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SUMMARY AND ACKNOWLEDGMENTS 

A i r  q u a l i t y  impacts f o r  a  proposed 500-MWe power p l a n t  i n  t he  Upper Cook 

I n l e t  a re  analyzed us ing  sc reen ing- leve l  models as a  means t o  s tudy  coa l  devel -  

opment i n  Al'aska. S imu la t ion  cases were r u n  t h a t  examined impacts o f  c o n t r o l s  

on s u l f u r  d i o x i d e  emissions. Resu l ts  i n d i c a t e d  t h a t  t h e  h i ghes t  concen t ra t ions  

o f  s u l f u r  d i o x i d e  occur f o r  t he  u n c o n t r o l l e d  case' whereas lower plume r i s e  

causes maximum concent ra t ions  o f  n i t r o g e n  d i o x i d e  and t o t a l  suspended p a r t i c u -  

l a t e s  when s u l f u r  d i o x i d e  emissions c o n t r o l s  reduce plume r i s e .  Plume i n t e r -  

ac t i ons  w i t h  t e r r a i n  r e s u l t  i n  maximum p l a n t  impacts and i n d i c a t e  a  s e n s i t i v i t y  

o f  r e s u l t s  t o  p l a n t  l oca t i on .  

Ana lys is  o f  v i s i b i l i t y  degradat ion and s u l f a t e  fo rmat ion  i n d i c a t e d  smal l  

p l a n t  impacts on t h e  Cook I n l e t .  

The gener ic  p l a n t  s imulated a t  Beluga would be i n  compliance w i t h  f e d e r a l  

and s t a t e  standards when s u l f u r  d iox ide .emiss ions  a re  c o n t r o l l e d  b u t  would 

exceed p reven t ion  o f  s i g n i f i c a n t  d e t e r i o r a t i o n  (PSD) increments f o r  s u l f u r  

d i o x i d e  i f  emissions a re  n o t  c o n t r o l l e d ,  which would i nd i ca te ,  when model con- 

serva t i sm i s  considered, a  need f o r  f u r t h e r - s t u d i e s  i f  s u l f u r  d i o x i d e  emissions 

were n o t  c o n t r o l l e d .  Impacts f o r  a  p l a n t  s i g n i f i c a n t l y  d i f f e r e n t  f rom t h e  

gener ic  p l a n t  i n  design and l o c a t i o n  would r e q u i r e  a d d i t i o n a l  study. 
\ 

Research f o r  t h i s  s tudy was sponsored by t he  U.S. Department o f  Energy, 

O f f i c e  o f  Technology Impacts, Technology Assessments D i v i s i o n ,  under Cont rac t  

EY-76-C-06-1830. The author would l i k e  t o  thank M r .  Robert  Kerns f o r  

ass is tance  i n  data process ing and t o  acknowledge h e l p f u l  conversat ions w i t h  

M r .  Robert  Wilson, EPA Region X, and M r .  Douqlas P o t t r a t z ,  Washington.Water 

Power Company. 
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1.0 INTRODUCTION 

The Beluga area i n  t h e  Upper Cook I n l e t  area o f  Alaska has been i d e n t i f i e d  

as a  candidate s i t e  f o r  a  c o a l - f i r e d  e l e c t r i c a l  genera t ing  f a c i l i t y  (Burnham 

1977). The I n l e t  r e g i o n  i s  abundant w i t h  l o w - s u l f u r  coa l  and i s  l oca ted  near 

t he  Anchorage me t ropo l i t an  area. Th is  r e p o r t  presents  r e s u l t s  o f  an ana l ys i s  

o f  t h e  a i r  q u a l i t y  impacts o f  s i t i n g  a  500-MWe power p l a n t  a t  Beluga. 

1.1 BACKGROUND 

Proposed m in ing  o f  t he  Beluga coa l  f i e l d s  would p rov ide  an abundant supply  

o f  l ow -su l f u r  coa l  t h a t  cou ld  be used i n  power genera t ion  f o r  Anchorage, o r  

f o r  bo th  Anchorage and Fai rbanks should an i n t e r t i e  be completed between these 

l oad  centers .  One impor tan t  c o n s t r a i n t  on c o n s t r u c t i o n  o f  a  c o a l - f i r e d  power 

p l a n t  i s  the  maintenance o f  a i r  q u a l i t y  i n  t he  a i r  shed o f  t he  p l an t ,  which i s  

gauged by emissions r e g u l a t i o n s  and ambient a i r  q u a l i t y  standards. New regu la -  

t i o n s  by t he  Environmental  P r o t e c t i o n  Agency (EPA) r e q u i r e  s imu la t i ons  o f  p l a n t  

impacts as a  c o n d i t i o n  f o r  p e r m i t t i n g  p l a n t  cons t ruc t i on .  The s i m u l a t i o n  pro-  

cedure (EPA 1978) f o l l o w s  a  dec i s i on - t r ee  approach whereby t h e  proposed p l a n t  

i s  f i r s t  s imulated w i t h  conserva t i ve  a i r  q u a l i t y  models and e x i s t i n g  o r  assumed 

da ta  rep resen t i ng  t h e . d i s p e r s i o n  p o t e n t i a l  o f  an area. I f  t h i s  "screening"  

procedure i n d i c a t e s  minimal impacts, a  pe rm i t  i s  issued; i f  i t  does no t ,  f u r -  

t h e r  ana lys is  r e q u i r i n g  more s o p h i s t i c a t e d  model s  and/or meteoro log ica l  rnoni- 

t o r i n g  i s  requi red.  Th is  s tudy  represen ts  a  "screening"  i n v e s t i g a t i o n  o f  t h e  

a i r  q u a l i t y  impacts o f  a  hypo the t i ca l  500-MWe power p l a n t  a t  Beluga. The l ack  

o f  good s i t e - s p e c i f i c  meteara l f lg i ca l  da ta  l i m i t s  t h e  ana l ys i s  t o  t h i s  

"screening"  l e v e l .  

The f o l l  owing subsect ions descr ibe  t he  pr-imary r e g u l a t i o n s  o f  concern i n  

new emission-source c o n s t r u c t i o n  and t h e  cases se lec ted  f o r  s imu la t ion .  Sec- 

t i o n  2.0 presents  conc lus ions and recommendations. Sect ion 3.0 descr ibes  model 

i n p u t s  i n c l u d i n g  t h e  p l a n t  emissions and s tack parameters, me teo ro log i ca l  data, 

and t he  t e r r a i n  s e t t i n g  o f  the  proposed p l a n t .  The s tudy assumes p l a n t  s i t i n g  

near an e x i s t i n g  genera t ing  f a c i l i t y  a t  Beluga i n  t h e  f l a t  bas in  n o r t h  o f  t h e  

i n l e t  (F i gu re  1 ) .  Loca t ion  o f  a  p l a n t  i n  t he  t e r r a i n  f a r t h e r  west o f  Beluga 



FIGURE 1. Locat ion o f  t h e  Beluga P lan t  and Ter ra in  
Heights Greater Than 1000 F t  

cou ld  p o t e n t i a l l y  cause adverse a i r  q u a l i t y  impacts as a r e s u l t  o f  plume i n t e r -  

, act'lon w i t h  the t e r r a i n .  Sect ion 4.0 provides r e s u l t s  o f  the l o c a l  p l a n t .  

impacts ( 0  t o  30 km) and reg iona l  impacts o f  the  p l a n t  on the Upper Cook I n l e t .  

1.2 REGULATORY ISSUES 

Construct ion o f  a new power p l a n t  i n  the Upper Cook I n l e t  would r e q u i r e  

compliance w i t h  t h e  EPA New Source Performance Standards (NSPS) f o r  emissions, 

the  Nat iona l  and Alaska Ambient A i r  Q u a l i t y  Standards (NAAQS, AAAQS), and the  

standards f o r  t h e  prevent ion o f  s i g n i f i c a n t  d e t e r i o r a t i o n  (PSD) o f  a i r  q u a l i t y .  

App l icab le  emissions regu la t i ons  under NSPS are as fo l lows:  

- 70% c o n t r o l  o f  emissions w i t h  maximum emissions a t  1.2 l b  per 

10 BTU heat i npu t  



6 P a r t i c u l a t e s  - 0.03 l b  per 10 BTU heat  i n p u t  

6 Ni t rogen  ox ides (as NO2) - 0.5 l b  per 10 BTU heat  i n p u t  

Su l fu r  d i ox i de  scrubbing, as requ i red ,  i s  a  h i g h l y  c o n t r o v e r s i a l  i ssue  

because o f  expense and s ludge d isposa l  problems. Th i s  problem i s  p a r t i c u l a r l y  

t r u e  i n  the western Un i ted  States where combustion o f  l ow -su l f u r  coa l s  r e s u l t s  

i n  u n c o n t r o l l e d  emissions lower than t h e  maximum al lowable.  

Table 1 presents  a  l i s t  o f  Na t i ona l  and Alaska Ambient A i r  Q u a l i t y  Stan- 

dards. D i f f e rences  i n  s t a t e  and n a t i o n a l  standards e x i s t  o n l y  i n  t h e  more 

s t r i n g e n t  Alaska t o t a l  suspended p a r t i c u l a t e  (TSP) standard. The n a t i o n a l  TSP 

standard may be changed i n  t h e  near f u t u r e  as research de f i nes  a means o f  

separa t ing  the  f u g i t i v e  dust  and l a r g e  p a r t i c l e s  f rom the  r e s p i r a b l e  p a r t i c l e  

components o f  t o t a l  suspended p a r t i c l e s  i n  bo th  mon i t o r i ng  and i n  impact 

ana lys is .  

Regulat ions govern ing t he  PSD serve t o  prevent  increases i n  p o l l u t a n t  

concen t ra t ions  above an increment determined by  e x i s t i n g  p o l l u t a n t  l oad ing  o f  

an area. The Upper Cook I n l e t  has been c l a s s i f i e d  as a Class I1 area and new 

emission sources must comply w i t h  t he  increments(a)  i n  Table 2. The nearest  

Class I area where more s t r i n g e n t  increments would be app l i ed  i s  l oca ted  a t  

Tuxedni Bay over 100 km south-southwest o f  Beluga which i s  beyond the  impact 

area o f  t h e  p l a n t .  

1.3 STUDY CASES 

Simulat ions f o r  t he  d i spe rs i on  o f  s u l f u r  d i o x i d e  (SO2), p a r t i c u l a t e ,  

and n i t r ogen  ox ide (as NOp) emissions f o r  t he  Beluga p l a n t  were c a r r i e d  ou t  

f o r  each o f  t h e  t ime  pe r i ods  i n  Table 1. To account f o r  u n c e r t a i n t i e s  i n  t h e  

a p p l i c a t i o n  o f  the  New Source Performance Standards and t o  p rov ide  an assess- 

ment o f  t h e  impact o f  those standards i n  Alaska, two s imu la t i ons  were r u n  f o r  

each p o l l u t a n t  and averaging t ime. The f i r s t  case represen ts  t he  impacts o f  

combustion o f  Beluga coa l  w i t hou t  SO2 c o n t r o l s  whereas t he  second case 

represents  c o n t r o l  1  ed S O 2  and the  accompanying decrease i n  f l u e  gas volume 

and e x i t  temperature. 

( a )  The Clean A i r  Act as amended August, 1977. S e r i a l  No. 95-11, U.S. 
Government P r i n t i n g  O f f i c e ,  Washington, 1977.. 



TABLE 1. Na t i ona l  and Alaska Ambient A i r  Q u a l i t y  Standards (pg m-3) 

A i e r a g i  ng 
Pol l u t a n t  Pe r i od  

SO2 t Annual 
24-hr 
3-hr 

T S P ( ~ )  (Geometr ic Annual 
Means) 24-hr 

No2 Annual 

Maximum A l lowab le  
Increase (pq m-3) 

( a )  Federa l  Reg is te r ,  36 (84) ,  8186-8222, A p r i l  30, 1971 
( b )  Personal ~ommunicaEon,  Alaska Department o f  Environmental  Conservat ion 
( c )  T o t a l  suspended p a r t i c u l a t e  

TABLE 2. Increments f o r  t he  Preven t ion  o f  S i g n i f i c a n t  
D e t e r i o r a t i o n  o f  A i r  Q u a l i t y  f o r  Class I 1  Areas 

Averaging Maximum A l lowab le  
P o l l u t a n t  Per iod  Increase (pg m-3) 

s02 Annual 20 

P a r t i c l e s  Annual 19 



2.0 CONCLUSIONS AND RECOMMENDATIONS 

An ana l ys i s  o f  t h e  l o c a l  and r e g i o n a l  impacts o f  s i t i n g  a  500-MWe coa l  

burn ing  power p l a n t  a t  Beluga i s  presented. Data f o r  ana l ys i s  o f  a i r  q u a l i t y  

and d i spe rs i on  p o t e n t i a l '  i n  t h e  Upper Cook I n l e t  o f  Alaska a re 'sparse ,  p a r t l c -  

u l a r l y  i n  the c o a l - r i c h  area northwest o f  t he  i n l e t .  The ana l ys i s  i s  o f  t h e  

l e v e l  o f  a  "screeningn s tudy  as def ined by  t h e  Environmental  P r o t e c t i o n  Agency 

(EPA) f o r  the f i r s t  phase o f  a  p e r m i t t i n g  procedure (EPA 1978) as a  r e s u l t  o f  

l i m i t a t i o n s  o f  sparse da ta  and a v a i l a b l e  p l a n t  s i t i n g  and ope ra t i ng  parameters. 

The main conc lus ion  o f  t he  s tudy i s  t h a t  based on c u r r e n t  Na t i ona l  and Alaska 

Ambient A i r  Q u a l i t y  Standards (AAQS) ,. t h e  New Source Performance Standards 

(NSPS) and the  p reven t ion  o f  S i g n i f i c a n t  D e t e r i o r a t i o n  (PSD) increments, con- 

s t r u c t i o n  o f  a  p l a n t  o f  t h e  design assumed a t  Beluga would be approved a f t e r  

t he  f i r s t  or "screening"  l e v e l  o f  ana lys is .  Comparative s tud ies  o f  a  p l a n t  

w i t h o u t  NSPS s u l f u r  d i o x i d e  c o n t r o l s  i n d i c a t e d  t h a t  such a  p l a n t  would r e q u i r e  

a d d i t i o n a l  ana l ys i s  by more soph i s t i ca ted  meteoro log ica l  da ta  c o l l e c t i o n  and 

model ing t o  p r e d i c t  p l a n t  compliance t o  standards. 

Compliance w i t h  app l i cab le  a i r  q u a l i t y  standards i s  demonstrated by t h e  

f r a c t i o n  o f  t h e  standard concent ra t ions  c a l c u l a t e d  f o r  t h e  incrementa l  p l a n t  

impact as f o l l ows :  

P o l l u t a n t  F r a c t i o n  o f  Standard (%) 
Averagi  ng SO7 C o n t r o l l e d  SO7 Uncon t ro l l ed  

Pe r i od  AAQS PSD AAQ S PSD - 
SO2 3-hr 30 77 56 142 

24-hr 18 7  3  5  0  200 

Annual 6  24 17 6  7  

TSP 24-hr 7 ( 4 ) ( b )  29 6 ( 3 )  2  4  

Annual 17 (14) 5 4 1 ( 1 )  5 

NO2 Annual 16 ( a )  14 (a )  

( a )  No PSD increment 
( b )  Na t iona l  Ambient A i r  Q u a l i t y  Standard comparison g iven  i n  paren thes is  



The most s e n s i t i v e  c o n d i t i o n s  f o r  compliance a re  t h e  3-hr and 24-hr average 

impacts caused by t h e  i n t e r a c t i o n  o f  t he  plume and t e r r a i n  n o r t h  and west o f  

Beluga. I f  SO2 emissions were uncon t ro l led ,  t he  "screening"  ana l ys i s  does 

n o t  show compliance w i t h  t h e  PSD increments, a l though more s o p h i s t i c a t e d  

s t u d i e s  might.  

Cur ren t  a i r  q u a l i t y  i n  t he  Upper Cook I n l e t  i s  good except f o r  problems 

w i t h  f u g i t i v e  dust,  m a i n l y  o f  n a t u r a l  o r i g i n ,  which i s  p a r t i c u l a r l y  p reva len t  

i n  t he  summer months. The 24-hr average TSP concen t ra t i on  i s  c u r r e n t l y  

exceeded i n  t h e  I n l e t  area, b u t  p a r t i c u l a t e  l oad ing  by  t h e  Beluga p l a n t  would 

n o t  appear t o  c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h i s  problem. 

The t e r r a i n  i n f l u e n c e  o f  the  mountains surrounding t he  i n l e t  would r e q u i r e  

t h a t  a d d i t i o n a l  analyses be performed i f  another p l a n t  s i t e  were selected. 

Maximum Beluga p l a n t  impacts as s imulated a re  i n  mountains n o r t h  and west o f  

t h e  p l a n t ,  and l o c a l - s c a l e  r e s u l t s  a re  ve ry  s e n s i t i v e  t o  l oca t i on .  

P l a n t  impact s t ud ies  presented were made w i t h  a  conserva t i ve  screening - 
model, and t he re fo re ,  p l a n t  s i t i n g  a t  Beluga would appear f e a s i b l e  based on 

p r e d i c t e d  a i r  q u a l i t y .  P l a n t  c o n f i g u r a t i o n s  and l o c a t i o n s  o the r  than those 

s tud ied  may be e q u a l l y  f a v o r a b l e  b u t  more s o p h i s t i c a t e d  s tud ies  may be r e q u i r e d  

as con f i rma t i on  s ince  r e s u l t s  are s e n s i t i v e  t o  s i t i n g  r e l a t i v e  t o  t h e  l o c a l  

t e r r a i  n. 

Reg iona l -sca le  impacts s tud ied  i nc l ude  f o rma t i on  o f  s u l f a t e  p a r t i c l e s  and 

v i s i b i l i t y  impairment by  these p a r t i c l e s .  Resu l ts  i n d i c a t e  t h a t  a t  100 km, a  

c h a r a c t e r i s t i c  h a l f - w i d t h  o f  the  Cook I n l e t ,  v i s u a l  range cou ld  be decreased a  

maximum o f  approx imate ly  4% i f  SO2 emissions were c o n t r o l l e d  70%, o r  approx- 

i m a t e l y  11% i f  SO2 emissions were uncon t ro l led .  P r e d i c t i o n s  o f  s u l f a t e  con- 

c e n t r a t i o n  o r  any secondary p o l l u t a n t  would r e q u i r e  more d e t a i l e d  da ta  on a i r -  

f l o w  throughout  t he  Cook I n l e t  a i r  shed. S i m p l i f i e d  est imates o f  annual and 

24-hr average s u l f a t e  concen t ra t ions  were made us ing  an exponent ia l  decay/con- 

ve rs i on  of SO2 t o  s u l f a t e  a t  a  r a t e  o f  0.5% hr-' and no depos i t i on  o f  SO2 

and s u l f a t e  f rom t h e  plume. Resu l ts  showed t h a t  concen t ra t ions  would be unde- 
3 : t ec tab le  on an annual bas is  and approx imate ly  0.1 pg m. f o r  a  24-hr concen- 

t r a t i o n  o u t  t o  d is tances  o f  100 km f rom t h e  p l a n t .  These values a re  ext remely  

low when compared t o  concen t ra t ions  c o n t r i b u t i n g  t o  a c i d  r a i n s  i n  areas such 

as t h e  Nor theast  o f  t h e  Un i t ed  States.  



Resu l ts  of t he  ana lys is  suggest t he  need f o r  t h e  f o l l o w i n g :  

A formal  screening ana l ys i s  as p a r t  o f  t he  pe rm i t  a p p l i c a t i o n  procedure'  

when a s i t e  and p l a n t  des ign a re  f i n a l i z e d .  

e A meteoro log ica l  mon i t o r i ng  program and soph i s t i ca ted  model ing s tudy  i f  

expected p l a n t  s i z e  i s  s i g n i f i c a n t l y  l a r g e r  than 500 MWe o r  i f  t h e  p l a n t  

s i t e  i s  moved c l ose r  t o  the  mountains n o r t h  o r  west o f  t he  p l a n t .  

An eva lua t i on  o f  da ta  requirements should new standards f o r  smal l  p a r t i -  

c l e s  o r  v i s i b i l i t y  be es tab l i shed  

a A de te rmina t ion  o f  the  a t t i t u d e s  o f  the  l o c a l  a i r  q u a l i t y  agencies and 

EPA on new emission source c o n s t r u c t i o n  a t  l o c a t i o n s  w i t h  a  h i s t o r y  o f  

TSP s tandard excurs ions as a r e s u l t  o f  f u g i t i v e  dust.  
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3.0 DATA ANALYSIS 

Impact assessment f o r  power development r e q u i r e s  an in-depth understanding 

o f  the proposed power p l a n t  p r o j e c t  and s i t e - s p e c i f i c  d e s c r i p t i o n s  o f  p l a n t  

environment t h a t  cons ider  t e r r a i n  and d i spe rs i on  p o t e n t i a l .  Th i s  s e c t i o n  p ro -  

v ides a  d e s c r i p t i o n  and ana l ys i s  o f  a  hypo the t i ca l  power p l a n t  s i t e d  a t  Beluga, 

t h e  t e r r a i n  s e t t i n g  o f  t h e  p l a n t ,  and t h e  meteoro log ica l  da ta  a v a i l a b l e  t o  

assess p l a n t  impacts. The s e l e c t i o n  o f  da ta  f o r  s imu la t i ons  i s  a l so  descr ibed. 

3.1 EMISSIONS AND STACK DATA 

The impacts o f  coal-based e l e c t r i c a l  genera t ion  i n  t he  upper Cook I n l e t  

are s imulated us ing  a  s i n g l e  500-MWe power p l a n t  l oca ted  a t  Beluga. I t  was 

assumed t h a t  t he  hypo the t i ca l  p l a n t  would c o n s i s t  of 2  t o  250 MWe u n i t s  

breeched t o  a  s i n g l e  stack. Preven t ion  o f  S i g n i f i c a n t  D e t e r i o r a t i o n  regu la -  

t i o n s  and the  New Source Performance Standards have a  profound e f f e c t  on t h e  

s e l e c t i o n  o f  r e p r e s e n t a t i v e  stack and emission parameters p a r t i c u l a r l y  i n  

regard  t o  "good eng ineer ing  p r a c t i c e "  s tack he igh t s  and f l u e  gas scrubbing f o r  

SO2 removal. Th is  subsect ion sec t i on  descr ibes da ta  and assumptions l ead ing  

t o  development o f  a  r e p r e s e n t a t i v e  h y p o t h e t i c a l  p l a n t  da ta  s e t  f o r  cases w i t h  

and w i t hou t  f l u e  gas d e s u l f u r i z a t i o n .  

3.1.1 Coal F i r i n g  and Stack Parameters 

The t y p i c a l  o r  gener ic  power p l a n t  i s  d i f f i c u l t  t o  de f i ne  s ince  i t s  design 

i s  a  f unc t i on  of fue l ,  r egu la t i on ,  r e q u i r e d  power ou tpu t  and o the r  f a c t o r s .  

The gener ic  500-MWe p l a n t  used f o r  Beluga s tud ies  has an assumed p l a n t  e f f i -  

c iency  of 40% w i t h  an a d d i t i o n a l  3% of power r e q u i r e d  f o r  scrubber ope ra t i on  

and f l u e  gas rehea t  (Rosenberg e t  a l .  1975). The hea t i ng  va lue o f  t h e  coa l  

from the  Beluga Coal P r o j e c t  seams was assumed t o  be 7500 BTU lb-' (Pacer- 

Amex 1977). Ca lcu la ted  values f o r  t h e  peak-load f i r i n g  r a t e  and f l u e  gas r a t e  

(assuming 15% excess a i r )  are g iven  i n  Table 3. 

Stack h e l g h t  f o r  the gener ic  power p l a n t  (Tab le  3 )  was se lec ted  by 

assuming a  p l a n t  supe rs t ruc tu re  o f  200 f t  and c a l c u l a t i n g  s tack h e i g h t  based 

on "good eng ineer ing  p r a c t i c e "  as de f ined  i n  t he  Clean A i r  Act, which has been 



TABLE 3. Power P l a n t  Stack and Operat ing Parameters 

Parameter Value 

Capaci ty  2 t o  250 MWe u n i t s  

E f f i c i e n c y  40% 

Scrubber Heat Requirement 3% 

Scrubber E f f i c i e n c y  70% 

Excess A i r  15% 

F i r i n g  Rate (Peak load)  293 t h r - l  

E x i t  Temperature: 

Scrubbed 

Unscrubbed 4 2 2 ' ~  

Fuel Gas Rate: 

Scrubbed 

Unscrubbed 

Stack He igh t  150 m 

Stack Diameter 6.7 m 

i n t e r p r e t e d  as 2.5 t imes  t h e  b u i l d i n g  he igh t .  Stack diameter was c a l c u l a t e d  

f rom the  f l u e  gas r a t e  assuming an e x i t  v e l o c i t y  o f  60 f t  s- I .  

3.1.2 Emissions 

Emissions f o r  SO2, NOx (as NO2) and p a r t i c l e s  were c a l c u l a t e d  based 

on p e r m i s s i b l e  l e v e l s  g iven  i n  t h e  New Source Performance Standards (Cos t l e  

1979). Values c a l c u l a t e d  a re  presented i n  Table 4, which g ives  bo th  peak-load 

emissions and annual average r a t e s  t h a t  were assumed t o  be 75% o f  f u l l - l o a d  

ra tes .  

Regulat ions f o r  NOx and p a r t i c l e s  a re  based on p l a n t  heat i n p u t  whereas 

t h e  SO2 r e g u l a t i o n  i s  based on heat i n p u t  t o  o b t a i n  t he  abso lu te  l i m i t  b u t  

r e q u i r e s  an a d d i t i o n a l  f a c t o r  r ep resen t i ng  emissions r e d u c t i o n  by  scrubbing. 

Two cases presented examine emissions f rom a p l a n t  bu rn ing  Beluga coal :  1 )  

u n c o n t r o l l e d  SO2 emissions and 2 )  SO2 emissions c o n t r o l l e d  70%. 



TABLE 4. Power Plant Emissions (g s-') 

Emissions Peak Load Annual Load 

Sulfur Dioxide: 

Uncontroll ed 266 (a) 199 

Control led 80 6 0 
Particulate 17 13 

Nitrogen Dioxide 277 208 

(a) Sulfur content of coal 0.18% S (Pacer-Amex 1977) 

3.2 TERRAIN SETTING 

Impacts of an emission source are strongly influenced by terrain both 1) 

in its modification of stability and wind regimes (e.g., drainage wind and 

channeling), and 2) as a possible impact area at or above source plume height. 

The terrain setting of the Beluga area is presented in Figure 1. The northern 

part of the Cook Inlet is surrounded by the Chugach Mountains on the east, 

Talkeetna Mountains on the north and the Alaska Range on the West. The loca- 

.tion of Beluga on the cook '1nlet results in near sea-level elevations in 

directions north-northeast clockwise through south of Beluga to at least 30 km 

from the town. The most significant terrain features are the shoreline, which 

causes a transition zone in the boundary layer, and higher terrain north and 

west of the town. Twenty-five to 30 km west and northwest of Beluga the ter- 

rain rises to 1500 and 2000 ft. Elevations of greater than 500 ft do not occur 

within 12' km of Beluga. 

Terrain heights used in simulations are given in Figure 2. Since the 

exact plant location is not known, the terrain profiles were selected by 
choosing the highest elevation in 5-km secti.ons along each downwind radial for 

which receptors were selected. 

3.3 METEOROLOGICAL DATA 

The largely undeveloped state of the western shore of the Cook Inlet has 
resulted in a lack of meteorological data sufficient for fine-scale dispersion 
studies. This section provides a brief description of climate of the Upper 



FIGURE 2. T e r r a i n  P r o f i l e s  Used i n  Beluga Simulat ions ( f t )  

Cook I n l e t  and a  d iscussion o f  data used f o r  impact ana lys is  o f  the Beluga 

power p lan t .  These d iscussions are based on t h e  sketchy data a v a i l a b l e  and 

expected d ispers ion  p o t e n t i a l  based on the i n f l uence  o f  a i r f l o w s  i n  t e r r a i n  

and t h e  land/sea i n t e r f a c e  shown by s tud ies  i n  o ther  regions. 

3.3.1 Cl imate o f  t h e  Upper Cook I n l e t  

The Upper Cook I n l e t  i s  i n  a  t r a n s i t i o n  reg ion  o f  coas ta l  mar i t ime i n f l u -  

ences and more v a r i a b l e  i n t e r i o r  o r  con t i nen ta l  in f luences  (Evans 1972). Cloud 

cover i n  the  reg ion  i s  gene ra l l y  un i fo rm throughout t he  year w i t h  a  s l i g h t  

inc rease i n  c loud cover occu r r i ng  i n  t h e  summer months. Fog, which i s  i nd i ca -  

t i v e  o f  the i n f l uence  o f  the Cook I n l e t  as a  moisture source i n  the  c o l d  s tab le  

a i r  layer ,  forms i n  per iods o f  c l e a r  w i n t e r  weather. Winds i n  t h e  reg ion  are 

gene ra l l y  from the  n o r t h  du r i ng  w in te r  w i t h  occasional s t rong gusty winds i n  

response t o  storm fo rmat ion  (cyc logenesis)  i n  t h e  Gu l f  o f  Alaska. Winds i n  

t he  summer are genera l l y  f rom the south ( S w i f t  e t  a l .  1974). 

Because o f  t e r r a i n  in f luences,  l o c a l  c l ima te  can be h i g h l y  var iab le ,  bu t  

many c h a r a c t e r i s t i c s  o f  t h e  I n l e t  c l ima te  can be determined by an examination 



o f  Anchorage data. Table 5  presents a  j o i n t  frequency d i s t r i b u t i o n  f o r  wind 

speed and atmospheric s t a b i l i t y  c lasses f o r  Anchorage. The t a b l e  i nd i ca tes  a 

h igh  frequency o f  s tab le  cond i t ions  (30%) w i t h  low wind speeds t h a t  may be 

t y p i c a l  o f  drainage winds du r i ng  per iods o f  s tagnat ion o r  1  i g h t ,  synopt ica l  l y  

d r iven  winds. For ty - th ree  percent of winds occur under n e u t r a l  cond i t i ons  

where wind speeds are i n  t h e  range o f  4  t o  16 Kts.  These winds are p r i m a r i l y  

o r i en ted  i n  the n o r t h  and south d i r e c t i o n s  r e f l e c t i n g  la rge-sca le  f lows chan- 

ne l  l e d  by t h e  Chugach Mountains. Unstable cond i t ions  occur approximately 17% 

. o f  the t ime predominant ly as l i g h t  winds from the  west through nor theast .  The 

long-term frequency d i s t r i b u t i o n  o f  wind speeds f o r  Anchorage i s  g iven i n  

F igure  3. 

Rawinsonde data f o r  Anchorage have been analyzed t o  show t h e  frequency o f  

occurrence o f  invers ions  w i t h  bases w i t h i n  given he igh t  i n t e r v a l s  (Table 6 ) .  

The t a b l e  i nd i ca tes  t h a t  low- leve l  invers ions  occur most n igh ts  so t h a t  a  plume 

emi t ted  from an e levated source would normal ly  be separated from t h e  surface 

by a  s t a b l e  layer .  Dur ing the day, t he  frequency o f  low- level  s tab le  layers  

i s  reduced w i t h  so la r  heat ing  and subsequent convect ion from t h e  ground. No 

p re fe r red  i nve rs ion  base he igh t  above the  sur face i s  i nd i ca ted  i n  the  data. 

TABLE 5. J o i n t  Frequency D i s t r i b u t i o n  o f  S t a b i l i t y  
and Wind Speed Frequency (%) 

Windspeed (K ts )  

S t a b i l i t y  I t 0 3  4 t o 6  7 t o 1 0  1 1 t o 1 6  1 7 t o 2 1  21 Tota l  

A 0.03 0.00 0.00 0.00 0.00 0.00 0.03 

B 2.16 1.59 0.53 0.00 0.00 0,OO ' 4.29 

C 5.62 4.36 2.62 0.07 0.00 0.00 12.68 

Tot a1 31.01 36.73. 19.22 10.47 1.97 0.57 100.00 



FIGURE 3 .  Anchorage Wind Rose (1965-1969) (Broad 
Bars Indicate Winds >10 Kts) 

TABLE 6. Frequency (%) of Inversion Conditions 

Height of Inversion 
Base (m)  Morning Night 

3 . 3 . 2  Data for Impact Analysis 

Data requirements for dispersion models commonly include site-specific, 

long-term records of wind speed, wind direction, and a measure of atmospheric 

mixing potential that ideally would include turbulence statistics but more 

routinely is represented by atmospheric stability classes. In addition, data 



on m i x i n g  depth o r  i n v e r s i o n  frequency a i d  i n  a  de te rmina t ion  o f  t h e  impacts 

f rom plumes t h a t  are t rapped o r  capped by  e leva ted  s t a b l e  l a y e r s  i n  t h e  atmos-, 

phere. However, because o f  the  poor da ta  base f o r  t h e  Beluga reg ion,  da ta  f o r  

long-term assessments were ob ta ined  b y  m o d i f i c a t i o n  o f  Anchorage data. Data 

f o r  shor t - te rm impacts were se lec ted  f rom t y p i c a l  worst-case c o n d i t i o n s  f o r  

e leva ted  emission sources. 

The nearest  observ ing s t a t i o n  t o  Beluga w i t h  h i s t o r i c a l  wind da ta  i s  

Tyonek, 10 t o  15 km south-southwest. Data f o r  Tyonek were c o l l e c t e d  i n  t h e  

e a r l y  1940's f o r  two t ime  per iods  per  day w i t h  no obvious cons is tency  i n  

observa t ion  t imes f o r  record ing .  The Tyonek da ta  were q u a l i t a t i v e l y  compared 

t o  t he  Anchorage da ta  a v a i l a b l e  f o r  t he  same years b u t  f rom s l i g h t l y  d i f f e r e n t  

t ime  per iods  du r i ng  t h e  day. The da ta  ana l ys i s  showed no c o n s i s t e n t  o r  s i g n i -  

f i c a n t  r e l a t i o n s h i p s  between wind speeds, wind d i r e c t i o n ,  o r  wind components 

as migh t  be expected i f  t h e  e f f e c t s  o f  synop t i c -sca le  d r i v i n g  o f  t h e  winds 

dominated the  impact o f  l o c a l  t e r r a i n  e f f e c t s .  However, da ta  examined f rom 

Tyonek suggested t h a t  more f r equen t  w e s t e r l y  winds cou ld  be expected on t h e  

west s ide  o f  t he  i n l e t  because o f  dra inage and channel ing by t he  east-west'  

o r i e n t a t i o n  of .  v a l l e y s  i n  t h e  A l e u t i a n  Range than would be expected a t  

Anchorage. The Anchorage wind rose  i s  more i n f l uenced  by t h e  e f f e c t s  o f  t he  

Kenai and Chugach Mountains l oca ted  on a l i n e  s l i g h t l y  eas t  o f  t h e  c i t y .  I n  

add i t ion ,  t he  l o c a t i o n  o f  Tyonek and Beluga would suggest a  more broad d i s t r i -  

b u t i o n  o f  predominant s o u t h e r l y  and n o r t h e r l y  winds than a t  Anchorage because , ' 

o f  the  increased d is tance  between these s i t e s  and t h e  mountains. 

Increased c loud  cover on t he  west s i de  o f  the i n l e t  (Evans 1972) would 

tend t o  moderate Anchorage s t a b i l i t y  data, r e s u l t i n g  i n  more f r equen t  n e u t r a l  

cond i t i ons  and l e s s  f r equen t  uns tab le  and s t a b l e  cond i t ions .  Wind speeds a t  

Tyonek and Beluga are s t ronger  than  Anchorage as a r e s u l t  o f  a  more exposed 

locat i .on on the  I n l e t  (E.vans 1972): Increased average wind speed a1 so tends 

t o  increase t h e  f requency o f  n e u t r a l  s t a b i l i t y  cond i t i ons .  

A s t a b i l i t y  wind rose  f o r  Beluga was cons t ruc ted  us ing  t h e  Anchorage wind 

. rose (F igu re  3 )  as a base. The d i s t r i b u t i o n  o f  s t a b i l i t y  c o n d i t i o n s  a t  

Anchorage was mainta ined s ince  t h e  degree o f  increased n e u t r a l  c o n d i t i o n s  was 

no t  ind ica ted .  Likewise, expected increased wind speeds were n o t  inc luded  i n  

t h i s  mod i f ied  s t a b i l i t y  wind rose. Higher f requenc ies  o f  s t a b l e  and uns tab le  



cond i t i ons  are expected t o  r e s u l t  i n  a  more conservat ive est imate o f  long-term 

concentrat ions.  The f requencies o f  wind d i r e c t i o n s  i n  each s t a b i l i t y  and wind 

speed c lass  i n  t h e  Anchorage wind rose were modifed by the  fo l l ow ing :  

Wind frequencies under neut ra l  cond i t ions  were given a  more wester ly  and 

southwester ly  o r i e n t a t i o n .  

Under s tab le  condi t ions,  e a s t e r l y  frequency peaks were smoothed out  and 

t h e i r  frequency peaks s h i f t e d  t o  represent  broad wester ly  drainage winds. 

Under unstable cond i t ions  more f requent  west winds were represented t o  

r e f l e c t  a i r f l o w  and sur face heat ing  over land. 

The r e s u l t a n t  wind rose i s  shown i n  F igure  4. It should be s ta ted  t h a t  t h i s  

wind rose was inc luded f o r  screening analys is  o n l y  and t h a t  add i t i ona l  meteor- 

o l o g i c a l  measurements would be requ i red  f o r  a  more soph is t i ca ted  analys is  o f  . 
t h e  Beluga area. 

.Worst-case meteorological  cases examined f o r  short- term concentrat ion 

est imates are: low t o  moderate wind speed s tab le  cond i t ions  near t e r r a i n ,  

high-wind speed neu t ra l  cond i t ions  and near-source unstable cond i t ions  w i t h  

low wind speeds, and i nve rs ion  t rapping.  

5 

FIGURE 4. Beluga Wind Rose Constructed f o r  Screening Simulat ions 
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4.0 IMPACT ANALYSIS 

The impacts of emission sources on air quality occur various time and 

distance scales depending on the pollutant of interest. Assessments of coal- 

fired power plant impacts must address dispersion of the primary pollutants 

NOp, SO2 and total suspended particulates (TSP) on a local scale (0 to 

50 km) for averaging periods determined by regulation (See Section 1.2). On a 
larger regional scale (50 to 300 km), the analysis must consider the effects 

of secondary pollutants. (a) Current interest in regional pollutant problems 

is focused on sulfates, because of their contribution to acid rain, and to 

visibility degradation by fine sulfate particles. 

LOCAL-SCALE IMPACTS 

The foll owing subsections address cornpl i ance of the Beluga Power Plant 

with ambient air quality standards and significant deterioration increments 

for NO2, SO2 and TSP (Section 1.2). Results were calculated using the EPA 
VALLEY model, a Gaussian point-source diffusion model, for annual 24-hr and 
3-hr average concentrations.. 
4.1.1 Nitrogen Dioxide 

Annual average concentrations of nitrogen dioxide (NO2) were calculated 
using the EPA VALLEY model for the Beluga power plant. The cases studied 
reflected emissions of total oxides of nitrogen expressed as NO2 for the 

plant operating with sulfur oxides controlled and uncontrolled. 

Figure 5 presents a plot of annual average concentrations for 30 krn around 

the plant. Concentrations are well below the 100 pg md3 standard and below 
1 ug m-3 in all areas except in terrain west clockwise through north- 

northeast of the plant where a concentration peak of 16.3 pg me3 was 

predicted. The peak concentration is located '20 km north of Beluga near Mount 

Susitna, which may be the most significant terrain feature for impacts in the 

Beluga environs. Nitrogen dioxide impacts for uncontrolled burning are less 

(a) Pollutants formed from interactions involving combustion byproducts after 
plume release ' 



FIGURE 5. Annual Average NO Concentrat ions (ug m-3) 
f o r  t h e  c o n t r o l  1  e$ SO2 Emissions Simulat ions 

than f o r  t h e  c o n t r o l l e d  cases as a  r e s u l t  o f  t h e  reduced plume r i s e  associated 

w i t h  scrubbing the  f l u e  gas f o r  SO2 c o n t r o l .  The peak concent ra t ion  o f  NO2 

f o r  uncon t ro l l ed  emissions i s  14.0 u g  m-3. Background NO, concent ra t ion  I 

measurements are sparse, bu t  a  repor ted  value o f  on l y  16 cg m-' f o r  Anchorage 

(DEC 1977) suggests t h a t  NO2 l e v e l s  on an annual bas is  w i l l  no t  approach the  

standard. 

4.1.2 S u l f u r  D iox ide  

S u l f u r  d iox ide  s imu la t ion  r e s u l t s  are presented f o r  annual, 24-hr and 3-hr 

averaging: 

Annual Average - Contro l  of SO2 emissions by 70% as requ i red  by the  

New Source Performance Standards r e s u l t s  i n  a  decrease i n  maximum ambient can- 

c e n t r a t i o n s  from 13.4 t o  4.7 pg  m-3. The decrease i n  concent ra t ion  i s  

l i m i t e d  t o  65% because o f  reduced plume r i s e  expected w i t h  f l u e  gas .scrubbing. 

F igure  6 shows the  concent ra t ion  p a t t e r n  expected f o r  uncon t ro l l ed  SO2 emis- 

sions. Concentrat ions are g rea tes t  west and n o r t h  o f  Beluga i n  t h e  h igher  

t e r r a i n  w i t h  the h ighes t  value 20 km n o r t h  o f  Beluga. concentrat ions f o r  the  

c o n t r o l l e d  case are s i m i l a r  i n  pa t te rn .  



FIGURE 6. Annual Average SO Concentrat ions (pg m-3) 
Uncontro l led SO2 &nissions Simulat ions 

Concentrat ions a t  a l l  l oca t i ons  are we l l  below the  80 ug m-3 ambient 

a i r  q u a l i t y  standard and below the  19 pg  m-3 PSD increment f o r  Class I 1  

areas. Annual average background concentrat ions i n  t he  Upper Cook I n l e t  are 

t y p i c a l l y  below the  minimum detec t ion  l i m i t  o f  sensors (DEC 1977) and con- 

t r aven t i ons  o f  t h e  standards are no t  expected. 

Twenty-four-hour Average - F igure  7, showing pred ic ted  maximum 24-hr 

average SO2 concentrat ions f o r  the uncon t ro l l ed  SO2 emission case, i n d i -  

cates d i f f i c u l t i e s  i n  meeting the  PSD increment o f  91  p g  m-3 as a r e s u l t  o f  

plume i n t e r a c t i o n  w i t h  t h e  t e r r a i n  n o r t h  o f  Beluga. The peak p red i c ted  con- 

c e n t r a t i o n  i s  182 pg  m'3 20 km n o r t h  o f  the  p lan t .  Resul ts  from the  con- 

t r o l l e d  emissions s imu la t ions  are i n  compliance ~ 7 t h  the  PSD increments w i t h  a 

maximum value o f  66 pg  m-3. Both cases show h igh  concentrat ions i n  t e r r a i n  

north, north-northwest and west-northwest o f  Beluga and, i n  t h e  uncon t ro l l ed  

casc, cxcursions o f  thc  PSD increment are i nd i ca ted  a t  20 t o  25 km i n  each o f  

these d i rec t i ons .  



FIGURE 7. Maximum 24-hr Average SO2 Concentrat ions (pg m-') 

Background SO2 concentrat ions i n  the  Cook I n l e t  are low. For example, 

t o t a l  SO2 emissions f rom the  Beluga p l a n t  i f  uncont ro l led  would exceed those 

of t h e  A i r  Q u a l i t y  Contro l  Region (EPA 1976). Because o f  the  low background 

and source con t r i bu t i ons ,  compliance w i t h  ambient a i r  q u a l i t y  standards could 

be expected. 

Pred ic ted  SO2 concentrat ions f o r  t h i s  screening l e v e l  ana lys is  i n d i c a t e  

t h a t  c o n t r o l s  under New Source Performance Standards would be s u f f i c i e n t  t o  

a1 1 ow p l a n t  compl i ance t o  PSD increments. The uncon t ro l l  ed case, presented 

f o r  comparison, may o r  may no t  be i nd i ca ted  i n  compliance i f  more soph i s t i ca ted  

pa th  and ana lys is  models are used t o  remove some o f  the conservatism of the  
0 

Three-Hour Averaqe - S u l f u r  d iox ide  concentrat ion maxima f o r  t he  3-hr 

averaging pe r i od  were ca l cu la ted  f o r  comparison t o  t he  a i r  q u a l i t y  standard 

( 1  300 pg m-3) and PSD increments (51 2 pg m-3) us ing  the  VALLEY Model . Peak 

concentrat ions f o r  neu t ra l  s t a b l e  and unstable atmospheric cond i t ions  are  g iven 

i n  Table 7, which i nd i ca tes  compl iance t o  t he  1300 ambient standard f o r  



TABLE 7. S u l f u r  D iox ide  3-hr Average Maximum Concentrat ions 

Con t ro l l ed  Uncont ro l led  
Wind peed Conc. Distance Conc. Dis tance I S t a b i l i t y  (ms- ) ( l ~ g  m-3) (km) -9 (km) 

Unstable (B) 0.7 396 10 131 10 

Stab le  ( E )  0.7 265 20 729 20 

( a )  P a s q u i l l - G i f f o r d  classes 

both c o n t r o l l e d  and uncont ro l led  SO2 cases. Uncont ro l led  SO2 emission 

s imu la t ions  i nd i ca ted  t h a t  t h e  PSD increment may be exceeded 20 km n o r t h  o f  

the p l a n t  w i t h  a  maximum value o f  729 u g  m-3 and a t  l oca t i ons  northnorthwest 

and west o f  t h e  p l a n t  i n  t e r r a i n  under s tab le  cond i t ions .  The h ighes t  pre-  

d i c ted  concentrat ions i n  the  c o n t r o l l e d  case occurred under unstable cond i t ions  

10 km from the  p lan t .  Peak impacts i n  t he  c o n t r o l l e d  case are d i f f e r e n t  f rom 

the  uncont ro l led  case as a  r e s u l t  o f  the lower plume he igh t  expected when 

scrubbers are u t i l i z e d .  

Background concentrat ions i n  the  v i c i n i t y  are expected t o  be n e g l i g i b l e  

r e l a t i v e  t o  t h e  3-hr standard i n d i c a t i n g  probable compliance w i t h  t h e  ambient 

concentrat ion standards. 

4.1.3 To ta l  Suspended P a r t i c u l a t e s  

To ta l  suspended p a r t i c u l a t e  (TSP) concentrat  ions are presented f o r  annual 

and 24-hr averaging per iods:  

Annual Average - A new source i n  a  Class I1 PSD area must comply w i t h  an 

ambient a i r  q u a l i t y  standard f o r  TSP o f  260 pg m-3 and a  PSD increment 
4 

o f  1 9 ~ g  m-3. The simulated Beluga p l a n t  would have no d i f f i c u l t y  - 
meeting these standards w i t h  a  peak concentrat ion o f  1.0 p g  m-' i n  t he  

case o f  the  p l a n t  under SO2 c o n t r o l s  (F igure  8 )  and 0.9 pg m-3 w i t h -  

o u t  so2 con t ro l s .  The h ighest  impact area i s  loca ted  i n  the  northwest 

quadrant f rom Beluga (F igure  8 ) ,  bu t  concentrat ions were t y p i c a l l y  below 

0.5 p g  ~ n - ~ .  R e l a t i v e l y  h igh background TSP concentrat ions can be 



FIGURE 8. Annual Average TSP Concentrations (pg m-3) for the 
Controlled SO2 Emissions Simulations 

expected in the area, but their source is primarily fugitive dust witn 
particle sizes much greater than those experienced after controlled coal 

combust i on. 

Twenty-Four-Hour Average - Maximum 24-hr average TSP concentrations were 
predicted under low wind speed stable at.mospheric conditions using the 
VALLEY model. In general, the case representing controlled SO2 emis- 

sions resulted i n  lower plume rise and higher concentrations. .Peak con- 

centrations of 10.8 pg m-3 for the uncontrolled case and 8.9 pg ma3 
for the controlled case are typical of the difference. Figure 9 presents 

contours of TSP concentrations for the controlled SO2 case. Peak con- 

centrations, as in the annual results, were found west and northwest of 
the plant site in high terrain. The peak 24-hr concentration was found 

20 km north of the plant. 

Air quality data for the Beluga area show excursions from the 24-hr TSP 

standards as a result of the fugitive dust problem, particularly during the 



S 

FIGURE 9. Maximum 24-hr TSP Concentrations (i~g m-3) 

dry summer months (DEC 1977). Predictions of TSP concentrations described 
above indicate that the plant contribution would be at most 7% of the 24-hr 

standard and 24% of the allowable PSD increments. Concentrations at this level 

would not be expected to add significa6t3y to the number of standards excur- 
sions currently caused by natural fugitive dust. 

4.2 REGIONAL-SCALE - IMPACTS 

Regional air quality impacts associated with power plant siting at Beluga 
are not currently regulated but are of interest. The two potentially important 

effects are visibility impairment and the acid rain accentuated by the forma- 

tion of sulfate compounds. 

4.2.1 Visibility 

Sulfur dioxide emissions from the proposed power plant, either controlled 

or uncontrolled, are relatively low, as are resultant airborne concentrations.. 
Visibility degradation from SO2 emissions results from light scattering by 



s u l f a t e  p a r t i c l e s  formed f r om SO2 a t  an average d a i l y  r a t e  o f  approx imate ly  

0.5% hr". S imu ld t ions  are inc luded  t h a t  p rov ide  an es t imate  o f  t he  f r a c -  

t i o n a l  change i n  a  v i s u a l  range ( v i s i b i l i t y )  caused by  t h e  s u l f a t e s  formed i n  

t h e  plume. 

La t imer  e t  a l .  (1978) p resen t  an approximat ion f o r  t he  f o rma t i on  change 

i n  v i s i b i l i t y  d ispersed  i n  t h e  mixed l aye r .  A t  l a r g e  d is tances  f rom t h e  p l a n t  

where s u l f a t e  concen t ra t i ons  become s i g n i f i c a n t  t h i s  f o rma t i on  change may show 

t h e  most impor tan t  case f o r  v i s i b i l i t y  impairment. The f r a c t i o n a l  v i s i b i l i t y  

r educ t i on ,  F, i s  c a l c u l a t e d  as: 

where t he  numerator c o n s i s t s  o f  t he  f o rma t i on  r a t e  o f  SO4 f rom SO2 emis- 

s i ons  ( 4  ) expressed as an exponent ia l  decay a t  a  r a t e  (A) over t r a v e l  
SO2 

t ime  ( t ) ,  and where ( a )  i s  a  r a t i o  o f  t h e  s c a t t e r i n g  c o e f f i c i e n t  t o  t h e  s u l f a t e  

mass. The denominator inc ludes  a  constant  f rom t h e  Koschmigder v i s u a l  range 

expression, wind speed ( u )  and mixed l a y e r  depth (H). 

Table 8 p rov ides  r e s u l t s  o f  s imu la t i ons  us ing  Equat ion ( 1 )  t o  es t imate  

t y p i c a l  v i s i b i l i t y  impairment f o r  c o n t r o l l e d  o r  u n c o n t r o l l e d  peak- load emis- 

s i ons  as a  f u n c t i o n  o f  wind speed and d is tance.  The plume was assumed t o  be 

t rapped below 1000 m, and a  s c a t t e r i n g  c o e f f i c i e n t  t o  s u l f a t e  r a t i o  o f . 0 .04  o r  

x  m-I  (pg m-3)-1 was used. C a l c u l a t i o n s  were c a r r i e d  ou t  t o  a  

d i s tance  o f  100 km, which i s  t h e  t y p i c a l  h a l f - w i d t h  o f  t h e  a i r  shed. Resu l ts  

i n d i c a t e  t h a t  even i n  t he  u n c o n t r o l l e d  case, v i s i b i l i t y  degradat ion g rea te r  

than  10% as a  r e s u l t  o f  s u l f a t e s  i s  u n l i k e l y .  Th is  r e s u l t  i s  p robab ly  conser- 

v a t i v e  s i nce  SO2 and SO4 removal by d r y  depos i t i on  were n o t  inc luded.  

4.2.2 Su l f a tes  

Secondary f o rma t i on  o f  s u l f a t e s  f rom SO2 emissions was c a l c u l a t e d  us ing  

a  s imp le  model t h a t  depleted SO2 f rom t h e  d i spe rs i ng  plume w i t h  an exponen- 

t i  a1 decay/conversi on express ion f o r  SO2 t o  s u l f a t e :  



TABLE 8. Fractional Decrease in Visual Range 
Resulting from Beluga Emissions (%) 

Distance (kml Wind Speed -(ms-1) 
Controlled - 0.67 2.45 4.47 - 6.93 

25 0.9 0.1 0.0 0.0 

5 0 1.8 - 0 . 1  0.0 0.0 
100 3.4 0.3 0.1 0.0 

Uncontrolled 

2 5 3.1 0.2 0.1 0.0 

5 0 6.0 0.5 0.1 0.0 

100 11.3 0.9 0.3 0.1 

where 1.5 = ratio of SO4 to SO2 molecular weights 

A = conversion rate (0.5% hr'') 
t = travel time (hr) 
X = concentration. 

The model contains no plume depletion by deposition. Simulations were made 
for distances out to the characteristic inlet half-width'(-100 km) and for 
travel over flat terrain since detailed airflows in the Cook Inlet cannot be 

determined by available data. Concentrations were calculated for the annual 
and 24-hr averaging periods. 

Annual average sulfate concentrations resulting from plant SO2 emis- 

sions were predicted to be undetectable for both the controlled and uncon- 
trolled cases at 100 km from the plant. Peak 24-hr average concentrations at 

105 km from the plant were predicted to be approximately 0.1 ug rne3 for the 

uncontrolled case. The controlled SO2 emission case gave negligible sulfate 

values. The results predicted show the typical case of sulfate concentrations 

in the Cook Inlet. Concentration predictions for greater distances and for 

complex flows, such as recirculations and terrain flows, would require more 
meteorological data than are currently available in concert with a more 

sophisiticated predictive model, 
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APPENDIX ' 

EPA VALLEY MODEL 

The VALLEY Model is a steady-state, univariate Gaussian plume dis- 
persion model designed for multiple-point and area-source applications. 
It calculates pollutant concentrations for each frequency designated in 
an array defined by 6 stabilities, 16 wind directions and 6 wind speeds 
for 112 program-designated receptor sites on a radial grid of variable 
scale. The output concentrations are appropriate for either a 24-hr or 
an annual period as designated by the user. The model contains the con- 
centration equations, the, Pasquill-Gifford vertical dispersion coeffi- 
cients and the Pasquill stability classes, as given by Turner. Plume 
rise is calculated according to Briggs. Plume h i ht is adjusted 
according to terrain-elevation for stable cases. ?a3 

Terrain impacts are simulated in the model during stable conditions by 

decreasing the effective plume height by the' difference between stack base 
elevation and receptor elevation as the plume approaches the terrain. If this 

difference is less thin 10 m, the plume centerline is maintained at 10 m above 

the ground. Under neutral and unstable conditions, concentrations are calcu- 

lated with the plume centerline at the effective plume height above the ter- 

rain. 

This standardized model a1 so incorporates the foll owing! 

Plume trappinq - . .  in a mixed layer. Trapping is simulated by multiple plume 

reflections on the surface and inversion lid. For long-term simulations, 
plume decreases above the mixed layer are ignored whereas in the short- 

term model, all plumes above the mixing layer are assumed to disperse 

uniformly in the mixed layer .  

Maximum mixed-layer depth for trapping calculations. This depth is 

assumed for 60% of.the neutral and unstable events in the year to repre- 
sent the daytime mixed layer. A value of half of the mixing depth is 

assigned to the remaining unstable and neutral frequencies to represent 
nighttime conditions. 

( a )  U. S. EPA 1977 (Authors ' Abstract). 



Sector averaging of concentrations. Concentrations are calculated over a 

22.5' horizontal sector, and an interpolation is performed to decrease 

concentrat i'ons between the plume center1 ine of interest and adjacent 

sector centerlines. 
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