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iN'RODilCTIOB O v  Congress i s  cur ren t ly  attetcpting 
t o  fo rnu la te  a workable National 

Energy Plan (WEP) t h a t  w i l l  miniuize our dependence 
on foreign o i l .  One plan of t h e  NIP i s  a two-thirds 
increase i n  coal  production. To put t h i s  plan i n  
c f f c c t  t h e  NEP-would provide f o r  t axes  on t h e  use 
of o i l  and na tura l  gas  t o  encourage conversion t o  
coal  by indus t r ies  and u t i l i t i e s .  

On August 7 ,  1977, t h e  President signed i n t o  law 
t h e  Clean A i r  Act Pmendments of 1977. This amend- 
inert reaffirmed t h e  goal " to  9rot.ect and enhance 
t h e  Nation!s a i r  resources so a s  t o  promote t h e  
hea l th  and welfare of i t s  population". Numerous 
new and more s t r ingent  requirements were imposed 
upon operators  of major emitting f a c i l i t i e s .  These 
requirements can incyease t h e  d i f f i c u l t y  i n  obtain- 
ing ? e m i t s  f o r  new o r  expanded f a c i l i t i e s .  One 
nc tab le  requirement i o  t h e  r e g d a t i c n  f o r  t h e  
Prevent ion of S ign i f ican t  Deter iorat ion ( FSD) . 
This regulat ion i s  intended t o  prevent long-term 
degradation of a i r  q u a l i t y  by specifying allowable 
increments of concentrations of s u l f u r  dioxide (SO2) 
eild pnrt  i c113 at.es. This  regulat ion i s  extremely 
important t o  t h e  P a c i f i c  Northwest, s ince a l a r g e  
majori ty  of t h e  land a rea  can only t o l e r a t e  t h e  
lowest po l lu tan t  increment. Because sir qua l i ty  
regulat ions have been strengthened, s i g n i f i c a n t  
c o n f l i c t s  may a r i s e  i n  implementing t h e  NEP and 
enhancing t h e  air q u d i t y .  This complex s i t u a t i o n  
is  being invest igated a t  t h e  P a c i f i c  Northwest 
Labor&tory (PNL) through t h e  Regiond Assessment 
Progr~m (SAP) f o r  t h e  western United S t a t e s  ( l and  
a rea  west of 100' longi tude) .  The a i r  q u a l i t y  
impact of ver ious NEP scenarios  a r e  being s tudied 
a s  a major ob.jective of t h i s  study. 

The ob jec t ive  of t h i s  study is  t o  inves t iga te  
incremental  a i r  q u a l i t y  impacts r e c u l t i n g  from t h e  
long-range t ranspor t ,  t r ans forna t ion ,  and removal 
of s u l f u r  and p a r t i c u l a t e  emissions fron both 
u t i l i t y  and i n d u s t r i a l  sources. ,  F'iiture f a c i l i t y  
s i t i n g  was based on t h e  "business a s  usual" scenario 
of energy demand and supply. 

Ground-level. a i r  concentrations and surfacg deposi- 
t i o n s  of s u l f u r  dioxide (S02),  s u l f a t e  (SOL) and 
p a r t i c u l a t e s  have been computed f o r  major emission 
sources i n  t h e  Pac i f ic  Northwest (Washington, 
Oregon', and Idaho). Meteorological da ta  consis ted 
of upper a i r  and prec ip i ta t ion  da ta  f o r  Apri l  1974. 
Emission d a t a  f o r  u t i l i t y  and i n d u s t r i a l  sources i s  
based on e i t h e r  individual  s t a t e  implementation 
plans (SIP)  o r  t h e  current  EP!! pol icy on t h e  bes t  
ava i lab le  con t ro l  technology (BAcT). Emission 
sources could be coa l ,  o i l ,  o r  gas  fueled.  . 

This paper focuses on t h e  modeling techniques and 
r e s u l t s  of t h e  impacts on a i r  q u a l i t y  f o r  projected 
emissions i n  1985. These r e s u l t s  provide a compari- 
son t o  a study of s u l f u r  emissions i n  t h e  western 
U.S. t h a t  were based on increased coal  use (sarAdusky 
and Renne , 1979). 

REGIONAL MODELING A regional  sca le  t r a n s p o r t ,  t r ans -  
formation, and removal model 

developed by Wendell, e t  . el. , (1976) and adapted 
f o r  use i n  t h e  western United S t a t e s  by Renne, e t .  
al. , (1978) and Sandusky , e t  . al. , (1978) is  being 
u t i l i z e d  t o  obtain est imates  of' incremental ground- 
l e v e l  a i r  concentrations pad s ~ r f e c e  deposi t ions of 
S02, s u l f a t e s  , and p a r t i c u l a t e s .  Pol lutant  t rans -  
por t  is  determined from t h e  s p a t i a l  and tempore.1 
var ia t ions  of t h e  upper l e v e l  rawinsonde an6 piba l  
winds in te rpo la ted  t o  a uniformly space9 gr id  over 
t h e  region. Wind d a t a  i s  averaged over a specif ieC 
l a y e r  t o  provide a "layered-average" t ranspor t .  
Gridded wind f i e l d s  a r e  produced f o r  each hour by 
in te rpo la t ing  between t h e  rou t ine  12-hour observa- 
t i o n s .  Pol lutant  t ranspor t  i s  simulated by a plume 
cen te r l ine  approximated by t h e  t r a j e c t o r i e s  of 
massless p a r t i c l e s  released once each hour from 
spec i f ied  source loca t ions .  The r e l e a s e  i s  a t  a 
spec i f ied  height  above ground leve l  t h a t  accounts 
f o r  plume r i s e .  Average monthly ground-level a l r  
~ o n c e n ~ r a t j o n s  and surface deposi t ions a r e  comp~te8 
by sampling t h e  plumes over an a r ray  of g r i d  squares. 

The v e r t i c a l  dispersion parameter, c z ,  i s  estimated 
from t h e  formulations of Eimutis and Konicek (1972). 
Eorizontal  dispersion about t h e  plume cen te r l ine  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 .  The atmospheric s t a b i l i t y  t ime 
was dependent on time of day. 

A l i n e a r  oxidation reac t ion  r a t e  of SO2 t o  s u l f a t e  
i s  assumed. A source deplet ion technique i s  
u t i l i z e d  f o r  computing d r y  removal scavenging of 
airborne S02, s u l f a t e s  and p a r t i c u l a t e s .  The wash- 
out i s  d i r e c t l y  proport ional  t o  t h e  p r e c i p i t a t i o n  
r a t e  f o r  ,502 and p a r t i c u l a t e  removal and propor- 
t i o n a l  t o  a power of t h e  p r e c i p i t a t i o n  r a t e  f o r  
s u l f a t e  removal. 

EMISSION INVENTORY Projected u t i l i t y  and i n d u s t r i a l  
po l lu tan t  emissions ( s u l f u r  and 

p a r t i c u l a t e s )  were based on c e r t a i n  assumptions 
regarding f u e l  c h a r a c t e r i s t i c s  a s  well  a s  appro- 
p r i a t e  emission standards. For i n d u s t r i a l  sources 
S t a t e  Implementation Plan (SIP)  values were used 
f o r  e x i s t i n g  and new, non major f u e l  burning (MFB 
i n s t a l l a t i o n s  ( i . e . ,  p lan t s  smaller than 100 x 1 0  l 
BTU/hr). Best ava i lab le  con t ro l  technology (BACT) 
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l imi ted  emissions f o r  new MFBI's. I f  t h e  SIP has no 
emission requirements, then Federal New Source 
Performance Standards (NSPS ) applyed. For u t i l i t y  
sources t h e  year of plant  s tar t -up deternined 
m i s s i o n  c h a r a c t e r i s t i c s .  For ex i s t ing  p l a n t s ,  
emissions were considered t o  be uncontrolled based 
on FPC coal  c h a r a c t e r i s t i c s  da ta  f o r  1976. For new 
o r  recent  p lan t s  ( s ta r t -up  a f t e r  1975),  t h e  Federal 
NSPS applied. For p lan ts  with s tar t -up da tes  5e- 
yocd 1983, BACT was assumed t h a t  required 85% annual 
average So2 removal with an 0.2 ~b 502/106 3121 
emissions f l o o r .  

Other assumptions included heat  r a t e  f o r  coa l  and 
o i l ,  and t h e  c h a r a c t e r i s t i c s  of coal  burned i n  t h e  
region. For t h e  EPA Federal Region X (washington, 
Oregon, Idaho) these  values were 0.53% and 15.2% 
f o r  percent of sulfur and f l y  ash i n  t h e  coal .  

The assumptions employed i n  computation of t h e  
emissions a r e  considered t o  be v a l i d  f o r  t h i s  
i n i t i a l  assessment. The implementation of BACT and 
possible  f u t u r e  rev i s ion  t o  NSPS a r e  c e r t a i n l y  
important issues.  Primary s u l f a t e  emissions a r e  
assumed t o  be  2% of t h e  t o t a l  SO2 emissions. 

The a c t u a l  s i t i n g  scenarios by counties  was 
develooed within t h e  Oak Ridge National Laboratory 
(oRNL) Regional Studies  Program. Factors  considered 
ic t h e  s i t i n g ,  among o thers ,  were water avai l -  
e b i l i t y ,  ex i s t ing  a i r  qua l i ty ,  and r e l a t i o n s h i p  t o  
ex i s t ing  load centers  f o r  u t i l i t y  sources. I n  t h i s  
assessment t h e  ac tua l  s i t e  loca t ion  i s  considered 
t o  be t h e  geographic centroid of t h e  county. 

For most of t h e  s t a t i o n s ,  winds averaged over a 
l ayer  between 100 and l C O O  m above t h e  ground were 
used t o  est imate t h e  po l lu tan t  t ranspor t .  In  some 
cases,  however, emission source may be located on a 
broad plateau while t h e  nearest  upper a i r  s t a t i o n  
is  i n  a confined va l ley .  Under these  conditions 
averaged winds between 1000 t o  2000 m f o r  t h e  near- 
by s t a t i o n s  were used so  a s  t o  allow t h e  in te rpo la ted  
winds t o  be above t h e  inf luence of t h e  l o c a l  
topography. 

A model fea ture  employed t o  approximate t h e  e f f e c t s  
of t h e  complex t e r r a i n  on po l lu tan t  t ranspor t  and 
removal was t o  va'ry dry deposi t ion according t o  
t e r r a i n  height .  This approach has been used i n  
o ther  regional  assessments ( E l l i o t t  and Renne, 1977). 
Spec i f ica l ly  t h e  deposi t ion ve loc i ty  i s  increased 
by a spec i f ied  f a c t o r  depending on t e r r a i n  type.  
Factors  range from 2 f o r  fo res ted  t e r r a i n  t o  1 0  f o r  
very mountainous t e r r a i n .  

Summary of Model Input The input parameters used i n  
t h e  assessment. model a.re 

shown i n  Table 1. 

Table 1 

Model Input Data 

~EOROLOGICAL DATA AND MODEL FEATURE Both rawin- 
sonde and 

upper a i r  p i l o t  balloon wind observations ( p i b a l s )  
a r e  used t o  generate t h e  gridded wind f i e l d s .  Max- 
h u m  de ta  coverage was sought t o  el iminate  a s  much 
a s  possible  t h e  large-scale  topographic inf luences 
on t h e  wind f i e l d .  This i s  p a r t i c u l a r l y  important 
i n  much of t h e  Pac i f ic  Northwest s ince  t h i s  a rea  
i s  dominated by complex t e r r a i n .  Figure 1 shows 
t h e  upper a i r  network of rawinsonde and p iba l  
s t a t i o n s  used i n  t h i s  assessment. Those p iba l  
s t e t  ions located. i n  isnla,taii mountain va l leys  o r  
she l te red  loca t ions  were not used f o r  t h i s  ana lys i s .  

Time period f o r  meteorological 1-30 Apri l  
data  1971: 

Advection g r i d  spacing 
( 6 0 ' ~  LaL. ) 269 L 

Grid spacing f o r  p r e c i p i t a t i o n  
da ta ,  t e r r a i n  types,  and sampling 
of r e s u l t s  (3b0N Lat . ) 

Effec t ive  s tack height  f o r  u t i l i t y  
sources 

Mixing height  

S t a b i l i t y  

Dry deposi t ion v e l o c i t i e s a  

s02 
Sulftrt es 

Wet removal c o e f f i c i e n t s  
b 

SO2 

Sul fa tes  

Transformation r a t e  of SO t o  
sulr t l tes  

2 

Percentage of emissions a s  
primary s u l f a t e s  

200 I2 

Variable 

Variable 

O.O05/hr 

0.02 (2% of  
emission) 

%hese were values f o r  low roughness t e r r a i n .  
Deposition v e l o c i t i e s  were varied over d i f f e r e n t  
t e r r a i n  types.  

b~ = r a i n f a l l  r a t e s  mm/hr. Temporal and spac ia l  
var ia t ion  i n  P were determined from hourly 
p rec ip i ta t ion  data .  . 

RESULTS Average incremental ground-level a i r  con- . . . .- - 
Figure 1; U.S. and Canadian Meteorological cen t ra t ions  and surface deposi t ions of 

S ta t ions  Ut i l i zed  i n  t h e  Interpolated SO2 s u l f a t e s ,  and p a r t i c u l a t e s  from s i t e d  u t i l i t y  

Wind Fields .  Additional S ta t ions  Off t h e  and i n d u s t r i a l  po l lu tan t  emissions were computed 

Grid a r e  Used f o r  In te rpo la t ing  Winds f o r  a one month d a t a  period. The Apr i l  1974 da ta  

Near t h e  Grid Boundaries. 
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period was chosen t o  provide a conservative 
estimate of annual incremental a i r  concentrations 
values. Deposition values,  however, a r e  f 0 r . a  one 
month period only. 

Predicted incremental concentrations a r e  compared 
t o  t h e  PSD values allowed under t h e  Clean A i r  Act 
Amendments of 1977. No National Akbient A i r  Quality 
Stsnderds (NAAQS) o r  PSD limits f o r  s u l f a t e  
cur ren t ly  e x i s t .  However, t h e  a i r  qua l i ty  standard 
f o r  s u l f a t e  t h a t  has been adopted by Montana and 
North Dakota w i l l  be used a s  a b a s i s  f o r  comparison. 
For those s t a t e s  t h e  maximum allowable annual sul- 
f a t e  concentration i s  4 pg/m3. 

SO2 Concentrations Annual average incremental con- 
cen t ra t icns  of SO2 a r e  shown i n  

Figures 2 and 3 f o r  u t i l i t y  and i n d u s t r i a l  sources 
considering t h e  1985 s i t i n g  scenario. Maximun 
values i n  both cases a r e  local ized.  Terrain e f f e c t s  
a r e  more obvious f o r  t h e  i n d u s t r i a l  s i t i n g  scenario. 

Figure 2. Incremental SO2 A i r  Concentrations f o r  
1985 U t i l i t y  S i t i n g  

Figure 3. Incremental SO2 Air Concentrations f o r  
Tndilstrial S i t i n g  

For t h e  i n d u s t r i a l  s i t i n g  ana lys i s  t h e  a c t u a l  
f a c i l i t y  s tack  he igh t ,  i f  g rea te r  than 100 meters, 
was used a s  t h e  e f f e c t i v e  r e l e a s e  height .  I f  t h e  
a c t u a l  s tack height  was l e s s  than 100 meters it was 
s e t  t o  100 meters. Therefore increasing deposi t ion 
ve loc i ty  due t o  t e r r a i n  roughness depleted t h e  
plume rap id ly  e a s t  of t h e  Seat t le-Port land emissdons 
corr idor .  U t i l i t y  emissions, having an e f f e c t i v e  
r e l e a s e  height  of 200 m ,  a r e  t ransported over l a r g e r  
dis tances.  

Largest annual average incremental SO2 concentra- 
t i o n s  predicted by t h e  model a r e  6.6 and 1 . 4  ~ g . m - ~  
f o r  i n d u s t r i a l  and u t i l i t y  emissions, respec t ive ly .  
Therefore t h e  PSD l i m i t s  f o r  a Class I1 area  i s  not  
exceeded. However, s ince  t h i s  value i s  an average 
f o r  a 4100 km2 g r i d ,  higher concentrations would be 
computed near t h e  source using a short-range 
Gaussian plume model. .This ana lys i s  does show t h a t  
emissions from i n d u s t r i a l  emissions can be t rans -  
ported,over  l a r g e  d i s tances  and impact a reas  where 
only small incremental increases ( i . e . ,  2 ~g-rn-3 
f o r  Class I a reas )  i n  a i r  concentration a r e  
allowed. Those Class  I areas i n  t h e  P e c i f i c  North- 
west U.S. a r e  given i n  Figure 4. 

Figure 4. Mandatory Class I Areas i n  t h e  Pac i f ic  
Northwest 

Su l fa te  Concentrations Our ana lys i s  t h a t  show t h e  
highest  incremental s u l f a t e  

values a r e  near t h e  emission sources. This i s  
primari ly  due t o  t h e  assumption of i n i t i a l  s u l f a t e  
emission (.i,e., 2% of t o t a l  emission) aud low 
transformation r a t e  of SO2 t o  s u l f a t e .  The lower 
concentrations of s u l f a t e  (i. e.,  0,Oi pg m-31, 
however, cover l a r g e  regions of t h e  P a c i f i c  North- 
west. Maximum annual average incremental concen- 
t r a ~ i o n s  of s u l f a t e  predicted by t h e  model were 
0.4 pg mr3 f o r  i n d u s t r i a l  e m i s s i ~ n  and thus  do 
appear constrained t o  f u t u r e  s i t i n g .  
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SO2 and Sul fa te  Budgets Total  SO2 and/to s u l f a t e  Lergest annual average incremental p a r t i c u l a t e  con- 
budgets (percent  of t o t a l  cen t ra t ions  predicted by t h e  model a r e  4.0 and 1 . 0  

mass emitted t h a t  i s  deposited, remains i n  t h e  a i r ,  ug.3-3 f o r  indus$rial  and u t i l i t y  emissions, 
o r  is  t ransported of f  t h e  g r i d ) ,  a r e  presented i n  respect ively.  P a r t i c u l a t e  PSD l i m i t s  f o r  Class I1 
Table 2 f o r  both i n d u s t r i a l  and u t i l i t y  coal  use. =eas a r e  not exceeded. We would expect,  however, 
The bu6gets a r e  based on 39 i n d u s t r i a l  and L t h a t  within t h e  computational g r i d  t h a t  higher 
u t i l i t y  source locat ions.  values would e x i s t .  

Table 2 ~ 

Total  SO2 t o  Su l fa te  BuCget 
f o r  t h e  Western United S ta tes  

Percent 
Deposited on 

Left i n  A i r  Surface T r a n s ~ o r t e d  
over Grid of Grid . ~ e y o n d  Grid 
SO2 SO4 SO2 SO4 SO2 SO4 

source - - - - - - 
I n d u s t r i a l  1.85 .58 85.28 6.32 .9 3.70 

U t i l i t y  2.73 .74 .  87.32 9.74 .9 3.59 

Sulfur  dioxide emissions f o r  these  scenarios  were 
respec t ive ly ,  225.6 and 35.4 ki lotons/yr .  In  
general ,  va r ia t ions  i n  meteorological conditions 
and t e r r a i n  c h a r a c t e r i s t i c s  a f f e c t  t h e  removal of 
SO2 before it i s  transformed t o  s u l f a t e .  As t h i s  
t a b l e  shows, a l a r g e  majori ty  of t h e  emitted SO2 
mater ial  i s  deposited on t h e  g r i d  surface. The low 
transformation r a t e  (0.005 hr-1) a l s o  l i m i t s  s u l f a t e  
formation before SO2 removal. The percent of SO2 
deposited. from i n d u s t r i a l  sources i s  s l i g h t l y  higher 
but undoubtedly due t o  t h e  lower e f f e c t i v e  r e l e a s e  
height .  

SUMMARY AnlD CONCLUSION A i r  q u a l i t y  impacts asso- 
c i a t e d  with f u t u r e  u t i l i t y  

and i n d u s t r i a l  s i t i n g  a s  defined by t h e  "business 
a s  usual" scenario have been analyzed. This  anal- 
y s i s  i s  based on assumptions regarding emission 
r a t e s ,  implementation of BACT, s i t i n g  d a t a  generated 
by t h e  9RNL regional  s tud ies  program, and a regional  
s c a l e  t r a n s p o r t ,  transformation and removal model 
f o r  S02, s u l f a t e s ,  and p a r t i c u l a t e s .  Resul ts  of 
t h i s  assessment show: 

I n d u s t r i a l  s i t i n g  i n  t h e  Port land-Seat t le  a r e a  
may be constrained due t o  regu la t ions  f o r  
Prevention of S ign i f ican t  Deter iorat ion (PSD) 
i n  terms of both incremental SO2 and part icu-  
l a t e  concentrations a t  s i t e s  .near Class  I 
a reas .  This assessment shows t h a t  both 
i n d u s t r i a l  and. u t i l i t y  , s i t i n g  w i l l  not  be 
constrained due t o  s u l f a t e  concentrations. 

Topography inf luences t h e  concentration 
pa t te rns  of t h e  po l lu tan ts .  Generally, these  
p a t t e r n s  r e f l e c t  t h e  wind flow c h a r a c t e r i s t i c s  
but  a r e  modified by dry deposi t ion prccesses .  

Maximum predicted ground-level concentrat ions 
of S02, s u l f a t e ,  and p a r t i c u l a t e s  occur with 
63 fan of t h e  source. 

Over 80% of t h e  s u l f u r  emissions i n  t h e  . 
Pac i f ic  Northwest U.S. w i l l  u l t imate ly  be 
deposited within t h e  region. The percentage 

P a r t i c u l a t e  Concentrations The annual average deposited f o r  i n d u s t r i a l  sources is  s l i g h t l y  
incremental p a r t i c u l a t e  higher than u t i l i t y  sources due t o  t h e  lower 

concentration i s  snown i n  Figure 5 f o r  i n d u s t r i a l  e f f e c t i v e  r e l e a s e  height .  
sources considering t h e  1985 s i t i n g  scenario. A s  
i n  t h e  case f o r  SO2 concentrations t h e  maximum 
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