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SUMMARY 

Regional impacts assoc ia ted  w i t h  t he  "poss ib l e "  near - te rm scena r i o  o f  coa l -  

f i r e d  e l e c t r i c a l  genera t ion  and coa l  g a s i f i c a t i o n  development i n  t h e  P a c i f i c  

Nor thwest  have been analyzed. Th i s  a n a l y s i s  i s  based on Federal  New Source 

Performance Standards (IVSPS) and a  r e g i o n a l  s c a l e  t r a n s p o r t ,  t r a n s f o r ~ i l a t i o n  

and removal model f o r  SO2, s u l f a t e s ,  p a r t i c u l a t e s ,  and NOx Resu l t s  show t h e  

f o l  l ow ing :  

Wi th  r espec t  t o  t h e  Na t i ona l  Ambient A i r  Qua1 i t y  Standards (NAAQS), no 

s i g n i f i c a n t  incrementa l  amounts o f  SO2, p a r t i c u l a t e s ,  o r  NOx a r e  added 

t o  t h e  background l e v e l  o f  r e g i o n a l  a i r  concen t ra t i ons  beyond t h e  

immediate v i c i n i t y  o f  t h e  p l a n t .  Na t i ona l  s tandards have n o t  been 

e s t a b l  i shed  f o r  s u l f a t e s ,  a1 though t h e  S t a t e  o f  Montana has es tab l  i shed  

i t s  own s tandards.  Here, t h e  model ing shows t h a t  t h e  amounts added by 

new c o a l - f i r e d  power p l a n t s ,  i n  a d d i t i o n  t o  a1 1  e x i s t i n g  s u l f u r  e m i t t e r s ,  

may approach t h e  l i m i t  s e t  f o r  maximum a l l owab le  s u l f a t e  concen t ra t i ons  

i f  emissions a r e  as h i g h  as t h e  NSPS. NSPS 1  i m i t s  SO2 emissions t o  l e s s  

than 1.2 1  b/106 B tu  f i r e d .  I n  ac tua l  p r a c t i c e ,  emiss ions may be con- 

s i d e r a b l y  l e s s  e i t h e r  due t o  t h e  combustion o f  l ow  s u l f u r  coa l  o r  t h e  

a p p l i c a t i o n  o f  c o n t r o l  technology.  Th i s  r e s u l t  has - important - impl ica- 

t i o n s  on t h e  s i t i n g  o f  f u t u r e  a d d i t i o n a l  p l a n t s  i n  t h i s  s t a t e .  

There were g e n e r a l l y  h i g h e r  a i r  concen t ra t i ons  o f  a l l  p o l l u t a n t s  i n  J u l y  

and October, m a i n l y  due t o  lower  mean wind s ~ e e d s .  A i r  concen t ra t ions  

a r e  g e n e r a l l y  l owe r  i n  A p r i l  and December because o f  g r e a t e r  mean wind 

speeds and p r e c i p i t a t i o n  scavenging. 

Topography i n f l u e n c e s  t h e  c o n c e n t r a t i o n  p a t t e r n s  o f  a1 1  po l  1  u t a n t s .  

Most ly ,  these p a t t e r n s  r e f l e c t  t h e  wind f l o w  c h a r a c t e r i s t i c s  i n  t h e  

v i c i n i t y  of t h e  source b u t  a r e  m o d i f i e d  by wet and d r y  removal processes. 

S u l f a t e  concen t ra t i ons  and depos i t i ons  decrease much more s l o w l y  w i t h  

d i s t ance  f rom t h e  source than  SO2 concen t ra t i ons  and depos i t i ons ,  p r i -  

m a r i l y  due t o  t h e  t ime  l a g  i n v o l v e d  i n  t h e  chemical  t r ans fo rma t i on  and 



t o  d i f f e r e n c e s  -in t h e  re~ i lova l  mechanisms. Beyond d i s t a n c e s  o f  50 t o  

100 km, s u l f a t e  c o n c e n t r a t i o n s  g e n e r a l l y  exceed SO2 c o n c e n t r a t i o n s .  

Concen t ra t ion  p a t t e r n s  o f  NOx resemble those  o f  SO2, whereas concent ra-  

t i o n  p a t t e r n s  o f  p a r t i c u l a t e s  resemble those o f  s u l f a t e .  Removal r a t e s  

f o r  NO, a r e  assumed t o  be s i m i l a r  t o  those  o f  SO2, w h i l e  t h e  removal 

r a t e s  f o r  p a r t i c u l a t e s  a r e  assumed t o  be s i m i l a r  t o  those  o f  s u l f a t e s .  

For  s u l f u r  sources l o c a t e d  i n  b a s i n s  bordered o r  sur rounded by mountain-  

ous t e r r a i n  (e.g. , Puget Sound, Columbia Basin,  Snake R i v e r  Val l e y ) ,  a  

m a j o r  p o r t i o n  o f  t h e  s u l f u r  emiss ions a r e  d e p o s i t e d  o n t o  t h e  t e r r e s t r i a l  

env i ronment  as SO2 and s u l f a t e s .  Over t h e  Grea t  P l a i n s  o f  Montana and 

Wyoming, t h e r e  i s  c o n s i d e r a b l y  l e s s  d e p o s i t i o n  and a l a r g e r  p o r t i o n  o f  

t h e  SO2 e m i t t e d  remains i n  t h e  a i r  as s u l f a t e  t o  be t r a n s p o r t e d  o u t  o f  

t h e  r e g i o n .  

The f r a c t i o n  o f  SO2 d e p o s i t e d  i s  s u b s t a n t i a l l y  d i f f e r e n t  between t h e  

J u l y  and December pe r iods ,  p r i m a r i l y  as a  r e s u l t  o f  t h e  seasonal v a r i a -  

t i o n s  i n  p r e c i p i t a t i o n .  I n  d r y  r e g i o n s ,  a p p r o x i m a t e l y  45 t o  60% o f  t h e  

SO2 e m i t t e d  i s  d e p o s i t e d  as SO2 (depending on t h e  su r round ing  t e r r a i n ) ,  

w h i l e  i n  wet r e g i o n s  75% o r  more may be depos i ted .  

2  
As much as 1  g/m -yr o r  more, which i s  a p p r o x i m a t e l y  10 1  b /acre-yr ,  o f  

s u l f u r  ( i n  t h e  form o f  b o t h  SO2 and s u l f a t e s ) ,  can be depos i ted  o n t o  t h e  

t e r r e s t r i a l  env i ronment  i n  t h e  v i c i n i t y  o f  a  l a r g e  power p l a n t .  

The most s i g n i f i c a n t  i nc reases  i n  ambient a i r  c o n c e n t r a t i o n s  and s u r f a c e  

d e p o s i t i o n  r e s u l t i n g  f r o m  t h e  " p o s s i b l e "  near - te rm development s c e n a r i o  

w i l l  be i n  t h e  n o r t h e r n  Grea t  P l a i n s ,  t h e  Snake R i v e r  c alley,'^) and i n  

e a s t e r n  Washington and Oregon. 

(a)  The impact  i n  t h e  Snake R i v e r  V a l l e y  i s  due t o  t h e  proposed P ioneer  Power 
P l a n t .  However, r e c e n t l y  t h e  Idaho P u b l i c  U t i l i t i e s  Commission den ied a  
c o n s t r u c t i o n  p e r m i t  f o r  t h i s  f a c i l i t y .  
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REGIONAL A I R  QUALITY ASSESSMENT FOR PROBABLE NEAR-TERM 

COAL-RELATED ENERGY DEVELOPMENT I N  THE NORTHWEST 

David S. Renne and Dennis L. E l l i o t t  

The combined impacts on regional a i r  qual i ty  and t e r re s t r ia l  
environments i n  the Pacif ic Northwest of  the  United States  from 
S02, su l fa tes ,  particulates,  and NOx emissions associated with a 
"possible" near-tern scenario o f  coal-fired e lec t r ica l  generation 
development has been i n i t i a l l y  assessed. This assessment i s  based 
on Federal New Source Perfomnance Standards and uses a regional 
scale transport model. Dry deposition, precipitation scavenging, 
and chemical transformation processes are incorporated i n t o  the 
model. The e f f e c t s  of  surface roughness and topography on d r y  
removal rates  are simulated by varying the  deposition veloci ty  
over d i f f e ren t  t erra in  types.  The analysis of ground level  a i r  
concentrations and surface depositions from major ex i s t ing  and 
proposed coal-f ired power plants and gasi f icat ion plants i s  based 
on approximately 1 month's wind data for each season i n  1974.  
Results  show no s igni f icant  amounts of SO2, particulates,  or NOX 
added t o  the  background leve l s  wi thin  the region with respect t o  
the  National Ambient A i r  Qual i ty  Standards. Most of  the SO2 
emitted i s  e i ther  deposited wi thin  the region or transported out 
of  the region as sul fates .  The model shows largest  average con- 
centrations for the summer and fal l  periods, primarily due t o  
l i gh t e r  wind speeds. Seasonal variations i n  the transport 
patterns and topographical influences are apparent from the 
analyses. The "possible" developmental sequence over the  next 
decade shms  the  largest  increases i n  a i r  concentration and 
surface deposition due t o  n m  coal-fired f a c i l i t i e s  t o  occur i n  
the northern Great Plains, the  Snake River Valley, and i n  eastern 
Washi~lgton and Oregon. 

1 . INTRODUCTION 

The Northwest holds many l a r g e  energy resources and cou ld  become one o f  

t he  major energy-producing sec tors  o f  t h e  country .  Large, r e l a t i v e l y  untapped 

1 ow-sul f u r  coal reserves e x i s t  i n  Montana, Wyoming, and A1 aska ; an abundance 

of h y d r o e l e c t r i c  power has a l ready  been e x p l o i t e d  i n  Washington, Oregon and 

Idaho; s i t e s  f o r  l a r g e  nuc lea r / f oss i l  power parks a re  under development o r  

proposed i n  t h e  Columbia Basin Region; and t h e  trans-Alaskan pipe1 i n e  w i l l  



soon be t r a n s p o r t i n g  crude o i l  t o  southern p o r t s  i n  Alaska t o  be t r anspo r ted  

and r e f i n e d  i n  t h e  lower  48 s t a t e s .  Never the less,  t h i s  seemingly abundant 

energy p i c t u r e  i s  compl icated by a  r a p i d  popu la t i on  growth i n  c e r t a i n  reg ions ,  

con t inued  development o f  energy- in tens ive  i n d u s t r i e s  , p o t e n t i a l  c u r t a i  1  ment 

o f  Canadian crude o i l  and n a t u r a l  gas supp l i es  t o  t h e  reg ion ,  nuc lea r  and 

h y d r o e l e c t r i c  mo ra to r i  ums , and delays i n  f o s s i  1  power p l a n t  p roduc t i on .  The 

s i t u a t i o n  i s  f u r t h e r  cornpl icated by a  s t r ong  d e s i r e  t o  preserve,  as much as 

poss ib l e ,  t h e  n a t u r a l  environment o f  t h e  d i v e r s e  and spec tacu la r  scenery and 

l i f e s t y l e  o f  t h i s  s e c t o r  o f  t h e  Un i t ed  S ta tes .  Th is  complex energy p i c t u r e  

i s  be ing  examined a t  t h e  B a t t e l l e ,  P a c i f i c  Northwest Labo ra to r i es  through t h e  

Regional  Assessment Program f o r  t h e  s i x - s t a t e  r e g i o n  (A1 aska, Washington, 

Oregon, Idaho, Montana and Wyoming). The environmental  consequences o f  these  

va r i ous  energy development scenar ios a r e  be ing  s tud ied  as a  major  component 

o f  t h e  program. 

One o b j e c t i v e  o f  t h e  a i r  q u a l i t y  p o r t i o n  o f  t h i s  r e g i o n a l  s tudy  i s  t o  

develop emiss ion es t imates  t o  t h e  yea r  2020 f o r  va r i ous  development scenar ios  

and t o  app ly  t h e  geographic d i s t r i b u t i o n  of these emissions t o  a  r e g i o n a l  

s c a l e  t r a n s p o r t ,  t r ans fo rma t i on  and removal model. Wi th  an emphasis on p ro -  

v i d i n g  i n f o r m a t i o n  f o r  a  coal  u t i l i z a t i o n  assessment, t h e  f i r s t  phase o f  t h i s  

c o n t i n u i n g  program has concent ra ted  on reg iona l  impacts assoc ia ted  w i t h  emis- 

s i ons  from e x i s t i n g  and proposed c o a l - f i r e d  power p l a n t s .  An i n i t i a l  a i r  

q u a l i t y  assessment o f  t h e  reg iona l  impacts due t o  c o a l - r e l a t e d  s u l f u r  emis- 

s i ons  has been descr ibed  p r e v i o u s l y .  ) Since then, r e v i s i o n s  and re f inements  

i n  t h e  model i n g  capab i l  i t y ,  a n a l y t i c a l  techniques,  and emissions i n v e n t o r y  

have been added. For  example, topography e f f e c t s  have been b e t t e r  incorpo-  

r a t e d  by i n c r e a s i n g  t h e  d e n s i t y  o f  t h e  upper a i r  network u t i l i z e d  by t h e  

model, by examining t h e  f l o w  c h a r a c t e r i s t i c s  a t  each meteoro log ica l  s t a t i o n  

t o  determine t h e  most r e p r e s e n t a t i v e  1  ayer  f o r  r eg iona l  po l  1  u t a n t  t r a n s p o r t  

(some o f  t h e  s t a t i o n s  may be i n  r e s t r i c t e d  v a l l e y s  o r  s h e l t e r e d  l o c a t i o n s ) ,  

and by v a r y i n g  t h e  d e p o s i t i o n  v e l o c i t y  over  d i f f e r e n t  t e r r a i n  f ea tu res .  Fur-  

t h e r ,  4  months of  upper a i r  data, one i n  each season o f  1974, have been used 

t o  es t ima te  annual average concen t ra t i ons .  



Ground-level  a i r  concen t ra t ions  and sur face  depos i t i ons  of  f o u r  p o l l u -  

t an t s - - su l  f u r  d i o x i d e  (SO2), su l  f a t e s "  (SO;), n i t r o g e n  ox ides  (NO,), and 

pa r t i cu l a tes - -have  been computed f o r  e x i s t i n g  and proposed c o a l - f i r e d  power 

p l a n t s  and coal  g a s i f i c a t i o n  i n  t h e  Northwest (exc l  ud ing  A laska) .  Federal New 

Source Performance Standards (NSPS) a r e  t he  upper l i m i t  on pe rm iss ib l e  

emissions. 

Th is  paper focuses on t h e  model ing techniques and model r e s u l t s  o f  t h e  

impacts on r e g i o n a l  a i r  q u a l i t y  and t he  t e r r e s t r i a l  environment expected f rom 

a  "poss ib l e "  near-term coal  e l e c t r i c  genera t ion  development i n  t he  n e x t  decade. 

It a l s o  assesses t h e  e f f e c t s  o f  proposed amendments t o  t he  Federal  Clean A i r  

A c t  on coal  development and u t i l i z a t i o n  w i t h i n  t h e  reg ion .  



2. REGIONAL MODELING 

A  r e g i o n a l  s c a l e  t r a n s p o r t ,  t r ans fo rma t i on ,  and removal model developed 

by Wendel 1  , e t  a1 .('I i s  be ing  u t i l i z e d  t o  o b t a i n  es t imates  o f  ground- leve l  

a i r  concen t ra t i ons  and su r f ace  d e p o s i t i o n  o f  SO2, SO;, NOx and p a r t i c u l a t e s  

f o r  t h e  Nor thwest .  The model has been m o d i f i e d  t o  i n c o r p o r a t e  mu1 t i p 1  e  

source l o c a t i o n s  th roughou t  t h e  Nor thwest  so t h a t  a i r  q u a l i t y  impacts f rom 

any combina t ion  o f  scenar ios ,  e.g., emiss ion s t r eng ths  and source l o c a t i o n s ,  

may be eva l  uated . 
Transpor t  o f  t h e  e f f l u e n t s  i s  determined f rom t h e  s p a t i a l  and temporal 

v a r i a t i o n s  o f  t h e  observed upper l e v e l  rawinsonde and p i b a l  winds i n t e r p o -  

l a t e d  t o  a  u n i f o r m l y  spaced g r i d  ove r  t h e  r e g i o n .  The winds a r e  averaged 

ove r  any g i ven  s p e c i f i e d  l a y e r  t o  p rov i de  a  " layered-average"  t r a n s p o r t ,  and 

g r i dded  w ind  f i e l d s  a re  produced f o r  each hour  by i n t e r p o l a t i n g  between t h e  

r o u t i n e  12-hour obse rva t i ons .  P o l l u t a n t  t r a n s p o r t  i s  s imu la ted  by a  con- 

t i n u o u s  plume c e n t e r l i n e  approximated by a  s e r i e s  o f  massless p a r t i c l e s  

r e l eased  1  /hour  f r om  se lec ted  source 1  oca t i ons .  An exampl e  o f  computer 

p l o t s  o f  s i rnu la ted plumes i s  shown i n  F i g u r e  1.  Average g round- leve l  a i r  

concen t ra t i ons  and su r f ace  depos i t i ons  a r e  computed by sampl ing t h e  plumes 

ove r  an a r r a y  o f  g r i d  squares.  

The v e r t i c a l  d i s p e r s i o n  parameter, oZ, i s  es t imated  f rom B r i g g s '  fo rmu la -  

t i o n ~ , ( ~ )  which a r e  m o d i f i e d  i n  t h i s  r e g i o n a l  assessment t o  l i m i t  t h e  v e r t i c a l  

d i f f u s i o n  ove r  l o n g  t r a v e l  d i s t ances .  As an op t i on ,  a  l i d  t o  t h e  v e r t i c a l  

m i x i n g  such as t h a t  imposed by an e l eva ted  i n v e r s i o n  may be s p e c i f i e d .  A  

model v e r s i o n  i s  c u r r e n t l y  be ing  developed which w i l l  account  f o r  d i u r n a l  

changes i n  t h e  m i x i n g  h e i g h t  and s t a b i l i t y .  

H o r i z o n t a l  d i s p e r s i o n  about t h e  plume c e n t e r l i n e  i s  accounted f o r  by t h e  

s p a t i a l  and temporal  v a r i a t i o n s  i n  t h e  wind f i e l d ,  us i ng  t h e  techniques o f  

p rev ious  i n v e s t i  ga t i ons .  ( 4 )  However, t h e  model has t h e  o p t i o n  o f  app rox i -  

mat ing  t h e  h o r i z o n t a l  d i s p e r s i o n  parameter as a  f u n c t i o n  o f  t r a v e l  d i s t a n c e  

and s t a b i l i t y  c l a s s ,  a l though  use of t h i s  c a p a b i l i t y  i nc reases  computer t ime  

by a  f a c t o r  o f  f o u r .  



FIGURE 1. Plume P o s i t i o n s  Shown a t  12-hour I n t e r v a l s  f r om  S i x  
E x i s t i n g  and Proposed Coa l -F i red  Power P l a n t s  f o r  a  
Release S t a r t i n g  a t  0000 GMT A p r i l  2, 1974 



A  l i n e a r  o x i d a t i o n  r e a c t i o n  r a t e  i s  assumed f o r  t h e  t r a n s f o r m a t i o n  o f  SO2 

t o  s u l f a t e .  T h i s  r e a c t i o n  r a t e  i s  s p e c i f i e d  as model i n p u t .  As more e x p e r i -  

menta l  d a t a  become a v a i l a b l e ,  t h e  e f f e c t s  of  n o n l i n e a r  f a c t o r s  such as r e l a -  

t i v e  h u m i d i t y  on t h e  t r a n s f o r m a t i o n  r a t e  w i l l  be cons ide red  f o r  i n c o r p o r a t i o n  

i n  t h e  model . 
Removal o f  p o l l u t a n t s  by  d r y  d e p o s i t i o n  depends on many f a c t o r s ,  such as 

roughness h e i g h t ,  v e g e t a t i o n  sur faces,  and w i n d  speed. However, i n s u f f i c e n t  

exper imen ta l  da ta  e x i s t  t o  account  p r o p e r l y  f o r  these  processes i n  t h e  model, 

so  t h a t  d e p o s i t i o n  v e l o c i t i e s  f o r  each p o l l u t a n t  a r e  s p e c i f i e d  as model i n p u t .  

The model u t i l  i z e s  t h e  techn iques  o f  sou rce  d e p l e t i o n ,  a  somewhat l e s s  r e a l -  

i s t i c  b u t  n e v e r t h e l e s s  s i m p l e r  method t h a n  t h e  techn iques  o f  s u r f a c e  

d e p l e t i o n .  ( 5  1 

Scavenging o f  a i r b o r n e  SO2 and s u l f a t e  i s  determined f rom:  

where $ i s  t h e  r e d u c t i o n  o f  t h e  source emiss ion  r a t e  due t o  p r e c i p i t a t i o n  

scavenging,  h i s  t h e  washout c o e f f i c i e n t  and t i s  t h e  plume t r a v e l  t i m e  d u r i n g  

t h e  p r e c i p i t a t i o n  ep isode .  The washout c o e f f i c i e n t  i s  d i r e c t l y  p r o p o r t i o n a l  

t o  t h e  p r e c i p i t a t i o n  r a t e .  Thus, p o l l u t a n t  scavenging i s  e s t i m a t e d  by  a  

source  d e p l e t i o n  t e r m  i n  a  manner s i m i l a r  t o  d r y  d e p o s i t i o n .  The model i s  

des igned t o  use e i t h e r  t ime-averaged o r  g r i d d e d  h o u r l y  p r e c i p i t a t i o n  da ta .  

A1 though t h e  more r e a l  i s t i c  approach i s  t o  use h o u r l y  p r e c i p i t a t i o n  da ta ,  

t h e s e  d a t a  a r e  n o t  c u r r e n t l y  a v a i l a b l e  i n  a  fo rm t h a t  can be r e a d i l y  c o n v e r t e d  

f o r  use i n  a  l o n g - t e r m  assessment model. The e f f e c t s  o f  r e a l - t i m e  versus t i m e -  

averaged p r e c i p i t a t i o n  r a t e s  on SO2 and s u l f a t e  removal have p r e v i o u s l y  been 

and t h e  r e s u l t s  i n d i c a t e  t h a t  t h e r e  i s  more t o t a l  removal w i t h  

t ime-averaged p r e c i p i t a t i o n  d a t a  b u t  g r e a t e r  we t  d e p o s i t i o n  i n  l o c a l i z e d  areas 

w i t h  h o u r l y  p r e c i p i t a t i o n  d a t a .  

A l though  t o p o g r a p h i c  e f f e c t s  on plume t r a n s p o r t  a r e  n o t  i n c o r p o r a t e d  i n t o  

t h e  model e x p l  i c i  t l y ,  t h e  s y n o p t i c  s c a l e  w i n d  does r e f l e c t  imp1 i c i  t l y  l a r g e -  

s c a l e  t o p o g r a p h i c  f e a t u r e s .  More r e a l  i s t i c  methods o f  a p p r o x i m a t i n g  t h e  

e f f e c t s  o f  topography on t h e  t r a n s p o r t  and d e p o s i t i o n  o f  p o l l u t a n t s  o v e r  t h e  

complex t e r r a i n  o f  t h e  Nor thwes t  a r e  e x p l a i n e d  l a t e r  i n  t h i s  r e p o r t .  



REGIONAL EMISSION INVENTORY 

A  s u l  f u r  e m i s s i o n  i n v e n t o r y  i s  b e i n g  developed f o r  t h e  P a c i f i c  Nor thwes t  

Region. A i r  q u a l  i t y  impac ts  o f  t h e  Regiona l  Assessment Program have thus  f a r  

d e a l t  w i t h  c o n c e n t r a t i o n s  and d e p o s i t i o n s  caused by  l a r g e  p o i n t  c o a l - r e l a t e d  

e m i s s i o n  sources.  F u t u r e  assessments w i l l  i n c l u d e  o t h e r  l a r g e  sources i n  t h e  

r e g i o n  such as smel t e r s  and r e f i n e r i e s .  

Emiss ions f r o m  t h e  e x i s t i n g  and proposed power p l a n t s  have been e s t i m a t e d  

by assuming t h a t  a1 1  f a c i l i t i e s  w i l l  o p e r a t e  a t  t h e  New Source Performance 

Standards (NSPS) promulgated by  t h e  Env i ronmenta l  P r o t e c t i o n  Agency. ( 7 )  These 

s tandards  s t i p u l a t e  t h e  f o l  l o w i q g  maximum a1 l o w a b l e  emiss ions  f o r  power 

p l a n t s :  

SO2: 1.2 l b / 1 0 6  B t u  

P a r t i c u l a t e :  0.1 1  b/106 B t u  

0.7 l b / 1 0 6  B t u  

S t a t e  s tandards  may be more s t r i n g e n t  than  these  and would  r e s u l t  i n  emiss ions  

l e s s  t h a n  t h e  NSPS. A1 t e r n a t i v e l y ,  c o a l s  w i t h  l o w e r  s u l f u r  c o n t e n t s  may be 

u t i l i z e d  o r  a d d i t i o n a l  c o n t r o l  t echno logy  may be a p p l i e d .  I n  t h i s  s t u d y  t h e  

the rma l  g e n e r a t i n g  c a p a c i t y  o f  t h e  f a c i l i t i e s  i s  e s t i m a t e d  by assuming a  75% 

p l a n t  l o a d  f a c t o r  and a  33% the rma l  c o n v e r s i o n  e f f i c i e n c y .  

Emiss ion e s t i m a t e s  f o r  c o a l  g a s i f i c a t i o n  p l a n t s  were o b t a i n e d  f o l l o w i n g  

t h e  procedure g i v e n  i n  t h e  N o r t h e r n  Grea t  P l a i n s  Resource Program r e p o r t .  (8 )  

A  g a s i f i c a t i o n  p l a n t  s i z e  o f  250 m i l l i o n  s t a n d a r d  c u b i c  f e e t  o f  gas p r o d u c t i o n  

p e r  day and an a s s o c i a t e d  steam p l a n t  w i t h  a  325 MW e q u i v a l e n t  c a p a c i t y  were 

assumed. A  p l a n t  l o a d  f a c t o r  o f  91% was used i n  e s t i m a t i n g  t h e  emiss ions .  

C a p a c i t y  and emiss ion  r a t e s ,  based on NSPS, a r e  g i v e n  i n  Tab le  1  f o r  

m a j o r  e x i s t i n g  and proposed Nor thwes t  c o a l - f i r e d  power p l a n t s  and i n  Tab le  2  

f o r  proposed c o a l  g a s i f i c a t i o n  p l a n t s .  F i g u r e  2  shows t h e  d i s t r i b u t i o n  

t h r o u g h o u t  t h e  Nor thwes t  o f  t h e  e x i s t i n g  and proposed c o a l - r e l a t e d  energy 

g e n e r a t i o n  e m i t t e r s  and t h e i r  r e l a t i v e  s i z e  i n  terms o f  SO2 emiss ions.  Emis- 

s i o n s  f r o m  sources n e a r  t h e  same l o c a t i o n  (e.g. ,  Wyodak power p l a n t  and 

G i l  l e t t e  g a s i f i c a t i o n  p l a n t )  a r e  combined f o r  t h i s  r e g i o n a l  a i r  qua l  i ty  



TABLE 1 .  Emissions f rom C o a l - F i r e d  Power P l a n t s  i n  t h e  Nor thwes t  
(Based on New Source Performance Standards)  

Capaci ty Emissions (1  0' t o n s l y r )  

Power P l a n t  N 0 "2 P a r t i c u l a t e s  x ( MWe 

Washington 
C e n t r a l  i a  

Oregon 
C a r t y  (Proposed) 5 00 20.2 1 .7  11.8 
Eden Ridge (Proposed) 100 4.0 0.3 2.4 

Idaho  
P ioneer  (Proposed) ( a )  1500 60.5 5.0 35.3 

Montana 
J .  E .  C o r e t t e  173 7.0 0.6 4.1 
C o l s t r i p  1&2 660 26.6 2.2 15.5  
Col s t r i p  3&4 (Proposed) ( b )  1400 56.5 4.7 33.0 

Wyoming 
J i m  B r i d g e r  2034 82.1 6 . 8  47.9 
Dave Johnston 750 30.3 2.5 17.7 
Naughton 707 28.5 2.4 16.6 
Wyodak Simpson 358 14.4 1.2 8 .5  
Larami e R i  v e r  (Proposed) 1500 60.5 5.0 35.3 
Naugh t o n  (Proposed) 86 0 34.7 2.9 20.2 

T o t a l  
Ex i  s t i n g  6072 245.0 20.6 143.0 
Proposed 5860 236.4 19.6 138.0 
E x i s t i n g  and Proposed 11 932 481.4 40.2 281.0 

( a )  P e r m i t  t o  c o n s t r u c t  has r e c e n t l y  been denied by t h e  Idaho 
Pub1 i c  U t i  1 i t i e s  Commission. 

( b )  P e r m i t  t o  b u i l d  was r e c e n t l y  i ssued .  



TABLE 2. Emissions f r o m  P o s s i b l e  G a s i f i c a t i o n  P l a n t s  
and T o t a l  Coal -Rela ted Emissions 

P o s s i b l e  Capac i t y  Emissions (1  oJ t o n s l y r )  

G a s i f i c a t i o n  P l a n t s  (MMsCFD) "2 P a r t i c u l a t e s  Nox 

Wyoming 
Casper 
Douglas 
G i  1  l e t t e  
Lake DeSmet 

T o t a l  1000 86.0 7.6 41.6 

T o t a l  Coal -Rela ted Emissions ( E x i s t i n g  + Proposed Power 

P l a n t s  + P o s s i b l e  G a s i f i c a t i o n  P l a n t s )  

SO2 : 567,400 t o n s l y r  

P a r t i c u l a t e s  : 47,800 t o n s l y r  

NOx:  322,600 t o n s l y r  

1-Mktonslyr (P) - PROPOSED 

@ 21-40 ktonslyr (E + PI - EXISTING + PROPOSED 

@ 41dO ktonslyr 

60-80 ktonslyr 

FIGURE 2. D i s t r i b u t i o n  o f  Major  E x i s t i n g  and Proposed Coal -F i  r e d  Power P l a n t s  
( > I 0 0  MWe) and Proposed Coal G a s i f i c a t i o n  P l a n t s  i n  t h e  ,Northwest 
and S u l f u r  D i o x i d e  Emission Est imates Based on New Source Per fo r -  
mance Standards 



assessment. As seen f r o m  F i g u r e  2, a  m a j o r  p o r t i o n  o f  t h e  e x i s t i n g  and p ro -  

posed c o a l - r e l a t e d  emiss ions ex tend  f r o m  t h e  Great  P l a i n s  o f  s o u t h e a s t  Montana 

th rough  e a s t e r n  Wyoming and i n t o  southwest  Wyoniirrg. 

An i n v e n t o r y  o f  a c t u a l  emiss ions da ta  ( 8 y 9 )  f o r  e x i s t i n g  c o a l  - f i r e d  power 

p l a n t s  shows enormous v a r i a t i o n s  i n  emiss ions,  i n  some cases an o r d e r  o f  

magni tude f o r  p l a n t s  o f  app rox ima te l y  t h e  same g e n e r a t i n g  c a p a c i t y .  T h i s  i s  

most l i k e l y  due t o  no h i g h  e f f i c i e n c y  c o n t r o l  dev i ces  a t  some o f  t h e  o l d e r  

power p l a n t s .  For  t h i s  assessment, however, s i n c e  some o f  t h e  e x i s t i n g  p l a n t s  

may have m o d i f i e d  t h e i r  em iss ion  c o n t r o l  dev i ces  a f t e r  t h e  p u b l i c a t i o n  o f  t h e  

emiss ion  i n v e n t o r i e s ,  emiss ions based on NSPS were used t o  o b t a i n  c o n s e r v a t i v e  

( h i g h )  c o n c e n t r a t i o n  e s t i m a t e s  f o r  a l l  sources u n t i l  more updated emiss ions  

d a t a  can be acqu i red .  

As t h i s  model i s  r e f i n e d  and energy development s c e n a r i o s  f o r  t h e  Nor th -  

wes t  a r e  examined, f u t u r e  emiss ions w i l l  be computed d i r e c t l y  f r o m  t h e  energy  

convers ion ,  t r a n s p o r t a t i o n  and consumption e s t i m a t e s  o f  t h e  s i m u l a t i o n  program 

p r o j e c t e d  t o  t h e  y e a r  2020. T h i s  p r e s e n t  s t u d y  concen t ra tes  on a i r  qua1 i t y  

impacts  a s s o c i a t e d  w i t h  t h e  combined long- range t r a n s p o r t  o f  t h e  e x i s t i n g  

ma jo r  c o a l - f i r e d  power p l a n t s  i n  t h e  Nor thwest ,  and t h e  i nc remen ta l  e f f e c t s  

o f  a  " p o s s i b l e "  c o a l  - f i  r e d  e l e c t r i c  g e n e r a t i o n  and c o a l  g a s i f i c a t i o n  deve l -  

opment s c e n a r i o  p r o j e c t e d '  about  10 y e a r s  i n t o  t h e  f u t u r e .  



4. ADAPTATION OF THE REGIONAL MODEL TO THE NORTHWEST 

I n  adap t i ng  t h e  r e g i o n a l  model t o  t h e  Northwest,  p a r t i c u l a r  a t t e n t i o n  

shou ld  be g i ven  t o  t h e  a i r  t r a n s p o r t  ana l ys i s ,  a  major  component o f  a i r  qua l -  

i t y  assessment. Upper a i r  da ta  and t h e  topograph ic  f e a t u r e s  o f  t h e  Northwest 

a r e  impo r tan t  i n p u t s  t o  t h e  r e g i o n a l  model and a r e  d iscussed below. 

UPPER AIR DATA 

Over l a r g e  reg ions  o f  complex t e r r a i n ,  such as the  Northwest,  c a u t i o n  must 

be used i n  i n t e r p o l a t i n g  g r i dded  winds f r om upper a i r  s t a t i o n s  which a re  sepa- 

r a t e d  from emiss ion sources by phys i ca l  topograph ic  b a r r i e r s .  These b a r r i e r s  

cause w ind  c h a r a c t e r i s t i c s  s i g n i f i c a n t l y  d i f f e r e n t  f r om  those near  t h e  source. 

Large-sca le  topograph ic  i n f l u e n c e s  on t h e  w ind  f i e 1  d  , such as channel i n g  o r  

s h e l t e r i n g  e f f e c t s ,  a re  o f t e n  apparent  1000 m o r  more above the  mean sur face .  

For  t h i s  reason, a  s tudy  was conducted t o  determine how t h e  atmospher ic t r ans -  

p o r t  a n a l y s i s  c o u l d  be -itliproved over  t h e  Northwest,  p a r t i c u l a r l y  f o r  areas l i k e  

Puget Sound i n  western Washington, t he  Columbia Bas in  o f  n o r t h - c e n t r a l  Oregon, 

and t he  h i g h  p l a teau  o f  southwest Wyoming. These a r e  areas where l a r g e  coa l -  

f i r e d  power p l a n t s  e i t h e r  e x i s t  o r  a r e  proposed, b u t  where s tandard  upper a i r  

da ta  a t  0000 GMT and 1200 GMT a r e  n o t  a v a i l a b l e .  

Two techniques were used i n  t h i s  s tudy.  The f i r s t  was t o  inc rease  t h e  

network d e n s i t y  of upper a i r  observa t ions  by i n c o r p o r a t i n g  those s t a t i o n s  w i t h  

upper a i r  p i l o t  - b a l l o o n  w ind  observa t ions  ( p i b a l s )  a t  0600 GMT and/or 1800 GMT. 

F i gu re  3 shows t he  upper a i r  network o f  rawinsonde and p i b a l  s t a t i o n s  used i n  

t h i s  assessment. S t a t i o n  names a re  g i ven  i n  Table  3. Some o f  the  p i b a l  

s t a t i o n s ,  e.g., GRF, SEA, PDT, CPR, and BIL,  a r e  c l o s e  ( w i t h i n  10 t o  70 km) 

t o  s p e c i f i e d  emiss ion sources where ma jo r  topograph ica l  i n f l u e n c e s  on t h e  

w ind  f i e l d s  e x i s t .  P i b a l  s t a t i o n s  which a r e  l o c a t e d  i n  mountain v a l l e y s  o r  

she1 t e r e d  l o c a t i o n s  and n o t  nea r  any e x i s t i n g  o r  proposed c o a l - f i r e d  power 

p l a n t  (e.g., Missoula ,  Montana and Wendover, Utah) were n o t  used f o r  t h i s  

analys  i s . 
Observat ions a t  0600 GMT were i n c l u d e d  w i t h  those a t  0000 GMT f o r  com- 

p u t i n g  t h e  g r i dded  winds a t  0000 GMT. L ikew ise ,  1800 GMT observa t ions  were 

11 
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S t a t i o n  
Number 

TABLE 3. Meteor01 o g i c a l  S t a t i o n s  U t i  1 i z e d  
i n  t he  I n t e r p o l a t i o n  Scheme 

S t a t i o n  
Symbol 

DDC 
DEN 
GJT 
ELY 
LBF 
CP R 
SLC 
LND 
W MC 
MFR 
HOlV 
RC A 
SH R 
B IL  
BOI 
4BW 
P DT 
SLE 
B I S 
GGW 
GTE 
H VR 
GEG 
SEA 
U I  L 
YWG 
YBR 
YQR 
YQL 
Y VR 
YZT 
WVK 
GRF 

S t a t i o n  Name 

Dodge City, KS 
Denver, CO 
Grand Junc t i on ,  CO 
E l y ,  NV 
Nor th  P l a t t e ,  NB 
Casper, WY 
Sal t Lake City, UT 
Lander, WY 
W - i  nneniuca , N V  
Medford, OR 
Huron, SD 
Rapid City, SD 
Sher i  dan , WY 
B i l l i n g s ,  MT 
Boise,  :ID 
Burns, OR 
Pendl e ton  , OR 
Salem, OR 
Bismarck, ND 
Glasgow, MT 
Great Fa1 l s ,  MT 
Havre, MT 
Spokane, WA 
S e a t t l e ,  WA 
Q u i  11 ayute,  WA 
Winnipeg, Mani. 
Brandon, Mani . 
Regina, Sask. 
Le thbr idge ,  A1 b. 
Vancouver, BC 
P o r t  Hardy, BC 
Vernon, BC 
Tacoma, WA 

Layer-Averaged 
Winds spec i  f i e d ( a )  

( a )  1 = 100 m t o  1000 m l a y e r  
2 = 1000 m t o  2000 m l a y e r .  



i n c l u d e d  w i t h  1200 GMT observa t ions  f o r  est- iniat- ing g r i dded  winds a t  1200 GMT. 

Some o f  t h e  p i  b a l  s t a t i o n s  (e .  g  . , Sher i  dan , Wyoming) occas iona l  l y  t ake  obser-  

v a t i o n s  a t  two consecu t i ve  6-hour per iods ,  such as 1200 GMT and 1800 GMT. I n  

t h i s  case, t h e  1200 GMT obse rva t i on  was se lec ted .  

An i n v e s t i g a t i o n  shows no s i g n i f i c a n t  d i f f e r e n c e  i n  t he  long- te rm t r a n s -  

p o r t  p a t t e r n s  i f  d i f f e r e n t  t ime  p e r i o d  combinat ions,  such as t h e  i n c l u s i o n  o f  

0600 GMT obse rva t i ons  w i t h  1200 GMT obse rva t i ons  and 1800 GMT w i t h  0000 GMT, 

a r e  used. Fo r  t h i s  reason, more e l a b o r a t e  i n t e r p o l a t i o n  schemes were n o t  con- 

s i de red .  I n  reg ions  o f  complex t e r r a i n ,  t h e  e f f e c t s  o f  topography on t h e  

long- te rm r e g i o n a l  t r a n s p o r t  p a t t e r n s  appear t o  overwhelm t h e  e f f e c t s  o f  

s h o r t - t e r m  (6 -hour )  temporal  v a r i a t i o n s .  

The second techn ique  i n v o l v e d  s p e c i f y i n g  t h e  a p p r o p r i a t e  l a y e r  o f  winds 

f o r  t r a n s p o r t i n g  t h e  p o l l u t a n t .  For  example, t h e  emiss ion source may be 

l o c a t e d  on a  broad p l a t e a u  w h i l e  the  nea res t  upper a i r  s t a t i o n  i s  i n  a  con- 

f i n e d  v a l l e y .  I n  t h i s  case, a  h i g h e r  l a y e r  o f  w ind da ta  may be used so t h a t  

t h e  winds i n  t h e  i n t e r p o l a t i o n  scheme a r e  above t h e  i n f l u e n c e  o f  l o c a l  

topography. 

For  t h e  m a j o r i t y  o f  s t a t i o n s ,  winds averaged over  a  l a y e r  between 100 

and 1000 ni above t h e  ground were used t o  es t ima te  t h e  p o l l u t a n t  t r a n s p o r t .  

However, f o r  rawinsonde s t a t i o n s  l o c a t e d  i n  mountain v a l l e y s  o r  s h e l t e r e d  

l o c a t i o n s  away f r om t h e  emiss ion sources, e.g., MFR, WVK, LND, and GJT, 

1000 t o  2000 m l a y e r e d  winds were used t o  g e t  above t h e  i n f l u e n c e  o f  l o c a l  

topography. A lso ,  t h e  1000 t o  2000 m l a y e r e d  winds ove r  SLC were used t o  

o b t a i n  b e t t e r  t r a n s p o r t  es t imates  f o r  t h e  Naughton and J i m  B r i d g e r  c o a l - f i r e d  

power p l a n t s .  These f a c i l i t i e s  a r e  l o c a t e d  i n  t h e  southwest Wyoming b a s i n  

which i s  an e l e v a t i o n  about 600 t o  700 m  h i g h e r  than  t h e  S a l t  Lake bas in .  The 

layer -averaged  winds s p e c i f i e d  f o r  each s t a t i o n  a r e  g i ven  i n  Table  3. 

4.2 TOPOGRAPHY 

An a d d i t i o n a l  f e a t u r e  o f  t h e  model ing used i n  t h i s  s tudy  i s  t h e  capa- 

b i l i t y  t o  va r y  t h e  d r y  removal r a t e s  ove r  d i f f e r e n t  t e r r a i n  t ypes .  T e r r a i n  



f e a t u r e s  o v e r  t h e  Nor thwes t  g r i d  were c l a s s i f i e d  i n t o  f o u r  genera l  t y p e s ,  

shown i n  F i g u r e  4. Smooth t e r r a i n  t ypes  i n c l u d e  l a r g e  w a t e r  bod ies  and 

g e n t l y  r o l l i n g  t o  h i l l y  t e r r a i n  composed o f  g rass lands  and sma l l  shrubs,  t y p i -  

c a l  o f  a  s teppe c l i m a t e .  A l l  nonmountainous t e r r a i n  e a s t  o f  t h e  Cascade 

Mountains has been c l a s s i f i e d  i n  t h i s  c a t e g o r y .  F l a t  f o r e s t e d  areas i n  t h e  

Nor thwes t  a r e  c o n f i n e d  t o  t h e  mar ine  c l i m a t e  o f  wes te rn  Oregon and Washington. 

As seen i n  F i g u r e  4, a  m a j o r  p o r t i o n  o f  t h e  Nor thwes t  i s  mountainous and v e r y  

mountainous t e r r a i n .  The mountainous t e r r a i n  t y p e  i n c l u d e s  v e r y  h i  1  l y  areas 

( e . g . ,  t h e  c o a s t a l  ranges o f  Washington and Oregon).  The l a r g e  e x t e n s i v e  

mounta in  ranges ( m a i n l y  t h e  Rockies and Cascades), wh ich  a c t  as m a j o r  b a r -  

r i e r s  t o  r e g i o n a l  t r a n s p o r t  o f  p o l l u t a n t s ,  have been des igna ted  as v e r y  

mountai  nous t e r r a i n .  

Fo r  each p o l l u t a n t ,  d r y  removal r a t e s  a r e  s p e c i f i e d  as model i n p u t  f o r  

each t e r r a i n  c l a s s .  W h i l e  i n s u f f i c i e n t  d a t a  e x i s t  on d e p o s i t i o n  v e l o c i t i e s  

o v e r  f o r e s t e d  and mountainous t e r r a i n ,  i t  i s  g e n e r a l l y  accepted t h a t  d r y  

removal r a t e s  a r e  g r e a t e r  o v e r  t h e s e  s u r f a c e  f e a t u r e s  p r i m a r i l y  due t o  

i n c r e a s e d  roughness and t o  t h e  a b i l i t y  o f  v e g e t a t i o n  t o  t a k e  up gaseous and 

p a r t i c u l a t e  p o l  1  u t a n t s .  Model p r e d i c t i o n s  (10'11 ) and w i n d  t u n n e l  e x p e r i -  

ments ( I 2 )  show an i n c r e a s e  i n  d e p o s i t i o n  v e l o c i t i e s  w i t h  i n c r e a s e d  roughness 

h e i g h t s ;  however, t h e r e  i s  a l s o  c o n s i d e r a b l e  v a r i a t i o n  i n  these p r e d i c t e d  

deposi  t i on v e l  o c i  ti es . 
Over mountainous t e r r a i n  , a d d i t i o n a l  f a c t o r s  such as p l  ume i m p a c t i o n  

a g a i n s t  t h e  s t e e p e r  s l o p e s ,  i n c r e a s e d  roughness h e i g h t s  due t o  g r e a t e r  

h e i g h t  v a r i a t i o n s  o f  t h e  t e r r a i n  s u r f a c e ,  and g r e a t e r  plume d i l u t i o n  due t o  

t e r r a i n  i nduced  t u r b u l e n c e ,  compl i c a t e  t h e  p rob lem o f  s p e c i f y i n g  d e p o s i t i o n  

v e l o c i t i e s .  We assumed he re  t h a t  d r y  removal r a t e s  a r e  s i g n i f i c a n t l y  h i g h e r  

o v e r  mountainous t e r r a i n  t h a n  o v e r  f o r e s t e d  r e g i o n s .  S t a r t  e t  a l .  (13)  

i n v e s t i g a t e d  e f f l u e n t  t r a n s p o r t  o v e r  mountainous t e r r a i n  and observed d i l u -  

t i o n  f a c t o r s  a v e r a g i n g  4  t o  15 t imes  t h a t  p r e d i c t e d  f o r  smooth, l ' l a t  t e r r a i n  

under s i m i l a r  a tmospher i c  c o n d i t i o n s .  However, t h e r e  i s  no way t o  account  

f o r  t h e  f r a c t i o n  o f  t h e  observed d i l u t i o n  wh ich  can be a t t r i b u t e d  t o  plume 

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

enhanced mechanical  t u r b u l e n c e .  G r e a t e s t  d i l u t i o n s  were observed ~ j n d e r  



FIGURE 4. Gross T e r r a i n  Features  o v e r  t h e  Nor thwest  G r i d  Used i n  A p p r o x i -  
m a t i n g  S p a t i a l  V a r i a t i o n s  i n  Dry  D e p o s i t i o n  V e l o c i t i e s  

s t r o n g  i n v e r s i o n  c o n d i t i o n s  and smal l e s t  d u r i n g  1 apse c o n d i t i o n s ,  i n  c o n t r a s t  

t o  what i s  t y p i c a l l y  observed o v e r  f l a t  t e r r a i n .  Yet ,  s i n c e  t h e s e  measure- 

ments were t a k e n  p r i m a r i l y  w i t h i n  10 km o f  r e l e a s e  p o i n t s  v e r y  nea r  o r  w i t h i n  

mountainous t e r r a i n ,  t h e  app l  i c a b i  1 i ty  o f  t hese  r e s u l t s  t o  l ong - range  t r a n s -  

p o r t  o v e r  mountainous t e r r a i n  i s  d i f f i c u l t  t o  i n f e r .  

4.3 SUMMARY OF MODEL INPUT 

Upper a i r  d a t a  f o r  comput ing  l a y e r  average g r i d d e d  winds were used i n  

t h i s  assessment f o r  t h e  f o l l o w i n g  p e r i o d s  i n  1974: A p r i l  1-30, J u l y  1-31, 

October  1-31, and December 1-19. Thus, each season was r e p r e s e n t e d  so t h a t  

seasonal  v a r i a t i o n s  i n  t r a n s p o r t  p a t t e r n s  t h r o u g h o u t  t h e  Nor thwes t  c o u l d  be 

examined. I n  Appendix A, a d i s c u s s i o n  o f  t h e  compar ison o f  1974 meteo ro logy  

w i t h  c l i m a t i c  averages i s  p r o v i d e d .  



A 38.5 km g r i d  spac ing was used i n  t h e  a n a l y s i s ,  g i v i n g  a  g r i d  area, 
2  and consequent ly a  computat ional  r e s o l u t i o n ,  o f  approx imate ly  1500 km over  

which t he  concent ra t ions  and depos i t i ons  were averaged. Neu t ra l  s t a b i  1  i ty 

c o n d i t i o n s  were assumed f o r  t he  d i f f u s i o n  c a l c u l a t i o n s  i n  each pe r i od .  

Accord ing t o  t he  d i f f u s i o n  f o r m u l a t i o n  used, oz  ( t h e  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 )  approaches an asymptot ic  1  i m i t  o f  3000 m f o r  n e u t r a l  s t a b i  1  i t y .  

An e f f e c t i v e  s tack  h e i g h t  o f  400 m was assumed f o r  a l l  sources. 

Dry d e p o s i t i o n  v e l o c i t i e s  f o r  smooth, f l a t  t e r r a i n  were s p e c i f i e d  as 

1  cm/sec f o r  SO2 and NOx and 0.1 cm/sec f o r  s u l f a t e s  and p a r t i c u l a t e s .  

Depos i t ion  v e l o c i t i e s  were inc reased  by a  f a c t o r  o f  2  f o r  f o r e s t e d  t e r r a i n ,  

a  f a c t o r  o f  5 f o r  mountainous t e r r a i n ,  and a  f a c t o r  o f  10 f o r  very  mountain- 

ous t e r r a i n .  A t r ans fo rma t i on  r a t e  f rom SO2 t o  s u l f a t e  was s e t  a t  5%/hr. For 

NOx and p a r t i c u l a t e s ,  no t r ans fo rma t i on  was assumed. The washout c o e f f i -  

c i e n t s ,  A, f o r  wet  removal were s p e c i f i e d  as f o l l o w s :  

A, = P /22 / r  f o r  SO2 and NOx  

A2 = P/ZO/hr f o r  s u l f a t e s  and p a r t i c u l a t e s  

where P i s  t he  r a i n f a l l  r a t e  i n  mm/hr. S p a t i a l  v a r i a t i o n s  i n  t he  r a i n f a l l  

r a t e  were determined by i n t e r p o l a t i n g  t h e  mean monthly p r e c i p i t a t i o n  da ta  

(ob ta ined  f rom mean month ly  p r e c i p i t a t i o n  maps) t o  t h e  same s i z e  g r i d  squares 

over  which t h e  concent ra t ions  and d e p o s i t i o n  were computed. 



5. RESULTS 

Average g round- leve l  a i r  concen t ra t i ons  and su r f ace  d e p o s i t i o n  o f  SO2, 

s u l f a t e s ,  p a r t i c u l a t e s ,  and NOx f r om  ma jo r  e x i s t i n g  and proposed coa l  -fi r e d  

power p l a n t s  and coa l  g a s i f i c a t i o n  p l a n t s  were computed f o r  each o f  t h e  f o u r  

1  -month pe r i ods .  Annual average concen t ra t i ons  and d e p o s i t i o n s  were computed 

f rom these f o u r  pe r i ods .  Each p e r i o d  was weighted e q u a l l y  t o  o b t a i n  annual 

average es t imates ,  r ega rd l ess  o f  t h e  number o f  days i n  each p e r i o d .  Tha t  i s  

t o  say, t h e  average c o n c e n t r a t i o n  f o r  t h e  19-day p e r i o d  i n  December i s  con- 

s i d e r e d  r e p r e s e n t a t i v e  o f  t h e  w i n t e r  season, t h e  average c o n c e n t r a t i o n  f o r  

t h e  30-day p e r i o d  i n  A p r i l  i s  cons idered  r e p r e s e n t a t i v e  f o r  t h e  s p r i n g  sea- 

son, and so  f o r t h .  Depos i t i on  was norma l i zed  t o  an annual cumu la t i ve  amount 

depos i ted  on t h e  su r f ace .  Maximum a1 1  owable annual average a i r  concen t ra -  

t i o n s  a l lowed under t h e  N a t i o n a l  Ambient A i r  Q u a l i t y  Standards (NAAQS) a re  

g i ven  i n  Tab le  4. S t a t e  s tandards must a t  l e a s t  meet t h e  NAAQS and may be 

more r e s t r i c t i v e .  

TABLE 4. N a t i o n a l  Ambient A i r  Qua1 i t y  Standards 
f o r  Sul  f u r  D iox ides  , T o t a l  Suspended 
P a r t i  c u l  a tes  , and N i  t r ogen  Oxi des 

Maximu111 A1 lowab le  Annual 
Average A i r  Concen t ra t ions  

Pol  1  u t a n t  Pr imary  Standard Secondary Standard 

Sul  f u r  Oxi des 80 g/m3 

P a r t i c u l a t e s  75 g/m3 

N i  t r o g e n  Oxi des 
(as N i t r o g e n  Di o x i  de) 100 g/m3 

5.1 SO CONCENTRATIONS -2 

Annual average concen t ra t i ons  o f  SO2 a r e  shown i n  F i g u r e  5  f o r  t h e  

e x i s t i n g  p l a n t s  and i n  F i g u r e  6 f o r  t h e  e x i s t i n g  p l u s  proposed p l a n t s  l i s t e d  

i n  Table  1. Except  f o r  t h e  C e n t r a l i a  p l a n t ,  l o c a t e d  i n  western Washington, 

a l l  t h e  e x i s t i n g  power p l a n t s  a r e  i n  Montana and Wyoming. La rges t  annual 

average SO2 concen t ra t i ons  p r e d i c t e d  by t h e  model from c o a l - r e l a t e d  emissions 



FIGURE 5.  Annual Average Ground-Level A i r  Concen t ra t i ons  o f  SO2 f o r  E x i s t i n g  
P l a n t s  Based on New Source Performance Standards 

FIGURE 6. Annual Average Ground-Level A i r  Concen t ra t i ons  o f  SO2 f o r  E x i s t i n g  
and Proposed P l a n t s  Based on New Source Performance Standards 



3  a lone  a r e  approx imate ly  4 pg/m3,(a) wh ich  i s  we1 1  below t h e  NAAQS (80 pg/m ) 

and s t a t e  s tandards.  However, s i n c e  t h i s  v a l u e  i s  an average f o r  a  1500 km 2  

g r i d ,  much h i g h e r  c o n c e n t r a t i o n s  would be computed n e a r  t h e  source u s i q g  
3  

Gaussian plume t y p e  models. By comparing t h e  a rea  w i t h i n  1  ug/m c o n t o u r  

i n t e r v a l  i n  F igu res  5  and 6, i t  can be seen t h a t  i nc reased  r e g i o n a l  i n t e r -  

a c t i o n s  o f  p o l l u t a n t s  w i l l  occur  o v e r  p a r t s  o f  Montana and Wyoming due t o  

t h e  proposed p l a n t s .  For t h e  e x i s t i n g  power p l a n t s ,  t h e  model shows t h e r e  

a r e  p r e s e n t l y  no r e g i o n a l  s c a l e  i n t e r a c t i o n s  o f  SO2 c o n c e n t r a t i o n s  g r e a t e r  

than 1  ug/m3; however, t h e r e  i s  c o n s i d e r a b l e  i n t e r a c t i o n  o f  c o n c e n t r a t i o n s  

g r e a t e r  than  t h i s  v a l u e  w i t h  t h e  a d d i t i o n  o f  t h e  proposed p l a n t s  i n  Montana 

and Wyoming. Whi le  these  inc rementa l  c o n c e n t r a t i o n s  may seem i n s i g n i f i c a n t ,  

they  c o u l d  be q u i t e  i m p o r t a n t  i f  they  ex tend  o v e r  areas where o n l y  smal l  
3  

i nc reases  ( i  .e . ,  2  pg/m ) i n  a i r  c o n c e n t r a t i o n s  would be a1 lowed under  p r o -  

posed amendments t o  t h e  Federal  Clean A i r  A c t .  T h i s  w i l l  be d i scussed  i n  

more d e t a i l  i n  S e c t i o n  6. 

Seasonal v a r i a t i o n s  between w i n t e r  and summer c o n c e n t r a t i o n s  and t r a n s -  

p o r t  p a t t e r n s  can be seen by examin ing average c o n c e n t r a t i o n s  f o r  t h e  J u l y  

p e r i o d  i n  F i g u r e  7 and f o r  t h e  December p e r i o d  i n  F i g u r e  8 .  Severa l  s i g n i  f i -  

c a n t  d i f f e r e n c e s  i n  t h e  two p e r i o d s  a r e  apparent :  over  t h e  wes te rn  h a l f  o f  

t h e  g r i d ,  l a r g e s t  SO2 c o n c e n t r a t i o n s  a r e  g e n e r a l l y  h i g h e r  i n  J u l y  than  i n  

December due t o  l e s s  p r e c i p i t a t i o n  scavenging and lower  wind speeds d u r i n g  

summer. The most d ramat i c  d i f f e r e n c e  i s  a t  C e n t r a l i a  where t h e  December 

p r e c i p i t a t i o n  averages o v e r  6  inches whereas J u l y  p r e c i p i t a t i o n  averages 1  ess 

than  1  i n c h .  Wi th  t h e  e x c e p t i o n  o f  C e n t r a l i a  a l l  t h e  e x i s t i n g  and proposed 

c o a l - f i r e d  power p l a n t s  a r e  i n  d r y  l o c a t i o n s .  However, seasonal v a r i a t i o n s  

i n  mean p r e c i p i t a t i o n  a re  pronounced w i t h  l a t e  s p r i n g  and summer maximums 

e a s t  o f  t h e  Rocky Mountains and w i n t e r  maximums i n  Oregon and Washington. 

Never the less ,  o v e r  Montana and Wyoming, t h e r e  a r e  no s i g n i f i c a n t  d i f f e r e n c e s  

between t h e  l a r g e s t  c o n c e n t r a t i o n s  f o r  J u l y  and December. T h i s  i s  most l i k e l y  

5 ( a )  A i r  q u a l i t y  i s ,  by  convent ion,  n o r m a l l y  expressed i n  ug/m . 
For  purposes of  comparison 1  ug/m3 i s  approx imate ly  equal  
t o  0.39 x  10-3 ppm f o r  SO2 a t  25OC. - , 



3 - 10 pglm 3 

1 1 - 3 pg/m3 

FIGURE 7. Ground-Level A i r  Concent ra t ions o f  SO2 f o r  J u l y  1974 
f o r  E x i s t i n g  and Proposed P lan t s  Based on New Source 
Performance Standards 

FIGURE 8. Ground-Level A i r  Concen t ra t ions  o f  SO2 f o r  Decerr~ber 1-1 7, 1974, 
f o r  E x i s t i n g  and Proposed P l a n t s  Based on New Source 
Performance Standards 



due t o  t h e  f a c t  t h a t  t h e  e f f e c t s  o f  l owe r  w ind  speeds i n  J u l y  a r e  somewhat 

o f f s e t  by  g r e a t e r  p r e c i p i t a t i o n ,  whereas i n  December t h e  r eve rse  i s  t r u e .  

The predominance o f  no r thwes t  winds i n  December and sou theas t  winds i n  

J u l y  ove r  t h e  Great  P l a i n s  o f  Montana and Wyoming i s  apparen t  f r om  a  compari- 

son o f  t h e  c o n c e n t r a t i o n  p a t t e r n s  f o r  t h e  two pe r i ods .  I n  December t h e  e f f l u -  

e n t  i s  t r a n s p o r t e d  f u r t h e r  i n t o  t h e  b o r d e r i u g  s t a t e s  o f  South Dakota, Nebraska, 

and Colorado, w h i l e  i n  J u l y  t h e r e  i s  more t r a n s p o r t  toward t h e  nor thwes t .  

These t r a n s p o r t  f e a t u r e s  over  eas te rn  Montana and eas te rn  Wyoming agree w e l l  

w i t h  t he  c l i ~ ~ ~ a t o l o g i c a l  su r f ace  f l o w  p a t t e r n s  f o r  t h e  two pe r i ods ,  based on 

an examina t ion  o f  s u r f a c e  wind rose  data.  I n  a d d i t i o n ,  t h e  i n f l u e n c e  o f  

topography on e f f l u e n t  t r a n s p o r t  p a t t e r n s  i s  apparent  i n  c e r t a i n  reg ions ,  

such as t h e  Snake R i v e r  V a l l e y  o f  southwest  Idaho and t h e  Puget Sound- 

W i l l a m e t t e  Trough o f  western Washington and Oregon. 

5.2 SULFATE CONCENTRATIOIVS 

Annual average s u l f a t e  concen t ra t i ons  f o r  a1 1  e x i s t i n g  and proposed 

power p l a n t s  a r e  shown i n  F i gu re  9. I n  c o n t r a s t  t o  t h e  SO2 concen t ra t i ons ,  

FIGURE 9. Annual Average Sul f a t e  Concen t ra t ions  f o r  E x i s t i n g  
and Proposed P l a n t s  Based on Emissions a t  New 
Source Performance Standards 



t h e  s u l f a t e  concen t ra t ions  decrease much more s l o w l y  w i t h  d i s t ance  from the  

source, p r i m a r i l y  due t o  much s m a l l e r  removal r a t e s  o f  s u l f a t e  f o r  bo th  pre-  

c i  p i  t a t i o n  scavenging and d r y  depos i t i on .  Larges t  annual s u l f a t e  concentra- - 
t i o n s  a r e  approx imate ly  2  pg/m3. Th i s  es t ima te  can be compared w i t h  measure- 

ments r e p o r t e d  by A1 t s h u l  l e r ,  4, who showed measured s u l f a t e  concen t ra t ions  

a t  urban s i t e s  throughout  t h e  western U.S. averaging f rom 5  t o  9 pg/m3, w h i l e  
3  measurements a t  nonurban s i t e s  i n d i c a t e  background l e v e l s  of  about 1  pg/m o r  

l e s s .  A1 though t he  maximum annual average s u l f a t e  concen t ra t i ons  es t imated  

by t h e  model a re  s l i g h t l y  l e s s  than t h e  maximum f o r  SO2, t h e  area w i t h  con- 
3  c e n t r a t i o n s  exceeding 1  pg/m i s  s u b s t a n t i a l l y  l a r g e r  f o r  su l f a tes  than f o r  

SO2, p a r t i c u l a r l y  ove r  Montana and Wyoming. Here t h e  combined wet and d r y  

removal r a t e  i s  l ess ,  l e a v i n g  more SO2 i n  t h e  atmosphere f o r  chemical con- 
- 

v e r s i o n  t o  s u l f a t e s .  Thus, s u l f a t e  concen t ra t ions  hundreds of k i l ome te rs  

downwind o f  t he  source may be almost as l a r g e  as they  a re  near t h e  source. 

NAAQS f o r  s u l f a t e s  have n o t  been es tab l i shed .  However, a i r  q u a l i t y  

standards f o r  s u l f a t e  have been adopted by t h e  S t a t e  of Montana, where t he  

maximum a1 lowable annual s u l f a t e  concen t ra t i on  i s  4 pg/m . (8)  S ince r e g i o n a l  
3 s u l f a t e  concen t ra t ions  o f  1  t o  3 pg/m a re  p r e d i c t e d  f o r  t h e  coal  genera t ion  

developnient -in Montana, t h e  model r e s u l t s  here i n d i c a t e  these standards cou ld  

prove t o  be c o n s t r a i n t s  upon energy development i f  emiss ion l e v e l s  up t o  t h e  

Federal  New Source Performance Standards a r e  pe rm i t t ed .  

5.3 % - DEPOSITION 

Annual t o t a l  d e p o s i t i o n  o f  SO2 f o r  a1 1  e x i s t i n g  and proposed p l a n t s  i s  

shown i n  F igu re  10. The p a t t e r n s  a r e  s i m i l a r  t o  t h e  SO2 concen t ra t i on  pa t -  

t e rns .  However t h e  d e p o s i t i o n  p a t t e r n s  a re  n o t  as con f i ned  t o  t h e  bas ins,  

i n d i c a t i n g  t h e  g r e a t e r  wet and d ry  removal r a t e s  o f  SO2 ove r  mountainous 
2  t e r r a i n .  The ana l ys i s  shows t h a t  1  g/m , o r  9 l b /ac re ,  o r  more o f  SO2 can be 

depos i ted  on to  t h e  t e r r e s t r i a l  environment i n  t h e  v i c i n i t y  o f  a  l a r g e  power 

p l a n t  each year .  Assuming t h a t  t h e  t o p  f o o t  o f  a  s o i l  p r o f i l e  weighs rough ly  
6 6 x  10 l b l a c r e ,  t h i s  would r e s u l t  i n  a  s u l f u r  c o n c e n t r a t i o n  i n  t h e  s o i l  pro-  

f i l e  o f  0.75 ppm. 



FIGURE 10. Annual T o t a l  SO2 Depos i t i on  f rom E x i s t i n g  
and Proposed P l a n t s  Based on New Source 
Performance Standards 

Accord ing  t o  t h e  U.S. T e s t i n g  Company ( I 5 )  as much as 60 l b / a c r e  o f  s u l f a t e  

needs t o  be a p p l i e d  t o  s o i l  w i t h  no e x i s t i n g  s u l f u r  con ten t  i n  t h e  P a c i f i c  

Nor thwest  f o r  a g r i c u l t u r a l  purposes. For  s o i l  w i t h  g r e a t e r  than  20 ppm s u l f u r ,  

no a d d i t i o n a l  app l  i c a t i  ons a re  necessary.  Thus, a1 though damage cou ld  occur  

as t h e  SO2 passes through t h e  p l a n t  canopy t o  t h e  s o i l ,  t h e  i nc rease  o f  s u l f u r  

w i t h i n  t h e  s o i l  p r o f i l e  c o u l d  b e n e f i t  a g r i c u l t u r e .  A g r i c u l t u r e  i s  an impor- 

t a n t  a c t i v i t y  i n  t h e  P a c i f i c  Northwest,  and research  on t h e  p o t e n t i a l  impacts  

t h a t  energy development may have on a g r i c u l t u r a l  p r o d u c t i v i t y  should  be 

pursued. 

5.4 SULFATE DEPOSITION 

Annual t o t a l  s u l f a t e  d e p o s i t i o n  f o r  e x i s t i n g  and proposed p l a n t s  i s  

shown i n  F i g u r e  11. For t h e  most p a r t ,  l a r g e s t  s u l f a t e  d e p o s i t i o n s  a re  

r ough l y  a  f a c t o r  o f  5 t o  10 sma l l e r  than  SO2 depos i t i ons .  T h i s  i s  p r i m a r i l y  

due t o  t h e  s m a l l e r  wet  and d r y  removal r a t e s  f o r  s u l f a t e s  and t h e  d e p o s i t i o n  



FIGURE 11. Annual T o t a l  S u l f a t e  Depos i t i on  f r om  E x i s t i n g  
and Proposed P l a n t s  Based on New Source 
Performance Standards 

o f  much o f  t h e  SO2 b e f o r e  t r a n s f o r m a t i o n  occurs .  The a n a l y s i s  shows t h a t  

l a r g e s t  s u l f a t e  depos i t i ons  a re  g e n e r a l l y  a  cons ide rab le  d i s t ance  away f rom 

t h e  source and o f t e n  ove r  mountainous t e r r a i n .  

A  comparison o f  t h e  t o t a l  r e g i o n a l  SO2-su l fa te  budgets f o r  t h e  J u l y  and 

December pe r i ods  f o r  a  wet  l o c a t i o n  ( C e n t r a l i a ,  i n  western Washington) and a  

d r y  l o c a t i o n  ( C o l s t r i p ,  i n  sou theas te rn  Montana) i s  g i ven  i n  Table  5. O v e r a l l ,  

t h e  m a j o r i t y  o f  t h e  SO2 re leased  i s  e i t h e r  depos i t ed  as SO2 o r  t r a n s p o r t e d  

beyond t h e  g r i d  as s u l f a t e .  The l a r g e s t  c o n t r a s t  i n  d e p o s i t i o n  between t h e  

two s i t e s  i s  d u r i n g  t h e  December p e r i o d  when a lmost  t w i c e  as much SO2 i s  

depos i t ed  f rom Cent ra l  i a  (85%) as f r om  Col s t r i p  (44%).  Th i s  d i f f e r e n c e  

p r i m a r i l y  r e f l e c t s  t h e  enormous v a r i a t i o n s  i n  mean month ly  p r e c i p i t a t i o n  

f o r  December between t h e  two s i t e s .  Dur ing  t h i s  season t h e  r e g i o n  around 

Cen t ra l  i a  r ece i ves  n e a r l y  an o r d e r  o f  magnitude more p r e c i p i t a t i o n  than t he  

r e g i o n  around C o l s t r i p .  



TABLE 5. Seasonal Comparisons o f  T o t a l  S02-Sul f a t e  Budgets 
w i t h i n  t he  Northwest G r i d  

L e f t  i n  Depos i t e d  
A i  r Over on Sur face Transpor ted  

G r i d  o f  Gr id ,  BeyondGr i d ,  
~ e r c e n  t a  ) Percen t  Percen t  

s02 SO4 so2 so4 so2 
T o t a l  , ' 

P e r i  od Source "4 pe rcen t  

J u l y  1-30 C e n t r a l i a ,  WA 0.8 2.4 67.0 21.1 0.2 8.6 100.0 

C o l s t r i p ,  MT 1.3  4.9 52.2 15.3 1 .0  25.4 100.0 

Dec 1-17 C e n t r a l i a ,  WA 0.8 0.6 84.6 6.8 0.4 6.9 100.0 

C o l s t r i p ,  MT 1 .9  1.6 44.4 4.5 8.5 39.1 100.0 

( a )  Percen t  of t o t a l  emiss ions o r  t ransformed m a t e r i a l  rema in ing  a t  end 
o f  computat ion p e r i o d .  

Dur ing  J I J ~ Y ,  which represen ts  t h e  summer season, t h e  t o t a l  SO2 and s u l f a t e  

depos i t ed  f rom C e n t r a l i a  aga in  i s  g r e a t e r  than from C o l s t r i p ,  even though t h e  

J u l y  p r e c i p i t a t i o n  i s  g r e a t e r  a t  C o l s t r i p .  Th i s  i s  ma in l y  due t o  t h e  t e r r a i n  

d i f f e r e n c e s  between t h e  two reg ions .  The f o r e s t e d  and mountainous t e r r a i n  

near  C e n t r a l i a  i s  assumed t o  cause much h i g h e r  d e p o s i t i o n  v e l o c i t i e s  than t h e  

smooth grass lands near  C o l s t r i p .  

As ment ioned p r e v i o u s l y ,  wet  removal by t ime-averaged p r e c i p i t a t i o n  over-  

es t ima tes  t h e  s u r f a c e  d e p o s i t i o n  o f  SO2 by approx imate ly  10 t o  15%. I f  depos i -  

t i o n  occurs  by d r y  processes on l y ,  approx imate ly  35% of  t h e  t o t a l  r e l eased  i s  

depos i t ed  as SO2 and about 45% remains i n  t h e  a i r  as s u l f a t e  (assuming a  u n i -  

form d e p o s i t i o n  v e l o c i t y  o f  1  cmlsec) .  For  a  d e p o s i t i o n  v e l o c i t y  o f  2  cmlsec 

( t h e  model assumptions f o r  f o r e s t e d  t e r r a i n ) ,  t h e  cor responding va lues a r e  

approx imate ly  53% depos i ted  as SO2 and 33% rema in ing  i n  t h e  a i r  as s u l f a t e .  

5.5 PARTICllLATES 

Annual average p a r t i c u l a t e  concen t ra t i ons  f o r  e x i s t i n g  and proposed p l a n t s  
3  a re  shown i n  F i gu re  12. La rges t  concen t ra t i ons  a r e  l e s s  than 1  pg lm . The 

3  n a t i o n a l  average background p a r t i c u l a t e  l e v e l  i s  approx imate ly  25 pg lm and 



FIGURE 12. Annual Average P a r t i c u l a t e s  Concentrat ions f o r  E x i s t i n g  
and Proposed P lan t s  Based on New Source Performance 
Standards 

3  g e n e r a l l y  lower  (10 t o  20 yg/m ) f o r  t he  no r the rn  Great   lai ins.'^) Thus, t h e  

concen t ra t i on  f rom coa l  power p l a n t s  and g a s i f i c a t i o n  p l a n t s  appears t o  be 
3  i n s i g n i f i c a n t  i n  t he  long- te rm assessment. A  s tandard o f  75 yg/ni has been 

e s t a b l i s h e d  as t h e  maximum a l l owab le  annual average o f  t o t a l  suspended par -  

t i c u l a t e s .  However, annual and/or 24-hour p a r t i c u l a t e  standards a re  exceeded 

even i n  r u r a l  areas o f  t h e  Northwest as a  r e s u l t  o f  p a r t i c u l a t e s  formed by 

u n c o n t r o l l a b l e  n a t u r a l  processes such as windblown dus t .  (16)  

5.6 NITROGEN OXIDES 

Annual average NOx concent ra t ions  a re  shown i n  F igu re  13. The pa t t e rns  

a r e  s i m i l a r  t o  those f o r  SO2. Larges t  concen t ra t i ons  a re  i n  t h e  range o f  
3  3  1  t o  3  yg/m , compared t o  t h e  NAAQS o f  100 yg/m . Th i s  i n d i c a t e s  t h a t  no 

s i g n i f i c a n t  long- term reg iona l  a i r  concen t ra t ions  o f  NOx due t o  e x i s t i n g  and 

proposed coa l  power and g a s i f i c a t i o n  p l a n t s  a re  expected on a  reg iona l  sca le .  
1 .  



FIGURE 13. Annual Average NOx Concentrat ions f o r  E x i s t i n g  
and Proposed P l a n t s  Based on New Source 
Performance Standards 



6. MODEL APPLICATION TO ASSESS PROPOSED CLEAN AIR ACT AMENDMENTS 

One o f  t h e  most c o n t r o v e r s i a l  Federal  a i r  qua l  i ty r e g u l a t i o n s  t o  be 

passed i n  r e c e n t  years  deals  w i t h  p reven t i on  o f  s i g n i f i c a n t  a i r  q u a l i t y  dete- 

r i o r a t i o n .  Those r e g u l a t i o n s  were promul gated by t h e  Environmental  P r o t e c t i o n  

Agency i n  December 1974 ( I 7 )  a f t e r  a  s u i t  had been f i l e d  a g a i n s t  t h e  Admin is t ra -  

t i o n  i n  June o f  1972 s t a t i n g  t h a t  no S t a t e  Implementat ion P lan was designed 

t o  p r o t e c t  c lean  areas f r om s i g n i f i c a n t  a i r  qual  i ty  d e t e r i o r a t i o n .  The s u i t  

r e f e r r e d  s p e c i f i c a l l y  t o  t h e  Four Corners P r o j e c t ,  which i s  a  ma jo r  c o a l - f i r e d  

energy f a c i l i t y  e s t a b l i s h e d  i n  an area o f  ve r y  c l ean  a i r .  The EPA S i g n i f i c a n t  

D e t e r i o r a t i o n  Regu la t ion  s p e c i f i e s  t h a t  a1 1  s t a t e s  must des igna te  a1 1  r eg ions  

as e i t h e r  Class I ( t h e  a i r  must remain almost as c l ean  as p r e s e n t l y  e x i s t s ) ,  

Class I 1  ( a i r  qual  i ty  can be degraded up t o  approx imate ly  25% o f  t h e  NAAQS) , 
o r  Class 111 ( a i r  qua l  i t y  can be degraded up t o  t h e  NAAQS). 

These r e g u l a t i o n s  generated immediate con t roversy .  I n d u s t r y  cons idered 

them t o o  s t r i n g e n t  and o r i e n t e d  toward a  no-growth p o l i c y .  Conservat ion 

groups cons idered them t o o  l e n i e n t ,  i n c l u d i u g  t he  S i e r r a  Club which c la imed 

t h a t  t h e  Class I 1 1  des igna t i on  would a l l o w  s t a t e s  t o  e s t a b l i s h  as much area 

as t hey  wanted t o  be degraded up t o  t h e  l e g a l  a i r  q u a l i t y  l i m i t s .  Fu r t he r -  

more, t h e  r e g u l a t i o n s  o n l y  a1 lowed f o r  t o t a l  suspended p a r t i c u l a t e s  and SO2. 

Once again  t h e  S i e r r a  Club sued t h e  EPA, b u t  t h i s  t ime  Congress stepped i n  t o  

c l a r i f y  t h e  i s s u e  by l e g i s l a t i o n  r a t h e r  than  l e a v i n g  i t  up t o  t h e  c o u r t s  t o  

decide. 

Separate proposals  were developed by t h e  Senate and t h e  House. The 

a l l o w a b l e  a i r  q u a l i t y  increments under t h e  va r i ous  p roposa ls  a r e  shown i n  

Tab le  6, and a  summary o f  t h e  ma jo r  d i f f e r e n c e s  among t h e  proposals  as they  

e x i s t e d  i n  l a t e  1975 i s  g iven  i n  Table  7. These t a b l e s  were taken f rom an 

a n a l y s i s  prepared by t h e  EPA ( I 8 )  on t h e  impact  t h e  va r ious  proposed regu la -  

t i o n s  would have on t h e  e l e c t r i c  u t i l i t i e s .  The a n a l y s i s  showed t h a t ,  i n  

genera l ,  t h e  proposed r e g u l a t i o n s  would have an impact  on t h e  e l e c t r i c  u t i l i -  

t i e s  i n  s i t i n g  new power p l a n t s ,  p a r t i c u l a r l y  i n .  t h e  west where much o f  t h e  

mandatory Class I l a n d  e x i s t s .  



TABLE 6. Allowable Air Qual i ty  Increments Under Alternative Significant 
Deterioration Proposals (pg/m3) 

Source: EPA,  1975 (Reference 18) 

CLASS I CLASS I 1  CLASS I 1  I 

P o l l u t a n t  EP A  Senate House EPA Senate House EPA ( b )  Senate House 
Standard Regs. Proposal  Proposal  Regs. Proposal  Proposal  ( a )  Regs. Proposal  Proposal  ( b )  

S u l f u r  
D i o x i d e  

Annual 2  2  1.6 15 15 2  0  80 No 40 

24-hour 5  5  7.3 100 100 9  1  365 Class 183 

3-hour  2  5  25 2  6  700 700 325 1300 I 1 1  5  0  

w T o t a l  
o Suspended 

P a r t i c u l a t e s  

Annual 5  5  7.5 10 10 19 75 No 38 

Class 
I I 

( a )  The inc rements  f o r  t h e  House p roposa l  are based on l i m i t a t i o n s  o f  2% o f  NAAQS f o r  Class I, 25% f o r  Class 11, and 
50% f o r  Class 111, excep t  t h a t  t h e  l i m i t  f o r  t o t a l  suspended p a r t i c u l a t e s  i n  Class I i s  10% o f  NAAQS. I n  a d d i t i o n ,  
t h e  House p roposa l  s t i p u l a t e s  t h a t  t h e  c o n c e n t r a t i o n  o f  a l l  p o l l u t a n t s  cannot  exceed 75% of t h e  n a t i o n a l  ambient  
a i r  q u a l i t y  s tandards  i n  any o f  t h e  c lasses .  

( b )  EPA's Class I 1 1  a l l o w s  degrada t ion  up t o  t h e  NAAQS (see  Tab le  4 ) .  
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On August 2, 1976 t h e  U.S. D i s t r i c t  Cour t  o f  Appeals f o r  t h e  D i s t r i c t  of 

Columbia upheld t h e  EPA1s r e g u l a t i o n s ,  r u l i n g  a g a i n s t  t h e  S i e r r a  Club s u i t .  

Three days l a t e r ,  on August 5, t h e  Senate approved i t s  v e r s i o n  o f  t h e  Pre- 

ven t i on  o f  S i g n i f i c a n t  A i r  Q u a l i t y  D e t e r i o r a t i o n  l e g i s l a t i o n ,  which was p a r t  

o f  a  package o f  proposed Clean A i r  Ac t  Amendments (S 3219), by a  v o t e  o f  78 

t o  13. Hear ings on t h e  House v e r s i o n  o f  t h e  Clean A i r  A c t  Amendments 

(HR 10498) began a l lnost  s imul taneously ,  on August 4, and were approved a  few 

weeks l a t e r .  The amendments a r e  p r e s e n t l y  be fo re  t h e  f u l l  Congress. 

We used t h e  r e g i o n a l  t r a n s p o r t  model t o  examine t h e  e f f e c t s  those regu la -  

t i o n s  w i  11 have on s i t i n g  new e l e c t r i c  genera t ing  f a c i  1  i t i e s  i n  t h e  Northwest.  

The House and Senate vers ions ,  as w e l l  as t he  EPA r e g u l a t i o n s ,  s p e c i f y  t h a t ,  

a t  t h e  l e a s t ,  emiss ions f rom new f a c i l i t i e s  must comply w i t h  t h e  NSPS. 

Furthermore, t h e  House and Senate ve rs i ons  s p e c i f y  mandatory and d i s c r e t i o n -  

a r y  Class I e x c l u s i o n  areas, where ve ry  l i t t l e  a i r  q u a l i t y  d e t e r i o r a t i o n  i s  

pe rm i t t ed .  Under t h e  p resen t  Senate vers ion ,  f o r  example, Na t i ona l  Parks and 

Wilderness Areas w i l l  be mandatory Class I areas, w h i l e  many o t h e r  types o f  

Federal  lands,  such as Na t i ona l  Forests ,  Na t iona l  W i l d l i f e  Refuges, and 

I n d i a n  Reserva t ions ,  cou ld  be des ignated Class I upon agreement w i t h  t he  

a p p r o p r i a t e  Federal  l a n d  manager and s t a t e  o f f i c i a l s .  ( a )  

F i g u r e  14 shows a l l  p o s s i b l e  Class I exc lus ion  areas under t h e  p resen t  

v e r s i o n  o f  t h e  proposed r e g u l a t i o n s .  Inc luded  i n  t h i s  f i g u r e  a r e  t h e  con- . 
3 t o u r s  f o r  t h e  1  and 3  pg/m annual SO2 concen t ra t i on  p r e d i c t e d  by t h e  model 

f o r  e x i s t i n g  and proposed energy genera t ing  f a c i l i t i e s  i n  t h e  reg ion .  These 

con tour  i n t e r v a l s  e s s e n t i a l l y  envelop t h e  a l lowed SO2 degrada t ion  p e r m i t t e d  by 

b o t h  t h e  House and Senate ve rs i ons  o f  t h e  proposed s i g n i f i c a n t  d e t e r i o r a t i o n  

r e g u l a t i o n s  (Table 6 ) .  Th i s  a n a l y s i s  shows t h a t  ve ry  few p o s s i b l e  Class I 

exc l  us i on  areas wi 11 be a f f e c t e d  by t h e  "poss ib l e "  near - te rm devel  opment 

scenar io .  Except ions cou ld  be t he  Flaming Gorge Nat iona l  Recrea t ion  Area i n  

- 
(a )  The Nor thern  Cheyenne I n d i a n  Reservat ion has requested t h a t  t h e  a i r  q u a l i t y  

c l a s s i f i c a t i o n  f o r  t h e i r  Reservat ion be es tab l  i shed  a t  Class I. The 
C o l s t r i p  complex (2060 MWe) i s  about 15 m i l e s  f rom t h e  Reservat ion.  



FIGURC 14. All Possible Class I Exclusion Areas and Estimated Annual 
SO2 Concentrations for the "Possible" Near-Term Scenario 
Based on New Source Performance Standards 



southwest Wyoming and nor thwes t  Colorado, and t h e  Nor the rn  Cheyenne I n d i a n  

Reserva t ion  i n  sou theas t Montana . 
T h i s  a n a l y s i s  i s  n o t  t o  p r o v i d e  a  d e t a i l e d  assessment o f  t h e  proposed 

r e g u l a t i o n s  f o r  t h e  Preven t ion  o f  S i g n i f i c a n t  A i r  Q u a l i t y  d e t e r i o r a t i o n ,  b u t  

r a t h e r  t o  demonst ra te  t h e  u t i l i t y  o f  a p p l y i n g  r e g i o n a l  t r a n s p o r t  models t o  

these k i n d s  o f  assessments. I t  i s  i n t e n d e d  t h a t ,  as t h e  model i n g  program 

proceeds and proposed Clean A i r  A c t  Amendments a r e  s igned i n t o  law, t h e  e f f e c t s  

o f  these r e g u l a t i o n s  on t h e  e l e c t r i c  u t i l i t i e s  i n  t h e  Nor thwest  w i l l  be 

assessed as a  component of  t h e  Regional  Assessment Program. 



7 .  RECOMMENDATIONS 

There a r e  many f a c e t s  t o  a i r  q u a l i t y  assessments bes ides long-range p o l -  

l u t a n t  t r a n s p o r t .  Model ing o f  i n d i v i d u a l  proposed f a c i l i t i e s ,  e s t i m a t i n g  

v i  s i  b i  1  i t y  r educ t i ons ,  examining secondary a i r  qua1 i t y  impacts,  and r e g i o n a l  

and g l o b a l  c l i m a t i c  impacts a r e  j u s t  some o f  t h e  assessments be ing  cons idered  

under t h e  Regional  Assessment Program. However, much work i s  s t i l l  r e q u i r e d  

on t h e  r e g i o n a l  model ing program t o  p r o v i d e  more r e a l i s t i c  assessments o f  l ong-  

range p o l l u t a n t  t r a n s p o r t  processes. Recommendations f o r  t h i s  con t inued  

e f f o r t  a re  1  i s ted  be1 ow: 

There i s  a  need t o  i n c o r p o r a t e  improved techniques t o  account f o r  t h e  

e f f e c t s  o f  r e g i o n a l  topography on t h e  t r a n s p o r t  and d i f f u s i o n  p r o p e r t i e s  

o f  t h e  atmosphere. 

More exper imenta l  s t u d i e s  on d r y  d e p o s i t i o n  v e l o c i t i e s  over  mountainous 

t e r r a i n  a re  r equ i r ed .  

More r e a l i s t i c  d r y  removal methods i n  t h e  model a r e  necessary, i n c l u d i n g  

a  su r f ace  d e p l e t i o n  i ns tead  o f  a  source d e p l e t i o n  scheme. 

Techniques need t o  be developed t o  i n c o r p o r a t e  t h e  e f f e c t s  o f  d i u r n a l  and 

seasonal v a r i a t i o n s  i n  s t a b i l i t y  and m ix i ng  h e i g h t  i n t o  t h e  r e g i o n a l  

model i ng. 

A more thorough seasonal and annual assessment should be performed u s i n g  

a  complete y e a r ' s  me teo ro l og i ca l  data ,  i n c l  ud ing  h o u r l y  p r e c i p i t a t i o n  

da ta  t o  more a c c u r a t e l y  es t ima te  temporal and s p a t i a l  v a r i a b i l i t i e s  i n  

p r e c i p i t a t i o n  scavenging. 

More complete i n f o r m a t i o n  on background a i r  q u a l i t y  l e v e l s  o f  t h e  va r i ous  

p o l l u t a n t s  th roughou t  t h e  r e g i o n  a r e  r e q u i r e d  t o  f u l l y  eva lua te  a i r  

q u a l i t y  impacts f rom e x i s t i n g  and proposed f a c i l i t i e s .  

A more complete emiss ion i nven to r y ,  i n c l u d i n g  l a r g e  nonenergy s u l f u r  

e m i t t e r s ,  needs t o  be i nco rpo ra ted  i n t o  t he  model ing e f f o r t .  



' The e f f e c t  o f  b i ogen i c  sources o f  s u l f u r  on t he  s u l f a t e  budget i n  t h e  

Nor thwest  needs t o  be s tud ied ,  s i m i l a r  t o  a s tudy  performed i n  t h e  eas t -  

e r n  U.S. by Hi tchcock.  (19)  

These types o f  s t u d i e s  a r e  c u r r e n t l y  underway i n  t he  Regional Assessment 

Program as w e l l  as o t h e r  programs sponsored by var ious  agencies,  i n c l u d i n g  

ERDA. As improved methodolog ies become a v a i l a b l e  they  w i l l  be i nco rpo ra ted  

i n t o  t he  assessment program t o  p rov ide  a more r e a l i s t i c  p i c t u r e  o f  t h e  

reg iona l  env i ronmenta l  t r a d e - o f f s  t o  be expected w i t h  f u t u r e  energy develop- 

ment scenar ios.  
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APPEIVDIX A 

COMPARISONS OF 1974 DATA TO C L I M A T I C  AVERAGES 



COMPARISONS OF 1974 DATA TO CLIMATIC AVERAGES 

Anomalies o f  wind speed and d i r e c t i o n ,  p r e c i p i t a t i o n ,  and temperature  

were examined o v e r  t h e  Nor thwest  f o r  A p r i l ,  J u l y ,  October, and December 1974 

t o  determine how r e p r e s e n t a t i v e  each o f  t h e  f o u r  p e r i o d s  i n  1974 were o f  

average c o n d i t i o n s .  O f  p r i m a r y  concern a r e  t h e  extreme depar tu res  f rom t h e  

l o n g - t e r m  averages (e .  g. , those  t h a t  occur  o n l y  once i n  10  y e a r s  o r  more), and 

n o t  t h e  normal d e v i a t i o n s  t h a t  a r e  expected f rom y e a r  t o  year .  The main p u r -  

pose here i s  t o  i n v e s t i g a t e  t h e  anomal ies o f  each p e r i o d  t o  assure t h e  t ime  

p e r i o d ( s )  used was n o t  one o f  t h e  w i n d i e s t  o r  calmest,  r a i n i e s t  o r  d r i e s t ,  o r  

h o t t e s t  o r  c o l d e s t  p e r i o d s  on r e c o r d  i n  t h e  Nor thwest .  

For  t h i s  r e g i o n a l  a i r  qua1 i t y  assessment, t h e  o n l y  r e a l  t ime  m e t e o r o l o g i -  

c a l  da ta  used were wind speed and d i r e c t i o n .  S p a t i a l  v a r i a b i l i t i e s  i n  p r e -  

c i p i t a t i o n  scavenging were approximated f rom g r idded  va lues o f  mean month ly  

p r e c i p i t a t i o n ,  as p r e v i o u s l y  desc r ibed .  Therefore ,  t h e  most i m p o r t a n t  param- 

e t e r s  he re  a r e  t h e  temporal  and s p a t i a l  v a r i a t i o n s  i n  t h e  wind f l o w  p a t t e r n s  

( e s t i m a t e d  from 1 ayer-averaged rawinsonde and p i  b a l  w ind d a t a )  and t h e  r e p r e -  
sen ta t i veness  o f  these f l o w  p a t t e r n s  w i t h  t h e  mean f l o w .  For t h e  purposes 

o f  t h i s  comparison, we f e l t  t h e  use of  s u r f a c e  w ind  d a t a  was s u f f i c i e n t .  

Thus, t h e  month ly  mean wind speeds f o r  A p r i  1 , J u l y ,  October,  and December 1974 

a t  f i r s t  o r d e r  weather s t a t i  ons(a)  were compared w i t h  t h e i r  cor responding 

month ly  c l i m a t o l o g i c a l  averages. ( b )  A few o f  t h e  s t a t i o n s  c o u l d  n o t  be used 

i n  t h e  comparison because o f  r e c e n t  changes i n  i n s t r u m e n t  h e i g h t  o r  l o c a t i o n .  

P r e c i p i t a t i o n  and temperature  anomal ies a r e  d iscussed  n e v e r t h e l e s s  t o  p r o v i d e  

a d d i t i o n a l  i n f o r m a t i o n  on t h e  r e p r e s e n t a t i  veness o f  1974 w i t h  c l  i m a t o l o g i  c a l  

averages. ( c  

( a )  C l i m a t o l o g i c a l  Data, N a t i o n a l  C l i m a t i c  Center,  Environmental  Data Serv ice ,  
A s h e v i l l e ,  NC. 

( b )  C l imates o f  t h e  S ta tes ,  N a t i o n a l  C l i m a t i c  Center,  Env i ronmenta l  Data 
Serv ice ,  A s h e v i l l e ,  NC. 

( c )  C l  i m a t o l o g i c a l  Data, N a t i o n a l  Summary, N a t i o n a l  C l i m a t i c  Center ,  Env i  ron-  
mental  Data Serv ice ,  A s h e v i l l e ,  NC. 



APRIL 

Mean w ind  speeds f o r  A p r i l  1974 were above normal (1 t o  2  mph) over  

Idaho, eas te rn  Washington, and eas te rn  Oregon and near  normal elsewhere. How- 

ever  no l a r g e  depar tures f rom t h e  mean p r e v a i l i n g  f l o w  p a t t e r n s  were ev i den t .  

P r e c i p i t a t i o n  f o r  A p r i l  was h i g h l y  v a r i a b l e  over  t h e  reg ion ,  v a r y i n g  f rom 

50 t o  200% o f  normal (F i gu re  A - l a ) .  Except f o r  temperature depar tures o f  

3  t o  4°F above normal over  much o f  Montana, A p r i l  temperature averages were 

near  normal over  most o f  t h e  Northwest ( F i g u r e  A - l b ) .  O v e r a l l ,  t he  weather 

d u r i n g  A p r i l  1974 was n o t  extreme and appears r e p r e s e n t a t i v e  o f  t h e  average 

A p r i l  i n  t h e  Northwest.  

JULY 

Mean wind speeds f o r  J u l y  1974 were near  nor~ i ia l  over  most o f  t h e  Nor th -  

west, w i t h  no extreme depar tures f rom normal.  P r e c i p i t a t i o n  was much above 

normal over  much o f  Washington and Oregon, w i t h  some reco rd  amounts i n  west- 

e rn  Washington and Oregon (F i gu re  A-2a). Th i s  was due t o  a  southward d i s -  

placement o f  t h e  mean s to rm t r a c k  d u r i n g  t h i s  t ime.  No extreme p r e c i p i t a t i o n  

depar tures occur red  over  t h e  remainder o f  t h e  Northwest.  Mean temperatures 

were about 2 t o  4°F warmer than normal over  Montana and Wyoming and about 

2°F c o o l e r  over  most o f  Washington (F i gu re  A-2b). Thus, J u l y  1974 appeared 

c o o l e r  and w e t t e r  than normal over  most o f  Washington and Oregon and warmer 

than normal ove r  Montana and Wyoming. However, t h e  p r e v a i l i n g  f l o w  p a t t e r n s  

appeared, f o r  t he  most p a r t ,  s i m i l a r  t o  t h e  mean f o r  J u l y .  

OCTOBER 

Mean wind speeds f o r  October 1974 were 10 t o  30% below normal.  Condi- 

t i o n s  were d r i e r  than normal over  Oregon, Washington, no r t he rn  Idaho, and 

nor thwes t  Montana, w i t h  g e n e r a l l y  l e s s  than 50% of  t h e  normal p r e c i p i t a t i o n ,  

and w e t t e r  than normal ove r  southern Idaho, Wyoming, and sou theas t  Montana, 

w i t h  over  300% o f  t h e  normal p r e c i p i t a t i o n  r epo r t ed  over  p a r t s  o f  t h i s  area 

( F i g u r e  A-3a). Temperatures were 1 t o  2°F above normal throughout  most of 

t h e  nor thwes t  ( F i g u r e  A-3b). Wi th  t h e  excep t ion  o f  a  b r i e f  p e r i o d  a t  t h e  



SCALE OF SHADES 

Baled on p r s l m m o r r  I . l e p r o ~ h ~ c  reports 

FIGURE A - l a .  P r e c i p i t a t i o n  Depar tu re  (%)  f r o m  30-Year Mean f o r  A p r i l  1974. 
Source:  C l  i m a t o l o q i c a l  Data, N a t i o n a l  Summary, A p r i  1 1974 

FIGURE A- lb .  Temperature D e p a r t u r e  ( F O )  f r o m  30-Year Mean f o r  A p r i l  1974. 
Source:  C l  i m a t o l o g i c a l  Data, N a t i o n a l  Summary, A p r i  1 1974 

A- 3 



SCALE OF SHADES 

FIGURE A-2a. P r e c i p i t a t i o n  Depar tu re  ( % )  f r o m  30-Year Mean f o r  J u l y  1974. 
Source: C l  i m a t o l o g i c a l  Data,  N a t i o n a l  Summary, J u l y  1974 

FIGURE A-2b. Temperature Depar tu re  ( F O )  f r o m  30-Year Mean f o r  J u l y  1974 
Source:  C l i m a t o l o g i c a l  Data,  N a t i o n a l  Summary, J u l y  1974 

A - 4  



SCAlE  Of SHADES 

F I G U R E  A-3a. P rec ip i t a t ion  Departure (%)  from 30-Year Mean f o r  October 1974. 
Source: Cl imatological Data, ~ a t i o n a l  Summary, October 1974 

F I G U R E  A-3b. Temperature Departure ( F O )  from 30-Year Mean f o r  October 1974. 
Source: Cl imatol ogical Data, National Summary, October 1974 

A -5 



end o f  t h e  month, t h e  s torn i  t r a c k  l a y  n o r t h  o f  t h e  reg ion - -pe rhaps  f u r t h e r  

n o r t h  t h a n  would  normal l y  be expected.  I n  genera l  , d e p a r t u r e s  o f  i i i e teo ro log i  - 

c a l  parameters  o v e r  t h e  r e g i o n  d u r i n g  October  were o p p o s i t e  those  d u r i n g  J u l y .  

DECEMBER 1-19 

Average w ind  speeds f o r  t h e  p e r i o d  December 1-19, 1974 showed no l a r g e  

depar tu res  f r o m  normal .  However, t h e  t i m e  p e r i o d  i s  t o o  s h o r t  f o r  a  good 

r e p r e s e n t a t i o n  o f  t h e  d i f f e r e n t  t ypes  o f  f l o w  p a t t e r n s .  Most o f  t h e  r e g i o n  

was d r i e r  ( F i g u r e  A-4a) and warmer ( F i g u r e  A-4b) than  normal ,  p a r t i c u l a r l y  i n  

n o r t h e r n  Montana, w i t h  t h e  s t o r m  t r a c k  s t a y i n g  g e n e r a l l y  w e l l  t o  t h e  n o r t h  o f  

t h e  r e g i o n .  

SUMMARY 

For  t h e  p e r i o d  as a  whole,  much o f  t h e  r e g i o n  was genera l  l y  warmer and 

d r i e r  than  l o n g - t e r m  averages.  However, t h e r e  were many r e g i o n a l  e x c e p t i o n s  

t o  t h i s .  A  w e t t e r  and s t o r m i e r  p e r i o d  i n  J u l y  was ba lanced  by a  d r i e r  p e r i o d  

i n  October.  These o b s e r v a t i o n s  i n d i c a t e  q u a l i t a t i v e l y  t h a t  many o f f s e t t i n g  

n i e t e o r o l o g i c a l  v a r i a t i o n s  o v e r  t h e  4  months used i n  t h i s  s t u d y  r e s u l t e d  i n  

1974 b e i n g  a  r a t h e r  " t y p i c a l "  y e a r  compared w i t h  c l i m a t o l o g y .  



S C A l t  OF WADES 

FIGURE A-4a. Prec-i p i  t a t i o n  Depar ture  (%)  f rom 30-Year Mean f o r  December 1974. 
Source: C l i m a t o l o g i c a l  Data, N a t i o n a l  Summary, December 1974 

I I 

FIGURE A-4b. Temperature Depar tu re  ( F O )  f rom 30-Year Mean f o r  December 1974. 
Source: C l i m a t o l o g i c a l  Data, N a t i o n a l  Sumnary, December 1974 
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