

No ' ca l  i b r a t  i o n  op t  i o n  prov ided % 

. . . . 
No documented v a l i d a t i o n  o r  comparison . w i t h  observa t iona l  data ' , 
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0. Output 

Hour ly  and average (up t o  24 hours) concentrat ions a t  each receptor  
L im i ted  i n d i v i d u a l  source c o n t r i b u t i o n  1 i s t  
Cumulative frequency d i s t r i b u t i o n  based on 24-hour averages and up t o  

1 year of data a t  a l i m i t e d  number o f  receptors  can be obta ined from 
spec ia l  versions o f  RAM (RAMF, RAMFR) 
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. .\\ Two d i  f Fercnt 11ii x i  lig he'i ylli;r, a)-(: c;ll cul a t cd  i)y t l ~ e  [>rc:processo~-. 

011c i s  for  basically r u r ~ l  so r rou~ :d i r l~s ;  the  o t l ~ e r  i s  fo,. urban 

locations.  The user i s  given t h e  option t o  s p c c i f y  vrllich he wants 
. . . . 

to  use. llourl y ~rixing l.leights arc tic'ter~~~i'ned Fro~u rnaxil~~~trn heights 

(b1XDP) fo r  yesterday ( i - I ) ,  today ( i )  and tomorrow (i.t.1) and from 

1111: 1.1 i11iu111 n1.i >:.i ng hei gl1t.s (l: i i!DP) foi- toil;>y ( i ) ;rntl  tolllorro\., (.i -1-1 ) . - 

st.abi 1 i t y  is'. neutral i n.tc!rpol a te  bC.I:i.:~zc~~-r I'?lX[IP . ' and I.I%I:~P : . <'::; . i f  1-1 1 

r,.t~l.)i 1 i t y  .is stable  use 11IIDP. ! T'or hours Ijet~:cf!n suririse ~711d 
'I 

; /'lC)O, i f t h e  llour bcfoi-c. s1.1riri sc.: \I;!.; ~.:cut.ral , i n.tc~-pol d:,c: I:~c.l;\~riic~l . 

l , i%iJPi-,  and I IXDP.  a. For sur~\.ise ti) 1400, i f  tile tlout- lipfor? sunrise 
1 . . 

I ,  I S  I .  5. For  'hours bcL\.lr!cn sunset (713d ~n.idl:~.i!jllt; i l' 
1 

. . 

For rura 1 iilixing hci g h t  betwcen riiidni g h t  alid silnri 512 ,. .i nt~~~pola . l :c  

bctueen I.1XD13 and MXDl'i '(51 For hours between s!~nri s t!  a n d  ''1 400, i f  i -1. 

tiw hour hcfore sunrise was neutral interpolate  bet\.~eeri flXDP and 
i-1 

!~IxDP.~.@). For sunrise to  1400, i f  tlie houl- befotc sur~i- is?  vms s t ab le ,  
... . 

i ~ l t e r ~ o l a t i \  between O 2 n d  I lXD I )  . j  fi$. .... For 1400 Lo s i ~ n s c l ,  use h l % i I J i  
.-. 

i I .  F O I  SI!II::(\L t o  i~~.i(lt~i!llil:, i ~ ~ t i ? l . l ~ o I ; ~ t ~  h:.t\i~(:~.~~ I.IXDP. ~ l . ~ i l  IsiXUI. 3 2. 1 . . i +I. 
.I\ l i s t i n g  and detailed des,cfiption o f  i n p u t  forirlats for  t he  preroccssor  

arc given i.n Appendix A'. 
. . 
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VALLEY 

Reference: No. 14 in guideline. 

Environmental Protection Agency. "User's Guide t o  the . ' 

Val ley Model." O f f  ice o f  Air. Qua1 ity Planning and Stand- 
' ards, Research ~riangle Park, ' North Carol ina 2771 1 ,1977. 
(In preparation) 

Abstract: VALLEYis intended for use in calculating annual and maximum 
24-hour average SO2 and TSP concentrations from single point 
sources in complex terrain. A cl imatological approach is 
used in calculating the annual average. The maximum 24-hour 
averages are calculated by assuming F stability and a wind 
speed of 2.5 m/sec and are intended to apply to the situation 
in clrhlch plume impingcs on a hill. 

. . Equations : 
16 6 b 

L = t L 2: Our* %kgm w ; ~  as & ~ l o l ~ s :  
k= I P=r. m=t 

H = slack klgbJ- + plbme rise 
II - 0  it H 7 L  
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VALLEY 

A. Source-Receptor Re1 a t i onsh ip  

A r b i t r a r y  l o c a t i o n  f o r  each p o i n t  source 
A r b i t r a r y  l o c a t i o n  and s i z e  fo r  each area source 
112 receptors on r a d i a l  g r i d ,  16 d i rec t i ons ;  r e l a t i v e  

r a d i a l  d is tances i n t e r n a l l y  f i xed ,  o v e r a l l  sca le  may 
be modif ied by user; l o c a t i o n  o f  g r i d  center  de f ined by user 

Unique re lease h e i g h t  f o r  each p o i n t ,  area source 
Receptors a t  ground l e v e l ;  ground l e v e l  e levat ions  above 

mean sea l e v e l  de f ined by user  
To ta l  number o f  sources less  than o r  equal t o  50 

B. Emission Rate 

P o i n t  .sources: s i n g l e  r a t e  f o r  each source . , 

Area sourccs: s i n g l e  r a t e  f o r  each source 
. Each source t r e a t e d  by e f f e c t i v e  . p o i n t  . . .source approximation 

' - No temporal v a r i a t i o n  a1 lowed 

C. Chemical Composition 

D. Plume Rehavior 

Rriggs (1971, 1972) p l  ume r i s e  formula f o r  both po in t /a rea sources 
A l t e r n a t i v e l y ,  a  s i n g l e  constant  plume r i s e  value may be i n p u t  

f o r  any o r  a l l  sources 
Does n o t  t r e a t  fumigat ion o r  downwash 
If plume h e i g h t  exceeds mix ing he igh t :  

A. f o r  long-term ca lcu la t i ons ,  ground l e v e l  concentrat ions 
assumed equal t o  zero 

B. f o r  shor t - term ca lcu la t i ons ,  maximum plume helghl; i s  
l i m i t e d  t o  the  mix ing  he igh t  

E. Hor izonta l  Wind F i e l d  

A. For long-term c a l c u l a t i o n s  
C l  ima to log ica l  approach 
16 wind d i r e c t i o n s  
6 wind speed classes 
No v a r i a t i o n  i n  windspeed w i t h  he igh t  
Constant, uni form (steady-state)  wind assumed 
User must s p e c i f y w i n d  speeds rep resen ta t i ve  o f  

each class; these are  n o t  i n t e r n a l l y  de f ined 
B .  For short - term ca lcu la t i ons ,  s p e c i f i c a l l y  t o  p r e d i c t  

t h e  second h ighes t  24-hour concent ra t ion  expected i n  1  year: 
Class F  s t a b i l i t y  and 2.5 m/sec wind speed assumed w i t h  

user-def ined d i r e c t i o n .  These cond i t i ons  are  assumed 
t o  e x i s t  f o r  25% of t h e  24-hour per iod;  an i n t e r n a l  ad- 
justment i s  made f o r  t h i s  
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C. I n  s t a b l e  cond i t ions ,  i n  complex t e r r a i n ,  concent ra t ions  
f o r  receptors  l oca ted  above t h e  p o i n t  o f  impingement a re  
obta ined by 1  i nea r  i n t e r p o l a t i o n  between the  value ob- 
t a ined  a t  the  p o i n t  o f  impingement and a  value o f  zero 
a t  a  h e i g h t  o f  400 meters above t h a t  p o i n t .  The value 
a t  t h e  p o i n t  o f  impingement i s  taken t o  be equal t o  t he  
value 10 meters below plume c e n t e r l i n e .  - For receptors  
l oca ted  below t h e  p o i n t  o f  impingement, t he  e f f e c t i v e  
plume he igh t  i s  equal t o  t he  h e i g h t  o f  t he  plume above 
receptor  e l e v a t i o n  o r  10 meters, whichever i s  l a r g e r .  
The plume i s  assumed t o  remain a t  a  constant  e l e v a t i o n  
f o l l o w i n g  the  i n i t i a l  r i s e  

I n  neu t ra l  o r  unstable cond i t ions ,  i n  complex t e r r a i n ,  t h e  
plume i s  assumed t o  remain a t  a  constant  h e i g h t  above 
topography, f o l  low ing t h e  i n i t i a l  use 

No v a r i a t i o n  o f  wind speed w i t h  h e i g h t  
Constant , un i  form (steady-state)  wind assumed 

F. V e r t i c a l  Idind Speed 

I n  s t a b l e  ,cond i t ions ,  assumed equal t o  zero. 
I n  n e u t r a l  and unstable cond i t ions  , assumed such t h a t  

the plume remains a t  a  f i x e d  h e i g h t  above t e r r a i n .  

G. Hor izonta l  Dispers ion '  

C l imato log ica l  approach 
Sector averagina (narrow plume approximat ion)  f o r  c a l c u l a t i n g  

center  values o f  each o f  16 sectors;  l i n e a r  i n t e r p o l a t i o n  
between cen te r l i nes  as i n  AQDM 

Averaging t ime 1 month t o  1  . yea r  f o r  long- term ~ a l c u ~ l a t i o n s .  

H. V e r t i  ca l  Dispers ion > 

Semi -empi r i c a l  /Gaussi an p l  ume 
Urban mode: 

5 s  t a b i  1  i ty  c l  asses (Turner, 1964) 
Neut ra l  s t a b i l i t y  s p l i t  i n t e r n a l l y  i n t o  60% day; 40% n i g h t  
Dispers ion c o e f f i c i e n t s  from Pasqui 11 (1961 ) and G i  f f o r d  (1 961) 
Neut ra l  d ispers ion  c o e f f i c i e n t s  used f o r  a1 1  n e u t r a l  and s t a b l e  classes 
No p r o v i s i o n  f o r  v a r i a t i o n s  i n  sur face roughness 
Never considers stab1 e  cases, hence never deals w i t h  topographi c  e f f e c t s  

Rural mode: 
6  s t a b i  1  i ty classes ; : ~ u ~ n e r  (1 964) 
D ispers ion  c o e f f i c i e n t s  f rom P a s q u i l l  (1961 ) and G i f f o r d  (1961) 
Neut ra l  s t a b i l i t y  s p l i t  i n t e r n a l l y  i n t o  60% day; 40% n i g h t  (has 

no e f f e c t  on d i spe rs ion  c o e f f i c i e n t s ) ,  long-term mode o n l y  
No adjustments made f o r  v a r i a t i o n  i n  sur face roughness 



I .    he mi s t r y l  ~ e a c t i o n  Mechanism 

Exponential decay, user-input ha1 f l  i f e  

J .  Physical Removal 

Exponential decay, user-input ha1 f l  i f e  

VALLEY 

Not treated in any mode 

L .  Boundary Condi tions 
. . 

Lower boundary: perfect reflection 
Upper boundary: perfect reflection 

NeutraJ ; unstable conditions - mu1 t i ~ l e  reflections accounted 
for by summation of ser ies  

Stable conditions - ignores e f f ec t  of upper boundar>y, 
t r ea t s  only reflection from lower boundary. 

M .  E m i  ssion and Meteorological Correlation 

Wind speed, di rection, s tabi l  i ty correlated via wind  rose approach 
Emission ra te  not correlated w i t h  any other parameter 
Non-sequential ; limited correlation 
Mixing height adjusted according to stabi 1 i ty class 

Urban, long term: 
Class A - 1.5 x afternoon climatological value ' 
Class D (night) - 0.5 x afternoon climatological value 
Class E - assumes morninq climatoloqical value 

Rural , long term: 
Class D (night) - 0.5 x afternoon climatoloqical value 
Stable classes - ignores existence of any mixing height 

(assumes rlu 1 imi t )  
Short term calculations - i n p u t  value i s  ignored, only F 

stabi 1 i ty  i s  considered 

N .  Val i dation/Cal i brati.on . ' 

No' ca.1 i-bration option available.  
Some validation experience, b u t  1 imi ted'.documentation 

0. o u t p u t  

Long-term mode : 
Long-term arithmetic means, source contribution 1 i s t  fo r  

each receptor 
Short-term mode: 

Second highest 24-hour concentration, source contribution 
l i s t  fo r  each receptor 
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.4 Materials Distributed to  Participants Prior t o  the Conference 

I n  o r d e r  t o  p r e p a r e  t h e  i n v i t e d  p a r t i c i p a n t s  f o r  p r o d u c t i v e  

d e l i b e r a t i o n s ,  a number of l e t t e r s  and documents w e r e . d i s t r i b u t e d  a t  least 

two weeks p r i o r  t o  t h e  c o n f e r e n c e . .  T h i s  s e c t i o n  c o n t a i n s  a l i s t i n g  of t h e  

documents and r e p r o d u c t i o n s  of t h e  cor respondence .  

The d i s t r i b u t e d  documents were:  

1. A d r a f t  o f  t h e  "Guide l ine  on A i r  Q u a l i t y  Models and A s s o c i a t e d  

Data Bases: ,  Source  Receptor  A n a l y s i s  Branch,  MDAD, OAQPS, 

U.S. EPA, J a n u a r y  1977. 

2 .  " D e s c r i p t i o n s  of A i r  Q u a l i t y  Models and A b s t r a c t s  o f  

Ref  ertl.nce ~ a t c r i a l s "  , a notebook prepared  hy K .  ~ r u b a k e r  

and A.  Smith from EES/ANL w i t h  a s s i s t a n c e '  from t h e  s t a f f  

of OAQPSIEPA, d e s c r i b i n g  t h e  t e c h n i c a l  d e t a i l s  of t h e  

. models sugges ted  i v  t.he d r a f t  g u i d e l i n e ,  and. a b s t r a c t i n g  

t h e  r e f e r e n c e s  c i t e d  t h e r e i n .  

3 .  "Turbulent. D i f f u s i o n  - Typing Schemes: A Review", F. A .  

G i f f o r d ,  Nuc lea r  S a f e t y ,  Vol. 1 7 ,  No. 1, Jan.-Feb. 1976. 

4 .  "Atmospheric D i s p e r s i o n  P a r a m e t e r s  I n  Gaussian Plume 

Modeling" . 
P a r t  I - "Keview of C u r r e n t  Systems and P o s s i b l e  

F u t u r e  ~ e v e l o p m e n t s "  , A .  H . Weber , 
EPA-60014-76-030a, J u l y  1976. 

P a r t  I1 - " P o s s i b l e  Requirements f o r  Change i n  t h e  
Turner  Workbook Values" ,  F. P a s q u i l l ,  
EPA-60014-76-030b, J u n e  1976. 

Reproduc t ions 'o f  o t h e r  cor respondence  f o l l o w s :  



UdC AUA USERM 

ARGONNE NATIONAL LABORATORY 

We a r e  p l eased '~11a t  you have agreed t o  p a r t i c i p a t e  i n  a workshop f o r  
th2  peer-review o1 modeling g u i d e l i n e s  proposed by t h e  U.S. Environmental 
P r o t e c t i o n  Agency. W e  r e a l i z e  t h a t  your schedule i s  f u l l  and a p p r e c i a t e  
your w i l l i n g n e s s  t o  a s s i s t  i n  t h i s  important  t a s k .  

.The EPA Of f i ce  of A i r  Qua l i t y  Planning and Standards has prepared t h e s e  
modeling gu ide l ines  f o r  a p p l i c a t i o n  i n  t h e  review of new sources  under f e d e r a l  
r e g u l a t i o n s  such as those  governing prevent ion  of s i g n i f i c a n t  d e t e r i o r a t i o n  
and a s  a n  a i d  i n  t h e  r e v i s i o n  of S t a t e  Implementation P lans .  EPA as w e l l  a s  
t h e  S t a t e s  must f u l f i l l  t he se  important  review r e s p o n s i b i l i t i e s  now; t h e r e -  
f o r e ,  our  cha l lenge  is  t o  adv i se  on t h e  b e s t  approach t o  modeling a i r  q u a l i t y  
i n ~ p a c t s  w i th in  t h e  c u r r e n t  s t a t e  of t h e  a r t  and wi th  cons ide ra t ion  f o r  r equ i r ed  
d a t a  and resources .  A s  p a r t i c i p a n t s  i n  t h e  conference,  w e  should view t h e  
forthcoming d r a f t  gu ide l ines  as a well-considered a t tempt  by EPA t o  meet t h i s  
cha l l enge .  Hopeful ly,  ou r  e f f o r t s  w i l l  b u i l d  upon t h e i r  d r a f t  t o  produce t h e  
f  m a 1  ve r s ion .  

The conference w i l l  be  he ld  a t  ~ a r ' s o n  InnINordic  H i l l s  near  Chicago, 
I l S i n o i . ~ ,  from February 22-25, 197 7. A t e n t a r i v e  coil'ferencc schedu1.e and bro- 
chures  desc r ib ing  Nordic H i l l s  a r e  inc luded .  A s  you can  s e e ,  our  schedule is 
f u l i  b u t  t he  accomubdat'ions are e x c e l l e n t .  . 

. . 
Also enclosed is a r e g i s t r a t i o n  and housing form and a r e t u r n  envelope. 

P l e a s e  i n d i c a t e  t h e  n i g h t s  f o r  which you w i l l  r e q u i r e  lodging.  S ince  t h e  
conference does' no t  begin u n t i l  noon on Tuesday, February 22, you may f i n d  
i t  convenient  t o  a r r i v e  i n  Chicago on Tuesday morning. 

By February 8 you-should have rece ived  a copy of t h e  proposed guide- , 

ii.ne&' and background informat ion .  . Please  c o n t a c t  Donald Rote [(312) 739-7711 
e x t .  5266 o r  FTS 388-5266] o r  A lbe r t  Smith [(312) 739-7711 - e x t  . 3259, 3240 o r  
FTS 388-3259,. 32401 i f  you have n o t  rece ived  t h e  m a t e r i a l  by t h i s  d a t e . .  

9700 South Cass Avenue, Argonne, Illinois 60439 . Telephone 312-739-7711 TWX 910-258-3285 WUX LB, Argonne, Illinois 



The c o s t s  of rooms and scheduled meals w i l l  b e  paid d i r e c t l y  by t h e  
sponsors .  To cover t h e  c o s t  of meals o u t s i d e  t h e  conference ,  per  diem of 
up t o  $15/day w i l l  be paid t o  e l i g i b l e  p a r t i c i p a n t s .  A s  government agenc ies ,  
we cannot make c a s h .  advances.  Forms f o r  reimbursement of a l l owab le  expenses 
( a i r  f a r e s ,  ground . t r a n s p o r t a t i o n ,  and o t h e r  conf ererice r e l a t e d  expenses) 
w i l l  be  a v a i l a b l e  a t ' t h e  conference .  P l e a s e  n o t e  t h a t  r e c e i p t s  a r e  r e q u i r e d  
and t h a t  government employeis can be  reimbursed o n l y  i f  t h e i r  expenses a r e  n o t  
covered by t h e i r  agenc i e s .  I I f  you wish u s  t o  purchase your a i r l i n e  t i c k e t s  
i n  advance, p l e a s e  f i l l ,  o u t  and r e t u r n  t h e  a t t a c h e d  ''Request For A i r l i n e  
Ticket" .  W e  must r e c e i v e  t h e s e  t i c k e t  r e q u e s t s  b e f o r e  February 4 .  

. . 

I n  a d d i t i o n  t o  t h e  e.xpenses noted above; you w i l l  b e  pa id  an  honorarium 
of $150.00 per  conference day. 

. . 

A l i s t  of a t t e n d e e s  has  been included f o r  your inforrimtion. 

Again, l e t  m e  express 'my s i n c e r e ' a p p r e c i a t i o n  f o r  your a t t endance  a t ,  
t h e  conference;  W i t h  your suppor t  I f e e l  s u r e  t h a t  . t h e  conference  w i l l  y i e l d  
a workable s e t  of  g u i d e l i n e s .  

Very t r u l y  yours;  

John J .  Roberts  
Energy and Environmental Systems Div i s ion  

. . 
J JR /b l t  . ,  . 

at tachments-  



Dear 

I wish t o .  thank you f o r  accepting an i n v i t a t i o n  t o  pa r t i c i pa te  
i n  the Modeling Workshop and he lp ing u s  . to develop more uni form and 
cons is tent  modeling guidance. 

The choice o f  ana l y t i ca l  procedures t o  assess envi ronmental 
impacts has become a s i g n i f i c a n t ,  and o f t en  the paramount, issue i n  J 

the admini s t r a t i  on o f  the  new source, nonattainment , and prevention 
o f  s i g n i f i c a n t  de te r i o ra t i on  p o l i c i e s  . I be1 l eve  t ha t  we have gathered 
a d is t ingu ished and balanced group o f  s c i e n t i s t s  t o  consider t h i s  
important  problem. Cer ta in ly  the group represents a broad spectrum o f  
i n t e res t s  and concerns. But more important, you and o ther  par t i c ipan ts  
are recognized no t  on l y  f o r  your s c i e n t i f i c  competence, bu t  f o r  your 
appreciat ion and depth o f  understanding o f  the nature o f  the problems 
t h a t  a r i se  i n  administer ing a nat iona l  environmental program. 

I wish you success and have asked my s t a f f  and t h e i r  associates 
a t  Argonne National Laboratory t o  do whatever i s  necessary t o  he1 p 
you make the workshop a success. 

Sincerely yours, 

Walter C. Barber: - .  

D i  r e c t o r  
' o f f i ce .  o f  A i r  Q u a l i t y  Planning 

and Standards 
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ARGON N E NATIONAL LABORATORY 
- February 3 ,  ,1977 

TO : Conference P a r t i c i p a n t s  

FROM : John J. Roberts f l  
SUBJECT: Background Mate r i a l  f o r  Conference on EPA Modeling Guidel ines  

Enclosed p l e a s e  f i n d  some informat ion  which you w i l l  f i n d  of u s e  
i n  prepar ing  f o r  t h e  upcoming Conference on EPA Modeling Guideline: a 
d r a f t  of t h e  g u i d e l i n e  i t s e l f ;  d e s c r i p t i o n s  of t h e  models suggested f o r  u s e  ' 

i n  the g u i d e l i n e ;  and exce rp t s  from t h e  r e f e rences  c i t e d  i n  t h e  gu ide l ine .  
Seve ra l  a d d i t i o n a l  r e f e r e n c e s  w i l l  b e  s e n t  under s e p a r a t e  cover .  

I f  you in t end  t o  propose a l t e r n a t e  models o r  submodels f o r  
c o n s i d e r a t i o n  by t h e  conference,  it would be  most h e l p f u l  i f  you could ' 

document your p o s i t i o n  i n  a format similar t o  t h a t  used i n  Sec. 2 of 
t h e  enclosed Desc r ip t ions  of A i r  Q u a l i t y  Models and Abs t r ac t s  of R~ . f e rencc  
Materials. Th i r ty - f ive  (35) cop ie s  should s u f f i c e  f o r  t h e  conference 
p a r t i c i p a n t s ;  w e  w i l l  a l s o  have copying f a c i l i t i e s  a v a i l a b l e  on t h e  
premises  a t  t h e  conference.  I n  a d d i t i o n  we w i l l  b e  a b l e  t o  make 8% x 11 
viewgraphs. An overhead p r o j e c t o r  f o r  t h e  viewgraphs and a 2 x 2 s l i d e  
p r o j e c t o r  w i l l  a l s o  b e  a v a i l a b l e .  

I 

I We look  forward t o  meeting w i t h  you and t o  d i s c u s s i n g  your i d e a s  
f o r  improving t h e  gu ide l ines .  

JJR: t b  . . 
, . . . 

Enclosures  

'00 South Cass Avenue, Argonne, Illinois 60439 Telephone 312-739-7711 TWX 910-258-3285 . WUX LB, Argonne, Illinois 



ARGONNE NATIONAL LABORATORY 
February 4 ,  1977 

TO : P a r t i c i p a n t s  i n  t he  S p e c i a l i s t  Conference on EPA Modeling ~ u i d e l i n e  

FROM: John J. Roberts  

SUBJECT: P o t e n t i a l  Conference I s s u e s  ' .  , 

We have some addi t iona l*  informat ion  which may b e  of u s e  t o  you 
in. connect ion wi th  t h e  up-coming S p e c i a l i s t  Confei-ence on EPA ~ b d e l i n ~  Guidel ine.  
A number of i s s u e s  and question's a r e  l i k e l y  t o  arise a s  you review t h e  
d r a f t  and d i s c u s s  i t  w i t h  your co l l eagues .  Without focus ing  a t t e n t i o n  on 
s p e c i f i c s  and without  t h e  i n t e n t i o n  of b i a s i n g  your t h ink ing ,  we have 
prepared a  l i s t  of p o t e n t i a l  i s s u e s .  This  l i s t  is  c e r t a i n l y  not  complete 

< .  

and we welcome a d d i t i o n s  o r  o t h e r  mod i f i ca t ions .  Furthermore, we do n o t  
expect  t o  d i s c u s s  each of t h e s e  i s s u e s  i n  d e t a i l  u n l e s s  t h e  p a r t i c i p a n t s  
f e e l  such d i s c u s s i o n  is  warranted.  The i s s u e s  i d e n t i f i e d  s o  f a r  f a l l  
i n t o  t h r e e  c a t e g o r i e s  : 

1 )  P o l i c y  I s s u e s  

2 )  Guide l ine  Contents  

3 )  Guidel ine  Formar o r  S t r u c t u r e  

-The major o b j e c t i v e  o f  t h e  conference i s ,  of course ;  n o t  t o  ' 

sbnply i d e n t i f y  i s s u e s  b u t  t o  reach  consensus regard ing  t h e  g u i d e l i n e  
i t se l f .  Th i s  consensus could presumably t a k e  one o r  more of t h e  fo l lowing  
forms a s  app ropr i a t e :  . . 

. 1) S ta tements  regard ing  t h e  adequacy of t he  g u i d e l i n e  i n  
terms of t h e  i s s u e s  (ma jo r i t y  and minor i ty  opin ions  may evolve) . 

2) ~ecommendations o f .  s p e c i f i c  changes and a d d i t i o n s  o r  d e l e t i o n s  
t o  t h e  g u i d e l i n e  inc luding  bo th  t h e  content  and format t h e r e o f .  

3 )  I d e n t i f i c a t i o n  of i s s u e s  which a r e  regarded as important  bu t  
which can n o t  be adequate ly  addressed a t  t h i s  t ime because of 
incomplete  informat ion  o r  o t h e r  c o n s t r a i n t s .  

Again, we look  forward t o  meeting w i t h  y,ou and t o  a  f r u i t f u l  
c ~ i i f  ererlce. 

J J R :  t b  

*A cop)' of t h e  d r a f t  g u i d e l i n e  along wi th  o t h e r  m a t e r i a l s  i s  being s e n t  
under s e p a r a t e  cover .  

9700 South Cass Avenue, ~rgonne, Illinois 60439 . Telephone 312-739-771'1 TWX 910-258-3285 - WUX LB, Argonne, Illinois 



. . P o t e n t i a l  .con£ erence  1s sues  

1. Pol icy  i s s u e s  

1.1 What should be  t h e  limits of t h e  d i s c r e t i o n a r y  powers of u se r s?  

.I.. 2 The w i l l  be  s u b j e c t  t o  a p e r i o d i c  review and updat ing  
process .  What should b e  t h e  form and per iod  of review? 

1 . 3  Which concen t r a t ion  estimates should be  used f o r  s p e c i f i c  po l i cy  
ques t ions?  That is ,  which s h o r t . t e r m  es t ima te  (h ighes t ,  2nd h i g h e s t ,  
e t c . )  shou ld  b e  used f o r  SIP and NSR? 

1.4,  Should pragmatic cons ide ra t ions  (computer and/or  manphwar cos t  and 
time) e n t e r  i n t o  m ~ d e l  cho ice  guldatice'! 

2.  Appl ica t ions  ( o r  problems a s s o c i a t e d  wi th  s p e c i f i c  a p p l i c a t i o n s )  

2 .1 Fea tures  which a r e  a s s o c i a t e d  wi th  s p e c i f i c  a p p l i c a t i o n s  ( f o r  
gene ra l  l i s t  of such f e a t u r e s  s e e  t h e  t a b l e  i n  Sec. 1 of t h e  
notebook prepared .by ANL) . . ' , . ' 

2.2 Importance of each of t h e s e  f e a t u r e s  ' f o r  s p e ~ i f  i c  a p p l i c a t i o n s  ' 
. a n d . t h e  requirements  f o r  accuracy of t rea tment  by models. 

2 .3 C r i t e r i a  f o r  ' decid ing  whether ' f ea tu re s .  such a s  downwash, 'complex 
t e r r a i n ,  anomalous meteocological  cond i t i ons ,  e t c . ,  deserve  
s p e c i a l  t rea tment .  . . 

3.' ~ ~ i t a b i l i t ~ ' . ' o f -  models s p e c i f i e d  i n  t h e  g u i d e l i n e  and c r i t e r i a  f o r  
s e l e c t i n g  a l t e r n a t i v e s  o r  updat icg  

. . 

3.1  Matching models t o  a p p l i c a t i o n  requirements  ( q u a l i t a t i v e  
cons ide ra t ions )  

3.2 Accuracy de termina t ion  .and s p e c i f i c a t i o n  

- What measures of accuracy should .be ,used . ,  How should they  
be  determined.? . . 

' - What c o n s t i t u t e s  accep tab le  v a l i d a t i o n ?  ('purpose, procedures ,  
, documentat ion)  

- C a l i b r a t i o n  ,- What, r o l e  should -it play?  , ,  

What' method(s) should be  used? . . ' 

criteria f o r  use?. 
. . 

3 . 3  c r i t e r i a  f o r  a ~ c e p t a b i ~ i t y  of a l t e r n a t x v e s  t o  t h e  proposed .models 
, o r  p o r t i o n s  thereof.?. " 



I .  Spec ia l i zed  t e c h n i c a l  i s s u e s  

4 . 1  C h a r a c t e r i z a t i o n  of t u r b u l e n t  d i f f u s i o n  

4.1.1 Typology of r e g e e s  
4.1 .2  Algorithms w i t h i n  each regime 

a .  

4 . 2  Bouildary cond i t i ons  

4.3 Formation and l o s s  mechanisms - guidance on when t o  worry and 
,how t o  d e a l  w i t h  

4 .4  Est imat ioi l  of shor t - te rm c o n c e n ~ r a t i o n s  
I 

4.4.1 Calc111.ations of multi-hour canc tmt ra t i ons  
4.4.2 S t a t i s t i c s  of 2nd h i g h e s t  v a l u e  
4.4.3 S u i t a b i l i t y  of peak-to-mean r a t i o  technique 

4 .5  R e c e p t o r , p o i n t s :  d e n s i t y ,  l o c a t i o n ;  g r i d  o r  c e l l  s i z e  

5.. Data requi rements  - Representa t iveness  ( l o c a t i o n ,  d u r a t i o n ) ;  Accuracy 
(sampling method, q u a l i t y  c o n t r o l )  . 

5 . 1  Air q u a l i t y  d a t a  

- Back.ground. e s t ima t ion  

' - Model v a l i d a t i o n  

- Model c a l i b r a t i o n  

5 . 2  Meteorological  d a t a  

5 . 3  E~niss ion  d a t a  

- Temporal. and s p a t i a l  resa lu t ion . ,  accuracy 

6 .  S t r u c t u r e  and con ten t  ,of  g u i d e l i n e  

1 Appendices - Summary and/or  documentation of .models?  

5 .  :! Guide l ines  f o r  m o d e l i ~ ~ g  photochemical. smog? 
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