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FOREWORD 

The O f f i c e  o f  t h e  A s s i s t a n t  S e c r e t a r y . f o r  Environment o f  t h e  Department of Energy p rov ides  

env i ronmenta l  p o l i c y  guidance based on env i ronmenta l ,  h e a l t h ,  a n d - s a f e t y  research  and balanced 

impacts a n a l y s i s  perspec t i ves .  The O f f i c e  o f  Technology Impacts (OTI) suppor ts  t h e  A s s i s t a n t  

Secre ta ry  th rough  energy system assessments-and p o l i c y  analyses t h a t  c o n c e n t r a t e  on env i ron- ,  

menta l ,  hea l th ;  and s a f e t y  p e r s p e c t i v e s .  I n  OTI t h e  D i v i s i o n  o f  Technology Overview (DTO) 

m a i n t a i n s  a  s t a t e - o f - t h e - a r t  awareness o f  e x i s t i n g  and emerging techno log ies .  Among DTO's 

r e s p o n s i b i l i t i e s  i s  t h e  comprehensive assessment o f  t h e  impacts o f  techno log ies  as t h e y  emerge 

o r  a r e  deployed. T h i s  r e p o r t  i s  sponsored by DTO as p a r t  o f  i t s  N a t i o n a l  Coal U t i l i z a t i o n  

Assessment. 

A  p r e l i m i n a r y  d r a f t  o f  t h i s  r e p o r t  was c i r c u l a t e d  f o r  comment. The au thors  s i n c e r e l y  

thank t h e  numerous rev iewers  who gave us t h e  b e n e f i t  o f  t h e i r  t i m e  and e x p e r t i s e .  T h i s ,  t h e  

f i n a l  r e p o r t ,  r e f l e c t s  t h e  many con ,s t ruc t i ve  comments o f f e r e d .  Thanks t o  these  and t h e  con- 

s i d e r a b l e  e f f o r t s  o f  ou r  e d i t o r ,  Lynn Carson, t h e  r e p o r t  shou ld  be e a s i e r  t o  r e a d  and a  more 

u s e f u l  r e f e r e n c e .  

A  comment made by many rev iewers  a l l u d e d  t o  t h e  t i t l e :  A  P r e l i m i n a r y  Assessment o f  t h e  

.. H e a l t h  and Envi ronmenta l  E f f e c t s  o f  Coal U t i l i z a t i o n  i n  t h e  P a c i f i c  Northwest.  The au thors  

concur  t h a t  t h i s  t i t l e  overemphasizes t h e  magnitude o f  t h e  h e a l t h  e f f e c t s  a n a l y s i s  performed. 

We have, a c c o r d i n g l y ,  changed t h e  t i t l e  t o  one which.more p r o p e r l y  r e f l e c t s  t h e  con ten ts  o f  

t h e  r e p o r t .  We hope t h i s  change does n o t  prove t o o  c o n f u s i n g  t o  o u r  readers.  
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1.0 EXECUTIVE SUMMARY 

The objectives of the National Coal Utilization Assessment (NCUA) are: 1) identification of 
the environmental, health and socioeconomic impacts to  be expected from the increased use of 
coal, 2) investigation of mitigation strategies that might be used t o  manage these impacts, and 
3) establishment of working relationships with state and regional agencies and utilities. The 
work described in this report is primarily addressed toward the first of these objectives. 

The Pacific Northwest Laboratory (PNL) is responsible for analyzing coal utilization under 
various growth scenarios for the Pacific Northwest (Alaska, Idaho, Oregon and Washington). 
This report wil l be combined by Argonne National Laboratory with those of five national labora- 
tories, each studying a different region of the country. The result wil l be an aggregation of regional 
assessments, all performed o n  a common basis, into a national analysis of the implications of 
increased coal use in the country. 

A number of energy issues were identified in the course of the study. Probably the most 
signficant issues in this region are the siting of coal-fired power plants and the tradeoff in water 
allocation between energy and agriculture. Choices of coal-fired generation sites and water use 
determine the level of impacts to  air, water, land, terrestrial and aquatic ecosystems, and human 
health and socioeconomics. In some cases the sites with the lowest environmental impact were 
found to  have the highest socioeconomic disruption. 

Issues in  Alaska, which i s  rich in energy resources but low in demand for these resources, 
are dramatically different from those in the three contiguous states where the converse conditions 
occur. Hence, analysis of Alaskan energy futures should properly be separ'ated from those of the 
other three states. 

Candidate siting areas were designated o n  the assumption that each state would, after 1985, 
site its coal-fired plants based o n  energy demand. The counties of Bingham, Elmore, Gooding and 
Power in Idaho; Cowlitz, Douglas, Klickitat, Grant, Grays Harbor, Lewis, Lincoln, Franklin and 
Whatcom in Washington; Clatsop, Coos, Gilliam, Malheur, Morrow and Sherman in Oregon; and 
the Standard Metropolitan Statistical Area (SMSA) of Anchorage in Alaska were used as candidate 
sites in the region. 

Air quality impacts for two scenarios were studied by developing current and projected 
emission inventories for the Pacific Northwest. These data were incorporated into both short- 
range and long-range air quality diffusion models. Model  results indicate that annual average 
ambient air quality standards will not be exceeded at any of the sites. Short-term maximum con- 
centrations indicate that several sites may approach but not exceed the 24-hour SO2 standards. 
Long-range air transport calculations for the western United States showed that the Four Corners 
and mid-Columbia region of the Pacific Northwest would be expected to have the highest SO2 
concentrations under the assumed siting conditions. 

I t  was concluded that surface water supplies are more than adequate to meet the needs of 
new coal-fired generating plants that may be located on  the Columbia or Snake River. In most 
cases less than 1% of the mean flow would be used. It was concluded, however, that future conflicts 
could arise with agriculture over allocation of water rights. 

Water quality impacts w n ~ ~ l d  be minimal, even in the delicate estuarine and coastal sites 
under the assumed control and cooling designs. 

Land use impacts were generically analyzed on  a county level. txcept for a growlng compe- 
tition with agriculture for relatively level sites near water, n o  serious conflict was detected. 

Terrestrial ecosystems in Idaho, Oregon and Washington dn not appear to be threatened 
as long as specific sites were selected to avoid identified areas of "critical" habitat. Alaska eco- 

.systems are less well-cataloged than those of the three contiguous states. The Alaskan environment 
, is more diverse than that of the other states, and generalizations o n  its ecosystem should be 

avoided. 



Impacts on  aquatic .biota and habitats seem manageable as long as existing regulations 
are met. Several rare or endangered species are identified. Potential conflict may arise between 
energy and fish preservation when plants are located o n  systems (such as the Snake River) subject 
t o  low flow conditions. 

Health effects are calculated from data prepared by Brookhaven National Laboratory. 
Estimates are made of the annual excess deaths in the general population due to increased air 
pollution. Occupational deaths in the niining, processing and transportation components of the 
cycle are also estimated. While no  quantitative estimate of occupational disease-related morbidity 
and mortality effects is made, it is qualitatively concluded that these would be less than national 
data, based largely o n  underground mining experience, would indicate. 

A computer model (LIMA) was used to facilitate the analysis of socioeconomic impacts that 
might be expected from the addition of coal-fired generating capacity at the candidate sites. 
Analysis was based o n  a number of social indicators such as population, personal income, public 
services, jobs available, etc. I t  is concluded that counties with populations of less than 25,000 would 
likely suffer considerable impact unless extensive mitigation planning were utilized. Of the 
candidate sites, Elmore County in Idaho; Gilliam, Malheur and Morrow Counties i n  Oregon; and 
Douglas and Lincoln Couties in Washington fall into this category. 

There are a number of issues which are largely unresolved and deserve further attention. 
Some of the more prominent of these are: 

the impact of the Clean Air Act Amendments of 1977 on  siting strategy 

e the tradeoff between water use for energy or agriculture a 

the environmental-economic benefits and costs of once-through cooling for Alaskan and 
coastal sites 

the effect of pending land use legislation o n  the Alaskan energy supplies and generation 
siting options 

the environmental impact of changing the region's hydro facilities from baseload to peaking 
operation as new coal capacity is added 

the uncertainties involved in the calculation of health effects from coal combustion 

the verification of the adequacy of the social indicators used in this study to ca lc~r la t~  sncin- 
economic impact. 
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2.0 SUMMARY O F  M A J O R  FINDINGS 

T h i s  r e p o r t  i s  p a r t  o f  t h e  N a t i o n a l  Coal U t i l i z a t i o n  ~ s s e s s m e n t  sponsored by t h e  o f f i c e  o f  

Technology Impact o f  t h e  Department o f  Energy. The P a c i f i c  ~ o r t h w e s t  Labora to ry  (PNL) i s  

r e s p o n s i b l e  f o r  a n a l y z i n g  coa l  u t i l i z a t i o n  under v a r i o u s  growth scenar ios  f o r  t h e  P a c i f i c  
\ Nor thwest  ( Idaho, Oregon, Washington and Alaska) .  T h i s  r e p o r t  w i l l  be combined by Argonne 

a N a t i o n a l  Labora to ry  w i t h  those  of f i v e  n a t i o n a l  l a b o r a t o r i e s ,  each s t u d y i n g  .a  d i f f e r e n t  r e g i o n  

o f  t h e  coun t ry .  The r e s u l t  w i l l  be an aggrega t ion  o f  r e g i o n a l  .assessments, a l l  per formed on a  

common bas is ,  i n t o  a  n a t i o n a l  a n a l y s i s  o f  t h e  i m p l i c a t i o n s  o f  i nc reased  coa l  use i n  t h e  coun t ry .  

2.1 OBJECTIVES 

PNL1s p r i m a r y  o b j e c t i v e  was t o  i d e n t i f y  f o r  t h e  P a c i f i c  Nor thwest  (which, f o r  t h i s  ana ly -  

s i s ,  corresponds t o  Federa l  .Region Ten) t h e  ma jo r  impacts t o  be expected f r o m  t h e  use o f  c o a l .  
' 

T h i s  w i l l '  p r o v i d e  DOE w i t h  needed i n f o r m a t i o n  on .expected impacts t o  ' i n s u r e  t h a t  i t s  coa l  

research  programs emphasize s o l v i n g  t h e  s i g n i f i c a n t  env i ronmenta l  and s o c i a l  i ssues .  

The second o b j e c t i v e  o f  t h e  s tudy  was t h e  a n a l y s i s  o f  m i t i g a t i o n  s t r a t e g i e s  t h a t  m i g h t  be 

used t o  manage t h e  expected envi ronmenta l  and socioeconomic impacts.  Whi le  a  few o f  these  

p o s s i b l e  management methods a r e  d iscussed,  most o f  t h i s  a n a l y s i s  w i l l  be performed i n  t h e  

second y e a r  o f  t h e  s tudy.  

The t h i r d  o b j e c t i v e  was t o  e s t a b l i s h  work ing  r e l a t i o n s h i p s  w i t h  s t a t e  and r e g i o n a l  agen- 

c i e s  and u t i l i t i e s  t o  i n s u r e  t h a t  t h e  b e s t  a v a i l a b l e  d a t a  was u t i l i z e d  and t h a t  t h e  r e s u l t s  

were u s e f u l  ' t o  t h e  r e g i o n a l  energy community. These c o n t a c t s  a l s o  h e l p  i d e n t i f y  t h e  energy 

i ssues  o f  l o c a l  concern. 

2.2 ISSUES OF. CONCERN I N  THE REGION 

Many i ssues  i d e n t i f i e d  th rough  i n t e r v i e w s  a r e  common t o  a l l  r e g i o n s  o f  t h e  c o u n t r y ;  o t h e r s  

a r e  un ique  t o  t h e  P a c i f i c  Nor thwest .  The r e g i o n a l  i s s u e s  r a i s e d  v a r i e d  w i d e l y  i n  t h e i r . n a t u r e .  

Some o f  them a r e  h i g h l y  p e r s o n - o r i e n t e d  and deal  w i t h  q u e s t i o n s  o f . e x p e c t e d  changes i n  l i f e -  

. s t y l e  and q u a l i t y  o f  l i f e .  Others tend  toward compl i ca ted  q u e s t i o n s  about  t h e  i n f l u e n c e  o f  

new p l a n s  t o  poo l  p u b l i c  and p r i v a t e  power resources  i n  t h e  r e g i o n .  One way t o  p r e s e n t  these  . . 

i s s u e s  i s  t o  c a t e g o r i z e  them accord ing  t o  t h e  v a r i o u s  s teps  i n  t h e  coa l  f u e l ' c y c l e ,  e.g., min- 

i n g ,  t r a n s p o r t a t i o n ,  combustion, and waste d i s p o s a l  . Another  ca tegory  " i n s t i t u t i o n a l  c o n s t r a i n t s "  

covers  t h e  remainder  o f  t h e  i ssues .  

2.2.1   in in^ 
The ma jo r  impacts fro111 u s i n g  doal  a r e  n o r m a l l y  assoc ia ted  w i t h  t h e  m i n i n g  p a r t  o f  t h e  

c y c l e .  However, o n l y  l i m i t e d  coa l  d e p o s i t s  a r e  l o c a t e d  i n  t h e  t h r e e  con t iguous  s t a t e s  o f  t h e  

r e g i o n  ( Idaho,  Oregon, washington) .  A t  p r e s e n t  o n l y  one O f  these, a 1  C e n l r a l  i a ,  Washington, 

i s  be ing  mined. The ma jo r  c o a l  ' resources o f  t h e  r e g i o n  a r e  l o c a t e d  i n  Alaska,  b u t  o n l y  t h e  

U s i b e l l i  Mine near  Healy, A laska i s  c u r r e n t l y  i n  o p e r a t i o n .  

Many coa l  d e p o s i t s  c o u l d  be developed i n  Alaska.  The one l i k e l y  t o  be developed f i r s t  i s  

t he  Beluqa f i e l d  on Cook I n l e t .  A  number o f  q u e s t i o n s  were r a i s e d  i n  d iscuss ' ions w i t h  energy 

a u t h o r i t i e s  i n '  t h e  r e g i o n  about  t h e  development ' o f  t h i s  f i e l d .  Some' fe ' l  t t h a t  o p p o s l t i o r ~  to  



t he  Susi tna hydro p r o j e c t  and the  demand from the lower 48 s ta tes  and Japan would combine t o  

s t imu la te  the  opening o f  t h i s  f i e l d  by 1985. The t h r u s t  o f  the  na t i ona l  energy p lan  could 

s t imu la te  demand f o r  t h i s  coal as a l o c a l  s u b s t i t u t e  f o r  gas and o i l .  However, o ther  i n t e r -  

viewees f e l t  t h a t  opening the f i e l d  cou ld  be i n d e f i n i t e l y  delayed due t o  the  Clean A i r  Act (as 

amended), t he  costs o f  opening the  mine and b u i l d i n g  a load ing f a c i l i t y ,  and the t ranspor ta-  

t i o n  cos ts  t o  exDort markets. Unanimous concern was ex~ ressed .  thouoh. t h a t  the  socioeconomic 

i m ~ a c t  o f  such a major development i n  t h i s  semiremote area be thoroughly understood and proper 

m i t i g a t i o n  s t ra teg ies  be developed before the  p r o j e c t  was s tar ted .  

There was some concern about the  impact on the f i s h  ( t h e  Chuitna R iver  i s  an important  s a l -  

mon spawning stream) and w i l d l i f e  o f  the area as we l l  as the  r e h a b i l i t a t i o n  o f  the  mined land. 

O f  p a r t i c u l a r  concern was the potent.ia1 impact o f  a l a rge  dcvclopmcnt on the a i r  qua1 i Ly o f  

t h e  Anchorage a i r  shed. Fairbanks, Alaska i s  sub jec t  t o  a meteorological  phenomenon c a l l e d  

i c e  fog. This i s  a very dense fog  caused by the format ion o f  i c e  c r y s t a l s .  The.e f f luents  

f rom mining o r  combustion operat ions can exacerbate t h i s  fogg ing cond i t ion .  Anchorage i s  sub- 

j e c t  t o  t l i e  s a w  ruqy i l ly problem. though t o  r i a t . ~  it. has had much l e t s  than Fairbanks. Land 

use regu la t ions ,  c u r r e n t l y  under debate i n  Congress, n a t i v e  land claims. and rights-of-way 

quest ions cou ld  combine t o  r e s t r i c t  the development o f  Alaskan coal t o  a very small percentage 

o f  the  t o t a l  resource. 

2.2.2 - Transpor ta t ion  > a  

The t ranspo r t  o f  coal  from mine t o  generat ing f a c i l i t y  i s  a major cos t  item, an aes the t i c  

impact, and a hea l th  f a c t o r .  I f  mine-mouth generat ion i s  used, the t ranspo r ta t i on  impacts are  

avoided b u t  a1 1 o f  t h e  mining and combustion impacts are  concentrated a t  a s i n g l e  l oca t i on .  

The coal can be t ranspor ted hy r a i l ,  s l u r r y  or ,  i n  some locat ions ,  barge. 

Ra i l  t r anspo r ta t i on  i s  the  most l i k e l y  mode f o r  most s i t e s  i n  the  P a c i f i c  Northwest. A 

1000 MWe p l a n t  requ i res  about one u n i t  t r a i n  per day, which must ret.urn empty. I f  stack scrub- 

bers are used, l'imestone must be imported t o  the p l a n t  and sludge exported. The no ise  poilu- 

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

p o t e n t i a l  f o r  au tomobi le - t ra in  wrecks a t  these crossings caused some concern t o  those in terv iewed 

Long hauls, such a s  from Wyoming t o  t he  P a c i f i c  Northwest, w i l l  show the most ravor.able 

e c o n o ~ ~ ~ i c  s i t u a t i o n  f o r  the use o f  s l u r r y  p ipe l i nes .  Several o f  t.hc i n d i v i d u a l s  in terv iewed 

were concerned t h a t  r igh ts -o f -way a l t e r c a t i o n s  could present a c o n s t r a i n t  t o  the  development 

u f  t h i s  . t r anspo r ta t i on  mode. It was a l so  f e l t  t h a t  the  r e s t r i c t i o n s  on the  expor t  o f  water 

i n s t i t u t e d  by several coal producing s ta tes  would f u r t h e r  hamper the development o f  s l u r r y  

p ipe1 ines.  

2.2.3 Combustion 

With t he  l i m i t e d  mining o f  coal i n  our region, t he  greates t  cumulat ive e f f e c t s  can be 

expected f rom the  combustion step o f  t he  cyc le .  Since over 90% o f  cu r ren t  coal usage i s  con- 

cent ra ted i n  t he  generat ion o f  e l e c t r i c i t y ,  t he  impacts from t h i s  use were the  c h i e f  concern o f  

t h i s  study. 

Present p o l i c y  i n  Idaho, Oregon and Washington i s  t o  pool power suppl ies.  Power generated 

from dams o r  nuclear reac to rs  i n  one s t a t e  may be used as needed i n  o thers .  Some coal-generated 



power i s  impor ted  f rom Montana ( ~ n l s t r i p )  and W,yoming ( J i m  B r i d g e r ) .  For  t h i s  s t u d y  i t  was 

assumed t h a t  a l l  coa l  g e n e r a t i o n  a f t e r  ,1985 would be s i t e d  on a  "sh ip-and-burn"  b a s i s .  T h i s  

approach c r e a t e s  t h e  g r e a t e s t  impact  w i t h i n  t h e  r e g i o n  usi-ng t h e  power. I t  i s  e s s e n t i a l ,  then, 

, t o  t h i s  assumption t h a t  each s t a t e  c o n s t r u c t s  w i t h i n  i t s  own boundar ies those  c o a l - f i r e d  p l a n t s  

r e q u i r e d  t o  meet i t s  demands. Whi le  t h e  v a l i d i t y  o f  t h i s  assumption can be quest ioned,  i t  has 

t h e  advantage o f  c o u p l i n g  each s t a t e ' s  energy demand w i t h  t h e  concomitant  impacts.  

S i t i n g  i s  a  c o n t i n u i n g  problem w i t h i n  s t a t e s .  Should g e n e r a t i n g  p l a n t s  be l o c a t e d  near  

demand c e n t e r s  o r  i n  l e s s  popu la ted  areas where env i ronmenta l  impac t  may be less ,  b u t  t r a n s -  

m i s s i o n  c o s t s  and s o c i a l  impacts  may be l a r g e r ?  I f  remote, low p o p u l a t i o n  s i t e s  a r e  se lec ted ,  

i t  i s  a  genera l  r u l e  t h a t  a p p r e c i a b l e  socioeconomic d is turba 'nces be expected. What t r a n s f e r  

payments, i f  any, shou ld  be made t o  these  communit ies t o  m i t i g a t e  such impacts?. 

Another concern vo iced  by a  number o f  people was t h e  e f f e c t  o f  t h e  amended Clean A i r  A c t  

on s i t i n g  p o l i c y .  The impac t  o f  t h e  P r e v e n t i o n  o f  S i g n i f i c a n t  D e t e r i o r a t i o n  and t h e  des igna-  

t i o n  o f  Class I areas may r e v e r s e  t h e  p r e s e n t  t r e n d - t o w a r d  t h e  c o n c e n t r a t i o n  o f  l a r g e  c a p a c i t y  

a t  a  s i n g l e  l o c a t i o n .  

As p r e s e n t  t r a n s m i s s i o n  c o r r i d o r s  reach  f u l l  c a p a c i t y ,  t h e  c o s t  o f  long-range power t r a n s -  

m i s s i o n  w i l l  undoub ted ly 'be  reexamined. W i l l  these c o s t s  and t h e  i n c r e a s i n g  r e s i s t a n c e  t o  new 

t r a n s m i s s i o n  c o r r i d o r s  change s i t i n g  p o l i c y ?  

Another  ma jo r  i s s u e  i n  t h e  Nor thwest  i s  t h e  p r i o r i t y  o f  wa te r  use. H y d r o e l e c t r i c  power 

g e n e r a t i o n  can compete s e r i o u s l y  w i t h  a g r i c u l t u r a l  and o t h e r  wa te r  uses ( f i s h e r i e s ,  r e c r e a t i o n  

and t r a n s p o r t a t i o n ) .  Thermal power p l a n t s  w i l l  r e q u i r e  an i n c r e a s i n g  a l l o c a t i o n  o f  wa te r  f o r .  

c o o l i n g  purposes. A  number o f  q'uest ions have been asked about  t h e  methods and p r i o r i t i e s  t o  

be used f o r  t h e  a l l o c a t i o n  o f  wa te r  between i t s  v a r i o u s  uses. 

2.2.4 Waste D isposa l  

Severa l  respondents p o i n t e d  o u t  t h e  need f o r  i n c r e a s i n g  a t t e n t i o n  t o  t h e  problems o f  waste 

d i s p o s a l  f rom coa l  combustion. Depending on t h e  s u l f u r  c o n t e n t  o f  t h e  coa l ,  t h e  t y p e  o f  SO2 

scrubber  used, and t h e  amount o f  dewate r ing  o f  t h e  s ludge,  t h e  t o t a l  s o l i d  waste f r o m  a  c o a l -  

f i r e d  p l a n t  can range f rom 0.2 t o  1  t o n  p e r  t o n  o f  coa l  burned. The sludges f r o m  SO2 sc rub-  

b i n g  a r e  s u b j e c t  t o  leach ing . .  U r l l e ~ s  proper p r c c a u t i o n s  a r e  taken, t h e  p o t e n t i a l  e x i s t s  f o r  

t h e  p o l l u t i o n  o f  s u r f a c e  and subsur face  wate r  systems. 

212.5 I n s t i t u t i o n a l  C o n s t r a i n t s  

Many i ssues  p e r t a i n  t o  t h e  i n s t i t u t i o n a l  problems f a c i n g  t h e  energy f u t u r e  o f  t h e  P a c i f i c  

Northwest.  Whi le  some o f  these  ques t ions  a r e  n o t  ind igenous  t o  c o a l - f i r e d  g e n e r a t i o n  b u t  

r a t h e r  t o  thermal  gcr~er.;l.tion i r ~  genera l ,  t h e y  a r c  p ~ r t i n e n t  t o  t h i s  s tudy.  Most o f  . the same 
a .  

i ssues  would a r i s e  i f  n u c l e a r ,  geothermal o r  s o l a r  power a d d i t i o n s  were b e i n g  considered.  

The need f o r  power and t h e  expansion o f  f a c i l i t i e s  t o  meet t h a t  demand a r e  c o n t l n u i r ~ y  prob- 

lems. A  c o n s i d e r a b l e  d i v e r s i t y  e x i s t s  i n  t h e  p r o j e c t e d  r a t e  o f  growth o f  e l e c t r i c a l  demand i n  

t h e  P a c i f i c  Nor thwest .  C u r r e n t  f o r e c a s t s  range from an annual compound growth r a t e  o f  1.4% t o  

about  4.5%. Cos~pounded over  a p e r i o d  o f  t ime ,  r a t e s  as markedly  d i f f e r e n t  as these  w i l l  y i e l d  

g r o s s l y  d i v e r g e n t  i n d i c a t e d  demands f o r  c a p a c i t y  a d d i t i o n .  T h i s  i n  t u r n  w i l l  l e a d  t o  markedly  

d i f f e r e n t  conc lus ions  about  t h e  optimum energy p o l  i c i e s  t o  be pursued. 



Quest ions have been ra i sed  about the  assignment o f  responsi b i  1 i t i e s  f o r  making these 

energy pro jec t ions .  Should o v e r a l l  r e s p o n s i b i l i t y  f o r  t h i s  f o recas t i ng  be assigned t o  a fed- 

e r a l  o r  s t a t e  body, o r  r a t h e r  t o  i n d i v i d u a l  u t i l i t i e s ?  

C r i t i c a l  hydro cond i t ions  o f  t he  past  year and pro jec ted f u t u r e  sho r t  f a l l s  o f  generating 

capac i ty  i n d i c a t e  both a short- term and a long-term shortage o f  e l e c t r i c a l  power i n  the region.  

Quest ions a r i s e  about what methods should be used t o  a l l o c a t e  power dur ing  times o f  shortage, 

and how these measures should be implemented. 

As the  present generat ing system, which i s  predominantly hydro, adds new thermal capaci ty,  

i t  i s  p red i c tab le  t h a t  cos ts  w i l l  r i s e  r a p i d l y .  As these costs are  passed on t o  consumers, 

economic theory  says t h a t  the  long-term p r i c e  e l a s t i c i t y  o f  demand w i l l  operate t o  reduce the  

isle u f  growth o f  demand. While t h i s  ec.onomic p r i n c i p l e  i s  we l l  accepted, the  magnitude o f  

t he  p r i c e  e l a s t i c i t y  i s  s t i l l  debated. 

There i s  a l so  a quest ion about the  o p e r a b i l i t y  o f  t he  economics o f  demand. I f  power ra tes  

arf! maintained a r t i f i c i a l l y  low through one ~ ~ ~ e c t ~ d r ~ i s l ~ ~  (ir another, t h ~  p r i c e  e l a s t i c i t y  d r i v c  

cannot be e f f e c t i v e  i n  decreasing demand. A c o r o l l a r y  soc ia l  quest ion a r i ses :  should t.hese 

economic forces, w i t h  t h e i r  at tendant hardship on f i xed ,  low income users be al lowed t o  oper- 

a t e  unres t ra ined? Should t he  present p r i c e  schedule be rev ised t o  discourage very l a rge  users 

of e l e c t r i c a l  power? Should, 'rather, marginal p r i c i n g  concepts, which discourage new power 

users, be i n s t i t u t e d ?  Should draconian measures such as power r a t i o n i n g  o r  mandatory i n s u l a t i o n  

be i n s t i t u t e d ?  Should p r i ces  be al lowed t o  r i s e  r a p i d l y  by e l i m i n a t i n g  regu la to ry  delay, o r  

by a l l ow ing  pass-through costs,  i n  order t o  encourage conservation? 

Las t l y ,  t he  quest ion a r i ses  o f  an equ i tab le  method f o r  evening out  the  impacts o f  s i t i n q .  

Fur example, most generat ing p lan ts  are  located i n  remote s i t e s  t h a t  must bear almost a l l  o f  

the  economic and environmental impacts o f  t h e i r  const ruc t ion  and operat ion.  These s i t e s  su f -  

f e r  almost a l l  o f  t he  d i sbene f i t s  i n  r e t u r n  f o r  a small pcrcentage o f  the  bene f i t s ,  What 
t r a n s f e r  payments, i f  any, should be made t o  those communities s u f f e r i n g  l a rge  snc in~ronomic  

d i s l o c a t i o n s  and environmental i n s u l t s ?  What agency should be designated t o  ad jud ica te  and 

admin is ter  such payments? 

Some o f  t he  above issues were analyzcd i n  t he  course o f  the f l r s t  y e a r ' s  work on the  

Nat iona l  Coal U t i  1 i z a t i o n  Assessment (NCIIA) . Other issues should hc ~xnmil!eC( $ 1 1  LIIH f u t u r e  

w h i l e  many o thers  are  c l e a r l y  beyond the  scope o f  t h i s  work.. 

2.3 IMPACTS QUANTIFIED I N  STUDY 

The NCUA provides a n a t i o n a l l y  cnns is tcn t  basis f o r  t t lc  asscssmcnt o f  impacts expecled 

f rom increased coal use i n  var ious regions o f  the  country. To do t h i s  i n  a cons is ten t  manner, 

f o u r  na t i ona l  scenarios were developed. These were disaggregated i n t o  the  s i x  regions under 

study. These scenarios are n o t  intended t o  be fo recasts  bu t  merely a l o g i c a l  basis f o r  study- 

i n g  p o t e n t i a l  impacts. 

The f o u r  scenarids adopted are:  

1 )  Recent Trends - a base case der ived from a simple ex t rapo la t i on  o f  recent  t rends.  

2) High Coal E l e c t r i c  - expanded use o f  coa l -der ived e l e c t r i c  energy. 



3 )  A c c e l e r a t e d  Syn fue ls  - ma jo r  use o f  c o a l  convers ion  i n t o  s y n t h e t i c  f u e l s  

4)  A combina t ion  o f  t h e  l a t t e r  two cases. 

From economic a n a l y s i s  i t  was deemed u n l i k e l y  t h a t  coa l  would be impor ted  i n t o  t h e  r e g i o n  

f o r  t h e  p r o d u c t i o n  o f  s y n t h e t i c  f u e l s .  Hence t h e  f i r s t  and second scenar ios  were emphasized. 

I n  t h e  f u t u r e  t h e r e  i s  a  p o s s i b i l i t y  t h a t  A l a s k a ' s  c o a l  c o u l d  be conver ted  t o  gaseous o r  

1  i q u i d  p roduc ts  f o r  expor t .  The economic-environmental t r a d e o f f s  o f  such an o p e r a t i o n  need 

t o  be analyzed i n  d e t a i l .  

Energy demand i n  Federa l  Region Ten can b e s t  be appra ised  by v iew ing  t h e  t h r e e  con t iguous  

s t a t e s  o f  Idaho, Oregon and Washington s e p a r a t e l y  f r o m  Alaska.  Wi th  t h e  e x c e p t i o n  of a  w e l l  

developed h y d r o e l e c t r i c  system, t h e  t h r e e  con t iguous  s t a t e s  a r e  n o t  b lessed  w i t h  s i g n i f i c a n t  

energy resources,  y e t  t h e y  house s i g n i f i c a n t  , i n d u s t r i a l  and a g r i c u l t u r a l  economies. ~l aska, 

on t h e  o t h e r  hand, possesses v a s t  n a t u r a l  resources t h a t  a r e  i n  t h e  i n i t i a l  s tages o f  develop-  

ment. These c o n t r a s t i n g  f e a t u r e s  c r e a t e  d i v e r s e  problems i n  a n a l y z i n g  t h e  energy f u t u r e  o f  

t h e  r e g i o n .  The n a t i o n a l  scenar ios  were d isaggrega ted  t o  numer ica l  ' v a l u e s  f o r  Region Ten; w h i l e  
n o t  p r e c i s e l y  matching o t h e r  s h o r t - t e r m  p r o j e c t i o n s ,  these  r e p r e s e n t  a  l o g i c a l  b a s i s  f o r  s tudy-  

i n g  t h e  growth o f  coa l  demand. 

2,3.1 Rate o f  Growth o f  Coal U t i l i z a t i o n  

. T a b l e s  2.1 and 2.2 'summarize t h e  growth scenar ios  used i n  t h e  a n a l y s i s .  The . t rends  o f  

o t h e r  energy elements a r e  a l s o  i l l u s t r a t e d .  The r o l e  of coa l  i n  f i l l i n g  energy demand i s  i n d i -  

c a t e d  t o  be growjng a t  a  4.5% r a t e  n a t i o n a l l y  i n  t h e  Recent Trends s c e n a r i o  between 1975 and 

1985; growth r a t e s  a r e  1.75% and 1.68% f o r  t h e  p e r i o d s  o f  1985 t o  2000 and 2000 t o  2020, 

r e s p e c t i v e l y .  Reducing t h e  same n a t i o n a l  s c e n a r i o  t o  a P a c i f i c  Nor thwest  base r e s u l t s  i n  

TABLE 2.1. P a c i f i c  ~ o r t h w e s t ' ~ )  Recent ~ r b n d s  E l e c t r i c a l  Generat ion 
Scenar io  by A1 t e r n a t i v e  Technologies (1015 B t u )  

Recent Recent 
Base1 i ne A l l  Scenar ios . .  rends Trends 

1975 1985 2000 2020 

Coal 0.041 ( b )  0.077'') 0.221 0.502 

0.003 0.003 0.003 Peaking t u r b i n e  - - 
Nuc lear  0.021 0.073 0.397 

, . 
U.7bS 

Hydro: ' Convent ional  0,. 361 0.474 0.495 0.516 

Pumped s t o r a g e  - - 0.005 0.021 0.021 

.Geothermal ' - - - - 0.017 0.067. 

S o l a r  - - - - - - -- 
. c Less: . 

Pumping 1 osses -- . (0,001 ) (0.005) (0.005) 

D i s t r i b u t i o n  losses (0.021 ) (0.038) (0.068) (0.109) 

T o t a l  0.405 0.593 1 .081 1.757 

( a )  S t a t e s  o f  Alaska, Idaho, Oregon and Washington 
( b )  0.025 x 1015 B tu  g e n e r a t i o n  i n  reg ion ,  ba lance f r o m  Montana and Wyoming 
( c ) .  0.027 x 1015 B tu  gqnerated i n  r e g i o n  



Coal 

TABLE 2.2. P a c i f i c  ~ o r t h w e s t ' ~ )  High Coal E l e c t r i c a  Generation 
Scenario by A1 t e r n a t i v e  Technologies ( l O I 5  Btu)  

High High 
Base1 i n e  A1 1  Scenarios Coal Coal 

Peaking t u r b i n e  0.003 0.003 0.003 -- 
Nuclear 0.021 . 0.073 0.222 0.394 

Hydro: Conventional 0.361 0.474. 0.495 0.516 

pumped' storage - - 0.005 0.021 0.021 

Geothermal - - - - 0.017 0.067 

So lar  - - -- -- 
Less : 

Pul11p1 ng losses -- (0.001 ) (0.005) (0.005) 

D i s t r i b u t i o n  losses (0.021 ) (0.038) (!?.-.lE!l 

Tu td'l 0.405 0.593 1.218 2.043 

( a )  States o f  Alaska, Idaho, Oregon and Washington 
( b )  0.025 x 101: Btu generat ion i n  region,  balance from Montana and Wyoming 
( c )  .0.027 x 10 Btu generated i n  reg ion 

g rea te r  growth rates--6.5%, 7.3% and 4.2%' f o r  t he  same t ime per iods.  The l a r g e r  reg iona l  

growth r a t e s  can be accounted f o r  p r i m a r i l y  by t he  small base o f  c o a l - f i r e d  generat ion t h a t  

i s  now i n  place. 

The supply o f  coal  t o  the  reg ion  was assumed t o  be p r i m a r i l y  from Wyoming and Montana. 

It was concluded t h a t  the  Beluga coal  f i e l d  on Cook I n l e t  near Anchorage, Alaska could poten- 

t i a l l y  supply deepwater s i t e s  i n  the  lower s ta tes .  The ex tent  o f  A l a ~ k a ' s  coal developmcnt 

wi 11 be s t r o n g l y  inf luenced by p o t e n t i a l  land llse cons t ra in t s  t h a t  a rc  present ly  the  bub jec t  

o f  l e g i s l a t i v e  debate. The compe t i t i v~ness  o f  these coal suppl ies w i l l  a l su  be a f fec ted  by 

t r a n s p o r t a t i o n  costs and the  implementation o f  t he  "Best Ava i lab le  Control  Technology" sec t ion  

o f  t he  Clean A i r  Act Amendments o f  1977. 

A  Technology Charac ter iza t ion  Committee agreed upon a  ' standard p l a n t  technology t o  he 

used i n  the  study. For c a l c u l a t i o n a l  purposes a "standard" p l a n t  was used. Also, Northern 

Great P la ins  Province coal was assumed w i t h  a  he'at. content  o f  about 9000 B tu / l b  and 0.5% s u l f u r .  

2.3.2 S i t i n g  

Candidate s i t e s  were designated on the basis t h a t  each st.at.p would const ruc t  p lan ts  s ~ r f f i -  

c i e n t  t o  meet i t s  own power demands. The l o c a t i o n  and t im ing  o f  p lan ts  w i t h i n  each s t a t e  were 

determined as fo l lows:  

1. A  d i s c r e t e  s i ze  (500 MWe) f o r  i n d i v i d u a l  p lan ts  was assumed. 

2 .  A s e t  o f  i r i Le ru . i d  was developed t o  be used as a  bas is  f o r  s e l e c t i n g  candidate count ies 

f o r  s i t i n g .  

3. On the  bas is  o f  t he  above, a  number o f  p lan ts  were a l l oca ted  t o  favorab le  count ies on a  

t ime schedule t h a t  matched the  demand growth f o r  the  i n d i v i d u a l  s ta tes .  

2.6 



C r i t e r i a  'used f o r  t h e  s e l e c t i o n  of cand ida te  s i t i n g  areas were: 

a v a i l a b i l i t y  o f  w a t e r  f o r  c o o l i n g ,  

a v a i l a b i l i t y  o f  r e l a t i v e l y  f l a t  t e r r a i n  w i t h  good atmospher ic  v e n t i l a t i o n ,  

access t o  e i t h e r  r a i l  o r  w a t e r  t r a n s p o r t a t i o n ,  

nearness t o  e x i s t i n g  t r a n s m i s s i o n  c o r r i d o r s ,  , % .  . . 

nearness t o  l o a d  cen te rs .  

Many o t h e r  l o c a l  f a c t o r s  i n f l u e n c e  s i t i n g .  For  example, t h e r e  a r e  county zon ing  o r d i -  

nances and o t h e r  i n s t i t u t i o n a l  c o n s t r a i n t s  (such as t h e  Coasta l  Zone Management A c t  o f  Washing- 

t o n ) .  These c r i t e r i a  a r e  so s p e c i f i c  t h a t  i n  a  g e n e r a l i z e d  coun ty  l e v e l  a n a l y s i s ,  such as t h e  

one per formed i n  t h i s  s tudy,  t h e y  cannot  be i n c l u d e d  i n  a  meaningfu' l  way. C l e a r l y  these  f a c -  

t o r s  and t h e  p re fe rences  o f  s i t i n g  c o u n c i l s  (such as opera te  i n  t h e  s t a t e s  . o f  Washington and 

Oregon) would i n f l u e n c e  t h e  s e l e c t i o n  o f  s p e c i f i c  s i t e s  f o r  c o n s t r u c t i o n .  

Alaska has un ique  s i t i n g  c o n s t r a i n t s  t h a t  a r i s e  f r o m  compl icated;  and as y e t  unresolved,  

l a n d  use ques t ions .  Severe m e t e o r o l o g i c a l  and e c o l o g i c a l  f a c t o r s  f u r t h e r  r e s t r i c t  s i t i n g  , 

choices.  

Based'on these  methods, t h e  c o u n t i e s  o f  Elmore, Bingham, Gooding and Power i n  Idaho; 

Lewis, L i n c o l n ,  Grays Harbor, Cowl i t z ,  Douglas, Grant,  Frank1 i n ,  Whatcom and K l  i c k i t a t  i n  

Washington; Morrow, Coos, G i l l i a m ,  Clatsop,  Malheur and Sherman i n  Oregon; and t h e  Standard 

M e t r o p o l i t a n  s t a t i s t i c a l .  Area (SMSA) o f  Anchorage i n  Alaska (A laska  does n o t  have c o u n t i e s )  

were des igna ted  as cand ida te  s i t i n g  areas f o r  t h e  s tudy .  T h i s  s e l e c t i o n  i n  no way shou ld  be 

i n t e r p r e t e d  as a  d e f i n i t i v e  s i t i n g  s tudy .  On c l o s e r  i n s p e c t i o n  some o f  t h e  c o u n t i e s  may be 

found t o  be unsu i  tab1 e; a l m o i t  c e r t a i n l y  o t h e r  c o u n t i e s  n o t  des igna ted  here a r e  exce l  l e n t  

f u t u r e  s i t e s .  On t h e  b a s i s  o f  t h e  above da ta ,  p o t e n t i a l  e f f e c t s  on a i r  q u a l i t y ,  wa te r  supply, 

wa te r  q u a l i t y ,  l a n d  use, t e r r e s t r i a l  ecosystems, a q u a t i c  b i o t a ,  human h e a l t h  and socioeconomic 

c o n d i t i o n s  were s tud ied .  

2.3.3 A i r  Q u a l i t y  

Shor t - range (50 km) p o l  1  u t a n t  c o n c e n t r a t i o n s  were s t u d i e d  w i t h  two d i f f e r e n t  models. The 

f i r s t  p r o v i d e d  es t imates  o f  annual average a i r  q u a l i t y  c o n c e n t r a t i o n s  w h i l e  t h e  second con- 

s i d e r e d  s h o r t - t e r w  111d~ili\u111  concentration^ t h a t  m i g h t  be fo1.1nrl w i t h i n  a few k i l o m e t e r s  o f  t h e  

f a c i l i t y .  Based on t h e  assumption t h a t  emiss ions f rom t h e  coa l  p l a n t s  w i l l  equal  those a l lowed.  

under t h e  New Source Performance Standards s p e c i f i e d  a t  t h e  t i m e  o f  t h e  c a l c u l a t i o n ,  t h e  annual 

average inc rementa l  i n c r e a s e  i n  s u l f u r  d i o x i d e ,  p a r t i c u l a t e s  and n i t r o g e n  ox ides  was found t o  

be smal l  compared t o  t h e  c o n c e n t r a t i o n s  a l l o w a b l e  under  t h e  N a t i o n a l  Ambient A. i r  Q u a l i t y  Stan- 

dards (NAAQS). C a l c u l a t i o n s  showed, however, t h a t  s h o r t - t e r m  maximum c o n c e n t r a t i o n s  could,  

under c e r t a i n  m e t e o r o l o g i c a l  c o n d i t i o n s ,  exceed t h e  NAAQS near  a  power p l a n t .  Imp lementa t ion  

of Bes t  A v a i l a b l e  C o n t r o l  Technology would p r e d i c t a b l y  decrease these  c a l c u l a t e d  c o n c e n t r a t i o n s .  

The 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  O e t e r i o r a t i o ' n  as promulgated i n  t h e  

Clean A i r  A c t  Amendments o f  ,1977 impose severe c o n s t r a i n t s  on power p l a n t  development i n  t h e  

v i c i n i t y  o f  Class I areas, wh ich  c u r r e n t l y  i n c l u d e  a l l  n a t i o n a l  pa rks  g r e a t e r  than  6000 acres 

and a l l  w i l d e r n e s s  areas o v e r  5000 ac res  i n  s i z e .  Regu la t ions  a l s o  r e s t r i c t  power - p l a n t  devel-,  

opmenb i n  c l a s s  11 areas where m e t e o r o l o g i c a l  c o n d i t i o n s  a r e  such t h a t  s h o r t - t e r m  maximum 



c o n c e n t r a t i o n s  a r e  h i g h .  The imp1 i c a t i o n s  of these  Amendments on s i t i n g  a1 t e r n a t i v e s  wi  11 

r e q u i r e  f u r t h e r  s tudy  a f t e r  implement ing r e g u l a t i o n s  have been issued.  

The. long-range t r a n s p o r t  of SO /SO f r o m  a l l  e x i s t i n g  sources was c a l c u l a t e d  f o r  t h e  2 4 
wes te rn  U n i t e d  S ta tes .  The inc rementa l  c o n c e n t r a t i o n s  t o  be expected i n  t h e  y e a r  2020 f r o m  

t h e  H igh  Coal E l e c t r i c  s c e n a r i o  were a l s o  c a l c u i a t e d .  The l a r g e s t  inc rementa l  SO2 values 
3 3 found were 19 pg/m i n  nor thwes t  New Mexico and 11 pg/m i n  s o u t h c e n t r a l  Washington. These 

a r e  t h e  two r e g i o n s  w i t h  t h e  most c a p a c i t y  i n  t h e  H igh  Coal E l e c t r i c  scenar io .  Incrementa l  
3 c o n c e n t r a t i o n s  a r e  l e s s  than  1 0  pg/m f o r  a l l  o t h e r  cand ida te  areas o f  t h e  west.  When t h e  

i n c r e m e n t a l  c o n c e n t r a t i o n s  were added t o  t h e  l e v e l s  caused by e x i s t i n g  sources, i t  was found 
I 

3 t h a t  a number o f  a d d i t i o n a l  areas showed c o n c e n t r a t i o n s  above 10 pg/m . When e x i s t i n g  and new 

sources were combined, s e v e r a l  areas o f  h i j h  SO2 were found. The Four Corners r e g i o n  showed 
3 c o n c e n t r a t i o n s  about  23 pg/m and t h e  mid-Columbia r e g i n n  n f  t h e  P a c i f i c  Northwest,  which pue- 

3 
s e n t l y  has no ma jo r  sources, had estimated c o n c e n t r a t i o n s  o f  11 pg/m . 

An unreso lved  i s s u e  i n  t h i s  phase o f  t h e  s t u d y  i s  . the e f f e c t s  on a i r  q u a l i t y  t o  he ~ x p e c t c d  

fro; imp lementa t ion  o f  t h e  Clean A i r  A c t  Amendments o f  1977. The imp lementa t ion  o f  Bes t  A v a i l -  

a b l e  C o n t r o l  Technology would be expected t o  decrease t h e  emiss ion  l e v e l s  below t h e  New Source 

Performance Standards assumed i n  these  c a l c u l a t i o n s .  I n  t h i s  case t h e  c o n s t r a i n t s  imposed on 

power p l a n t  development i n  t h e  west  by t h e  r e g u l a t i o n s  f o r  t h e  P r e v e n t i o n  o f  S i g n i f i c a n t  D e t e r i -  

o r a t i o n  would be s u b s t a n t i a l l y  less than  i n d i c a t e d  i n  t h i s  phase o f  t h c  s tudy.  

A second major  i s s u e  n o t  examined i n  t h i s  phase o f  t h e  s tudy  concerns t h e  a i r  t r a n s p o r t  

models used here.  They a r e  " f l a t  t e r r a i n "  models t h a t  do n o t  account  f o r  t h e  i n f l u e n c e  o f  

topography,  wh ich  can cause markedly  d i f f e r e n t  d i s p e r s i o n  c h a r a c t e r i s t i c s .  S ince  many manda- 

t o r y  Class I areas a r e  l o c a t e d  i n  r e g i o n s  o f  complex t e r r a i n ,  f u t u r e  c o a l  assessl l ler~ts need t o  

be r e f i n e d ,  u s i n g  a i r  q u a l i t y  models t h a t  i n c o r p o r a t e  complcx t e r r a i n .  

2.3.4 Water Resources and Impacts 

Water consumption impacts i n  t h ~  t h r e e  c ~ r l t i g u ~ u s  ttatnr, w r r c  assessed by c u ~ ~ ~ l ~ d r ~ i r ~ y  Lhe 

e s t i m a t e d  w i thdrawa ls  i n  consumptive use by  p r o j e c t e d  power p l a n t s  w i t h i n  each "aggregated 

subarea" (ASA) t o  t o t a l  s u r f a c e  wate r  f l o w s  and, where a p p r o p r i a t e ,  h i s t o r i c  and p r o j e c t e d  low 

month ly  f l o w s  o f  t h e  Columbia and Snake R i v e r s  a t  key p o i n t s .  A n a l y s i s  was made on t h e  assump- 

t i o n  t h a t  a l l  p l a n t s  would use wet- tower  e v a p o r a t i v e  c o o l i n g  and would w i thd raw t h e i r  wa te r  

supp ly  f r o m  t h e  l a r g e s t  s u r f a c e  source i n  t h e  i d e n t i f i e d  cand ida te  county.  For  t h e  two Alaskan 

c a n d i d a t e  areas,  power p l a n t  w a t e r  requ i rements  were compared t o  t h e  l i m i t e d  d a t a  on l o w  f l o w s  

.in t h e  ma jo r  nearby r i v e r s .  

Water qua1 i t y  impacts werp ~ F ~ P S S C ~  assuming tha$ a1 1 cnn l  -fi t.c~:l p l  at-I Lb ~ u l  l e c l ,  t r e a t  

and r e l e a s e  a l l  l i q u i d  e f f l u e n t s  as necessary t o  meet Federa l  New Source Performance Standards 

R e s u l t i n g  p o l l u t a n t  r e l e a s e s  were compared q u a l i t a t i v e l y  t o  e x i s t i n g  background c o n d i t i o n s  i n  

t h e  ASAs and i n  t h e  r e l e v a n t  A laskan r i v e r s .  

It was concluded t h a t  s u r f a c e  wate r  s u p p l i e s  a r e  more than  adequate t o  meet t h e  needs o f  

new c o a l - f i r e d  g e n e r a t i n g  p l a n t s  t h a t  may be l o c a t e d  on t h e  Columbia o r  Snake R ivers .  I n  most 

cases l e s s  t h a n  1% o f  t h e  mean l o w  f l o w  would be used under  t h e  scenar ios  s tud ied .  



I n c r e a s i n g  c o m p e t i t i o n  f o r  a v a i l a b l e  suppl i e s  among a1 t e r n a t i v e  u s e s - - p r i n c i p a l  l y  power 

genera t ion ,  i r r i g a t e d  a g r i c u l t u r e  and f i s h e r i e s  maintenance--may r e s u l t  i n  i n s t i t u t i o n a l  con- 

s t r a i n t s  on wate r  a v a i l a b i l i t y  f o r  energy genera t ion .  O f f s t r e a m  s t o r a g e  r e s e r v o i r s  may be 

used t o  m in im ize  c o n f l i c t s  w i t h  o t h e r  uses d u r i n g  c r i t i c a l ,  l ow f l o w  per iods .  

Though c u r r e n t  n a t i o n a l  (EPA) p o l i c i e s  s t r o n g l y  f a v o r  t h e  use o f  c o o l i n g  towers o r  ponds 

i n s t e a d  o f  once- through c o o l i n g ,  t h e  c h o i c e  o f  c o o l i n g  techno logy  t o  be used may become a  

debated s u b j e c t  i n  t h e  r e g i o n  due t o  h i g h  volume st ream f lows ,  ocean access, and t h e  v a l u e  o f  

wa te r  i n  a l t e r n a t i v e  uses. I f  once- through c o o l i n g  i s  n o t  a l lowed,  c o a s t a l  cand ida te  c o u n t i e s  

(Grays Harbor, Clatsop,  Coos) may l o s e  much o f  t h e i r  a t t r a c t i v e n e s s  f o r  p l a n t  s i t i n g .  

Compet i t i on  f o r  wa te r  i s  most i n t e n s e  on t h e  snake ~ i v e r .  The S t a t e  o f  Idaho i s  cons ider -  

i n g  s e t t i n g  a s i d e  adequate s u p p l i e s  f o r  power g e n e r a t i o n  th rough  a d m i n . i s t r a t i v e  a l l o c a t i o n s .  

Under Federa l  New Source Performance.Standards, e f f l u e n t  r e l e a s e s  w i l l  e s s e n t i a l l y  be 

. l i m i t e d  t o  d i s s o l v e d  s o l i d s ,  which a r e  expected t o  have l i t t l e  impact  on a  r e g i o n a l  sca le .  

Heavy meta ls  and abnorma l l y  a c i d  o r  a l k a l i n e  wa te rs  ' a c c i d e n t a l l y  r e l e a s e d  by s u r f a c e  r u n o f f  

f r o m  coa l  and ash s to rage  p i l e s ,  o r  r e l e a s e d  by l e a c h i n g  f r o m  ash and s ludge  d i s p o s a l  areas, 

pose t h e  g r e a t e s t  t h r e a t  o f  l o c a l i z e d  w a t e r  p o l l u t i o n .  

The r e g i o n ' s  un ique dependence on h y d r o e l e c t r i c  g e n e r a t i n g  f a c i l i t i e s  suggests t h a t  an 

i m p o r t a n t  p o t e n t i a l  impact  o f  coa l  - f i r e d  p l a n t s  ( o r  o t h e r  thermal  base- load power' p l a n t s  d e v e l -  

oped i n  t h e  f u t u r e )  i s  t h a t  hydro f a c i l i t i e s  may be changed t o  peak power o p e r a t i o n ,  r e i ~ 1 t i . n ~  

i n  more r a p i d  and extreme f l u c t u a t i o n s  i n  r i v e r  f l o w s .  These f l u c t u a t i o n s  c o u l d  c o n f l i c t  w i t h  

r e c r e a t i o n a l  use o f  t h e  r i v e r s ,  i nc rease  r i v e r  bank e r o s i o n  and r e s u l t i n g  suspended sediment 

loads,  and r e s u l t  i n  a d d i t i o n a l  s t r e s s e s  on i m p o r t a n t  anadromous f i s h  p o p u l a t i o n s .  

P o t e n t i a l  Alaskan coa l  development poses a  un ique  s i t u a t i o n .  P r e l i m i n a r y  d a t a  i n d i c a t e  

t h a t  adequate s u r f a c e  wate r  s u p p l i e s  a r e  a v a i l a b l e  t o  serve t h e  p o s t u l a t e d  mines and power 

p l a n t s ,  b u t  streams e x h i b i t  extreme seasonal f l u c t u a t i o n s  i n  f l o w .  The impacts o f  sedimenta- 

t i o n  and o t h e r  p o t e n t i a l  wa te r  q u a l i t y  e f f e c t s  o f  m i n i n g  a r e  h i g h l y  u n c e r t a i n ,  p a r t i c u l a r l y  

under low f l o w  c o n d i t i o n s .  The a v a i l a b i l i t y  o f  ground wate r  t o  meet energy development needs 

has n o t  been determined.  

Three i m p o r t a n t  i ssues  remain t o  be r e s o l v e d :  a n a l y s i s  o f  t h e  economic and envi ronmenta l  

t r a d e o f f s  among competing a l t e r n a t i v e  wa te r  uses i n  t h e  Columbia. and Snake R ivers ,  t h e  r e l a -  

t i v e  env i ronmenta l  b e n e f i t s  and c o s t s  o f  once- through c o o l i n g  f o r  A laskan and c o a s t a l  s i t e s  

(a c o r o l l a r y  i s s u e  i s  p o t e n t i a l .  use o f  heated e f f l u e n t s  f o r  f i s h  c u l t u r e ) ,  and t h e  f e a s i b i l i t y  

and i m p l i c a t i o n s  o f  u s i n g  ground wate r  sources f o r  new thermal  p l a n t s ,  p a r t i c u l a r l y  f o r  Snake 

R i  ver ,  mid-Col umbi a  and A1 askan s i t e s .  

2.3.5 Land Use Impacts 

Land acreages r e q u i r e d  - f o r  p r o j e c t e d  power p l a n t s  i n  des igna ted  cand ida te  c o u n t i e s  i n  

Idaho, Oregon and Washington and two a reas  o f  s o u t h c e n t r a l  A laska were q u a n t i t a t i v e l y  e s t i -  

mated. Land use changes r e s u l t i n g  f r o m  a s s o c i a t e d  urban growth were a l s o  es t imated .  Other  

p o t e n t i a l  i m p o r t a n t  l a n d  use changes s e c o n d a r i l y  r e l a t e d  t o  power p l a n t  c o n s t r u c t i o n ,  such as 

new t r a n s m i s s i o n  and t r a n s p o r t a t i o n  c o r r i d o r s  and new i n d u s t r y  a t t r a c t e d  t o  t h e  area, were n o t  

q u a n t i t a t i v e l y  es t imated .  



Est imated  l a n d  requ i rements  f o r  new power p l a n t  s i t e s  and a s s o c i a t e d  u r b a n i z a t i o n  averaged 

abou t  1  acre/MWe. Rura l  c o u n t i e s  t y p i c a l l y  had l a n d  use above t h i s  average, w h i l e  urban c o u n t i e s  

were s l i g h t l y  l e s s .  

Land use changes exceeding 3000 acres were es t imated  under t h e  H i g h  Coal E l e c t r i c  s c e n a r i o  

f o r  t h e  c o u n t i e s  o f  C o w l i t z ,  Douglas, F r a n k l i n ,  Grant,  Grays Harbor, K l i c k i t a t  and L i n c o l n  i n  

Washington; f o r  Elrnore county, 1daho; and f o r  G i l l i a m  County, Oregon. It was concluded t h a t  

power p l a n t s  and r e l a t e d  developments w i l l  most p robab ly  compete w i t h  a g r i c u l t u r e  f o r  d e s i r a b l e  

s i t i n g  areas a long  t h e  Columbia and Snake R i v e r s .  

A c t i v i t i e s  o f  s t a t e  c o u n c i l s  on l a n d  use and f a c i l i t y  s i t i n g  w i l l  p l a y  a ma jo r  r o l e  i n  

s i t i n g  g e n e r a t i n g  p l a n t s .  p o r t i o n s  o f  severa l  des igna ted  cand ida te  coun t ies ,  p a r t i c u l a r l y  i n  

Oregon, appear t o  c o n f l i c t  w i t h  c u r r e n t  p o l i c i e s  o f  these  commissions. 

.uevelopment o f  coa l  resources  west of Cook I n l e t  i n  Alazka may t r i g g e r  s u b s t a n t i a l  r c g i o n a l  

development a t t r a c t e d  by t h e  new t r a n s p o r t a t i o n  f a c i l i t i e s  and suppor t  communit ies. 

Pending l a n d  ownership s e t t l e m e n t s  and possSble a i r  q u a l i t y  b u f f e r  zones around parks and 

w i l d e r n e s s  a reas  w i l l  s t r o n g l y  i n f l u e n c e  t h e  f u t u r e  s i t i n g  o f  c o a l  development f a c i l i t i e s  i n  

Alaska.  

Unresolved i ssues  r e q u i r i n g  f u r t h e r  a n a l y s i s  a r e  1 )  t h e  a v a i l a b i l i t y  and s u i t a b i l i t y  o f  

s i t e s  i n  r e l a t i o n  t o  env i ronmenta l  concerns and s t a t e  l a n d  use c o n t r o l s ,  and 2 )  t.he' p o t e n t i a l  

scope o f  development west o f  A l a s k a ' s  Cook I n l e t  shou ld  be i n v e s t i g a t e d  t o  de te rmine  t h e  c r i t i -  

c a l  development s t i m u l  i , p r o j e c t  t h e  r a t e  and t y p e  o f  development, and i d e n t i f y  a1 t e r n a t i v e s  

f o r  m i n i m i z i n g  u n d e s i r a b l e  g rowth  p a t t e r n s .  

2.3.6 Impacts on~~Ecosystems 

I n  a n a l y z i n g  t h e  p o t e n t i a l  e c o l o g i c a l  impacts o f  t h e  des igna ted  cand ida te  s i t i n g  coun t ies ,  

f o u r  ma jo r  t y p e s  o f  impacts were cons idered :  l o s s  o f  h a b i t a t s  o r  spec ies  o f  s p e c i a l  i n t e r e s t .  

a l t e r a t i o n s  i n  v e g e t a t i o n  due t o  d e p o s i t i o n  o f  a i r b o r n e ' e m i s s i o n s ,  a l t e r a t i o n s  i n  a q u a t i c  eco- 

systems due t o  changed st ream f l o w s .  P r e d i c t i o n  o f  d e t a i l e d  impacts r e q u i r e s  da ta  t h a t  i s  

h i g h l y  s p e c i f i c  f o r  each s i t e  and i s  beyond t h e  scope o f  t h i s  s tudy.  General e c o l o g i c a l  condi  - 
t i o n s  e x t a n t  i n  t h e  cand ida te  s i t i n g  c o u n t i e s  were, however, cons idered  i n  j u d g i n g  t h e  proba-  

b l  l i t y  o f  impacts.  Due t o  t h e  s c a r c i t y  o f  e c o l o g i c a l  b a s e l i n e  d a t a  i n  Alaska, no conc lus ions  

were drawn on t h e  expected impacts i n  t h a t  s t a t e .  These w i l l  be t h e  s u b j e c t  o f  more e x t e n s i v e  

i n v e s t i g a t i o n  i n  t h e  second y e a r  o f  t h e  s tudy.  

The most s i g n i f i c a n t  impacts expected a r e  l o s s e s  o f  h a b i t a t s  o r  species o f  s p e c i a l  i n t e r -  

e s t  d i s p l a c e d  by  l a n d  use changes. The Olympic mudminnow occurs  i n  t h e  Satsop and Deschutes 

R i v e r s  o f  Washington (Grays Harbor and Lewis Coun t ies ) .  The p r a i r i e  f a l c o n  occurs i n  a l l  

non fo res ted  coun t ies .  The p e r e g r i n e  f a l c o n  occurs  i n  Bingham and Elmore Count ies,  Idaho and 

Malheur  County, Oregon; s e a s o n a l l y  i t  occurs i n  a l l  coun t ies ,  n e s t i n g  i n  t h e  western mountains 

Columbia whi t e - t a i l e d  deer  o c c u r  i n  C la tsop  County, Oregon and Cowl i  t z  County, Washington. 

These spec ies  have Been recogn ized  as  th rea tened .  The f e r r u g i n o u s  hawk, a l though  n o t  y e t  

recogn ized  by t h e  f e d e r a l  agencies as endangered, must be ment ioned s p e c i f i c a l l y .  I t  n e s t s  i n  

F r a n k l i n  County, Washington n e a r  t h e  Columbja R i v e r .  Only 20 p a i r s  a r e  known i n  t h e  s t a t e ;  

o f  these,  14 p a i r s  n e s t  a t  t h e  F r a n k l i n  County s i t e s .  



o f f i c i a l  d e s i g n a t i o n  of endangered p l a n t  spec ies  i n c l u d e s  spec ies  i n  n e a r l y  every  county.  

Only a  few occur  i n  h a b i t a t s  a l o n g  t h e  Columbia and Snake R i v e r s '  s h o r e l i n e s  and i n  c o a s t a l  

streams and marshes. U n t i l  s p e c i f i c  s i t e s  a r e  i d e n t i f i e d ,  i t  i s  i m p o s s i b l e ' t o  q u a n t i f y  t h e  

expected damage t o  any i d e n t i f i e d  h a b i t a t s  o r  species.  

A i r b o r n e  emiss ions w i t h  t h e  apparent  g r e a t e s t  p o t e n t i a l  f o r  damaging v e g e t a t i o n  a r e  f l u o -  

r i d e  and ox ides  o f  s u l f u r .  Assuming t h e  d e p o s i t i o n  r a t e s  f o r  SO2 and SO4 g i v e n  i n  Chapter 5 ,  : 

however, s.uch damage appears u n l i k e l y .  I n  f a c t ,  i nc reased  p l a n t  growth may r e s u l t  f r o m  t h e  

d e p o s i t i o n  o f  s u l f u r  on t h e  t y p i c a l l y  s u l f u r - d e f i c i e n t  s o i l s  o f  t h e  r e g i o n .  Est imates o f  t h e  

magnitude o f  impacts f rom f l u o r i d e  o r  o t h e r  a i r b o r n e  p o l l u t a n t s ,  i n c l u d i n g  t r a c e  elements, 

were n o t  made due t o  t h e  l a c k  o f  d a t a  on expected d e p o s i t i o n  r a t e s  a n d ' p l a n t  responses s p e c i -  

f i c  t o  a  s i t e .  A d d i t i o n a l  s t u d y  o f  p l a n t  responses i n  t h e  f i e l d  i s  e s s e n t i a l  t o  more d e f i n i -  

t i v e  impac t  p r e d i c t i o n .  

Impacts o f  waterborne p o l l u t a n t s  on a q u a t i c  ecosystems a r e ' s i m i 1 a r l . y  s p e c i f i c  t o  each . 

s i t e .  However, i f  New Source Performance Standards a r e  adhered t o  and towers o r  ponds a r e  

used f o r  power p l a n t  c o o l i n g ,  no s i g n i f i c a n t  impacts a r e  expected. To t h e  e x t e n t  t h a t  such 

impacts do occur ,  t h e y  w i l l  most l i k e l y  r e s u l t  f rom a c c i d e n t a l  r e l e a s e  f rom r u n o f f s  o f  coa l  

o r  ash p i l e s  o r  f rom l e a c h i n g  o f  b u r i e d  ash and s ludge  i n t o  ground water .  . T h e  p o t e n t i a l  f o r  

such a c c i d e n t a l  re leases  i s  s i g n i f i c a n t l y  g r e a t e r  i n  areas west o f  t h e  Cascade Mountains where 

p r e c i p i t a t i o n  i s  h i g h  and t h e  m a t e r i a l s  may be more r e a d i l y  leached i n t o  ground wate r .  

M i n o r  r e d u c t i o n s  i n  t h e  s t ream f l o w  o f  t h e  Columbia and Snake R i v e r s  (d iscussed i n  Chap- 

t e r  6) f r o m  power p l a n t  w i t h d r a w a l s  a r e  n o t  expected t o  s i g n i f i c a n t l y  impact  a q u a t i c  ecosystems. 

Impacts may occur ,  however, if simul taneous l a r g e  w i thdrawa ls  f o r  expanded i r r i g a t e d  a g r i c u l -  

t u r e  occur  w i t h i n  a  s h o r t  s t ream reach  o r  i f  g e n e r a t i n g  s t a t i o n  c a p a c i t y  i s  t o o  h i g h l y  toncen-  

t r a t e d .  Anadromous f i s h  l o s s e s  a r e  a l s o  p o s s i b l e  i f  t h e  s w i t c h  oaf hydro  systems f rom baseload 

t o  peaking g e n e r a t i o n  occurs.  T h i s  change i n  o p e r a t i n g  mode i s  expected as more baseload 

thermal  c a p a c i t y  i s  b u i l t  i n  t h e  r e g i o n .  Peaking o p e r a t i o n  i s  expected t o  cause more severe . 
f l u c t u a t i o n s  i n  r i v e r  l e v e l  t h a n  a t  p resen t .  F u r t h e r  i n v e s t i g a t i o n  i s  needed t o  determine t h e  

l o c a t i o n  and p o s s i b l e  e x t e n t  o f  such f l u c t u a t i o n s  and t o  e s t i m a t e  t h e  s i z e  o f  r e s u l t i n g  f i s h  

1  osses. 

2.3.7 H e a l t h  E f f e c t s  

The components o f  coa l  combustion e f f l u e n t  t h a t  have been i d e n t i f i e d  as p o s s i b l e  causes 

of h e a l t h  changes i n  t h e  genera l  p o p u l a t i o n  a r e  carbon monoxide, n i t r o g e n  ox ides ,  s u l f u r  d iox - ,  

i d e ,  p a r t i c u l a t e  p o l y c y c l i c  o r g a n i c  compounds, vapor phase o rgan ics ,  s e l e c t e d  t r a c e  meta ls  and 

r a d i o n u c l i d e s .  S u l f a t e s ,  n i t r a t e s  and ozone a r e  a l s o  l i s t e d  because o f  chemical t r a n s f o r m a t i o n s  

i n  t h e  a 1111ospher-e. No de f  i n i t i v c  c p i d e m i o l o g i c a l  s tudy  o f  t h e  l n w - l c v c l  c h r o n i c  exposures has 

been done t h a t  e s t a b l i s h e s  a  w e l l - d e f i n e d  dose-response r e l a t i o n s h i p  between i n d i v i d u a l  p q l l u -  

t a n t s  and s p e c i f i c  h e a l t h  e f f e c t s .  I n  v iew o f  t h i s ,  est ' i l l~ates w e r e . n o t  made by i n d i v i d u a l  

p o l l u t a n t s  o r  by i n d i v i d u a l  h e a l t h  e f f e c t s .  A q u a l i t a t i v e  assessment o f  m o r b i d i t y  e f f e c t s  

r e l a t e d  t o  a i r  p o l l u t i o n  was made. The l a b o r a t o r i e s  p a r t i c i p a t i n g  i n  t h e  NCUA adopted as a  

s tandard  procedure a  non- th resho ld ,  , l i n e a r  dose-response f u n c t i o n  developed by t h e  Biomedica l  

and Envi ronmenta l  Assessment D i v i s i o n  o f  Brookhaven N a t i o n a l  L a b o r a t o r y  (BNL). T h i s  dose-response 

f u n c t i o n  r e l a t e s  t h e  a i r  p o l l u t i o n  index  (atmospher ic  s u l f a t e  c o n c e n t r a t i o n )  t o  t h e  h e a l t h  e f f e c t s  

i n d e x  (annual excess dea ths ) .  

2.11 



Based on  t h i s  methodology, t h e  es t imated  impacts t o  t h e  genera l  p o p u l a t i o n  due t o  inc reased  

a i r  p o l l u t i o n  a r e  0.8 annual e,xcess deaths f o r  t h e  Recent Trends s c e n a r i o  and 1.1 f o r  t h e  H igh  

Coal E l e c t r i c  scenar io .  These e s t i m a t e s ' a r e  f o r  t h e  y e a r  2020 f o r  a l l  c o u n t i e s  i n  Idaho, Ore- 

gon and Washington s e l e c t e d  f o r  power p l a n t  s i t e s .  The u n c e r t a i n t y  i n  these  h e a l t h  e f f e c t  

e s t i m a t e s  i s  r e f l e c t e d  i n  an 80% con f idence  statement  which g i v e s  a  range f rom zero  excess ~ 

deaths t o  a  f a c t o r  o f  10 h i g h e r  t h a n  t h e  e s t i m a t e  g iven .  The BNL procedure w i l l  be rev iewed 

i n  t h e  f u t u r e .  

The occupa t iona l  h e a l t h  e f f e c t s  o f  t h e  coa l  system i n c l u d e  those  r e l a t e d  t o  t h e  min ing,  

p r o c e s s i n g  and t r a n s p o r t a t i o n  components o f  t h e  c y c l e .  A l though  many o f  these e f f e c t s  occur  . 
o u t s i d e  t h e  P a c i f i c  Nor thwest  ( s i n c e  l i t t l e  m i n i n g  i s  done i n  t h e  r e g i o n ) ,  t h e y  a r e  i n c l u d e d  

,fur- completeness. "She r e l i a b i l i t y  o f  .these es t imates  i s  c o n s i d e r a b l y  b e t t e r  than  tha ' t  f o r  

p u b l i c  h e a l t h  e f f e c t s  due t o  a i r  p o l l u t i o n .  F o r  t h e  Recent Trends scenar io ,  e i g h t  a c c i d e n t a l  

deaths i n  2020 a r e  a t t r i b u t a b l e  t o  s u r f a c e  min ing ,  two t o  coa l  process ing,  and 135 t o  t r a n s -  

p o r t a t i o n .  For  t h e  ~ i g h ' c o a l  E l e c t r i c  scenar io ,  18 annual a c c i d e n t a l  dcaths i n  2020 are 
a t t r i b u t a b l e  t o  s u r f a c e  min ing,  f o u r  t o  coa l  p rocess ing ,  and 312 t o  r a i  1  t r a n s p o r t a t i o n .  

No q u a n t i t a t i v e  e s t i m a t e  was made o f  o c c u p a t i o n a l  d i s e a s e - r e l a t e d  m o r b i d i t y  and m o r t a l i t y  

i n  s u r f a c e  min ing .  S t u d i e s  o f  occupa t iona l  h e a l t h  e f f e c t s  r e l a t e d  t o  coa l  m i n i n g  have used a  

m i x  o f  underground and s u r f a c e  mine workers t h a t  i s  markedly  d i f f e r e n t  f rom t h a t  expected i n  

t h e  West. A v a i l a b l e  d a t a  i n d i c a t e  t h a t  pneumoconiosis and p r o g r e s s i v e  massive f i b r o s i s  r e s u l t  

f rom pro longed  exposure t o  c o a l  dus t .  S ince  these  d iseases a r e  p r i m a r i l y  a s s o c i a t e d  w i t h  

underground m i n i n g  c o n d i t i o n s ,  t h e  inc reased  p r o p o r t i o n  o f  s t r i p  m i n i n g  i n  t h e  West would 

r e s u l t  i n  a  lower  i n c i d e n c e  t h a n  i n d i c a t e d  by n a t i o n a l  data.  

'['he ' large u n c e r t a i n t y  a s s o c i a t e d  w i t h  t h e  es t imates  and t h e  c o n t r o v e r s i a l  n a t u r e  o f  t h e  

p u b l i c  h e a l t h  e f f e c t s  r e l a t e d  t o  a i r  p o l l u t a n t  emiss ions f rom c o a l - f i r e d  p l a n t s  i m p l y  t h a t  

dose-response r e l a t i o n s h i p s  between s p e c i f i c  p o l l u t a n t s  and s p e c i f i c  hen1 t h  e f f e c t s  m m t  be 

e s t a b l i s h e d .  T h i s  i s s u e  i s  n o t  un ique  t o  t h e  N n r t h w ~ s t :  i n  f a s t ,  t h ~  h i g h c r  cur l -ent  ~ 0 l l ~ ~ d l l L  

i e v e l s  i n  t h e  e a s t e r n  U n i t e d  S t a t e s  make t h e  problem even more i m p o r t a n t .    he r e s o l u t i o n  o f  

these  dose-response r e l a t i o n s h i p s  w i l l  have i m p o r t a n t  r a m i f i c a t i o n s  on emiss ion  c o n t r o l  r e q u i r e -  

ments. Regional  da ta  a r e  a l s o  needed f o r  t h e  Nnr thwcst  ,to o b t a i n  an accura te  ossessnienl o r  l h e  

expected a c c i d e n t a l  deaths and d i s a b l i n g  i n j u r i e s  r e l a t e d  t o  r a i  1  t r a n s p o r t a t i o n  o f  c o a l .  

2.3.8 Socioeconomic Impacts 

The 1  i k e l y  socioeconomic impac ts  o f  c o n s t r u c t i n g  and o p e r a t i n g  coa l  - f i r e d  p l a i t s  .ill t h e  

P a c i f i c  Nor thwest  were assessed. P o s s i b l e  p l a n n i n g  and management techniques t h a t  c o u l d  be 

used by  l o c a l  government.z t o  dea l  w i t h  t h e s c  impacts were a l s o  ' i ~ ~ v e s t l g a t e d .  

As a  b a s e l i n e  f r o m  which t o  p r e d i c t  f u t u r e  impacts under t h e  Recent Trends and H igh  Coal 

E l e c t r i c  scenar ios ,  t h e  c u r r e n t  socioeconomic c h a r a c t e r i s t i c s  o f  15 cand ida te  c o u n t i e s  were 

d e s c r i b e d  i n  terms o f  a  s e t  o f  s o c i a l  i n d i c a t o r s .  P o t e n t i a l  soc ioe ionbmic impacts o f  coa l  

J e v e l u p ~ r ~ e n t  were then  p r e d i c t e d  u s i n g  t h e  Loca l  Impact Management and Assessment (LIMA) com- . 
p u t e r  model and severa l  impac t  f l o w  c h a r t s .  



The a n a l y s i s  suggested t h a t  Lhe most severc adverse impacts w o ~ r l d  p robab ly  occur  i n  Elmore 

County, Idaho; i n  G i l l i a m  and Morrow Count ies,  Oregon; and i n  L i n c o l n  County, Washington. A l l  

o f  these c o u n t i e s  have r e l a t i v e l y  smal l  and r u r a l  p o p u l a t i o n s ,  l i m i t e d  p u b l i c  s e r v i c e s ,  and few 

p l a n n i n g  c a p a b i l i t i e s .  To min im ize  t h e  p o t e n t i a l  e f fec ts  o f  power p l a n t  developments i n  these  

f o u r  coun t ies ,  t h e  a n t i c i p a t e d  impacts shou ld  be s t u d i e d  c a r e f u l  l y  and t h e  coun ty  p l a n n i n g  and 

management c a p a b i l i t i e s  shou ld  be g r e a t l y  expanded. 

I n  c o n t r a s t ,  r e l a t i v e l y  few s e r i o u s  adverse impacts shou ld  occur  f o r  Coos County, Oregon, 

and C o w l i t z ,  Grant,  Grays Harbor and Whatcom Counties, Washington. I n  a l l  these  c o u n t i e s  t h e  

r a t e s  o f  p o p u l a t i o n  and economic g r o w t h . w o u l d ~ b e  r e l a t i v e l y . s m a l 1  and s low so t h a t  whatever 

problems r e s u l t e d  f rom p r o j e c t s  c o u l d  presumably be handled w i t h  minimum d i s r u p t i o n  t o  these  

areas. None o f  them would exper ience a ' p r o c e s s  of r a p i d  u r b a n i z a t i o n ;  t h e i r  needs f o r  a d d i -  

t i o n a l  housing and p u b l i c  s e r v i c e s  would r i s e  s l o w l y  enough t o  be handled on an ongoing b a s i s ;  

and they. would n o t  encounter  any s e r i o u s  s o c i a l  problems ( w i t h  t h e  p o s s i b l e  e x c e p t i o n  o f  con- 
- 

f l i c t  due t o  d i f f e r i n g  educa t iona l  l e v e l s  i n  Coos Cqunty).  Moreover, a l l  o f  these  c o u n t i e s  

a l r e a d y  have adequate t o  exce l  l e n t  p l a n n i n g  c a p a b i l i t i e s .  Consequently,  i n  r e l a t i o n  t o  m i n i -  

m i z i n g  adverse socioeconomic impacts, these  f i v e  c o u n t i e s  appear t o  o f f e r  t h e  most d e s i r a b l e  

areas i n  t h e  P a c i f i c  Nor thwest  f o r  c o n s t r u c t i n g  c o a l - f i r e d  g e n e r a t i n g  p l a n t s  d u r i n g  t h e  n e x t  

40 years.  

The ma jo r  l i m i t a t i o n  o f  t h i s  s tudy  i s  t h a t  i t s  broad scope p rec ludes  accoun t ing  f o r  any 

unique f e a t u r e s  o f  t h e  separa te  cand ida te  c o u n t i e s .  The second l i m i t a t i o n  l i e s  i n  t h e  many 

a r b i t r a r y  assumptions con ta ined  i n  t h e  LIMA model. Because o f  these  l i m i t a t i o n s  t h e  s tudy  

shou ld  be viewed o n l y  as a p r e l i m i n a r y  sc reen ing  a n a l y s i s ,  n o t  as a s e t  o f  s i t e - s p e c i f i c  

impact  assessments. 

F u t u r e  research  i n  t h i s  area shou ld  deal  w i t h  t h e  f o l l o w i n g  c r i t i c a l  problems: 1 )  d e f i n -  

i n g  t h e  un ique  case o f  Alaska, which i s  expected t o  undergo e x t e n s i v e  resource  developments 

d u r i n g  t h e  n e x t  20 years  b u t  which c o u l d  n o t  be i n c l u d e d  i n  o u r  computer f o r e c a s t s  because o f  

l a c k  o f  da ta ,  2) v e r i f y i n g  t h e  adequacy o f  t h e  s o c i a l  i n d i c a t o r s  used i n  t h i s  a n a l y s i s  by u s i n g  

them t o  c o l l e c t  da ta  on ongoing development p r o j e c t s  (as we a r e  p r e s e n t l y  d o i n g  w i t h  t h e  n u c l e a r  

power p l a n t s  be ing  c o n s t r u c t e d  i n  S k a g i t  County, Washington), and 3 )  t e s t i n g  and r e f i n i n g  t h e  

LIMA model under v a r y i n g  s e t s  o f  assumptions and w i t h  severa l  s e t s  o f  a c t u a l  impact  d a t a .  

The envi ronmenta l  and socioeconomic impacts i d e n t i f i e d  i n  t h i s  s tudy  a r e  u s e f u l  i n  i d e n t i -  

f y i n g  those  e f f e c t s  t h a t  may be expected f r o m  t h e  inc reased  use o f  c o a l  i n  t h e  r e g i o n .  Wh i le  

these  r e s u l t s  i d e n t i f y  impacts t h a t  a r e  s p e c i f i c  t o  each r e g i o n ,  t h e y  a r e  n o t  a  s u b s t i t u t e  f o r  

d e t a i l e d  a n a l y s i s  which can be per formed o n l y  on s p e c i f i c  s i t e s .  T h i s  a n a l y s i s  w i l l ,  then, 

p r o v i d e  d e c i s i o n  makers w i t h  a g e n e r i c  assessment o f  t h e  expected impacts and some suggest ions 

f o r  t h e i r  p o s s i b l e  m i t i g a t i o n .  It w i l l  n o t  s u b s t i t u t e ,  though, f o r  t h e  d e t a i l e d  assessment 

t h a t  I s  p o s s i b l e  o n l y  when s p e c i f i c  s i t e s  dr.e t les ignated and b a s e l i n e  da ta  f o r  t.hose s i t e s  

have been c o l l e c t e d .  
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3.0 SCENARIOS AND TECHNOLOGY ASSUMPTIONS 

The National Coal Utilization Assessment (NCUA) provides a nationally consistent basis for 
the assessment of potential coal use scenarios in various regions. The assumed scenarios for 
regional energy development and associated coal technologies are presented in this chapter. 

I t  i s  emphasized that the scenarios are not intended to  be forecasts. Given the long time 
frame (to the year 2020) and numerous possible assumptions for alternate futures, four national 
scenarios of energy utilization were developed for the NCUA. The scenarios consist of the following: 
1) Recent Trends-a base case derived from simple extrapolation of recent trends; 2) High Coal 
Electric-expanded use of coal-derived electric energy; 3) Accelerated Synfuels-major use of coal 
conversion into synthetic fuels; and 4) a combination of the latter'two cases. Analytical efforts in  
this study concentrate o n  the effects of coal-fired electrical generating facilities since they are 
expected to  the the primary coal consumers in the region. I t  was deemed unlikely that coal would be 
imported into the region for the production of synthetic fuels. Hence, the first and second scen- 
arios are emphasized. 

The general growth rates and the many underlying. national and regional assumptions are 
founded upon the base case represented in the Federal Energy Administration's National Energy 
Outlook, published in 1976. The numerical values given in this chapter are only representative 
levels for our region that might reasonably be associated with the specific scenarios. The Recent 

' 

Trends and High Coal Electric scenarios are decomposed from the national scenarios for the Pacific 
Northwest region; electric generation isdifferentiated by fuels for the years 1975, 1985, 2000, 
and 2020. Associated projections for petroleum and gas consumption are also provided although 
they have n o  direct bearing on  the coal analysis. 

The role of coal in filling energy demand is expected to.grow (during the NCUA's time 
frame) for each scenario. Nationally, the Recent Trends scenario shows a 4.53% annual growth 
in coal used for electricity generation from 1975 to 1985, with 1.75% and 1.68% per annum for the 
periods 1985-2000 and 2000-2020 respectively. Reducing the same national scenarios to a Pacific 
Northwest base resulted in greater growth rates of 6.5%, 7.3% and 4.2% for the same respective 
time periods. The larger regional growth rates call be accounted for by the small base of coal-fired 
generation that i s  now in place. 

The characterization of the coal technologies assumed in the study are summarized. The 
combination of the emissions from these plants and the number of plants derived from the 
scenarios provide the background conditions for evaluation of potential impacts. 

The physical and chemical characteristics of coal that are expected to be utilized in the 
Pacific Northwest are described. They are generally lower in sulfur content (0.2 to 1.0%) and 
heat content (7,500-10,000 Btu/lb) than eastern coals. 

As further background to'chapter 3, an appendix is provided. Appendix A, "Energy Supply 
and Demand in the Region," discusses the current system and its implications for future trends 
in energy supply in the region. Energy related characteristics are discussed, emphasizing electrical 
energy and coal utilization, the major scope of the assessment. This provides a comparative basis 
for the ground-rule assumptions used in the study. 



T h i s  s e c t i o n  p resen ts  t h e  r e g i o n a l  scenar ios  f o r  ,the N a t i o n a l  Coal U t i  1  i z a t i o n  Assessment 

(NCUA). On a n a t i o n a l  bas is ,  f o u r  d i f f e r e n t  scenar ios  o f  f u t u r e  energy u t i l i z a t i o n  a r e  con- 

s i d e r e d .  Due t o  t h e  p a r t i c u l a r  c h a r a c t e r i s t i c s  o f  Federa l  Region Ten, n o t a b l y  a lack .  o f  l a r g e  

c o a l  d e p o s i t s  i n  t h e  t h r e e  con t iguous  s t a t e s  and abundant f o s s i l  resources  i n  Alaska, t h i s  

s t u d y  concen t ra tes  on o n l y  two o f  t h e  f o l l o w i n g  scenar ios .  Based upon t h e  n a t i o n a l  data,  a l l o -  

c a t i o n s  a r e  made f o r  t h i s  r e g i o n  wh ich  fo rm t h e  f o u n d a t i o n  f o r  subsequent assessment. 

3.1 REGIONAL ALLOCATION 

Count less a l t e r n a t i v e  p a t t e r n s  o f  coa l  u t i l i z a t i o n  can be e n v i s i o n e d  f o r  t h e  n a t i o n ' s  

energy f u t u r e .  To narrow t h e  scope o f  t h e  s tudy ,  f o u r  r e p r e s e n t a t i v e  coa l  development pa th -  

ways, o r  scenar ios ,  were p o s t u l a t e d .  Besides p r o v i d i n g  cons is tency ,  t h e  scenar ios  c h a r a c t e r i z e  

the b a s i c  fea tu res  o f  c o a l  development choices,  p r o v i d e  bounds upon t h e  p o t e n t i a l  range o f  coa l  

u t i l i z a t i o n ,  and p r o v i d e  a mechanism f o r  comparing t h e  impacts o f  a l t e r n a t i v e  coa l  techno log ies .  

The s c e n a r i o s  a r e  n o t  f o r e c a s t s  b u t  r a t h e r ,  a  s e t  o f  n a t i o n a l l y  c o n s i s t e n t  background c o n d i t i o n s  

f o r  assess ing  t h e  impacts o f  c o a l  development on s o c i a l  and envi ronmenta l  systems.' 

The f o l l o w i n g  a r e  b r i e f  d e s c r i p t i o n s  o f  t h e  f o u r  n a t i o n a l  scenar ios :  

Recent Trends: Represents a " b e s t "  e s t i m a t e  o f  f u t u r e  p a t t e r n s  o f  coa l  u t i l i z a t i o n  

based upon r e c e n t  t r e n d s .  It forms a base case a g a i n s t  which t h e  o t h e r  n a t i o n a l  

development op t ions 'may  be compared. No ma jo r  changes i n  governmental p o l i c y  o r  

s o c i a l  i n s t i t u t i o n s  a r e  assumed t o  occur. 

H igh  Coal E l e c t r i c :  Assumes t h a t  t h e  coa l  f u e l  m ix  i n  t h e  y e a r s  2000 and 2020 i s  

approx imate ly  25% g r e a t e r  t h a n  t h e  p r o p o r t i o n  o f  c o a l - f i r e d  g e n e r a t i o n  ' i n  t h e  Recent 
' 

l r e n d s  scenar io .  O i i  a  tIatlOna1 bas is ,  coa l  p r o v i d e s  50% u f  Lhe y e r ~ e r . d L i u ~ ~  ill L l ~ e  

y e a r  2000 f o r  t h e  Recent Trends case and 62% f o r  t h i s  scenar io .  ' l n  t h e  y e a r  2020 
t h e  shares a re  38% f o r  t h e  Recent Trcnds case and 50% f o r  t h e  H igh  Coal E l e c t r i c  

case. 

A c c e l e r a t e d  -- - - Syn fue ls :  T h i s  s c e n a r i o  d e f i n e s  a ma jo r  growth o f  c o a l  convers ion  i n t o  

s y n t h e t i c  fue ls .  H igh  B t u  s y n t h e t i c  gases a r e  t h e  m a j o r  p r o d u c t  o f  t h e  techno log ies  

p o s t u l a t e d  f o r  t h e  scenar io .  . - 

A c c e l e r a t e d  Coal E l e c t r i c  and Syn fue ls :  A comb ina t ion  o f  t h e  H i g h  Coal E l e c t r i c  

and A c c e l e r a t e d  Syn fue ls  scenar ios .  T h i s  case r e p r e s e n t s  t h e  upper  bound o f  coa l  

e x t r a c t i o n  cons idered  f o r  t h e  NCUA. 

The genera l  g rowth  r a t e s  and t h e  many n a t i o n a l  and r e g i o n a l  assumptions a r e  based upon 

t h e  base case represen ted  i n  t h e  Federa l  Energy A d m i n i s t r a t i o n ' s  N a t i o n a l  Energy Out look,  

p u b l i s h e d  i n  1976. Cconomic growth and dcrnographic p a t t c r n s  a r e  assumed t o  be "bes t  es t imates"  

and a r e  t h e  same f o r  a l l  scenar ios .  The m a j o r  d i f f e r e n c e s  between t h e  scenar ios  p e r t a i n  t o  

t h e  p o t e n t i a l  r o l e  o f  coa l  i n  f i l l i n g  energy demands. 



National scenarios are decomposed on a regional basis by census regions, and energy demands 

are differentiated by fuels for the years 1975, 1985, 2000, and 2020. The growth in energy 

demand and potential for interfuel substitution is largely constrained for the period from 1975 

to 1985 by current industrial and utility plans. All scenarios are approximately the same 

through 1985; variations in coal utilization among the scenarios occur in the year 2000. 

The role of coal in filling energy demand is expected to grow during the time,frame of the 

NCUA for each scenario. Nationally the Recent Trends scenario gives a 4.55% annual growth in 

total coal demand from 1975 to 1985 with 2.08% and 2.28% per annum for the periods 1985-2000 

and 2000-2020, respectively. In the Pacific Census Region growth in coal demand is greater, 

with growth rates of 7.94%, 3.002, and 2.72% for the same time periods. Growth rates for the ' 

High Coal Electric scenario are proportionately higher. In the Pacific Region electric util- 

ities will account for the principal coal demand. 

The NCUA has provided national scenarios that also estimate energy consumption at the 

regional level. However, the national scenarios are for the Pacific Census Region, which 

includes the states of California, Hawaii, Oregon, Washington and Alaska. Federal Region Ten 

includes the state of Idaho and excludes California and Hawaii. 

This section allocates the NCUA scenarios for the Pacific Census Region to Federal Region 

Ten, our region of consideration. For Federal Region Ten accelerated synfuels are not expected 

to have significant impact. Although some fossil fuel demands may possibly be satisfied in 

the future by synthetic fuel, their production is not expected to occur in the region. With 

the availability of Canadian and later, Alaskan gas, it was not felt that synfuels will cap- 

' ture a significant share of the regional market.  heref fore, the Recent Trends and High Coal 
Electric scenarios are primarily considered. 

Since the primary impact of coal consumption within Region Ten is expected to relate to 

coal's potential share of electrical generation, the electrical system of the three contiguous 

states of the Pacific Northwest was analyzed. Analysis included electrical supplyldemand 

modeling and extensive contacts with regional energy planning organizations and electrical 

utilities. The results of the analysis are presented in Appendix A. 

Determining electrical generation requirements for a given region can be difficult. For 

Federal Region Ten the three states of Idaho, Oregon and Washington have a well-developed elec- 

trical system and common planning, whereas Alaska is in the incipient stages of development. 

For the three contiguous states the situation is further compounded by some power being gen- 

er.ated outside the states and by the major coordinating organization, the West Group of the 

Northwest Power Pool, having a small service area outside the states as well. 

Several meetings were held with representatives of Lawrence Berkeley Laboratory to deter- 
,- mine Federal Region Ten's allocation of energy shares from the national scenarios. The general 

rule was to determine a reasonable decomposition ot the national scenarios for the Pacific Cen- 

sus Region into shares for Cali.fornia and Hawaii compared with the states of Alaska, Oregon, 
f and Washington. The final ,allocation among the various states was assumed to be fixed at a 

total equal to the national allocation for the Pacific Census Region; 



The na t i ona l  fo recasts  f o r  e l e c t r i c a l  growth ra tes  i n  the  P a c i f i c  Census Region are  3.7% 

f o r  the  pe r i od  from 1975 through 1985 and 2.9% from 1985 t o  the year 2020. For Federal Region 

Ten, s l i g h t l y  h igher growths are  predicted,  whereas p ro jec t i ons  f o r  C a l i f o r n i a  are somewhat 

1 ower. Therefore, a 1 i nea r  a1 l o c a t i o n  among the  separate s ta tes  would n o t  r e f l e c t '  cu r ren t  

expectat ions.  

The f i r s t  step i n  decomposing and a l l o c a t i n g  the  P a c i f i c  Census Region scenarios was t o  

e x t r a c t  p red i c ted  C a l i f o r n i a  and Hawaii generation. from the reg iona l  scenarios. The remainder 

was then assigned t o  Alaska, Oregon, and Washington. Based upon the nat iona l  scenarios, cur-  

r e n t  trends, and ac tua l  u t i l i t y  p lans f o r  t he  region,  a share f o r  Idaho was next  determined. 

The r e s u l t s  were then reviewed and compared t o  independent estimates. The a l l o c a t i o n  process 

requ i red  several  i t e r a t i o n s  f o r  reso lu t i on .  

The scenarios given i n  Tables 3.1 and 3.2 i nc lude  the  f o l l o w i n g  considerat ions.  

The na t i ona l  scenarios p r e d i c t  s i g n i f i c a n t  growth i n  hyd roe lec t r i c  capaci ty,  

whereas the  m a j o r i t y  o f  s i t e s  i n  the  region, w i t h  the  except ion o f  Alaska, a re  

almost f u l l y  explo i ted. .  

The High Coal and Recent Trends cases i n d i c a t e  equal amounts o f  nuclear. generat ion 

capaci ty,  whereas the  market can be assumed t o  be compet i t ive.  For a High Coal 

scenar io i t  i s  assumed t h a t  coal  w i l l  gain a cos t  advantage over nuclear generation, 

r e s u l t i n g  i n  a h igher  share f o r  coal .  

TABLE '3.1. P a c i f i c  ~ o r t h w e s t ' ~ )  Recent Trends E l e c t  ' ca l  Generation 
Scenario by A1 t e r n a t i v e  Technologies ( l oFk  Btu)  

Recent Rcrpnt. 
Base1 i n e  A1 1 Scenarios Trends Trends 

1975 1985 2000 2020 

Coal -0 0.041 0 . 0 7 7 ( ~ )  0.221 0.502 

Peaking tu rb ine  0.003 0.003 01003 -- 
Nuclear 0.021 0.073 0.397 0.765 

Hydro: conventional 0.361 0.474 0.495 0.516 

pumped storage - - 0.005 0.021 0.021 

Geothermal - - - - 0.017 0.067 

Solar  - - - - -- -- 
Less : 

Pul~lpiny losses -- (u. 001 ) (0,005) (0.005) 

D i s t r i b u t i o n  losses (0.021 ) (0.038) (U. Ub8) (0.109) 

'I'ota I 0.405 0.593 I. uui 1.757 

( a )  States o f  Alaska, Idaho, Oregon and Washington. 
( b )  0.025 x 1015 Btu generat ion i n  region,  balance from Montana and Wyoming. 
( c )  0.027 x 1015 Btu  generated i n  region.  



TABLE 3.2. P a c i f i c  ~ o r t h w e s t ' a )  H igh  Coal E l e c t r i c i  Generat ion 
, Scenar io  by A l t e r n a t i v e  Technologies ( l O I 5  B t u )  

Coa 1 

H igh  High 
B a s e l i n e  , A1 1 Scenar ios Coal Coal 

1975 1985 2000 2020 

0.04176) 0 . 0 7 7 ( ~ )  0.533 1.159 

Peaking t u r b i n e  0.003 0.003 0.003 - - 
Nuc lear  0.021 0.073 0.222 0.394 

Hydro: conven t iona l  0.361 0.474 0.495 0.51 6 

pumped s to rage  -- 0.005 0.021' 0.021 

Geo t he rma 1 

S o l a r  

Less : 

Pumping losses  - - (0.001 ) (0.005) (0.005) 

D i s t r i b u t i o n  l o s s e s  (0.021) (0.038) (0.068) ., , (0.109) . 

T o t a l  0.405 0.593 1.218 .2.043 

( a )  S ta tes  o f  aska, Idaho, Oregon and Washington. 
( b )  0.025 x loP3 B tu  g e n e r a t i o n  i n  r e g i o n ,  ba lance f r o m  Montana and Wyoming. 
( c )  0.027 x 1015 B tu  generated i n  r e g i o n .  . . 

Pumping l o s s e s  and pumped s to rage  a r e  f a c t o r s  o f  t h e  o v e r a l l  e f f i c i e n c y  o f  t h e  

h y d r o e l e c t r i c  system. Pumped s t o r a g e  i s  expected t o  be developed i n  t h e  r e g i o n  

f o r  peak e l e c t r i c a l  genera t ion .  

I n  t h e  l o n g  run,  A laska i s  expected t o  s i g n i f i c a n t l y  develop i t s  coal,  resources.  

T h i s  w i l l  be an a d d i t i o n a l  f a c t o r  t o  c o n s i d e r  f o r  t h e  o v e r a l l  share  o f  c o a l - f i r e d  

e l e c t r i c a l  g e n e r a t i o n  i n  t h e  r e g i o n .  

Tables 3.1 and 3.2 show t h e  Federa l  Region Ten e l e c t r i c a l  g e n e r a t i o n  scenar ios  f o r  t h e  

Recent ,Trends and H igh  Coal E l e c t r i c  cases. The r e s u l t s  i n c l u d e  t h e  g e n e r a t i o n  shares f o r  

A laska,  Idaho, Oregon, and Washington. I n  b o t h  t a b l e s  t h e  b a s e l i n e  1975 and 1985 r e s u l t s  a r e  

t h e  same. Note t h a t  f o r  c o a l  g e n e r a t i o n  o f  0.041 x 1015 B t u  i n  1975, t h a t  0.025 x.  1015 B t u  i s  

,generated w i t h i n  t h e  r e g i o n .  C o a l - f i r e d  g e n e r a t i o n  o f  0.027 x 10 ' '  B t u  i n  1985 i s  generated 

i n  t h e  r e g i o n .  

No d i s t i n c t i o n  i s  made between o i l  and gas g e n e r a t i o n  o f  e l e c t r i c i t y  i n  Tables 3.1 and 

3.2. The o n l y  o i l  o r  gas g e n e r a t i o n  w i l l  be f o r  peak ing  i n  t h e  fo reseeab le  h o r i z o n .  The 

s p e c i f i c  f u e l s  t o  be used f o r  peaking t u r b i n e s  w i l l  depend upon t h e  r e g i o n ' s  f u t u r e  supp ly  

N a t i o n a l l y ,  t h e  Recent Trends s c e n a r i o  shows a 4.53% annual growth i n  coa l  u t i l i z e d  f o r  

e l e c t r i c a l  g e n e r a t i o n  f rom 1975 t o  1985 w i t h  1.75% and 1.68% p e r  annum f o r  t h e  p e r i o d s  1965-2000 

and 2000-2020, respect ive1.y. Table 3.1 g i v e s  g r e a t e r  growth r a t e s  o f  6.5%, 7.3%, and 4.2% f o r  

t h e  same r e s p e c t i v e  t i m e  p e r i o d s .  S i m i l a r  i nc reases  o c c u r r e d  f o r  t h e  High Coal scenar io ,  as 

shown i n  Table 3.2. 



Tables 3.3 and 3.4 prov ide  breakdowns f o r  the  Federal Region Ten f o r  petroleum and na tu ra l  

gas scenarios. These tab les  a re  the  r e s u l t  o f  s i m i l a r  e f f o r t s  w i t h  i nves t i ga to rs  a t  Lawrence 

Berkeley Laboratory t o  separate reg iona l  shares. By agreement between the  labora tor ies ,  the  

t o t a l  shares a l l oca ted  equate t o  t h e  mix f o r  the  P a c i f i c  Census Region, w i t h  an adjustment f o r  

Idaho. The shares f o r  Idaho are  based on c u r r e n t  trends. 

I n  summary, coal development i n  the  P a c i f i c  Northwest i s  expected t o  be p r i m a r i l y  based 

i n  the  generat ion o f  e l e c t r i c i t y .  As a r e s u l t ,  the  e l e c t r i c a l  system i n  the reg ion was con- 

s idered i n  d e t a i l .  Several f a c t o r s  cha rac te r i z i ng  the  reg ion ' s  e l e c t r i c a l  system are elabo- 

r a t e d  i n  Appendix A. These f a c t o r s  ass i s ted  i n  determining a reasonable a l l o c a t i o n  o f  the  

na t i ona l  scenarios t o  our  region.  The scenarios themselves a re  cons is tent  w i t h  the  a l l o c a t i o n  

o f  t he  na t i ona l  scenarios, y e t  they  r e f l e c t  a d i f f e r e n t  mix o f  e l e c t r i c a l  generation, r e s u l t i n g  

from separa t ing  C a l i f o r n i a  and Hawaii from our considerat ion.  

3.2 COAL-FIRED GENERATION IN THE REGION 

The na t i ona l  scenarios are  used i n  combination w i t h  o ther  assumptions summarized below t o  

i d e n t i f y  poss ib le  c o a l - f i r e d  e l e c t r i c a l  generat ing capaci t.y growths i n  each s ta te .  The given 

scenar ios d,ecomposed t o  Federal ~ e $ o n  Ten are based on average estimates and do not  f a c t o r  cur -  

r e n t  reg iona l  p ro jec t i ons .  The tabu la t i ons  given here r e f l e c t  var ious reg iona l  considerat ions 

i n  spec i f y i ng  capac i ty  a d d i t i o n  requirements w i t h i n  the  cons t ra in t s  o f  the na t i ona l  scenarios. 

The Recent Trends and High Coal E l e c t r i c  scenarios are considered app l icab le  t o  t he  

reg ion.  To i n t e r p r e t  the  capac i ty  growths i n t o  candidate s i t i n g  area scenarios, the f o l l o w -  

i n g  assumptions are made: 

Energy demands i n  each s t a t e  w i l l  be met by i n - s t a t e  add i t i ons  t o  capaci ty,  

i .e . ,  a d d i t i o n a l  mine-mouth capac i t y  from ou t -o f - s ta te  w i l l  n o t  be ava i l ab le  

and none o f  the  th ree s ta tes  w i l l  add capac i ty  f o r  e x p o r t .  Bonnev i l le  Power 

Admin is t ra t ion  w i l l  smooth o u t  modest dev ia t ions .  

TABLE 3.3. P a c i f i c  ~ o r t h w e s t ' ~ )  ~ b t r o l e u m  Scenario 197 
t o  2020 by A l t e r n a t i v e  Technologies (Btu 1075) 

Category 

Supply 
~ r o d ~ l c t l o n  

Lower 48 s ta tes  

Alaska 

Regional imports 

Foreign crude imports 

~ o t i l  r e f i n e d  Inputs  

Less process use 

Tota l  r e f i n e d  products 

Tota l  demand 

Base1 i n e  
1975 

-- 
== 

0 . 0 9 9 ( ~ )  

0.609 

0.708 

0.043 

0.665 

0 .'665 

A1 1 Scenarios A1 1 Scenarios 
1985 2020 

Recent Trends and 
High Coal E l e c t r i c  

2020 

( a )  Includes Washington, Oregon, A1 aska and Idaho. 
(b )  To Idaho p r i m a r i l y .  

3.6 



TABLE 3.4. Pacific ~orthwest'~) Gas Scenario 1975 to 2020 
by Alternative Technologies (Btus 1 0 ~ 5 )  

Acce le ra ted  Acce le ra ted  Recent Trends Acce le ra tec  
A l l  Synfuels.and High A l l  Acce le ra ted  Synfue ls  and High and High Acce le ra ted  Synfue ls  and E igh  

Base l i ne  Scenar ios Coal E l e c t r i c  Scenar ios Synfue ls  Coal E l e c t r i c  Coal E l e c t r i c  Synfue ls  Coal E l e c t r i c  
1985 1985 1985 2000 2000 2020 2020 2020 2020 . 

S ~ P F ~ Y  
Fr,oduct i  on 

Lower 48 s t a t e s  0.064 -- -- - - -- -- -- . -- -- 
A1 aska - - 0.'403 . 0.401 0.358 0.358 0.356 0.313 0.315 0.311 

0 

u Less process ing  
energy - - 0.030 0.028 0.030 0.030 0.028 0.030 0.033 0.029 

Regional  impor ts  0.578 - - - - -- -- -- -- - - - - 
Fore ign  impor ts  -- -- - - -- -- -- -- - - - - 
Fore ign  expo r t s  0.055 -- -- -- -- -- -- -- -- . 

Less p i p e l i n e  use -- 0.013 0.013 0.009 0.009 0.009 0.005 0.004 0 .004 

To ta l  demand 0.596 0.360 0.360 0.319 0.319 0.319 0.278 0.278 0.278 

( a )  Inc ludes  Washington, Oregon, Alaska and Icaho. 



U t i l i t y  serv ice  area considerat ions w i l l  n o t  be const ra in ing ,  i .e. ,  j o i n t  f inanc-  

i n g  and power exchanges w i l l  cont inue as i n  the  past .  

Based on these assumptions, Tables 3.5 and 3.6 summarize the  two c o a l - f i r e d  e l e c t r i c a l  

generat ion scenarios f o r  t he  s ta tes  o f  Idaho, Oregon and Washington, and Alaska. The capac- 

i t i e s  i nd i ca ted  i n  t h e  reg ion r e f l e c t  a judgmental melding o f  t he  na t i ona l  scenarios and cur -  

r e n t  u t i  l i t y  plans and t rends.  

.TABLE 3.5. Coal-Fired E l e c t r i c  Generation Scenario 
f o r  Idaho, Oregon, and Washington 

Three Sta te  Tota l  

Recent Trends I-ligh Coal E lec t r - i c  
Capacity 

Gen : 
Coal  ema and'^) Capacity Annual Gen: Coal Demand 

IMMTPY) j1000 PlWe) ( l o 9  kwh) Year (1000 . ( l o  kwh)- .  " (MMTPY) 

Sta te  Breakdown 

' . Recent Trends Hiqh Coal E l e c t r i c  
Capacity (1  000 MWe) ~ a p a c i  ty (1  000 MWe) 

Year ID - - OR - WA ID - - OR WA 

(a )  Based on 9000 Btu/kWh, 9000 B tu / l b .  

3.2.1 Idaho, Oregon, and Washington 

Current  (1975) c o a l - f i r e d  e l e c t r i c a l  generat ion serv ing  the  th ree  contiguous s ta tes  i s  

2509 MWe. Some o f  t he  c o a l - f i r e d  power product ion occurs outs ide  the region,  p r i m a r i l y  i n  

western Wyoming and eastern  Montana, The two p lan ts  inc luded i n  t h i s  qenerat ion are: 1) J im 

Br idger  #1 i n  Wyoming, and 2)  179 MWe as the reg ion ' s  share o f  C o l s t r i p  #1 i n  Montana. (This 

was noted i n  ~ a b l e s  3.1 and 3.2.) The 1300 MWe Cen t ra l i a  Sta t ion ,  located i n  Lewis County, 

Washington, i s  t he  o n l y  p l a n t  l oca ted  w i t h i n  the th ree -s ta te  region.  

For the near term (1978 t o  1988). reg iona l  u t i l i t y  p lans i n d i c a t e  t h a t  e l e c t r i c i t y  from 

coal  combustion w i l l  cont inue t o  be generated outs ide  the  reg ion.  Table 3.5 presents coa l -  

f i r e d  generat ing capac i t i es  o f  1300 MWe f o r  t he  year  1975 f o r  each scenario. To meet t he  pro-  - 
duc t i on  requ i red  by t h e  scenarios, i t  was necessary t o  add some capac i ty  i n  the  reg ion subse- 

quent t o  the  i n i t i a l  year. Tn the  lnnger  term ( a f t e r  1990), f h t h c r  add i t i ons  i n  e o e l - f i r e d  

capac i ty ,  beyond cu r ren t  u t i l i t y  p ro jec t i ons ,  are assumed t o  occur i n  the  s ta tes  r e q u i r i n g  the  * 

e l e c t r i c i t y .  This r e f l e c t s  a "ship-and-burn" phi losophy. The add i t i ona l  capaci ty requirements, 

based on t h i s  assumption, show s i g n i f i c a n t  increases dur ing  the  per iod  f o r  both scenarios. 



TABLE 3.6. A laska Coal - F i r e d  E l e c t r i c a l  Genera t ion  Scenar ios 

' Recent Trend H igh  Coal Recent Trend " ~ i g h  Coal 
2000 2000 2020 2020 

Coal - i r e d  g e n e r a t i o n  f (10 B tu )  0.005 0.045 0.048 0.150 

Capac i t y  (1 000 M W ~ ) ~ ~ )  0.28 2.5 2.7 8.4 

Coal consumption 
( m i l l  i o n s  o f  ' tons 
p e r  y e a r )  0.88 7.9 8.4 26.3 

( a )  Based on 9000 BtuIkWh, 7500 B t u l l b .  

3.2.2 Alaska 

I n  1975, A laska had a share  o f  approx imate ly  3% o f  t h e  t o t a l  e l e c t r i c a l  g e n e r a t i o n  i n  t h e  

r e g i o n .  However, A laska 's  growth i n  t h e  nex t 'decade  i s  expected t o  c o n t i n u e  a t  a  r a t e  f r o m  
(1  8-17% p e r  y e a r .  

E l e c t r i c a l  g e n e r a t i o n  d u r i n g  t h e  t i m e  h o r i z o n  o f  t h e  NCUA i s  expected t o  come f r o m  A laska 's  

f o s s i l  resources  and undeveloped h y d r o e l e c t r i c  p o t e n t i a l .  Coal resources  f rom Alaska a r e  

expected t o  be a f a c t o r  i n  t h e  supp ly  t o  t h e  con t iguous  s t a t e s ,  p a r t i c u l a r l y  Oregon and Washing- 

ton ,  and i n  t h e  g e n e r a t i o n  o f  e l e c t r i c i t y  w i t h i n  t h e  s t a t e .  Table 3.6 p rov ides  es t imates  f o r  

A l a s k a ' s  c o a l - f i r e d  e l e c t r i c a l  g e n e r a t i o n  i n  t h e  key y e a r s  o f  t h e  scenar ios .  Depending on t h e  

f a t e  o f '  t h e  Upper S u s i t n a  hydro  p r o j e c t s  and t h e  imp lementa t ion  o f  t h e  N a t i o n a l  Energy Plan, 

t h i s  d a t a  c o u l d  underes t imate  t h e  r a t e  o f  growth o f  c o a l - f i r e d  genera t ion .  

F o r  t h e  y e a r s  1975 and 1985, c o a l - f i r e d  g e n e r a t i o n  i n  Alaska i s  expected t o  be n e g l i g i b l e .  

T h i s  w i l l  c o n t i n u e  th rough  t h e  y e a r  2000 f o r  t h e  Recent Trends case. Severa l  h y d r o e l e c t r i c  . 

p r o j e c t s  a r e  p lanned i n  t h e  s t a t e :  Watana Dam (3.1 x  l o 9  kWhlyr) i n s t a l l e d  on l i n e  between 
9 1985 and 1990, D e v i l  Canyon (3.0 x  10 kWhlyr.) on 1 i n e  between 1990 and 1995, Brad ley  Lake and 

9 Chakachamna ( t o t a l  1.6 x  10 kWh/yr) a f t e r  1995. 

As shown i n  Table 3.6, coa l  g e n e r a t i o n  may s i g n i f i c a n t l y  i n c r e a s e  d u r i n g  t h e  p e r i o d  2000 

t o  2020 i n  t h e  H igh  Coal scenar io .  The tons  o f  coa l  consumed a r e  based on a h e a t  r a t e  of 

9000 Btu/kWh f o r  Beluga coa l  w i t h  a h e a t  c o n t e n t  o f  7500 B t u / l b .  

O v e r a l l  e l e c t r i c a l  g e n e r a t i o n  i n  Alaska i s  expected t o  grow between 8-16% t o  t h e  y e a r  

2000. Beyond t h a t  t i m e  growth i s  expected t o  t a p e r  o f f  t o  approx imate ly  5% t o  t h e  y e a r  2020. 

These es t imates  were f a c t o r e d  i n t o  t h e  scenar ios  i n  Tables 3.1 and 3.2. 

3.3 COAL AND CONVCRSION TECHNOLOGY 

0 T h i s  s e c t i o n  surveys t h e  resource  requi rements and env i ronmenta l  r e s i d u a l s  a s s o c i a t e d  

w i t h  t h e  t e c h n o l o g i e s  assumed f o r  t h e  s tudy.  The t e c h n o l o g i e s  a r e  assumed on a n a t i o n a l l y  

c o n s i s t e n t  b a s i s .  A1 though t h e  NCUA cons iders  convers ion  o f  coa l  t o  s y n t h e t i c  f u e l s ,  t h e  
P impact  analyses f o r  Federa l  Region Ten focus p r i n c i p a l l y  upon combustion o f  c o a l  f o r  e l e c t r i c a l  

genera t ion .  The c h a r a c t e r i s t i c s  o f  c o a l s  expected t o  be consumed, t h e  assumed combustion 

techno logy  and t e c h n i c a l  aspects  t h a t  c o u l d  be problem areas a r e  d iscussed.  



TABLE 3.7. Status of DOE Fossil Energy Technology Programs ( 3 )  , 

Technology Process Scheme Laboratory t o  PDU(" Phase P i l o t - P l a n t  Phase Demonstrat ion-Plant Phase 

D i r e c t  hydrogenat ion H-Coal H-Coal p i l o t  p l a n t  i n  design Coal L i q u e f a c t i o n  
Syn tho i l  phase 
Z inc  c h l o r i d e  c a t a l y s t  
Disposable c a t a l y s t  

Solvent  e x t r a c t i o n  

P y r o l y s i s  

I n d i m c t  l i q u e f a c t i o n  
- 4  

Coal G a s i f i c a t i o n  Hiah Btu 

Low Btu 

Low Btu/combined c y c l e  

Advanced' Power Systems Open-cycle gas t u r b i n e  

C l ~ s e d - c y c l e  gas t u r b i n e  

~ i r e c t  Combustion Atmospheric f l u d i z e d  bed 

Prsssur ized f l u i d i z e d  bed 

Magnetohydrodynamicr. Coal-'ired MHD . 

Petroleum and Natu ra l  F l u i d  i n j e c t i o n  enhanced 
Gas E x t r a c t i o n  recovery 

Nonnuclear f r a c t u r i n g  

I n  S i  t u  Conversion O i l  p roduc t ion  

G a s i f ' c a t i o n  

.Sol vent  r e f i n e d  coal  Solvent  r e f i n e d  co 1 p i l o t  SRC i n  conceptual design 
,Sol vent  e x t r a c t i o n  i n  p l a n t  i n  operat ionfb)  phase 
1 i g n i t e ;  Co-Steam Fisher-Tropsch i n ,  concep- 
Donor so lven t  l i q u e f a c t i o n  t u a l  design 

Hydrocarbonizat ion COED p i l o t -  a n t  opera t ion  COALCON demo p l a n t  program 
Clean m e t a l l u r g i c a l  coke/ '  terminated(  11 suspended i n  design phase. 
1 i q u i d s  COED i n  conceptual design 
F lash  l i q u e f a c t i o n  phase 
F l u i d  coke 

Support ing s tud ies  

Sel f.iclalomeratina ash B i  -Gas ( b )  Conceptual designs being 
Hydrane ~ ~ ~ a s l ~ )  s o l i c i t e d  

C02-Acceygjr , 

Synthane 

F ixed  bed, s t i r r e d  process 
F ixed  bed, s l  agging process 
Two stage, p ressur i zed  
Three stage, p ressur i zed  
En t ra ined  bed atmospheric 
Mol ten s a l t  

P i l o t  p l a n t  i n  design phase 

Laboratory t e s t i n g  f o r  use 
w i t h  coal  and coa l -der i ved  
f u e l s  

Gas turb ine/steam t u r b i n e  
A1 k a l  i metal turb ine/steam 
t u r b i n e  

30 MWe p l a n t  i n  o p e r a t i o n ( b '  I n  design phase 

13 MWe p i l o t  p l a n t  i n  design 

Open-cycle MHD 
Closed-cycle MHD 

Thermal methods - o i l  Chemical methods 
Thermal methods - t a r  sands 

Hydrau l i c  f r a c t u r i n g  
Chemical exp los ive  f r a c t u r i r g  . 

Shale o i l  recovery 

O i l  shale g a s i f i c a t i o n  
Coal g a s i f i c a t i o n  

(a)  P-ocess Developrent U n i t  .- bench-scale t e s t i n g .  
(b)  P o t e n t i a l  process f o r  f i r z t  year  assessment. 



A Technology C h a r a c t e r i z a t i o n  Committee, w i t h  members f r o m  a l l  p a r t i c i p a t i n g  n a t i o n a l  

l a b o r a l o r i e s ,  was e s t a h l  i s h e d  t o  c h a r a c t e r i z e  t h e  power p l a n t  des igns t o  be cons idered  under 

t h e  NCUA. The work o f  t h i s  committee has been compi led by' Argonne N a t i o n a l  Labora to ry  and 

r e p o r t e d .  ( 2 )  Much o f  t h e  i n f o r m a t i o n  i n  t h i s  c h a p t e r  i s  based upon t h e  above r e f e r e n c e .  

It i s  o f t e n  d i f f i c u l t  t o  a n t i c i p a t e  t h e  s t a t e - o f - t h e - a r t  o f  techno logy  i n  t h e  y e a r s  1985 

and beyond. The techno logy  o f  conven t iona l  steam e l e c t r i c  Dower q e n e r a t i o n  i s  q e n e r a l l v  w e l l  

e s t a b l  i shed ;  t h e  on1 v areas.  o f  ma jo r  t e c h n o l o q i c a l  advancement expected a r e  i n  o o l l  u t i o n  con- 

t r o l s  a m l i e d  e i t h e r  b e f o r e  o r  a f t e r  combustion. Thus. t h e  n a t u r e  o f  t h i s  techno loqv  can be 

~ r e d i c t e d  w i t h  r e l a t i v e  conf idence.  

.Table 3.7 descr ibes  t h e  s t a t u s  o f  advanced coa l  convers ion  techno loq ies  be inq  develooed 

i n  t h e  U.S. Much o f  t h e  work i n  h iah-B tu  coa l  q a s i f i c a t i o n  and ,coal l i q u e f a c t i o n  i s  s t i l l  i n  

t h e  o i l o t - o l a n t  staqe; no demons t ra t ion  ~ l a n t s  a r e  o o e r a t i n q  o r  even v e t  under c o n s t r u c t i o n .  

I n  qenera l .  t h e  c h a r a c t e r i s t i c s  o f  a  coa l  convers ion  f a c i l i t v .  whether a Dower o l a n t  o r  

q a s i f i c a t i o n  o l a n t .  w i l l  u l t i m a t e l v  be determined bv such f a c t o r s  as t h e  t v o e  o f  c o a l .  t h e  

a v a i l a b i l i t v  o f  water .  l o c a l  c l i m a t i c  o r  a tmosoher ic  d i s o e r s i o n  c o n d i t i o n s .  e x i s t i n q  a i r  o r  

wa te r  s u a l i t v .  d e s i s n  ~ r a c t i c e s  o f  t h e  e n q i n e e r i n q  c o n t r a c t o r s .  t h e  u t i l i t v  market  c h a r a c t e r -  

i s t i c s .  and t h e  o re fe rences  o f  t h e  i n d i v i d u a l  u t i l i t v .  Because o f  so manv v a r i a b l e s .  most o f  

t h e  ranqes i n  i n ~ u t s  and o u t o u t s  t h a t  m i q h t  be endountered f o r ,  a  q iver i  technoloov and whv ' thev  

occur  w i l l  be di'scussed. r a t h e r  than  s o e c i f i c  f a c i l  i t v  des ians t h a t  o o s s i b l v  have l i m i t e d  

a o o l i c a t i o n .  The numer ica l  va lues  used f o r  t h i s  assessment a r e  q i v e n  i n  subseauent chao te rs  

d e a l i n g  w i t h  t h e  p a r t i c u l a r  imoacts.  

The d a t a  g i v e n  here  f o r  these  c h a r a c t e r i z a t i o n s  a r e  based on surveys o f  numerous sources. 

Emissions a r e  d e f i n e d  on two l e v e l s :  t h a t  l e v e l  which can be ach ieved  th rough  c o n t r o l  t e c h -  

n o l o g i e s  ( e i t h e r  demonstrated o r  p r e d i c t e d  f o r  t h e  t ime. f rame o f  t h e  NCUA) ; and t h e  upper l e v e l  

o f  emiss ions a l lowed by a p p l i c a b l e  s t a t e  o r  f e d e r a l  s tandards.  Those i n p u t  and e f f l u e n t  para-  

meters t h a t  can be d i r e c t l y  r e l a t e d  t o  t h e  coa l  c h a r a c t e r i s t i c s  (e.g. ,  coa l  i n p u t ,  ash o u t p u t )  

a r e  assumed t o  be based on t h e  r e g i o n a l  average coa l  compos i t i ons  f o r  Nor thern  Great  P l a i n s  

Prov ince  and A1 askan coa l  s  d e s c r i b e d  be1 ow. 

3.3.1 Coal i n  t h e  Region 

C u r r e n t l y ,  Federa l  Region Ten i s  n o t  a  l a r g e  producer  o f  steam c o a l .  The a c t i v e  m i n i n g  

subregions a r e  a t  Healy, A laska and C e n t r a l i a ,  Washington. Except f o r  Alaska and C e n t r a l i a ,  +, ., t h e  r e g i o n ' s  coa l  resources,  ( though s u b s t a n t i a l  i n  t o t a l  amount) are.  d i f f i c u l t  t o  mine and 

t r a n s p o r t  due t o  remote l o c a t i o n s  o r  s t e e p l y  d i p p i n g  beds. The development o f  new m i n i n g  tech-  

n iques  (e.g., h y d r a u l i c )  o r  i n  s i t u  g a s i f i c a t i o n  c o u l d  r e s u l t  i n  f u r t h e r  development, p a r t i c u -  

l a r l y  i n  western Washington. I n  t h e  t i m e  frame o f  t h i s  a n a l y s i s  i t  i s  asburned t h a t  subb i tumi -  
-. nous c o a l s  f r o m  t h e  Nor thern  Grea t  P l a i n s  (Montana and Wyoming) o r  sou thern  Alaska w i l l  supp ly  

t h e  r e g i o n ' s  coa l  needs. 

Table 3.8 l i s t s  t h e  U.S. Geo log ica l  Survey u l t i m a t e  and p rox imate  analyses o f  t h e  c o a l s  .,' 
t h a t  may be used i n  t h e  r e g i o n .  ( 4 )  Alaskan and Mont.ana subbi tuminous c o a l s  a r e  l i s t e d  r e p a r -  

a t e l y  because o f  t h e i r  d i f f e r e n t  c h a r a c t e r i s t i c s .  The d a t a  i n d i c a t e  t h e  h i g h  degree o f  v a r i -  

ance i n  c o a l  c h a r a c t e r i s t i c s  w i t h i n  ' i n d i v i d u a l  reg ions .  The coa l  o f  t h e  Green R i v e r  Bas in  o f  



W t %  

M o i s t u r e  

V o l a t i l e  m a t t e r  

W 
' F i x e d  carbon , 

Ash 
h) 

Hydrogen 

Carbon 

N i  t r o g e n  

Oxygen 

S u l f u r  

B t u l l  b 

TABLE 3.8. 

A1 asta-Be1 Jga 
Average ?ange 

2e -- 
32 -- . 

3 0 -- 
10  . -- 

C h a r a c t e r i s t i c s  o f  As-Received Regional Coals and S o l v e n t  Re f ined  Coals: 
Prox imate and U l t i m a t e  Analyses i n  Weight Percent  

A1 aska-Nenma 
Average F.mge 

- - 17.8-27.1 

- - 33.2-42.0 
- - 27.1-35.3 

- - 3.5-13.2 

Washington-Central  i a  ~ o r t h e r n  Great  P l a i n s  
Average Range Average Range 

SRC 
Average Range 



, .. 
Wyoming i s  subbituminous w i t h  h i g h e r  h e a t i n g  va lues  (HHVs) o f  around 9500 ~ t u j l b .  The l i m i t e d  . . . . . .  

d a t a  a v a i  1  a b l e  on t h e  e x t e n s i v e  reserves  o f  subbi  tuminous c o a l s  i n  s o u t h c e n t r a l  A1 aska., acces- 

s i  b l e  t o  t h e  Rai 1  be1 t (Anchorage t o  Fa i rbanks)  o r  t o  t i d e w a t e r ,  i n d i c a t e  ' t h a t  t h e  as-mined coa l  
, . 

i s  o f  l o w e r  B tu  c o n t e n t  due p r i m a r i l y  t o  h i g h  m o i s t u r e  c o n t e n t . '  The s u l f u r  con ten t ,  however, 

i s  c o n s i d e r a b l y  below t h a t  o f  Montana and Wyoming coa ls ,  even on a  B t u  bas is .  

, Also  i n c l u d e d  a r e  t h e  c h a r a c t e r i s t i c s  o f  S o l v e n t  Re f ined  Coal (SRC) based upon a  l ' i m i t e d  

number o f  p i l o t - p l a n t  samples. ( 5 ' 6 y 7 )  The h i g h  hea t  c o n t e n t  and l o w  s u l f u r ,  ash and m o i s t u r e  

c o n t e n t  make i t  an a t t r a c t i v e  f u e l  f o r  use i n  steam genera to rs .  A l though  these  e a r l y  da ta  

i n d i c a t e  r a t h e r  l a r g e  ranges i n  composi t ion,  t h e  SRC p r o d u c t  i s  expected t o  be more u n i f o r m  i n  

compos i t i on  as progress i s  made on t h e  s o l v e n t  r e f i n i n g  process.  

3:3.2 Convent ional  Steam E l e c t r i c  Power P l a n t s  

The coa l  combustion technology assumed f o r  t h e  NCUA r e p r e s e n t s  r o u g h l y  t h e  s t a t e - o f - t h e -  

a r t  i n  new power p l a n t s  u s i n g  e i t h e r  h i g h - s u l f u r  coa l  w i t h  f l u e  gas d e s u l f u r i z a t i o n  (F&) o r  

l o w - s u l f u r  c o a l s  w i t h o u t  SO2 c o n t r o l s .  Each u n i t  w i l l  be based upon a  t a n g e n t i a l l y - f i r e d  ( o r  

e q u i v a l e n t  burner  c o n f i g u r a t i o n  f o r  NOx c o n t r o l )  p u l v e r i z e d  coa l  b o i l e r  and a  steam t u r b i n e /  

genera to r  o p e r a t i n g  on a  s i n g l e  r e h e a t  condensing Rankine c y c l e .  - Maximum steam temperatures 

a r e  assumed t o  be approx imate ly  1000°F, w i t h  o p e r a t i n g  p ressures  r a n g i n g  f r o m  2500 t o  3500 

p s i .  (8) 

The power p l a n t s  cons idered  i n  t h i s  c h a r a c t e r i z a t i o n  w i l l  h a v e ' t h e  f o l l o w i n g  b a s i c  sub-' 

systems : coa l  r e c e i v i n g ,  s torage,  and hand1 i n g ;  b o i l e r ;  t u r b i n e / g e n e r a t o r  ; condenser coo l  i n g  

system; p a r t i c u l a t e  c o n t r o l  d e v i c e  (ESP, scrubber ,  e t c . ) ;  SO2 c o n t r o l  d e v i c e  ( o p t i o n a l ) ;  ash 

d i s p o s a l ;  wa te r  system. A  s tandard  power p l a n t  des ign  does n o t  e x i s t ;  what may be an e f f i c i e n t  

des ign  f o r  one t y p e  o f  coa l  may g i v e  o n l y  marg ina l  performance f o r  ano ther .  For  example, no 

b o i l e r  manufac tu re r  would c o n s i d e r  desi.gning and b u i l d i n g  a  u t i l i t y  b o i l e r  w i t h o u t  p r i o r  knowl- 

edge o f  t h e  f u e l  t o  be burned. Any, coa l ,  i n c l u d i n g  l i g n i t e ,  can be burned e f f i c i e n t l y  i n  a  , 
u n i t  s p e c i f i c a l l y  des igned f o r  it. It i s  when a  change i n  f u e l  i s  made (e.g., h i g h  t o  low 
B t u  c o n t e n t )  t h a t  problems a r i s e .  

The f o l l o w i n g  g i v e s  ranges f o r  t h e  v a r i o u s  f a c t o r s  c h a r a c t e r i z i n g  t h e  power p l a n t s  and 

emiss ions assumed f o r  t h i s  assessment. S p e c i f i c  numer ica l  va lues  used f o r  q u a n t i f y i n g  impacts 

a r e  g i v e n  i n  t h e  r e s p e c t i v e  chap te rs  t o  f o l l o w .  

S i z e  - 

For s i t i n g  purposes, u n i t s  o f  500 MWe a r e  assumed. For  a c t u a l  i nc reased  coa l  u t i l i z a t i o n ,  

f a c i l i t y  s i z e  w i l l  be determined by t h e  t o t a l  s i z e  and n a t u r e  o f  t h e  u t i l i t y  g r i d  system. 

Al though economies o f  s c a l e  i n  c o n s t r u c t i o n  c o s t s  f a v o r  l a r g e  g e n e r a t i n g  u n i t s ,  smal l  d i spersed  

f a c i l i t i e s  may appear t o  be more d e s i r a b l e  e n v i r o n m e n t a l l y .  Where u t i l i t y  system loads  a r e  

sma l l  and m a j o r  i n t e r c o n n e c t i n g  g r i d s  do n o t  e x i s t ,  as i n  Alaska, s m a l l e r  u n i t s  i n  t h e  range 

o f  100 t o  200 MWe a r e  l i k e l y . .  

Heat Rate 

No s i g n i f i c a n t  i n c r e a s e  i n  thermal  e f f i c i e n c y  over  40% i s  a n t i c i p a t e d  i n  t h e  f u t u r e  due 

t o  t h e  thermodynamic l i m i t a t i o n s  of t h e  condensing steam c y c l e .  For  new u n i t s  b u r n i n g  b i t u m i -  

nous c o a l s  o r  SRC and hav ing  once- through coo l ' i ' ~ '~y  byb1e111s drld no scrubbers,  t h e  b e s t  c u r r e n t  

3.13 



heat r a t e s  range from about 8800 t o  8900 Btu/kWh. Use o f  subbituminous western coals o r  l i g -  

n i  t e s  tends t o  derate coal -f i r e d  p lan ts  because t h e i r  low heat ing values and h igh  moisture 

contents r e q u i r e  the use o f  add i t i ona l  pu l ve r i ze rs  and d r a f t  fans. Basel ine heat ra tes  f o r  

new p lan ts  burning these coa ls  a re  on the  order  o f  9200.to 9400 Btu/kWh. 

Table 3.9 l i s t s  approximate increases i n  p l a n t  heat  r a t e  t h a t  might  r e s u l t  from the use 

o f  c losed system cool i n g  o r  scrubbing. Actual increases w i l l  n a t u r a l l y  depend upon the  

c l i m a t i c  cond i t ions ,  t he  scrubber e f f i c i e n c y ,  e tc .  I n  general, NO, con t ro l  and e l e c t r o s t a t i c  

p r e c i p i t a t o r s  would cause n e g l i g i b l e  increases i n  the  p l a n t  heat r a t e .  

More thermal ly  e f f i c i e n t  coal  technologies could p o t e n t i a l l y  rep1 ace conventional cornbus- 

t i o n  as a means of producing e l e c t r i c  power. . Pressurized f l u i d i z e d  bed combustion, low-Btu 

g a s i f i c a t i o n  w i t h  combined cycles,  and advanced cyc les  w i t h  organic bottoming cycles o r  a l k a l i  , 

vapor topping cycles a re  a l l  expected t o  have base l ine  thermal e f f i c i e n c i e s  above 40% and t o  

be commercial l y  ava i l  ab le  before  the  year  2UOU. ' ~ o a ' l  - f i r e d  open-cycle magnetohydrodynamlcs 

(MHD) has the  p o t e n t i a l  fo r  thermal e f f i c i e n c i e s  over 5'0% and has o ther  a t t r a c t i v e  features,  

such as nea r l y  instantaneous l oad  response. 

Water Use 

I n  e l e c t r i c  power p lan ts  water i s  used f o r  evaporat ive cool ing, steam, so l  i d s  hand1 ing, 

and miscellaneous c leaning operat ions.  Cooling water evaporat ion i s  based l a r g e l y  on the  

f a c i l i t y ' s  power product ion  and on the  type o f  system used. Once-thr.ough coo l ing  and a r t i f i -  

c i a l  coo l i ng  lakes can both have r a t h e r  l a r g e  consumptive losses through evaporation f rom the 

sur face o f  t he  rece i v ing  body o f  water. Evaporative coo l i ng  towers are the  p r i n c i p a l  coo l i ng  

devices t h a t  w i l l  be considered here. Mechanical d r a f t  and na tu ra l  d r a f t  coo l i ng  towers both 

have s i m i l a r  consumption r-ates, about 0.5 t o  0.7 gal/kWh, depending upon ambient a i r  tempera- 

t u r e  and r e l a t i v e  humidi ty.  

TABLE 3.9. Approximate Increases i n  Power lant Heat 
Rate Due t o  A n c i l l a r y  ~ y s t e m s ( 9  7 

Cool ing Systems: 
Mechanical D r a f t  Wet Towers 

Natural  D r a f t  Wet Towers 

Spray Canals 

A r t i f i c i a l  Lakes 

Mechanical D r a f t  Dry Towers 

SO2 Scrubbers: 
L'liiss L;une Tl~tuwdway 

Lime Throwaway 

Magnesia Regenerahl e 
Sodi um Regenerabl e 

C a t a l y t i c  Oxidat ion 



Represen ta t i ve  consumptive *uses o f  wa te r  f o r  severa l  a l t e r n a t i v e  methods o f  p o w e r ' p l a n t  

c o a l i n g  a r e  l i s t e d  i n  Tables 3.10 and 3.11. The ranges r e f l e c t  d i f f e r e n c e s  i n  consumption due 

t o  v a r i a t i o n s  i n  t h e  l o c a l  c l i m a t e  (humid i t y ,  tempera t i re ,  c l o u d  cover, e t c . ) ,  and a r e  based 

on EPA(") and GE(") est imates..  

TABLE 3.10. Water Consumption by Coal E l e c t r i c  
Power Genera t ing  P l a n t s  

Water Consumption 
Cool i n g  System (gal/kWh) 

Once-through 0.1-0.3 

Coo l ing  Pond (1  acre/MWe) 0.6-1 .O 

Spray Pond o r  Canal 0.4-0.6 

Mechanical D r a f t  Wet Tower 0.5-0.7 

N a t u r a l  D r a f t  Wet Tower 0.5-0.7 

Mechanical D r a f t  Dry Tower 0-0.01 

Other  wa te r  uses, on an annual bas is ,  a r e  d i r e c t l y  r e l a t e d  t o  p l a n t  s i z e  r a t h e r  than  t o  

power o u t p u t .  T h i s  wa te r  i s  used as t h e  makeup f o r  ash hand1 i n g  systems, wet sc rubb ing  devices,  

b o i l e r  tube  c lean ing ,  p o t a b l e  water ,  e t c .  The a c t u a l  volume o f  wa te r  t h a t  i s  used a n d . t h e n  

d ischarged  depends 'upon t h e  care  and expense taken  t o  r e c y c l e  wa te r  i n t e r n a l l y  i n  t h e  p l a n t .  . . 

The t a b l e  ,below l i s t s  t h e  ma jo r  f l o w  streams and l o s s e s  and t h e  approx imate amounts o f  wa te r  

necessary t o  suppor t  these  streams, based upon a c t u a l  f l o w  d a t a  and es t imates  made by EPA. (10)  

TABLE 3.11. M isce l laneous  Water Use i n  Coal 
E l e c t r i c  Genera t ing  P l a n t s  

Water Used 
Water Stream o r  Loss ( g a l  /day/MWe) 

Cool i n g  tower  blowdown 2000-7500 

Ash h a n d l i n g  d ischarge  100-400 

Meta l  c l e a n i n g  wastes 15-20 

Bo i  1  e r  b l  owdown 50-60 

Losses . i n  ash 70-1 00 

Low volume and misce l l~aneous  uses 100-125 

A i r  Emissions 

T h i s  s e c t i o n  i s  p r i m a r i  l y  concerned w i t h  c r i t e r i a  p o l  l u t a n t s - - s u l  f u r  d i o x i d e ,  ox ides  o f  

n i t r o g e n ,  and p a r t i c u l a t e  m a t t e r .  The behav io r  and emiss ions o f  t r a c e  elements r e l e a s e d  f rom 

c o a l  combustion b o i l e r s  a r e  t h e  s u b j e c t s  o f  a  more thorough r e p o r t  t o  be r e l e a s e d  l a t e r  by 

Argonne N a t i o n a l  Labora to ry  and a r e  n o t  d iscussed  here i n  any d e t a i l .  

S u l f u r  Oxides 

C 
TWO commo,n techniques a r e a p p l i e d  t o  coa l  combustion t o  l i m i t  t h e  emiss ion  o f  SO2 w i t h i n  

6  t h e  c u r r e n t  Federa l  New Source Performance standard '  (NSPS) o f  1.2 l b / 1 0  Btu.  (New Source 

Performance Standards may be rev- ised downward). The f i r s t  i s  t o  1  i m i t  t h e  amount of s u l f u r  
6  a v a i l a b l e  t o  be conver ted  by ensur ing  t h a t  t h e  f u e l  has l e s s  than  0.6 l b / 1 0  B tu  o f  s u l f u r .  

The second approach i s  t o  p h y s i c a l l y  remove ( s c r u b ) .  t h e  SO2 f r o m  t h e  combustion p roduc ts .  

F i g u r e  3.1 shows t h e  removal e f f i c i e n c i e s  necessary t o  o b t a i n  c u r r e n t  NSPS. Other  o p t i o n s  
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FIGURE 3.1. Required SO2 Control E f f i c i ency  . . t o  Meet NSPS 

inc lude washing o r  chemical c leaning o f  the  coal t o  remove both inorganic and organic s u l f u r ,  

conversion o f  coal t o  low-Btu gas, and conversion o f  coal t o  a low-su l fur  l i q u i d  v i a  solvent 

r e f i n i n g  o r  some o the r  l i q u e f a c t i o n  process. 

Flue gas desu l fu r i za t i on  (FGD) i s  t he  p r i n c i p a l  method f o r  scrubbing SO2. I n  FGD the 

SO2-laden f l u e  gases enter  a reac t i on  chamber where they are contacted w i t h  a chemical s o l u t i o n  

o r  s l u r r y  t h a t  absorbs the  SO2. The reacted sorbent i s  removed from the  scrubber and i s  e i t h e r  

disposed o f  (throwaway process) o r  regenerated t o  produce a byproduct s u l f u r  compound and the  

recyc led sorbent (regenerable process). 'Throwaway processes, using l imestone and l ime scrub- 

bers, w i l l  continue tu be the pr imary c leaning method used i n  the near t o  m i d t e i ' ~ ~ ~  u.f Iht! assass- 

ment. Demonstrated removal e f f i c i e n c i e s  vary from about 50% t o '  over 90% (11) 

An important  problem associated w i t h  throwaway FGD i s  d isposing o f  the  l a rge  volume o f  

waste sludge. Sludge from the l ime, limestone, and double a1 k a l i  processes cons is t  o f  hydrated 

calc ium s u l f i t e  and s u l f a t e  c rys ta l s ,  which must be chemical ly  s t a b i l i z e d  t o  make t .h~m su i tab le  

f o r  l a n d f i l l s .  These e f f l u e n t s  are discussed i n  more d e t a i l  under "So l i d  Wastes" paragraph 

below. 

~ e g e n e r a t l v e  FGD systems are  a t t r a c t i v e  f u t u r e  opt ions because they can regenerate t h e i r  

owl sorbents and can produce byproducts t h a t  can be more e a s i l y  disposed o f  than s l ~ ~ d u e s .  Wide- 

spread use o f  these systems would requ i re  increased storage o f  c e r t a i n  ac id  h y p r n d ~ ~ c t s ,  Poten- 

t i a l  r i s k s  t o  the  environment, t he  pub l i c ,  and the  workers r e s u l f i n g  from t h i s  "cyc le"  requ i re  

f u r t h e r  i nves t i ga t i on .  

No successful demonstration o f  regenerable processes on l a rge  c o a l - f i r e d  u n i t s  has y e t  

been accomplished; i t  i s  l i k e l y  t h a t  regenerahlc FGD systems w i l l  no t  bc commercialized unt ' i l  

a t  l e a s t  1985. ( I 1 )  F lu id i zed  bed combustion (FBC) i s  another s u l f u r  d iox ide  con t ro l  technique 

t h a t  i s  an t i c i pa ted  t o  rep lace conventional FGD. Atmospheric f l u i d i z e d  bed combustion (AFBC) 

i s  expected t o  be ava i l ab le  i n  t h e  1985-1990 period, w i t h  pressur ized FBC operat ion comrner- 
(12) c i a l l y  a v a i l a b l e  about 1995. 



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

The coa l  ash t h a t  e n t e r s  t h e  f u r n a c e  w i l l  e v e n t u a l l y  e x i t  by two pa thways- -e i the r  as l a r g e  

bot tom ash p a r t i c l e s ,  o r  w i th ,  t h e  f l u e  gases as f l y  ash. The r e l a t i v e  p r o p o r t i o n i n g  between 

these  two i s  a f u n c t i o n  o f  t h e  method o f  coa l  f i r i n g ,  bu rner  c o n f i g u r a t i o n s ,  fu rnace  designs,  

coa l  ash f u s i o n  temperatures, and o t h e r  coa l  c h a r a c t e r i s t i c s .  The t a b l e  below l i s t s  t h e  f r a c -  

t i o n  o f  coa l  ash t h a t  would n o r m a l l y  e x i t  as f l y  ash f o r  t h r e e  d i f f e r e n t  b o i l e r  des igns.  

B o i l e r  Design 

Dry bot tom p u l v e r i z e d  coa l  

Wet bot tom p u l v e r i z e d  coa l  

Cyclone 

F r a c t i o n  t o  
F l u e  Gas (%) 

I n  t h i s  assessment i t  w i l l  be assumed t h a t  a l l  b o i l e r s  w i l l  be o f  t h e  p u l v e r i z e d  c o a l ,  d r y  

bot tom type.  

E l e c t r o s t a t i c  p r e c i p i t a t o r  (ESP) techno logy  i s  such t h a t  f l y  ash removal e f f i c i e n c i e s  o f  

99. t o  99.5% on a mass basisacan be c o n s i s t e n t l y  achieved, w i t h  e f f i c i e n c i e s  over  99.8% p o s s i -  , 

b l e  f o r  e a s t e r n  coa ls .  The ashes o f  l o w - s u l f u r  c o a l s  have h i g h e r  e l e c t r i c a l  r e s i s t i v i t i e s  

than  those  o f  h i g h e r  s u l f u r  coa ls ,  making f l y  ash c a p t u r e  much more d i f f i c u l t  and c o s t l y .  

Achievement o f  t h e  above l e v e l s  o f  c o l l e c t i o n  f o r  western c o a l s  would n e c e s s i t a t e  e i t h e r  a 

h igh- tempera tu re  ESP o r  c o n d i t i o n i n g  o f  t h e  f l u e  gas by chemical a d d i t i v e s  t o  reduce t h e  r e s i s -  

t i v i t y  o f  t h e  f l y  ash. 

Two o t h e r  p a r t i c u l a t e  removal techno log ies  a r e  wet scrubbers and f a b r i c  f i l t e r s  (baghouses). 

Wet scrubbers a r e  n o t  as e f f i c i e n t  i n  removal o f  f i n e  p a r t i c l e s  as a r e  ESPs. Other  problems 

a s s o c i a t e d  w i t h  wet p a r t i c l e  scrubbers a r e  wa te r  consumption and wate r  p o l l u t i o n ;  and i n  . 

a d d i t i o n ,  t h i s  process has r a t h e r  s u b s t a n t i a l  energy p e n a l t i e s .  Baghouses, however, have been 

proven t o  p r o v i d e  o v e r a l l  c o l l e c t i o n  e f f i c i e n c i e s  o f  w e l l  o v e r  99% by we igh t ,  w i t h  e f f i c i e n t  

removal o f  f i n e  p a r t i c l e s .  F u r t h e r  research  i s  needed, e s p e c i a l l y  i n  t h e  area o f  f a b r i c  mate- 

r i a l  l i f e .  It i s  a n t i c i p a t e d  t h a t  f a b r i c  f i l t e r s  c o u l d  be i n  widesnread use bv a t  l e a s t  2000. 

N i  t roaen  Oxides 

Oxides o f  n i t r o g e n  (NOx) a r e  p o l l u t a n t s  which cannot  be d i r e c t l y  p r e d i c t e d  f r o m  t h e  coa l  

c h a r a c t e r i s t i c s .  The d e t e r m i n i n g  f a c t o r s  f o r  t h e  emiss ions o f  NO, a r e  peak f lame temperatures 

i n  t h e  furnace,  t h e  amount o f  excess a i r  a v a i l a b l e ,  and t h e  res idence  t i m e  o f  t h e  gases i n  
6 

t h e  peak temperature zones. The Federa l  NSPS f o r  NO, i s  0.7 l b  NO2 p e r  10  B t u  i n p u t .  The 
6 emiss ion  r a t e  o f  NO, f r o m  u n c o n t r o l l e d  p u l v e r i z e d  coa l  can range f r o m  0.5 t o  1.2 lb/1.0 Btu.  

To d a t e  the p r i m a r y  mcthod o f  NO, c o n t r o l  has been th rough  t h e  use o f  e x t e r n a l  combustion 

m o d i f i c a t i o n s  t o  c o n t r o l  peak f lame temperatures and a v a i l a b l e  excess a i r .  Low excess a i r  

f i r i n g ,  s taged combustion, f l u e  gas r e c  i r i u l a t i o n ,  and wate r  i n j e c t i o n  have a1 1 been used w i t h  

v a r y i n g  degrees o f  success t o  l i m i t  t h e  excess a i r  a v a i l a b l e  f o r  thermal  NO, f o r m a t i o n  o r  t o  

lower  peak f lame temperatures.  ( I 3 ) '  The c u r r e n t  s t a t e - o f - t h e - a r t  p l a n t  u s i n g  t a n g e n t i a l  f i r i n g ,  

s taged combustion, and low excess a i r  can have NOx emiss ions i n  t h e  range o f  0.35 t o  0.4 1 b I 1 0  
6 

Btu.  



S o l i d  Wastes 

The major sources o f  s o l i d  waste output  f rom c o a l - f i r e d  power p lan ts  are  the  coal ash, 

scrubber sludge ( i f  app l icab le) ,  and the  sludges from water treatment. The volume o f  the  

l a t t e r  a re  genera l ly  n e g l i g i b l e  compared t o  the  o ther  sources, and i n  t h i s  cha rac te r i za t i on  

they a re  assumed t o  be disposed o f  w i t h  the  ash. 

Except f o r  the  small percentage o f  the  ash t h a t  escapes from the  p a r t i c u l a t e  con t ro l  

device, v i r t u a l l y  a l l  o f  the coal  ash i n p u t  t o  t he  b o i l e r  i s  c o l l e c t e d  as e i t h e r  bottom ash o r  

f l y  ash. F l y  ash i s  u s u a l l y  handled d ry  i n  the  western s ta tes .  Ponds, when used, a re  on the 

average o f  10 t o  30 f t  deep. The s i z e  o f  t he  pond depends upon the  amount o f  ash t o  be handled 

over t he  l i f e t i m e  o f  t h e  f a c i l i t y , .  The ash storage volume can be determined b.y assuming t h a t  

t he  wetted ash has a dens i t y  o f  approximately 2600 t o n l a c r e - f t .  Mine-mouth p lan ts  w i l l  r e t u r n  

the  ash t o  t he  mine f o r  b u r i a l  w i t h  t he  mine s p n i l s .  

I f  a wet throwaway type SO2 scrubber i s  used. a wet sludge w i l l  a l so  be formed. The 

ac tua l  amount o f  sludge produced fro111 a disposable FGll zystrlm i s  a f unc t i on  of such pal-emetcrs 

as : 

so l ven t  used 

SO2 removal e f f i c i e n c y  

s u l f u r  content  o f  coal  

Ca/S r a t i o  

p l a n t  l oad  f a c t o r  

coal  i npu t .  

For example, approximately 450 tons per  day o f  1 imestone would be requ i red  t o  remove 85% o f  

t he  SO2 from a 3000 MWe reference p l a n t  burning Northern Great P la ins  coal w i t h  0.5% s u l f u r .  

As a rough est imate i t  cou ld  be assumed tt1a.l: the d ry  s o l i d s  alrtplrt. f rom l ime/ l imestone 

FGD w i l l  a p p r o x i ~ i ~ a t e l y  equal t he  sorbent i npu t .  The calc ium s u l f i t e  content  o f  t he  sludges 

make them hard t o  dewater beyond 50 t o  65%, espec ia l l y  f o r  h igh -su l f u r  coals.  It w i l l  be 

assumed i n  t h i s  cha rac te r i za t i on  t h a t  a l l  nonregenerable FGD sludges w i l l  be s t a b i l i z e d  t o  a t  

l e a s t  80% s o l i d s  content .  ,, 

Water E f f l uen ts  

No standard design f o r  water usage i n  a power p l a n t  e x i s t s ,  The paths t h a t  water f o l l ows  

and the  ra tes  a t  which they f low are a l l  sub jec t  t o  the  power p l a n t  design. It was necessary 

t o  make a few assumptions about , the  nature  o f  the  f a c i l i t y  i n  order  t o  es t imstc  poss ib le  wate, 

p o l l u t a n t  loadings.  I n  qeneral , there are  e i g h t  major strsams t o  bc c o n s i d ~ r ~ d :  

cool  i ng tower b'l owdown 

bottom ash discharge 

+ f l y  ash discharge 

c b a l  p i l e  r u n o f f  

FGD water 

s a n i t a r y  sewage , 
metal c lean ing 

miscellaneous low-volume wastes. 

3.'10 



O f  these  streams, o n l y  t h e  c o o l i n g  tower  blowdown and bo t tom ash d ischarge  a r e  con t inuous  

streams t h a t  m i g h t  be d ischarged.  To be c o n s i s t e n t  w i t h  t h e  EPA g u i d e l i n e s  on t h e  use of b e s t  

a v a i l a b l e  c o n t r o l  technology,  i t  i s  assumed t h a t .  f l y  ash w i l l  be handled p n e u m a t i c a l l y  so no 

wate r  w i l l  be d ischarged.  Coal p i l e  r u n o f f  depends upon t h e  l o c a l  r a i n f a l l  and w i l l  t h e r e f o r e  

be an i n t e r m i t t e n t  source. A l l  r u n o f f  w i l l  be c o l l e c t e d  and s e n t  t o  a h o l d i n g  bas in .  Metal, 

, c l e a n i n g  ( v e r y  i n f r e q u e n t )  and low-volume wastes a r e  i n t e r m i t t e n t  sources b u t  a r e  impounded. 
, 

S a n i t a r y  sewage i s  n e g l i g i b l e  i n  volume compared w i t h  o t h e r  sources and i s  n o t  cons idered  here.  

3.4 ROLE OF THE ASSUMPTIONS 

To p r o p e r l y  e v a l u a t e  t h e  scenar ios  and techno logy  c h a r a c t e r i z a t i o n  g i v e n  i n  t h i s  chap te r ,  

i t  i s  i m p o r t a n t  t h a t  t h e  reader  understand t h e  purposes f o r  which t h e y  w i l l  be used i n  t h e  

NCUA. The scenar ios  a r e  i n t e n d e d  as g u i d e l i n e s ,  which when coupled w i t h  technology assumptions, 

se rve  t o  bound and s t a n d a r d i z e  t h e  assessment o f  p o t e n t i a l  e f f e c t s .  

F o l l o w i n g  t h e  scenar ios  and techno logy  c h a r a c t e r i z a t i o n ,  a  s i t i n g  a n a l y s i s  i s  g i v e n  i n  t h e  

n e x t  chap te r .  The a n a l y s i s  f u r t h e r  d i s t r i b u t e s  r e g i o n a l  energy u t i l i z a t i o n  t o  t h e  substa.te 

l e v e l .  T h i s  i n f o r m a t i o n ,  developed w i t h  r e g i o n a l  knowledge under t h e  g i v e n  assumptions;is 

t h e  b a s i s  f o r  conduc t ing  impact  analyses i n  s i x  ma jo r  areas:  1 )  a i r  q u a l i t y ,  2 )  wa te r  resources,. 

3)  l a n d  use, 4 )  ecosystems,.5) h e a l t h  and 6) soci'oeconomics. Each area i s  the,  s u b j e c t  o f  a  

subsequent c h a p t e r  o f  t h i s  r e p o r t .  

The development o f  t h e  n a t i o n a l  scenar ios  and t h e i r  decomposi t ion t o  an assignment f o r  

o u r  r e g i o n  a r e  n o t  based on a s p e c i f i c  power f o r e c a s t .  A l though  i t  was at tempted t o  f a c t o r  

r e g i o n a 1 , p l a n s  and c u r r e n t  p o l i c y  i n t o  t h e  ground r u l e s  and framework descr ibed  by t h e  scen- 

a r i o s ,  i t  would be i m p o s s i b l e  t o  ach ieve  a consensus on t h e i r  r e a l i t y .  

A s i m i l a r  p o i n t  can be made r e g a r d i n g  i n t e r p r e t a t i o n  o f  t h e  s tudy  r e s u l t s .  The impacts 

e l a b o r a t e d  i n  t h i s  r e p o r t  a r e  based on assumptions each s t e p  o f  t h e  way; t h e  o b j e c t i v e  i s  t o  

i d e n t i f y  p o t e n t i a l  env i ronmenta l  , s o c i a l ,  and economic problems t h a t  may a r i s e .  I d e n t i f i c a t i o n  

o f  problems a s s o c i a t e d  w i t h . i n c r e a s e d  coa l  use a t  a  g i v e n  l e v e l  w i l l  a s s i s t  i n  g u i d i n g  f u t u r e  

env i ronmenta l  research  and m i t i g a t i o n  e f f o r t s .  
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4.0 CANDIDATE COUNTY SITING 

' TO provide, consistent assessments of the health and environmental effects of future coal 
utilization in the region, a common set of plant sites for coal-fired electrical generating facilities 
must be used in all assessments. In this chapter trial siting plans are developed for the states of 
Alaska, Idaho, Oregon and Washington for the Recent Trends and High Coal Electric scenarios 
over the 1980-2020 time period. For Idaho, Oregon and Washington the location of the plants is 
specified to the county level. Because of the large census regions in Alaska (there are no counties 
in Alaska), plant location is specified to an "area" around a coal field or town. To develop these 
siting plans, five criteria were developed and used to  allocate plants to candidate counties or areas. 

These siting plans represent a tradeoff between the necessity of having a common set of 
facility sites to  insure consistent analyses in the following chapters and the impossibility of select- 
ing the best 20 to  50 sites in the four-state region over the next 43 years. The authors realize that 
actual site selection will be determined through the interaction of the various utilities, state and 
local governments, and interest groups, given the economic, technological, environmental and 
social conditions existing at the time a plant is to be built. The possibility exists that almost any 
county or area in the region might be the future site of a generating facility. Selection of the can- 
didate county-level sites then is based on  logic, which should not be considered a definitive siting 
analysis. 

T h i s  c h a p t e r  develops schedules complete w i t h . d a t e s  and s i z e s  f o r  d i s c r e t e  c o a l - f i r e d  

e l e c t r i c a l  g e n e r a t i n g  c a p a c i t y  a d d i t i o n s  i n  Alaska, Idaho, Oregon and Washington. For  Idaho, 

Oregon and Washington t h e  schedules a r e  d e r i v e d  f rom d a t a  p resen ted  i n  Table 3.5. For  Alaska 

t h e  schedules a r e  based on f o r e c a s t s  o f  A laskan e l e c t r i c i t y  demand. (1 92) 

To develop these  schedules t h r e e  s teps  were taken:  

1 )  A d i s c r e t e  s i z e  f o r  t h e  i n d i v i d u a l  g e n e r a t i n g  p l a n t s  was assumed. 

2 )  A s e t  o f  c r i t e r i a - w a s  developed t o  be used as a b a s i s  f o r  s i t i n g  i n d i v i d u a l  p l a n t s .  

3 )  Using these  c r i t e r i a  and t h e  p l a n t  s i z e  assumptions, generating p l a r ~ t s  w e r ~  e l  l o c a t e d  

t o  s p e c i f i c  c o u n t i e s  o r  areas.  

The s i t i n g '  e x e r c i s e  i n  t h i s  s e c t i o n  i s  cu rsory .  For  a long-range scenar io  assessment i t  

was n o t  necessary t o  s p e c i f y  p l a n t  l o c a t i o n  w i t h i n  coun t ies ;  as a r e s u l t ,  s i t e - s p e c i f i c  s i t i n g  

c r i t e r i a  a r e  n o t  used. The c r i t e r i a  used a r e  q u i t e  genera l  b u t  s t i l l  u s e f u l  i n  p o i n t i n g  o u t  

c o u n t i e s  t h a t  r e p r e s e n t  areas t h a t  a r e  s u i t a b l e  l o c a t i o n s  f o r  c o a l - f i r e d  e l e c t r i c a l  g e n e r a t i n g  

p l a n t s .  

Regional  u t i l i t i e s  were cons 'u l ted about  t h e i r  f u t u r e  p l a n t s  and perspec t i ves ,  and these  

p l a n t s ,  even though conceptual ,  a r e  taken i n t o  account .  U t i l i t y  s e r v i c e  areas a r e  n o t  con- 

s ide red '  t o  be a s i t i n g  c o n s t r a i n t  because n f  t h e  . j o i n t  f i n a n c i n g  and power, exchange o p t i o n s  

ava-i 1  a b l e  t o  them. 

Genera t ing  c a p a r i t y  i s  added i n  d i s c r e t e  u n i t s  o f  c a p a c i t y .  For  Idaho, Oregon and 

Washington a cons tan t  i n d i v i d ~ l a l  p l a n t  s i z e  o f  500 MWe i s  assumed. Because o f  t h e  r e l a t i v e l y  



small i n i t i a l  demand base i n  Alaska, p l a n t  s izes  are  i n d i v i d u a l l y  selected.  It i s  f u r t h e r  

assumed t h a t  p lan ts  w i l l  come on - l i ne  on January 1 o f  a spec i f i ed  year  a f t e r  a f i ve-year  con- 

s t r u c t i o n  and s ta r tup  pe r i od  ( 4  years o f  const ruc t ion  and one year f o r  s ta r tup ) .  I n  cases 

where two p lan ts  o r  u n i t s  a re  b u i l t  i n  the  same loca t i on ,  the second u n i t  i s  assumed t o  come 

on - l i ne  s i x  months a f t e r  the  f i r s t .  When per iods o f  an' excess o r  shortage o f  generat ing 

capac i ty  e x i s t  w i t h i n  a s ta te ,  i t  i s  assumed t h a t  the  compensating shortage o r  excess w i l l  

be a v a i l a b l e  through the  u t i l i t y  i n t e r t i e  system from another s t a t e  o r  type o f  e l e c t r i c a l  

generat ing capaci ty.  Using these assumptions, graphs represent ing  i n d i v i d u a l  generat ing p l a n t  

add i t i ons  can be der ived.  These are  shown i n  F igure  4.1 and 4.2. 

The next  task i s  t o  develop a s e t  o f  c r i t e r i a  t o  be used t o  se lec t  i n d i v i d u a l  count ies 

as candidate s i t i n g  areas. The s i t i n g  c r i t e r i a  used i n  t h i s  study are:  

a v a i l a b i l i t y  o f  water f o r  coo l i ng  purposes 

a v a i l a b i l i t y  o f  r e l a t i v e l y  f l a t  t e r r a i n  w i t h  good atmospheric v e n t i l a t i o n  . 

access t o  e i t h e r  r a i l  o r  waterborne t ranspo r ta t i on  fo r  coal shipment 

nearvlcss t o  existing t ransmission co r r i do rs ,  and 

nearness t o  e l e c t r i c a l  load centers. 

FIGURE 4.1. Coal-Fired E l e c t r i c a l  Generating Capacity 
by S ta te  - Recent Trends Scenario 

4.2 
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FIGURE 4.2. Coal - F i r e d  E l e c t r i c a l  Genera t ing  Capac i t y  

by  S t a t e  - H igh  Coal E l e c t r i c  Scenar io  

A l though  no formal w e i g h t i n g  scheme was used t o  judge  t h e  r e l a t i v e  impor tance o f  these 

f i v e  c r i t e r i a ,  t h e  f i r s t  t h r e e  were cons idered  t o  be more i m p o r t a n t  than  t h e  l a s t  two. The 

s i t i n g  r e s u l t s  a r e  summarized i n  F igures  4.3 and 4.4. The t o t a l  c o a l - f i r e d  e l e c t r i c a l  g e n e r a t i n g  

c a p a c l t y  r o  be b u l l t  111 the vdr.iuu5 cou~sl- ies and areas assuming t h c  Rcccnt Trends sl?d High 

Coal E l e c t r i c  scenar ios  a r e  shown. The d e t a i l e d  schedules i n c l u d i n g  power o n - l i n e  da tes  and 

c a p a c i t i e s  a r e  l i s t e d  i n  Appendix B. 

4.1 RATIONALE.FOR SELECTION OF SITES 

The a v a i 1 a h i l i t . y  o f  wa te r  f o r  c o o l i n g  and t h e  l o c a t i o n  o f  areas w i t h  good'at rnospher ic  

c o n d i t i o n s  a r e  determined p r i m a r i l y  by t h e  topography o f  a  r e g i o n .  The ma jo r  t o p o g r a p h i c a l  
r 

f e a t u r e s  of t h e  r e g i o n  a r e  shown i n  F i g u r e  4 . 5 ,  Idaho, Oregon and Washington have f i v e  d i s t i n c t  

t o p o g r a p h i c a l  areas:  1  ) c o a s t a l  lowlands and mountains a long  t h e  Oregon-Washington coas t ,  . 
I 2 )  W i  1  l a m e t t e  Val l e y ,  Oregon and Puget Sound Lowland, washington, 3 )  Cascade Mountains across 

1 Oregon and Washington, 4 )  a  broad b a s i n - p l  a i n s  area th rough  e a s t e r n  Oregon a r ~ d  Washington and 

i n t o  sou thern  Idaho, and 5 )  Rocky Mountains s t r e t c h i n g  f r o m  extreme n o r t h e a s t  Washir~gtorl  down 

t.hroirgh n o r t h e r n  and c e n t r a l  Idaho. 
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Alaska contains four major topographical areas:  1) Arctic coastal plain, 2) Rocky

Mountain system, 3) Intermontane Plateaus, and 4) Pacific Mountain system.  The Arctic coastal

plain forms Alaska's northernmost land areas.  This area is very sparsely populated; the

people live in isolated villages.  The Brooks Mountain Range is the northern extension of the

Rocky Mountain system, and it averages 3000-6000 ft above sea level.  The Intermontane Plateaus

consist of dry uplands and broad alluvial basins.  The Pacific Mountain system is a continuation

of the coastal mountain system along the Washington-Oregon coast.

4.2  TRANSPORTATION

The location of rail and waterborne transportation is shown in Figure 4.6.  Three major

ocean ports occur along the Washington-Oregon coast:  Coos Bay along the southern coast of

Oregon, the mouth of the Columbia River between Washington and Oregon, and Puget Sound in
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- 1

The coastal lowland and mountain areas contain little level land but have several ports

and estuaries and much river valley bottomland.  The Willamette Valley and Puget Sound Low-

land have broad river valleys, salt and freshwater resources, and extensive forests.  The

Cascade Mountains divide the lowlands and basin-plains area.  They are mostly forested and

quite rugged.  The basin-plains area is rather dry but has relatively abundant water resources

because of the Columbia and Snake River drainage systems.  The Rocky Mountain areas are rugged
+

with several large rivers flowing westwar3 that eventually flow into the Columbia.  Areas

meeting the first two siting criteria are generally located along the Washington-Oregon coast

and along one of the rivers that flow through the basin-Dlains area.

..#-..-p   -/.
*3"45/*pls,         ......

#W%9rp*r*lre.i

'ft--....     ...........,-
z,3      -,1, L..              .        "t"t.'*,€*3

*    i                   ..-                    .4   '..._     Z   :i'='
1: 1,     1  '15.  +

;-  -      1.1 ' r':x,,;1 */- Agh-m. 1 SMt.2.  t          ..        14%..      .9    *  2...94

:€6 .......

6'JES.-             ./

I-    1-          . '62..'.* > .   3,  .:.

&  9.44 31,flt t:.,i"6Al :0'1.NiTK .",. r.4 .:'•   4.

-      -        '·t -*'     ,  '-,. 4 ,· 42* -Plikline
..hs'44I.               r.'. "Z.**>. .ITANTZ1,       .   6 '. , -    ar '.,;134  .01, "'P'l'   h  *  1, ,-.- 11.--"25**'..i.3 :36 PY.kim, 9

al     /5.<t-;  91,1·.1         .            .· •          2/i)56
94 '.".,"...'. I . Al,%2      v .,              f.   4

Pl,111."I(j     .. -i. .-/W" *':1   7   .;113#..,4
3 .,44  4  21<,*14 f  ,  4&,t." i..<'4..14  M   .,: 1,2SY .-."lir. #t,JAJE##1£'*,-7,(.immir-,« shi.1*-'.'-,i,k. St*jtki'   :- a

A.R..1-=* f
.<•-,4.1.,35*7          1            , 7 .,359>€Sk,-8.. ,

hpi,    43*Me/*7&41     Xy..*r.,g  * .4.          1 1. X..   I
2    .''    .,  1.tf'..i *.-' :*11·.1#.1 «-3%   , '-   . 1 ·f .'-·. .  P,..,1,.   .u

'20,=   ...e f, ,;   r  -2     :.., 1* ,
i

.i .4  1. 1644    I

*% 3·* -4

·:: 61.-*i. : 1 „ .'. .P'V   %.:.*   4p., ir    . * * ./
. S : I.  '.F I

1

-

FIGURE 4.5.  Topographical Features of Alaska, Idaho,
Oregon and Washington(3)

4.5



Washington. Slack water nav igat ion  i s  ava i l ab le  along the  Columbia River t o  Richland, Washington 

and the  Snake River  t o  Lewiston, Idaho. Ra i l road t ranspor ta t i on  i n  Alaska i s  l i m i t e d  t o  the  

Alaska Railroad, which runs f rom Seward t o  Anchorage and on t o  Fairbanks. Alaska has many 
natura l  harbors; however, major coal f i e l d s  are located 'close t o  Cook I n l e t .  Waterborne 
t ranspor ta t i on  may a f f o r d  an a t t r a c t i v e  and cost-compet i t ive method o f  t ranspor t i ng  Alaskan 

coal t o  coastal  areas o f  t he  P a c i f i c  Northwest. 

Coal from Montana and nor thern  Wyoming i s  1 i ke ly  t o  be moved t o  the  P a c i f i c  Northwest by 

r a i l  l i n e s  running through nor thern  Idaho. Coal from southwestern Wyoming i s  l i k e l y  t o  be 

shipped through southern Idaho and eastern Oregon. 

E x i s t i n g  e l e c t r i c a l  transmission 1 ines, major hyd roe lec t r i c  s i t e s  and steam p lan ts  i n  

Idaho, Oregon and Washington a re  shown i n  Figure 4.7. The e x i s t i n g  e l e c t r i c a l  generat ing 

system i s  shown; i t  i s  l a r g e l y  hyd roe lec t r i c  and i s  h i g h l y  i n t e r t i e d .  The existence o f  power 
t ransmission co r r i do rs  t h a t  c lose l y  p a r a l l e l  t he  r i v e r  system make p l a n t  s i t e s  t h a t  are  c lose 
t o  r i v e r s  doubly a t t r a c t i v e .  

.I NES 

FIGURE 4.7. Major E l e c t r i c a l  Generating P lants  an ransmission 
Lines i n  Idaho, Oregon and Washington 13J 



Present generating s i t e s  (mostly hydroelectr ic)  are generally located east o f  the 

Wil lamette Valley-Puget Sound load centers. As a resu l t ,  most o f  the e l ec t r i ca l  power going 

t o  these load centers i s  transported along r e l a t i v e l y  few transmission corr idors.  Because 
o f  t h i s  s i tuat ion,  generating s i t e s  l y i n g  west o f  the load centers (coastal s i tes )  would be 

preferable t o  in land s i t es  from the standpoint o f  transmission system r e l i a b i l i t y  and losses. 

Alaska has r e l a t i v e l y  few transmission 1 ines and no major hydroelect r ic  f a c i l i t i e s .  

The loca t ion  o f  e l ec t r i ca l  load centers i n  the region can be seen i n  the population den- 

s i t y  map presented i n  Figure 4.8. The major load centers are located i n  the Wil lamette Valley- 

Puget Sound trough. Smaller load centers are located i n  the Spokane area and along the southern 

Idaho area around Boise, Pocatel lo and Idaho Fal ls .  The Anchorage and Fairbanks areas are the 

major e l e c t r i c a l  load centers i n  Alaska. 

FIGURE 4.8. 1970 Population Density f o r  1 ska, 
Idaho. Oregon and Washington?3! 



4.3 SELECTION or CANDIDATE SITES 

S e l e c t i o n  o f  t h e  cand ida te  c o u n t i e s  and areas was based on t h e  c r i t e r i a  o u t l i n e d  above and 

t h e  da ta  summarized i n  F igures  4.5 th rough  4.8. S e l e c t i o n  o f  s i t e s  i s  u l t i m a t e l y  s u b j e c t  t o  

s p e c i f i c  se ismic ,  a e s t h e t i c  and l a n d  use p l a n n i n g  cons idera t ions ,  n o t  i n c l u d e d  i n  t h i s  rough 

s e l e c t i o n  process. Whi le  i n  some cases i m p o r t a n t  c r i t e r i a  may have been over looked,  i t  i s  

f e l t  t h a t  t h e  c r i t e r i a  used a r e  s u f f i c i e n t  f o r  t h e  purposes o f  t h i s  r e p o r t .  

The cand ida te  c o u n t i e s  f o r  Idaho, Oregon and Washington a r e  shown shaded i n  F i g u r e  4.3. 

Whi le  some c o u n t i e s  may e v e n t u a l l y  h o s t  c a p a c i t i e s  l a r g e r  than  3,000 MWe, a i r  q u a l i t y  c a l c u l a -  

t i o n s  (see Chapter 5)  i n d i c a t e  t h a t  s i n g l e - s i t e  c a p a c i t i e s  g r e a t e r  than  3,000 MWe may p r e s e n t  

a i r  qua1 i t y  problems. Hence, c a p a c i t y  a d d i t i o n s  g r e a t e r  than  t h i s  would r e q u i r e  p a r t i c u l a r  , 
s c r u t i n y .  

The areas i n  Alaska des igna ted  f o r  cand ida te  s i t e s  a r e  shown i n  F i g u r e  4.4. The ma jo r  

s i t i n g  area. i s  ' i n  t h e  Beluga area, w i t h  some a d d i t i o n a l  c a p a c i t y  t o  be added a t  Nenana. 
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5.0 AIR QUALITY IMPACTS 

Chapter 5 discusses the impact of sulfur dioxide, particulates and nitrogen dioxide 
emissions from a reference 3,000 M W e  coal-fired power plant on  the ambient air quality i n  the 
Pacific Northwest (excluding Alaska). These impacts are investigated in several different time and 
space scales so that ambient air quality standards and Regulations for the Prevention of Significant 
Deterioration, as promulgated in the Clean Air Act Amendments of 1977, can be addressed. This 
chapter also investigates the transformation of sulfur dioxide to sulfates as i t  i s  transported over 
long distances and the deposition of sulfur dioxide and sulfates onto the terrestrial environment. 

Two air quality diffusion models were used to  estimate the impacts on  air quality within 
50 km of a reference coal-fired power plant. One model, the Climatological Dispersion Model, 
provides estimates of annual average air quality concentrations. I t  uses climatological data avail- . 
able from National Weather Service Stations or from meteorological towers. The other model, 
a version of the Environmental Protection Agency's PTMPT model, provides short-term maximum 
concentrations that would be expected within a few kilometers of the facility. This model uses 
"worst case" meteorological conditions. A regional transport, transformation and removal 
model i s  used to provide regional estimates of ground-level concentrations of sulfur dioxides 
and sulfates and deposition of these pollutants onto the earth's surface. 

The results of the modeling studies show that, based o n  the assumption that emissions from 
coal plants wil l equal those allowed under the New Source Performance Standards, the annual 
average incremental increase in sulfure dioxide, particulates and nitrogen oxides due to the two 
coal development scenarios wil l be small compared to  the concentrations allowable under the 
National Ambient Air Quality Standards (NAAQS). However, short-term maximum concentra- 
tions can, under certain meteorological conditions and emission assumptions, exceed the NAAQS 
in the vicinity of a power plant. In addition, the Regulations for the Prevention of Significant 
Deterioration severely constrain power plant development in the vicinity of Class I areas, which 

, currently include all national partks greater than 6,000 acres and all wilderness areas over 
5,000 acres i n  size. The regulations also restrict power plant development in some Class II areas 
where meteorological conditions are such that short-term maximum concentrations increments 
are high. 

One major issue arising from this study is the provision in the Clean Air Act Amendments 
of 1977 that all future coal-fired power plant facilities must use Best Available Control Technology 
to control stack emissions. The calculations for this study were made before this legislation, and 
i t  was assumed that all facilities would operate at the New Source Performance Standards. If a 
facility burning western low-sulfur coal also used the Best Available Control Technology for clean- 
ing sulfur dioxide from the stack gases, emissions from these facilities could be markedly lower 
than the New Source Performance Standards. I n  such a case, the constraints imposed on  power 
plant development in the west by the Regulations for the Prevention of Significant Deterioration 
are substantially less severe than this study indicates. , 

A second major issue relates to  the models applied to  this study. They are "flat terrain" 
models that d o  not account for the influence of topography on locally high pollutant concentra- 
tions. Since many mandatory Class I areas are located in regions'of complex terrain, future coal 
assessments need to  be refined, using air quality models that incorporate complex terrain, parti- 
cularly as the states establish additional Class I areas. 

r 



Chapter  5 descr ibes  t h e  impact  o f  a tmospher ic  s u l f u r  d i o x i d e ,  p a r t i c u l a t e s  and n i t r o g e n  

d i o x i d e  emiss ions f r o m  c o a l - f i r e d  power p l a n t  f a c i l i t i e s  on t h e  ambient  a i r  q u a l i t y .  P o s s i b l e  

c o n s t r a i n t s  t o  coa l  u t i  1  i z a t i o n  i n  t h e  P a c i f i c  Nor thwest  (Washington, Oregon, and 1daho) 

imposed by f e d e r a l  a i r  q u a l i t y  r e g u l a t i o n s  a r e  i d e n t i f i e d  on t h e  b a s i s  o f  t h i s  e v a l u a t i o n .  

The long-range t r a n s p o r t  o f  s u l f u r  d i o x i d e  and i t s  t r a n s f o r m a t i o n  t o  s u l f a t e s  f o r  l a r g e  ma jo r  

e x i s t i n g  sources and f u t u r e  c o a l - r e l a t e d  scenar ios  a r e  a l s o  eva lua ted  f o r  t h e  western U n i t e d  

S t a t e s  (wes t  o f  100' W). These es t imates  o f  impacts on a i r  q u a l i t y  a r e  a l s o  i n p u t s  t o  o t h e r  

s e c t i o n s  o f  t h e  r e p o r t  d e a l i n g  w i t h  e v a l u a t i o n  o f  r i s k  t o  human h e a l t h  and n a t u r a l  ecosystems. 

5.1 AIR QUALITY ISSUES 
. . 

5.1.1 Regional  C l imate  

The r a c l f l c  Nor thwest  r e g l o n  i s  c h a r a c t e r i z e d  by a  d i v e r s e  topography and c l i m a t o l o g y .  

Three ma jo r  mountain ranges, t h e  Coast Range, t h e  Cascades, and t h e  western s l o p e  o f  t h e  n o r t h -  

e r n  Rocky Mountains s t r o n g l y  i n f l u e n c e  t h e  r e g i o n a l  c l i m a t e .  A  ma jo r  f a c t o r  c o n t r o l l i n g  t h i s  

c l i m a t e  i s  t h e  r e g i o n ' s  p r o x i m i t y  t o  t h e  P a c i f i c  Ocean. Frequent  storms pass th rough  t h e  

r e g i o n  i n  t h e  l a t e  f a l l  and e a r l y  w i n t e r ,  and aga in  i n  t h e  s p r i n g ,  p r o v i d i n g  g e n e r a l l y  good 

a i r  v e n t i l a t i o n .  However, between stormy p e r i o d s  h igh-p ressure  r i d g e s  can s e t t l e  o v e r  t h e  

r e g i o n ,  l i m i t i n g  v e n t i l a t i o n ,  p a r t i c u l a r l y  i n  t h e  bas ins  bounded by t h e  major  mountain ranges 

and i n  i n t e r i o r  mounta in va l leys :  I n  t h e  l a t e  summer and e a r l y  f a l l  t hese  i n t e r s t o r m  p e r i o d s  

can l a s t  f o r  severa l  weeks. I n  m i d - w i n t e r  these  nonstormy p e r i o d s  can r e s u l t  i n  p a r t i c u l a r l y  

severe  a i r  s tagna t ion ;  t h i s  i s  most n o t i c e a b l e  i n  t h e  i n t e r i o r  bas ins .  T h i s  ep isode phenomena 

i s  one o f  t h e  most i n t e n s e  i n  t h e  U n i t e d  S ta tes ,  as shown i n  ~ o l z w o r t h . ( l )  H i s  r e p o r t  d iscusses 

t h e  f requency  o f  episodes, and t h e  average l e n g t h  o f  each ep isode  i s  shown f o r  a  p a r t i c u l a r  

a tmospher ic  c r i t e r i a ,  based on s tandard  N a t i o n a l  Weather S e r v i c e  upper a i r  da ta .  

The n a t u r e  o f  t h e  r e g i o n a l  c l i m a t e  and topography r e q u i r e s  c a r e f u l  s i t i n g  s t u d i e s  f o r  any 

m a j o r  emiss ion  f a c i l i t y  i n  t h e  Northwest.  Such d e t a i l e d  s i t i n g  s t u d i e s  a r e  beyond t h e  scope 

o f  t h i s  r e p o r t ;  never the less ,  t h e  r e g i o n a l  c l i m a t e  and topdgraphy can combine t o  p r e s e n t  a  p o s s i -  

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

5 .1.2 N a t i o n a l  Ambient A i r  Q u a l i t y  Standards 

Under t h e  mandate o f  t h e  Clean A i r  A c t  o f  1977, as amended, t h e  EPA has promulgated a i r  

qua1 i t y  standards f o r  s f x  p o l l u t a n t s :  carbon monoxide, n i t r o g e n  d i o x i d e ,  p a r t i c u l a t e  m a t t e r ,  

S u l f u r  d i o x i d e ,  hydrocarbons, and photochemical  o x i d a n t s .  I n  t h i s  s tudy,  o n l y  t h e  emiss ions 

o f  SO2, p a r t i c u l a t e s ,  and NOx f r o m  c o a l - f i r e d  power p l a n t s  a r e  s t u d i e d .  Emissions o f  hydro-  

carbons and carbon monoxide f r o m  t h e s e  f a c i l i t i e s  a r e  g e n e r a l l y  sma l l .  As n o t e d  i n  an NCUA 

. r e p o r t  by Argonne N a t i o n a l  ~ a b o r a t o r ~ , ' ~ )  l e v e l s  o f  ozone have exceeded t h e  24-hr photochemi- 
3 c a l  o x i d a n t  s tandard o f  160 pg/m i n  t h e  v i c i n i t y  o f  c o a l - f i r e d  power p l a n t s ;  however, no con- 

c l u s i v e  ev idence  e x i s t s  as t o  what e x t e n t  these  l e v e l s  a r e  a t t r i b u t a b l e  t o  p l a n t  emiss ions 

a lone .  The N a t i o n a l  Ambient A i r  Q u a l i t y  Standards (NAAQS) f o r  a l l  p o l l u t a n t s  a r e  g i v e n  i n  

Tab le  5.1. 



TABLE 5.1. N a t i o n a l  Ambient A i r  Qual  i t y  Standards 

Pol 1  u t a n t  

P a r t i c u l a t e  
Annual average 
24-hr maximum 

so2 
Annual average 
24-hr maximum 
3-hr  maximum 

NO2 
Annual average 

CO 
8 - h r  maximum 
1 - h r  maximum 

Photochemical o x i d a n t  
1 - h r  maximum 

Hydrocarbons 
30-hr maximum 

Pr imary  
(uq/m3) 

Secondary 
(uslm3) 

5.1.3 A i r  Q u a l i t y  Maintenance Areas 

A i r  Qual  i t y  Maintenance Areas (AQMAs) have been des igna ted  by t h e  s t a t e s  t o  i d e n t i f y  areas 

t o  t h e  EPA i n  which t h e  p o t e n t i a l  e x i s t s  t o  exceed any NAAQS by t h e  y e a r  1985. The methodology 

t h e  s t a t e s  used t o  determine t h e  AQMAs i n c l u d e d  t h e  c o m p i l a t i o n  o f  1970 emiss ions f rom s t a t e  

f i l e s ,  S t a t e  Implementat ion Plans,  and t h e  N a t i o n a l  Emission Data S e r v i c e  (NEDS) da ta  bank. 

I n  t h e  P a c i f i c  Northwest,  these  emiss ions were p r o j e c t e d  t o  1985 by 1)  a p p l y i n g  S t a t e  Implemen- 

t a t i o n  P lan  (SIP)  c o n t r o l  s t r a t e g i e s  t o  e x i s t i n g  sources, i n c l u d i n g  t h e  emiss ions from p lanned 

power p l a n t s  t h a t  would come under t h e  new r e g u l a t i o n s ,  and 2) assuming inc reases  i n  p r o p o r t i o n  

t o  Bureau o f  Economic A n a l y s i s  (BEA) growth i n d i c a t o r s .  ( 3 )  A i r  qua1 i t y  f o r  1985 was e s t i m a t e d  

u s i n g  these  p r o j e c t e d  emiss ions i n  an atmospher ic  d i s p e r s i o n  model. Areas w i t h  a i r  q u a l i t y  

p r o j e c t i o n s  exceeding NAAQS f o r  a  g i v e n  p o l l u t a n t  were then  des igna ted  as AQMA. The des igna ted  

AQMAs i n  t h e  P a c i f i c  Nor thwest  a r e  shown i n  F i g u r e  5.1. No AQMAs a r e  c u r r e n t l y  des igna ted  f o r  

t h e  s t a t e  o f  Idaho. 

Besides t h e  requ i rement  f o r  s t a t e s  t o  des igna te  t o  t h e  EPA AQMAs, t h e  1977 Amendments t o  

t h e  Clean A i r  A c t  f u r t h e r  r e q u i r e  each s t a t e  t o  submi t  t o  t h e  EPA a l i s t  i d e n t i f y i n g  those a i r  

q u a l i t y  c o n t r o l  r e g i o n s  t h a t  p r e s e n t l y  do n o t  meet a p r i m a r y  ambient a i r  q u a l i t y  s tandard  f o r  

any a i r  p o l l u t a n t  o t h e r  than  s u l f u r  d i o x i d e  o r  p a r t i c u l a t e s .  The l i s t  must a l s o  i n c l u d e  those 

areas t h a t  may n o t  a t t a i n  any n a t i o n a l  p r i m a r y  ambient a i r  q u a l i t y  s tandard  f o r  s u l f u r  d i o x i d e  

o r  p a r t i c u l a t e s  w i t h i n  t h e  t i m e  p e r i o d  r e q u i r e d  by an a p p l i c a b l e  imp lementa t ion  p l a n .  F u r t h e r -  

more, t h e  s t a t e s  must i n c l u d e  i n  t h i s  l i s t  those  r e g i o n s  n o t  meet ing n a t i o n a l  secondary a i r  

q u a l i t y  s tandards f o r  any p o l l u t a n t  and those  reg ions  where i n s u f f i c i e n t  da ta  e x i s t  t o  make 

any d e t e r m i n a t i o n .  T h i s  l i s t  must be submi t ted  w i t h i n  120 days o f  enactment o f  t h e  A c t .  The 

Clean A i r  A c t  s p e l l s  o u t  procedures f o r  p r e p a r i n g  adequate imp lementa t ion  p l a n s  t o  a t t a i n  and 

m a i n t a i n  t h e  NAAQS f o r  these  "nonat ta inment"  areas.  I n  p a r t i c u l a r  these  p lans ,  w i t h  t h e  excep- 

t i o n  o f  c e r t a i n  p r o v i s i o n s ,  a r e  r e q u i r e d  t o  show t h a t  no ma jo r  s t a t i o n a r y  source s h a l l  be con- 

s t r u c t e d  o r  m o d i f i e d ( a )  i n  dny nona t ta inment  area a f t e r  June 30, 1979. 

( a )  The t e r m  "modi f ied"  here means a change i n  t h e  source such t h a t  an inc rease  i n  emiss ions 
r c s u l  t s ,  

5.3 
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FIGURE 5.1.  Designated Air Quality Maintenance Areas
(AQMAs) in the Pacific Northwest

5.1.4  Regulations for the Prevention of Significant Deterioration

A regulation that is potentially more constraining to coal-fired power plant development

than the NAAQS, particularly in the western United States, is the regulation for the Prevention

of Significant Deterioration (PSD).  This regulation was promulgated by the EPA in December

1974 after a suit had been filed against the Administrator in June of 1972 stating that no State

Implementation Plan was designed to protect clean areas from significant air quality deteriora-

tion.  These regulations, as modified by Congress, are now incorporated into the Clean Air Act

Amendments of 1977.  The regulations specify that all states must designate all regions into

one of three classes:  Class I, where only very limited air quality deterioration may occur,

allowing little or no industrial development; Class II, where moderate, well-controlled growth

would be allowed; and Class III, where concentrated industrial growth may occur as long as air

quality is not degraded beyond the secondary NAAQS.  Air quality in each class cannot exceed

certain specified incremental increases (summarized in Table 5.2), and in no case can it exceed

the national ambient secondary standard for 502 and particulates.  Also, all international                

parks, national wilderness areas greater than 5000 acres in size, national memorial parks

greater than 5000 acres in size, and all national parks greater than 6000 acres in size in

existence as of August 3, 1977, must be designated Class I.  Currently all states, with the             4

exception of some areas of Montana, are designated entirely as Class II (excluding mandatory

Class I areas), although each region is subject to redesignation as Class I or Class III sub-

ject to state and local initiative.  It is anticipated, for example, that AQMA will be desig-

nated as Class III areas.

5.4                                  ·



TABLE 5.2. A l lowab le  A i r  Q u a l i t y  Increments S p e c i f i e d  
i n  Clean A i r  A c t  Amendnlents o f  1977 

+ Averaging A1 lowab le  Increments (pg/m 3 ) 
P o l l u t a n t  Time Class I Class I 1  Class I11 

S02 . Annual 2  20 40 

24-hr maximum 8 91 182 
3 -h r  maximum 25 51 2 700 

P a r t i c u l a t e s  Annual 5  19 3 7 . 
24-hr maximum 10 ' ' 3 7 75 

A l i s t  o f  a l l  federa l ly -mandated Class I areas was p u b l i s h e d  i n  t h e  Federa l  R e g i s t e r  on 

November 3, 1 9 7 7 . ( ~ )  ' A l l  Class I areas f o r  t h e  P a c i f i c  Nor thwest  a r e  shown i n  F i g u r e  5.2. T h i s  

f i g u r e  shows t h a t  Class I areas a r e  concen t ra ted  i n  t h e  t h r e e  ma jo r  mounta in ranges w i t h i n  t h e  
. , 

r e g i o n - - t h e  Coast Range, t h e  Cascades, and t h e  west s lope  o f  t h e  Nor thern  Rockies. Table 5.3 

shows t h e  names and s i z e s  o f  these  Class I areas.  These Class I r e g i o n s  amount t o  approx imate ly  

3.6% o f  t h e  t b t a l  area o f  t h e  P a c i f i c  Nor thwest  s t a t e s .  

LEGEND: 

NATIONAL PARKS 

NATIONAL WILDERNESS AREAS 

* STRAWBERRY 

O R E G O N  

IW.w .) DIAMOND PEAK 

FIGURE 5.2. Mandatory Class I Areas i n  t h e  P a c i f i c  Nor thwest  



TABLE 5.3. Mandatory Class I Areas i n  t h e  P a c i f i c  Nor thwest  

S ta te /Area  

Washington 

Mount R a i n i e r  N a t i o n a l  Park 

N o r t h  Cascades N a t i o n a l  Park 

Olympic N a t i o n a l  Park 

A l p i n e  Lakes Wi lderness Area 

G l a c i e r  Peak Wi lderness Area 

Goat Rocks Wi lderness Area 

Mount Adams Wi lderness Area 

Pasayten Wi lderness Area. 

Oregon 

C r a t e r  Lake N a t i o n a l  Park 

Diamond Peak Wi lderness Area . 

Eagle Cap Wi lderness Area 

Gearhar t  Mounta in Wi'ldern6ss Area 

Kalmiopsts  Wi lderness Area , 

Mounta in Lakes Wi lderness Area 

Mount Hdod Wi lderness Area 

Mount J e f f e r s o n  Wi lderness Area 

Mount Washington Wi lderness Area 

S t rawber ry  Mounta in Wi lderness Area 

Three S i s t e r s '  W i  l de rness  Area 

Idaho 

' fe l  l ows tone  N a t i o n a l  Park ( Idaho  Sec to r )  

C r a t e r s  o f  t h e  Moon Wilderness Area 

He1 1 s Canyon W i  1 derness Area (Oregon) 

Sawtooth W i  Sderness ,Area 

'Sel way-Bi t t e r r o o t  

P a c i f l c  Nor thwest  ~ b t a l :  

T o t a l  Acreage 

( a )  T o t a l  pa rk  acreage = 2,219,737; Idaho s e c l i u n  dcreaye n o t  g iven .  
( b )  I n c l u d e s  Montana s e c t i o n .  

5.1.5 Standards o f  Performance f o r  New Coal - F i r e d  Power P l a n t s  -- 

The 1977 Clean A i r  A c t  Amendments r e q u i r e  t h e  EPA A d m i n i s t r a t o r  t o  promul <ate r e v i s e d  

5t.andards of performance f o r  new s t a t i o n a r y  sources. For  f o s s i l - f u e l  f i r e d  s t a t i o n a r y  sources, 

t h i s  i m p l i e s  a s tandard  t h a t  e s t a b l i s h e s  a l l o w a b l e  emiss ions f o r  these sources. These standards 
.c 

w i l l  r e q u i r e  a percentage r e d u c t i o n  i n  t h e  emiss ions t h a t  wou1d:have r e s u l t e d  f rom t h e  use o f  

f u e l s  n o t  t r e a t e d  b e f o r e  combustion. The s tandard  o f  performance must r e f l e c t  t h e  app l  i c a t l o n  

o f  bes t  a v a i l a b l e  c o n t r o l  techno1oq.y (BACT) , which may i n c l u d e  f u e l  c l e a n i n g  b e f o r e  combustion. 

T h i s  p r o v i s i o n  goes f a r  beyond t h e  New Source Performance Standards (NSPS) promulgated f o r  

f o s s i l - f u e l  f i r e d  steam genera to rs  a f t e r  t h e  Clean A i r  A c t  was amended i n  1970. A t  t h e  t ime,  

those  s tandards,  pub1 i s p e d  i n  t h e  Federa l  R e g i s t e r  i n  1971 ,(5) r e f l e c t e d  t h e  concept  o f  



reasonable a v a i l a b l e  c o n t r o l  technology.  Accord ing t o  those  s tandards,  emiss ions f rom f o s s i l -  

f u e l  f i r e d  steam g e n e r a t i o n  p l a n t s  c o u l d  n o t  exceed t h e  f o l l o w i n g  r a t e :  

6  SO2: 1.2 l b  S02/10 B tu  i n p u t  
t 6  

P a r t i c u l a t e s :  0.1 l b  p a r t . / l O  B t u  i n p u t  

NOx: 0.7 l b  N O ~ / ~ O ~  B t u  i n p u t  

I n  t h i s  s tudy,  t h e  NSPS were a p p l i e d  t o  t h e  d i f f u s i o n  models t o  p r o v i d e  a i r  q u a l i t y  e s t i -  

. mates. Use o f  t h e  NSPS e l i m i n a t e s  t h e  v a r i a b i l i t y  o f  h e a t  and s u l f u r  c o n t e n t  o f  coa l  supp ly  

and r e f l e c t s  t h e  upper r e g u l a t o r y  l i m i t  o f  t h e  emiss ions f r o m  new f a c i l i t i e s .  However, w i t h  

t h e  1977 amendment t o  t h e  Clean A i r  Act ,  t h e  concept  of BACT now p r e v a i l s .  T h i s  w i l l  r e q u i r e  

a  r e v i s i , o n  o f  t h e  NSPS t o  be made w i t h i n  a  y e a r .  

T h i s  i s  one o f  t h e  m a j o r  unreso lved  i ssues  i n  t h i s  coa l  assessment. I n  a  s tudy  o f  western 

coa l  reserves  ~ e n n e ' ~ )  showed t h a t  r o u g h l y  h a l f  o f  a l l  s t r i p p a b l e  and mineable resources  i n  

Montana and Wyoming c o u l d  be burned w i t h o u t  c o n t r o l s  and n o t  exceed t h e  NSPS. Never the less  

t h e  Clean A i r  A c t  now s p e c i f i e s  t h a t  BACT must be a p p l i e d  t o  a l l  new f a c i l i t i e s ;  i n  t h e  West 

t h i s  c o u l d  r e p r e s e n t  an a d d i t i o n a l  r e d u c t i o n  i n  s u l f u r  d i o x i d e  emiss ions (beyond t h e  NSPS) o f  

as much as 90%. However, c o n s i d e r i n g  t h e  economic c o s t s  o f  a p p l y i n g  such s t r i c t  c o n t r o l s  on 

f a c i l i t i e s  t h a t  a r e  a l r e a d y  b u r n i n g  l o w - s u l f u r  c o a l ,  t h e  r e s u l t  c o u l d  be a  case-by-case r e v i e w  

o f  each proposed f a c i l i t y  t o  determine t h e  l e v e l  o f  c o n t r o l  r e q u i r e d .  Wi th  t h e  u n c e r t a i n t i e s  

a t  t h i s  t i m e  concern ing  how BACT w i l l  be i n t e r p r e t e d  and how t h e  NSPS may be r e v i s e d  i n  t h e  

n e x t  year ,  and w i t h  t h e  knowledge t h a t  t h e y  w i l l  n o t  be r e v i s e d  upward t o  a l l o w  more emiss ions 

i n  t h e  f u t u r e  than  t h e y  p r e s e n t l y  do, t h e  NSPS were a p p l i e d  t o  t h e  c a l c u l a t i o n s  i n  t h i s  s tudy  

t o  p r e s e n t  an upper l i m i t  t o  t h e  es t imated  impacts..  App ly ing  BACT t o  s t a c k  emiss ions i n  west- 

e r n  f a c i l i t i e s  would r e s u l t  i n  markedly  lower  a i r  q u a l i t y  es t imates .  

5.1.6 P r o v i s i o n s  f o r  t h e  P r o t e c t i o n  o f  V i s i b i l i t y  

I n  t h e  1977 Amendments t o  t h e  Clean A i r  Act ,  Congress d e c l a r e d  as a  n a t i o n a l  goa l  t h e  

maintenance of good v i s i b i l i t y  i n  mandatory Class I areas. V i s i b i l i t y  he re  i s  d e f i n e d  as 

r e d u c t i o n  i n  v i s u a l  range and atmospher ic  d i s c o l o r a t i o n .  To ach ieve  t h i s  goal  t h e  f o l l o w i n g  

t i m e t a b l e  was e s t a b l i s h e d :  

Not l a t e r  than  s i x  months a f t e r  enactment o f  t h e  Act ,  a l l  Class I areas s h a l l  be 

rev iewed by t h e  S e c r e t a r y  o f  t h e  I n t e r i o r ,  i n  c o n s u l t a t i o n  w i t h  o t h e r  f e d e r a l  l a n d  
. managers t o  i d e n t i f y  those where v i s i b i l i t y  i s  an i m p o r t a n t  va lue .  

W i t h i n  one y e a r  o f  enactment t h e  S e c r e t a r y  o f  t h e  I n t e r i o r  s h a l l  promulgate a  l i ' s t  

of mandatory Class I areas i n  which he determines v i s i b i l i t y  i s  an i m p o r t a n t  va lue .  

W i t h i n  18  months of enactment, a  r e p o r t  s h a l l  be' submi t ted  t o  Congress by t h e  EPA 

A d m i n i s t r a t o r  d e s c r i b i n g  a v a i l a b l e  methods f o r  implement ing t h i s  n a t i o n a l  goa l .  

W i t h i n  24 months o f  enactment t h e  EPA A d m i n i s t r a t o r  s h a l l  promulgate r e g u l a t i o n s  

t o  assure . t h a t  t h i s  n a t i o n a l  goal  i s  met. 

The v i s i b i l i t y  p r o v i s i o n s  - s t a t e  s p e c i f i c a l l y  t h a t  e x i s t i n g  f o s s i l - f u e l  power p l a n t s  oper-  

a t i n g  i n  t h e  v i c i n i t y  o f  Class I areas may have t o  r e t r o f i t  t h e i r  s tacks  w i t h  c l e a n i n g  dev ices  

i f  t h e i r  emiss ions a r e  i m p a i r i n g  the .  v i s i b i l i t y  of t h e  Class I r e g i o n .  However, f a c i l i t i e s  

t h a t  a r e  l e s s  than  750 MWe i n  c a p a c i t y  may be exempt f rom t h i s  r u l e .  



C u r r e n t l y ,  o n l y  one f o s s i l - f u e l  power p l a n t  i s  l o c a t e d  near  mandatory Class I areas i n  

t h e  Nor thwest- - the C e n t r a l i a  p l a n t  i n  western Washington S ta te .  However, as v i s i b i l i t y  r e g u l a -  

t i o n s  a r e  promulgated and techn iques  f o r  assess ing  v i s i b i l i t y  impacts a r e  developed, these  p r o -  

v i s i o n s  may be an i m p o r t a n t  i s s u e  t o  t h e  P a c i f i c  Nor thwest .  

5.2 ESTIMATED IMPACTS OF COAL DEVELOPMENT SCENARIOS 

The i s s u e s  p resen ted  i n  t h e  p r e v i o u s  s e c t i o n  ( w i t h  t h e  e x c e p t i o n  o f  v i s i b i l i t y )  a r e  assessed 

q u a n t i t a t i v e l y  i n  t h i s  s e c t i o n  by a p p l i c a t i o n  o f  a i r  q u a l i t y  models. Other  p o t e n t i a l  i ssues ,  

such as h e a l t h  and e c o l o g i c a l  e f f e c t s  caused by a i r b o r n e  o r  deposi ' ted p o l l u t a n t s ,  use t h e  r e s u l t s  

o f  t h i s  mode l ing  e f f o r t  and a r e  r e p o r t e d  i n  o t h e r  chapters.  P o t e n t i a l  i ssues  t h a t  a r e  n o t  

addressed d i r e c t l y  i n  t h i s  assessment i n c l u d e  such i ssues  as g l o b a l  c l i m a t i c  changes assoc ia ted  

w i t h  an expanded f o s s i l - f u e l  technology,  and secondary a i r  q u a l i t y  impacts.  

The mode l ing  e f f o r t  was c a r r i e d  o u t  t o  i d e n t i f y  t h e  annual c o n c e n t r a t i o n s  o f  SO2. TSP and 

NOx f r o m  c o a l - f i r e d  power p l a n t s  a t  t h e  cand ida te  s i t e s .  T h i s  e f f o r t  i n c o r p o r a t e d  t h e  p r e d i c t e d  

emiss ions f r o m  t h e  f a c i l i t i e s  and t h e  v a r i o u s  m e t e o r o l o g i c a l  c o n d i t i o n s  o c c u r r i n g  a t  each o f  

. t h e  cand ida te  s i t e s  i n t o  t h e  C l i m a t o l o g i c a l  D i s p e r s i o n  Model (CDM). T h i s  model has c e r t a i n  

1  i m i t a t i o n s ;  i t  i s  o n l y  app ' l i cab le  t o  50 km maximum from t h e  source and i s  n o t  a p p l i c a b l e  i n  

complex t e r r a i n .  Never the less,  i t  has r e c e i v e d  wide a p p l i c a t i o n  and produces u s e f u l  f i r s t - o r d e r  

e s t i m a t e s  o f  a i r  q u a l i t y  impacts.  These es t imates  were made f o r  b o t h  t h e  Recent Trends and t h e  

H igh  Coal E l e c t r i c  scenar ios  p r o j e c t e d  t o  t h e  y e a r  2020 i n  t h e  P a c i f i c  ~ o r t h w e s t .  These scenar ios  

were s e l e c t e d  t o  i l l u s t r a t e  t h e  maximum scope o f  t h e  c o a l - r e l a t e d  emiss ions.  

Shor t - te rm maximum c o n c e n t r a t i o n s  have been es t imated  by ~ r c j o n n e , ' ~ )  i n c o r p o r a t i n g  t h e  

emiss ions es t imates  i n t o  a  mode l ing  techn ique  used i n  a  s tudy  by General ~ l e c t r i c . ' ~ )  Argonne's 

e s t i m a t e s  o f  s h o r t - t e r m  maximum c o n c e n t r a t i o n s  a r e  f o r  n o n s p e c i f i c  s i t e s  and a r e  cons idered  

a p p l i c a b l e  t o  t h e  . P a c i f i c  Nor thwest .  (See Appendix C  f o r  more d e t a i l .  ) 

6.2.1 P r o j e c t e d  Emissions 

Emiss ions f o r  a  r e f e r e n c e  3000 MWe c o a l - f i r e d  power p l a n t  have been es t imated  assuming t h a t  

t h e  emiss ions  meet t h e  NSPS and t h a t  t h e  p l a n t  opera tes  a t  a  60% l o a d  f a c t o r  w i t h  a  38% thermal  

convers ion  e f f i c i e n c y .  T h i s  i n f o r m a t i o n  i s  used t o  e s t i m a t e  a d d i t i o n a l  emiss ions i n  t h e  P a c i f i c  

Nor thwest  p r o j e c t e d  t o  t h e  y e a r  2020 f o r  b o t h  scenarios,.  F i g u r e  5.3 summarizes these  p r o j e c t e d  

emiss ion  increments b,y coun ty  f o r  p o i n t  source SO2 emiss ions,  and Table 5.4 summarizes t h e  t o t a l  

SO2 emiss ions  by s t a t e .  

TABLE 5.4. T o t a l  E l e c t r i c a l  Generat ion Capac i t y  (MWe) and SO2 Emissions ( a )  

( t o n n e l y r  x  103) f o r  t h e  Year 2020 Scenar ios 

Recent Trends H igh  Coal E l e c t r i c  
MWe Tonne/yr x  1 0 5  MWe Tonne/yr x  103  - .. 

Washington 12,300 318 x  10' 27,300 705 x  10' 

Oregon 8,000 207 l o 3  - 17,500 452 l o 3  
Idaho 3,500 90 x  10' 8,500 219 x  10' 

T o t a l  23,800 615 l o 3  53,300 1,376 l o 3  

( a )  Based on Federa l  NSPS. Use o f  NSPS e l i m i n a t e s  t h e  emiss ion  v a r i a t i o n s  due 
t o  coa l  supp ly .  



RECENT TRENDS SCENARI 0 
TO YEAR 2020 

FIGURE 5.3. Point Source SO Emission Inventory by County in the Pacific 
Northwest for a! Recent Trends and b) High Coal Electric 
Development Scenarios Projected to the Year 2020 



Table 5.5, taken from the Argonne report, sunmarizes the per t inent  p lan t  operating i n f o r -  
mation and the r esu l t i ng  stack emissions. These factors  were chosen so as t o  be consistent 

w i th  other regional evaluations i n  the NCUA. 

TABLE 5.5. Per t inent  Coal -Fired Powe l a n t  Operating Information 
4 '  
-. 

Result ing Stack Eniss ionsbf  (from the Argonne ~ e p o r t )  ( 9Pd 
", . Total  ra ted capacity - 

Heat r a t e  

Stack height 

Stack diameter 

Exhaust ve loc i t y  

Exhaust temperature 

Load fac to r  

Ambient a i r  temperature 

SO2 emissions 

Par t i cu la te  emissions 

NO, emissions 

(a) Based on Federal NSPS. Use o f  NSPS eliminates the emission 
var ia t ions due t o  coal supply. 
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5.2.2 Short-Range (<50 km) Annual Average Concentrations - 

The r esu l t s  o f  the appl icat ion o f  the CDM f o r  candidate s i t i n g  areas around the Northwest 

are shown i n  the ser ies o f  analyses provided i n  Figure 5.4. Appendix C discusses the de ta i l s  
3 o f  t h i s  modeling e f f o r t .  The concentrations i n  t h i s  f i gu re  are SO2 concentrations (ug/m ) f o r  

a 3000 We reference coa l - f i red  plant.  These concentrations can be adjusted f o r  a spec i f i c  p lant  

s ize by mu l t ip l y ing  the concentrations by N/3000, where N i s  the p lan t  capacity (We). Plant 

capacit ies f o r  the Recent Trends and High Coal E l ec t r i c  scenarios can be determined from i n f o r -  

mation provided i n  Chapter 4. I n  addit ion, the analyses i n  Figure 5.4 are presented generical ly,  

so t ha t  the concentrations o f  d i f f e r e n t  po l lu tants  can be determined from the same analysis 

according t o  the coding scheme presented i n  Table 5.6. The analyses were based on an assumed 

po l l u t an t  h a l f - l i f e  o f  fou r  days, and were generated from a 50-km g r i d  w i th  a reso lu t ion o f  

5 ke~. 

It i s  evident from the analyses i n  Figure 5.4 t ha t  the estimates o f  concentration leve ls  

and patterns vary widely throughout the Pac i f i c  Northwest. This i s  due i n  pa r t  t o  the large 

va r i a t i on  i n  cl imate between the coastal regions and the mountainous i n t e r i o r .  The coastal 

region i s  'characterized by frequent stam passages i n  the winter and a stable atmosphere i n  

the  summer and f a l l .  The mountainous cl imate i s  more complexj w i th  loca l  topography a f fec t ing  

the  wind patterns and s t a b i l i t y  features o f  the atmosphere throughout much o f  the year. How- 

ever, i t  can also be seen from Figure 5.4 t ha t  var ia t ions o f  concentration leve ls  o f  a fac to r  

of two o r  more can e x i s t  between s i t es  as close as 15 km apart, (e.g., tphrata and Moses Lake, 

Washington). Thus, model r esu l t s  are qu i te  sens i t ive t o  the meteorological i npu t  data, as 

would be expected. I n  addit ion, large di f ferences i n  estimates occur between analyses using 

National Weather Service data and those using tower meteorological data. The manner i n  which 



3 FIGURE 5.4. Isoplelhs o r  Annual Average SO2 Concentrations. (pg/m ) for a 3000 MWe 
Reference Facility for Each of the Candidate Areas Using Meteorological 
Stations in the Northwest (see Appendix C) 
I. Coastal Areas 
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'stabi 1 ity classes are selected are entirely different between these two techniques. Hence, 

analytical differences result from the sensitivity of the model to the atmospheric stability 

data. (See Appendix C for a further discussion of this.) 

TABLE 5.6. Various Pollutant Concentrations Corresponding 
to SO2 Isopleths in Figure 5.4 

Concentration 
Pollutant ' . ( 1 ~ ~ 1 ~ ~ )  

S021sopleth 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 

0.29 0.58 0.87 1.16 1.45 1.74 2.03 2.32 2.60 2.90 

Particulates 0.04 0.08 0.12 0.16 0.21 0.25 0.29 0.33 0.37. 0.41 

5.2.3 Short-Term (3-hr, 24-hr) Maximum Concentrations 

Short-term maximum concentrations were estimated primarily from the results of the GE 

study(8) cited earlier, and described in detail in the Argonne report. (2) The Argonne report 

discusses the results of the,analysis and the methodology used. Their analysis is used here 

so that an assessment consistent with other' regions in the NCUA is made. In the Argonne analysis, 

worst case meteorological conditions were applied to an air quality diffusion~model, discussed 

in Appendix C, to obtain maximum possible concentrations. Because of the way the model works, 

these worst case conditions are associated with a highly unstable atmosphere and high wind speeds. 

The instability causes a plume to be transported to the ground rapidly after release from the 

stack (before it has undergone extensive diffusion). The high wind speeds limit the height to 

which the plume rises after release from the stack. However, it is not expected that these 

conditions would occur continuously over a 24-hr.period. During that time, even under worst case 

situations, other atmospheric conditions would prevail, resulting in a lower concentration aver- 

aged over the 24-hr period from that calculated using only the worst conditions. Consequently, 

to account for this, Argonne also pe'rformed maximum expected concentrations for a 60% piant fac- 

tor as well as a 100% plant factor. The results of these calculations are shown in Table 5.7. 

TABLE 5.7. Maximum 3-hour and 24-hour Concentrations of S02, Particulates 
and NOx for Different Meteorological Conditions and Plant Factors 

SO? Particulates NO -x 
24-hour 
Plant factor = 100% 

Mean wind = 5 m/s 490 4 1 290 

Mean 'wind = 2.5 m/s 415 . 3 5 240 

Plant factor = 60% 

Mean wind = 5 m/s 300 25, 170 

Mean wind = 2.5 m/s 250 21 150 

3-hour 
Plant factor = 100% 

Mean wind 5 m/s 760 

. Plant factor = 60% 

Mean wind = 2.5 mls 380 -- -- 



Several f ac to r s  e x i s t  t h a t  can a l t e r  the  ground-level maximum concentrations from a power 

p lant .  Some of these  f ac to r s  are '  control lable .  For example, emission control  devices can 

l i m i t  t he  amount of pol lu tants  coming out of the  s tack.  Another control lable  f ac to r  i s  the  

stack height.  In the  Argonne repor t ,  i t  was shown t h a t  ground level  concentrations could be 

increased by 50% i f  a stack height of ha1 f of t h a t  used in the  ca lcula t ions  ( i  . e . ,  122 m 
instead of 244 m) i s  assumed. A t h i r d  f a c t o r  i s  t he  d i s t r i b u t i o n  of the  s tacks .  For a 3000 MWe 

plant  i t  i s  poss ib le  t h a t  emissions wi l l  come out of several  s tacks  around a given a rea ,  and not 

j u s t  one l a rge  s tack.  By dispers ing the  pol lu tants  in t h i s  manner, maximum ground level  concen- 

t r a t i o n s  could be lowered, although the  area covered by the  high concentrations could increase.  

Of course,  meteorological f ac to r s  such as  atmospheric s t a b i l i t y ,  wind speed, and mixing 

height can r e s u l t  in a wide va r i a t ion  in ground level  concentrations.  The only way any control  

can be exerted over these  f ac to r s  i s  i n  the  s i t i n g  of the  p lant  and in  con t ro l l ing  the  re lease  

of emissions during ce r t a in  meteorological episode s i t u a t i o n s .  The ca lcula t ions  presented in  

Table 5.7 should represent t h e  worst case condit ions t h a t  can be expected f o r  a p lant  s i t e d  

anywhere in  f l a t  t e r r a i n .  

5.2.3 Comparison of Air Qua l i ty  Estimates t o  Regulatory Constraints 

In t h i s  sec t ion the  r e s u l t s  of the  ca lcula t ions  a r e  presented in  l i g h t  of regulatory 

i ssues .  Table 5.8 r e i t e r a t e s  the  NAAQS f o r  the  pol lu tants  under consideration in t h i s  assess-  

ment (SO2, NOx and p a r t i c u l a t e s )  and the  PSO increments. I t  a l so  includes the  est imates of 

the  impacts from the  3000 MWe e l e c t r i c  generation f a c i l i t y  with emissions as given in Table 5.4. 

Table 5.8 c l e a r l y  i l l u s t r a t e s  t h a t  t he  coal - f i red  generating s t a t i o n s  considered do no t ,  

of themselves, contr ibute  a s i g n i f i c a n t  f r ac t ion  of the  annual average concentration allowed 

by the  NAAQS. The l a r g e s t  increment associated with a 3000 MWe f a c i l i t y  contr ibutes  l e s s  than 

5% of t h e  annual average NAAQS. However, t he  short-term maximum 24-hr standard f o r  SO2 can 

TABLE 5.8. Comparison of NAAQS and PSD Increments with Estimated 
Maximum Concentrations from Coal-Fired Power Plants 

Maximum Concentrations o r  PSD Increments, pg/m 3 

SO Par t i cu la t e s  
Averaging Time . ( ~ r i m a r y ) f ~ e c o n d a r y )  (Primary) (Secondaryr 3 ( a )  x- 
Annual average NAAQS 80 

PSD (Class I )  2 
PSD (Class 11) 20 
PSD (Class 111) 40 ( b )  
3000 MWe 3.8 

24-hour NAAQS 365 
PSD (Class I )  8 
PSD (Class 11) 91 
PSD (Class 111) 182 
3000 MWe 250-490(') 

3-hour NAAQS - - 
PSD(C1ass I )  - -  
rsu (Class IT) -- 
PSD (Class 111) -- 
3000 MWe - - 

( a )  Primary and Secondary Standard. 
(b) Based on CDM est imates using STAR data  from Boise, ID 
( c )  Based on Reference 8. 



i i m i t  t h e  s i z e  o r  emiss ion  r a t e  o f  t h e  e l e c t r i c a l  g e n e r a t i o n  f a c i l i t i e s .  The 3000 MWe f a c i l -  

i t i e s  cons idered  f o r  t h i s  s t u d y  appear t o  r e p r e s e n t  t h e  upper l i m i t  i n  p l a n t  s i z e  if emiss ions 

a r e  a t  t h e  a l l o w a b l e  New Source Performance Standard. I f  emiss ions based on t h e  H i t tman s tudy  ( 9 )  

were used, much l a r g e r  f a c i l i t i e s  w i t h  c o n t r o l l e d  s t a c k  e f f l u e n t s  would be p o s s i b l e ,  b u t  much 

s m a l l e r  f a c i l i t i e s  would be necessary if t h e r e  were no s t a c k  gas c o n t r o l s .  

Emiss ions o f  p a r t i c u l a t e s  f r o m  coa l  -f i r e d  g e n e r a t i i n  f a c i  1  i t i e s  c o n t r i b u t e  a  s i g n i f i c a n t l y  

s m a l l e r  f r a c t i o n  o f  t h e i r  r e s p e c t i v e  24-hr s tandards t h a n  do emiss ions o f  SO2. However, e x i s t -  

i n g  ambient  p a r t i c u l a t e  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  r e l a t i v e  t o  s tandards than  a r e  SO2 

1  eve1 s. For  example, s t e r n ( l O )  shows annual average background c o n c e n t r a t i o n s  i n  t h e  P a c i f i c  
3 Northwest  t o  range f r o m  10-20 ug/m o r  abou t  20% o f  t h e  annual s tandard,  w h i l e  background SO2 

l e v e l s  a r e  between 1% and 10% o f  " p o l l u t e d  a i r n  va lues;  hence, p a r t i c u l a t e  impacts must be 

c a r e f u l l y  cons idered  when a s s i g n i n g  p r i o r i t y  t o  f a c i l i t y  s i t i n g .  

The f o l l o w i n g  i s  an i n i t i a l  e v a l u a t i o n  o f  how t h e  Clearl Air A c t  Amendments o f  1977 w n ~ r l d  

c o n s t r a i n  t h e  coa l  u t i l i z a t i o n  scenar ios  based on  t h e  shor t - range  c o n c e n t r a t i o n s  i n  t h e  Nor th -  

west. From Tab le  5.8 i t  i s  e v i d e n t  t h a t  t h e  maximum arlnual c o n c e n t r a t i o n s  o f  SO2 f rnm a 3000 MWP 

r e f e r e n c e  t a c i  l i t y  w i  I I p r e v e n t  s i t i n g  w i t h i n  Class I areas.  I n  f a c t ,  i t  w i l l  be necessary, 

based on these  es t imates ,  t o  e s t a b l i s h  a  " b u f f e r  zone" around any Class I area f o r  s i t i n g  o f  

l a r g e  c o a l  f a c i l i t i e s ,  s i n c e  t h e  t r a n s p o r t  o f  p o l l u t a n t s  over  d i s t a n c e s  o f  perhaps a  few tens  

o f  k i l o m e t e r s  c o u l d  s t i l l  r e s u l t  i n  c o & e n t r a t i o n s  g r e a t e r  than  t h e  increments a l lowed f o r  

Class I areas.  Class I areas themselves w i l l  n o t  be cons idered  f o r  development under  these 

r e g u l a t i o n s .  By comparing t h e  l o c a t i o n  o f  t h e  cand ida te  s i t i n g  c o u n t i e s  ( F i g u r e  5.3) w i t h  t h e  

l o c a t i o n  of mandatory Class I areas ( F i g u r e  5.1), i t  can be seen t h a t  p o s s i b l e  s i t i n g  c o n s t r a i n t s  

due t o  PSD r e g u l a t i o n s  c o u l d  occur  i n  some areas. P o r t i o n s  o f  many cand ida te  s i t i n g  coun t ies ,  

w i t h  t h e  e x c e p t i o n  o f  those  i n  t h e  e a s t e r n  p o r t i o n  o f  t h e  Columbia Gorge and i n  t h e  c e n t r a l  

Columbia B a s i n  r e g i o n  o f  e a s t e r n  Washington S ta te ,  a r e  w i t h i n  100 km o f  t h e  boundar ies o f  

Class I areas.  

P a r t i c u l a t e  c o n c e n t r a t i o n s  a r e  n o t  as s e r i o u s  a  problem f o r  s i t i n g  coa l  f a c i l i t i e s  near  

Class I areas.  Never the less,  t h e  24-h r  c o n c e n t r a t i o n s  es t imated  h e r e  f o r  new coa l  f a c i l i t i e s  

w i l l  l i m i t  development w i t h i n  Class I areas.  U t i l i z a t i o n  o f  BACT w i l l ,  however, most l i k e l y  

r e v i s e  t h e  c o n c e n t r a t i o n  es t imates  downward, al ' though e x t e n s i v e  c o n t r o l s  would be r e q u i r e d  

beyond t h e  NSPS b e f o r e  s i t i n g  w i t h i n  Class I r e g i o n s  would be f e a s i b l e .  It i s  s a f e  t o  assume 

here  t h a t  v i r t u a l l y  a l l  coa l  development w i l l  have t o  t a k e  p l a c e  i n  r e g i o n s  o t h e r  than  Class I 

areas.  

Accord ing  t o  t h e  24-hr e s t i m a t e s  i n  Table 5.8, a d d i t i o n a l  c o n t r o l s  beyond those  necessary 

f o r  compl iance w i t h  t h e  New Source Performance Standards (NSPS) w i l l  be necessary t o  s i t e  l a r g e  

f a c i l i t i e s  w i t h i n  Class I 1  regions.,  C u r r e n t l y  a l  l s t a t e s  a r e  des igna ted  as Class 11, w i t h  t h e  

e x c e p t i o n  o f  t h e  mandatory Class I r e g i o n s .  For  a  3000 MWe r e f e r e n c e  p l a n t  w i t h  emiss ions 

e q u i v a l e n t  t o  t h e  NSPS, SO2 emiss ions  would have t o  be reduced by a  f a c t o r  o f  a t  l e a s t  2.75 t o  

comply w i t h  t h e  24-hr  PSD inc rementa l  s tandard,  and p a r t i c u l a t e  emiss ions would have t o  be 

reduced bjl as much as lux .  Some f u r t h e r  r e d u c t i o n  beyond compliance w i t h  t h e  NSPS c o u l d  be 

necessary t o  m a i n t a i n  t h e  3 -h r  maximum SO2 inc rementa l  PSD s tandard  as w e l l .  M u l t i p l e  f a c i l -  

i t i e s  t o t a l i n g  more t h a n  about  5000 MWe c o u l d  c l e a r l y  r e q u i r e  a d d i t i o n a l  c o n t r o l s  accord ing  t o  

Tab le  5.8. I n  essence, t h i s  i m p l i e s  t h a t  f o r  l a r g e - s c a l e  coa l  development i n  t h e  West, BACT 



must reduce SO2 and p a r t i c u l a t e  emiss ions by more than  t h e  NSPS t o  comply w i t h  PSD r e g u l a t i o n s  

f o r  Class I 1  reg ions .  As shown by ~ e n n e , ' ~ )  even t o  comply w i t h  NSPS would- r e q u i r e  c o n t r o l s  on 

f a c i l i t i e s  b u r n i n g  Montana o r  Wyoming coa l  f o r  over  h a l f  o f  t h e  s t r i p p a b l e  o r  underground 

resources  i n  those  two s t a t e s .  

The a l l o w a b l e  increments f o r  Class I11 r e g i o n s  a r e  l a r g e  enough t o  accommodate about  

2200 MWe o f  c o a l - f i r e d  g e n e r a t i n g  c a p a c i t y '  i n  a  r e g i o n  i f  t h e  f a c i  1  i t i e s  opera te  w i t h i n  t h e  

NSPS, accord ing  t o  t h e  24-hr maximum a l l o w a b l e  increments o f  SO2 under  PSD. The 24-hr  i n c r e -  

ment o f  t h e  PSD standards i s  t h e  most c o n s t r a i n i n g  f o r  c o a l - f i r e d  power p l a n t  development, 

accord ing  t o  t h i s  a n a l y s i s .  I n  a d d i t i o n ,  many areas, accord ing  t o  t h e  Clean A i r  A c t  Amendments 

o f  1977, cannot  be des igna ted  Class I11 by t h e  s t a t e s ,  i n c l u d i n g  n a t i o n a l  monuments, p r i m i t i v e  

areas, preserves,  r e c r e a t i o n  areas, w i l d  and s c e n i c  r i v e r s ,  w i l d l i f e  re fuges ,  lakeshores and 

seashores o f  g r e a t e r  than  10,000 a c r e s . i n  size,, and n a t i o n a l  parks and w i l d e r n e s s  areas; es tab-  

l i s h e d  a f t e r  t h e  Amendments, g r e a t e r  t h a n  10,000 acres i n  s i z e .  T h i s  represen ts  a  s i g n i f i c a n t  

amount o f  l a n d  i n  t h e  West. 

5.2.4 Long-Range T r a n s p o r t  o f  S u l f u r  D i o x i d e  and S u l f a t e s  

A  s i g n i f i c a n t  impact  of c o a l - f i r e d  power p l a n t  emiss ions i s  t h e  long-range t r a n s p o r t  o f  

s u l f u r  d i o x i d e  and i t s  t r a n s f o r m a t i o n  t o  s u l f a t e  aeroso ls  b e f o r e  be ing  removed f rom t h e  atmos- 

phere by wet and d r y  d e p o s i t i o n  processes. Evidence e x i s t s  t h a t  s u l f a t e  aeroso ls  may have 

c e r t a i n  h e a l t h  e f f e c t s ,  and o v e r  l o n g  p e r i o d s  of t i m e  they  can b u i l d  up i n  t h e  s o i l  p r o f i l e  a"d 

have i m p o r t a n t  e c o l o g i c a l  and a g r i c u l t u r a l  i m p l i c a t i o n s ,  even a t  l a r g e  d i s t a n c e s  f r o m  t h e  source. 

A  r e g i o n a l  t r a n s p o r t ,  t r a n s f o r m a t i o n ,  and removal model t h a t  uses a c t u a l  upper a i r  meteoro- 

l o g i c a l  d a t a  t o  account  f o r  t h e  temporal and s p a t i a l  v a r i a b i l i t y  o f  t h e  wind f i e l d  has been 

a p p l i e d  t o  t h e  y e a r  2020 c o a l - r e l a t e d  energy development s c e n a r i o  f o r  t h e  e n t i r e  western U n i t e d  

S ta tes  (west  o f  t h e  100 th  m e r i d i a n ) .  T h i s  model a l l o w s  an. assessment o f  t h e  s u l f u r  t o  s u l f a t e  

problem t o  be made, as w e l l  as an assessment o f  t h e  impact  o f  m u l t i p l e  sources on t h e  a i r  q u a l -  

i t y  o f  a  r e g i o n .  The model i s  a l s o  u s e f u l  i n  assess ing t h e  impact  o f  PSD r e g u l a t i o n s  on f u t u r e  

coa l  development. T h i s  model has been descr ibed  as i t  was a p p l i e d  i n  two e a r l i e r  s t u d i e s .  (11 ,12) 

T h i s  s e c t i o n  descr ibes  t h e  a p p l i c a t i o n  o f  t h i s  model t o  t h e  western U n i t e d  S t a t e s  f o r  t h e  

2020 s c e n a r i o  and t h e  r e s u l t s  o f  t h e  model c a l c u l a t i o n s  f o r  a  one-month p e r i o d  o f  m e t e o r o l o g i -  

c a l  da ta .  (See Appendix C  f o r  a  d e t a i l e d  d e s c r i p t i o n  o f  t h e  model . )  

5.2.4.1 E x i s t i n g  Emissions 

The i n v e n t o r y  o f  e x i s t i n g  l a r g e  p o i n t  SO2 e m i t t e r s  i n  t h e  western U n i t e d  S t a t e s  was com- 

p i l e d  u s i n g  c u r r e n t l y  a v a i l a b l e  d a t a  f r o m  t h e  NEDS" 3, and s t a t e  ai .r  p o l l u t i o n  c o n t r o l  agencies.  

Only source l o c a t i o n s  w i t h  g r e a t e r  t h a n  ,4500 t o n n e s l y r  were used i n  t h e  r e g i o n a l  model. I n  

areas where emiss ion  sources were r e l a t i v e l y  c l o s e  ( w i t h i n  50 km o f  each o t h e r ) ,  t h e  emiss ions 

were con~bincd f o r  c a l c u l a t i o n a l  f a c i  1  i ty. 

The y e a r  f o r  which t h e  emiss ion  d a t a  i s  a p p l i c a b l e  v a r i e s  f rom s t a t e  t o  s t a t e  and source 

t o  source. I n  some cases, updated emiss ions d a t a  were o b t a i n e d  d i r e c t l y  f rom s t a t e  a i r  p o l l u -  

t i o n  c o n t r o l  agencies.  The emiss ions data. used f rom t h i s  i n v e n t o r y  i n c l u d e d  e v e r y t h i n g  excep t  

c o a l - f i r e d  power p l a n t s .  Emissions f o r  c o a l - f i r e d . p o w e r  p l a n t s  have been es t imated  by assuming 

t h a t  a l l  f a c i l i t i e s  opera te  a t  t h e  NSPS and a t  a  60% l o a d  f a c t o r .  I n  t h e  western U n i t e d  S t a t e s  



d a t a  base, 66 source l o c a t i o n s  w i t h  SO2 emmissions o f  4500 t o n n e s l y r  o r  more e x i s t .  Twenty o f  t h e  
66 l o c a t i o n s  a r e  c o a l - f i r e d  power p l a n t s .  The l a r g e s t  SO2 e m i t t e r s  a r e  sme l te rs ,  and t h e  m a j o r i t y  

o f  these  a r e  l o c a t e d  i n  sou theas t  Ar izona.  The SO2 emiss ions have been reduced c o n s i d e r a b l y  i n  

some areas o f  t h e  West th rough  envi ronmenta l  c o n t r o l  equipment and p r a c t i c e s .  For  example, 
t h e  t o t a l  SO2 emiss ions from s m e l t e r s  i n  Ar i zona  were reduced by approx imate ly  50% f r o m  1972 

t o  1976.(14) 

5.2.4.2 P r o j e c t e d  Emissions f o r  Year 2020 Scenar ios 

Candidate s i t i n g  areas f o r  eoal  - f i 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  i n  t h e  

wes te rn  U n i t e d  S ta tes  a r e  based on d a t a  s u p p l i e d  by Argonne N a t i o n a l  Labora to ry  ( N o r t h  Dakota, 

South Dakota, ~ e b r a s k a ,  and Kansas), Lawrence Berke ley  Labora to ry  ( C a l i f o r n i a ) ,  Los Alamos 

L a b o r a t o r y  (Rocky Mounta in s t a t e s ) ,  and. Oak Ridge N a t i o n a l  Labora to ry  (Texas dlld Oklahoma). 

Emiss ion es t imates  t o  t h e  y e a r  2020 f o r  t h e  p r o j e c t e d  c o a l - f i r e d  power p l a n t s  a r e  bused on cu r -  

r e n t  NSPS and e 60% p l a r ~ t  l o a d  f a c t o r ,  t h e  same c r i t e r i a  a p p l i e d  t o  e x i s t i n g  p l a n t s .  No a t t e m p t  

has been made i n  t h i s  s t u d y  t o  p r o j e c t  t h e  growth o f  o t h e r  t ypes  o f  SO2 e m i t t e r s ,  such as smel- 

t e r s  and r e f i n e r i e s .  

F i f t y - s i x  cand ida te  s i t e s  f o r  new f a c i l i t i e s  t o  2020 have been s p e c i f i e d  f o r  t h e  western 

U n i t e d  S t a t e s .  Table 5.9 g i v e s  a breakdown o f  e x i s t i n g  versus p r o j e c t e d  emiss ions used i n  t h e  

assessment f o r  t h e  wes te rn  U n i t e d  S ta tes .  

TABLE 5.9. T o t a l  SO Emissions Used i n  t h e  
Western 6egion Assessment 

SO2 Emi s s i o n s  
( t o n n e s l y r  x  103) 

E x i s t i n g  ( indus.tr . ' ia l  + power p l a n t s )  

Year 2020 H igh  Coal E l e c t r i c  s c e n a r i o  

T o t a l  

5.2.4.3 SO, Concen t ra t ions  

Three d i t f e r e n t  scenar ios  o f  SO2 c o n c e n t r a t i o n s  f o r  t h e  western U n i t e d  S ta tes  a r e  descr ibed :  

1  ) t h e  e x i s t i n q ,  2 )  t h e  increment.al f r n m  t h e  High Coal E l c c t r i c  scenar io  t o  l l l e  y e d r  2020, and 

3)  t h e  sum o f  t h e  above. F i g u r e  5.5 shows t h e  es t imated  e x i z t i n g  SO2 concentrat . ions.  Rcpions 

o f  h i g h e s t  c o n c e n t r a t i o n s  a r e  p r i m a r i l y  i n  areas w i t h  l a r g e  sme l te rs ,  r e f i n e r i e s  o r  power p l a n t s .  
3 Tile ~ ~ ~ d x i l l ~ u r n  e x l s t l n g  c o n c e n t r a t i o n s  c a l c u l a t e d  f o r  t h e  western r e g i o n  a r e  15 pq/m i n  sou theas t  

A r i z o n a  due t o  l a r g e  s m e l t e r s  i n  t h a t  area. Th is  i s  w e l l  below t h e  NAAQS maximum a l l o w a b l e  
3 annual  c o n c e n t r a t i o n s  (80  ug/m ) and s t a t e  s tandards .  However, t h e  model c a l c u l a t i o n s  a r e  aver -  

aged f o r  an area o t  4U15 km2 and much h i g h e r  c o n c e n t r a t i o n s  a r e  a c t u a l l y  b e i n g  observed i n  t h e  

v i c i n i t y  o f  these  sources. (li) T h i s  s i t u a t i o n  c o u l d  a l s o  e x i s t  f o r  o t h e r  areas w i t h  l a r g e  p o i n t  

SO2 emiss ions  i n  t h i s  assessment. A lso,  t h e  es t imates  may u n d e r s t a t e  a c t u a l  c o n d i t i o n s  s i n c e  

m o b i l e  and sma l l  s t a t i o n a r y  sources o f  SO2 have n o t  been inc luded .  

The inc rementa l  SO2 c o n c e n t r a t i o n s  p r e d i c t e d  f o r  t h e  H igh  Coal E l e c t r i c  s c e n a r i o  t o  t h e  
3 y e a r  2020 a r e  shown i n  F i g u r e  5.6. L a r g e s t  inc rementa l  va lues a r e  19  ug/m i n  nor thwes t  New 

Mexico, and 11 pg/m3 i n  s o u t h c e n t r a l  Washington. These a r e  t h e  two r e g i o n s  w i t h  t h e  most capa- 

c i t y  i n  t h e  H igh  Coal E l e c t r i c  scenar io .  Inc rementa l  c o n c e n t r a t i o n s  a r e  l e s s  than  10 pglm 3 



FIGURE 5.5. Estimated SO2 Concentrations fo r  Existing Large Point 
Sources West of 100' W. Values represent average fo r  
October 1974 upper a i r  data. 

f o r  a l l  other candidate areas of the West. While these incremental concentrations a re  a small 
f ract ion of the maximum allowable annual concentrations, they could be qui te  important i f  they 

3 extend over areas where only small increases in SO2 concentrations, such as 2 ug/m for  Class I 
areas, are  allowed under PSD Regulations. (These constraints a re  described in Section 5.1.) 
However, the regional a i r  concentrations could be markedly lower i f  plants apply BACl t o  reduce 
emissions. 

Figure 5.7 shows the combined concentrations of the existing plus the High Coal Electr ic  
scenario t o  the year 2020. Although the background concentrations from the industrial and 
other noncoal related SO2 emitters can be expected t o  change considerably by the year 2020, t h i s  
analysis shows where problem areas can develop under the assumed s i t i ng  patterns. New candi- 
date s i t i ng  areas are  primarily located where existing concentrations a re  low. However, the 
analysis shows tha t  regional -scale interactions of concentrations greater than 2 pY/ll? would 
cover a s ignif icant  portion of t h e  West and t h i s  could pose problems w i t h  respect t o  the PSD 
Regulations. 

5.2.4.4 Sulfate Concentrations 

t igure 5.8 shows the combdned su l fa te  concentrations resul t ing from the existing sources 
plus the High Coal Electric scenario t o  the year 2020. Largest su l fa te  concentrations are  

5.21 . 



FIGURE 5.6. Estimated SO2 Concentration Increments f o r  the High Coal 
E l e c t r i c  Scenario Projected t o  the Year 2020. Values 
reyr.e5erlL average f o r  October 1974 upper a i r  data. 

3 ca lcu la ted t o  be 5 t o  6 pg/m . I n  contrast t o  SO2 concentrations, the su l fa te  concentrations 

decrease much more slowly w i th  distance from the source. Thus, regional-scale in teract ions are 

more apparent wi th  su l fa te  than w i t h  SO2 concentrations, as su l fa te  concentrations o f  3 vg/m 3 

o r  greater cover large areas i n  the Great Plains, Sn~~thwest and Northwest. 

NAAQS f o r  su l fa tes have not been established. However, some evidence ex is ts  t ha t  su l fa tes 

can cause health problems, and some states have established t h e i r  own a i r  qua1 i t y  standards far 

su l fa tes (e. g., Montana and North Dakota, where the maximum a1 lowable annual su l f a t e  concentra- 
3 t i o n  i s  4 pg/m ). Thus, su l fa te  concentrations could prove t o  be a l i m i t i n g  const ra in t  t n  future 

s i t i n g  i n  some regions i f  emission leve ls  up t o  the Federal New Source Performance Standards are 

permitted. 

5.2.4.5 SO, and Sul fa te  Depositions 

Depositions o f  SO2 &lid bu l fd tes f o r  the ex is t ing  and High Coal E l ec t r i c  scenario t o  the 

year 2020 are shown i n  Figures 5.9 and 5.10, respect ively.  These values represent the t o t a l  

amount deposited on the surface f o r  the month. Large var ia t ions i n  the su l fa te  deposit ion pat-  

terns are expected due p r ima r i l y  t o  the seasonal var ia t ions i n  the p rec i p i t a t i on  throughout the 

western United States. 



FIGURE 5.7. Estimated SO2 Concentrations f o r  E x i s t i n g  Sources West o f  100" W 
and the  High Coal E l e c t r i c  Scenario Projected t o  the Year 2000. 
Values represent average f o r  October 1974 upper a i r  data. 

The SO2 depos i t ion  pat terns  are s i m i l a r  t o  the SO2 concentrat ion pat terns .  The analysis 

shows t h a t  1 g/m2, o r  9 l b lac re ,  o r  more o f  SO2 can be deposited onto the t e r r e s t r i a l  environ- 
6 

ment i n  some areas. Assuming t h a t  the  top  f o o t  o f  a s o i l  p r o f i l e  weighs roughly 6 x 10 lb/acre,  

t h i s  would r e s u l t  i n  a s u l f u r  concentrat ion i n  the  s o i l  p r o f i l e  o f  0.75 ppm. Although damage 

could occur as the SO2 passes through the  p l a n t  canopy t o  t h e  s o i l ,  t h i s  increase 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  could b e n e f i t  a g r i c u l t u r e  i n  some regions. (11 ) 

The l a r g e s t  su l fa te  deposi t ions are  roughly a f a c t o r  o f  5 t o  10 smal ler  than SO2 deposi- 

t i ons .  This i s  due i n  p a r t  t o  the  depos i t ion  o f  much o f  t he  SO2 (by wet and dry  removal proc- 

esses) before being transformed t o  su l fa te .  

5.2.4.6 %-Sulfate Budgets - - - - "  

The t o t a l  SO2-sulfate budgets (percent o f  t he  t o t a l  mass emi t ted dur ing the  month t h a t  

i s  deposited, remains i n  the a i r ,  o r  t ranspor ted o f f  t he  g r i d )  f o r  the  combined e x i s t i n g  and 

High Coal E l e c t r i c  scenario t o  the year 2020 f o r  t he  western Uni ted States g r i d  are presented 

i n  Table 5.10. The budgets are  based on 122 source locat ions w i t h  SO2 emissions t o t a l i n g  

7014.5 k i l o t o n s l y r .  The percent o f  the  SO, and su l fa tes  deposited and t ransported o f f  t he  

g r i d  i s  s t rong ly  in f luenced by the  l o c a t i o n  o f  t he  l a r g e s t  emi t te rs  i n  the  region.  For example, 



FIGURE 5.8. Estimated Sulfate Concentrations f o r  Ex is t ing  Sources 
West of 100' W and the High Cnal F l p r t r i t  Scenario 
Projected t o  the Year 2020. Values r.epr-esor~ L dverdge 
tor Uctober 1974 upper a i r  data. 

over 45% o f  the SO2 was transformed i n t o  su l fa tes i n  Wyoming, whi le less than 30% was transformed 

i n t o  su l fa tes i n  Washington and Oregon. These di f ferences are' p r imar i l y  due t o  var ia t ions i n  

meteorological condit ions and t e r r a i n  character is t ics  t ha t  a f f e c t  the removal o f  SO2 before 
being tran-,fnrmed t n  rpt~lfilte. 

TABLE 5.10. Total  Sop-Sulfate Rodg~ t  f n r  
the Western United States 

Pe rcw t  
L e f t  i n  A i r  Deposited on Transported 

Over Grid Surface o f  Grid Be ond Grid 
Period % % s o , %  4 Total 

October 1-31, 1974 2.2 2.3 62.1 19.7 2.0 11.6 100.0 

5.2.4.7 Acid Ra in fa l l  

The long-range t ranspor t  model used i n  t h i s  assessment a lso has the capab i l i t y  t o  calcu- 

l a t e  the pH balance o f  r a i n f a l l  where p rec i p i t a t i on  scavenging o f  airborne SO2 and su l fa tes 

occurs. Although patterns o f  pH leve ls  are no t  shown here, minimum pH values are calculated 



FIGURE 5.9. Estimated SO2 Depositions f o r  Ex is t ing  Sources West 
o f  100" W and the High Coal E l ec t r i c  Scenario 
Projected t o  the Year 2020. Values represent 
t o t a l  deposit ion i n  October 1974. 

t o  be as low as 4.0 i n  the Columbia Basin region and i n  the southwest United States. However, 

because o f  the low r a i n f a l l  t h a t  occurs i n  these regions, the low pH values are not  expected 

t o  represent a s i gn i f i can t  impact. 

5.3 ISSUES REQUIRING FURTHER ANALYSIS 

On the basis o f  the study presented here, several issues requi re  fu r the r  analysis. One 

i s  the issue o f  BACT and the determination o f  the appropriate emission factors  t o  be used i n  a 
coal assessment. Clearly, t h ~  NSPS represent the upper l i m i t  f o r  emissions from new coal - f i r e d  

power plants. Plants burning western low su l f u r  coal, and applying BACT, w i l l  emit f a r  less 

po l lu tants  than the NSPS. I t  remains t o  be seen what regulat ions on the standard o f  performance 

f o r  coal - f i r e d  power plants w i l l  evolve based on the concept o f  BACT; when they do, i t  w i l l  be 
necessary t o  analyze the coal development scenarios using the new emission factors.  The possi- 

b i  1 i t y  t ha t  these emissions could be var ied f o r  d i f f e r e n t  meteorological condit ions t o  control  

ground l eve l  concentrations also needs t o  be assessed. 

A second major issue re la tes  t o  the scenarios themselves. S i t i ng  scenarios are always 

d i f f i c u l t  t o  develop f o r  a large region. Nevertheless, they are necessary i n  order t o  address 

5.25 



FIGURE 5.10. Estimated Sulfate Depositions fo r  Existing Sources West 
of 100' W and the High Coal Electric Scenario Projected 
t o  the Year 2020. Values represent to ta l  deposition in 
OL Luber 1 974. 

the impact of the development on a i r  quality.  As s i t i ng  scenarios a re  refined, additional 
analyses of coal development scenarios should be made. 

A th i rd  major issue concerns the modeling used in  the analyses. The models used i n  t h i s  

study are  models tha t  have received wide application. Nevertheless, they a re  f l a t  terrain 

models and do not account f o r  the  e f f ec t  tha t  local terrain features may play on the dis t r ibu-  
t ion and concentration of pollutants. As more specif ic  s i t i ng  scenarios a re  established, i t  

will  be appropriate t o  apply complex te r ra in  models, which may cover different  space scales 
than those used here, t o  future coal development. l his type o t  analysis i s  particularly impor- 
t an t  f o r  the short-term maximum concentration estimates, which appear t o  be the most c r i t i c a l  
constraint  t o  coal development based on the allowable a i r  quality l imits  imposed by the Clean 
Air Act. 

Along w i t h  the  types of models used in the analysis,  the sens i t iv i ty  of the model resu l t s  
t o  various input parameters, and the uncertainty of the input parameters themselves, need t o  
be assessed. Some of the analyses shown in t h i s  report indicate the models can be highly sensi 
t i ve  t o  input information such a s  atmospheric s t a b i l i t y  and mean wind speed. 



A f o u r t h  ma jo r  i s s u e  i s  v i s i b i l i t y .  As t h e  t i m e t a b l e  f o r  e s t a b l i s h i n g  v i s i b i l i t y  r e g u l a -  

t i o n s  proceeds, a  s p e c i a l  assessment needs t o  be per formed on t h i s  i s s u e .  The types  o f  models 

t h a t  a r e  c u r r e n t l y  a v a i l a b l e  and t h e  k i n d s  o f  i n f o r m a t i o n  these  models can p r o v i d e  need t o  be 

surveyed immediate ly .  Those models t h a t  b e s t  d e s c r i b e  t h e  v i s i b i l i t y  impacts addressed i n  t h e  

Clean A i r  A c t  need t o  be a p p l i e d  t o  t h e  western r e g i o n  H igh  Coal E l e c t r i c  s c e n a r i o  t o  assess 

t h e  e x t e n t  o f  v i s i b i l i t y  impai rment  t h a t  c o u l d  occur  i n  t h e  n a t i o n a l  parks and w i l d e r n e s s  areas 

o f  t h i s  r e g i o n .  

A  f i f t h  ma jo r  i s s u e  i s  a  c l e a r  d e f i n i t i o n  o f  t h e  c u r r e n t  background a i r  q u a 1 i . t ~  s i t u a t i o n  

t h a t  e x i s t s  i n  t h e  P a c i f i c . N o r t h w e s t .  A l though  c u r r e n t  d a t a  a r e  a v a i l a b l e ,  t h e  sources o f  

these  d a t a  a r e  fragmented. These d a t a  need t o  be c o l l e c t e d  and summarized i n  a  fo rmat  t h a t  

w i l l  a l l o w  a  more d e t a i l e d  q u a n t i t a t i v e  assessment o f  t h e  impact  o f  f u t u r e  coa l  development 

on e x i s t i n g  a i r  q u a l i t y  i n  t h e  r e g i o n  than  was p resen ted  here. 

F i n a l l y ,  o t h e r  i ssues  c o n t i n u e  t o  a r i s e  f rom t i m e  t o  t ime.  For  example, t h e  i s s u e  o f  

g l o b a l  c l i m a t i c  change due t o  t h e  l a r g e - s c a l e  r e l e a s e  o f  C02 and p a r t i c u l a t e s  f r o m  b u r n i n g  o f  

f o s s i l  f u e l s  needs t o  be assessed. As ano ther  examp'le, t h e  secondary impacts on a i r  q u a l i t y  

a s s o c i a t e d  w i t h  t h e  growth of o t h e r  emiss ion  sources due t o  t h e  development o f  t h e  coa l  resource  

need t o  be 'examined. 
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6.0 IMPACTS ON WATER USE A N D  QUALITY 

Chapter 6 assesses the water consumption and water quality impacts of two scenarios of 
coal-fired power generation for the period 1975-2020. The analysis i s  conducted for the seven 
"aggregated subareas" (ASAs) into which the states of Idaho, Oregon and Washington have been 
divided by studies of the Water Resources Council, and for three areas of southcentral Alaska. 

Water consumption impacts in the three contiguous states are assessed by comparing the 
estimated withdrawals and consumption of water by projected power plants within each ASA to 
total surface water flows. Where appropriate, water withdrawals and consumption are also com- 
pared to historic and projected monthly low flows of the Columbia and Snake Rivers at key points, 
as simulated by the U.S. Army Corps of Engineers. In developing these comparisons we have 
assumed that all plants would use wet-tower evaporative cooling and would withdraw their water 
supply from the largest surface source in the identified candidate county. Thus, all water i s  
assumed to be withdrawn from the Columbia or Snake Rivers or from coastal estuaries. N o  
attempt has been made to assess the legal availability of surface water supplies, but possible 
conflicts with other water uses are identified. For the two Alaskan areas, power plant water require- 
ments are compared to the very limited data o n  low flows in the major nearby rivers. 

Water quality impacts are assessed on  the assumption that all coal-fired power plants 
collect, treat and release all liquid effluents as necessary to meet Federal New Source Perform- 
ance Standards. Resulting pollutant releases are compared,qualitatively to existing background 
conditions in the ASAs and in the relevant Alaskan rivers. O n  the basis of this analysis, our con- 
clusions follow. 

Surface water supplies are more than adequate to  meet the needs of new coal-fired generat- 
ing plants that may be located o n  the Columbia or Snake Rivers. I n  most cases less than 1% of the 
mean low flow would be used under the scenarios studied. 

Increasing competition for available supplies among alternative uses-principally power 
generation, irrigated agriculture, and fisheries maintenance-may result in institutional constraints 
on water availability for energy generation. 

Off-stream storage reservoirs may be used to minimize conflicts with other water uses 
during critical low flow periods. 

Though current national (EPA) policies strongly favor the use of cooling towers or ponds 
instead of once-through cooling, the choice of cooling technology to be used may become a 
debated subject i n  the region due to high-volume stream flows, ocean access, and the value of 
water in alternative uses. If once-through cooling i s  not allowed, the coastal candidate counties 
wil l lose much of their attractiveness for plant siting. 

Competition for water i s  most intense in the Snake River. The state of Idaho i s  considering 
setting aside adequate supplies for power generation through administrative allocations. 

Assuming Federal New Source Performance Standards, routine effluent releases will 
essentially be limited to dissolved solids, which are expected to have little impact on  a regional 
scale. 

Heavy metals and abnormally acid or alkaline waters accidentally released by surface run- 
off from coal and ash storage piles, or released from leaching from ash and sludge disposal areas, 
are the greatest threat of localized water pollution. 

The region's unique present dependence on  hydroelectric generating facilities suggests 
that an important potential impact of coal-fired plants (or other thermal base-load power plants 
developed i n  the future) is that hydro facilities may operate to  supply peak loads, resulting in  
more rapid and extreme fluctuations in river flows. 



Potential Alaskan coal development poses a unique situation. Our preliminary data indicate 
that adequate surface water supplies are available t o  serve the postulated mines and power plants. 
However, streams exhibit extreme seasonal fluctuations in flow, and the impacts of sedimentation 
and other potential water quality impacts sf  mining are highly uncertain. The availability of 
ground water to meet energy development needs has not been determined. 

The following important topics for additional research are identified: 

Research is needed to assess the environmental and economic tradeoffs among competing 
alternative water uses in the Columbia and Snake Rivers. 

The relative environmental benefits and costs of once-through cooling need to be investigated 
for coastal and Alaskan sites. The potential use of heated effluents for fish culture in Alaska 
should also be investigated. 

The feasibility and implications of using ground water sources for new thermal plants should 
be investigated, particularly for Snake River, mid-Columbia and Alaskan sitcs. 

The P a c i f i c  Nor thwest  Region, as d e f i n e d  f o r  t h i s  a n a l y s i s .  c o n s i s t s  o f  seven aggregated 

subareas (ASAs) d e l i n e a t e d  by t h e  U .S .  Water Resources C o u n c i l .  These aggregated subareas a r e  

shown i n  F i g u r e  6.1. I n  t o t a l ,  t h e y  compr ise a  r e g i o n  o f  g r e a t  p h y s i c a l  and c l i m a t i c  d i v e r s i t y  

The 267,309 square m i l e s  o f  t h e  r e g i o n  i n c l u d e  a l l  o f  Washington, a l l  b u t  smal l  p o r t i o n s  o f  

Idaho and Oregon, and t h e  westward f l o w i n g  d r a i n a g e s . o f  no r thwes t  Montana. ( 1  

P r e c i p i t a t i o n  i n  t h e  r e g i o n  ranges f rom l e s s  than  10 i n .  p e r  y e a r  i n  p o r t i o n s  o f  t h e  

Columbia Bas in  and Snake R i v e r  P la teau  t o  n e a r l y  200 i n .  p e r  y e a r  i n  some c o a s t a l  areas.  I n  

t h e  a reas  o f  g r e a t e r  p r e c i p i t a t i o n  ( c o a s t a l ,  Cascade Mountains, western, s lopes o f  t.he Rocky 

Mounta ins) ,  a  marked seasonal d i s t r i b u t i o n  ocdurs, w i t h  most p r e c i p i t a t i o n  i n  t h e  f a l l ,  w i n t e r ,  

and s p r i n g .  The a r i d  i n t e r i o r  b a s i n s  and p l a t e a u s  a r e  h e a v i l y  dependent on snow m e l t  f rom 

b o r d e r i n g  mountainous areas,  i n c l u d i n g  Canadian p o r t i o n s  n f  t h e  Cnl i~mhia R i v e r  d ra inage .  N a t u r a l  

s t reamf lows,  t h e r e f o r e ,  e x h i b i t  extreme seasonal f l u c t u a t i o n s  th roughou t  t h e  r e g i o n  w i t h  w i n t e r -  

s p r i n g  peaks west o f  t h e  Cascades and spring-summer peaks e a s t  o f  these  mountains. The opera-  

t i o n  o f  numerous dams f o r  h y d r o e l e c t r i c  power g e n e r a t i o n  and o t h e r  purposes has s u b s t a n t i a l l y  

a l t e r e d  and reduced extremes i n  n a t u r a l  s t reamf low p a t t e r n s ,  p a r t i c u l a r l y  i n  t h e  Columbia and 

Snake R i v e r s .  

O f  t h e  seven ASAs i n  t h e  P a c i f i c  Nor thwest  Reginn, o n l y  f n u r  p l a y  a  d i r e c t  r o l e  i n  t h i s  

assessment o f  t h e  impacts o f  f u t u r e  energy f rom c o a l  on wate r  resources .  The o t h e r  t h r e e  

subareas ( 1  701 : C l a r k  Fork-Kootenai-Spokane; 1704: Lower Snake; and 1707: Closed Oregon 

B a s i n )  a r e  n o t  p r o j e c t e d  t o  c o n t a i n .  w i t h i n  t . h ~  ~ r ~ n a r i n z  eramined i n  t h i s  t t u d y ,  any coa l  

f i r e d  power p l a n t s ,  mines, o r  coa l  convers ion  f a c i l i t i e s .  The C l a r k  Fork and Lower Snake 

subareas w i l l  be i n d i r e c t l y  a f f e c t e d  by t h e  scenar ios ,  however, s i n c e  t h e y  c o n t a i n  h y d r o e l e c t r i c  

g e n e r a t i n g  f a c i l i t i e s  t h a t  may exper ience  s h i f t s  toward g r e a t e r  use as peaking power f a c i l i t i e s  

as  new thermal  p l a n t s  come on l i n e  t n  p r o v i d e  a  g r e a t e r  share o f  t h e  r e g i o n ' s  basc l o a d .  

F i g u r e  6.1 shows t h e  l o c a t i o n  o f  c o u n t i e s  i d e n t i f i e d  as s i t e s  o f  new c o a l - f i r e d  power p l a n t s  i n  

t h e  two scenar ios  examined i n  t h i s  s tudy .  Except f o r  t h e  e x i s t i n g  power p l a n t  and mine near  

C e n t r a l i a ,  Washington, which use t h e  Skookumchuck R i v e r ,  a l l  t hese  s i t e s  a r e  assumed t o  draw 

t h e i r  wa te r  s u p p l i e s  f r o m  t h e  l a r g e s t  wa te r  source a v a i l a b l e  i n  t h e  c o u n t y - - e i t h e r  t h e  



1701: CLARK FORK-KOOTENAI-SPOKANE 

FIGURE 6.1. Aggregated Subareas o f  t h e  P a c i f i c  Northwest and Candidate Count ies f o r  
Coal -F i red Power P l a n t  S i t e s  



Columbia R i v e r ,  t h e  Snake R iver ,  e s t u a r i e s ,  o r  t h e  P a c i f i c  Ocean. As a  r e s u l t ,  t h e  d iscuss ions  

o f  resource  a v a i l a b i l i t y  and impacts o f  c o a l  u t i l i z a t i o n  t h a t  f o 1 l . o ~  a r e  c o n f i n e d  t o  these  wate r  

bodies.  

6.1 IMPACTS ON WATER SUPPLY AND USE 

6.1.1 P h y s i c a l l y  A v a i l a b l e  Supp l ies  

The g ross  wa te r  s u p p l i e s  o f  t h e  Columbia and Snake R i v e r s  a r e  v e r y  l a r g e ,  as i l l u s t r a t e d  

by observed and p r o j e c t e d  l o w  f l o w s .  The U.S. Army Corps o f  Engineers has used 30 years  o f  

h i s t o r i c a l  da ta ,  m o d i f i e d  by 1970 l e v e l s  o f  i r r i g a t i o n  d e p l e t i o n ,  t o  s i m u l a t e  r i v e r  f l o w s .  ( a )  

Even f o r  t h e  months o f  l o w e s t  f l o w  i n  t h e  d r i e s t  years,  f l o w s  averaged between 28,000 and 74,000 

m i l l i o n  g a l l o n s ' p e r  day (MGD) f o r  o b s e r v a t i o n  p o i n t s  a long  t h e  Columbia f rom C h i e f  Joseph Ram 
t o  B o n n e v i l l e  Dam, t h e  r i v e r  reach  i n  which t h e  p r o j e c t e d  power p l a n t s  would be l o c a t e d .  For  

t h e  Snake R i v e r  a  minimum f l o w  o f  3230 MGD (5000 c f s )  i s  r e q u i r e d  a t  Brownlee Dam, which i s  

downstream from a l l  p r o j e c t e d  p l a n t  s i t e s .  S imulated f l o w s  approach t h i s  minimum o n l y  i n  

extreme c i rcumstances and t y p i c a l l y  a r e  2-3 t imes  t h e  I,,~~~IIIUIII. S i m i l a r  s i m u l a t i o n s ,  u s i n g  

expected l e v e l s  o f  wa te r  use by i r r i g a t e d  a g r i c u l t u r e ,  f o r  t h e  y e a r  2020, p r o j e c t  l o w e s t  month 

Columbia R i v e r  f l o w s  a t  20,000 t o  76,000 MGD, and Snake R i v e r  f l o w s  f r e q u e n t l y  approaching o r  

a t  t h e  minimum a l lowed f l o w  l e v e l  o f  3230 MGD. By comparison, a  t y p i c a l  1000 MWe c o a l - f i r e d  

power p l a n t  r e q u i r e s  approx imate ly  16  MGD, t w o - t h i r d s  o f  which a r e  consumed, m o s t l y  i n  evapora- 

t i v e  c o o l i n g .  ~ o r e ' c o m ~ l e t e  s i m u l a t i o n  r e s u l t s  f o r  1970 and 2020 d e p l e t i o n  l e v e l s  a r e  presented 

i n  Appendix D, Tables D.2 and D.3. 

Though t h e  p h y s i c a l  l i m i t s  o f  supp ly  on t h e  mainstem Columbia and Snake R i v e r s  i n  no way 

c o n s t r a i n  p o s s i b l e  inc reased  coa l  u t i l i z a t i o n ,  c o m p e t i t i o n  w i t h  o t h e r  wa te r  uses and 

i n s t i t u t i o n a l - l e g a l  requ i rements  may p l a y  a  much more i m p o r t a n t  r o l e  i n  t h e  f u t u r e  a v a i l a b i l i t y  

o f  wa te r  f o r  c o a l - f i r e d  power p l a n t s  i n  t h e  r e g i o n .  The n e t  annual recharge to' and d ischarge  

f r o m  t h e  ma jo r  groundwater a q u i f e r s  o f  t h e  r e g i o n  a r e  es t imated  as 70 m i l l  i o n  a c r e - f e e t .  The 

t o t a l  q u a n t i t y  o f  wa te r  i n  groundwater s to rage  may' be 550 m i l  1  i o n  a c r e - f e e t .  ('1 s i n c e  c u r r e n t  

w i t h d r a w a l s  t o t a l  l e s s  than  10% o f  t h e  n e t  annual recharge and d ischarge ,  s i g n i f i c a n t  under- 

ground wate r  s u p p l i e s  remain unused. However, most o f  t h e  groundwater d ischarge  i s  t o  s u r f a c e  

streams in t h e  r e g i o n  so f u r t h e r  e x p l o i t a t i o n  o f  t h e  qroundwater resource  would r e s u l t  i n  

r e l a t e d  decreases i n  s u r f a c e  f l o w s .  

The c h i e f  advantages o f  u s i n g  groundwater as a  supp ly  source f o r  thermal  power p l a n t s  

o r  o t h e r  new developments a r e  1 )  t h e  l o c a t i o n  o f  t h e  groundwater supp ly  may be more advantageous 

t h a n  t h e  downstream area where t h e  wate r  would o t h e r w i s e  be d ischarged  t o  s u r f a c e  streams and 

2 )  groundwater  may be used d u r i n g  p e r i o d s  o f  l ow s t reamf low ( t . y p i c a l l y  July-September) t o  p r o -  

v i d e  an assured  supp ly  w i t h o u t  caus ing  cor respond ing  decreases i n  s t reamf low s i n c e  t h e  r e s u l t -  

i n g  reduced d ischarge  t o  t h e  s t ream w i l l  occur  over  a  l o n g e r  p e r i o d  o f  t ime  due t o  s lower  

subsur face f l o w  r a t e s .  A  d isadvantage i s  t h a t  h i g h  pumping r a t e s  w i l l  l ower  t h e  wate r  t a b l e  

and may p o t e n t i a l l y  a f f e c t  ne ighbo' r ing groundwater users .  

( a )  Unpubl ished data,  U.S. Army Corps o f  Engineers, P o r t l a n d ,  OR, J u l y  22, 1977 



A l l u v i a l  d e p o s i t s  form i m p o r t a n t  a q u i f e r s  a long  t h e  Columbia R i v e r  downstream f rom Grand 

Coulee Dam and near  t h e  Snake R iver .  I n  t h e  c e n t r a l  and e a s t e r n  Washington and e a s t e r n  Oregon 

p la teaus ,  b a s a l t s  a r e  t h e  most widespread a q u i f e r  types.  B a s a l t  i s  a l s o  t h e  ma jo r  a q u i f e r  i n  

t h e  e a s t e r n  Snake R i v e r  p l a i n  i n  Idaho. About 60% o f  a l l  the  groundwater use i n  t h e  r e g i o n  

occurs i n  Idaho. ( 2 )  More than 75% o f  t h e  groundwater wi thdrawn th roughou t  t h e  r e g i o n  i s  used 

i n  i r r i g a t i o n .  I r r i g a t i o n  r e t u r n  f l o w s  c o n s t i t u t e  a  ma jo r  source o f  recharge f o r  many a r i d  

reg ions ,  i n c l u d i n g  t h e  Snake R i v e r  p l a i n .  

6.1.2 I n s t i t u t i o n a l  C o n s t r a i n t s  on A v a i l a b i l i t y  

The e x i s t e n c e  o f  s u f f i c i e n t  s t reamf low and groundwater s to rage  i n  t h e  r e g i o n  does n o t  

n e c e s s a r i l y  i m p l y  t h a t  adequate wa te r  s u p p l i e s  t o  suppor t  c o a l - f i r e d  power p l a n t s  w i l l  be 

r e a d i l y  a v a i l a b l e .  Compet i t i on  among p o t e n t i a l  water  users i s  i n c r e a s i n g  as aggregate demand 

approaches p h y s i c a l  supp ly  l i m i t s .  I n s t i t u t i o n a l  mechanisms f o r  wa te r  a l l o c a t i o n  and some 

unreso lved  water  r i g h t s  i ssues  must be cons idered  i n  assess ing t h e  a v a i l a b i l i t y  o f  wa te r  f o r  

energy i n  t h e  P a c i f i c  Nor thwest .  

Idaho, Oregon, and Washington a r e  a l l  a p p r o p r i a t i o n  d o c t r i n e  s t a t e s ;  t h a t  i s ,  t h e  r i g h t  

t o  t h e  use o f  wa te r  i s  o b t a i n e d  by p e r m i t  f rom t h e  i n d i v i d u a l  s t a t e s  and j u n i o r  t o  a l l  p r i o r  

r i g h t s  i ssued  f o r  t h e  same wate r  source. The t o t a l  annual f l o w s  o f  t h e  Columbia and Snake R i v e r  

systems exceed a l l  c u r r e n t  o r  p r o j e c t e d  demands, b u t  seasonal l o w  f l o w s  occur  d u r i n g  t h e  same 

months as maximum wate r  use i n  a g r i c u l t u r e ,  t h e  ma jo r  r e g i o n a l  water  user .  Under a p p r o p r i a t i o n  

d o c t r i n e ,  whenever a l l  r i g h t s  cannot  be met, t h e  r i g h t  t o  wi thdraw wate r  i s  t e m p o r a r i l y  sus- 

pended, s t a r t i n g  w i t h  t h e  l a s t  i ssued  wate r  r i g h t s  ( " j u n i o r "  r i g h t s )  and proceeding through,more 

s e n i o r  r i g h t s  u n t i l  supp ly  meets demand. Any new r i g h t s  o b t a i n e d  f o r  c o a l - f i r e d  power p l a n t s  

would be j u n i o r  t o  a l l  p rev ious  water  uses; Thus, t h e  d e p e n d a b i l i t y  o f  t h e  supp ly  may be 

u n c e r t a i n .  

To assure an adequate y e a r  round supply ,  most p l a n t s  w i l l  p robab ly  have t o  o b t a i n  r i g h t s  

t o  s t o r e  wa te r  d u r i n g  h i g h  r u n o f f  p e r i o d s  f o r  use d u r i n g  t h e  c r i t i c a l  summer months. The 

e x i s t i n g  c o a l - f i r e d  power p l a n t  a t  C e n t r a l i a ,  Washington, u t i l i z e s  a  35,000 a c r e - f e e t  c a p a c i t y  

r e s e r v o i r  on t h e  Skookumchuck ~ i v e r . ' ~ )  New c o a l - f i r e d  p l a n t s  m igh t  a l s o  o b t a i n  assured wate r  

s u p p l i e s  by purchas ing  more s e n i o r  r i g h t s . .  Changes i n  t h e  p o i n t  o f  d i v e r s i o n ,  p l a c e  o f  wa te r  

use, o r  t y p e  of use r e q u i r e  approval  o f  a p p r o p r i a t e  s t a t e  o f f i c i a l s  (e .g . ,  t h e  S t a t e  Engineer  

i n  Oregon) and may be p r o h i b i t e d  i f  o t h e r  users a r e  a d v e r s e l y  a f f e c t e d .  For  example, if water  

r i g h t s  p r e v i o u s l y  used f o r  i r r i g a t i o n  were f o r  power p r o d u c t i o n ,  o t h e r  users c o u l d  

p reven t  t h i s  t r a n s f e r  i f  they  c o u l d  prove t h a t  t h e i r  use depended on t h e  reasonable r e t u r n  ' 

f l o w s  f rom t h e  p r e v i o u s  a g r i c u l t u r a l  use. ( 4 )  

A d d i t i o n a l  sources o f  u n c e r t a i n t y  abou t  t h e  a v a i l a b i l i t y  o f  wa te r  f o r  f u t u r e  use a r e  t h e  

i ssues  o f  f e d e r a l  r e s e r v e d  wate r  r i g h t s  and I n d i a n  wate r  r i g h t s .  I n  p r i n c i p a l ,  any f e d e r a l  

r e s e r v a t i o n  may use t h e  wate rs  f l o w i n g  on o r  by i t  f o r  uses c o n s i s t e n t  w i t h  t h e  r e s e r v a t i o n ' s  

purposes-- regard less o f  s t a t e  laws concern ing these waters.  S i m i l a r l y ,  I n d i a n  r e s e r v a t i o n s  

have been found t o  have r i g h t s  ' t o  a d j a c e n t  wa te rs .  The P a c i f i c  Nor thwest  s t a t e s  c o n t a i n  many 

m i l l i o n s  o f  acres o f  n a t i o n a l  f o r e s t s ,  n a t i o n a l  parks,  and I n d i a n  r e s e r v a t i o n s ,  so t h a t  these  

i m p l i e d  reserved  r i g h t s  m i g h t  be invoked i n  t h e  f u t u r e .  Because these r i g h t s  have n o t  been 

q u a n t i f i e d ,  i t  i s  u n c e r t a i n  what, i f  any, impact  t h e y  m i g h t  have on t h e  f u t u r e  a v a i l a b i l i t y  o f  



water f o r  o ther  uses. In a l l  s t a t e s ,  reserved r i g h t s  will  require  adjudication on a  case-by- 
case bas is  a s  controversies a r i s e .  The S ta t e  of Idaho i s  now completing a  study of i ssues  and 
s t a t e  pos i t ions  on t h e  various Indian reservat ions  within the  s t a t e .  

In managing the  water resources within t h e i r  borders, s t a t e s  of the  region have the  author- 
i t y  t o  take  o the r  ac t ions  t h a t  can r e s t r i c t  the  a v a i l a b i l i t y  of water f o r  energy development. 

These ac t ions  include a l loca t ing  unappropriated water t o  various uses,  thus,  l imi t ing new water 
r i g h t s  issued t o  the amount of the  a l loca t ion  f o r  t h a t  use. Idaho and the  o ther  two s t a t e s  can 
a l s o  e s t a b l i s h  minimum flows needed f o r  protection of instream uses such as maintenance of 
f i s h e r i e s .  These flows a r e  provided by issuing water r igh t s  f o r  instream uses which have a ,  
p r i o r i t y  within the t o t a l  water r i g h t s  s t r u c t u r e  dating from the  time of issuance. S ta t e s  a l so  
have the  power t o  c lose  streams t o  f u r t h e r  r i g h t s  appl ica t ion.  All of these programs--alloca- 

t i o n ,  minimum flows, and closed basins--can po ten t i a l ly  1  imi t  t he  i n s t i t u t i o n a l  a v a i l a b i l i t y  of 

water f o r  power plant  cooling. Conversely, Idaho i s  considering a1 locat ing 170,000 acre-fee t  
per year  of Snake River water t o  cooling thermal power p lants .  (6) 

water resource concerns may a1 s o  r e s u l t '  in cons t r a in t s  on thermal power p lant  construction 
through s t a t e  energy f a c i  1 i  t y  s i t i n g  programs. In Oregon, an Energy Faci 1  i  t y  S i t ing  Counci l 
reviews appl ica t ions  f o r  power p lan t s  according t o  ru le s  es tabl ished in  1974. These ru les  
include the  d ivis ion of the  e n t i r e  s t a t e  i n t o  areas  judged "sui table"  o r  "unsuitable" f o r  p lant  
s i t e s  f o r  f o s s i l  f u e l ,  nuclear,  o r  geothermal energy f a c i l i t i e s .  The Council may not accept 
app l i ca t ions  f o r  areas  designated "unsuitable.  "(') A major f ac to r  used t o  e s t ab l i sh  s u i t a b i l i t y  
was the  potent ia l  e f f e c t  of a  p lant  on streams, e s tua r i e s ,  and associa ted  f i s h  and wi ld l i f e  
resources.  Of the  counties iden t i f i ed  a s  possible p lant  s i t e s  i n  t h i s  study,  several appear 
t o  involve s i t e s  i n  a reas  designated "unsuitable." All Columbia River and coastal  s i t e s  in  
Clatsop County a r e  so  designated,  a s  i s  Coos Bay in  Coos County. Much of the  Columbia River 
f rontage  i n  Morrow County i s  a l s o  designated "unsui table ."  Fisher ies  and water-related con- 
cerns  a r e  t h e  basis of the  unsui table  designations in a l l  these areas .  (8) Snake River s i t e s  
i n  Malheur County a r e  a l so  designated unsui table ,  due to  a i r  qua l i ty  concerns. 

In Washington an Energy F a c i l i t y  S i t e  Evaluation Councll reviews appl ica t ions  f o r  power , 

p lan t s .  Though no s p e c i f i c  areas  have been iden t i f i ed  a s  s u i t a b l e  o r  unsui table ,  impacts on 
water resources and instream water uses a r e  considered in  reviewing appl ica t ions .  ( 9 )  

Idaho does not have a  comparable comprehensive'si t ing review program, b u t  preparation of 
a  s t a t e  e l e c t r i c a l  energy plan, including plant  s i t i n g  and inventory and reservation of potent ia l  
s i t e s ,  has been proposed. (10)  

A f i n a l  i ssue  po ten t i a l ly  a f fec t inq  the  a v a i l a b i l i t y  of water f o r  power p lant  use within 
the  time frame of t h i s  study (1975-2020) i s  t he  possible a l loca t ion  of Columbia o r  Snake River 
waters between the  s t a t e s  through i n t e r s t a t e  compacts. The d e s i r a b i l i t y  of such a l loca t ions  i s  
an i s sue  of debate in  the  region a t  present.  

6.1.3 Water Requirements of Projected Coal-Fired Power Plants 

Projected e l e c t r i c a l  generating capacity and water requirements f o r  coal - f i  red power p lants  
during t h e  period 1975-2020 a r e  shown in  Tables 6.1 and 6.2. These projec t ions  assume a l l  p lants  

use evaporative cooling and use 8  mi l l ion  gallons per day (MGD) per 500 MWe, of which two-thirds,  

o r  approximately 5  MGD per 500 MWe, i s  consumed. These f igures  correspond t o  approximately 9000 . 
ac re - fee t  per year and 6000 ac re - fee t  per year f o r  a  500 MWe plant .  



TABLE 6 . 1 .  Projected Water Requirements f o r  Coal-Fir d Power 
Plants ,  1915-2020, Recent Trends Scenariofa) 

1975 2000 2020 
Generating Water Water Generating Water Water Generating Water Wa-er 

Capacity Withdrawals Consumed Capacity Withdrawals Consumed Capacity Withdrawals Consumed 
, Aggregated Subarea (ASA) ( MWe ( K O )  (MGD) (MWe) (MGD) (MGO) (MWe) (MGO) (MGD) 

1701 : Clark Fork-Kootenai-Spokane 0 0 0 0 0 0 0 0 0 

1702: Upper Columbie-Yakirna-Mid Columbia 
L inco ln  Count:;, WA 0 0 0 1500 24.0 16.0 2000 32.0 21.4 
Frank1 i n  Coun'y, WA 0 0 0 0 0 0 0 0 0 
Douglas Count?, WA 0 0 0 0 0 0 0 0 0 
Grant County, WA 0 0 0 0 0 0 500 8.0 5.3 
K l i c k i t a t  County, WA 0 0 0 0 0 0 2500 40.1 26.7 
Morrow County, OR 0 0 0 3000 48.1 64.1 42.7 32.0 4000 
G i l l i a m  Count:i, OR 0 0 0 0 0 0 1500 24.0 16.0 
Sherman Count!, OR - 0 - 0 - 0 2 4- A- 0 0 0  
TOTAL FOR ASA 0 0 0 4500 72.1 48.1 10,500 168 11 2 

1703: Upper Snake-Central Snake 
, Malheur Count:;, OR 

Bingham Count::, ID 
Elmore County. . I 0  
Power County, ID 
Gooding Count:;, I 0  
TOTAL FOR ASA 

1704: Lower Snake 

1705: Lower Co lumb ia -Wi l l amet te -Coas ta l  
Cowl i tz County, WA 
Lewis County, WA 
Grays Harbor County, WA 
Clatsop County, OR 
Coos County, OR 

. TOTAL FOR ASA 

1706: Puget Sound 
Whatcom Count:, WA 

1707: Oregon Closed Basin 

TOTALS FOR REGION 

(a)  Tota ls  may not  add due t o  rounding. 



TABLE 6.2. P r o j , ? c t e d  Weter Requ i rements  f o r  Coal  - F i r e d  Fowe 
P l a n t s ,  197E-2020, H i g h  Coal E l e c t r i c  Zcenar io :  

1975 nboo 
Generating Wzter Water Generating Vater - Water 

Czpacity Withdrawals Consumed Capacity Witkdrawals Consumed 
4ggregated Sub3rea (ASP.) (Mwe) (MGD) (MGD) (MGD) ' (GO)  

2020 
Water Water 

Withdrawals Consumed 
(MGD) (MGD) 

0 0 

Generating 
Capacity - 

W e )  
1701: C lark  Fork-Kootmai-Spokane 

1702: Upper Columbia-dak'ma-Mid Columbia 
L inco ln  County, WA - Frank1 i n  County, WA 
O~ug las  County, WA 
Grant County, U.1 
K l i c k i t a t  County, UA 
Morrow County, .lR 
Gi l l . iam County! OR 
Sierman County, OR 
TITAL FOR ASA 

1703: U3per Snake-Cer,trai Snake 
Ma1 heur County, OR 
Bingh3m County, ID  
Elmor? County, [ O  
Power County, I I 
Gooding county, ID 
TOTAL FOR ASA 

1704: Lower Snake 0 0 0 .  0 0 .  0 

17.05: Lower Columbia-Wil1amett~-Coastal 
Cawli tz County, WA 0 0 - 0 2500 40.1 26.7 
Lewis County, YA 1300 20.8 13.9 1300 20.9. 13.9 
G.-ays Harbor Ccuntj, WA 0 0 0 2500 40.1 26.7 
C l a t s o ~  County. OR 0 0 0 2000 32.0 21.4 - - 
coos <bunty, OF. 0 0 0 2000 32.0 21.4 .- 
TIITAL FOR ASA 1300 20.8 13.9 1~~ 165 110 

1706: Puget Sound 
Whatcom County, .WA 

' 1707: Oregon Closed Easir  0 0 0 '  0 0 . 0 - - - -  - - 
TOTALS,FOR REGION ' 1300 20.8 13.9 33,300 534 356 

(a )  Tota ls  may not  adc due t o  rounding. 



For t h e  Recent Trends scenar io ,  t h e  t o t a l  c o a l - f i r e d  g e n e r a t i n g  c a p a c i t y  w i t h i n  t h e  r e g i o n  

i s  p r o j e c t e d  t o  be 15,000 MWe i n  t h e  y e a r  2000 and 23,800 MWe i n  2020. As shown i n  Table 6.1, 

these  g e n e r a t i n g  c a p a c i t i e s  would r e s u l t  i n  wa te r  w i thd rawa ls  o f  253 MGD i n  2000 and 381 MGD i n  

,- 
2020. Corresponding wate r  consumption would be 169 MGD i n  2000 and 254 MGD i n  2020. 

Under t h e  H igh  Coal E l e c t r i c  scenar io ,  p r o j e c t e d  c o a l - f i r e d  g e n e r a t i n g  c a p a c i t y  reaches 

33,300 MWe by 2000 and 53,300 by  2020. Water w i thd rawa ls  a r e  p r o j e c t e d  f o r  2000 and 2020 a t  

533 MGD and 854 MGD, r e s p e c t i v e l y .  Water consumption would t o t a l  356 MGD i n  2000 and 569 MGD 

i n  2020. 

Tables 6.3 and 6.4 compare es t imated  requi rements i n  each o f  t h e  r e g i o n ' s  seven ASAs t o  

1975 and p r o j e c t e d  f u t u r e  mean st reamf lows.  It i s  e v i d e n t  f rom these  t a b l e s  t h a t  coa l  p l a n t  

requi rements a r e  b u t  a  sma l l  f r a c t i o n  o f  gross s u p p l i e s .  The s i g n i f i c a n c e  o f  such wate r  use 

would depend on t h e  s p e c i f i c  l o c a t i o n  and t i m e  o f  w i thd rawa l .  

When t h e  wate r  requi rements o f  t h e  c o a l - f i r e d  power p l a n t s  p r o j e c t e d  by t h e  two scenar ios  

a r e  separated by wa te r  source and compared t o  r i v e r  f l o w s  (see Appendix D, Tables D.2 and D.3), 

i t  i s  apparent  t h a t  o n l y  v e r y  smal l  percentages o f  t o t a l  s t reamf low would be r e q u i r e d  f o r  c o a l -  

f i r e d  power g e n e r a t i o n  under e i t h e r  scenar io .  I n  t h e  more severe High Coal E l e c t r i c  scenar io ,  

f o r  example, power p l a n t s  i n  L i n c o l n ,  Frank1 i n ,  Douglas, and Grant  Count ies,  Washington would 

draw wate r  f rom t h e  upper  Columbia R ive r .  The t o t a l  w i thd rawa l  requi rement  f o r  these  s i t e s  

i n  t h e  y e a r  2000 i s  144 MGD--0.5% o f  t h e  l o w e s t  J u l y  f l o w  a t  C h i e f  Joseph Dam o f  29,172 MGD 

( f r o m  Table D.2), assuming 1970 l e v e l s  o f  i r r i g a t i o n  d e p l e t i o n s .  

For  a  "wors t  case" comparison, t h e  wa te r  requi rements o f  a l l  power p l a n t s  drawing f r o m  

t h e  Columbia and Snake R i v e r s  i n  t h e  y e a r  2020 under t h e  H igh  Coal E l e c t r i c  s c e n a r i o  can be 

compared t o  p r o j e c t e d  f l o w s  o f  t h e  Columbia a t  B o n n e v i l l e  Dam, shown i n  Table D.3. Water 

w i thd rawa l  requi rements f o r  t h e  Columbia and Snake R i v e r s  s i t e s  (ASAs 1702, 1703, and Cowl i t z  

County i n  1705) a r e  es t imated  t o  t o t a l  665 MGD, about  1% o f  t h e  s i m u l a t e d  l o w e s t  J u l y  f l o w  a t  

B o n n e v i l l e ,  assuming t h e  2020 l e v e l  o f  i r r i g a t i o n  d e p l e t i o n .  I f  groundwater s u p p l i e s  were used 

t o  supp ly  p a r t  o f  t h e  p r o j e c t e d  wate r  needs, . the impacts upon s u r f a c e  s t reamf lows would be 

f u r t h e r  reduced. The p o t e n t i a l  f o r  use o f  groundwater appears g r e a t e s t  i n  Idaho. 

For  l o c a l i z e d  areas, p a r t i c u l a r l y  on t h e  Snake R iver ,  t h e  impact  o f  p r o j e c t e d  c o a l - f i r e d  

power p l a n t  wa te r  w i thd rawa ls  m i g h t  be more severe.  As Tables D.2 and D . 3  show, d u r i n g  low 

f l o w  y e a r s  Brownlee Dam and o t h e r  r e s e r v o i r s  on t h e  upper and m i d d l e  Snake can be expected t o  

o p e r a t e  a t  o r  near  minimum a l l o w a b l e  s t reamf low l e v e l s .  A d d i t i o n a l  wa te r  demands o f  new 

c o a l - f i r e d  power p l a n t s  c o u l d  o n l y  exacerbate t h e  s i t u a t i o n .  These c o n d i t i o n s  demonstrate t h e  

p robab le  need t o  s t o r e  wa te r  d u r i n g  h i g h e r  f l o w  seasons f o r  use by power p l a n t s  i n  summer months. 

The Idaho p o r t i o n  o f  t h e  Snake R i v e r  ( e q u i v a l e n t  t o  t h e  Upper Snake-Central  Snake ASA) i s  t h e  

o n l y  area f o r  which s p e c i f i c  a l l o c a t i o n s  o f  unappropr ia ted  s t reamf low t o  power p l a n t  c o o l i n g  

have been proposed. The t o t a l  a l l o c a t i o n  i s  170,000 a c r e - f e e t  p e r  y e a r .  (10)  

To. gauge t h e  r e l a t i v e  impait o f  power p l a n t  r e l a t e d  wate r  w i thd rawa ls ,  n o t e  t h a t  expansion 

o f  i r r i g a t e d  a g r i c u l t u r e  i n  t h e  r e g i o n  may w i thdraw an a d d i t i o n a l  7565 MGD (8-112 m i l l i o n  ac re -  

f e e t  p e r  y e a r )  by 2020 ; '~ ' )  more than  e i g h t  t imes  t h e  t o t a l  p r o j c c t c d  requ i rement  f o r  a l l  



TABLE 6.3. P r o j e c t e d  Coal  R e l a t e d  Water  Use Compared t o  Me n M o d i f i e d  
S t reamf low ,  1975-2020, Recent  Trends s c e n a r i o ( ]  '7 

Aggregated 
Subarea 

C l a r k f o r k -  
Kootenai-Spokane 

Upper Columbia- 
' Yakima- 

Mid-Col umbia 

Upper Snake- 
Cent ra l  Snake 

Lower Snake 

Lower Col umbia- 
W i l  l amet te-  
Coastal 

Puget Sound 

Oregon Closed 
Basin 

1975 
Coa Water :Y::f:ed Withd!-awals (b )  

(MGD) (MGD) 

2000 2020 
M o d i f i  d Coa Water Mod i f i  d Coal Water 
Flow(C7 Withd!-awalslb) Flow(C7 ~ i t h d r a w a l s ( b )  

(MGD) (MGD) (MGD) (MGD) 

30,740 0 30,740 0 

(a )  Est imated mean streamflow, assuming 1975 water uses and streamflow r e g u l a t i o n  
(b )  Water wi thdrawals p ro jec ted  by t h i s  study 
( c )  Est imated mean streamflow, assuming 2000 water uses and 1975 streamflow r e g u l a t i o n  

'TABLE 6.4. P r o j e c t e d  Coal R e l a t e d  Water Use Compared t o  Mean M 
St reamf low,  1975-2020, H i g h  Coal E l e c t r i c  s c e n a r i o (  vi fied 

1975 2000 2020 
o 1 i e  Coa a t e r  Coa a t e r  Modi 1 Coa Water 

Aggregated f d  W t d l  :y::t:ed ~ i t h c j : a e l s ( b )  ~ l ~ ~ f ; f ~  wifhd!-awals(b) 
Subarea (MGD) (MGD) (MGD) (MGD) (MGD) (MGD) 

Clark  fork- 
Kootenai-Spokane 31,387 0 30,740 0 30,740 0 

Upper Columbia- 
Yakima- 
Mid-Columbia 114,664 0 110,767 ' 248 110,767 465 

Upper Snake- 
Cent ra l  Snake 10,562 0 9,471 88 9,471 152 

Lower Snake 29,720 0 28,435 0 28,435 0 
Lower Col umbia- 
W i  l l ame t te -  
Coastal 21 1,554 2 1 206,671 165 206,671 . 205 

P~rget. Sn~~nr l  75,737 0 25,334 32 25.334 32 
Oregon Closed 
Basin 0 0 '  -1,106 0 -1,106 0 

( a )  Est imated mean s t reamf l  ow, assuming 1975 water uses and streamflow r e g u l a t i o n  
( b )  Water wi thdrawals p ro jec ted  by t h i s  study 
( c )  Est imated mean streamt low, assuming 2000 water uses and 1975 streamflow r e g u l a t i o n  



coa l  - f i r e d  power p l a n t s .  (') Even t h i s  comparison i s  unders ta ted  s i n c e  about  o n e - t h i r d  o f  t h e  

t o t a l  power p l a n t  wa te r  requ i rement  w i l l  be p r o v i d e d  a t  c o a s t a l  o r ' e s t u a r i n e  s i t e s  downstream o f  

o t h e r  w a t e r  uses. 

These p r o j e c t e d  l e v e l s  o f  water  w i thd rawa l  and consumption r e p r e s e n t  s u b s t a n t i a l  increments 

t o  o v e r a l l  r e g i o n a l  wa te r  demands and would p robab ly  arouse c o n s i d e r a b l e  c o n t r o v e r s y  i n  an 

envi ronment  of growing c o m p e t i t i o n  f o r  water .  They represen t ,  however, o n l y  smal l  percentages 

o f  p r o j e c t e d  demands o f  o t h e r  water  uses. A  1968 s tudy  by t h e  Water Resources Counci l  p r o j e c t e d  

wate r  w i thd rawa ls  and consumptive use l e v e l s  a s s o c i a t e d  w i t h  i r r i g a t e d  a g r i c u l t u r e  i n  t h e  r e g i o n  

as 50,400 MGD and 21,500 MGD, r e s p e c t i v e l y ,  f o r  t h e  y e a r  2000 and 64,500 MGO and 28,400 MGD ' . 

r e s p e c t i v e l y ,  f o r  t h e  y e a r  2020. ( l o )  Comparable p r o j e c t i o n s  f o r  o t h e r  wa te r  uses ( r u r a l  dome;- 

t i c ,  m u n i c i p a l ,  i n d u s t r i a l  o t h e r  than steam e l e c t r i c  power, l i v e s t o c k ,  r e c r e a t i o n )  a r e  

11,300 MGD. wi thdrawn and 1,1'00 MGD consumed by 2000 and 17,200 MGD wi thdrawn and 1,600 MGD 
( b )  consumed by 2020. 

Water use f o r  thermal  power p l a n t  c o o l i n g  may become a  r e g i o n a l  i s s u e  o f  broader  concern 

when t h e  a l t e r n a t i v e  wa te r  uses foregone a r e  considered.  The 854 MGD o f  wa te r  wi thdrawn under 

t h e  High Coal E l e c t r i c  scenar io  i n  2020 i s  s u f f i c i e n t  t o  i r r i g a t e  approx imate ly  240,000 acres 

o f  a g r i c u l t u r a l  l a n d .  The wate r  would have o t h e r  i m p o r t a n t  b u t  u n q u a n t i f i e d  v a l u e  t o  ins t ream 

uses, i n c l u d i n g  f i s h e r i e s ,  r e c r e a t i o n ,  n a v i g a t i o n ,  and hydropower p r o d u c t i o n .  A l though t h e r e  

i s  no p r e s e n t  means o f  comparing t h e  b e n e f i t s  d e r i v e d  f rom one t y p e  o f  use a g a i n s t  t h e  b e n e f i t s  

o f  o t h e r  uses, i t  i s  c l e a r  t h a t .  any p a t t e r n  o f  wa te r  use i n  t h e  r e g i o n  i m p l i e s  t r a d e o f f s  and 

o p p o r t u n i t y  c o s t s  i n  o t h e r  uses. The U.S. Army Corps o f  Engineers i s  c u r r e n t l y  examining some 

of these t r a d e o f f s  as p a r t  o f  t h e  Columbia.,River and T r i b u t a r i e s  Review Study. Impacts o f  

a1 t e r n a t i v e  l e v e l s  o f  a g r i c u l t u r a l  development and a1 t e r n a t i v e  minimum i n s t r e a m  f l o w  l e v e l s  

have been descr ibed  i n  a  r e c e n t  paper. (11 )  

Other  ma jo r  impacts assoc ia ted  w i t h  c o a l - f i r e d  power development r e s u l t  f rom t h e  r e g i o n ' s  

un ique p r e s e n t  dependence on h y d r o e l e c t r i c  power. ,As thermal  p l a n t s  come on-1 i n e ,  t h e y  wi 11 

l i k e l y  be used t o  supp ly  baseload power, and e x i s t i n g  hydro f a c i l i t i e s  w i l l  be opera ted  t o  

meet peaking requi rements.  As a  r e s u l t ,  f l o w s  i n  t h e  Columbia and Snake ' ~ i v e r s  w i l l  p robab ly  

f l u c t u a t e - m o r e  w i d e l y  than  a t  p resen t ,  e s p e c i a l l y  d i u r n a l l y .  These f l u c t u a t i o n s  may impact  

ins t ream wate r  uses, p a r t i c u l a r l y  f i s h e r i e s  and r e c r e a t i o n .  Though these  impacts have n o t  

been q u a n t i f i e d ,  t h e y  appear t o  be, p o t e n t i a l l y ,  some o f  t h e  most i m p o r t a n t  w a t e r - r e l a t e d  i ssues  

o f  t h e  p r o j e c t e d  coa l  developments. 

6.2 IMPACTS ON WATER QUALITY 

Waste h e a t  and a  v a r i e t y  o f  chemicals  may be r e l e a s e d  i n  c o a l - f i r e d  power p l a n t  l i q u i d  

e f f l u e n t s .  Ac tua l  r e l e a s e s  v a r y  g r e a t l y  f rom p l a n t  t o  p l a n t  due t o  such f a c t o r s  as coa l  charac-  

t e r i s t i c s ,  source wate r  q u a l i t y ,  t y p e  o f  c o o l i n g  and o t h e r  equipment used, amount of wa te r  

reuse, and r e g u l a t o r y  and l i c e n s i n g  c o n s t r a i n t s .  Table 6.5 l i s t s  t h e  p o t e n t i a l  p o l l u t a n t s  and 

, ( a )  Increased i r r i g a t i o n  w i l l  a l s o  r e q u i r e  inc reased  e l e c t r i c a l  energy. These inc reases  have 
been i n c l u d e d  i n  demand p r o j e c t i o n s  presented elsewhere i n  t h i s  r e p o r t .  

( b )  Under t h e  Recent Trends scenar io ,  much o f  t h e  r e g i o n ' s  power would be s u p p l i e d  by n u c l e a r  
p l a n t s .  The c o n s i d e r a b l e  wa te r  requi rements o f  these p l a n t s  have n o t  been es t imated  i n  
t h i z  z t . ~ ~ d y  h i l t  may be s l i g h t l y  l a r g e r  than  those  o f  t h e  c o a l - f i r e d  p l a n t s .  



(12) TABLE 6.5. A p p l i c a b i l i t y  o f  Parameters t c  Chemical Waste Streams . 

Condenser 
Coo l ing  System Water Treatment Chemical clean in.^ A i r  P o l l u t i o n  
Once Recircu-  C l a r i f i c a t i o n  :on Exchange E o i l e r  B o i l e r  - A i r  B o i l e r  Ash Pond Coal P i l e  F l o o r  Devices San i ta ry  Low Rad 

Parameter Through 1 2 t i n g  Wastes Wastes Evaporator  Bllowd.~wn Tubes P-eheater F i r e s i d e  Overflow Drainage Drains SO, Removal . Wastes Wastes 

A l k a l i n i t y  X X X X X X X X X X X 

BOD 

COO 

TS 

TDS 

TSS 

Amnon i a 

N i t r a t e  

Phosphorous 

T u r b i d i t y  

Fecal Col i f o r m  

A c i d i t y  

Hardness, To:al 

Sul fate.  

S u l f i t e  

Bromide 

Ch lo r ide  
d . F l u o r i d e  X X 

Aluminum X . X  

Boron 

Chromium X X 

Copper X X X 

1 r o n  X X 

Lead 

Magnesium X X 

Mercury 

N icke l  X X 

Selenium 

. Vanadium 

Zinc 

O i l  and Grease 

Phenols 

Sur fac tan ts  

A l g i c i d e s  X X 

Ch lo r ine  X X 

Manganese X 

NOTE: Miscel laneous streams such as l a b o r a t o r y  saffipl i ng ,  s tack chemical cleanings', e t c .  a re  n o t  inc luded  s ince  the  species a re  accounted f o r  i n  o t h e r  streams . 



t h e  waste streams c o n t a i n i n g  them. (I2) Actua l  re lgases  o f  p o t e n t i a l  p o l  1  u t a n t s  t o  t h e  e h v i r o n -  

ment a r e  c o n t r o l l e d  ( f o r  t h e  new p l a n t s  p r o j e c t e d  i n  t h i s  s t u d y )  by New Source Performance 

Standards promulgated by t h e  U.S. Envi ronmenta l  P r o t e c t i o n  Agency (EPA) ; o t h e r  c o n t r o l s  a r e  

promulgated i n  i n d i v i d u a l  N a t i o n a l  P o l l u t a n t  Discharge E l i m i n a t i o n  System (NPDES) p e r m i t s  i ssued  

by EPA f o r  Idaho o r  by  t h e  a u t h o r i z e d  s t a t e  agencies i n  Oregon and Washington. New,Source 
(13)  Performance Standards a r e  shown i n  Table 6.6. 

Besides t h e  chemical p o l l u t a n t  l i m i t a t i o n s  l i s t e d  i n  Table 6.6, EPA has promulgated thermal  

l i m i t a t i o n s  s p e c i f y i n g  t h a t  no d ischarge  o f  hea t  f rom t h e  main condensers s h a l l  o c c u r . ( w i t h  t h e  

excep t ion  o f  blowdown f rom t h e  c o l d  s i d e  o f  a  c l o s e d - c y c l e  c o o l i n g  system) ' f o r  new p l a n t s  o f  

500 MWe o r  g r e a t e r .  These l i m i t a t i o n s  e f f e c t i v e l y  r e q u i r e  c l o s e d - c y c l e  c o o l i n g  s y s t e m s - - t y p i c a l l y  

e v a p o r a t i v e  coo l  i n g  towers o r  ponds. Except ions p e r m i t t i n g  once- through coo l  i n g  may be a1 lowed 

under Sec t ion  316(a) o f  t h e  Federa l  Water P o l l u t i o n  C o n t r o l  A c t  Amendments (P.L.  92-500). 

Because o f  t h e  l a r g e  f l o w s  o f  t h e  Columbia R i v e r  and the. p o t e n t i a l  f o r  c o a s t a l  s i t i n g ,  i t  i s  

p o s s i b l e  t h a t  once- through c o o l i n g  m i g h t  be considered i n  t h e  Nor thwest .  However, t h e  

Washington Department o f  Ecology which a d m i n i s t e r s  t h e  p e r m i t  program i n  t h a t  s t a t e  has a  p o l i c y  

of n o t  c o n s i d e r i n g  S e c t i o n  316(a)  excep t ions  f o r  e i t h e r  c o a s t a l  o r  i n l a n d  s i t e s .  I n  Oregon, 

t h e  Department o f  Envi ronmenta l  Q u a l i t y  m i g h t  c o n s i d e r  a  c o a s t a l  s i t e  b u t  approval  seems uncer-  

t a i n  a t  bes t .  We have, t h e r e f o r e ,  assumed c l o s e d - c y c l e  c o o l i n g  w i l l  be used f o r  a l l  p l a n t s  

p r o j e c t e d  i n  t h i s  s tudy .  

I n  v iew o f  NPDES r e s t r i c t i o n s  based on t h e  New Source Performance Standards, i t  i s  expected 

t h a t  t h e  o n l y  d i r e c t  r e l e a s e s  o f  p o t e n t i a l  env i ronmenta l  concern a r e  d i s s o l v e d  s o l i d s  n o t  now 

covered by t h e  s tandards .  Tables 6.7 and 6.8 p r o v i d e  es t imates  o f  t o t a l  d i s s o l v e d  so l  i d s  (TDS) 

re leases  a t  t h e  v a r i o u s  p l a n t  s i t e s  p r o j e c t e d  under t h e  Recent Trends and High Coal E l e c t r i c  

scenar ios .  These es t imates  a r e  d e r i v e d  f rom a  H i t tman s tudy  t h a t  assumed compliance w i t h  t h e  

New Source Performance Standards and a  coa l  o f  n a t i o n a l ' a v e r a g e  c h a r a c t e r i s t i c s .  ( 1:4) 

Table 6.7 i n d i c a t e s  t h a t  a  t o t a l  o f  284 t o n s  p e r  y e a r  o f  d i s s o l v e d  s o l i d s  w i l l  be 

r e l e a s e d  t o  waters i n  t h e  r e g i o n  as a  r e s u l t  o f  t h e  p r o j e c t e d  c o a l - f i r e d  power g e n e r a t i o n  i n  

t h e  y e a r  2000 and 428 tons  p e r  y e a r  i n  2020 under t h e  Recent Trends scenar io .  I n  2000, 44% 

o f  these  r e l e a s e s  would be t o  c o a s t a l  o r  e s t u a r i n e  wate rs  i n  C o w l i t z ,  Grays Harbor ,  C la tsop ,  

Coos, and Whatcom Count ies.  I n  2020, 34% o f  t h e  t o t a l  would be r e l e a s e d  i n  these c o u n t i e s .  

Table 6 .8  i n d i c a t e s  comparable r e g i o n a l  t o t a l s  o f  '599 tons  per  y e a r  i n  2000 and 959 t o n s  

p e r  y e a r  i n  2020 under t h e  H igh  Coal E l e c t r i c  scenar io .  Releases t o  c o a s t a l  o r  e s t u a r i n e  

waters r e p r e s e n t  33% and 25% o f  t h e  r e g i o n a l  t o t a l s  f o r  2000 and 2020, r e s p e c t i v e l y .  

On t h e  r e g i o n a l  s c a l e  i t  seems u n l i k e l y  t h a t  these  emiss ion l e v e l s  w i l l  have a  measurable 

impact  on t h e  r e c e i v i n g  waters,  based on t h e  l a r g e  f l o w s  and e x i s t i n g  TDS l e v e l s  i n  t h e  

Columbia and Snake R i v e r s  (see Appendix 0 ) .  The s p e c i f i c  c o n s t i t u e n t s  r e l e a s e d  and t h e i r  

impacts  on l o c a l i z e d  areas must, however, be examined on a  case-by-case b a s i s .  

P o t e n t i a l  wa te r  p o l l u t i o n  .problems r e l a t e d  t o  hand1 i n g  and d i s p o s a l  o f  p l a n t  waste m e r i t  

~,- 
s p e c i a l  ment ion.  F l y  ash, bo t tom ash, and d e s u l f u r i z a t i o n  s ludge  a r e  t y p i c ' a l l y  t r a n s p o r t e d  

as s l u r r i e s  t o  s e t t l i n g  bas ins,  a f t e r  which t h e  s e t t l e d  s o l i d s  a r e  d isposed o f  by  l a n d f i l l .  

The c o n c e n t r a t i o n s  o f  p o t e n t i a l l y  t o x i c  t r a c e  contaminants i n  t h e  ash and t r a n s p o r t  wa te rs  

a r e  h igh ,  as shown i n  Table 6.9. ( I 5 )  O f  P a r t i c u l a r  concern a r e  t h e  elements As, Cd, Co, Cy, 
(16)  Fe, Mo, N i ,  Pb, Sc, Se, U, and Zn. 

6.13 



TABLE 6.6. L i q u i d  E f f l u e n t s  Gu ide l ines  and 3:andards (131 , , 

A l lowab le  Discharge i s  Flow M J ~  t i p 1  i e d  by t h e  F o l l o w i n g  Concen t ra t ions  i n  mglk  
Poly-  Free 

C h l o r i n a t e d  T o t a l  A v a i l a b l  
BiphenoU Suspended O i  1  Cspper, tho1 r i n e f a )  

E f f l u e n t  C h a r a c t e r i s t i c !  Compounds Sol i d s  and Grease To ta l  I r o n ,  T o t a l  Max. D a i l y  C o r r o s i o n  (b )  
E f  f 1  uen t  Max. Avg. Max. Avg. Max. Avg. Max. & Ever Avg. I n h i b i t o r  

Low Vclume Wastes 6.0-9.0 None - 100 30 20 15 NAP NAP NAP NAP NAP NAP NAP 

Bottom Ash Transpor t  6.0-9.0 None 30") 20") 15") NAP .NAP NA? NAP NAP NAP NAP 

F l y  Ash Transpor t  6.0-9.0 Kone None None None None NAP NAP NAP .NAP NAP NAP NAP 
cn 
4 

Metal  C lean ing  Wastes 6.0-9.0 Rone 100 30 2 0 15 1 .0  1.0 1.0 1.0 NAP NAP NAP 
P Boi  1  e r  B l  owdown 6.0-9.0 None '100 30 20 15 1.0 1.0 1.0 1.0 NAP NAP NAP 

Coo l ing  Tower B l o v d o w  6.0-9.0 None NAP NAP NAP NAP NAF NAP NAP NAP 0.5 0.2 NDA 

Area Runof f  6.0-9.0 NAP Not t o  exceed NAP NAP NAF NAP NAP NAP NAP NAP , NAP 
50 

.Abbrev ia t ions  used: Max. = Maximum f o r  one day; Avg. = Average o f  d a i l y  va lues f o r  30 consecu t i ve  days; NAP = Not a p p l i c a b l e ;  
NDA = No d e t e c t a b l e  m o u n t  

( a )  N e i t h e r  f r e e  ava i . l ab le  c h l o r i n e  n o r  t o t a l  r e s i d u a l  c h l o r i n e  may be d i s c h a r g a l  on t h e  average f rom any u n i t  f o r  more than  
two hours i n  any one day, and n o t  more th3n  one u n i t  i n  any p l a n t  may d ischerg? f r e e  a v a i l a b l e  c h l o r i n e  o r  t o t a l  r e s i d u a l  
c h l o r i n e  a t  any cne t ime;  t h e  l a t t e r  p r o v i s i o n  be ing  s u b j e c t  t o  wa ive r  i n  s p e c i a l  c i rcumstances (Federa l  Reg is te r ,  1974). 

( b )  M a t e r i a l s  added f o r  c o r r o s i o n  i n h i  b i t i c n  i n c l u d i n g ,  b u t  n o t  1  i m i t e d  to ,  z inc ,  chromium and phosphorous. 
( c )  A'ter n u l t i p l j i n $  t h e  f l o w  o f  these nurrber;, one rr-ust d i v i d e  t h e  p roduc t  by 20. 



TABLE 6.7. T o t a l  D isso lved  S o l i d s  Released by Coal - F i r e d  Power 
P l a n t s  1975-2020, Recent Trends Scenar io  

1975 , 
Generat inq 

2000 
Generat ing 

Capaci ty  TDS 
( MWe ) ( t o n n e l y r )  

2020 
Generat ing 

i a p a c i  ty- TDS 
( MWe ) ( t o n n e l y r )  

0 0 

. c a p a c i t y -  TDS 
( MWe ) ( t o n n e l y r )  Aggregated Subarea (ASA) 

1701: C l a r k  =ark-Eootenai-Spokane 

1702: Upper Zolumbia-Yakima;Mid Columbia 
L i  n c o l  i Courtty , WA ' 

F r a n k l i n  County, WA 
Douglas County, WA 
Grant  Zounty, WA 
K l  i c k i  t a t  Cc~unty, WA 
Morrow County, -OR 
Gi 11 iam County, OR 
Sherman County, OR 

' TOTAL FOR ASA 

1703: Upper Snake-Central Snake. 
Malheur County, OR 
Bingham County, 1.0 
Elmore County, I D  
Power Zounty, I D  
Gooding County, I D  
TOTAL FOR ASA 

1704: Lower Snake 

1705: Lower 3olumbia-Willamette-Cotstal 
Cowl i t z  County, WA 
Lewis Zounty, WA 
Grays i a r b o a  County, WA 
C la tso3  County, OR 
Coos County. OR 
TOTAL FOR ASA 

1706: Puget Sound 
Whatcoin County, WA 0 0 500 9 500 9 

1707: Oregon Closed Bas in  0 0 0 0 0 - 0 - - - 
TOTALS FOR RESION: 1300 2 3 15,800 284 ' 23,800 428 



TABLE 6.8. 

Aggregated Subarea (ASA) 

1701 : Clark Fork-Kootenai-Spokage 

1702: Upper Columbia-Yakima-Mid Columbia 
L inco ln  County, WA 
F rank l i n  Coumy, WA 
b u g l a s  County, WA 
Grant County, WA 
K l i c k i t a t  County, WA 
kbrrow County. OR 
G i  11 iam CounQ, OR 
Sherman CounQ, OR 
TITAL FOR ASA 

1703: Upper Snake-Ckntral Snake 
A Malheur Coune, OR 
Q, Bingham CounQ, :D 

Elmore County. ID  
P ~ w e r  County, ID  
G ~ o d i n g  County, I D  
TITAL FOR ASA 

1704: LDwer Snake 

1705: L3wer Columbia-W'llamette-Coastal 
C3wl i tz  County, UA 
L m i s  County, WA 
Grays Harbor County, UA 
Clatsop County, OR 
C ~ o s  County, OR 
TOTAL FOR ASA 

1706: P ~ g e t  Sound 
Wiatcom County, WA 

1707: Oregon Closed Basin 

TOTALS FlIR REGION 

T o ~ a l  Dissolved Sol i d s  Re1 eased by Coal -F i red  Power 
P lants  1975-2020, High Coal E l e c t r i c  Scenario 

7 975 2000 
Gererat i  nq Generati n.7 

~ a p a c i  ty- TDS Capacity TDS 
(MWe) ( t onne l y r )  (MWe) ( tonne ly r  ) 

2020 
Generating 

Capacity TDS 
(MWe) ( t onne l y r )  



TABLE 6.9. T y p i c a l  Ash T r a n s p o r t  Water Chemical C o n s t i t u e n t s  (15)  
- .. 

Concen t ra t ion  
i n  F l y  Ash 

T r a n s p o r t  Water 
C o n s t i t u e n t  ( P P ~ )  

S i l  i c a  (S i02)  4,824 - 11,040 

A1 umi num Oxide (A1 203) 4,176 - 9,768 

I r o n  Oxide (Fe203) 

c a l c i u m  Oxide (CaO) 

S u l f u r  T r i o x i d e  (SO3) 

Potassium Oxide (K20) 

T i t a n i u m  Oxide ( T i 0 2 )  

Magnesium Oxide (MgO) 

~ o n c e n t r a t i  on 
i n  Bottom Ash 

T r a n s p o r t  Water 
( P P ~ )  

4,656 - 11,736 

4,536 - 8,688 

Sodium Oxide (Na20) 7 2 -  192 . 48 - 192 

Phosphorous Pentox ide (P205) 2.4 - 120 , 2.4 - 96 

Arsen ic  (As) 

Boron (B) 

Magnesium (Mg) 

T i t a n i u m  ( T i )  

Sodium (Na) 

Cesium (Ce) 

Vanadium (V) 

Lead (Pb) 

N i c k e l  ( N i )  . 

Manganese (Mn) 

Copper (Cu) 
Chromi um (Cr )  

A r s e n i c  (As) 

Coba l t  (Co) 0.168 - 2.16 0.48 - 1.92 

Selenium (Se) 0.6 - 1.8 0.072 - 0.24 

T i n  (Sb) 

Cadmium (Cd) 

Mercury (Hg) 0.0168 - 0.036 0.024 - 0.048 

P o t e n t i a l  e f f e c t s ,  shou ld  any o f  these  m a t e r i a l s  be r e l e a s e d  e i t h e r  th rough  pond d ischarge  

o r  v i a  l e a c h i n g  t o  ground o r  s u r f a c e  waters,  a r e  descr ibed  by Van Hook and S h u l t s .  (16 )  

  he v e r y  h i g h  pH encountered i n  ash s e t t l i n g  bas ins  may i n f l u e n c e  t h e  
h ~ h a v i n r  n f  t r a c e  elements i f  t h i s  pH i n f l u e n c e  extends beyond t h e  con- 
f i n e s  o f  t h e  ash s e t t l i n g  b a s i n  ( i . e . ,  i n t o  subsur face  and s u r f a c e  w a t e r s ) .  
T h i s  h i g h  pH r e s u l t s  f rom t h e  h y d r o l y s i s  o f  a l k a l i  and a l k a l i n e  e a r t h s  
~ I I J  lllay o r t e n  exceed 11. In nibst ash s e t t l i n g  bas ins  i t  appears t h a t  
a tmospher ic  CO2 d i f f u s i o n  i n t o  t h e  wate r  i s  n o t  r a p i d  enough t o  lower  
t h e  pH. For  many m e t a l s  one would p r e d i c t  t h a t  t h e y  would p r e c i p i t a t e  . 
e i t h e r  as hydrox ides  o r  by c o - p r e c i p i t a t i o n  (e.  g., c a l c i u m  carbona te ) .  
I F  s e t t l i n g  i s  n o t  complete, however, p a r t i c u l a t e  m a t t e r  c o n t a i n i n g  
e l e v a t e d  l e v e l s  o f  meta l  carbonates.  hydrox ides,  o r  s u l f a t e s  c o u l d  
reach  t h e  d ischarge  wate rs  ... Upon r e a c h i n g  lower  pH d ischarge  waters,  
these  p a r t i c u l a t e  phases m i g h t  r e d i s s o l v e ,  thus p roduc ing  an i n c r e a s e  
i n  a v a i l a b l e  meta ls  t o  a q u a t i c  p l a n t s  and organjsms. A l t e r n a t i v e l y ,  



h i g h  pH e f f l u e n t  wa te rs  m i g h t  produce a  b e n e f i c i a l  e f f e c t ,  i n  terms 
of meta l  removal,  on l a k e s  and r i v e r s  w i t h  l o w  b u f f e r i n g  c a p a c i t y .  
The change i n  pH, however, m i g h t  a l s o  a f f e c t  t h e  p l a n t s  and organisms 
i n  t h e  r e c e i v i n g  wate rs .  These i m p l i c a t i o n s  shou ld  be cons idered  
b e f o r e  p r e d i c t i o n s  a r e  made on t h e  impact  o f  c o a l - f i r e d  steam p l a n t s  
on t h e  a q u a t i c  ecosystem. 

Surface d ischarges  f r o m  s e t t l  i n g  ponds a r e  e a s i l y  mon i to red  and c o n t r o l  1  ed, b u t  goundwater 

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

I t s  impacts a r e  a l s o  u n c e r t a i n .  P o t e n t i a l  l e a c h i n g  t o  groundwater i s  n o t  covered under t h e  

c u r r e n t  NPDES p e r m i t  system b u t  may be cons idered  under two o t h e r  programs. S e c t i o n  1442 o f  

t h e  Safe D r i n k i n g  Water A c t  (P.L. 93-423) a u t h o r i z e s  EPA t o  s tudy  t h e  e x t e n t  t o  which s u r f a c e  

impoundments such as p i t s  o r  ponds may contaminate groundwater s u p p l i e s .  Sec t ion  8002 o f  t h e  

Resource Conserva t ion  and Recovery A c t  (P.L. 94-580) p r o v i d e s  f o r  s p e c i a l  s t u d i e s  on such t o p i c s  

as t h e  compos i t i on  of s o l i d  waste streams and t h e  d i f f e r e n t  t ypes ,  o r i g i n s ,  d i s p o s a l  methods, 

and a1 t e r n a t i v e  uses o f  s ludge.  S u b t i t l e  C  o f  t h i s  a c t  p r o v i d e s  f ~ r  t h e  r e g u l a t i o n  and c o n t r o l  

o f  t h e  management o f  hazardous wastes f rom i n i t i a l  g e n e r a t i o n  t o  u l t i m a t e  d i s p o s a l .  The h i g h  

pH and m e t a l s  c o n t e n t  o f  ash may be cons idered  under t h i s  program. 

The e x t e n t  t o  which these  waste h a n d l i n g  i ssues  may r e s u l t  i n  env i ronmenta l  impacts under 

t h e  two scenar ios  cannot  be determined a t  t h i s  t i m e .  These a r e  s imp ly  i d e n t i f i e d  as p o t e n t i a l  

i s s u e s  t h a t  w i l l  r e q u i r e  c l o s e r  examinat ion on a  case-by-case b a s i s .  These concerns a r e  expected 

t o  be more p e r t i n e n t  i n  areas west o f  t h e  Cascade Mountains where p r e c i p i t a t i o n  i s  h igh ,  r e s u l t -  

l n g  i n  jnc reased  area r u n o t f  and p o t e n t i a l  f o r  l e a c h i n g  t o  groundwater.  

6.3 IMPACTS OF ALASKAN COAL DEVELOPMENT 

The two scenar ios  p r o j e c t  c o a l - f i r e d  power p l a n t s  a t  t h r e e  p o i n t s  i n  sou th  c e n t r a l  and 

c e n t r a l  A laska:  i n  t h e  Beluga area near  Tyonek on t h e  west s i d e  o f  t h e  Cook I n l e t ,  near  Nenana 

i n  c e n t r a l  A laska,  and a t  t h e  e x i s t i n g  small  (approx imate ly  100 MWe) p l a n t  near  Healy ,  south 

o f  Nenana. Water resource  impacts a s s o c i a t ~ d  w i t h  these s i t e s  a r e  markedly  d i f f e r e n t  f rom 

those  f o r  t h e  Washington-Oregon-Idaho area.  C h i e f  d i f f e r e n c e s  a r e  t h e  r e s u l t  o f  t h e  q e n e r a l l v  

undeveloped c h a r a c t e r  o f  Alaskan reg ions ,  t h e  p r o j e c t i o n  o f  new mines i n  Alaska, and t h e  unique 

s t reamf low p a t t e r n s  t h e r e .  T h i s  s e c t i o n  p rov ides  a  b r i e f  i n t r o d u c t i o n  t o  wa te r  resource  c o n d i -  

t i o n s  a s s o c i a t e d  w i t h  t h e  Beluga and Nenana areas;  i t  i s  l i m i t e d  t o  impacts o f  new c o a l - f i r e d  

power p l a n t s .  The new mines, suppor t  communit ies, t r a n s p o r t a t i o n  systems, and o t h e r  new 

f a c i l i t i e s  needed t o  s u p p o r t  t h e  power p l a n t s  w i t 1  have s i g n i f i c a n t  impacts on t h e  a r e a s '  wa te r  

resources,  b u t  these  impacts have n o t  been examined i n  t h e  p resen t  s tudy .  

6.3.1 Water Needs and Avai1,abi l  i t y  

Tab le  6.10 1  i s t s  p r o j e c t e d  g e n e r a t i n g  c a p a c i t i e s  i n  t.he Oel uga, Healy, and Nenana areas 

and r e l a t e d  w a t e r  w i t h d r a w a l s  and consumptive use f o r  t h e  years  2000 and 2020 under each development 

scenar io .  As shown i n  Table 6.10, p l a n t s  n e a r  Nenana i n  t h e  y e a r  2020 would r e q u i r e  w i thd rawa ls  

o f  8  MGD under  t h e  Recent Trends s c e n a r i o  and 16 MGD under t h e  High Coal E l e c t r i c  scenar io .  

A v a i l a b l e  s u r f a c e  wate r  s u p p l i e s  i n c l u d e  t h e  Tanana R i v e r  and i t s  t r i b u t a r y ,  t h e  Nenana R i v e r .  

The average f l o w  o f  t h e  Tanana R i v e r  a t  Nenana i s  23,850 c f s  (15,407 MGD) . ( a )  Average f l o w s  i n  
A 

( a )  U.S. Geo log ica l  Survey, Anchorage, AK, unpubl i s h e d  da ta ,  August 1977. 



TABLE 6.10. Generat ing Capac i t ies  and Water Use by P ro j ec t  Coal-Fired Power P l an t s  
i n  A1 aska ,  1990-2020, 

1990 2000 2020 
Generat ins Water Water Generating Water Water Generating Water Water 

Capacity Withdrawals Consumed Capacity Withdrawals Consumed Capacity Withdrawals Consumed 
( MWe (MGD) (MGD) (MWe) (MGD) (MGD) (MWe) (MGD (MGD) 

Recent Trends Scenario 
I Beluga a r ea  0 0 0 0 0 0 2250(') 36.1 24 

m Nenana a r ea  0 0 0 0 0 0 500 8 5.3 
A 

10 Healy a r ea  100 1 .6  
- - 1 - - 100 1 .6  - 1 - 100 1 .6  1 - - - 

Total  100 1 .6  1 100 1.6 1 2850 45.7 . 30.3 

High Coal E l e c t r i c  Scenario 

Beluga a r ea  2 5 0 ' ~ )  4 2.7 2000 32 21.4 6500 104 69.4 

Nenana a r ea  0 0 0 500 8 5.3 1000 16 11 

Healy a r ea  - 100 1 .6  1 100 . 1.6 1 100 1 .6  1 - - - - - 

Total 350 5.6 3.7 2600 41.6 27.7 7600 121.6 81.4 

( a )  Beluga and Nenana genera t ing  c a p a c i t i e s  rounded o f f  t o  250 MWe u n i t s .  



t h e  Nenana R i v e r  a t  Healy  have been recorded  a t  3,557 c f s  (2298 M G D ) . ' ~ )  Flows i n  b o t h  r i v e r s  

show ext reme seasonal v a r i a t i o n ;  peak f l o w s  occur  i n  summer and low f l o w s  i n  l a t e  w i n t e r  o r  

e a r l y  s p r i n g .  Floods a r e  common w i t h  peak f l o w s  o f  record ,  o c c u r r i n g  i n  J u l y  1967, r u n n i n g  

186,000 c f s  (120,156 MGD) i n  t h e  Tanana and 46,800 c f s  (30,233 MGD) i n  t h e  Nenana R i v e r .  

Recorded l o w  f l o w s  a r e  3800 c f s  (2455 MGD) f o r  t h e  Tanana R i v e r  and 500 c f s  (323 MGD) f o r  t h e  
(a )  Nenana. 

Groundwater s u p p l i e s  a r e  a l s o  a v a i l a b l e  i n  t h e  Nenana area where a l l u v i a l  a q u i f e r s  near  

t h e  r i v e r s  p r o v i d e  s i g n i f i c a n t  w a t e r  s to rage .  The community o f  Nenana, l o c a t e d  a t  t h e  con f luence  

o f  t h e  Tanana and Nenana R ivers ,  c u r r e n t l y  o b t a i n s  i t s  wa te r  s u p p l i e s  f r o m  i n d i v i d u a l  w e l l s  20 

t o  70 f t deep. ( I 7 )  Coal f o r  t h e  p r o j e c t e d  Nenana area power p l a n t ( s )  would p robab ly  be mined 

near  Healy, where mines a r e  p r e s e n t l y  opera t ing ,  and sh ipped by r a i l .  Water impacts assoc ia ted  

w i t h  t h e  m i n i n g  a c t i v i t i e s  have ,no t  been examined i n  t h i s  s tudy .  

Power p l a n t s  p r o j e c t e d  for t h e  Beluga area wn~r l r l  wit.hdraw 36 MGD i n  2020 under t h e  

Recent Trends s c e n a r i o  and '104 MGD under  t h e  H igh  Coal . E l e c t r i c  scenar io ,  as shown i n  Table 

6.10. These c a l c u l a t i o n s  and those  f o r  t h e  Nenana area, assume e v a p o r a t i v e  c o o l i n g .  Thc 

t e c h n i c a l  and m e t e o r o l o g i c a l  c o n s i d e r a t i o n s  o f  c o o l i n g  tower  o p e r a t i o n  i n  t h i s  r e g i o n  bear f u r -  

t h e r  s tudy .  

The m a j o r  s u r f a c e  w a t e r  resources  o f  t h e  Beluga area a r e  t h e  Chakachatna and Beluga R ivers .  

Lesser  streams i n  t h e  Beluga a rea  may a l s o  be used f o r  wa te r  s u p p l i e s ,  o r  impacted by m i n i n g  

and o t h e r  development a c t i v i t i e s .  Most prominent  among these  i s  t h e  Chui tna R ive r ,  which f l o w s  

sou theas t  i n  a  350- f t -deep canyon, b i s e c t i n g  one o f  t h e  e x i s t i n g  coa l  l e a s e  areas. Average f l o w  

o f  t h e  Chakachatna R i v e r  a t  i t s  headwaters a t  Chakachamna Lake i s  3646 c f s  (2355 M G D ) . ' ~ )  

Average f l o w  d a t a  f o r  t h e  Beluga R i v e r  i s  n o t  a v a i l a b l e ,  b u t  r u n o f f  f r o m  i t s  d ra inage  area has 

been e s t i m a t e d  a t  1,800,000 a c r e - f e e t  p e r  y e a r  (1602 MGD). ( I 8 )  As i n  t h e  Nenana area, f l o w s  

a r e  h i g h l y  v a r i a b l e ,  e x h i b i t i n g  s u l h e r  peaks and l a t e  w i n t e r  l o w  f l o w s .  The peak f l o o d  f l o w  

o f  t h e  Chakachatna R i v e r ,  measured a t  i t s  mouth n e a r  Tyonek ' i n  1971, was 90,000 Cfs 

(58,140 MGD) . (18) Unl 1 ke most smal ' ler streams i n  t h e  r e g i o n ,  t h e  Chakachatna, Beluga, Tanana, 

and Nenana r i v e r s  do n o t  f u l l y  f r e e z e  o v e r  i n  t h e  w i n t e r .  The recorded  minimum f l o w  o f  t h e  

Chakachatna i s  approx imate ly  400 c f s  (258 MGD) . ( a )  

Though d e t a i l e d  m i n i n g  p l a n s  a re  n o t  y e t  a v a i l a b l e ,  i t  i s  p o s s i b l e  t h a t  mine and power 

p l a n t  development may have l i t t l e  impac t  on t h e  f lows n f  t h e  R P ~ I I ~ J ~  area r i v e r s .  Much o f  t h e  

p o t e n t i a l  mined area i s  l o c a t e d  on h i g h  ground a t  t h e  head o f  d ra inages .  Adequate groundwater 

s u p p l i e s  may a l s o  e x i s t  and c o u l d  be used w i t h o u t  t h e  problems o f  s to rage ,  seasonal f r e e z i n g ,  

and env i ronmenta l  impacts o f  sur face wate r  use. P n t e n t i a l  g r n ~ ~ n r l w a t r l r  y i e l d s  f rom w e l l s  i n  

t h e  a rea  have been e s t i m a t e d  as 0.01 -0.1 MGn. ( I 7 )  The o n l y  e x i s t i n g  s e t t l e m e n t  i n  t h e  arca, 
t h e  n a t i v e  v i l l a g e  o f  Tyonek on Cook I n l e t ,  draws i t s  wa te r  supp ly  f r o m  w e l l s .  I n  t h e  Alaskan 

envi ronment ,  waste h e a t  such as t h e  p r o j e c t e d  power p l a n t s  would produce may be cons idered  a  

resource .  Power p l a n t  c o o l i n g  ponds might ,  f o r  example, be used f o r  f i s h  p r o d u c t i o n .  Berause 

o f  t h e  p r o x i m i t y  o f  Cook I n l e t ,  once- throuqh c o o l i n g  a t  a  c o a s t a l  s i t e  may be considered,  

e l i m i n a t i n g  power p l a n t  w i t h d r a w a l s  f r o m  area r i v e r s  o r  groundwater.  The f e a s i b i l i t y  o f  

a q u a c u l t u r e  and once-through c o o l i n g  i n  t h e  Beluga area r e q u i r e s  f u r t h e r  i n v e s t i g a t i o n .  

( a )  U  .S. Geo log ica l  Survey, Anchorage, AK, unpub l i shed  data,  August 1977. 
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7.0 LAND USE IMPACTS 

Chapter 7 assesses land use impacts of two scenarios of coal-fired power generation for 
the period 1975-2020. Land acreages required for projected power plants in 19 candidate coun- 
ties in Idaho, Oregon and Washington, and in two areas of southcentral Alaska are quantitatively 
estimated. Estimates of urban growth, resulting from projected population increases i n  14 
example counties, show the importance of other related land use changes. Some potentially 
important land use changes resulting from power plant construction, such as new transmission 
and transportation corridors and new industries attracted to  the area, have not been quanti- 
tatively estimated. Because sites have not been identified below the county level, no  attempt i s  
made to assess the significance of the projected changes. Conclusions emerging from this analysis 
follow. 

Estimated land requirements for new power plant sites and associated urbanization 
average about 1 acre/MWe. Typically, impacts are above this average for predominantly rural 
counties. and below this average for more rural counties. 

Land use changes exceeding 3,000 acres are estimated under the High Coal Electric scenario 
for the Washington counties of Cowlitz, Douglas, Franklin, Grant, Grays Harbor, Klickitat and 
Lincoln; for Elmore County, Idaho; and for Gilliam and Morrow Counties of Oregon. 

Development related to  power plants may compete with agriculture for desirable areas 
along the Columbia and Snake Rivers. 

Activities of state commissions on  land use and energy facility siting will play a major 
role in siting generating plants. Portions of several candidate counties, particularly in Oregon, 
appear to conflict with current policies of some of these commissions. 

Development of coal resources west of Cook lnlet in Alaska may trigger substantial 
regional development attracted by the new transportation facilities and support communities. 

Pending land ownership settlements and possible air quality buffer zones around parks 
and wilderness areas will strongly influence future siting of coal development facilities in  Alaska. 

The following important topics for future research are identified: 

The availability and appropriateness of sites in relation to environmental concerns and state 
land use controls must be assessed on  a case-by-case basis. 

The potential scope of development west of Cook lnlet should be investigated to determine 
what the critical development stimuli are, to roject the rate and type of development, and to E identify alternatives for minimizing undesira le growth impacts. 



The c o n s t r u c t i o n  o f  new c o a l - f i r e d  power p l a n t s  w i l l  cause b o t h  ' d i r e c t  and i n d i r e c t  l a n d  

use changes. D i r e c t  changes i n c l u d e  t h e  l a n d  r e q u i r e d  f o r  p l a n t  s i t e s ,  f o r  wa te r  s t o r a g e  

r e s e r v o i r s ,  and f o r  new t r a n s m i s s i o n  c o r r i d o r s .  I n d i r e c t  changes i n c l u d e  inc reased  u rban iza -  

t i o n ,  r e f l e c t i n g  t h e  i n f l u x  o f  t h e  p l a n t  c o n s t r u c t i o n  and o p e r a t i n g  work f o r c e s  and growth 

a s s o c i a t e d  w i t h  inc reased  economic a c t i v i t y  i n  t h e  p l a n t  s i t e  area.  I n  t h i s  s tudy  we have 

developed q u a n t i t a t i v e  e s t i i a t e s  o f  t h e  l a n d  requi rements o f  p l a n t  s i t e s ,  r e s e r v o i r s  ( f o r  a  

" w o r s t  case" a n a l y s i s  we have assumed a l l  p l a n t s  use wate r  s t o r a g e  r e s e r v o i r s ) ,  and, f o r  14 

c o u n t i e s ,  i nc reased  u r b a n i z a t i o n .  The p r i m a r y  l a n d  requi rements n o t  es t imated  a r e  those o f  

new t r a n s m i s s i o n  c o r r i d o r s .  these cannot  be assessed w i t h o u t  more s p e c i t i c  p l a n t  s i t e  

d e s i g n a t i o n s .  

The area r e q u i r e d  f o r  p l a n t  s i t e s  i s  es t imated  as ,540 acres per  1000 MWe w i t h  no economies 

o f  s c a l e  assumed f o r  l a r g e r  p l a n t s .  I n  a d d i t i o n  t o  t h e  p l a n t  proper ,  t h i s  e s t i m a t e  i n c l u d e s  

space f o r  c o o l i n g  towers, temporary coa l  and ash s to rage ,  and space f o r  l a n d f i l l  d i s p o s a l  o f  

ash and f l u e  gas d e s u l f u r i z a t i o n  s ludge.  (Ash and s ludge  d i s p o s a l  may use approx imate ly  5  

ac res  p e r  y e a r  over  an average p l a n t  o p e r a t i n g  l i f e  o f  30 For t h e  purpose o f  

t h i s  s tudy ,  we have assumed t h e  l a n d f i l l  areas w i l l  be s u c c e s s f u l l y  revege ta ted  o r  b u i l t  upon, 

w i t h o u t  any a d d i t i o n a l  l a n d  impacts.  P o t e n t i a l  wa te r  p o l l u t i o n  r e s u l t i n g  f rom such l a n d f i l l -  

i n g  i s  d iscussed  i n  Chapter 6. 

R e s e r v o i r  s i z e  i s  e s t i m a t e d  as 38 acres per  1000 MWe. ' T h i s  e s t i m a t e  assumes a  one month 

s u p p l y  o f  wa te r  (1500 a c r e - f t  f o r  an annual w i thd rawa l  r a t e  o f  18,000 a c r e - f t  p e r  y e a r  p e r  

IOUU MWe, as e s t i m a t e d  i n  Chapter b )  s t o r e d  t o  a  dep th  o f  2U f t . ( a )  

Land requi rements f o r  power p l a n t  r e l a t e d  u r b a n i z a t i o n  a r e  s t r o n g l y  i n f l u e n c e d  by t h e  n a t u r e  

o f  s p e c i f i c  s i t e  areas. ' T h e  p r e v i o u s  degree o f  u r b a n i z a t i o n  i s  i m p o r t a n t ,  as a r e  a v a i l a b i l i t y  o f  

unoccupied hous ing  u n i t s ,  commuting d i s t a n c e s  f r o m  e x i s t i n g  urban areas, r a t e  o f  power p l a n t  

c o n s t r u c t i o n ,  and t h e  p r o p o r t i o n  o f  t h e  work f o r c e  t h a t  occupies temporary q u a r t e r s  (e.g.,  

m o b i l e  homes). As an i n d i c a t i o n  o f  t h e  p o s s i b l e  magnitude o f  p l a n t  r e l a t e d  u r b a n i z a t i o n ,  we 

have used t h e  county-by-county p r o j e c t i o n s  o f  needed new permanent housing ( g i v e n  i n  Appendix 

I, Tables 1.1-1.14) and m u l t i p l i e d  these  by 0.6 acres p e r  d w e l l i n g  u n i t .  T h i s  i s  a  t y p i c a l  

r a t i o  f o r  low-densi ty sprawl development na t ionw ide  and i n c l u d e s  open space, vacant  land,  

t r a n s p o r t a t i o n ,  pub1 i c  f a c i  1  i t i e s ,  e t c .  i n  a d d i t i o n  t o  r e s i d e n t i a l  areas.  ( 3 )  The r e s u l t i n g  

u r b a n i z a t i o n  es t imates ,  shown i n  Tables 7.1 and 7.2 may be low i n  t h a t  we have n o t  i n c l u d e d  

c o n s i d e r a t i o n  o f  t h e  a d d i t i o n a l  l a n d  r e q u i r e d  f o r  h i g h e r  d e n s i t y  m o b i l e  home parks,  t h a t  50% o r  

more o f  t h e  c o n s t r u c t i o n  work f o r c e  m i g h t  use. The e s t i m a t e s  are,  t h e r e f o r e ,  u s e f u l  o n l y  as 

rough  i n d i c a t o r s  o f  t h e  magnitude o f  l a n d  use changes t h a t  m i g h t  be expected. 

( a )  R e s e r v o i r  area ( a c r e s )  = th roughpu t  x  average r e t e n t i o n  t i m e  
wate r  dep th  

- 1500 a f l m o n t h  x 15 days 
20 f t  

= 37.5 ac res  

7.2 



TABLE 7.1. P r o j e c t e d  Peak Land Requirements o f  C  a l - R e l a t e d  
Devel op~ l le r~ t ,  Recent Trends ~ c e n a r i o ( a  3 

State-County 

Idaho 
3i.ngham 
Elmore 
Goodi ng 
Power 

Oregon 
Cl a tsop  
Coos 
G i l l i a m  
Ma1 heur  
Morrow 
Sherman 

Washington 
Cowl i t z  
Doug1 as 
F rank l  i n  
Grant  
Grays Harbor 
K l  i c k i t a t  
L i n c o l n  
Whatcom 

Power 
P l a n t  S i t e s  Reservo i rs  U r b a n i z a t i o n  T o t a l  

( a )  Peak requi rements f o r  p l a n t  s i t e s  and r e s e r v o i r s  r e f l e c t  development t o  t h e  
t h e  y e a r  2020. S ince  c o n s t r u c t i o n  da tes  w i l l  d i f f e r  by county,  u rban iza -  
t i o n  peaks w i l l  be reached i n  d i f f e r e n t . y e a r s  and may i n  some cases d e c l i n e  
by t h e  y e a r  2020. 

( b )  A l l  f i g u r e s  a r e  rounded t o  t h e  n e a r e s t  10 ac res .  
( c )  No d a t a  a v a i l a b l e .  

Comparing t h e  es t imates  g i v e n  i n  Tables 7.1 and 7.2 t o  t h e  p r o j e c t e d  t o t a l  g e n e r a t i n g  

c a p a c i t i e s  by county, an average o f  approx imate ly  1100 acres a r e  r e q u i r e d  f o r  each 1000 MWe 

o f  i n s t a l l e d  c a p a c i t y .  Land use changes somewhat g r e a t e r  t h a n  t h i s  average (under  t h e  High 

Coal E l e c t r i c  s c e n a r i o )  a r e  p r o j e c t e d  f o r  Elmore County, Idaho; G i l l  iam and Ma1 heur  Count ies,  

Oregon; and Grays Harbor and Watcom Count ies,  Washington. Less t h a n  average l a n d  use changes 

a r e  p r o j e c t e d  f o r  C la tsop  County, Oregon and Frank l  i n  County, Washington. 

The s i g n i f i c a n c e  o f  t h e  p r o j e c t e d  l a n d  use changes cannot  be assessed i n  t h i s  s tudy  

because s i t e s  have n o t  been i d e n t i f i e d  below coun ty  l e v e l .  However, th roughou t  t h e  Nor thwest  

m a i n t a i n i n g .  h i g h  q u a l i t y  a g r i c u l t u r a l  l ands  i n  t h a t  use and f u r t h e r  expansion o f  a g r i c u l t u r e  

i n t o  areas w i t h  wa te r  s u p p l i e s  adequate f o r  i r r i g a t i o n  a r e  i s s u e s  o f  concern. S ince r e l a t i v e l y  

l e v e l  s i t e s  near  wa te r  a r e  a l s o  r e q u i r e d  f o r  new c o a l - f i r e d  power p l a n t s ,  p o t e n t i a l  e x i s t s  f o r  

c o m p e t i t i o n  between power p r o d u c t i o n  and a g r i c u l t u r e .  T h i s  c o m p e t i t i o n  may be p a r t i c u l a r l y  

i n t e n s e  i n  areas a long  t h e  mid- and upper-Columbia R i v e r  and a long  t h e  Snake R i v e r  i n  south-  

wes Lern Idaho. 

S t a t e  and l o c a l  l a n d  use c o n t r o l s  and energy f a c i l i t y  s i t i n g  programs w i l l  p l a y  a  ma jo r  

r o l e  i n  d e t e r m i n i n g  t h e  s i g n i f i c a n c e  o f  l a n d  use changes. I n  Oregon, s t a t e w i d e  p l a n n i n g  goa ls  



TABLE 7.2. P r o j e c t e d  Peak Land Requirements o f  Coal-R l a t e d  
Development, H igh  Coal E l e c t r i c  Scenario('? 

State-County 

Idaho 
Bingham 
Elmore 
Goodi ng 
Power 

Oregon 
Cl  a t s o p  
Coos 
G i l l i a m  
Ma1 heur  
Mnrrnw 
Sherman 

Wsshingt.on 
Cowl i t z  
Doug1 as 
Frank1 i n  
Gran t  
Grays Harbor  
K l  i c k i  t a t  
L i n c o l n  
Whatcom 

Power 
P l a n t  S i t e s  Reservo i rs  U r b a n i z a t i o n  T o t a l  

( a )  Peak requi rements f o r  p l a n t  s i t e s  and r e s e r v o i r s  r e f i e c t  development t o  the .  
' 

y e a r  2020; S ince  c o n s t r u c t i o n  da tes  w i l l  d i f f e r  by county, u r b a n i z a t i o n  
peaks w i l l  be reached i n  d i f f e r e n t  y e a r s  and may i n  some cases d e c l i n e  by 
t h e  y e a r  2020. 

( b )  A l l  f i g u r e s  a r e  rounded t o  t h e  n e a r e s t  10  ac res .  
( c )  No da ta  a v a i l a b l e .  

and g u i d e l i n e s  have been developed and a r e  overseen by t h e  Land Conservat ion and Development 

Commission (LCDC). P e r t i n e n t  concerns i n c l u d e  t h e  i d e n t i f i c a t i o n  o f  c r i t i c a l  areas and t h e  ' 

c o n s e r v a t i o n  o f  a g r i c u l t u r a l  l ands ,  shore1 ines ,  and open space. A1 l c i t i e s  and c o u n t i e s  must 

deve lop  imp lementa t ion  p l a n s  and, i n  c o n t r a s t  t o  many o t h e r  s t a t e s ,  l o c a l  zon ing  ord inances 

must conform t o  these  p l a n s . ( 4 )  o r e i o n  a l s o  has an a c t i v e  Coasta l  Zone Management Program 

t h a t  w i l l  a f f e c t  s i t e s  i n  C la tsop  and Coos Count ies.  The Oregon Energy F a c i l i t y  S i t i n g  Coun- 

c i l  has p repared  maps o f ' a r e a s  judged " s u i t a b l e 1 '  o r  " u n s u i t a b l e "  f o r  coa l ,  n u c l e a r ,  o r  geo- 

the rma l  power p l  an'ts. Some p o r t i o n s  o t  C I atsop,  Cbos, Ma1 heur, and Morrow CounLles a r e  clashed 

as u n s u i t a b l e  f o r  c o a l - f i r e d  p l a n t s .  ( 5 )  

Washington and Idaho do n o t  have comparable comprehensive l a n d  use l e g i s l a t i o n ,  though a 

concern f o r  encroachment o f  development on v a l u a b l e  food, f i b e r ,  and resource  p roduc ing  l a n d s  

has caused severa l  b i l l s  t o  be cons idered  by l e g i s l a t u r e s .  (4 )  Uhether  o r  n o t  these  concerns 

produce s t a t e w i d e  a c t i o n ,  t h e y  w i l l  l i k e l y  r e s u l t  i n  c l o s e r  l o c a l  s c r u t i n y  o f  l a n d  use changes. 

Washington does have an Energy Fac i  1 i ty  S i t e  E v a l u a t i o n  Counci 1 , however, which rev iews  app l  i - 
c a t i o n s  f o r  new p l a n t s .  Washington a l s o  has an approved Coasta l  Zone Management P lan  and an 

i m p o r t a n t  S h o r e l i n e  Management A c t  under which l o c a l  governments c l a s s i f y  shore lands and es tab-  

l i s h  use r e g u l a t i o n s . ( 4 )  These programs may a f f e c t  s i t e s  i n  Grays Harbor and Whatcom Count ies.  

P l a n t  s i t i n g  i ssues  i n  Idaho a r e  rev iewed by t h e  P u b l i c  U t i l i t i e s  Commission. 



7.1 ALASKA 

Regional l y  s i g n i f i c a n t  impacts a r e  expected f r o m  pro j ,ected c o a l  development i n  Alaska. 

D i r e c t  l a n d  use changes w i l l  be caused by new mines and p o s s i b l e  new power p l a n t s  i n  b o t h  t h e  

Beluga and Nenana areas. Table 7.3 shows es t imates  o f  p r o j e c t e d  l a n d  requi rements o f  t h e  

power p l a n t s  o n l y .  Est imates o f  mine, r e s e r v o i r ,  o r  u r b a n i z a t i o n  requi rements were n o t  made 

i n  t h i s  s tudy .  

Land use changes i n  t h e  Beluga area may be p a r t i c u l a r l y  l a r g e  because o f  t h e  need f o r  new 

t r a n s p o r t a t i o n  f a c i l i t i e s  and towns t o  serve coa l  f a c i l i t i e s ,  and because coa l  development may 

t r i g g e r  o t h e r  development i n  t h e  r e g i o n  by p r o v i d i n g  needed t r a n s p o r t a t i o n  and o t h e r  f a c i l i t i e s .  

No a t t e m p t  has been made i n  t h i s  s tudy  t o  assess t h e  l i k e l i h o o d  o r  r a t e  o f  such c o a l - t r i g g e r e d  

r e g i o n a l  development. 

The more obvious r e g u l a t o r y  i n f l u e n c e s  on t h e  s i t i n g  of coa l  f a c i l i t i e s  i n  Alaska a r e  t h e  

s t i l l  emerging p a t t e r n  o f  f e d e r a l  "d-2" lands  (new f e d e r a l  r e s e r v a t i o n s  f rom p u b l i c  domain), 

s t a t e  lands, and n a t i v e  c la ims .  Other  f a c t o r s ,  such as t h e  p o s s i b i l i t y  o f  an a i r  q u a l i t y  b u f f e r  

zone around parks and w i l d e r n e s s  areas, may a l s o  a f f e c t  t h e  l o c a t i o n  o f  new coa l  f a c i l i t i e s ,  

p a r t i c u l a r l y  i n  t h e  Nenana area, which l i e s  n o r t h e a s t  o f  Mt. McKin ley N a t i o n a l  Park. 

TABLE 7.3. Est imated Acreage Needs f o r  P r o j e c t e d  New Coal- 
F i r e d  Power P l a n t s  i n  Alaska, 1990-2020 

H iqh  Coal 
Recent Trends Scenar io  ~ l e c t r i c  Scenar io  

1990 2000 2020 1990 2000 2020 

Beluga area - - - - 1 2 2 0 ( ~ )  140 1080 351 0  

Nenana area - - - - 270 - - 270 540 

( a )  A l l  f i g u r e s  a r e  rounded t o  t h e  n e a r e s t  10 acres.  
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8.0 IMPACTS O N  ECOSYSTEMS 

Chapter 8 discusses potential ecological impacts of increased coal-fired power generation 
in the Pacific Northwest. Three major types of impacts are considered: -loss of habitats or species 
of special interest, alterations in vegetation due to  dispostion of airborne emissions from generat- 
ing stations, alterations in aquatic ecosystems due to  waterborne emissions, and alterations in  
aquatic ecosystems due to changed stream flows. Prediction of specific impacts requires detailed 
study for each site beyond the scope of this research. General ecological conditions extant i n  the 
candidate siting counties (identified in Chapter 4) are, however, considered i n  judging the 
probability of impacts. Impacts o n  Alaskan ecosystems are not addressed due to  the less well- 
defined potential sites for generating stations, the unique impacts of surface mining that wil l 
not occur on  a large scale elsewhere in the study region, and the wide variety of potentially im- 
pacted ecosystems. 

The most significant impacts expected are losses of habitats o r  species of special interest 
displaced by land use changes. The Olympic mudminnow occurs in the Satsop and Deschutes 
Rivers of Washington (Grays Harbor and Lewis Counties). The prairie falcon occurs in all non- 
forested counties. The peregrine falcon occurs in Bingham and Elmore Counties, Idaho, and 
Malheur County, Oregon; seasonally i t  occurs in all counties, nesting i n  the western mountains. 
Columbia white-tailed deer occur in Clatsop County, Oregon and Cowlitz County, Washington. 
These species have been recognized as threatened. The ferruginous hawk, although not yet recog- 
nized by the federal agencies as endangered, must be mentioned specifically. I t  nests in Franklin 
County, Washington near the Columbia River. Only 20 pairs are known in the state; of these, 
14 pairs nest at the Franklin County sites. 

Official designation of endangered plant species includes species in nearly every county. ' . 

Only a few occur in habitats along the Columbia and Snake Rivers' shorelines and i n  coastal 
streams and marshes. Until specific sites are identified, i t  is impossible t o  quantify the expected 
damage to any identified habitats or species. 

Airborne emissions with the apparent greatest potential for damaging vegetation are 
fluoride, ozone, and oxides of sulfur. Assuming the deposition rates of SO2  and SO4 given in  
Chapter 5, however, such damage appears unlikely. In fact, increased plant growth may 
result from the deposition of sulfur o n  the typically sulfur-deficient soils of the region. Esti- 
mates of the magnitude of impacts resulting from fluoride or other airborne pollutants, 
including trace elements, are not made due to the lack of data on  expected deposition rates 
and plant responses specific to a site. Additional study of plant responses i n  the field and of 
expected deposition rates is essential t o  more definitive impact prediction. 

lmpacts of waterborne pollutants o n  aquatic ecosystems are similarly specific t o  each site. 
However, if New Source Performanre Standards are adhered to and towers or ponds are used to 
cool power plants, n o  significant impacts are expected. To the extent that such impacts occur, 
they are most likely t o  result from accidentally released runoff from coal and ash piles or from 
leaching of buried. ash into ground water. The potential for such accidental releases is signifi- 
cantly greater in areas west of the Cascade Mountains where precipitation is high and materials 
may more readily be leached t o  ground water. 

Minor reductions in stream flows in the Columbia and Snake Rivers estimated in Chapter 6 
to result from power plant withdrawals are not expected to  significantly impact aquatic ecosystems. 
Impacts may occur, however, if simultaneous large withdrawals for expanded irrigated agricul- 
ture occur within a short stream reach or if generating stations are too closely clustered. Anadro- 
mous fish losses are also possible if the switch of hydro systems from baseload to peaking genera- 
tion occurs. This change in operating mode is expected as more baseload thermal capacity 



is built in the region. Peaking operation is expected to  cause more severe fluctuations in river 
level than at present. Further research is needed to  determine the location and possible extent 
of such fluctuations and t o  estimate the size of resulting fish losses. 

This study assumes that closed-cycle cooling wi l l  be used at all sites. I f  once-through cooling 
is considered at some sites (because of large river flows or ocean access), possible impingement 
and entrainment losses at plant intakes and waste heat impacts at discharge points wil l need to 
be examined o n  a site-by-site basis. The cumulative effect of clustered plants on  the mid- or 
upper-Columbia River would be of particular concern. Estuarine sites are also of special concern 
due to  their typically high biological productivity and importance in food webs involving species 
of commercial importance. 

T h i s  cRapteP d iscusses  p o t e n t i a l  impacts nf t.wo scenar ios  o f  c o a l  dcvclopment on t-eyior ldl  

ecosystems. Ma jo r  v e g e t a t i o n  zones i n  t h e  s tudy  area a r e  d e s c r i b e d  i n  S e c t i o n  8.1. S e c t i o n  

8.2 d iscusses  p o s s i b l e  impacts on p l a n t s  and animals  i n  these  zones, i n c l u d i n g  l o s s  o f  conlmull- 

i t i e s  and spec ies  o f  s p e c i a l  concern, impacts o f  a i r b o r n e  emiss ions on t e r r e s t r i a l  communit ies, 

and impacts on a q u a t i c ~ c o m m u n i t i e s  due t o  c o n t r o l l e d  and u n c o n t r o l l e d  re leases  t o  wa te r  and 

changes i n  s t ream f l o w s .  More d e t a i l e d  d e s c r i p t i o n s  o f  p h y s i c a l  f e a t u r e s ,  v e g e t a t i v e  types,  
\ 

and w a t e r  q u a l i t y  c h a r a c t e r i s t i c s  o f  impor tance t o  a q u a t i c  organisms a r e  con ta ined  i n  Appendix E. 

Only broad ecosystem c a t e g o r i e s  and p o t e n t i a l  impacts  i n  t h e  s t a t e s  o f  Idaho, Oregon, and 

Washington a r e  considered.  Ecosystems and p o t e n t i a l  impacts  o f  m i n i n g  and power s t a t i o n  opera- 

t i o n s  i n  Alaska a r e  un ique  and l e s s  w e l l  understood, thus  r e q u i r i n g  f u r t h e r  s tudy  b e f o r e  impacts 

can be assessed. 

8.1 PLANT COMMUNITIES OF THE STUDY AREA 

The count ies t h a t  a r e  i m p o r t a n t  i n  t h e  N a t i o n a l  Coal U t i l i z a t i o n  Assessment (NCIIA) i n  t.hp . 

Pac i . f  i c  Nor thwest  i n c l u d e  a wide v a r i e t y  o f  h a b i t a t s  and geographic  p rov inces ,  r a n g i n g  f r o m  

r o c k y  c o a s t a l  headlands t o  c o n i f e r - c l o t h e d  mounta in s lopes t o  shrub-steppe p l a i n s .  The b r i e f  

d e s c r i p t i o n  I n c l u d e d  here  can o n l y  o u t l i n e  t h e  d i v e r s i t y  t o  be found and l i s t  some o f  t h e  impor-  

t a n t  aspects  o f  t h e  ecosystems i n c l u d e d  i n  these h a b i t a t s .  A f u l l  and t h o r o u g h l y  documented 

d e s c r i p t i o n  o f  t h e  v e g e t a t i o n  o f  Washington and Oregon i s  a v a i l a b l e " )  from which the f o l l n w i n g  

summary i s  a b s t r a c t e d .  F i g u r e  8.1 shows t h e  l o c a t i o n s  of cand ida te  c o u n t i e s  i n  r e l a t i o n  t o  

f o u r  genera l  v e g e t a t i o r l  .types. 

Tab le  8.1 l i s t s  t h e  p h y s i o g r a p h i c  p rov inces  o c c ~ ~ r r i n g  i n  Washington and Orcgon t h a t  con- 

t a i n  p o r t i o n s  o f  t h e  NCUA c o u n t i e s .  The f o u r  c n ~ r n t i c s  i n  Idaho l i e  i n  r c g i n n ?  w i th  v c g e t a t i o l i  

resembl ing  t h e  e a s t e r n  p o r t i o n s  o f  Oregon and ~ a s h i n ~ t o n ' ~ )  and w i l l  be i n c l u d e d  i n  t h e  d i s -  

cuss/ons o f  Washington and Oregon. The i n a c c u r a c i e s  i n h e r e n t  i n  such agg lomera t ion  a r e  n o t  

c r u c i a l  i n  t h i s  c o n t e x t .  A l s o  i n c l u d e d  i n  Table 8.1 a r e  t h e  ma jo r  d e s c r i p t o r s  o f  t h e  vegeta-  

t i o n  t y p e s  i n  t h e  coun t ies ,  separa ted .by  t h e  phys iograph ic  p rov inces  i n  which t h e y  occur .  

(See Appendix E f o r  more d e t a i l . )  These v e g e t a t i o n  t ypes  a r e  b r i e f l y  d e s c r i b e d  below. 
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8.1.1 Forest Zones of Western Washington and Northwestern Oregon 

Western Washington and northwestern Oregon comprise the most densely forested region i n  

the United States.. These forests represent the maximal development of temperate coniferous 
forests i n  the world i n  terms of extent and size. Few have appreciated how truly unique these 
forests are among the mesic temperate forests of the world. 

One of the most outstanding features of these forests i s  the nearly total dominance of 
conifers~~s species. A second feature i s  the size and longevity of the dominant species. In 
other parts of North America or the world, individual species rival, i n  height and t r u n k  dia- 
meter,, the northwestern American species or exceed them i n  longevity , i .e. , redwood forests of 
California. In no region, however, i s  found a group of dominant trees that are the overall 
match of these. Every coniferous genus represented finds i t s  largest (and often most long-1 ived) 



TABLE 8.1. Vegetation Types Important i n  NCUA Scenarios 

State County 
Washington Cowl i t z  

Douglas 

Grant 

Grays Harbor 

Kl i c k i t a t  

Lewis 

Lincoln 

Whatcom 
Oregon Clatsop 

Coos 

G i l l i am 

Ma1 heur 

Hor~ow 

Sherman 

Idaho B i  ngham 

Gooding 

Power 

Physiographic ~ r o v i n c e ( s ) ( ~ )  
Puget Trough 

Southern Washington Cascades 

Columbia Basin 

Columbia ~ a s i ;  

Columbia Basin 

Olympic Peninsula 

Coast Range 
Southern Washington Cascades 

Columbia Baain 

Puget Trough 

Southern Washington Cascades 
Columbia Basin 

Northern Cascades 

Coast Ranges 

Coast Ranges 

Kl amath Mountains 

Columbia Basin 

Owyhee Upland 
Basin and Rangc 
Columbia Basin 

Blue Mountains 

Columbia Basin 

Owyhee Up1 and type 

Owhyee Up1 and type 

Owyhee Upland type 
Owyhee Up1 and type 

Vegetation Type(s) (a)  
Teuga heterophyth Zone 
Taqa  heterophyth Zone 

Steppe 
Shrub-Steppe 
Steppe 
Shrub-Steppe 
Shrub-Steppe 
Piaea sitchensis Zone 

Tsuga hetmophyt2u Zone 
Teugu 7rstsruphytZa Zone 
Pimcs ponderosa Zone 

Shrub-Steppe 
Teuga heterophyth Zone, Puget 

Sound area 
Tsuga hetemphyZ2.a Zone 

Steppe 
Shrub-Steppe 
Pinus pondsrosa Zone 

T q j a  hetsrophytta Zone 
Pica sitcheneis Zone 
Taiga heterophyZZa Zone 
Picea Bitchensis Zone 
T8uga heterophyWa Zone 

Mixed Co.ni f e r  Zones 
Steppe 
Shrub-Steppe 
Shrub-Steppe 
Desert Slrrub 
steppe 
Shrub-Step y 
Pinus ponderosa Zone 
AbZes gmndis/~ssudotsuga , 

rnemiesii Zones 
.. 8 . .+g' ; 

Steppe - 
Shrub-Steppe - .  
Shrub-Steppe 
Piraus pondezwaa Zone 
Abies gmndis/Ps&tmga 

rnenaiesii Zones 

Shrub-Steppe 
PLw.re trlr~Jv~y.*uu Zone 
Abies gmndis/pseudotauga 

menaiseii Zones 

Shrub-Steppe 

Shru b-Steppe 
piw pondemsa 70ne 
Abiee grandis/Psacdotsuga 

memies.ti Zones 

(a) See Appendix E f o r  descr ip t ion  o f  physiographic provinces and vegetation zones. 
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spec ies  represen ted  here--and sometimes i t s  second. and t h i r d  l a r g e s t  as w e l l :  ~ b i e s ,  Picea, 

Pseudotsuga, Pinus, Chamaecyparis, Thuja, Sequoia, Larix, Lebocedmcs, and Tsuga. 

8.1.2 F o r e s t  Zones o f  Southwestern Oregon 

Southwestern Oregon i s  an ex t reme ly  complex r e g i o n .  C l i m a t e  ranges f rom coo l  and m o i s t  

i n  t h e  c o a s t a l  reg ions  t o  h o t  and d r y  i n  t h e  i n t e r i o r  v a l l e y s ,  which a r e  among t h e  d r i e s t  

l o c a l e s  west  o f  t h e  Cascade Range. The geology and, consequent ly ,  s o i l s  a r e  ex t reme ly  v a r i e d .  

The r e g i o n  combines elements o f  n o r t h e r n  C a l i f o r n i a  c o a s t a l  and e a s t e r n  Oregon f l o r a s  ,. w i t h  a 

l a r g e  number o f  spec ies  ind igenous  o n l y  t o  t h e  Klamath Mountains r e g i o n .  T h i s  env i ronmenta l  

and f l o r i s t i c  d i v e r s i t y  combines w i t h  a l o n g  h i s t o r y  o f  p r e h i s t o r i c  and h i s t o r i c  d is tu rbances ,  

p r i m a r i l y  by f i r e ,  t o  produce an ex t reme ly  v a r i e d  a r r a y  o f  p l a n t  communit ies, desc r ibed  i n  

Appendix E. 

8.1.3 F o r e s t  Zones o f  Eas te rn  Oregon and Washington 

I n  t h i s  r e g i o n ,  elements o f  t h e  c o n t i n e n t a l  Rocky Mounta in f o r e s t s  meld w i t h  some o f  those  

f rom c o a s t a l  areas. F o r e s t  spec ies  a l s o  m ix  w i t h  spec ies  f rom steppe and shrub-steppe communi- 

t i e s ,  e s p e c i a l l y  near  lower  t i m b e r l i n e .  It i s  a c o u n t r y  t y p i f i e d  by ponderosa p i n e  f o r e s t s .  

These zones a r e  descr ibed  i n  Appendix E. 

8.1.4 Steppe and Shrub-steppe o f  t h e  Columbia Basin,  Owyhee Upland and Bas in  and Range Prov inces  

I n  t h e  r a i n  shadow o f  t h e  Cascade Range i s  a l a r g e  a rea  o f  s teppe and shrub-steppe vegeta- 

t i o n  i n c l u d i n g  most o f  c e n t r a l  and sou theas te rn  Washington and much o f  e a s t e r n  Oregon. T y p i c a l  

community dominants i n c l u d e  shrubs such as Grea t  Basin,  s t i f f l e a f  and b l a c k  sagebrush, b i t t e r -  

b rush  and sa l tbush ;  l a r g e  p e r e n n i a l  grasses such as bluebunch wheatgrass, Idaho fescue,  g i a n t  

w i l d  r y e ,  and Thurber  needlegrass;  and a l i e n  invaders  such as cheatgrass,  Kentucky b luegrass ,  

and Medusa head. F o r e s t  v e g e t a t i o n  i s  g e n e r a l l y  c o n f i n e d  t o  mounta in s lopes w i t h  s u f f i c i e n t  

p r e c i p i t a t i o n ,  e i t h e r  r e g i o n a l l y  (e. g., approaching t h e  Rocky Mounta ins)  o r  l o c a l l y  (e.g., 

h i g h e r  e l e v a t i o n s  on i n t e r i o r  ranges such as t h e  B l u e  Mounta ins ) .  

C l i m a t i c a l l y ,  t h e  steppe areas can be t y p i f i e d  as a r i d  t o  s e m i a r i d  w i t h  warm-to-hot d r y  

.summers and r e l a t i v e l y  c o l d  w i n t e r s .  Some mar ine  i n f l u e n c e s  a r e  s t i  11 f e l t  ( c o n d i t i o n s  a r e  

n o t  'so extreme as those  i n  t h e  Grea t  Basin,  f o r  example), b u t . c o n t i n e n t a 1 - t y p e  c l i m a t i c  cond i -  

t i o n s  p r e v a i l .  

8.1.5 Vege ta t ion  o f  Some Unique H a b i t a t s  

Many h a b i t a t s  suppor t  unusual f l o r a s  o r  communit ies o f  p a r t i c u l a r  i n t e r e s t .  These a r e  

t y p i c a l l y  "azonal"  t ypes  o f  h a b i t a t s  t h a t  r e s u l t  f r o m  unusual s u b s t r a t e s ,  un ique  topograph ic  

f e a t u r e s ,  o r  o t h e r  unusual env i ronmenta l  f a c t o r s .  Only  two such areas a r e  i m p o r t a n t  i n  t h i s  

c o n t e x t ,  t h e  o c e a n f r o n t  community complex, i n c l u d i n g  sand dune and s t r a n d  communit ies and L-ide- 

lands;  and t h e  Columbia Gorge. 

Ocean-Front Communities 

A r i c h  v a r i e t y  o f  s p e c i a l i z e d  community t ypes  a r e  found a long  t h e  edge o f  t h e  P a c i f i c  

Ocean t h a t  r e f l e c t  a mosaic o f  d i s t i n c t i v e  h a b i t a t  t y p e s - - e s t u a r i e s ,  t i d a l  f l a t s ,  sand dunes, 

headlands, e t c .  Some f e a t u r e s  o f  shore1 i n e  v e g e t a t i o n  a r e  immed ia te ly  obvious--e.g.,  communit ies 



of sand colonizers and stabilizers, the often impenetrable, bordering belts of shrubs and for- 

ests of lodgepole pine (Pinus contorts) and Sitka spruce (Picea sitchensis). Strong, onshore winds 
greatly influence composition and form of the vegetation by dessicating foliage, transporting 

salt spray, and abrading the plants with sand. Consequently, the stands of lodgepole pine and 
Sitka spruce are frequently deformed on the oceanside'and increase in height to the lee. Three 

major categories of ocean-front communities exist: 

1) sand dune and strand communities 

2) tide1 and communities .F 

3) herb- and shrub-dominated communities. 

Sand dunes are the major locale where ocean-facing vegetation types have been studied by 

ecologists. Oregon and Washington have extensive areas of such dunes; out of 500 km of shore- 

1 ine, Oregon has 225 km of sand dunes.  he greatest development is the Coos Bay dune sheet 
covering 86 km of continuous coastline. 

A variety of tideland communities are associated with estuaries along both the Oregon and 
Washington coasts, but their characteristics are little known. In the lower Columbia River, a 1 

large number of islands are subject to major tidal influences. The composition of these com- 

munities is present.1~ unknown, as well as the degree to which each is influenced by salt water. 

The islands closer to the mouth of the river are mainly marshlands; those farther ~rpriver are 
characterized by dense, tall shrub communities. The coastal climatic influence, as indicated 

by the presence of Sitka spruce, seems to disappear east of Cathlamet, Washington. Sitka spruce 

is the characteristic tree species of tideland areas and has been referred to as "tideland 

spruce" almost since its discovery. Sprawling, open-grown Sitka spruce border tidal flats and 

Channels al l along the Oregon and Washington coasts. 

The Columbia Gorge 

The Columbia Gorge is an unusual physiographlc feature of considerable biological impor- 

tance. The Columbia River cut this nearly sea level route directly across the axis of the 

Cascade Range. This is the only point'between the Fraser River (in British Columbia) and 

Klamath River (in California) where a feature of this type is found. It has provided a major 

route for- both plant and animal migration between the western and eastern halves of Washington 

and Oregon. It also contains many species that are endemic or constitute relic populations. 

8.1.6 Agricultural Lands 

Agriculture is' a major and expanding use of land in the Pacific Northwest. Table 8.2 

indicates the relative importance of agricultural crops as a land cnver in the candidate coun- 
ties (1974 deta) and the products of greatest market value produced in these counties. The 

land devoted to agriculture varies from approximately 5% of the county area in counties west 

of the Cascade Mountains, such as Clatsop and Cowlitz Counties, to more than 95% in some areas 

in the rural eastern parts, such as Lincoln and Gilliam Counties. (4-6) 

The arid areas east of the Cascades typically have large acreages devoted to dry land 

wheat farming. Where irrigation has been developed, as in the Columbia Basin, the trend toward 

irrigated crops, such as alfalfa, sugar beets, potatoes, and grapes has increased. Irrigated 

pasture is also becoming common. Table 8.2 indicates that as muchias one-fourth to one-third 

of the farm land in some counties is presently irrigated. 
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TABLE 8.2. A g r i c u l t u r a l  A c t i v i t y  i n  Candidate Count ies,  1 9 7 4 ( ~ - ~ )  

Percent  Percen t  o f  
Land i n  o f  County Farmland 

Farms ( a c r e s )  i n  Farms I r r i g a t e d  Ma jo r  Farm Products  ( a  

Idaho 
Bingham 1,048,833 79.4 24.6 F i e l d  crops,  c a t t l e  

E l  more 430,814 22.1 14.9 F i e l d  crops,  c a t t l e  

Goodi ng 227,994. 49.5 36.6 . F i e l d  crops,  c a t t l e  

Power 495,745 54.8 16.2 F i e l d  crops,  c a t t l e  

Oregon 
C la tsop  26,560 5.2 3.8 D a i r y  products ,  c a t t l e ,  

o t h e r  1 i v e s t o c k  

Coos 159,225 15.5 5.2 D a i r y  p roduc ts ,  c a t t l e ,  
f r u i  t s - n u t s - b e r r i e s  

Gi 11 iam 744,653 96.3 1 .O Wheat, c a t t l e  

Ma1 heur  1,477,029 23.4 14.2 C a t t l e ,  f i e l d  c rops  ,, 
vegetab les  

Morrow 1 ,107,480 84.0 5.3 Wheat, f i e l d  crops,  
c a t t % l  e 

Sherman 474,495 89.3 0.1 Wheat, c a t t l e ,  p o u l t r y  

Washington 
Cowl i t z  38,020 5.2 5.0 D a i r y  p roduc ts ,  p o u l t r y ,  

c a t t l e  

Doug1 as 955,630 81.5 2.3 Wheat, f r u i t s - n u t s -  
b e r r i e s ,  c a t t l e  

Frank1 i n  600,959 74.9 24.2 F i e l d  crops,  wheat, 
f o r a g e  

Grant  1,081,599 63.2 27.0 F i e 1  d crops,  wheat, 
c a t t l e  

Grays Harbor  49,581 4.1 6.7 D a i r y  p roduc ts ,  c a t t l e  

K l i c k i t a t  786,736 64.4 2.1 Wheat, c a t t l e ,  f o r a g e  

Lewis 137,078 8.8 5.0 D a i r y  p roduc ts ,  p o u l t r y ,  
c a t t l e  

L i n c o l n  1,469,010 99.6 2.4 Wheat, c a t t l e  

Whatcom 132,921 9.8 18.6 D a i r y  p roduc ts ,  pou l  t r y ,  
c a l ; t l e  

( a )  H ighes t  v a l u e  cash c rops  i n  o r d e r  

8.2 POTENTIAL IMPACTS OF COAL DEVELOPMENT 

I 8.2.1 Impacts on Species o f  Spec ia l  I n t e r e s t  

The P a c i f i c  Nor thwest  p r o v i d e s  h a b i t a t s  f o r  severa l  spec ies  t h a t ,  a r e  under c o n s i d e r a b l e  

p ressure  t o  s u r v i v e .  Many o f  these  spec ies  have been accorded o f f i c i a l  r e c o g n i t i o n  t o  p u b l i -  

c i z e  t h e i r  s i t u a t i o n .  Threatened animal s ~ e c i e s  a r e  l i s t e d  i n  t h e  "Red Book" ~ u b l i s h e d  i n  

1973 by t h e  U.S. Bureau o f  s p o r t  F i s h e r i e s  and ~ i l d l i f e . ' ~ )  P l a n t  species a r e  i n c l u d e d  i n  a 

1 i s t  p repared  by t h e  Smi thsonian ~ n s t i t u t i o n .  (8 )  A1 1 t h e  cand ida te  c o u n t i e s  f o r  p o s s i b l e  new 

c o a l - f i r e d  power s t a t i o n s  i d e n t i f i e d  i n  t h i s  s t u d y  c o n t a i n  a t  l e a s t  one spec ies  c u r r e n t l y  

th rea tened ,  as shown i n  Table &.3.(') Land use changes caused by c o a l  development may i n c r e a s e  



TABLE 8.3. Threatened Species O c c u r r i n g  i n  Candidate Count ies 

L o c a t i o n  P l a n t s  Animals 

Idaho 
Bingham County AstragaZus ceramicus Peregr ine  Falcon 

(FaZco peregrinus anatwn) 
P r a i r i e  Fa lcon  
(FaZco mexicanus ) 

Elmore County Lepidium montunwn , 
v a r .  p a p a r i f e m  

Peregr ine  Fa1 con 
P r a i r i e  Falcon 

Gooding County P r a i r i e  Falcon 

Power County 

Oregon 
C la tsop  County 

Coos County 

G i l l i a m  County 

Ma1 heur coun ty  

Morrow coun ty  

S h e r l ~ ~ a ~ l  CUUII t y  

Washington 
Cowl i t z  Countj l  

Douglas County 

Frank1 i n  County 

Gran t  C n ~ l n t y  

Grays Harbor  County 

K l  i c k i t a t  Colrnty 

Lewis County 

L i n c o l n  County 

Whatcom County 

Arenaria pazudicola 
Cardamine pattersonii  
Doug7~,sin 7neliigntn 
v a r .  n;7;o7nto 
Erythroniwn revolutwn , 

'Fizipenduk occidenta Zis 
Lewisia c o Z d i a n a  
v a r .  mipicola 
Saxi fmga occidentazis 
var .  7.at.i.peti.oZata 
Synthyris schizantha 

Arenaria paZudicoZa 
CordyZanthus rnaritimus 

Arenaria frankl ini i  
v a r .  thompsonii 
CoZZornia macrocazyx 
SiZene scaposa 
v a r .  scaposa 

Arenarza frankzinii  
v a r .  thompsonii 

,SaZix f ZuviatiZis 

IZiarnna Zongisepala 

AZ Ziwn robinsonii  

A7.7.iirrn rohi.nsoni-i. 
Balsamorhiza rosea 

Anemone oregana 
v a r .  j'eLix 

Cn7.m~g1-n.st i.s hnitto 1 7.i.i 
Haptopappus haZZii 
Hiericiwn longiberbe 
HydrophyZZwn c a p i t a t m  
v a r  . thompconii a 

Lomntii~m svksdorfii. 
RanuncuZus reconditus 
Pe~!otcnioi~ bdziiti Liud 
Pensternon subserratus 

Claytonia Zanceolata 
v a r .  chrysantha 

8.0 

Peregr ine  Fa1 con. 
P r a i r i e  Falcon 

Columbian Whi te -Ta i led  Deer 
(Odocoi Zeus virginianus leucurus ) 

Peregr ine  Falcon ' 

P r a i r i e  Falcon 

Peregr ine  Fa lcon  
P r a i r i e  Fa lcon  

Peregr ine  Fa1 con 
P r a i r i e  Fa lcon  

Peregr ine  Falcnn 
P r a i r i e  Fa lcos  

Columbian Whi te -Ta i led  Deer 

Peregr ine  Falcon 
P r a i r i e  Fa lcon  

P r a i r i e  Fa lcon  
terr ! lq inous Hawk 
( R U  teo r e g a l i s )  

~ r i i r ; e  Fa lcon  

01 ympi c  Mudmi nnow 
( N O V U I ~ ~ P ~  hubbsi ) 

P r , a i r i u  Fa lcun  

01 ympi c  Mudmi nnnw 

P r a i r i e  Fa lcon  

Peregr ine  Fa lcon  



t he  pressure on these species. Table 8.3 l i s t s ,  by county, those species t h a t  occur near the  

Columbia o r  Snake Rivers, o r  near coastal  es tuar ies  where development appears most probable. 

An assessment o f  ac tua l  impacts on threatened species must awai t  more s p e c i f i c  p l a n t  s i t e  

designat ion.  

Threatened Animal Species 

Four species l i s t e d  i n  the Red Book occur i n  the  scenar io count ies.  The most widespread 

species i s  the p r a i r i e  f a l con  (Falco mexicanus), which probably occurs i n  a1 1 nonforested 

count ies (a l though never i n  very l a rge  numbers). I t  seems l i k e l y  t h a t  the  p r a i r i e  f a l con  nests 

throughout'  i t s  rang; i n  the  Northwest wherever s u i t a b l e  s i t e s  can be found; i .e., rocky c l i f f s  

f a r  removed from human disturbance.  

Another very widespread species i s  the  peregr ine fa l con  (Falco peregr inus anutwn), which 

may occur i n  a l l  the  count ies,  a l though i t s  numbers are so small t h a t  i t  may be observed i r r e g u -  

l a r l y .  Elmore, Power, and Bingham count ies i n  Idaho have hab i ta t s  favorab le  f o r  these rap to rs  

a long the Snake and Boise Rivers.  The peregr ine may nest  i n  Malheur County and the  western 

count ies o f  Oregon and Washington ( p a r t i c u l a r l y  i n  northwestern count ies) .  It may be on ly  a 

seasonal v i s i t o r  i n  the  remaining count ies,  being very s e n s i t i v e  t o  human disturbance.  

Another r a p t o r  r e q u i r i n g  i s o l a t e d  va l l eys  f o r  nes t ing  i s  the  fe r rug inous hawk (Buteo 

r e g a l i s ) .  This species has n o t  y e t  been o f f i c i a l l y  designated as threatened, bu t  such a c t i o n  

i s  thought appropr iate by many fami l ' ia r  w i t h  the species. I t s  popu la t ion  i s  very small;  on ly  

20 p a i r s  nes t  i n  ~ a s h i n ~ t o n , ( ' O )  by comparison 15 o r  20 dozen p a i r s  o f  p r a i r i e  fa lcons may 

nest  i n  the  s ta te .  The ferruginous hawk i s  important  t o  note because about two- th i rds  o f  the  

nest ing  p a i r s  choose F rank l i n  County, Washington f o r  t h e i r  nes t  s i t e s .  

Another species l i s t e d  i n  t he  Red Book i s  the  Columbian w h i t e - t a i l e d  deer (Odocoileus 

v i r g i n i a n u s  leucurus).  This species occupies r i v e r  bottom lands i n  the  lower Columbia R iver  

and may occur i n  e i t h e r  Clatsop o r  Cowl i tz  count ies.  The popu la t ion  i s  small,  poss ib l y  on ly  

several dozen, and under considerable pressure due t o  h a b i t a t  mod i f i ca t i on  along the  Columbia 

R iver  shore1 i ne .  

Large na t i ona l  w i l d l i f e  refuges t h a t  might  o f f e r  some p r o t e c t i o n  f o r  these species w i t h i n  

candidate count ies ncclrr nn l y  i n  central Grant  County, Washington and western Power County, 

Idaho. 

The f o u r t h  species l i s t e d  i n  t h e  Red Book i s  t he  Olympic mudminnow (~ovwnbra  hubbsi)  , 
which occurs on ly  i n  the  Satsop and Deschutes Rivers i n  Washington. I t s  very r e s t r i c t e d  habi-  

t a t  i n  Grays Harbor and Lewis Counties leaves i t  q u i t e  vu lnerab le  t o  e l im ina t i on .  

Three o ther  f i s h  species occur r ing  i n  the candidate count ies are considered rare .  (11) The 
Mi l l i coma dace ( ~ h i n i c h t h y s  sp.), a species ( o r  race) o f  Cyprimid, i s  r e s t r i c t e d  t o  the  Coos 

River  system i n  Coos County, Oregon. The wh i te  s Luryeon ( ~ c i p e n s e r  transmontunus) i s  considered 

r a r e  i n  Idaho po r t i ons  o f  the Snake River system. White sturgeon are  common i n  the  lower Colum- 

b i a  River areas; however, populat ions have been d e c l i n i n g  i n  impoundment areas above Bonnev i l le  

Dam. The Shoshone Sculpin (Cottos greene i )  i s  a r a r e  species i n  po r t i ons  o f  the upper Snake 

Riv,er system, Idaho. The ex tent  o f  i t s  range i s  unknown. 



Threatened P l a n t  Species 

Many spec ies  o f  p l a n t s  a r e  c u r r e n t l y  i d e n t i f i e d  as th rea tened  and have been so c l a s s i f i e d  

i n  an a u t h o r i t a t i v e  1 i s t i n g .  (8)  Most o f  t h e  species occur  i n  r e l a t i v e l y  r e s t r i c t e d  h a b i t a t s  

t h a t  may n o t  be impacted by t h e  p r o j e c t e d  c o a l  development. An a n a l y s i s  f o r  each s i t e  w i l l  be 

needed t o  determine t h e  degree o f  impac t  on these  species.  Only  two c o u n t i e s  have an e x t e n s i v e  

l i s t  o f  spec ies :  C la tsop  County, Oregon and K l i c k i t a t  County, Washington. Most o f  t h e  species 

i n  C la tsop  County a r e  r e s t r i c t e d  t o  Saddle Mountain, Sugar loa f  Mountain, and Onion Peak. How- 

ever ,  s e v e r a l  o f  t h e  spec ies  found  i n  K l i c k i t a t  County occur  a long  t h e  Columbia R i v e r  near  t h e  

e a s t  end o f  t h e  Columbia Gorge, i n  h a b i t a t s  p o t e n t i a l l y  open t o  d is tu rbance .  Many o f  t h e  o t h e r  

spec ies  i n  K l i c k i t a t  County, and i n  t h e  o t h e r ,  n o n f o r e s t e d  coun t ies ,  occur  i n  sagebrush uplands 

n o t  c l o s e l y  t i e d  t o  p o t e n t i a l  development s i t e s  ( b u t  open t o  d i s t u r b a n c e  f r o m  agronomic a c t i v -  

i t i e s  and o t h e r  l a n d  use changes). Again, s i t e - s p e c i f i c  analyses w i l l  be needed. 

There i s  a  ma jo r  c o n t r a s t  between t h e  approach t o  impact  assessment r e q u i r e d  f o r  many o f  

t h e  t h r e a t e n e d  animals  and t h e  approach f o r  th rea tened  p l a n t s .  The animals  may be wide rang-  

i n g ,  r e q u i r i n g  l a r g e  areas, and t h e r e f o r e  r a t h e r  easy t o  r e l a t e  t o  human a c t i v i t i e s .  P l a n t s ,  

however, may be r e s t r i c t e d  t o  h a b i t a t s  o n l y  a few hundreds o f  hec ta res  i n  e x t e n t ,  r e q u i r i n g  

c l o s e r  s c r u t i n y  f o r  assessment. 

Other  H a b i t a t s  and Species o f  Spec ia l  I n t e r e s t  

Oregon and Washington c o n t a i n  f o u r  n a t i o n a l  parks and severa l  n a t i o n a l  w i l d l i f e  re fuges  

t h a t  p r o t e c t  ecosystems o f  s p e c i a l  s c e n i c  and s c i e n t i f i c  va lue.  A i r b o r n e  emiss ions f rom new 

c o a l - f i r e d  power p l a n t s  c o u l d  r e s u l t  i n  v i s u a l  impai rment  o r  a c t u a l  damage t o  p l a n t s  and a n i -  

mals  i n  these  areas. The n a t i o n a l  pa rks  have been accorded Class I s t a t u s  under t h e  Clean A i r  

A c t  Amendments t o  p r o t e c t  a g a i n s t  such impacts.  

The c a n d i d a t e  c o u n t i e s  c o n t a i n  many game b i r d s  and mammals o f  ' importan't r n e c r e a t i o n a l  and 

a e s t h e t i c  va lue .  These i n c l u d e  mule deer, e l k ,  whi t e - t a i l e d  deer, c o t t o n t a i  I s ,  qua i  I ,  chukar  

p a r t r i d g e ,  pheasant, grouse, and numerous spec ies  ' o f  w a t e r f o w l .  The h a b i t a t  r e q u i r e d  by these  

an ima ls  w i l l  be reduced due t o  power development; p r o t e c t i o n  o f  e x i s t i n g  re fuges  f r o m  damage 

by a i r b o r n e  o r  aqueous p o l l u t a n t s  w i l l  be p a r t i c u l a r l y  impor tan t . .  These animals  may be more 

s e n s i t i v e  t o  env i ronmenta l  p o l l u t a n t s  than  domest ic  an imals  because o f  poss, ib le  b ioaccun iu la t ion  

o f  t o x i c  m a t e r i a l s ,  such as mercury, th rough  t h e i r  more complex food  cha ins .  

Towers, t r a n s m i s s i o n  l i n c s ,  roadways, and fences t h a t  accompany power development c r e a t e  

a d d i t i o n a l  hazards and b a r r i e r s  f o r  b i r d  and mammal p o p u l a t i o n s .  

8.2.2 A1 t e r a t i o n  o f  T e r r e s t r i a l  Communities Due t o  Power S t a t i o n  Emissions 

A i r  p o l l u t a n t s  r e l e a s e d  by c o a l - f i r e d  power s t a t i o n s  w i l l  be d e p o s i t e d  on v e g e t a t i o n  and 

s o i l s  downwind o f  t h e  s t a t i o n s .  V i s i b l e  damage t o  v e g e t a t i o n  may o r  may n o t  'occur, depending 

on a number o f  f a c t o r s ,  i n c l u d i n g  t h e  t y p e  o f  p o l l u t a n t s  deposi ted,  d e p o s i t i o n  r a t e s ,  t h e  spe- 

c i e s  o f  p l a n t  p resen t .  and s o i l - p l a n t  chemis t ry  a t  t h e  s i t e .  Emissions may a f f e c t  p l a n t s  by 

e n t e r i n g  t h r o u g h  t h e  stomates i n  t h e  leaves  and a l t e r i n g  i n t e r n a l  l e a f  b i o c h e m i s t r y ,  by depos- 

i t i n g  p a r t i c u l a t e s  on l e a f  su r faces  thereby  decreas ing  t h e  amoint  o f  l i g h t  r e a c h i n g  t h e  p l a n t  

and decreas ing  pho tosyn thes is ,  o r  by d e p o s i t i n g  m a t e r i a l s  d i r e c t l y  on t h e  s o i l  t h a t  e i t h e r  a1 t e r  

s o i l  c h e m i s t r y  o r  e n t e r  t h e  p l a n t  v i a  r o o t  uptake.  



E f f e c t s  o n . i n d i v i d u a 1  p l a n t s  and on t h e  e n t i r e  p l a n t  and animal community can be c a t e g o r -  

i z e d  by t h e  p e r i o d  o f  exposure r e q u i r e d  t o  produce an observab le  e f f e c t .  Exposure may be acu te  

(hours o r  l e s s ) ,  c h r o n i c  (weeks-months), o r  l ong- te rm (years ) .  The damage f rom an a c u t e  expo- 

su re  i s  o f t e n  r e a d i l y  e v i d e n t  i n  damage o r  dea th  t o  i n d i v i d u a l  p l a n t s .  Chrqnic  o r  long- te rm 

e f f e c t s ,  however, may be l e s s  v i s i b l e  b u t  o f  g r e a t e r  impor tance t o  t h e  ecosystem as a  whole. 

For  example, a  temporary f a i l u r e  o f  c o n t r o l  equipment and a  s imul taneous atmospher ic  i n v e r s i o n  

t h a t  inc reases  l o c a l  d e p o s i t i o n  m i g h t  s u b j e c t  a  p r a i r i e  t o  a c u t e  exposure. R e s u l t i n g  l e a f  

damage i s  soon r e p l a c e d  by new leaves,  and t h e  compos i t i on  o f  t h e  p r a i r i e  remains unchanged 

though p r o d u c t i o n  may be t e m p o r a r i l y  decreased. I n  c o n t r a s t ,  c h r o n i c  o r  long- te rm exposure 

may o r  may n o t  cause obvious f o l i a r  damage b u t  w i l l  damage p l a n t s  and s e l e c t  a g a i n s t  those  

p l a n t  and animal spec ies  l e s s  a b l e  t o  t o l e r a t e  t h e  emiss ions.  Changes i n  species compos i t i on  

o r  community c h a r a c t e r  may r e s u l t .  Most o f  o u r  p r e s e n t  knowledge o f  p o s s i b l e  c o a l - f i r e d  power 

s t a t i o n  e f f e c t s  on v e g e t a t i o n  i s  o f  a c u t e  exposure e f f e c t s ,  and much o f  t h i s  has been gained . 

i n  l a b o r a t o r y  s t u d i e s  where c o n d i t i o n s  may d i f f e r  i n  i m p o r t a n t  aspects  f r o m  those  encountered 

by p l a n t s  growing i n  t h e  f i e l d .  The e f f e c t s  o f  power s t a t i o n  emiss ions on n a t u r a l  communit ies 

o r  c rop lands  i s  n o t  w e l l  understood.  

Symptoms o f  damage t o  c o n i f e r s  and deciduous t r e e s  f rom p o s s i b l e  power s t a t i o n  emiss ions 

h a l e  been observed as shown i n  Table 8.4. ( I 2 )  I n  genera l ,  l eaves  may d i s c o l o r ,  p a r t i a l l y  d i e ,  

and f a l l  e a r l y  i n  response t o  fumigants.  Even i f  t h e  l e a f  remains on t h e  p l a n t ,  f o l i a r  damage 

can l e a d  t o  reduced pho tosyn thes is  and p r o d u c t i o n .  V i s u a l  damage g e n e r a l l y  i s  n o t  a  dependable 

i n d i c a t i o n  o f  reduced p r o d u c t i v i t y .  The t o x i c i t y  o f  p o s s i b l e  fumigan ts  t o  p l a n t s  i s  v e r y  

s p e c i f i c  f o r  each spec ies  and s i t e .  Examples o f  damage and t h e  assoc ia ted  f u m i g a t i o n  l e v e l s  

f o r  some gases t y p i c a l  o f  coa l  combustion a r e  shown i n  Tab le  8.5. (13-15) 

P o s s i b l e  P o l l u t a n t s  o f  Concern 

The Power s t a t i o n  emiss ions o f  p r i n c i p a l  concern a r e  s u l f u r  ox ides  (SO,), n i t r o g e n  ox ides  

(NO,), ozone, f l u o r i d e ,  and p a r t i c u l a t e s  c o n t a i n i n g  v a r i o u s  t r a c e  contaminants,  i n c l u d i n g  heavy 

meta ls .  As shown i n  Tab le  8.5, impacts o f  SOx a r e  p robab ly  b e s t  known. I n  r e v i e w i n g  Table 8.5, 

i t  i s  s i g n i f i c a n t  t h a t  f i e l d  grown p l a n t s  t o l e r a t e d  h i g h e r  l e v e l s  o f  SO2 t h a n  l a b o r a t o r y  p l a n t s .  

T h i s  may be because p a r t  o f  o r  a l l  p l a n t  s u l f u r  requi rements may be met f rom SO2 i n  t h e  atmos- 

phere,(26) sugges t ing  t h a t  t h e  response t o  a  p a r t i c u l a r  emiss ion  depends on t h e  m i n e r a l  ba lance 

f o r  t h a t  element i n  t h e  p l a n t .  P l a n t s  grown i n  t h e  l a b o r a t o r y  under i d e a l  c o n d i t i o n s  (as i s  

u s u a l l y  t h e  case) can absorb l e s s  atmospher ic  SO2 w i t h o u t  damage t h a n  p l a n t s  growing i n  s u l f u r  

d e f i c i e n t  s o i l .  However, even p l a n t s  i n  such s o i l  can be damaged by s u f f i c i e n t l y  h i g h  l e v e l s  

o f  SO2. 

Even f o r  SOx, t h e  most s t u d i e d  p o l l u t a n t ,  o u r  unders tand ing  o f  e f f e c t s  i s  u n c e r t a i n .  F luo-  

r l d e  111dy be Lhe ~ i l u s t :  o r  IIIULII o r  ~ J I C  da111age g e n e r a l l y  a t t r i b u t e d  t o  s u l f u r .  (27,281 

S u l f u r  d i o x i d e  e m i t t e d  t o  t h e  atmosphere may a l s o  combine w i t h  atmospher ic  water ,  r e s u l t -  

i n g ' i n  a c i d  r a i n .  A c i d  r a i n  can a f f e c t  b o t h  t h e  above-ground and below-ground segments o f  t h e  

vegeta ' t ion.  Above-ground, a c i d  r a i n  has been a s s o c i a t e d  w i t h  damage t o  young c o n i f e r  needles (29) 

and bean 1  eaves. (30) However, species d i f f e r  i n  t h e i r  response t o  a c i d  r a i n  and t o  atmospher ic  
t 

SO2. Below-ground, t h e  excess o f  H i n  a c i d  r a i n  may l e a c h  m i n e r a l  n u t r i e n t s  f r o m  t h e  r o o t  zone 



TABLE. 8.r .  Common A i r  P o l l u t a n t s  I n j u r i o u s  t o  Tree , Sources, 
Symptoms, and Age o f  Leaves A f f e c t e d ( l 2 ?  

P o l l u t a n t  Sources 

S u l f u r  d i o x i d e  Comb~~sion o f  coa l  and o i l  i n  generat ing 
( so2 e l e c t r i s i t j ,  home and space heating, 

r e f i i i n g  awid smel L ing o f  ores ( i r o n ,  cop- 
per, lead, n i c k e l ,  z i n c ) ,  p lus  t k e  manu- 
f a c t ~ r e  o f  s u l f u r i c  a c i d  r e l a t e d  products. 

Ozone (03) ProCuced w!ien sur;l i g h t  reac ts  w i t h  n i t r o -  
gen oxides and hydrocarbons f o r m ~ d  i n  
autanobi le ,  bus, t r u c k  and a i r p l a n e  
extizust, re fuse  burning, combustion o f  , 

f o s s i l  f u e l s .  E l e c t r i c a l  storms a re  a 
mi nc.- source. 

Hydrogen f l u o r i d e  M a n ~ f a c j u r e  andlo- p n c e s s i n g  o f  a lumi-  
(HF) num, s t e e l ,  b r i c k .  t i l e ,  po t te ry ,  cera-  

mics, glass, f i b e r g l a s s ,  cement, phos- 
phate f e r t i l  i ze rs .  r e f i n e r i e s ,  and the  
comtust ion o f . c o a l .  

Peroxyacety' Formed by oxi-3es ' o f  n i t r o g e n  (NO,) r e a c t -  
n i t r a t e  (PAII) , i n g  w i t h  hydr2carbons i n  the  exhaust 

gases o' zutonobi;es, buses, t rucks  and 
a i r ~ l a n e s  i n  the presznce o f  s u n l i g h t .  

Ni t rogen ox-des Autanob- le  exiausi;, pzt ro leum r e f i n i n g ,  
(NOx) (most-y combust-.on o f  f o s s i l  Fuels, burn ing c f  
N02, NO3 and organic  waste;, rranufacture o f  n i t r i c  

N2°4) and s u l f u r i c  ~ i d s ,  s t a i n l e s s  s t e e l ,  
pain:, soo'ing, rubber, soap and ny lon,  
e t c .  

P a r t i c u l a t e s ,  Combust-on o f  f o s s i l  Fuels and organic  
smoke, dust.  f l y  wastes, cenent product ion and 1 i r e - k i l n  
ash, and l i q u i d  operat ion, metal r e f i i i n g  and f o u l d r y  
p a r t i c l e s  operat ions.  a 3 r i c u l t u r a l  a c t i v i t i e s ,  

and I n c - n e r a t i o n .  

Age o f  Leaves 
Symptoms A f fec ted  

Broadleaved t rees :  Yellow, t a n  o r  i v o r y ,  papery, Younger, f u l l y  
b lo tches between the  l e a f  veins. Veins u s u a l l y  expanded leaves 
s tay  green. I n j u r y  normal ly  exterlcs through the  
l e a f .  
Conifers: Yellowing o r  browning o f  needles, o f t e n  
w i t h  a tan  t o  reddish-brown diebaek o r  banding o f  
needles. Growth suppression and e a r l y  d e f o l i a t i o n  
may occur. 

Broadleaved frees:  Flecks or s t i p p l i n g  o f  upper Younger, f u l l y  
l e a f  sur face.  Markings vary from whi te- to- tan,  expanded, near1 y 
brown, red, p u r p l i s h  o r  b lack.  mature leaves 
Conifers: Needles mot t led  green and y e l l o w  o r  , 

brown; may t ~ r n  r e d d i s h - b r o ~ n  and d i e  back. Growth 
. o f t e n  stunted, sparse o r  t u f t e d  due t o  premature 
d e f o l i a t i o n .  

Broadleaved t r e e s :  Tips an3 margins o f  leaves t u r n  Mature leaves; 
pa le  green t s  y e l l o r  o r  ch l ,2 ro t i c ,  tan., 'and f i n a l l y  c u r r e n t  season 
a dark reddish-brown. A narrow, reddish-brown band needles on c o n i f e r s  
o r  l i n e  o f t e i  separates hea l thy  and i n j u r e d  l e a f  
t i ssue .  
Conifers: Y?llowing, tan, f i n a l l y  reddish-brown 
t i p - b u r n  o f  needles. Pines are generas ly  very 
suscep t ib le .  Dwarf ing o f  shoot growth and l e a f  
absc iss ion a re  comnon. 

Broadleaved trees:  Glazing ( s l i g h t l y  o i l y  o r  waxy), Young, r a p i d l y -  
s i l v e r i n g  o r  bronz ing o f  thz  under leaf  sur face i n  growing leaves 
bands. 
Conifers: Needles t u r n  ye l low.  Also, e a r l y  matur- 
i t y  o r  senescence, growth s ~ p p r e s s i o n  and premature 
and heavy l e a f  drop. 

Small, i r r e g u l a r  wh i te  t o  t3n, bronze o r  brown dead Middle-aged leaves 
areas form near the  t i p s ,  m3rgins and between the  
veins. Symptoms may c l o s e l y  mimic those induced 
by SOr. Growth suppression and l e a f  absc iss ion 
w i thou t  f o l i a r  markings r e s u l t s  from low- level ,  
continuous e.<posure. 

Uns igh t l y  dust  coa t ing  on leaves r e s u l t i n g  i n  reduced 
photosynthesis, general v i g o r  and hardiness. Usual ly  
more u n s i g h t l y  than harmful,  except f o r  a c i d  l i q u i d  
p a r t i c l e s  t h a t  may k i l l  small areas i n  leaves. 



TABLE 8.5. P h y s i o l o g i c a l  Responses and Associated Fumigant Level  

Concen t ra t ion  
Experimental C = Chronic  

Fumigant Species Ccondi t i o n s  Response A = Acute Reference 

SO., P ine  Lab C h l o r o p l a s t  i n j u r y  i n  o l d e r ,  l e s s  a c t i v e  t i s s u e s  A 0.1 ppm 13 - 

so, 30 n a t i v e  and F i e l d  T y p i c a l  SO2 f o l i a r  damage A < 0.46 ppm 14 
ornamental 

S02 P r a i r i e  grasses F i e l d  No phenologic  d i f f e r e n c e s ;  o l d e r  leaves  show more C 0-0.10 ppm 15 
f o l  i a r  damage 

P r a i r i e  grasses 

P r a i r i e  above- 
g r o ~ n d  i n s e c t s  

' P r a i r i e  s o i l  
i n s s c t s  

Gerani  um 

87 d e s e r t  species 

Tobacco 

. A l f a l f a  and 
r a d j s h  

11 c r o p  species 

Soybean 

Pine, young 
needles 

Radish 

F i e l d  

F i e l d  

F i e l d  

Lab 

F i  el d 

Lab 

Lab 

Lab 

Lab 

La 3 

La 3 

No e f f e c t s  on growth 

. No e f f e c t  

No d i f f e r e n c e  i n  small  i n s e c t s ;  fewer  grasshop- 
p e r  eggs i n  h i g h  SO2 

Stomata1 c l o s u r e  i n  response t o  SO2 

Damage t o  o l d e r  leaves  f i r s t .  No d i f f e r e n c e  
between SO2 and SO2 + NO2 

Gases t o g e t h e r  reduced growth more than  each gas 
a lone  

Growth r e d u c t i o n  same f o r  exposure t o  s i n g l e  o r  
combined gases 

T y p i c a l  o x i d a n t  (ozone) l e a f  i n j u r i e s  

Decreased growth 

V i s i b l e  h i s t o l o g i c a l  damage, p r i m a r i l y  due t o  

S02 
Decreased r o o t  growth a t  a l l  temperatures 

0-0.1 ppm 

0-0.1 ppm 

0-0.1 ppm 

0.25-2 ppm 

2-11 ppm 

0.05 ppm 03 
0.05 ppm SO2 

0.05-0.1 ppm 03 
0.25-0.1 ppm SO2 

0:05-0.1 ppm 0 
0.05, 0.2 ppm 302 

0.45 ppm SO3 
0.45 ppm O3 

0.4 ppm 



to groundwater. The pH of the soil can slowly become lower, which will increase the solubility 

and leachability of plant nutrients and trace contaminants. Depending on soil-plant chemistry, 

increased plant uptake can be either beneficial or damaging. 

Photochemical oxidants, particularly ozone and peroxyacyl nitrates may be of particular 

concern due to their impacts on agriculture and forestry. As shown in Table 8.5, ozone effects 
are observable at concentrations as low as 0.05 ppm. (21-23y31 ) , Photochemical oxidants are not 
known to directly affect animals.(3Z) No estimates of possible oxidant caused damage have been 

made in this study, but in view of the high plant sensitivities reported, potential damage 

should be further investigated. 

Trace contaminants from coal combustion can change the availability of micronutrients in. 
the soil, but whether such a change is significant is difficult to predict. Coal typically 
contains many elements (Table 5.6) that are concentrated in the ash during'the combustion pro- 
cess and may be released in various quantities depending on the coal used and the combustion 

TABLE 8,6, El cmcntal Concentra t i o ~ , ~  u f  a 
Typica I Midwestern Coal f33934) 

Element 

As 
B(a) 

Concentration 
(PP~) 
14.02 

Corlcentration 
(percent) 

1.29 

(a) Elements are known to be essential for normal plant growth. 
(b) Elements may be essential for normal plant growth. 



and p o l l u t i o n  c o n t r o l  t e c h n o l o q i e s  employed. (33) Many o f  these elements a r e  e s s e n t i a l  f o r  

p l a n t  g rowth  and a r e  so  i d e n t i f i e d  i n  Table 8.6. (34') A smal l  change i n  t h e  c o n c e n t r a t i o n  o f  , 

some elements, such as boron, may change an e lement  f rom a b e n e f i c i a l  m i c r o n u . t r i e n t  t o  a t o x i c  

t r a c e  contaminant.  

Vaughan, e t  c a l c u l a t e d  t h a t  o n l y  6% o f  t h e  p a r t i c u l a t e  emiss ions (and t h e i r  asso- 

. c i a t e d  t r a c e  elements) o f  a  h y p o t h e t i c a l  western c o a l - f i r e d  power s t a t i o n  f e l l  w i t h i n  50 km of 

t h e  s t a t i o n ,  i n d i c a t i n g  t h a t  a  v e r y  l a r g e  area would r e c e i v e  a sma l l  dose o f  t r a c e  contaminants.  

Lack o f  i n f o r m a t i o n  on expected emiss ion r a t e s ,  a tmospher ic  t r a n s p o r t  and d e p o s i t i o n  r a t e s ,  and 

a v a i l a b i  1  i t y  o f  t h e  v a r i o u s  p o s s i b l e  t r a c e  contaminants makes p r e d i c t i o n  p e r i l o u s  ,, b u t  a t tempts  

have been made t o  reach  q u a l i t a t i v e  conc lus ions  about  t h e  m a t e r i a l s  o f  apparent  g r e a t e s t  con- 

ce rn .  Tab le .8 .7  p rov ides  one assessment o f  t h e  p o t e n t i a l  t o x i c i t y  o f  v a r i o u s  t r a c e  elements t o  

t e r r e s t r i  a1 and a q u a t i c  p l a n t s  and animals .  (36 )  I n  l i g h t  o f  these  judgments and o t h e r  a v a i l a b l e  

data,  Cd, N i ,  T I ,  Cu, and F were ranked as be ing  o f  g r e a t e s t  p o t e n t i a l  b i o l o g i c a l  impact  on t e r -  

r e s t r i a l  p l a n t s  and animals .  S i m i l a r l y ;  Hg, Cd, Be,, Co, and Cu .were ranked as hav ing  g r e a t e r  

p o t e n t i a l  f o r  a q u a t i c  ecosystem e f f e c t s .  (36)  

One o f  t h e  ve ry  few f i e l d  s t u d i e s  o f '  i nc reased  t r a c e  e lement  c o n c e n t r a t i o n s  i n  ecosystems 

f r o m  power s t a t i o n  emiss ions was conducted i n  South c a r o l  i n a .  (37)  From 1952-1975 t h i s  p l a n t  

burned approx imate ly  360,000,000 kg o f  c o a l  p e r  y e a r  u s i n g  mechanical c o l l e c t o r s  t o  remove f l y  

ash b e f o r e  combustion p roduc ts  were r e l e a s e d  t o  t h e  a i r .  These c o l l e c t o r s  were 75% e f f i c i e n t  

a t  bes t .  (37)  O f  29 t r a c e  elements measurable i n  t h e  f l y  ash, 10 produced s t a t i s t i c a l l y  s i g n i f i -  

c a n t  inc reases  i n  c o n c e n t r a t i o n  i n  area s o i l ,  v e g e t a t i o n ,  and groundwater.  These were: Ba, Be, 

Cu,-Hg, Se, and Sr  i n  s o i l ;  Be, Co, Mo, Sr, and V i n  vege ta t ion ;  and Co and Mn i n  groundwater.  (37)  

Only two o f  these, Mn i n  groundwater and Se i n  s o i l ,  were p r e s e n t  i n  c o n c e n t r a t i o n s  t h a t  c o u l d  

r e q u i r e  " f u r t h e r  c o n s i d e r a t i o n .  I 1  (37)  

The panel  whose judgments a r e  r e f l e c t e d  i n  Tab le  8.7 concurred w i t h  t h e  South C a r o l i n a  

f i n d i n g s  i n  t h a t  t h e y  concluded " t h e r e  was genera l  agreement, based on an i n s u f f i c i e n t  d a t a  

base, t h q t  a tmospher ic  r e l e a s e s  o f  t r a c e  elements a r e  n o t  l i k e l y  t o  have s i g n i f i c a n t ,  d e t e c t a b l e  

e f f e c t s  on t h e  chemical compos i t i on  o f  s o i l ,  v e g e t a t i o n ,  and wate r .  F l u o r i d e  may be an e x c e p t i o n  

t o  t h i s  genera l  i ty. " (36)  These judgments may r e p r e s e n t  t h e  c u r r e n t  " b e s t  guess" about  t h e  s i g -  

n i f i c a n c e  o f  p o s s i b l e  t r a c e  e lement  impacts, b u t  i n  v i e r  n f  t.he l a c k  o f  a v a i l a b l e  d a t a  and t h e  

p r i m i t i v e n e s s  o f  c u r r e n t  techniques f o r  model ing long- te rm e f f e c t s  t h e y  shou ld  be cons idered  as 

p r o v i s i o n a l  o n l y .  

Impacts o f  t h e  P r o j e c t e d  Coal Development Scenar ios 

I n  Chapter 5, maximum atmospher ic  c o n c e n t r a t i o n s  o f  SO2 expected i n  some p o r t i o n s  o f  t h e  

s tudy  r c g i o n  were es t imated  as 10.30 ~ ~ r ~ / r n '  ( a p p r n ~ i r n a t ~ e l y  0.0038-0.01 14 P ~ ~ ) :  These l e v e l s  a r e  

s u b s t a n t i a l l y  below c o n c e n t r a t i o n s  r e p o r t e d  i n  Tab le  8.5 as t o x i c  t o  p l a n t s .  S i m i l a r l y ,  maxi -  

mum SU2 deposition l e v e l s  were e s t i l l l a f r d  ill Ct~dyllrr 6 as 1-3 c ~ / m ~ ,  w i t h  e s t i m s t c d  ~ e s u l t i n g  

s o i l  c o n c e n t r a t i o n s  o f  0.75-2.25 ppm. These es t imates  a r e  s i m u l a t e d  averages over  a one-month 

p e r i o d  ( c h r o n i c  exposure) and p r o v i d e  no i n f o r m a t i o n  on p o s s i b l e  acu te  exposure l e v e l s .  They 

a r e  f o r  broad geographic  r e g i o n s  and do n o t  account  f o r  l o c a l  topograph ic  e f f e c t s .  The s o i l  

c o n c e n t r a t i o n  es t imates  make no a l lowance f o r  t h a t  p o r t i o n  o f  t h e  depos i ted  s u l f u r  t h a t  may 



TABLE 8.7. P o t e n t i a l  T o x i c i t y  o f  Trace Elements i n  Coal (36)  

Element 

As 

B 

T e r r e s t r i a l  
P l a n t  A n ~ m a l  Aqua t i c  Comments 

Low Low Low 
( a  H igh  Medium . Low Know enough on t o x i c i t y  f o r  t e r r e s t r i a l  

ecosystems; i n  some ins tances  may be 
b e n e f i c i a l  

Medium H igh  ~ i g h ( "  S p e c i a t i o n  i m p o r t a n t  ' 

Medium Low Low (a )  

High H igh  H igh  

High Medi um H igh  

H igh  Med i um Mcdi um ~ r + ~  v e r y  t o x i  c--need t o  know s p e c i a t i o n  

H igh  Medi um H igh  Complexion i n  s o i  1 reduces t o x i c i t y ;  . i n  
some i n s t a n c e s  may be b e n e f i c i a l  

High H i g h  Low 

Medium ~ i g h ( ~ )  H igh  Enr i ched  i n  p l a n t s ,  t o x i c i t y  i n  f o o d  
c y c l e  

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

Low Med 1 urn Low H igh  enr ichment  i n  p l a n t s - - b e n e f i c i a l  o r  
adverse e f f e c t s  

High H i g h  Medi um Very m o b i l e  i n  p l a n t s  

Low Medi um Medi um 

Medium ~ i g h ( ~ )  Low ( a  

Medium H igh  Low ( a )  , I n t e r a c t s  w i t h  o t h e r  t r a c e  meta ls ,  e.g., 
N i ,  Hg 

Low Low Low 

Low Low ( a )  Medi um (a )  

( a )  High H igh  Medi um 

l l i g h   LOW(^) MedSuli~ ( a )  
Medi urr~ Medi um ( a )  . Low(a) Very mobSle i n  p l a n t s  

Low Med i um Medi um P o t e n t i  a1 f o r  n e t  b e n e f i c i a l  e f f e c t  
- 

( a )  U n c e r t a i n  

n o t  be c h e m i c a l l y  a v a i l a b l e  ( i n  s o l u b l e  form) f o r  p l a n t  uptake.  Severa l  o t h e r  assumptions have 

been made i n  p roduc ing  these  es t imates ,  which shou ld  be regarded  as i l l u s t r a t i v e  o n l y .  Never- 

t h e l e s s ,  we f i n d  no ev idence f r o m  t h i s  work t o  suggest  t h a t  s i g n i f i c a n t  p l a n t  damage w i l l  occur  

anywhere i n  t h e  r e g i o n  due t o  c h r o n i c  exposure t o  SO, ,emissions f rom t h e  pro. iected power p l a n t s .  
The a d d i t i o n a l  s u l f u r  accumulated i n  s u l f u r  d e f i c i e n t  s o i l s  o f  t h e  r e g i o n  may a c t u a l l y  i n c r e a s e  

p l a n t  growth.  

T h i s  s t u d y  has n o t  i n c l u d e d  any independent  analyses o f  p o t e n t i a l  c o n c e n t r a t i o n s  o r  depo- 

s i t i o n  r a t e s  o f  p o l l u t a n t s  o t h e r  t h a n  SO,, b u t  based on t h e  l i t e r a t u r e  reviewed, we f i n d  no 

reason t o  expec t  damage f r o m  c h r o n i c  exposure t o  SO, o r  NO,. Acute and long- te rm e f f e c t s  

o f  SO,, NOx,,ozone, and f l u o r i d e  emiss ions r e q u i r e  f u r t h e r  s tudy  b e f o r e  judgments o f  impacts 

a r e  p o s s i b l e .  



S i m i l a r l y ,  we f i n d  no ev idence t o  suggest t h a t  a c i d  r a i n  w i l l  cause s i g n i f i c a n t  impacts,  

a t  l e a s t  i n  t h e  areas e a s t  o f  t h e  Cascade Mountains where most o f  t h e  p r o j e c t e d  new g e n e r a t i n g  

f a c i l i t i e s  a r e  s i t e d .  T h i s  judgment i s  based on t h e  genera l  a r i d i t y  o f  t h e  r e g i o n  e a s t  o f  t h e  

Cascades, t h e  l a c k  o f  c o n t r i b u t i n g  background sources o f  SOx i n  t h i s  r e g i o n ,  t h e  v e r y  low l e v e l s  

o f  r u n o f f  experienced, and adequate pH b u f f e r i n g  c a p a c i t y  o f  t h e  s o i  1. Conclus ions .on p o s s i b l e  

impacts i n  western areas o f  h i g h  p r e c i p i t a t i o n  and h i g h e r  background SOx and NOx l e v e l s  f rom 

o t h e r  sources must a w a i t  f u r t h e r  s tudy .  

E f f e c t s  o f  t r a c e  contaminants i n c l u d i n g  heavy meta ls  a r e  t o o  p o o r l y  understood t o  p e r m i t  

r e l i a b l e  p r e d i c t i o n ,  b u t  based on t h e  f i n d i n g s  o f  Horton, D o r s e t t ,  and Cooper, (37)  and Van Hook 

and ~ h u l t s , ( ~ ~ )  we do n o t  expec t  adverse e f f e c t s  f rom acu te  exposure. The elements Cd, N i ,  T I ,  

Cu, and F m e r i t  a d d i t i o n a l  s tudy  f o r  p o s s i b l e  impacts on t e r r e s t r i a l  p l a n t s  and animals  due t o  

t h e i r  t o x i c i t y  and t h e  unknown e f f e c t s  o f  c h r o n i c  o r  long- te rm exposure. S i m i l a r l y ,  Hg, Cd, 

Be, Co, and Cu may be i d e n t i f i e d  as. o f  p a r t i c u l a r  concern i n  aquati 'c communit ies. 

I n  genera l ,  t h e  p o t e n t i a l  f o r  damage t o  p l a n t s  'and animals  o f  t h e  r e g i o n  due t o  power gen- 

e r a t i n g  s t a t i o n  emiss ions appears g r e a t e s t  i n  areas west o f  t h e  Cascades because: 

h i g h e r  r a i n f a l l  l e v e l s  w i l l  r e s u l t  i n  inc reased  wet d e p o s i t i o n  

h i g h e r  r a i n f a l l  and r u n o f f  i n c r e a s e  t h e  p o s s i b i l i t y  o f  contaminants be ing  leached 

t o  s u r f a c e  and groundwaters 

e x i s t i n g  p o p u l a t i o n  and i n d u s t r i a l  c e n t e r s  have c r e a t e d  h i g h e r  background p o l  l u -  

t a n t  1  eve1 s  

western reg ions  i n c l u d e  e x t e n s i v e  c o n i f e r  f o r e s t s  t h a t  e x h i b i t  a  g r e a t e r  p o t e n t i a l  

f o r  l ong- te rm accumulat ions o f  contaminants than  do t h e  shrub-steppe and a g r i ' c u l -  

t u r a l  l ands  f u r t h e r  e a s t  due t o  t h e i r  l o n g  l i f e ,  year- round p h o t o s y n t h e t i c  a c t i v i t y ,  

and g r e a t e r  observed s e n s i t i v i t y  t o  p o l l u t a n t s .  (31)  A g r i c u l t u r a l  areas may be b e s t  

a b l e  t o  w i t h s t a n d  p o l l u t i o n  damage because c r o p  h a r v e s t  reduces accumulat ion,  and 

f e r t i l i z e r s  may b u f f e r  p l a n t s  a g a i n s t  damage. 

8.2.3 A l t e r a t i o n  o f  Aqua t i c  Communities 

The new c o a l - f i r e d  g e n e r a t i n g  s t a t i o n s  p r o j e c t e d  i n  t h i s  s t u d y  may cause changes i n  t h e  

q u a n t i t y ,  qua1 i t y ,  and t i m i n g  o f  s t reamf lows,  t h u s  impac t ing  a q u a t i c  communit ies. Assuming 

a l l  i n l a n d  s t a t i o n s  draw t h e i r  wa te r  f rom and r e l e a s e  any l i q u i d  e f f l u e n t s  t o  t h e  Columbia o r  

Snake R ivers ,  use c losed-cyc le  c o o l i n g  systems, and conform t o  New Source Performance Standards 

(as d iscussed  i n  Chapter 6 ) ,  no severe impacts a r e  a n t i c i p a t e d  on a q u a t i c  organisms t h a t  can be 

i d e n t i f i e d  a t  t h e  r e g i o n a l  l e v e l  o f  a n a l y s i s .  Severa l  p o t e n t i a l  impacts ,  however, may be o f  

concern f o r  s p e c i f i c  s i t e s  o r  m i g h t  be expected i n  o t h e r  r e g i o n s  o f  t h e  n a t i o n .  T h i s  s e c t i o n  

descr ibes  these  p o t e n t i a l  impacts, why t h e y  a r e  n o t  expected t o  be s i g n i f i c a n t  under t h e  scen- 

a r i o s  examined, and under what c n n d i t i o n s  t h e y  m i g h t  become s e r i o u s  concerns. 

Chemical E f f l u e n t  Releases. Coal and ash c o n t a i n  a  number o f  chemical c o n s t i t u e n t s  t h a t  

a r e  t o x i c  t o  a q u a t i c  organisms i f  s u f f i c i e n t l y  concen t ra ted  i n  s u r f a c e  wate rs  (see Table 8 . 6 ) .  
(38-41 ) 

Trace elements i n c l u d i n g  Hg, Cd, Be, Co, Cu and N i  a r e  t h e  p o t e n t i a l  contaminants o f  g r e a t e s t  

concern. (36)  A lso  v e r y  h i g h  o r  low pH l e v e l s  can have u n d e s i r a b l e  e f f e c t s .  (36 )  The r e l a t i v e l y  sma l l  



r e l e a s e s  o f  these  m a t e r i a l s  i n  c o n t r o l l e d  g e n e r a t i n g  s t a t i o n  waste streams a r e  u n l i k e l y  t o  have 

s i g n i f i c a n t  adverse e f f e c t s  due t o  t h e  l a r g e  f l o w s  and g e n e r a l l y  good w a t e r  q u a l i t y  i n  t h e  Co l -  

umbia and Snake R i v e r s  (see Tab les  D.2, 0.3, and E.1). S i g n i f i c a n t  l o c a l i z e d  impacts c o u l d  

occur ,  however, i f  t h e r e  a r e  u n c o n t r o l l e d  r e l e a s e s  o f  contaminants f r o m  coa l  and ash p i l e s  by 

r u n o f f  o r  l e a c h i n g  t o  s u r f a c e  and groundwater f r o m  ash s e t t l i n g  ponds and d i s p o s a l  areas.  

Severa l  t r a c e  elements o f  concern, t h e i r  impact  on a q u a t i c  1  i f e ,  and recommended concentra-  

t i o n  l i m i t s  i n  f r e s h  and s a l t  w a t e r  a r e  descr ibed  i n  Appendix E, Tab le  E.2. Many o f  t h e  cand i -  

d a t e  coun ty  power s t a t i o n  s i t e s  i d e n t i f i e d  i n  t h i s  s tudy  a r e  near  impounded p o r t i o n s  o f  t h e  

Columbia and Snake R ivers ,  where lowered f low v e l o c i t y  may p e r m i t  some s e t t l i n g  o f  suspended 

m a t e r i a l  and i t s  a s s o c i a t e d  t r a c e  contaminant  load .  Long-term accumula t ion  o f  t r a c e  elements 

i n  bo t tom sediments c o u l d  r e s u l t .  
' 

A1 theugh t h e  s t u d y  assumes t h a t  p l a n r s  w i l l  be l u c a l e d  oil t h e  Columbia o r  Snaltc R ive rc ,  . . 
o f f s i t e  d i s p o s a l  o f  ash and s ludges may impact  s m a l l e r  streams. A c c i d e n t a l  s i l t a t i o n  o f  

s m a l l e r  streams f rom washout o r  r u n o f f  f r o m  ash storage '  c o u l d  a l s o  damage a q u a t i c  p o p u l a t i o n s .  

Salmon and t r o u t  spawn by d e p o s i t i n g  eggs I n  t h e  g r a v e l  uT r; ivev beds where t h c  cgg: a r c  

i n c u b a t e d  by i n t r a g r a v e l  water .  Water a s s o c i a t e d  w i t h  g r a v e l  may c o n t a i n  l e s s  oxygen than  

w a t e r  i n  t h e  s t ream above. Abundant ev idence e x i s t s  t h a t  sa lmonid eggs a r e  a d v e r s e l y '  

a f f e c t e d  i n  d i r e c t  p r o p o r t i o n  t o  r e d u c t i o n  i n  DO. Sedimentat ion,  r e s u l t i n g  f rom d e p o s i t i o n  

o f  f i n e  suspended m a t e r i a l s  (such as coa l  ash) can p e n e t r a t e  o r  o v e r l a y  streambed cjravel,  

reduce i n t r a g r a v e l  f l o w ,  and cause a marked d e c l i n e  i n  O2 c o n t e n t  o f  i n t r a g r a v e l  wa te r .  - 
P r e s e n t l y ,  no spawning o f  anadromous salmonids occurs  i n  t h e  Columbia R i v e r  above Grand 

Coulee Dam o r  i n  t h e  Snake R i v e r  above H e l l s  Canyon Dam. (42)  These f i s h  spawn i n  c o a s t a l  

streams o f  Whatcom, Grays Harbor, Lewis and C o w l i t z  Count ies,  Washington and o f  C la tsop  and 

Coos Count ies,  Oregon. A d u l t  salmon a l s o  spawn i n  c o o l e r  mounta in streams o f  e a s t e r n  Washing- 

ton ,  Oregon, and Idaho and use t h e  Columbia R i v e r  as  a  m i g r a t i o n  r o u t e .  Many o f  these  streams 

a'l so s u p p o r t  p o p u l a t l o n s  o f  Lr -oul  d r ~ d  iliat'. 

Waste Heat. The damaging e f f e c t s  o f  waste h e a t  r e l e a s e s  f r o m  power p l a n t s  on a q u a t i c  

organisms a r e  w e l l  known. (43-45) However, c u r r e n t  EPA r e g u l a t i u r ~ s  s p e c i f y  t h a t  t h e r e  s h a l l  be 

n n  d i s c h a r g e  o f  heat .  excep t  f o r  blowdown f r o m  t h e  c o l d  s i d e  o f  a  c l o s e d - c y c l e  c o o l i n g  system, (46)  

f o r  new p l a n t s  o f  500 MWe o r  y r e a t e r .  As d iscussed  i n  Chapter 6, exemptions p e r m i t t i n g  open- 

c y c l e  c o o l i n g  a r e  p o s s i b l e  b u t  n o t  l i k e l y  t o  be g r a n t e d  i n  the P a c i f i c  N u r l t ~ w e ~ t .  There fo re ,  

t h i s  s t u d y  has assumed c l o s e d - c y c l e  coo l  i n g  w i l l  be used e x c l u s i v e l y  w i t h  o n l y  smal l  r e l e a s e s  

o f  heated e f f l u e n t  expected. D u r i n g  low f l o w  cond i  t l o n s  severa l  inipounded p o r t i o n s  o f  t h e  

Snake R i v e r  approach temperatures cons idered  damaging t o  anadromous and res ider11  f i s h  species.  

Waste h e a t  r e l e a s e s  t o  these  areas a t  t h a t  t ia le  c o u l d  Le p a r t i c u l a r l y  damaging, 

A l t e r a t i o n  o f  pH. The e f f e c t  o f  pH on a q u a t i c  l i f e  i s  w e l l  documented. (47 y48) A d d i t i o n  

o f  e i t h e r  a c i d s  o r  a l k a l i e s  t o  w a t e r  may harm a q u a t i c  b i o t a  by p roduc ing  a c i d  o r  a l k a l i n e  con- 

d i t i o n s ,  by  i n c r e a s i n g  t h e  t o x i c i t y  o f  v a r i o u s  compounds i n  water ,  and b y  a f f e c t i n g ' t h e  a v a i l -  

a b i l i t y  o f  many n u t r i e n t s .  Low pH may be i m p o r t a n t  i n  areas where c o a l  i s  mined s i n c e  r e a c t i o n s  

o f  i r o n  s u l f i d e  i n  t h e  coa l  and s p o i l s  may r e s u l t  i n  a c i d  d ra inage .  Leachates f r o m  c o a l  s t o r a g e  



p i l e s  may a l s o  lower  pH l e v e l s  i n  r e c e i v i n g  waters. ,  A i r  emiss ions o f  SO, and NOx may a l s o  

r e a c t  w i t h  wa te r  i n  t h e  atmosphere t o  produce a c i d  r a i n  t h a t  c o u l d  a l t e r  s t ream pH d i r e c t l y  

o r  th rough  r u n o f f .  Lcachate from bo t tom ash d i s p o s a l  areas can be v e r y  h i g h  i n  pH. 

None o f  these  p o s s i b l e  sources o f  pH a1 t e r a t i o n s  a r e  expected t o  be o f  s i g n i f i c a n c e  i n  t h e  

scenar ios  under s tudy.  The response of sur face wate rs  t o  a d d i t i o n s  o f  a c i d i t y  o r  a l k a l i n i t y  

depends on t h e  b u f f e r i n g  c a p a c i t y  o f  t h e  r e c e i v i n g  waters.  Carbonate (C03) and b i c a r b o n a t e  

(HC03) ions ,  i f  p r e s e n t  i n  s u f f i c i e n t  c o n c e n t r a t i o n s ,  tend  t o  n e u t r a l i z e  a c i d s  and bases and 

t h u s  c o n t r o l  pH f l u c t u a t i o n s .  Columbia and Snake R i v e r  waters,  as l i s t e d  i n  Table D . 5 ,  meet 

o r  exceed t h e  n a t i o n a l  average o f  68 ppm o f  b i c a r b o n a t e  and t h u s  have c o n s i d e r a b l e  b u f f e r i n g  

c a p a c i t y  . (49) A c i d  mine d ra inage  i s  n o t  1  i k e l y  t o  be o f  concern because o f  1  i m i  t e d  m i n i n g  i n  

Idaho, Oregon, and Washington. D i r e c t  f a l l  o f  a c i d  r a i n  would have no s i g n i f i c a n t  impac t  on 

normal pH l e v e l s  i n  v iew o f  t h e  f l o w  volume and b u f f e r i n g  c a p a c i t y  o f  r e g i o n a l  streams, un less  

unusual a tmospher ic  c o n d i t i o n s  and c l u s t e r i n g  o f  g e n e r a t i n g  s t a t i o n s  shou ld  r e s u l t  i n  l o c a l l y  

h i g h e r  d e p o s i t i o n  l e v e l s .  A c i d i t y  i n  r u n o f f  w i l l  b e . a d e q u a t e l y  b u f f e r e d  by  s o i l ,  and i n  t h e  

e a s t e r n  p o r t i o n s  o f  t h e  r e g i o n  where many cand ida te  coun ty  s i t e s  a r e  loca ted ,  p r e c i p i t a t i o n '  

and r u n o f f  a r e  v e r y  low.  

Reduced st reamf lows.  Though t h e  p r o j e c t e d  wate r  requi rements o f  r e g i o n a l  c o a l - f i r e d  gen- 

e r a t i n g  p l a n t s  a r e  smal l  compared t o  p r e s e n t  o r  p r o j e c t e d  f l o w s  o f  t h e  Columbia and Snake 

R ivers ,  t h e y  w i l l  c o n t r i b u t e  t o  t h e  i n c r e a s i n g  c r i t i c a l i t y  of l ow f l o w  p e r i o d s .  Minimum f l o w s  

a r e  r e q u i r e d  t o  s u s t a i n  runs  o f  anadromous f i s h  i n  t h e  Columbia system. Cond i t ions  i n  t h e  

Snake R i v e r  a r e  a l r e a d y  s e a s o n a l l y  c r i t i c a l  f o r  salmon and s tee lhead  p o p u l a t i o n s  due t o  low 

f l o w s  and h i g h  w a t e r  temperatures c r e a t e d  by w i t h d r a w a l s  and impoundments. (50)  Inc reased  con- 

sumpt ive w i thd rawa l  of w a t e r  from t h e  upper and m i d d l e  Snake R i v e r  w i l l  f u r t h e r  i m p e r i l  w h i t e  

s turgeon,  now r a r e  i n  Idaho. 

Peaking a t  H y d r o e l e c t r i c  Dams. Perhaps t h e  g r e a t e s t  p o t e n t i a l  f o r  impacts on a q u a t i c  

communit ies e x i s t s  i n  u s i n g  e x i s t i n g  hydro  f a c i l i t i e s  t o  produce peak power as c o a l - f i r e d  and 

o t h e r  thermal  e l e c t r i c  u n i t s  t a k e  up a  l a r g e r  share o f  t h e  r e g i o n a l  base load .  I f  d i u r n a l  

f l o w  f l u c t u a t i o n s  a r e  increased,  a  number o f  u n d e s i r a b l e  e f f e c t s  c o u l d  occur, i n c l u d i n g :  

s t r a n d i n g  o f  f i s h  on exposed b a r s  where t h e y  may be d e s s i c a t e d  o r  exposed t o  p r e d a t o r s  

+ r e d u c t i o n  i n  s i r c  and p r o d u c t i v i t y  o r  t l re  1  iLLur.dl ( r ~ e a r  shore)  zone, an I m p o r t a n t  area 

o f  f i s h  food  p r o d u c t i o n  

entrapment o f  f i s h  i n  temporary ponds 

e changes i n  anadromous f i s h  behav io r  due t o  d a i l y  and seasonal temperature changes 

r e d u c t i o n  o f  f i s h  egg s u r v i v a l  due t o  exposure o f  spawning areas t o  a i r .  

The e x t e n t  t o  which these  impacts may occur ,  and t h e i r  e f f e c t  on p o p u l a t i o n  l e v e l s  o f  

f i s h  and o t h e r  a q u a t i c  organisms, r e q u i r e  f u r t h e r  s tudy .  
c. 
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9.0 HEALTH EFFECTS 

The health effects related to  the Recent Trends and High Coal Electric scenarios are impor- 
tant but difficult to  assess. This assessment has been completed by identifying the components 
of the coal combustion process that may be related to  changes in the general population's health; 
quantitative estimates were made of the potential impact, using an air pollutant index to predict 
a change in a health index for the exposed population. The indices selected were atmospheric 
sulfate concentrations due to  the coal combustion process and the number of expected annual 
excess deaths. Occupationally related health effects were also compiled. 

The components of the coal combustion effluent that have been identified as possible 
causes of health changes in the general population are carbon monoxide, nitrogen oxides, sulfur 
dioxide, particulate polycyclic organic compounds, vapor-phase organics, selected trace metals 
and radionucijdes. Sulfates, nitrates and ozone are also listed because of chemical transorma- 
tions in the atmosphere. N o  definitive epidemiological study of low-level chronic exposures has 
been done that establishes a well-defined dose-response relationship between individual pollu- 
tants and specific health effects. In view of this, estimates are not given by individual pollutants 
or by individual health effects. 

A non-threshold, linear dose-response function developed by the Biomedical and Environ- 
mental Division at Brookhaven National Laboratory (BNL) was designated by the Health Effects 
Committee as the standard procedure to  be used in assessing the public health impact of the 
scenarios. This dose-response function relates the air pollution index (atmospheric sulfate con- 
centration) t o  the health effects index (annual excess deaths). Based on  this methodology, the 
impacts to the general population due to  increased air pollution are 0.8 annual excess deaths for 
the Recent Trends scenario and 1.1 for the High Coal Electric scenario. These estimates are for the 
year 2020 for all counties in Idaho, Oregon and Washington selected for power plant sites. The 
uncertainty in these health effect estimates is reflected in an 80% confidence statement which 
gives a range from zero excess deaths to  a factor of 10 higher than the estimate given. 

The occupational health effects related to the mining, pyocessing and transportation 
components of the coal energy system include occupational d~sease and accidental deaths and 
injuries. Although many of these occur outside Idaho, Oregon and Washington, they are included 
for completeness. The reliability of these estimates i s  considerably better than that for public 
health effects from air pollution. For the Recent Trends scenario, the annual accidental deaths in  
2020 attributable to surface mining are 18, coal processing 4, and rail transportation 312. 

No quantitative estimate of occupationally induced morbidity and mortality related to 
surface mining i s  made. Studies of occupational health effects related to coal mining have used 
a mix of underground and surface miners that is different from that expected in the West. Avail- 
able data indicate that pneumoconiosis and progressive massive fibrosis result from prolonged 
exposure to  coal dust. Since these diseases are primarily associated with underground mining 
conditions, the increased proportion of strip mining in the West would result in a lower incidence. 

The large uncertainty associated with the estimates and the controversial nature of public 
health effects related to  air polluting emissions from coal-fired power plants imply that dose- 
response relationships between specific pollutants and specific health effects must be established. 
This issue i s  not unique to  the Northwest. In fact, the higher current pollutant levels in the eastern 
United States make the problem even more important. The resolution of these dose-response 
relationships will have important ramifications on  emission control requirements. Regional data 
are needed for the Northwest to obtain an accurate assessment of the expected accidental deaths 
and disabling injuries related to rail transportation of coal. 



The assessment o f  t h e  impac t  on h e a l t h  o f  t h e  Recent Trends and High Coal E l e c t r i c  scen- 

a r i o s  i s  based on t h e  c o a l - f i r e d  power p l a n t  f u e l  c y c l e .  The components o f  t h e  f u e l  c y c l e  

used a r e  m in ing ,  process ing,  t r a n s p o r t a t i o n  and combustion. For  each o f  these  components 

h e a l t h  e f f e c t s  a r e  q u a l i t a t i v e l y  i d e n t i f i e d  and, wherever p o s s i b l e ,  q u a n t i f i e d .  A l l  q u a n t i t a -  

t i v e  e s t i m a t e s  a r e  c a l c u l a t e d  f o r  a  r e f e r e n c e  500 MWe c o a l - f i r e d  power p l a n t .  Based on t h e .  

a p p r o p r i a t e  scenar io ,  t h e  q u a n t i t a t i v e  h e a l t h  e f f e c t s  es t imates  a r e  summarized across i n d i v i d u a l  

power p l a n t s  t o  o b t a i n  r e g i o n a l  es t imates .  

I n  t h i s  r e p o r t  " h e a l t h  e f f e c t "  i s  i n tended  t o  mean excess m o r t a l i t y ,  m o r b i d i t y  and i n j u r y  

among o c c u p a t i o n a l  workers and t h e  genera l  p u b l i c .  Thus, i t  i n c l u d e s  o c c u p a t i o n a l l y  r e l a t e d  

r i s k s  such as a c c i d e n t a l  m i n i n g  deaths and d i s a b l i n g  i n j u r i e s ;  i nc reased  r i s k  o f  d i sease  such 

as pneumoconiosis, due t o  occupa t iona l  exposure o f  p o l l u t a n t s ;  and inc reased  r i s k s  t o  t h e  gen- 

e r a l  pub1 i c  due t o  c h r o n i c  exposure t o  a i r  p o l l u t a n t s  and due t o  a c c i d e n t a l  dea th  r e l a t e d  t o  

r a i l  t r a n s p o r t a t i o n  o f  c o a l .  The, t e r m  "excess" means e f f e c t s  t h a t  occur  a t  a  h i g h e r  than  n o r -  

mal r a t e .  A l l  q u a n t i t a t i v e  es t imates  o f  excess r i s k s  a r e  on an annual b a s i s .  

The knowledge and i n f o r m a t i o n  a v a i l a b l e  f o r  a  reasonably  p r e c i s e  assessment o f  h e a l t h  

e f f e c t s  r e l a t e d  t o  t h e  c o a l - f i r e d  power p l a n t  f u e l  c y c l e  a r e  inadequate. However, h e a l t h  

e f f e c t s  must be c a r e f u l l y  cons idered  as a  p a r t  o f  t h e  f u e l  c y c l e  assessment even though t h e  

e s t i m a t e s  may l a c k  p r e c i s i o n .  An i n t e g r a l  p a r t  o f  t h i s  assessment i s  t h e  s p e c i f i c a t i o n  o f  t h e  

l i m i t a t i o n s  and shor tcomings o f  b o t h  t h e  q u a l i t a t i v e  and q u a n t i t a t i v e  s tatements and an e s t i -  

mate o f  t h e  u n c e r t a i n t y  a s s o c i a t e d  w i t h  a  q u a n t i t a t i v e  es t imate .  I n  some cases, such as m i n i n g  

a c c l d e n t  r a t e s ,  t h e  u n c e r t a i n t y  o f  t h e  es t imates  i s  l o w  s i n c e  t h e y  a r e  based on adequate da ta .  

I n  o t h e r s ,  such as h e a l t h  e f f e c t s  r e l a t e d  t o  a i r  p o l l u t i o n ,  t h e  u n c e r t a i n t y  i s  c o n s i d e r a b l y  

h i g h e r  s i n c e  no d e f i n i t i v e  c a u s e - e f f e c t  r e l a t i o n s h i p  has been e s t a b l i s h e d .  

9.1 MINING, PROCESSING AND TRANSPORTATION RELATED HEALTH EFFECTS 

H e a l t h  e f f e c t s ,  such as o c c u p a t i o n a l  d isease,  a c c i d e n t a l  dea th  and d i s a b l i n g  i n j u r i e s ,  a r e  

a s s o c i a t e d  w i t h  t h e  m in ing ,  p rocess ing  and t r a n s p o r t a t i o n  components o f  t h e  f u e l  c y c l e .  The 

h e a l t h  e f f e c t s  a t t r i b u t a b l e  t o  these  components occur  a t  t h e  mine and p rocess ing  p l a n t  and on 

t h e  r o u t e  used f o r  t r a n s p o r t a t i o n .  A l though  t h e y  may occur  i n  r e g i o n s  o t h e r  than  t h e  P a c i f i c  

Nor thwest ,  t h e y  a r e  i n c l u d e d  f o r  completeness i n  t h e  assessment.. A l l  es t imates  g i v e n  i n  t h i s  

s e c t i o n  a r e  taken  f r o m  t h e  c o m p i l a t i o n  by M o r r i s  and Novak. (1  1 
6  F o r  s u r f a c e  m i n i n g  t h e  a c c i d e n t a l  dea th  r a t e  f o r  mines i s  0.10 deaths p e r  10 tons  (95% 

c o n f i d e n c e  i n t e r v a l  o f  0.09 t o  0.12) o f  coa l  mined. A c c i d e n t a l  i n j u r y  r a t e  i s  es t imated  a t  
6 5.2 d i s a b l i n g  n o n f a t a l  i n j u r i e s  p e r  10 tons  o f  coa l  (95% con f idence  i n t e r v a l  o f  4.5 t o  6 .0 ) .  

These e s t i m a t e s  a r e  based on 1965-1973 m i n i n g  a c c i d e n t  s t a t i s t i c s .  O c c u p a t i o n a l l y  induced 

m o r t a l i t y  and m o r b i d i t y  i n  sur face mine coa l  workers i s  s u b j e c t  t o  much g r e a t e r  u n c e r t a i n t y  

t h a n  a c c i d e n t  r e l a t e d  e f f e c t s .  S tud ies  on t h e  p reva lence  o f  d i sease  i n  miners i n d i c a t e  t h a t  

.pneumoconiosis and p r o g r e s s i v e  massive f i b r o s i s  a r e  ma jo r  f a c t o r s  and t h a t  t h e y  a r e  r e l a t e d  t o  

p ro longed  exposure t o  coa l  d u s t  i n  underground mines. A lso,  h i g h  m o r t a l i t y  r a t e s  have been 

observed i n  m iners  i n  a  number o f  s t u d i e s .  A  ma jo r  l i m i t a t i o n  o f  many o f  t h e  s t u d i e s  i s  t h a t  



t h e y  do n o t  p e r m i t  a  s e p a r a t i o n t o f  sur face and underground m i n i n g  i n  e s t i m a t i n g  h e a l t h  e f f e c t s .  

S ince t h e  mix  o f  'underground and s u r f a c e  m i n i n g  used i n  those  s t u d i e s  i s  d i f f e r e n t  f r o m  t h a t  

assumed f o r  t h e  P a c i f i c  Northwest,  no e s t i m a t e s  o f  occupa t iona l  d i sease  m o r t a l i t y  and m o r b i d i t y  

r a t e s  a r e  g iven.  

. Only  a c c i d e n t a l  deaths and i n j u r i e s  a r e  cons idered  f o r  coa l  p rocess ing  and r a i l  t r a n s p o r -  
6 t a t i o n .  I n  coa l  p rocess ing  p l a n t s  0.021 deaths p e r  10  tons  (95% con f idence  i n t e r v a l  o f  0.017 

6 t o  0.027) and 1.3 d i s a b l i n g  i n j u r i e s  p e r  10  tons  (95% con f idence  i n t e r v a l  o f  1 .0 t o  1.6) o f  

coa l  a r e  es t imated .  No breakdown o f  these  r a t e s  by mechanical c r u s h i n g  o r  c l e a n i n g  o p e r a t i o n s  

a r e  a v a i l a b l e .  

For  h e a l t h  e f f e c t s  r e l a t e d  t o  coa l  t r a n s p o r t a t i o n ,  t h e  b a s i c  u n i t  used t o  q u a n t i f y  t h e  

a c c i d e n t a l  r a t e s  i s  t h e  ton -mi le .  T h i s  c h o i c e  i s  based on t h e  assumption t h a t  t h e  c r u c i a l  

parameters r e l a t e d  t o  r a i l  a c c i d e n t s  a r e  t h e  amount o f  coa l  hauled and t h e  hau l  d i s tance .  The 
9  a c c i d e n t a l  r a t e s  a r e  es t imated  t o  be 2.5 deaths p e r  10  t o n - m i l e  and 12.0 d i s a b l i n g  i n j u r i e s  

9  p e r  10  ton-mi le .  These es t imates  a r e  based on nat i .ona1 r a i l  t r a n s p o r t a t i o n  a c c i d e n t  s t a t i s -  

t i c s .  A1 though moderate v a r i a t i o n s  occur  i n  t h e  a c c i d e n t  r a t e s  by r e g i o n s  o f  t h e  n a t i o n ,  no 

q u a n t i t a t i v e  ad jus tment  i s  made. The i n f l u e n c e  o f  u n i t  t r a i n s  on t h e  a c c i d e n t  r a t e s  i s  unknown. 

9.2 COMBUSTION RELATED HEALTH EFFECTS 

The h e a l t h  e f f e c t s  cons idered  f o r  t h e  combustion component a r e  r e l a t e d  t o  t h e  p o s s i b l e  

inc reased  r i s k s  t o  t h e  genera l  p u b l i c  due t o  l o w - l e v e l  c h r o n i c  exposure t o  a i r  p o l l u t a n t s  f r o m  

e f f l u e n t s  o f  t h e  combustion process.  No a n a l y s i s  o f  h e a l t h  e f f e c t s  r e s u l t i n g  f r o m  a c c i d e n t s  

i n  c o a l - f i r e d  power p l a n t s  i s  a v a i l a b l e .  The e f f l u e n t  f r o m  coa l  combustion has a  number o f  

components t h a t  can d e t r i m e n t a l l y  a f f e c t  human h e a l t h .  The combustion o f  coa l  produces t h e  

p o t e n t i a l l y  hazardous p o l l u t a n t s :  carbon monoxide, n i t r o g e n  ox ides ,  s u l f u r  d i o x i d e ,  p a r t i c u -  

l a t e  p o l y c y c l i c  o r g a n i c  components, vapor-phase o rgan ics ,  s e l e c t e d  t r a c e  meta ls  and rad ionu-  

c l i d e s .  S u l f a t e s ,  n i t r a t e s  and ozone a r e  added t o  t h e  l i s t  due t o  chemical t r a n s f o r m a t i o n s . i n  

t h e  atmosphere. 

For  t h e  p reced ing  l i s t  o f  p o l l u t a n t s ,  no w e l l - d e f i n e d  dose-response r e l a t i o n s h i p s  a r e  

e s t a b l i s h e d  between i n d i v i d u a l  p o l l u t a n t s  and s p e c i f i c  h e a l t h  e f f e c t s .  S tud ies  on l a b o r a t o r y  

animals ,  c o n t r o l l e d  human exper iments,  and occupa t iona l  h e a l t h ' s t u d i e s  have e s t a b l i s h e d  r e l a -  

t i o n s h i p s  between s p e c i f i c  h e a l t h  changes and s h o r t - t e r m  exposure t o  h i g h  doses o f  s p e c i f i c  

p o l l u t a n t s .  Those s t u d i e s  do n o t  p r o v i d e  q u a n t i t a t i v e  dose-response i n f o r m a t i o n  f o r  t h e  low- 

exposure l e v e l s  t y p i c a l  f o r  t h e  genera l  p u b l i c .  An a l t e r n a t e  approach i s  t o  use an a i r  p o l l u -  

t a n t  i ndex  and a  h e a l t h  e f f e c t s  index  t o  e s t a b l i s h  one p o s s i b l e  dose-response r e l a t i o n s h i p .  

A l t h n ~ ~ g h  a  q u a n t i t a t i v e  e s t i m a t e  i s  ob ta ined .  i t  does n o t  p r o v i d e  t h e  q u a n t i t a t i v e  r e l a t i o n -  

s h i p  between exposures t o  s p e c i f i c  p o l l u t a n t s  and t h e i r  h e a l t h  e f f e c t s  t h a t  i s  needed t o  j u s t i f y  

Lt~e Lype and amount o f  c o n t r o l  mcasures f o r  s t a c k  e f f l u e n t .  

9.3 THE NATURE OF HEALTH EFFECTS 

The d i s t i n c t i o n  between good h e a l t h  and poor  h e a l t h  i s  n o t  sharp. Concep tua l l y ,  i f  an 

i n d i v i d u a l ' s  h e a l t h  i s  a d v e r s e l y  a f f e c t e d  due t o  a  p a r t i c u l a r  env i ronmenta l  s t r e s s o r ,  t h e n  a  

h e a l t h  e f f e c t  has occur red .  The lmportartce u,T Lt~e e r f e c t  depends n o t  o n l y  on i t s  t y p e  and 



s e v e r i t y  b u t  a l s o  on t h e  i n d i v i d u a l .  For  example, a  case o f  i n f l u e n z a ,  which m i g h t  be con- 

s i d e r e d  a  m i l d  annoyance i n  a  h i g h  school  s tuden t ,  c o u l d  be cause f o r  a l a r m  i n  an e l d e r l y  p e r -  

son w i t h  a  h e a r t  c o n d i t i o n .  The q u a n t i f i c a t i o n  o f  h e a l t h  e f f e c t s  i s  complex and may n o t  be 

amenable t o  r e p r e s e n t a t i o n  by s i n g l e - v a l u e d  f u n c t i o n s .  

Never the less,  an o b j e c t i v e  d e f i n i t i o n  o f  h e a l t h  i s  needed; m o r t a l i t y  i s  most commonly 

used because i t  i s  most e a s i l y  measured. More u s e f u l  measures o f  t h e  h e a l t h  s t a t u s  o f  a  popu- 

l a t i o n  a r e  f a r  l e s s  r e a d i l y  a v a i l a b l e .  These a r e  t h e  i n c i d e n c e  o f  d isease ( t h e  r a t e  a t  which 

u n a f f e c t e d  persons develop a  g i v e n  d isease  p e r  u n i t  t i m e )  and d isease  p reva lence  ( t h e  p ropor -  

t i o n  o f  t h e  p o p u l a t i o n  hav ing  t h e  g i v e n  d isease  a t  any t i m e ) .  

Can t h e  impact  o f  a i r b o r n e  p o l l u t a n t s  f rom c o a l - f i r e d  power p l a n t s  on t h e  h e a l t h  o f  t h e  

genera l  p o p u l a t i o n  be determined? A  s i m p l e  answer i s  n o t  p o s s i b l e .  For  some p o l l u t a n t s  q u a l i -  

t a t i v e  s tatements concern ing  t h e  p o s s i b l e  p h y s i o l o q i c a l  e f f e c t s  can he hascd nn animal c x p e r i -  

m e n t a t i o n  o r  human e p i d e m i o l o g i c a l  s t u d i e s .  Q u a n t i t a t i v e  measures o f  t h e  magnitude o f  e f f e c t s  

o r  dose-response r e l a t i o n s h i p s  a r e  more d i f f i c u l t  and a r e  sub. ject t o  c o n s i d e r a h l ~  ~ ~ n c r l r t a i n t y .  

Most o f  t h e  e f f l u e n t s  f r o m  coa l  u t i l i z a t i o n  t h a t  have a  d i r e c t  impact  on human h e a l t h  a r e  

found  i n  t h e  s t a c k  emiss ions f r o m  coa l  b u r n i n g  f a c i l i t i e s .  There a i r b o r n e  p o l l u t a n t s  char -  

a c t e r i s t i c a l l y  have t h r e e  ma jo r  t ypes  o f  h e a l t h  impacts:  i r r i t a t i o n ,  d i r e c t  t o x i c i t y  and 

c a r c i n o g e n e s i s .  I n  t h e  case o f  i r r i t a t i o n ,  t h e  p o l l u t a n t  causes an in f lammatory  r e a c t i o n  i n  

t h e  a f f e c t e d  organs. F o r  d i r e c t  t o x i c i t y  t h e  p o l l u t a n t  causes d i r e c t  damage t o  t h e  c e l l s  i t  

c o n t a c t s .  A  ca rc inogenes is  e f f e c t  i m p l i e s  t h a t  t h e  p o l l u t a n t  o r  i t s  m e t a b o l i c  by -p roduc ts  

s t i m u l a t e  t h e  development o f  tumors. 

The responses may have d i f f e r e n t  outcomes depending on t h e  a c t u a l  p h y s i c a l  composi t ion,  

and c o n c e n t r a t i o n  o f  t h e  p o l l u t a n t s  and t h e  d u r a t i o n  o f  exposure t o  it. The outcome may a l s o  . 

depend on t h e  v i c t i m ' s  age and c o n d i t i o n .  Four c l  i n i c a l  m a n i f e s t a t i o n s  a r e  t y p i c a l l y  observed 

among persons exposed t o  coa l  combustion a i  rho rne  p o l  1  u t a n t s  : a c u t e  - r e s p i r a t o r y  d isease,  

c h r o n i c  r e s p i r a t o r y  d isease,  a g g r a v a t i o n  o f  p r e e x i s t i n q  c o n d i t i o n s  and n e o p l a s t i c  d iscascs .  

The i n c i d e n c e  o f  i n f l u e n z a ,  pneumonia and o t h e r  a c u t e  pulmonary d iseases tends t o  be e l e v a t e d  

i n  exposed p o p u l a t i o n s  due t o  t h e  inc reased  s u s c e p t i b i l i t y ,  caused by in f lammat ion ,  o f  t h e  

r e s p i r a t o r y  t r a c t  t o  i n f e c t i o n .  Pro longed exposure t o  a i r b o r n e  p o l l u t a n t s  may l e a d  t o  i r r e -  

v e r s i b l e  damage t o  l u n g  t i s s u e ,  e.g., eniphyse~~~a o r  c h r o n i c  b r o n c h i t i s .  The i n f l u e n c e  o f  coa l  

e f f l u e n t s  i n  caus ing  cancer  i s  u n c e r t a i n  a t  t h i s  t ime .  A  comprehensive r e v i e w  o f  t h e  epidemi-  

o l o g i c a l  s t u d i e s  and a  d e s c r i p t i o n  o f  t h e  h e a l t h '  e f f e c t s  observed a r e  con ta ined  i n  t h e  compre- 

h e n s i v e  r e v i e w  o f  c u r r e n t  work i n  a i r  p o l l u t i o n  e d i t e d  by A. C. S te rn .  ( 3 )  

The p o s s i b l e  h e a l t h  e f f e c t s  a s c r i b e d  t o  a i r b o r n e  p o l l u t a n t s  from coa l  comh~rs t inn  a r e  

measured as changes i n  e i t h e r  m o r b i d i t y  o r  m o r t a l i t y  r a t e s  i n  e p i d e m i o l o g i c a l  s t u d i e s .  Dose- 

response r e l a t i o n s h i p s  between a  s p e c i f i c  p o l l u t a n t  and a  h e a l t h  e f f e c t  a r e  g e n e r a l l y  l a c k i n g .  , 

T h i s  i s  e s p e c i a l l y  t h e  case f o r  t h e  l o w - l e v e l  c h r o n i c  exposure due t o  coa l  c o m h ~ ~ s t i o n  expected * 

i n  t h e  P a c i f i c  Nor thwest .  

( a )  T h i s  s e c t i o n  i s  based on a  s i m i l a r  s e c t i o n  i n  A  P r e l i m i n a r y  Assessment o f  t h e  H e a l t h  f@ 
- 

Envi ronmenta l  E f f e c t s  o f  Coal U t i l i z a t i o n ,  Argonne N a t i o n a l  Labora to ry ,  January 1977. 



9.4 DOSE-RESPONSE FOR AIRBORNE EFFLUENLS 

Although our present knowledge o f  the  dose-response r e l a t i o n s h i p  f o r  i nd i v i dua l ,  o r  combi- 

, nat ions  o f ,  p o l l u t a n t s  does n o t  j u s t i f y  a r igorous assessment, an example o f  a type o f  assess- 
ment i s  informat ive.  The example assumes t h a t  su l fa tes  represent the  p r i n c i p a l  b i o l o g i c a l l y  

e f f e c t i v e  agent i n  the  power p l a n t  e f f l u e n t ( ' )  and t h a t  t h e i r  e f f e c t s  can be associated w i t h  

a number o f  excess deaths i n  t he  exposed populat ions.  The term "excess deaths" i s  a convenient e l  way t o  express an increase i n  the  m o r t a l i t y  r a t e . ( 4 )  The example i s  c e r t a i n l y  an o v e r s i m p l i f i -  

c a t i o n  o f  the  problem. The approach and the  basic q u a n t i t a t i v e  est imate are those o f  the 

Biomedical and Environmental Assessment D i v i s i o n  a t  Brookhaven Nat ional  Laboratory (BNL) . (1  

The i r  est imate i s  s l i g h t l y  modi f ied  t o  account f o r  d i f f e rences  i n  the  s u l f u r  content  o f  the  

coal ,  the  power p l a n t  s i z e  and popu la t ion  exposed. The modi f i ca t ions  are e x p l i c i t l y  s ta ted.  

The .Brookhaven Nat ional  Laboratory approach i s  based on the e f f e c t  o f  a t y p i c a l  1000 MWe 

coa l - f i r ed  power p l a n t  i n  the  eastern Uni ted States burning 3% s u l f u r  coal .  The energy content  

o f  the  coal  i s  assumed t o  be 12,500 Btu / lb ,  and t h e . p l a n t  has a 75% p l a n t  load f a c t o r  w i t h  37% 

thermal conversion e f f i c i e n c y .  The e f f l u e n t  i s  discharged through a 1000-f t  stack, which i s  

n o t  equipped w i t h  con t ro l  devices f o r  s u l f u r  e f f l u e n t .  Wi th in  a 50-mile rad ius  o f  the p l a n t  

the  popu la t ion  base i s  3 m i l l i o n  people; the  d i s t r i b u t i o n  resembles t h a t  expected f o r  a p l a n t  

located i n  the area surrounding P i t tsburgh.  With these assumptions and the  background s u l f a t e  

concent ra t ion  t y p i c a l  i n  the  East, the BNL inves t i ga to rs  have estimated t h a t  approximately 

20 excess deaths are  a t t r i b u t a b l e  t o  the  p o l l u t i o n  from the power p l a n t .  ) A t  an 80% con f i  - 
dence l i m i t ,  t he  estimated excess deaths range from 0 t o  100. This est imate does n o t  

i nc lude  e f f e c t s  outs ide  the  50-mile radius.  The model i s  l i n e a r  i n  s u l f u r  emission ra tes  and 

i n  exposed populat ion.  

It i s  important  t o  recognize t h a t  t he  s u l f a t e  l e v e l  i s  being used as an index f o r  a l l  the 

a i r  po l l u tan ts .  A l l  o f  the  estimated e f f e c t s  are  no t  a t t r i b u t a b l e  necessar i l y  t o  su l f a tes .  

The m o r t a l i t y  measure i s  intended t o  be an index o f  the  o v e r a l l  e f f e c t  on the  general p u b l i c ' s  

heal th,  i nc lud ing  morb id i t y  and m o r t a l i t y .  General ly, the  i n t e r p r e t a t i o n  intended i s  t h a t  as 

the  number o f  premature deaths ( i  . e. , excess m o r t a l i t y )  increases, correspondingly, the  mor- 

b i d i  t y  ra tes  f o r  se lec ted diseases w i l l  a l so  increase. The dose-response func t i on  under ly ing  

the Brookhaven modcl i s  assumed t o  be l i n e a r  over the  e n t i r e  range o f  su l f a te  l e v e l s  used. 

Add i t i ona l l y ,  no th resho ld  i s  assumed, i .e . ,  no p o s i t i v e  dose e x i s t s  below which i n d i v i d u a l s  

are  n o t  a f fec ted.  Both o f  these assumptions are  open t o  question. 

A f i n a l  caveat on the  under ly ing  dose-response func t i on  used i n  the  Brookhaven study i s  i n  

order.  This exposure func t i on  was der ived from Lave and Seskin 's studies,  ( 5 y 6 )  which have 

known l i m i t a t i o n s  and methodolo i c a l  problems. Some o f  these have been po in ted ou t  by Lave and 

Seskin i n  a subsequent a r t i c l e . " )  Others are  under cons idera t ion  i n  a study now being con- 

ducted i n  t h i s  l abo ra to ry .  

9.5 REFERENCE POWER PLANT HEALTH EFFECT ESTIMATES 

A l l  q u a n t i t a t i v e  hea l th  e f f e c t  est imates are  given f o r  the  components o f  the  f u e l  cyc le  

f o r  a re ference 500 MWe.coa1-fired power p lan t .  These estimates, presented i n  Table 9.1, form 

t h e  bas is  f o r  t he  Recent Trends and High Coal E l e c t r i c  scenar in hea l th  ef fects est imates.  The 



TABLE 9.1. Annual H e a l t h  E f f e c t  Est imates f o r  Reference 
500 MWe Coa l -F i red  Power P l a n t  by L o c a t i o n  
and Fuel  Cyc le Component 

Fuel Cyc le Component 

Sur face  M i n i n g  

Acc iden ta l  deaths 

A c c i d e n t a l  i n j u r i e s  

Process ing 

A c c i d e n t a l  deaths 

A c c i d e n t a l  i n j u r i e s  

R a i l  T r a n s p o r t a t i o n  

A c c i d e n t a l  deaths 

A c c i d e n t a l  i n j u r i e s  

Combustion 

Excess deaths11 0 5 
p o p u l a t i o n  

Idaho, Oregon, 
Washington Alaska 

( a )  I n t e r v a l  i s  an approx imate 95% con f idence  i n t e r v a l .  
( b )  I n t e r v a l  i s  an approx imate 80% con f idence  i n t e r v a l .  

500 MWe c a p a c i t y  p l a n t  i s  assumed t o  have a 65% p l a n t  l o a d  f a c t o r  and a h e a t  r a t e  o f  9650 ~ t u / k w h .  

It i s  assumed t h a t  a l l  coa l  s u p p l i e d  t o  t h e  p l a n t '  i s  f r o m  s u r f a c e  mines f r o m  e i t h e r  Montana o r  

~ i o m i n ~  i f  t h e  p l a n t  i s  l o c a t e d  i n  Idaho, Oregon, o r  Washington, o r  i n  Alaska f r o m  mines a t  t h e  

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

F o r  MontanalWyoming coa l ,  assuming an energy c o n t e n t  o f  9060 B t u / l  b, a  500 MWe p l a n t  
6  r e q u i r e s  1.5 x  10. t o n s  o f  coa l  p c r  y e a r .  S ince t h e  h e a t  con ten t ,  7500 B t u / l b ,  i s  l ower  f o r  

6  Alaskan c o a l ,  1.8 x  10  t o n s  p e r  year  a r e  r e q u i r e d  f o r  p l a n t s  115inr-J A l a s k a n  c o a l .  

k o r  r a i  l t r a n s p o r t a t i o n  o f  coa l  t h e  average haul  d i s t a n c e  i s  approx imate ly  800 m i l e s  f o r  
9  c o a l  o b t a i n e d  f rom Montana and Wyoming. Hence, 1.2 x  10 ton-mi les  p e r  y e a r  a r e  i n v o l v e d  f o r  

t h e  t y p i c a l '  p l a n t  u s i n g  Montana/Wyoming c o a l .  It i s  assumed t h a t  t h e  Alaskan power p l a n t s  a r e  

l o c a t e d  a t  t h e  mine mouth. Consequently,  no t r a n s p o r t a t i o n  r e l a t e d  h e a l t h  e f f e c t s  es t imates  

a r e  g i v e n  f o r  ~ l a s k a n  c o a l  p l a n t s .  

To t r a n s l a t e  t h e  a i r  p o l l u t i o n  r e l a t e d  h e a l t h  e f f e c t s  es t imates  f rom BNL1s 1000 MWe power 

p l a n t  t o  t h e  500 MWe r e f e r e n c e  p l a n t  i n  t h e  P a c i f i c  Nor thwest ,  ad justments f o r  t h e  s u l f u r  emis- 

s i o n  r a t e s ,  t h e  g e n e r a t i n g  c a p a c i t y  o f  t h e  p l a n t  and t h e  p o p u l a t i o n  base around t h e  p l a n t  must 

be made. The s u l f u r  emiss ion  r a t e s  i n  t h e  BNL model assume 3% s u l f u r  coa l  and no emiss ion  con- 

t r o l  dev ices .  S ince Montana/Wyoming coa l  has a s u l f u r  c o n t e n t  f r o m  0.5% t o  1%, w i t h  Alaskan 

c o a l  even l o w e r  a t  0.15%, a downward p r o p o r t i o n a l  ad jus tment  i s  necessary. A lso  t h e  New Source 

Performance Standard (NSPS) f o r  SO2 emiss ion  t r a n s l a t e s  t o  a 0.75% s u l f u r  c o n t e n t  i f  no emiss ion  

c u r ~ t r o l  d e v i c e s  a r e  used. A l though " b e s t  a v a i l a b l e  techno logy"  requ i rements  may be necessary 

i n  t h e  f u t u r e  and a l t h o u g h  t h e  NSPS would n o t  be met, i t  i s  c o n s e r v a t i v e l y  assumed t h a t  t h e  

s u l f u r  emiss ion  r a t e  f r o m  t h e  r e f e r e n c e  p l a n t  corresponds t o  u s i n g  1% s u l f u r  coa l  w i t h  no 

emiss ion  c o n t r o l .  T h i s  r e s u l t s  i n  a o n e - t h i r d  r e d u c t i o n  i n  t h e  number o f  es t imated  excess 



deaths. The change t o  a 500 MWe c a p a c i t y  i n s t e a d  o f  t h e  1000 MWe p l a n t  f u r t h e r  reduces t h e  , 

e s t i m a t e  by one-ha l f .  For  t h e  r e f e r e n c e  p l a n t  t h e  p o p u l a t i o n  exposed w i t h i n  t h e  50 m i l e  r a d i u s  

i s  100,000. The p o p u l a t i o n  ad jus tment  f u r t h e r  reduces. t h e  e s t i m a t e  by. 1/30. 

.-. Based on t h e  above t r a n s l a t i o n  t o  t h e  500 MWe power p l a n t  l o c a t e d  i n  t h e  P a c i f i c  Northwest,  

t h e  impact  on t h e  genera l  p o p u l a t i o n  due t o  t h e  inc reased  a i r  p o l l u t i o n  f rom t h e  r e f e r e n c e  p l a n t  

i s  0.1 annual excess death.  The u n c e r t a i n t y  i n  t h i s  e s t i m a t e  i s  r e f l e c t e d  i n  an approx imate I( 
80% con f idence  i n t e r v a l  o f  0  t o  1 annual excess deaths. T h i s  i n t e r v a l  r e f l e c t s  t h e  u n c e r t a i n t y  

i n  t h e  b a s i c  BNL e s t i m a t e  and an a d d i t i o n a l  f a c t o r  o f  two due t o  t h e  t r a n s l a t i o n  t o  t h e  P a c i f i c  

Nor thwest  where atmospher ic  c o n d i t i o n s  r e l a t i v e  t o  background p o l l u t i o n  c o n c e n t r a t i o n s  and p o l -  

l u t a n t  t r a n s f o r m a t i o n  r a t e s  a r e  d i f f e r e n t .  S ince t h e  i n t e r v a l  i n c l u d e s  zero  as a lower  l i m i t ,  

i t  i s  p o s s i b l e  t h a t  a i r  p o l l u t a n t s  f r o m  t h e  combustion process may n o t  have a s i g n i f i c a n t  

adverse h e a l t h  e f f e c t  impact .  

9.6 HEALTH EFFECTS SUMMARIZED BY SCENARIO 

For  t h e  Recent Trends and H igh  Coal E l e c t r i c  scenar ios  t h e  q u a n t i t a t i v e  es t imates  o f  t h e  

h e a l t h  e f f e c t s  impact  a r e  g i v e n  f o r  t h e  y e a r  2020 i n  Table 9.2. These es t imates  a r e  based on 

t h e  500 MWe r e f e r e n c e  c o a l - f i r e d  power p l a n t  c a l c u l a t i o n s  i n  S e c t i o n  9.5, t h e  county s i t i n g  

p a t t e r n s  descr ibed  i n  Chapter 4 and t h e  p o p u l a t i o n  p r o j e c t i o n s  g i v e n  i n  Chapter 10. The e s t i -  . 

mates g i v e n  r e f l e c t  t h e  a d d i t i o n  o f  c o a l - f i r e d  power p l a n t s  o n l y .  E f f e c t s  r e l a t e d  t o  o t h e r  

sources o f  energy, such as n u c l e a r ,  a r e  n o t  d e a l t  w i t h  i n  t h i s  r e p o r t .  Moreover, t h e  t o t a l  . 
impact  on h e a l t h  due t o  c o a l - f i r e d  power p l a n t s  i s  n o t  accounted f o r  by t h e  es t imates  g iven .  

I n  p a r t i c u l a r ,  i nc reases  i n  m o r t a l i t y  and m o r b i d i t y  due t o  occupa t iona l  ' p o l l u t a n t  exposures 

a r e  n o t  i n c l u d e d .  The h e a l t h  e f f e c t  es t imates  f o r  t h e  genera l  p o p u l a t i o n ' s  exposure t o  a i r  

p o l l u t a n t s  do n o t  r e f l e c t  p o s s i b l e  inc reases  i n  m o r b i d i t y .  

TABLE 9.2. Annual H e a l t h  E f f e c t  Es t imates  f o r  t h e  Year 
2020 by Scenar io  and Fuel Cyc le Component 

Fuel Cyc le Component 

Sur face  M i n i n g  

A c c i d e n t a l  deaths 

A c c i d e n t a l  i n j u r i e s  

Process ing 

A c c i d e n t a l  deaths 

Acc iden ta l  i n j u r i e s  

Rai 1  T r a n s p o r t a t i o n  

A c c i d e n t a l  deaths 

A c c i d e n t a l  i n j u r i e s  

Combustion 

Annual excess deaths 

Recent Trends 

( a )  I n t e r v a l  i s  an approx imate 95% con f idence  i n t e r v a l .  
( b )  I n t e r v a l  i s  an approx imate 80% con f idence  i n t e r v a l .  

High-Coal E l e c t r i c  
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10.0 SOCIOECONOMIC IMPACTS 

Chapter 10 assesses the likely socioeconomic impacts of constructing and operating coal- 
fired electric generating plants in the Pacific Northwest and investigates possible planning and 
management techniques that local governments could use to deal with these impacts. 

As a baseline from which to  predict future impacts under the Recent Trends and High Coal 
Electric scenarios, the current socioeconomic characteristics of 15 candidate counties are des- 
cribed in terms of a set of social indicators. Potential socioeconomic impacts of coal development 
are then predicted using the Local Impact Management and Assessment (LIMA) computer model 
and several impact flowcharts. The present capabilities of these counties for coordinated social 
planning are also listed, and a number of relevant impact management strategies are elaborated 
upon. 

The analysis suggests that the most severe adverse impacts would probably occur in  Elmore 
County, idaho; in Gilliam and Morrow Counties, Oregon; and in Lincoln County, Washington. 
All of these counties have relatively small and rural populations, limited public services, and few 
planning capabilities. To minimize adverse impacts of power plant developments in these four 
counties, the anticipated impacts should be planned for and the county planning and manage- 
ment capabilities should be greatly expanded. 

In contrast, relatively few serious adverse impacts should occur for Coos County, Oregon; 
and Cowlitz, Grant, Grays Harbor and Whatcom Counties, Washington. In all these counties the 
,*rates of population and economic growth would be relatively small and slow so that whatever 
problems resulted from the projects could presumably be handled with minimal disruption to  
these areas. None of them would experience a process of rapid urbanization; their needs for 
additional housing and public services would arise slowly enough to be handled on  an ongoing 
basis; and they would not encounter any serious social problems (with the possible exception of 
conflict due to  differing educational levels in Coos County). Moreover, all of these counties 
already have adequate to  excellent planning capabilities. Consequently, in relation to minimizing 
adverse socioeconomic impacts, these five counties appear to offer the most desirable areas in 
the Pacific Northwest for constructing coal-fired electric generating plants during the next 
40 years. 

The major limitation of this study is that its broad scope precludes accounting for any 
unique features of the separate candidate counties. A second limitation lies in the many arbitrary 
assumptions contained in the LlMA model. Because of these limitations, the study should be 
viewed only as a preliminary screening analysis, not as a set of site-specific impact assessments. 

Future research in this area might deal with the following critical problems: 

- Defining the unique case of Alaska, which is expected to  undergo extensive resource develop- 
ment during the next 20 years but which could not be included i n  our computer forecasts 
because of lack of data. 

Verifying the adequacy of the social indicators used in this analysis by using them to collect 
data o n  ongoing development projects (as we are presently doing with the nuclear power 
plants being constructed in Skagit County, Washington). 

Testing and refining the LlMA model under varying sets of assumptions and with several sets 
of actual Impact data. 



The two purposes o f  t h i s  c h a p t e r  a r e  t o  1 )  assess t h e  socioeconomic impacts l i k e l y  t o  

r e s u l t  f r o m  t h e  c o n s t r u c t i o n  and o p e r a t i o n  o f  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 n g  p l a n t s  th roughou t  

t h e  P a c i f i c  Nor thwest  under b o t h  t h e  Recent Trends and High Coal E l e c t r i c  scenar ios ,  and 2 )  . 
e x p l o r e  p o s s i b l e  p l a n n i n g  and management s t r a t e g i e s  t h a t  l o c a l  governments m i g h t  use t o  m i t i g a t e  

u n d e s i r a b l e  impacts and t o  enhance d e s i r a b l e  impacts. Because t h e  a n a l y s i s  covers numerous poten-  

t i a l  p r o j e c t s  th roughou t  t h e  r e g i o n ,  i t  prov ides  o n l y  a broad overv iew o f  t h e  range o f  p o s s i b l e  

socioeconomic impacts and does n o t  i n c l u d e  any unique f e a t u r e s  o f  p a r t i c u l a r  p r o j e c t s  o r  c a n d i -  

d a t e  areas.  Hence, t h i s  s tudy  shou ld  be viewed as a p r e l i m i n a r y  o v e r a l l  sc reen ing  a n a l y s i s ,  

n o t  as a s e t  o f  s i t e - s p e c i f i c  impact  assessments. 

10: 1 SOCIOECONOMIC IMPACT ASSESSMENT 

Any l a r g e  development p r o j e c t  l i k e  a power p l a n t  w i l l  b r i n g  i n t o  i t s  l o c a t i o n . s e v e r a 1  hun- 

d r e d  workers and t h e i r  f a m i l i e s ,  m i l l i o n s  o f  d o l l a r s  i n  new income, and numerous p o t e n t i a l  

s o c i a l  and economic problems. The goa l  o f  a socioeconomic impact  assessment i s  t o  p r e d i c t  as 

a c c u r a t e l y  as p o s s i b l e  t h e  n a t u r e  and scope o f  these  changes c r e a t e d  by a proposed p r o j e c t  and 

t o  e v a l u a t e  t h e  consequences o f  these  changes f o r  t h e  su r round ing  area.  

10.1.1 Meaning o f  Socioeconomic Impacts 

Socioeconomic impacts a r e  a1 t e r a t i o n s  i n  p e o p l e ' s  1 i v i n g  c o n d i t i o n s  t h a t  occur  i n  con junc-  

t i o n  w i t h  a new p o l i c y ,  program o r  p r o j e c t ,  and t h a t  a )  add t o  a l l  concur ren t  changes produced 

by  o t h e r  f a c t o r s ,  and b )  a r e  exper ienced as s i g n i f i c a n t  s o c i a l  events.  S ince any s o c i a l  e n v i -  

ronment i s  c o n s t a n t l y  changing, t h e  c r u c i a l  problems i n  a n a l y z i n g  socioeconomic impacts a r e  t o  

i d e n t i f y  those  s o c i a l  a l t e r a t i o n s  t h a t  a r e  a d i r e c t  o r  i n d i r e c t  r e s u l t  o f  t h e  s p e c i f i c  p r o j e c t  

under  examinat ion,  a p a r t  f r o m  a l l  o t h e r  events and changes, and then  determine which o f  these  

a l t e r a t i o n s  s i g n i f i c a n t l y  a f f e c t  t h e  peop le  i n v o l v e d .  

Three f e a t u r e s  o f  t h i s  concept  o f  socioeconomic impacts shou ld  be noted.  F i r s t ,  a l though  

impacts a r e  o f t e n  though t  o f  as u n d e s i r a b l e  o r  d e t r i m e n t a l ,  t h e y  can be d e s i r a b l e  o r  b e n e f i c i a l ,  

so t h a t  impac t  assessments must always e x p l o r e  t h e  f u l l  range o f  b o t h  p o s i t i v e  and n e g a t i v e  

consequences o f  t h e  a c t i o n  b e i n g  analyzed.  Second, a l t h o u g h  impacts a r e  o f t e n  descr ibed  as 

caused by p r i o r  i n t e r v e n i n g  i n n o v a t i o n s ,  i n  r e a l i t y  t h e y  always i n t e r a c t  w i t h  t h e i r  o r i g i n a l  

causes i n  a r e c i p r o c a l  process, e i t h e r  immediate ly  o r  a f t e r  some t i m e  l a g .  Hence, impacts 

o c c u r  i n  c o n j u n c t i o n  w i t h  an a c t i v i t y  r a t h e r  than  r e s u l t i n g  f rom it. T h i r d ,  t h e  purpose o f  

s o c i a l  impac t  assessment i s  t o  enab le  p o l i c y  makers t o  a n t i c i p a t e  and p l a n  f o r  p o t e n t i a l  

impac ts  b e f o r e  t h e y  occur ,  which enables them t o  t a k e  s teps t o  p r e v e n t  o r  m i t i g a t e  undes i red  

impacts.  As a r e s u l t  o f  such impac t  management e f f o r t s  some p r e d i c t e d  impacts never  a c t u a l l y  

occur .  

Socioeconomic impac t  assessments have t r a d i t i o n a l l y  tended t o  focus on adverse impacts 

such as r a p i d  p o p u l a t i o n  qrowth, hous ing  shor tages,  and inadequate p u b l i c  s e r v i c e s .  Our a n a l y -  

s i s  r e f l e c t s  t h a t  tendency t o  some e x t e n t ,  l a r g e l y  because o f  t h e  n a t u r e  o f  t h e  a v a i l a b l e  data.  

However, we do i n c l u d e  p o t e n t i a l  b e n e f i c i a l  impacts  whenever p o s s i b l e ,  such as o v e r a l l  growth 

o f  t h e  l o c a l  economy and r i s i n g  persona l  incomes. 



10.1.2 U n i t s  o f  A n a l y s i s  

A l l  o f  t h e  l a b o r a t o r i e s  p e r f o r m i n g  socioeconomic impact  analyses w i t h i n  t h e  NCUA program 

agreed t o  use c o u n t i e s  as t h e i r  u n i t s  o f  a n a l y s i s  f o r  t h r e e  reasons:.  1 )  Many socioeconomic 

impacts o f  l a r g e  c o n s t r u c t i o n  p r o j e c t s  a r e  n o t  l i m i t e d  t o  a  s i n g l e  community b u t  a r e  e x p e r i -  

enced th roughou t  t h e  su r round ing  area. 2 )  Much o f  t h e  d a t a  r e q u i r e d  f o r  socioeconomic impact  

a n a l y s i s  a r e  c o l l e c t e d  on a  coun ty  b a s i s .  3 )  A l though t h e  impacts o f  some p r o j e c t s  may spread 

beyond a  s i n g l e  county,  t h e  l i k e l i h o o d  o f  t h a t  happening depends l a r g e l y  on t h e  l o c a t i o n  o f  

t h e  p r o j e c t  w i t h i n  t h e  county; hence, i t  i s  s i t e - s p e c i f i c  t o  t h a t  p a r t i c u l a r  p r o j e c t .  T h i s  

a n a l y s i s  focuses on 14 c o u n t i e s  i n  t h e  P a c i f i c  Nor thwest  t h a t  a r e  cons idered  t o  be l i k e l y  

cand ida tes  f o r  s i t i n g  new g e n e r a t i n g  p l a n t s .  (Base1 i n e  d a t a  a r e  a l s o  r e p o r t e d  f o r  Anchorage, 

Alaska, wh ich  i s  l i k e l y  t o  be an area o f  e x t e n s i v e  resource  development i n  t h e  near  f u t u r e ,  b u t  

t h e  development p l a n s  f o r  t h a t  a rea  have n o t  y e t  been s p e c i f i e d  i n  enough d e t a i l  t o  enable us 

t o  f o r e c a s t  p o s s i b l e  socioeconomic impacts. )  The 14 cand ida te  c o u n t i e s  f o r  t h i s  a n a l y s i s  a r e  

as f o l l o w s :  

Idaho: Bingham and Elmore 

Oregon: Clatsop,  Coos, G i l l i a m ,  Malheur, and Morrow 

Washington: Cowl i t z ,  Douglas, Frank1 i n ,    rant, Grays Harbor, L i n c o l n ,  and Whatcom 

10.1.3 T h e o r e t i c a l  Perspec t i ve  

T h i s  a n a l y s i s  i s  grounded i n  t h e  t h e o r e t i c a l  p e r s p e c t i v e  o f  human ecology,  which views 

mankind as i n e x o r a b l y  dependent on t h e  n a t u r a l  and s o c i a l  env i ronment .  Hence human s o c i a l  l i f e  

i s  always c o n s t r a i n e d  and shaped by  t h e  b a s i c  e c o l o g i c a l  f a c t o r s  o f  n a t u r a l  resources,  popula-  

t i o n  c h a r a c t e r i s t i c s ,  m a t e r i a l  and s o c i a l  technology,  and t h e  economic o r d e r  t h a t  s a t i s f i e s  

p e o p l e ' s  sustenance needs. To t h i s  e c o l o g i c a l  p e r s p e c t i v e  we add two f u r t h e r  assumptions: 

1 )  C o l l e c t i v e  s o c i a l  a c t i v i t i e s  a r e  g e n e r a l l y  aimed a t  a t t a i n i n g  goa ls  t h a t  r e f l e c t  t h e  

va lues  and i n t e r e s t s  o f  t h e  p a r t i c i p a n t s  so t h a t  s o c i a l  impact  assessments must r e f l e c t  

b o t h  t h e  e c o l o g i c a l  c o n d i t i o n s  p r e v a i l i n g  i n  an area and t h e  va lues,  i n t e r e s t s  and goa ls  

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

2 )  A  community can be viewed as a  p rob lem-so lv ing  s o c i a l  system i n  which cha l lenges ,  such 

as new environment.al o r  t e c h n o l o g i c a l  c o n d i t i o n s ,  i n i t i a l l y  d i s r u p t  e x i s t i n g  s o c i a l  

c o n d i t i o n s  and p r a c t i c e s ;  t h i s  c r e a t e s  temporary problem s i t u a t i o n s ,  which generate 

c o l l e c t i v e  responses t o  cope w i t h  these  problems. The responses a c t  back as e i t h e r  

p o s i t i v e  o r  n e g a t i v e  feedback on' t h e  i n i t i a l  d i s r u p t i v e  c o n d i t i o n s .  

T h i s  t h e o r e t i c a l  p e r s p e c t i v e  i s  p o r t r a y e d  i n  t h e  General S o c i a l  Impact Assessment and 

Management Diagram shown i n  F i g u r e  .10.1, which p r o v i d e s  a  framework f o r  o u r  a n a l y s i s .  

10.1.4 S o c i a l  I n d i c a t o r s  

The .impact assessment methodology employed i n  t h i s  r e p o r t  uses s e t s  o f  s o c i a l  i n d i c a t o r s  

t o  measure t h e  p r e d i c t e d  impacts o f  a  new p r o j e c t .  S o c i a l  i n d i c a t o r s  a r e  s t a n d a r d i z e d  quan- 

ti t a t i v e  measures o f  s p e c i f i e d  s o c i a l  c o n d i t i o n s  t h a t  a r e  c o l l e c t e d  p e r i o d i c a l l y  as a  t i m e  

s e r i e s  t o  d e s c r i b e  b o t h  c u r r e n t  c o n d i t i o n s  and ongoing change t r e n d s .  The te rm " s o c i a l "  i s  

used g e n e r i c a l l y  t o  i n c l u d e  a1 1  rea lms of human' a f fa i r s - -demograph ic ,  economic, o r g a n i z a t i o n a l  , 
p o l i t i c a l  and c u l t u r a l  --a1 though a  d i s t i n c t i o n  i s  o f t e n  made between economic and noneconomic 

(e.g., a l l  o t h e r s )  irld.ica1ur.s. 
10.3 
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FIGURE IU.1. General S o c i a l  Impact Assessment and Management Diagram 

We d i v i d e  t h e  t o t a l  arra.y o f  p o t e n t i a l  s o c i a l  impacts  i n t o  f i v e  sec to rs :  demography, 

economy, community s t r u c t u r e ,  pubi  i c  se rv ices ,  and s o c i a l  we1 1 -being.  Each o f  these  s e c t o r s  

i s  composed o f  numerous f a c t o r s  o r  c h a r a c t e r i s t i c s ,  a l t h o u g h  t h e  e x a c t  number and n a t u r e  

o f  t h e  f a c t o r s  compr is ing  a  s e c t o r  can v a r y  depending on t h e  purpose o f  t h e  a n a l y s i s .  We have 

i d e n t i f i e d  between e i g h t  and t w e l v e  f a c t o r s  i n  each sec to r - -50  f a c t o r s  o v e r  a l l - - t h a t  appeared 

t o  be r e l e v a n t  f o r  assess ing  s o c i a l  impacts. Each f a c t o r  i; measured w i t h  a  s tandard ized  s o c i a l  

i n d i c a t o r ,  t h e  d a t a  f o r  which are'  o b t a i n a b l e  f rom e x i s t i n g  records  and documents o r  f r o m  p u b l i c  

o f f i c i a l s .  The adequacy and re levance  o f  many o f  these  i n d i c a t o r s  a r e  open t o  debate, f o r  t h i s  

methodo log ica l  approach has n o t  y e t  been f u l l y  v e r i f i e d .  

T w e n t y - f i v e  o f  those  50 i n d i c a t o r s  were s e l e c t e d  f o r  use i n  t h i s  a n a l y s i s ,  f o l l o w i n g  two 

c r i t e r i a :  a )  s u b s t a n t i v e  impor tance and b )  d a t a  a v a i l a b i l i t y .  These i n d i c a t o r s  a r e  1  i s t e d  i n  

Appendix F and used i n  Tables H. l  th rough  H.4 i n  Appendix H. 
,-I 

s o c i a l  i n d i c a t o r s  can be used i n  a  v a r i e t y  o f  ways t o  assess socioeconomic impacts, 

i n c l u d i n g  t r e n d  e x t r a p o l a t i o n ,  s tandard ized  mu1 t i p l i e r s ,  system models, and f l o w  c h a r t s .  These 

techn iques ,  a l l  o f  wh ich  a r e  used i n  t h i s  a n a l y s i s ,  a r e  d iscussed  i n  g r e a t e r  d e t a i l  i n  
b: 1 

Appendix F. 



10.2 CURRENT COUNTY CHARACTERISTICS 

Data on t h e  c u r r e n t  (1975) demographic, economic, community s t r u c t u r e ,  and pub1 i c  s e r v i c e s  

o f  t h e  14 cand ida te  c o u n t i e s  ( p l u s  Anchorage) a r e  g i v e n  i n  Appendix H  and Tables H. l  through 

H.4. The p r o f i l e s  p r o v i d e d  by these  d a t a  p o r t r a y  t h e  socioeconomic c o n d i t i o n s  e x i s t i n g  i n  t h e  
i 

c o u n t i e s  a t  t h e  p r e s e n t  t ime,  p r i o r  t o  t h e  i n t r o d u c t i o n  o f  any new g e n e r a t i n g  p l a n t s .  They 

thus  p r o v i d e  a  s e t  o f  b a s e l i n e  c o n d i t i o n s  on which t o  base p r e d i c t i o n s  o f  f u t u r e  impacts, as 

w e l l  as o t h e r  k i n d s  o f  socioeconomic analyses.  These d a t a  were o b t a i n e d  f rom a  v a r i e t y  o f  

sources, i n c l u d i n g  U.S. Census r e p o r t s , . v a r i o u s  s t a t e  and community r e p o r t s ,  and s t a t e  and 

l o c a l  p u b l i c  o f f i c i a l s .  

10.3 MODEL IMPACT FORECASTS 

Our purpose i s  t o  f o r e c a s t  t h e  l i k e l y  demographic and economic changes t h a t  would occur  

i n  t h e  cand ida te  c o u n t i e s  as a  r e s u l t  o f  power p l a n t  development under  b o t h  t h e  Recent Trends 

and H igh  Coal E l e c t r i c  scenar ios .  The Local  Impact Management and Assessment (LIMA) computer 

model, desc r ibed  i n  Appendix G, was used t o  compute these  f o r e c a s t s .  T h i s  model i s  based on a  

number o f  assumptions concern ing  demographic and economic growth r a t e s ,  so t h a t  i t s  f o r e c a s t s  

shou ld  be viewed o n l y  as p l a n n i n g  g u i d e l i n e s ,  n o t  f a c t u a l  p r e d i c t i o n s .  Moreover, t h e  model 

does n o t  c o n s i d e r  any o t h e r  development p r o j e c t s  i n  t h e  cand ida te  c o u n t i e s  (such as t h e  n u c l e a r  

r e a c t o r s  b e i n g  c o n s t r u c t e d  i n  Grays Harbor County) t h a t  c o u l d  s e r i o u s l y  compound t h e  impacts 

c r e a t e d  by c o a l - f i r e d  g e n e r a t i n g  p l a n t s .  

Tables 1.1 th rough  1.14 i n  Appendix I p r e s e n t  d a t a  f o r  14 cand ida te  c o u n t i e s  on 12 

s e l e c t e d  demographic and economic i n d i c a t o r s  a t  f i v e - y e a r  i n t e r v a l s  between 1980 and 2020. 

(The model computes d a t a  f o r e c a s t s  on a  year-by-year  bas is ,  b u t  t h e  ma jo r  t r e n d s  a r e  a l l  

e v i d e n t  i n  these  f i v e - y e a r  i n t e r v a l  data. )  Anchorage i s  o m i t t e d  f r o m  these  t a b l e s  because 

t h e  c o a l  development p r o j e c t i o n s  i n  Chapter 4  do n o t  s p e c i f y  p l a n t  s i z e s  o r  l o c a t i o n s  t h e r e .  

Because o f  t h e  a n t i c i p a t e d  e x t e n s i v e  development o f  coa l  and o t h e r  resources  i n  Alaska i n  t h e  

near  f u t u r e ,  however, a  tho rough  socioeconomic impac t  assessment o f  t h a t  area i s  c l e a r l y  needed. 

Such a  d e t a i l e d  s i t e - s p e c i f  i c  s tudy  c o u l d  a1 so i n c l u d e  t h e  many unique c h a r a c t e r i s t i c s  o f  

Alaska, such as i t s  r a p i d  p o p u l a t i o n  growth r a t e ,  i t s  unbalanced sex r a t i o ,  i t s  h i g h  c o s t  o f  

l i v i n g ,  and t h e  abundance o f 'government  o f f i c i a l s  i n  i t s  work fo rce .  

10.3.1 I n d i c a t o r s  Used 

The 12 i n d i c a t o r s  used i n  these  f o r e c a s t s  f o l l o w .  

P o p u l a t i o n  S ize .  T h i s  i n c l u d e s  t o t a l  p o p u l a t i o n  o f  t h e  county,  i n c l u d i n g  normal growth 

(based on c u r r e n t  s t a t e  f o r e c a s t s )  and growth t h a t  would be generated by t h e  p r o j e c t e d  power 

p l a n t  development th rough  d i r e c t  employment and th rough  secondary economic growth s t i m u l a t e d  

by t h e  p r o j e c t s .  These f o r e c a s t s  f o r  b o t h  d i r e c t  and i n d i r e c t  p r o j e c t - g e n e r a t e d  p o p u l a t i o n  
r growth a r e  based on a  s e t  o f  assumptions about  r e s i d e n t  versus m i g r a n t  s t a t u s ,  mar r iage  r a t e s ,  

and f a m i l y  s i z e s  among c o n s t r u c t i o n ,  o p e r a t i o n a l ,  and secondary workers. They do n o t  i n c l u d e  

p o p u l a t i o n  changes t h a t  m i g h t  r e s u l t  f r o m  any o t h e r  development p r o j e c t s  i n  these  cand ida te  
I"' 

c o u n t i e s .  

P o p u l a t i o n  Growth. T h i s  i n d i c a t o r  i s  t h e  average annual p e r c e n t  change i n  t h e  p o p u l a t i o n  

d u r i n g  t h e  p reced ing  f i v e  y e a r s .  

10.5 



U r b a n i z a t i o n .  T h i s  i s  t h e  p r o p o r t i o n  o f  t h e  p o p u l a t i o n  l i v i n g  i n  communities o f  10,000 

o r  more. It i s  assumed t h a t  a l l  p r o j e c t - g e n e r a t e d  p o p u l a t i o n  g rowth  occurs i n  t h e  l a r g e s t  

community i n  t h e  county.  

Median Age. The median age o f  t h e  t o t a l  p o p u l a t i o n  i n c l u d e s  t h e  f a c t  t h a t  most cons t ruc -  

t i o n  workers a r e  r e l a t i v e l y  young. 

Median Educat ion.  T h i s  i s  t h e  median number o f  y e a r s  o f  fo rma l  educa t ion  completed by t h e  

t o t a l  p o p u l a t i o n .  

Gross Sales Amount. T h i s  i n d i c a t o r  i s  t o t a l  s a l e s  r e c e i p t s  f rom a l l  economic a c t i v i t y  i n  

t h e  county,  p e r  c a p i t a .  It i s  based on an assumed r a t i o  between d isposab le  incomes and 

expend i tu res .  

Gross Sales Growth. T h i s  i n d i c a t o r  i s  t h e  average annual p e r c e n t  change i n  gross s a l e s  

d u r i n g  t h e  p reced ing  f i v e  y e a r s .  

Personal  Income. T h i s  i s  average personal  income,.per c a p i t a ,  i n  c o n s t a n t  1975 d o l l a r s  

(wh ich  assumes no i n f l a t i o n ) .  It i n c l u d e s  t h e  f a c t  t h a t  b o t h  c o n s t r u c t i o n  and o p e r a t i o n a l  

workers g e n e r a l l y  have h i g h e r  incomes than  o t h e r  n o n p r o j e c t  workers.,  

P r o p e r t y  Value. T h i s  i s  t h e  t o t a l  v a l u e  o f  a l l  r e a l . p r o p e r t y ,  p e r  c a p i t a ,  i n  cons tan t  

1975 d o l l a r s .  It covers  o n l y  t h e  v a l u e  added by new power p l a n t s  and new housing due t o  these 

p l a n t s ;  i t  assumes no o t h e r  n e w . c o n s t r u c t i o n .  

Housing Requirements. T h i s  i n d i c a t o r  i s  t h e  number o f  a d d i t i o n a l  permanent housing u n i t s  

r e q u i r e d  t o  t a k e  c a r e  o f  p o p u l a t i o n  growth generated by  t h e  p r o j e c t .  It does n o t  i n c l u d e  mob i le  

homes, wh ich  t y p i c a l l y  p r o v i d e  housing f o r  over  h a l f  t h e  c o n s t r u c t i o n  l a b o r  f o r c e .  

R e t a i l  and P r i v a t e  S e r v i c e  C a p i t a l .  T h i s  i s  t h e  t o t a l  amount o f  c a p i t a l  , p e r  c a p i t a ,  i n  

c o n s t a n t  1975 d o l l a r s ,  t h a t  must be i n v e s t e d  i n  r e t a i l  and p r i v a t e  s e r v i c e  f a c i l i t i e s  t o  main- 

t a i n  t h e  p r e s e n t  r a t i o  between p o p u l a t i o n  s i z e  and t o t a l  expend i tu res .  I t  assumes a  t i m e  l a g  

between p o p u l a t i o n  growth and c a p i t a l  investment .  It i n c l u d e s  t h e  f a c t  t h a t  many c o n s t r u c t i o n  

workers l i v e  i n  mob i le  homes. 

P u b l i c  Serv ices  Opera t ing  Expendi tures.  These a r e  a d d i t i o n a l  annual o p e r a t i o n a l  expendi -  

t u r e s  (beyond p resen t  expendSeures) , i n  constant 1975 do1 lars , requlred by project-induced ' 

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

Pub1 i c  Serv ices  C a p i t a l  Expend i tu res .  ~ h e s e  a r e  a d d i t i o n a l  annual c a p i t a l  expend i tu res  

(beyond p r e s e n t  e x p e n d i t u r e s ) ,  i n  c o n s t a n t  1975 d o l l a r s ,  r e q u i r e d  by p r o j e c t - i n d u c e d  popula-  

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

P o p u i a t i o n  s i z e  and g rowth  a r e  t h e  o n l y  i n d i c a t o r s  t h a t  i n c l u d e  " n a t u r a l  " expected changes 

n o t  generated by  power p l a n t  development. A l l  o t h e r  i n d i c a t o r s  a r e  assumed t o  remain c o n s t a n t  

t h r o u g h o u t  t h i s  p e r i o d .  We a r e  n o t  i m p l y i n g  t h a t  t h e y  w i l l  a c t u a l l y  remain cons tan t ,  b u t  we use 

t h i s  p rocedure  as a  way t o  i s o l a t e  changes t h a t  a r e  caused s p e c i f i c a l l y  by power p l a n t  development. 

10.3.2 Forecas ts  

The m a j o r  changes p r e d i c t e d  i n  each coun ty  under  t h e  H igh  Coal E l e c t r i c  s c e n a r i o  a r e  

d e s c r i b e d  i n  t h e  f o l l  owing paragraphs. P r e d i c t e d  changes under t h e  Cur ren t  Trends s c e n a r i o  



are genera l ly  o f  a  very s i m i l a r  nature but  somewhat l ess  r a p i d  and extensive.  For more com- 

p l e t e  d e t a i l s ,  see Tab.1es 1.1 through 1.14. 

Bingham County, Idaho (Table 1.1) .  Tota l  popu la t ion  o f  t he  county would grow s t e a d i l y  

u n t i l  1990, and then more r a p i d l y  between 1990-2005, increas ing from 39,900 t o  53,600 dur ing  

those 15 years (66% growth between 1975 and 2005). Although no towns over 10,000 present ly  

e x i s t  i n  the  county, by 1990 the  county would become 29% urbahized (by t h i s  c r i t e r i o n ) ,  and 

by 2000 t h i s  would r i s e '  t o  41%. The l e v e l  o f  economic a c t i v i t y  i n  the  county ( i nd i ca ted  by 

t o t a l  gross sales)  would r i s e  r a p i d l y  dur ing  the  b r i e f  per iod  o f  1990-1995 from $7,830 per 

cap i t a  t o  $9,710 per cap i t a  (24% growth) a l though average personal income would increase by 

l ess  than $200. The t o t a l  amount o f  p roper ty  value per cap i t a  (and hence the  tax  base o f  the 

county) would a l so  more than t r i p l e  between 1990 and 2000 from $6,600 t o  $23,220. As a  r e s u l t  

o f  t h i s  growth, the  county would requ i re  1,900 new housing u n i t s  by 2005; and t o  maintain an 

adequate' l e v e l  o f  publ i c  serv ices,  l o c a l  and county governments would have t o  spend an addi - 
t i o n a l  $1,010,000 per year  f o r  c a p i t a l  f a c i l i t i e s  by 2000, p lus an add i t i ona l  $3,310,000 per 

year f o r  opera t ing  expenses by 2005. 

Elmore County, Idaho (Table 1.1). The populat ion o f  the  county would more than double 

by 2005, increas ing from i t s  present s i z e  o f  19,800 t o  53,100 (168% growth). During the  same 

pe r i od  i t  would change from being completely r u r a l  t o  58% urban, and the  l e v e l  o f  education 

would increase s i g n i f i c a n t l y .  Economic growth would occur even more r a p i d l y  w i t h  gross sales 

per cap i t a  jumping from the present l e v e l  o f  $4,530 t o  $9,510 by 1985 (110% growth). Average 

r e a l  personal income would r i s e  on ly  $400 b u t  a  t e n - f o l d  increase would occur i n  proper ty  

value per cap i t a  by 1995 from $2,620 t o  $31,960. By t h i s  t ime, t he  county would need 4,110 

add i t i ona l  housing u n i t s ,  $6,710,000 i n  add i t i ona l  funds per year  f o r  publ i c  serv ices oper- 

a t i n g  costs, and $2,320,000 per year i n  add i t i ona l  publ i c  serv ices c a p i t a l  investments. 

Clatsop County, Oregon (Table 1.3) .  Tota l  popu la t ion  would grow f a i r l y  s t e a d i l y  from i t s  

present s i ze  o f  29,100 t o  57,500 (98% growth) i n  2005 and then gradua1l.y l e v e l  o f f .  A l l  the  

o the r  changes occur r ing  i n  t h i s  county would a l so  peak a t  the  year  2005. Urbanizat ion would . 

increase moderately from 37% t o  55% (bu t  l a t e r  f a l l  t o  49%), t he  median age would drop from 

33 t o  29 (bu t  l a t e r  r i s e  t o  31), t o t a l  gross sales would c l imb from $5,570 t o  $9,630 per 

cap i t a  (73% grnwt.h), personal income would increase by $400, and proper ty  value per cap i t a  would 

more than double from $16,550 t o  $39,800. The county would need 380 add i t i ona l  housing u n i t s ,  

$5,990,000 i n  annual publ i c  serv ices opera t ing  funds, and $1,820,000 i n  annual publ i c  serv ices -. 

c a p i t a l  investments. 

Coos County, Oregon (Table 1.4). The popu la t ion  o f  t h i s  county i s  p red i c ted  t o  grow 

s t e a d i l y  u n t i l  a t  l e a s t  2010, from 59,000 t o  103,400 (75% growth) bu t  w i t h  on ly  a  s l i g h t  

increase i n  urban iza t ion ,  f rom 23% t o  29%. Most o f  the changes produced by power p l d r i l  

development would occur between 1980 and 1985, however. During t h a t  per iod,  gross sales per 

cap i t a  would r i s e  from $8,000 t o  $9,700 (22% growth), average personal income would increase 

by approximately $250, and proper ty  value per cap i t a  would almost double, from $11,030 t o  

$20,000. Th is  growth would requ i re  an add i t i ona l  2,070 housing u n i t s ,  $3,110,000 per  year i n  

p u b l i c  serv ices opera t ing  funds, and $980,000 per year i n  c a p i t a l  investments i n  serv ice  

f a c i l i t i e s .  



G i l l i a m  County, Oregon (Tab le  1.5) .  The p o p u l a t i o n  would i n c r e a s e  o n l y  moderate ly  up t o  

1990, b u t  between t h e n  and 2005 i t  would grow f i v e - f o l d  from 3,800 t o  19,700 (418% growth) ;  

u r b a n i z a t i o n  would jump from 0% t o  88%. By 2005 t h e  median age of t h e  p o p u l a t i o n  would have. 

dropped f r o m  31 t o  24, and median educa t ion  w i l l  have r i s e n  f rom 12.7 t o  13.3. Most o f  t h e  

economic a c t i v i t y  s t i m u l a t e d  by  power p l a n t  development would occur  between 1985 and 1995, 

however, w i t h  gross s a l e s  p e r  c a p i t a  r i s i n g  f rom $12,390 t o  $21,500 d u r i n g  those  t e n  years  

(73% growth ) .  A d rop  i n  average personal  income o f  over  $2,000 d u r i n g  t h a t  same p e r i o d  would 

be r a t h e r  s t a r t l i n g ;  t h i s  would r e s u l t  f rom t h e  ex t reme ly  h i g h  income l e v e l s  o f  t h e  p resen t  

' r e s i d e n t s  i n  comparison w i t h  those  o f  i n - m i g r a t i n g  workers..  P r o p e r t y  v a l u e  p e r  c a p i t a  would 

jump f r o m  $34,380 t o  $216,350 d u r i n g  t h i s  p e r i o d .  Due t o  t h e  p o p u l a t i o n  growth, t h e  county 

would r e q u i r e  3,360 a d d i t i o n a l  housing u n i t s  and an a d d i t i o n a l  $5,780,000 p e r  y e a r  i n  p u b l i c  

s e r v l c e s  o p e r a t f n g  funds by  t h a t  t ime .  I t  would a l s o  need t o  i n v e s t  $3,080,000 more p e r  y e a r  

i n  p u b l i c  s e r v i c e s  c a p i t a l  f a c i l i t i e s  by 1995. . 

Ma1 heur  County, Oregon (Tab le  1.6) .  T h i s  coun ty  i s  p r e d i c t e d  t o  exper ience moderate b u t  

s teady  p o p u l a t i o n  growth th roughou t  t h e  e n t i r e  p e r i o d  up t o  2020 f r o m  i t s  p resen t  s i z e  o f  

24,400 t o  49,000 (101% growth ) .  As a r e s u l t  i t  would go f r o m  0% t o  47% urbanized.  Economic 

g rowth  generated by power p l a n t  development would peak a t  about  2015, however, w i t h  gross sa les  

p e r  c a p i t a  r i s i n g  s l i g h t l y  f r o m  $10,600 t o  $13,560 by t h a t  t i i ne  (27% growth ) .  Average personal  

income would inc rease  by  abou t  $200 d u r i n g  t h a t  p e r i o d  b u t  t h e n  d e c l i n e  t o  i t s  p r e s e n t  l e v e l .  

P r o p e r t y  v a l u e  p e r  c a p i t a  would more than  t r i p l e  f rom $10,590 t o  $33,600 by 2015. By t h a t  t i m e  . 

t h e  coun ty  would r e q u i r e  2,470 a d d i t i o n a l  housing u n i t s ,  $4,010,000 more p e r  y e a r  f o r  o p e r a t i n g  

e x p e n d i t u r e s  and $1,430,000 more p e r  y e a r  f o r  c a p i t a l  investments i n  p u b l i c  s e r v i c e s .  

Morrow County, Oregon (Tab le  1.7).  A l l  o f  t h e  growth generated by power p l a n t  development 

I n  t h i s  coun ty  would occur  between now and 1990 o r  1995. The p r e s e n t  p o p u l a t i o n  o f  5,200 w i l l  

a lmos t  t r i p l e  t o  15,200 by 1990 (192% growth) ,  and t h e  county would go f r o m  0% t o  80% urban ized  

( l a t e r  d e c l i n i n g  t o  69%). The median age would d r o p  from 31 t o  25 ( r i s i n g  l a t e r  t o  27), and 

t h e  median educa t iona i  l e v e l  would r i s e  from 12.6 t o  13.0 y e a r s  b.v 1995! O v e r a l l  economic 

a c t i v i t y  would a l s o  i n c r e a s e  s h a r p l y  d u r i n g  t h i s  p e r i o d  w i t h  gross s a l e s  p e r  c a p i t a  r i s i n g  

f r o m  t h e  p r e s e n t  l e v e l  o f  $8,510 t o  $20,520 i n  1990 (141% growth ) .  Average persona l  income 

would d e c l i n e  sharp ly ,  however, f rom i t s  c u r r e n t  ex t reme ly  h i g h  l e v e l  of $9,530 t o  $7,fiflfl i n  

1995. P r o p e r t y  va lue  p e r  c a p i t a  would a lmost  quadrup le  f r o m  i t s  p r e s e n t  l e v e l  o f  $30,550 t o  

$ 1  14,4YU by I Y Y S .  By 'I990 an a d d i t i o n a l  2,170 housing u n i t s  would be needed, as w e l l  as an 

a d d i t i o n a l  $3,700,000 i n  annual pub l  i c  s e r v i c e s  o p e r a t i n g  . funds and $3,250,000 i n  annual 

c a p i t a l  investments f o r  p u b l i c  s e r v i c e s .  

Cowl - -- i t z  --. County, Washington . (Tab le  I .8) .  P o p u l a t i o n  qrowth would be moderate h~rt.  qt.~arly 
' 

f r o m  now u n t i l  2010, r i s i n g  f r o m  t h e  p r e s e n t  s i z e  o f  71,000 t o  111,900 (58% growth)  and no ' 

o t h e r  s i g n i f i c a n t  demographic changes would occur .  Gross s a l e s  p e r  c a p i t a  would r i s e  o n l y  

s l i g h t l y  f r o m  $11,510 t o  $13,280 i n  1990 (15% growth)  and t h e r e a f t e r  remain s teady a t  about  - 
$12,500. Personal  income would n o t  change, a l though  p r o p e r t y  v a l u e  p e r  c a p i t a  would go up 

somewhat, f r o m  $19,830 t o  $31,600. Never the less,  by 1990 t h e  coun ty  would need 2,600 more 

hous ing  u n i t s  t o  accommodate i t s  growing p o p u l a t i o n  p l u s  $4,050,000 i n  a d d i t i o n a l  annual pub l  i c  , 
.. 

s e r v i c e s  o p e r a t i n g  funds and $1,340,000 i n  annual c a p i t a l  f a c i l i t i e s  f o r  p u b l i c  s e r v i c e s .  ' 



Douglas County, Washington (Table 1.9). The populat ion o f  t h i s  county i s  p red ic ted t o  

grow i n  two steps, the  f i r s t  o f  which would occur between 1990 and 1995 and the  second between 

2005 and 2010. Consequently, by 2010 the  popu la t ion  would r i s e  from 19,000 t o  35,200 (85% growth), 

and the  county would s h i f t  from 0% urban iza t ion  t o  42% ( l a t e r  d e c l i n i n g  t o  39%). The median 

age would dec l ine  dur ing  t h a t  t ime from 30 t o  27, wh i l e  median education would r i s e  from 12.5 

t o  12.8. The f i r s t  per iod  o f  popu la t ion  growth, from 1990 t o  1995, w i l l  s t imu la te  considerable 

economic growth. Gross sales per cap i ta  would jump from $3,350 t o  $9,450 (182% growth) wh i l e  

personal income would go up $800 from $5,300 t o  $6,120 and proper ty  value per cap i t a  would 

increase from $11,480 t o  $36,550. From 1995 t o  2005 a m i l d  economic downturn would be fo l lowed 

by more economic growth dur ing  the  second per iod  o f  popu la t ion  growth, 2005-2010. I n  1995 

2,140 add i t i ona l  housing u n i t s ,  a $3,490,000 per year increase i n  opera t ing  funds, and a 

$1,930,000 per year  increase i n  c a p i t a l  investments would be needed. Then, i n  2010, these 

needs would increase t o  2,880 housing u n i t s ,  $4,700.,000 o f  opera t ing  funds and $2,050,000 of 

c a p i t a l  expenditures. 

Frank1 i n  County, Washington, (Table I. 10) .. Most' o f  the  popu la t ion  growth here would take 

place between 1985 and 2000, du r i ng  which t ime the  number o f  people would go from 30,000 t o  

48,000 (75% growth from 1975). The 'degree o f  u rban iza t ion  would a l so  increase somewhat dur ing  

t h a t  per iod  from 53% t o  65%. S i m i l a r l y ,  most economic growth would a l so  occur dur ing  those 

15 years; gross sales per cap i t a  would r i s e  modestly from $9,980 t o  $12,890 (29% growth). Real 

personal income would dec l ine  s l i g h t l y  du r i ng  t h a t  t ime bu t  p roper ty  value per cap i t a  would 

expand from $14,400 t o  $42,000. A t  t h a t  end o f  t h a t  per iod  the  county would requ i re  2,810 

add i t i ona l  housing u n i t s  (which would increase t o  2,930 i n  2005), p lus  $4,710,000 add i t i ona l  

funds per year f o r  publ i c  serv ices operat ions ($5,050,000 i n  2005), and $1,630,000 per year  i n  

c a p i t a l  investments f o r  p u b l i c  serv ices.  

Grant County, Washington (Table I. 11 ) .  I n  t h i s  case popu la t ion  growth would proceed f a i r l y  

smoothly u n t i l  2015, r i s i n g  from 43,900 t o  75,100 (71% growth), wh i l e  urban iza t ion  would expand 

from 23% t o  36%. Because o f  t he  present h igh  l e v e l  o f  economic a c t i v i t y  i n  the  county, however, 

economic growth would be considerably slower; gross sales per cap i t a  would go from $14,950 t o  

$16,420 by 2015 (20% growth). Average personal income would dec l i ne  j u s t  s l i g h t l y  dur ing  t h a t  

t ime wh i l e  proper ty  value per cap i t a  would increase from $12,480 t o  $20,100. By 2015 an addi-  

t i o n a l  2,590 housing u n i t s ,  an arir~ual increase o f  $4,450,000 i n  opera t ing  funds f o r  p u b l i c  ser -  

v ices  and $840,000 more per  year  i n  c a p i t a l  funds f o r  such serv ices would be needed. Note, 

however, t h a t  these needs would f i r s t  a r i s e  by 1995 when the  housing shortage would be 2,290 

un i t s ,  the  add i t i ona l  opera t ing  funds requ i red  would be $3,380,000 and the  need f o r  new c a p i t a l  

investments would reach $1,580,000. 

Grays Harbor Count..y,,. Washington (Table I. 12). I n  general the  changes p red i c ted  i n  t h i s  

county from coal development would be r e l a t i v e l y  small compared t o  the  o ther  candidate count ies.  
., Pol iu lat inn would grow stcadi1.y bu t  s lowly  between now and ?1311), i nc reas ing from 60,500 t o  

99,200 (64% growth), and the  r a t e  o f  u rban iza t ion  would increase s l i g h t l y  from 49% t o  54%. 

Gross sales per c a p i t a  would r i s e  from $8,510 a t  present t o  $10,280 i n  2000 (21% growth) and 

, .P. then dec l i ne  very s l i g h t l y .  Real personal income would remain curlstant throughout, although 

proper ty  value per cap i t a  would double from $12,200 t o  approximately $25,000. Despite t h i s  

slow growth ra te ,  pressing housing and publ i c  serv ice  needs would become ev ident  as e a r l y  as 



1985 when 2,880 more housing u n i t s  would be requ i red  and the  county would have t o  spend 

$4,430,000 i n  add i t i ona l  opera t ing  funds per year f o r  pub1 i c  serv ices,  p lus  $1,150,000 more 

per  year  f o r  c a p i t a l  investments. 

L inco ln  County, Washington (Table I. 13).  This would be another case o f  two-step growth. 

Between 1985 and 1990 the  popu la t ion  would jump from 12,700 t o  16,500; between 2010 and 2015 

i t  would go from 21,700 t o  24,900. Overa l l  the populat ion would increase from 9,500 a t  present 

t o  24,900 i n  2015 (157% growth). The county would remain w i thou t  a town o f  10,000 u n t i l  2015, 

a t  which p o i n t  i t  would jump t o  59% urbanized as a r e s u l t  o f  i t s  l a r g e s t  town going over the  

10,000 mark. The median age would drop considerably dur ing  t h i s  per iod  from 37 t o  29, wh i le  

median educat ion would r i s e  s i g n i f i c a n t l y  from 12.2 t o  12.7. Economic growth would accompany 

the  f i r s t  pe r i od  o f  popu la t ion  growth as gross sales per cap i t a  would increase from $11,610 

i n  1980 t o  $19,260 i n  1990 (65% growth).  ' This i n d i c a t o r  would then dec l i ne  somewhat u n t i l  

201 5 when i t  would r e t u r n  t o  i t s  1990 l e v e l .  Personal income would go up over $600 between 

1980 and 1990 from $6,540 t o  $7,160; a f t e r  t h a t  i t  would dec l i ne  s l i g h t l y  and remain l e v e l .  

Property value per c a p i t a  would cont inue t o  expand u n t i l  1995, increas ing from $29,900 t o  

$82,400, dec l i ne  modestly between 1995 and 2015, then r i s e  t o  $85,500. The housing requirements 

o f  t h e  county would cont inue t o  mount s t e a d i l y  u n t i l  2015 when they would reach 2,800 add i t i ona l  

u n i t s .  Th is  would a l s o  be t r u e  o f  p u b l i c  serv ices operat ing expenses, w i t h  $4,630,000 more funds 

needed annua l ly  f o r  t h i s  purpose by 2015. The need fo r  add i t i ona l  c a p i t a l  investments i n  p u b l i c  

serv ices  f a c i l i t i e s  would r i s e  much more r a p i d l y ,  however, reaching $1,570,000 per year  as e a r l y  

as 1990. 

Whatcom County, Washington (Table 1.14). Of a l l  the  candidate count ies t h i s  one should 

experience the  smal lest  changes from coal p l a n t  development. P o p ~ ~ l a t i o n  would grow slowly from 

90,000 a t  present t o  132,700 i n  2015 (47% growth). Urbanizat ion would r i s e  j u s t  s l i g h t l y  from 

47% to '51%. Gross sales per cap i t a  would increase very modestly between 1985 and 1990 frnm 

$9.51 0 t o  $10,490 (1  0% growth) hut t h e r e a f t e r  remain constant; personal income would remain 

constant  throughout the e n t i r e  per iod .  Property value per cap i t a  would go up somewhat between 

now and 1995 from $13,700 t o  $21,400. Nevertheless, more housing would s t i l l  be needed, reach- 

i n g  a peak o f  2,100 i n  2000. S i m i l a r l y ,  the  county would need t o  i nves t  an add i t i ona l  $1,000,000 

each year  i n  f a c i l i t i e s  f o r  p u b l i c  serv ices by 1995, and by 2005 would have t o  spend an addi-  

t i o n a l  $3,500.000 annual ly  t o  operate i t s  puhl i c  serv ices.  

. 10.3.3 Summary o f  Forecasts 

From an o v e r a l l  perspect ive,  t he  14 candidate count ies can be d i v i ded  i n t o  th ree categor ies 

i n  terms o f  the  seriousness o f  t he  adverse socioeconomic impacts they would l i k e l y  experience 

as a r e s u l t  o f  power p l a n t  development. The most severe adverse impacts would probably occur 

i n  Elmore County i n  Idaho, i n  G i l l i a m  and Morrow Counties i n  Oregon, and i n  L inco ln  County i n  

Washington. Moderate adverse impacts would 1 i ke ly  occur i n  Bingham County i n  Idaho, Clatsop 

and Malheur Counties i n  Oregon, and Douglas and F rank l i n  Counties i n  Washington. R e l a t i v e l y  

small adverse impacts wou I d  be f e l t  i n  Coos County i n  Oregon, and i n  Cowl i tz ,  Grant, Grays 

Harbor, and Whatcom Counties i n  Washington. The fou r  most heav i l y  impacted count ies would 

experience the  f o l l o w i n g  k inds o f  problems: 



Elmore County would undergo r a p i d  and extreme p o p u l a t i o n  and economic growth, r e s u l t i n g  

i n  e x t e n s i v e  u r b a n i z a t i o n  and v a s t  housing and p u b l i c  s e r v i c e s  needs. It would a l s o  exper ience  

severa l  s e r i o u s  s o c i a l  impacts, such as s h i f t i n g  occupa t iona l  s t r u c t u r e ,  e x t e n s i v e  governmental 

growth, an unbalanced sex r a t i o  and f a m i l y  i n s t a b i l i t y .  
i"' 

G i l l i a m  County would a l s o  exper ience  extreme p o p u l a t i o n  and economic growth, a l though  i t  

would n o t  beg in  u n t i l  1991, which would g i v e  t h e  coun ty  t i m e  t o  develop impact  management 

7 programs. Wi th  t h i s  growth would come e x t e n s h e  u r b a n i z a t i o n ,  g r e a t  housing needs, and p r e s s i n g  

needs f o r  expanded p u b l i c  s e r v i c e s .  T h i s  county would a l s o  have t o  cope w i t h  a d e c l i n i n g  aver -  

age personal  income and p o t e n t i a l l y  s e r i o u s  problems i n  m a i n t a i n i n g  s o c i a l  cohesion. 

Morrow County would be ano ther  case o f  r a p i d  and extreme p o p u l a t i o n  and economic growth 

and e x t e n s i v e  u r b a n i z a t i o n ,  a l though  i t s  housing and p u b l i c  s e r v i c e  needs would n o t  be as g r e a t  

as i n  t h e  p reced ing  two coun t ies .  However, it, would exper ience  severa l  s e r i o u s  s o c i a l  problems, 

i n c l u d i n g  l o s s  o f  s o c i a l  cohesion, s h i f t i n g  occupa t iona l  s t r u c t u r e ,  changing age composi t ion,  

d e c l i n i n g  average income, and inadequate p o l i c e  p r o t e c t i o n .  

L i n c o l n  County would undergo p o p u l a t i o n  and economic growth i n  a two-step process,  w i t h  

some " read jus tment  t i m e "  between them, b u t  i n  t h e  l o n g  r u n  i t  would exper ience a lmos t  as 

e x t e n s i v e  p o p u l a t i o n  and economic growth as t h e  o t h e r  t h r e e  s e v e r e l y  impacted c o u n t i e s .  It 

would have t h e  advantage, however, o f  n o t  hav ing  t o  f a c e  s e r i o u s  housing and p u b l i c  s e r v i c e s  

shor tages u n t i l  w e l l  i n t o  t h e  2 1 s t  cen tu ry ,  which g i v e s  i t  p l e n t y  o f  l e a d  p l a n n i n g  t ime.  Main- 

tenance o f  s o c i a l  cohesion c o u l d  a l s o  be a ma jo r  problem i n  t h i s  county.  

10.3.4 Scenar io  Comparisons 

. The d i f f e r e n c e s  between t h e  f o r e c a s t s  f o r  t h e  Recent Trends and High Coal E l e c t r i c  scenar ios  

a r e  r e l a t i v e l y  s l i g h t  i n  most o f  these cand ida te  c o u n t i e s .  No power p l a n t  development i s  

scheduled under t h e  Recent Trends s c e n a r i o  f o r  C la tsop  County, Oregon and Douglas and F r a n k l i n  

Counties, Washington, so no comparison between t h e  e f f e c t s  o f  t h e  two scenar ios  can be made i n  

those  t h r e e  cases. The f o r e c a s t s  f o r  t h e  two scenar ios  a r e  v i r t u a l ' l y  i d e n t i c a l  f o r  Bingham 

County, Idaho; Coos County, Oregon; and C o w l i t z  ?nd Grays Harbor Count ies,  Washington. I n  

f i v e  o f  t h e  rema in ing  count ies--Elmore,  Idaho, Malheur and Morrow, Oregon, and Grant  and 

Whatcom, Washington--populat ion growth f o r e c a s t s  d i f f e r  between the:  two scenar ios  by no more 

than  10,000 people f rom now t o  2020, w h i l e  t h e  f o r e c a s t s  f o r  gross sa les  p e r  c a p i t a  d i f f e r  by . 

no more t h a n  $1,700. 

Consequently,  o n l y  i n  G i l l i a m  County, Oregon and L i n c o l n  County, Washington would t h e  

Recent Trends s c e n a r i o  produce s i g n i f i c a n t l y  fewer  demographic and economic changes--and hence 

presumably fewer  s e r i o u s  socioeconomic impacts- - than would t h e  High Coal E l e c t r i c  scenar io .  I n  

G i l l i a m  County t h e  Rpcr?nt Trends s c e n a r i o  r e s u l t s  i n  o n l y  h a l f  t h e  p o p u l a t i o n  growth expected 

w i t h  t h e  H igh  Coal E l e c t r i c  s c e n a r i o  and c o n s i d e r a b l y  d i m i n i s h e s  most o f  t h e  o t h e r  r a t h e r  

extreme r a t e s  o f  change observed i n  Table 1.5. I n  L i n c o l n  County t h e  Recent Trends s c e n a r i o  

e l i m i n a t e s  t h e  two p e r i o d s  o f  r a p i d  growth t h a t  would occur  w i t h  t h e  H igh  Coal E l e c t r i c  

scenar io , -p roduc ing  a more gradual  and l e s s  e r r a t i c  growth process.  

F igures  10.2 t o  10.5 i l l u s t r a t e  some o f  these  d i f f e r e n c e s  between t h e  two sc'enarios i n  

G i l l  iam and Morrow Counties. The f i r s t  p a i r  o f  p l o t s  ( F i g u r e s  10.2 and 10.3) r e p r e s e n t s  

G i l  l i a m  County under t h e  two a l t e r n a t i v e  scenar ios ,  w h i l e  t h e  second p a i r  (F igures  10.4 and 



FIGURE 10.2. Forecasts  f o r  G i l l i a m  County, Oregon 
Under t h e  Recent Trends Scenar io  
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FIGURE 10.3. Forecas ts  f o r  Gi 11 iam County, Oregon 
Under t h e  High Coal E l e c t r i c  Scenar io  
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10.5) represents L inco ln  County. For s i m p l i c i t y  on ly  f i v e  o f  the  i nd i ca to rs  are p l o t t e d  here: 

popu la t ion  s ize,  urbanizat ion,  gross sales amount, housing requirements, and p u b l i c  serv ices 

opera t ing  expenditures. Since each i n d i c a t o r  i s  p l o t t e d  on a  d i f f e r e n t  scale o f  magnitude, the 

slopes o f  the  f i v e  i n d i c a t o r s  i n  each p l o t  cannot be meaningful ly  compared. What can be 

meaningful 1  y  compared are  the  two slopes f o r  any bi.ven i n d i c a t o r  under a1 t e r n a t i v e '  scenarios. 

When the  two p l o t s  f o r  G i l l i a m  County are compared i n  t h i s  way, t he  slopes o f  f ou r  o f  the  

i n d i c a t o r s  a re  not iceab ly  l ess  r a p i d  and steep under ~ e c e n t  Trends than under High Coal E l e c t r i c .  

Gross sales per c a p i t a  do eventua l ly  reach approximately the  same he ight  under both scenarios, 

b u t  the  Recent Trends scenar io avoids the per iod  o f  extremely r a p i d  economic expansion between 

1985 and 1990 t h a t  would occur w i t h  the  High Coal E l e c t r i c  scenario. Comparison o f  the two 

p l o t s  f o r  L inco ln  County, meanwhile, reveals t h a t  f ou r  o f  t he  f i v e  i nd i ca to rs  r i s e  much more 

s low ly  and s t e a d i l y  under Recent Trends than under High Coal E l e c t r i c .  Pub l ic  serv ices oper- 

a t i n g  expenditures do cont inue t o  evidence a  two-step process o f  growth under both scenarios, 

a l though i t  i s  less  pronounced under the Recent Trends scenario. 

10.4 OTHER IMPACT FORECASTS 

The LIMA computer model does n o t  i nc lude  any soc ia l  f ac to rs ,  so i t  i s  n o t  poss ib le  t o  

f o recas t  these kinds o f  impacts q u a n t i t a t i v e l y .  The f lowchar ts  described i n  Appendix F  enable 

us t o  est imate the major  expected t rends i n  these areas, however. 

10.4.1 Factors Examined 
I 

The f o l l o w i n g  e i g h t  soc ia l  f a c t o r s  w i l l  be examined f o r  p o t e n t i a l  s i g n i f i c a n t  impacts 

w i t h i n  t he  candidate count ies:  

Occupational S t ruc ture .  Propor t ion  o f  the labor  f o rce  ho ld ing  pro fess iona l  , execut ive,  

managerial o r  techn ica l  jobs. 

Serycg, -Assoc ia t ions .  Number o f  permanent community -wide se rv i ce  associat ions ( f r a t e r n a l  , 
communi t y  serv ice,  p ro fess iona l ,  educat ional ,  heal th,  e thn ic ,  e tc .  ) . 
Governmental Size. Number o f  l o c a l  governmental employees p e r , l 0 0 0  populat ion.  

Socia l  C o n f l i c t .  Number o f  s i g n i f i c a n t  p u b l i c  c o n f l i c t s  per year; 

Soc ia l  Cohesion. Extent  t o  which res idents  are s a t i s f i e d  w i t h  t h e i r  community as a  place 

t o  l i v e .  

Personal Safety. Number o f  v i o l e n t  crimes per year per  cap i ta .  

Family S t a b l l l t y .  Number o f  d ivorces per year per cap i ta ;  

Economic Secur i ty .  Propor t ion  o f  fami l ies  w i t h  annual incomes be'low the poverty l i ne .  

10.4.2 Major Trends Expected 

Occupational S t ruc ture .  The occupational s t r u c t u r e  o f  an area tends t o  s h i f t  toward h igh  

s ta tus  professional,~executive, techn ica l  and managerial jobs as a  r e s u l t  o f  a )  a  swi tch  from 

cons t ruc t i on  t o  opera t ion  o f  a  l a r g e  power p l a n t  o r  s i m i l a r  f a c i l i t y ,  b )  expansion o f  business 

r a t h e r  than manufacturing f i rms,  c )  growth o f  governmental a c t i v i t i e s ,  and d)  r i s i n g  weal th 

o f  t he  community. The f i r s t  f a c t o r  would be most re levan t  i n  these candidate counties' s ince 

the  cons t ruc t i on  crews w i l l  be replaced by h igh l y  t r a ined  technic ians and admin is t ra tors  as 



t h e  g e n e r a t i n g  p l a n t s  become o p e r a t i o n a l .  Because t h e  o p e r a t i n g  s t a f f s  o f  these  p l a n t s  a r e  

r e 1  a t i v e l y  smal l ,  however, t h e  occupa t iona l  s t r u c t u r e  o f  most o f  t h e  cand ida te  c o u n t i e s  shou ld  

n o t  change d r a s t i c a l l y .  Count ies such as Elmore, Idaho and Morrow, Oregon t h a t  p r e s e n t l y  have 

v e r y  smal l  p r o p o r t i o n s  of t h e i r  l a b o r  f o r c e s  i n  these  occupat ions w i l l  p robab ly  exper ience  a  
Cf ' 

n o t i c e a b l e ' s h i f t ,  b u t  e lsewhere t h e  change shou ld  n o t  be g r e a t  enough t o  s i g n i f i c a n t l y  impact  

t h e  o v e r a l l  s o c i a l  s t r u c t u r e  o f  t h e  county.  

S e r v i c e  A s s o c i a t i o n s .  Most people whp, p a r t i c i p a t e  i n  v o l u n t a r y  a s s o c i a t i o n s  t h a t  p e r f o r m  
' 

v a r i o u s  pub1 i c  s e r v i c e s  i n  t h e  community a r e  r e l a t i v e l y  w e l l  educated and have h i g h  occupa t iona l  

s t a t u s  and above average incomes. These t h r e e  s t a t u s  f a c t o r s  a r e  expected t o  r i s e  i n  a lmost  

a l l  o f  t h e  cand ida te  c o u n t i e s  (except  f o r  income i n  Morrow County, Oregon and F r a n k l i n  County, 

Washington). Most of these  inc reases  w i l l  be q u i t e  sma l l ,  however, w i t h  t h e  r e s u l t  t h a t  p a r -  

t i c i p a t i o n  i n  v o l u n t a r y  s e r v i c e  a s s o c i a t i o n s  shou ld  n o t  expand markedly .  Moreover, s i n c e  most 

newcomers t o  a  community t e n d  n o t  t o  j o i n  such o r g a n i z a t i o n s  f o r  a t  l e a s t  a  y e a r  o r  two a f t e r  

t h e i r  a r r i v a l ,  t h i s  dampening e f f e c t  on p a r t i c i p a t i o n  i n  a s s o c i a t i o n s  shou ld  o f f s e t  any 

p o t e n t i a l  i n c r e a s e  caused by r i s i n g  socioeconomic s t a t u s .  Hence, we would n o t  expec t  t o  see 

any s i g n i f i c a n t  changes i n  p a r t i c i p a t i o n  i n  a s s o c i a t i o n s  i n  these  c o u n t i e s  due t o  power p l a n t  

development. 

Governmental S ize.  Mun ic ipa l  and county governments i n  these  cand ida te  c o u n t i e s  wi  11 , 

a lmos t  c e r t a i n l y  have t o  expand t h e i r  f u n c t i o n a l  c a p a b i l i t i e s  t o  handle t h e  socioeconomic 

impacts generated by a  l a r g e  p r o j e c t .  T h i s  w i l l  inc l 'ude h i r i n g  a d d i t i o n a l  peop le  ( i n c l u d i n g  

p lanners,  a d m i n i s t r a t o r s ,  engineers,  p r o f e s s i o n a l  s e r v i c e  workers, c o n s t r u c t i o n  and maintenance 

crews, e t c . ) .  I n  an a b s o l u t e  sense, t h e r e f o r e ,  a l l  these  governments can be expected t o  grow, 

o f t e n  q u i t e  e x t e n s i v e l y .  I f  t h e  number o f  l o c a l  governmental employees i s  s tandard ized  a g a i n s t  

t o t a l  p o p u l a t i o n  s i z e ,  however an unexpected t r e n d  occurs.  P r e s e n t l y ,  t h e  number o f  governmental 

employees p e r  1000 p o p u l a t i o n  i s  h i g h e s t  i n  t h e  l e a s t  popu la ted  coun t ies ,  such as G i l l i a m  and 

Morrow, Oregon and L i n c o l n ,  Washington (Tab le  1.3).  I n  c o n t r a s t  t h i s  r a t i o  i s  q u i t e  low i n  

t h e  populous areas o f  Anchorage, Alaska, and Bel l ingham, Washington (Whatcom County).  T h i s  

i n v e r s e  r e l a t i o n s h i p  i s  due t o  t h e  f a c t  t h a t  a  c e r t a i n  min imal  number o f  personnel  a r e  needed 

t o  opera te  a  coun ty  o r  m u n i c i p a l  government no m a t t e r  how sma l l  t h e  t o t a l  p o p u l a t i o n .  On t h e  

o t h e r  hand, many communit ies tend  t o  r e s i s t  growth i n  government so t h e  s i z e  o f  l o c a l  govern- 

merits does n o t  keep pace w i t h  t o t a l  p o p u l a t i o n  growth. Economies o f  s c a l e  can a l s o  be r e a l i z e d  

i n  governmental a c t i v i t i e s  as t h e  s i z e  o f  t h e  governmental s t a f f  i nc reases .  

Thus, a l t h o u g h  most o f  these  l o c a l  governments w i l l  grow i n  a b s o l u t e  s i z e  as a  r e s u l t  o f  

power p l a n t  development, t h e i r  s i z e  r e l a t i v e  t o  t h e  t o t a l  p o p u l a t i o n  ' w i l l  s t e a d i l y  d e c l i n e .  

T h i s  w i l l  be p a r t i c u l a r l y  e v i d e n t  i n  s p a r s e l y  popu la ted  c o u n t i e s  t h a t  p r e s e n t l y  have a  h i g h  

r a t i o  o f  governmental employees t o  t o t a l  p o p u l a t i o n .  However, two excep t ions  t o  t h i s  genera l  i - 
z a t i o n  may be Bingham and Elmore Count ies,  Idaho. These c o u n t i e s  have q u i t e  sma l l  numbers o f  

governmental employees i n  r c l a t i o n  t o  t o t a l  p o p u l a t i o n  cvcn though t h c i r  p o p u l a t i o n s  a r c  n o t  

p r e s e n t l y  l a r g e .  They may exper ience  a  r e l a t i v e ,  as w e l l  as an abso lu te ,  g rowth  i n  govern- 

menta l  s i z e  w i t h  power p l a n t  development. 

S o c i a l  C o n f l i c t .  S o c i a l  c o n f l i c t s  can be caused by an i n f i n i t e  number o f  c o n d i t i o n s ,  b u t  

t h e  most l i k e l y  sources o f  c o n f l i c t  i n  these  cand ida te  c o u n t i e s  w i l l  be d i f f e r e n c e s  between 

t h e  c u r r e n t  r e s i d e n t s  and t h e  i n - m i g r a t i n g  workers. Regardless o f  whether these  d i f f e r e n c e s  



a r e  demographic, e t h n i c ,  s o c i a l  o r  economic i n  na tu re ,  t h e  c u r r e n t  r e s i d e n t s  w i l l  r e s e n t  t h e  

i n f l u x  o f  peop le  who d i f f e r  f r o m  themselves i n  s i g n i f i c a n t  ways, and t h i s  resentment can 

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

The f o l l o w i n g  a reas  a r e  where p o t e n t i a l l y  s i g n i f i c a n t  d i f f e r e n c e s  migh t  occur .  1  ) I n  

Elniore County, Idaho t h e  sex r a t i o  i s  a l r e a d y  ex t reme ly  h i g h  (more men than  women). A l a r g e  

i n f l u x  o f  p redominan t l y  male c o n s t r u c t i o n  workers c o u l d  e a s i l y  exacerbate t h i s  a l r e a d y  u n s t a b l e  

c o n d i t i o n .  2 )  Most o f  these  c o u n t i e s  (excep t  F r a n k l i n  and Grant  i n  Washington) have o n l y  smal l  

nonwh i te  p o p u l a t i o n s .  I f  a s i g n i f i c a n t  p r o p o r t i o n  o f  t h e  incoming c o n s t r u c t i o n  workers were 

nonwhi te ,  s e r i o u s  r a c i a l l e t h n i c  c o n f  1  i c t s  c o u l d  develop. 3 )  The median age o f  t h e  p o p u l a t i o n  

. i s  r e l a t i v e l y  h i g h  i n  C la tsop  and Morrow Count ies,  Oregon and i n  L i n c o l n  County, Washington. 

S ince  c o n s t r u c t i o n  workers t e n d  t o  be r e l a t i v e l y  young, s i g n i f i c a n t  age d i f f e r e n c e s  c o u l d  

o c c u r  i n  these  coun t ies .  4 )  The average educa t iona l  l e v e l  o f  Coos County, Oregon i s  w e l l  

be low average. The t e c h n i c i a n s  and a d m i n i s t r a t o r s  who would opera te  t h e  proposed power p l a n t s  

i n  t h a t  coun ty  would t h e r e f o r e  be c o n s i d e r a b l y  b e t t e r  educated than  t h e  p r e s e n t  r e s i d e n t s ,  which 

m i g h t  cause problems. 5 )  Personal  income p e r  c a p i t a  i s '  e x c e p t i o n a l l y  h i g h  i n  G i l l i a m  and 

Morrow Count ies,  Oregon. A l though  t h e  r a t e s  o f  pay f o r  b o t h  c o n s t r u c t i o n  and o p e r a t i o n a l  workers 

on t h e  power p l a n t s  would be above t h e  n a t i o n a l  average, t h e  incomes o f  these  peop le  would be 

c o n s i d e r a b l y  below t h e  p r e s e n t  averages i n  t h e  two c o u n t i e s .  The c u r r e n t  v e r y  a f f l u e n t  r e s i -  

den ts  t h e r e f o r e  m igh t  r e s e n t  t h e  i n f l u x  o f  l e s s  w e l l - t o - d o  people.  

S o c i a l  Cohesion. The s o c i a l  cohesion o f  a  community i s  i n v a r i a b l y  d i s t u r b e d  whenever t h e  

p o p u l a t i o n  grows r a p i d l y .  T h i s  i s  p a r t i c u l a r l y  t r u e  when t h e  r e s i d e n t  p o p u l a t i o n  i s  r e l a t i v e l y  

sma l l ,  when t h e  community has n o t  p r e v i o u s l y  exper ienced r a p i d  growth, when t h e  newcomers 

d i f f e r  f r o m  t h e  c u r r e n t  r e s i d e n t s  i n  s i g n i f i c a n t  ways, and when l o c a l  va lues a r e  r e l a t i v e l y  

t r a d i t i o n a l  o r  unique. These c o n d i t i o n s  a r e  most e v i d e n t  i n  61 1 I i a m  County, Uregon and 

L i n c o l n  County, Washington. I n  b o t h  cases t h e  p o p u l a t i o n  i s  q u i t e  sma l l ,  v i r t u a l l y  no growth 

has o c c u r r e d  f o r  t h e  p a s t  f i v e  y e a r s  ( G i l l i a m  has had a d e c l i r l i r l g  p o p u l a t i o n ) ,  butt1 a r e  

c o m p l e t e l y  r u r a l  (no towns o v e r  10,000), and each has a unique c h a r a c t e r i s t i c  t h a t  would l i k e l y  

be a l t e r e d  by i n - m i g r a t i n g  workers. (Personal  income i n  G i l l i a m  i s  w e l l  above average, w h i l e  

t h e  median age i n  L i n c o l n  i s  v e r y  h i g h . )  Hence, t h e  cohesion o f  these two c o u n t i e s  c o u l d  be 

s e r i o u s l y  th rea tened  by  power p l a n t  development, e s p e c i a l l y  s i n c e  t h e  H igh  Coal E l e c t r i c  

s c e n a r i o  would produce extreme p o p u l a t i o n  and economic growth i n  b o t h  coun t ies .  

Maintenance o f  s o c i a l  cohesion c o u l d  a l s o  be a s i g n i f i c a n t  problem f o r  Morrow County, 

Oregon because o f  i t s  v e r y  sma l l  p o p u l a t i o n  r e l a t i v e  t o  t h e  expected number o f  i n - m i g r a n t s .  

It c o u l d  a l s o  cause problems f o r  Bingham and Elmore Count ies,  Idaho and Morrow County, Oregon 

because a l l  of them would s h i f t  f r o m  be ing  comple te ly  r u r a l  t o  p redominan t l y  urban w i t h i n  t h e  

n e x t  1 0 ' t o  15 years.  F i n a l l y ,  C la tsop  County, Oregon and F r a n k l i n  and Grays Harbor  Count ies,  

Washington have exper ienced a lmos t  no p o p u l a t i o n  growth d u r i n g  t h e  p a s t  severa l  years ,  so a 

r a p i d  i n f l u x  o f  new peop le  c o u l d  d i s t u r b  t h e i r  s o c i a l  cohesion a l s o .  

Personal  Sa fe ty .  The r a t e s  o f  v i o l e n t  cr imes a r e  r e l a t i v e l y  low i n  a l l  t h e  cand ida te  

c o u n t i e s  a t  t h e  p r e s e n t  t ime ,  so any s i g n i f i c a n t  i n c r e a s e  i n  t h e  c r ime r a t e  would pose a 

c r i t i c a l  problem. However, no ev idence e x i s t s  f r o m  p r e v i o u s  development p r o j e c t s  t h a t  t h e  

r a t e s  o f  murder, robbery  and o t h e r  v i o l e n t  cr imes i n c r e a s e  f a s t e r  t h a n  p o p u l a t i o n  growth. The 

c r imes  t h a t  do become p a r t i c u l a r l y  e v i d e n t  under these  r a p i d  growth c o n d i t i o n s  a r e  ones t h a t  



r e f l e c t  u n d e r l y i n g  problems o f  s o c i a l  d i s r u p t i o n  and roo t lessness ,  such as pub1 i c  drunkenness, 

gambling, f i g h t i n g ,  and o t h e r w i s e  " d i s t u r b i n g  t h e  peace. " These a c t i v i t i e s  do c r e a t e  problems 

f o r  t h e  a f f e c t e d  communit ies, b u t  t h e y  do n o t  n o r m a l l y  pose t h r e a t s  t o  personal  s a f e t y .  Coping 

w i t h  such a c t i v i t i e s  m i g h t  be e s p e c i a l l y  d i f f i c u l t  i n  G i l l i a m  and Malheur Count ies,  Oregon and 

i n  L i n c o l n  County, Washington, a l l  o f  which have v e r y  smal l  p o l i c e  f o r c e s .  However, many o f  

these  problems can be p reven ted  by p r o v i d i n g  adequate s o c i a l  and r e c r e a t i o n a l  f a c i l i t i e s  f o r  

t h e  i n - m i g r a t i n g  workers and t h e i r  f a m i l i e s .  

Fami ly  S t a b i l  i t y .  M a r i t a l  problems and d i v o r c e  o f t e n  become q u i t e  p r e v a l e n t  i n  areas 

o f  r a p i d  g rowth  and these  problems a r e  n o t  l i m i t e d  t o  t h e  new r e s i d e n t s .  These peop le  do 

exper ience  t h e  most severe m a r i t a l  s t r a i n s ,  f o r  t h r e e  reasons: 1 )  many c o n s t r u c t i o n  workers 

do n o t  b r i n g  t h e i r  f a m i l i e s  w i t h  them and see them o n l y  on weekends o r  l e s s  f r e q u e n t l y ;  

2 )  fami  1  i e s  t h a t  do accompany i n - m i g r a t i n g  workers ( b o t h  c o n s t r u c t i o n  and o p e r a t i o n a l  ) f i n d  

themselves i n  a  new community t h a t  i s  l i k e l y  e x p e r i e n c i n g  numerous s t r a i n s  f r o m  r a p i d  growth 

and t h e r e f o r e  can p r o v i d e  few s o c i a l  suppor ts  f o r  t h e  newcomers; and 3 )  wives o f  i n - m i g r a t i n g  

workers o f t e n  have a  v e r y  d i f f i c u l t  t i m e  f i n d i n g  employment i n  t h e  new community because o f  

t h e  s u r p l u s  o f  women seeking employment, which leaves  them f e e l i n g  f r u s t r a t e d  and i s o l a t e d .  

A t  t h e  same t i m e  many o l d  r e s i d e n t s  may a l s o  exper ience  m a r i t a l  and f a m i l y  problems as 

t h e i r  customary l i f e s t y l e  erodes and i s  r e p l a c e d  by one t h a t  s t r e s s e s  i n d i v i d u a l  autonomy and 

m o b i l i t y  r a t h e r  than  f a m i l y  s t a b i l i t y .  These problems m i g h t  be most s e r i o u s  i n  Bingham and 

Elmore Count ies,  Idaho where an u n u s u a l l y  l a r g e  p r o p o r t i o n  o f  t h e  p o p u l a t i o n  c o n s i s t s  o f  . 

f a m i l i e s  w i t h  c h i l d r e n .  S ince many c o n s t r u c t i o n  workers a r e  unmarr ied o r  w i t h o u t  f a m i l i e s ,  

t h e i r  l i f e s t y l e s  c o u l d  d i f f e r  markedly  f r o m  those  o f  t h e  p r e s e n t  r e s i d e n t s .  Wives seek ing  

employment would have p a r t i c u l a r l y  d i f f i c u l t  t imes  i n  C la tsop  County, Oregon and i n  Cowl i t z ,  

F r a n k l i n  and Whatcom Count ies,  Washington, a l l  o f  which have v e r y  few j o b  openings. It i s  

i m p o r t a n t  t o  note,  however, t h a t  much can be done t o  a l l e v i a t e  such problems i f  a  community 

recogn izes  them and takes  a c t i o n  t o  e l i m i n a t e  t h e i r  u n d e r l y i n g  causes. 

Economic S e c u r i t y .  Pover ty  i s  an e s p e c i a l l y  acu te  problem i n  Malheur County, Oregon a n d '  

t i s  a l s o  f a i r l y  e x t e n s i v e  i n  Bingham and Elmore Counties, Idaho, i n  Morrow County, Oregon and 

i n  Grant  County, Washington. N e i t h e r  development s c e n a r i o  w i l l  produce a  s i g n i f i c a n t  i n c r e a s e  

i n  personal  income i n  Bingham, Malheur and Grant  Count ies,  a l though  expanding employment 

o p p o r t u n i t i e s  shou ld  enable many p r e s e n t l y  unemployed people t o  f i n d  work o f  some k i n d .  Elmore 

County would exper ience  a  s i g n i f i c a n t  r i s e  i n  personal  income under  b o t h  scenar ios,  which 

shou ld  d e f i n i t e l y  h e l p  ( a l o n g  w i t h  g r e a t e r  employment) t o  reduce p o v e r t y  i n  t h a t  county.  A lso,  

a1 though average personal  income wi  11 d r o p  s h a r p l y  under b o t h  scenar ios  i n  Morrow County, t h i s  

does n o t  mean t h a t  p o v e r t y  w i l l  n e c e s s a r i l y  i nc rease .  Again, expanding employment o p p o r t u n i t i e s  

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

income o f  t h e  t o t a l  p o p u l a t i o n .  I n  genera l ,  t h e  a d d i t i o n a l  employment o p p o r t u n i t i e s  generated 

by a  l a r g e  development p r o j e c t ,  th rough  b o t h  d i r e c t  employment on t h e  p r o j e c t  and i n d i r e c t  

economic g rowth  s t i m u l a t e d  by t h e  p r o j e c t ,  shou ld  i n  a l l  cases s i g n i f i c a n t l y  reduce, i f  n o t  

t o t a l l y  e l i m i n a t e ,  p o v e r t y  i n  t 'hese cand ida te  coun t ies .  

1 0.5 IMPACT MANAGEMENT OPT IONS 

Once a  d e c i s i o n  has been made t o  proceed w i t h  a  development p r o j e c t ,  t h e  p r i n c i p a l  purpose 

o f  an impac t  assessment i s  t o  enable t h e  peop le  l i k e l y  t o  be a f f e c t e d  t o  manage o r  m i t i g a t e  



those  impacts as f u l l y  as p o s s i b l e .  I n  t h i s  s e c t i o n  we f i r s t  examine t h e  c u r r e n t  p l a n n i n g  

c a p a b i l i t i e s  o f  t h e  15 cand ida te  c o u n t i e s  t o  a s c e r t a i n  t h e i r  resources f o r ,  deve lop ing  adequate 

impac t  management p lans .  We then  survey t h e  range o f  impact  management techniques a v a i l a b l e  t o  

communit ies f a c i n g  severe socioeconomic impacts. F i n a l l y ,  f o r  i l l u s t r a t i v e  purposes we examine 

two o f  t h e  cand ida te  c o u n t i e s  t h a t  were f o r e c a s t e d  t o  exper ience  e x t e n s i v e  demographic and 

economic changes f rom power p l a n t  development. Our concern here  w i l l  be t o  suggest t h e  k i n d s  

o f  s teps  t h a t  m igh t  h e l p  each coun ty  cope adequate ly  w i t h  t h e  expected impacts.  

10.5.1 C u r r e n t  P lann ing  C a p a b i l i t i e s  

The p l a n n i n g  c a p a b i l i t i e s  o f  t h e  15 cand ida te  c o u n t i e s  ( i n c l u d i n g  Anchorage) a t  t h e  

p r e s e n t  t i m e  a r e  summarized i n  Table H.5 i n  Appendix H. Two s e t s  o f  i n f o r m a t i o n  a r e  g iven  

f o r  each coun ty :  1 )  t h e  c a p a b i l i t i e s  o f  t h e  county p l a n n i n g  department p l u s  any c i t y  p l a n n i n g  

depar tments i n  t h a t  county,  and 2 )  t h e  c a p a b i l i t i e s  o f  whatever r e g i o n a l  p l a n n i n g  o r g a n i z a t i o n  

t h e  coun ty  belongs t o .  For  each se t ,  da ta  a r c  g i v e n  on  t h e  t o t a l  number o f  p r o f e s s i o n a l  

p lanners ,  t h e  t o t a l  annual budge t (s )  , and whether o r  n o t  a c u r r e n t  comprehensive p l a n  e x i s t s .  

Anchorage i s  un ique  among these  c o u n t i e s  i n  hav ing  t h e  most e x t e n s i v e  p, lanning c a p a b i l i -  

t i e s ,  even though i t  does n o t  be long  t o  a r e g i o n a l  o r g a n i z a t i o n .  The c i t y  c u r r e n t l y  employs 

30 p r o f e s s i o n a l  p lanners  and spends $1 m i l l i o n  a n n u a l l y  on p lann ing .  

I n  Idaho b o t h  Bingham and Elmore Count ies have q u i t e  sma l l  p l a n n i n g  departments. E lmore 's  

p l a n n i n g  budget i s  p a r t i c u l a r l y  min imal  and i t  has no comprehensive p l a n .  However, b o t h  c o u n t i e s  

be long  t o  r e g i o n a l  o r g a n i z a t i o n s  w i t h  r e l a t i v e l y  l a r g e  p l a n n i n g  s t a f f s  and budgets, and most 

of t h e  p l a n n i n g  f o r  these  c o u n t i e s  i s  p robab ly  done th rough  those  bodies.  

I n  Oregon, C la tsop  County ( i n c l u d i n g  A s t o r i a ) ,  Coos County ( i n c l u d i n g  Coos Bay), and 

Malheur  C0unt.y a l l  have f a i r l y  e x t e n s i v e  p l a n n i n g  c a p a b i l i t i e s  i n  terms o f  b o t h  s t a f f  and 

budgets,  a l t h o u g h  Coos County does n o t  have a comprehensive p lan .  A l l  t h r e e  c o u n t i e s  a l s o  

be long  t o  r e g i o n a l  o r g a n i z a t i o n s  w i t h  modera te ly  l a r g e  p l a n n i n g  capabi l i t i e s .  (;I I'l iam County 

has a lmos t  no p l a n n i n g  budget o r  s t a f f ,  a l though  i t  does belong t o  a good-s ized r e g i o n a l  organ- 

i z a t i o n .  Morrow County has ex t reme ly  l i m i t e d  p l a n n i n g  c a p a b i l i t i e s  and does n o t  be long t o  a 

r e g i o n a l  o r g a n i z a t i o n .  

Amonq t h e  c o u n t i e s  i n  Washington, Whatcom ( i n c l u d i n g  Be1 1 ingham) has t h e  l a r g e s t  p l a n n i n g  

c a p a b i l i t i e s .  Those i n  Cowl i t z  County ( i n c l u d i n g  Longview), Frank1 i n  County ( i n c l u d i n g  Pasco) , 
and Grays Harbor  County ( i n c l u d i n g  Aberdeen and Hoquiam) a r e  a l ' l  modera te ly  s i zed ,  a l though  t h e  

Grant-Lincoln-Adams Conference o f  Governments'gives l i t t l e  a t t e n t i o n  t o  p lann ing .  L i n c o l n  and 

Douglas Count ies,  meanwhile, b o t h  have o n l y  min imal  p l a n n l n g  c a p a b i l i t i e s  and v i r t u a l l y .  no 

s u p p o r t  f r o m  r e g i o n a l  o r g a n i z a t i o n s .  

O v e r a l l ,  i f  t h e  p l a n n i n g  c a p a b i l i t i e s  o f  these  c o u n t i e s  were t o  be c a t e g o r i z e d  as e i t h e r  

s t r o n g ,  moderate o r  weak, t h e  s t r o n g  ca tegory  would c o n s i s t  o f  Anchorage, Clatsop,  Coos, 

Ma1 heur  and Whatcom; t h e  weak c a t e g o r y  would c o n t a i n  Elmore, GI1 1 lam, Morrow, ~ o u g l a s  and 

L i n c o l n ;  and t h e  r e s t  o f  t h e  c o u n t i e s  would f a l l  i n t o  t h e  moderate ca tegory .  

10.5.2 Impact  Management Techniques 

I n  o u t l i n i n g  t h e  range o f  impac t  management techniques a v a i l a b l e  t o  a coun ty  o r  community 

t h a t  i s  a n t i c i p a t i n g  o r  e x p e r i e n c i n g  severe socioeconomic impacts f r o m  a l a r g e  energy develop-  

ment p r o j e c t ,  we do n o t  a t t e m p t  t o  s p e c i f y  which techniques would be most a p p r o p r i a t e  f o r  any 



p a r t i c u l a r  s i t u a t i o n .  . Tha t  must be determined by a number o f  i n t e r - r e l a t e d  f a c t o r s ,  i n c l u d i n g  

t h e  p r o j e c t e d  magnitude and s e v e r i t y  o f  t h e  impacts, t h e  agency o r  developer  expected t o  assume 

r e s p o n s i b i l i t y  f o r  these  impacts, t h e  l o c a l  governmental s t r u c t u r e ,  and p r e v a i l i n g  c u l t u r a l  

va lues.  

Our purpose here i s  mere ly  t o  i n d i c a t e  t h e  range o f  p o t e n t i a l  impact  management techniques 

t h a t  m i g h t  be used t o  m i t i g a t e  o r  c o n t r o l  undes i red  socioeconomic impacts and t o  enhance d e s i r e d  

impacts. These techniques v a r y  cons iderab ly ,  depending on t h e  governmental l e v e l  o r  agency 

r e s p o n s i b l e  f o r  implement ing t h e  management program and t h e  r o l e  o f  t h e  developer  i n  t h i s  

process. The range o f  techniques a v a i l a b l e  t o  each o f  t h e  governmental and p r i v a t e  agencies 

p o t e n t i a l l y  i n v o l v e d  i n  impact  management a r e  descr ibed  below. 

Loca l  Government. Local  governmental u n i t s ,  p a r t i c u l a r l y  i n  sma l l  and r u r a l  areas where 

energy development p r o j e c t s  a r e  most l i k e l y  t o  occur ,  u s u a l l y  do n o t  have many f i n a n c i a l  resources 

t o  use f o r  impac t  management p l a n n i n g  and programs. There fo re ,  these  governments must r e l y  

p r i m a r i l y  on o t h e r  governmental l e v e l s  o r  on t h e  p r o ~ e c t  deve loper  t o  p r o v i d e  t h e  f u n d i n g  

necessary f o r  impact  management. Local  governments can, however, e s t a b l i s h  community pane ls  

and a d v i s o r y  groups t o  work w i t h  t h e  deve loper  and o t h e r  governments t h a t  a r e  p r o v i d i n g  f i n a n -  

c i a l  and t e c h n i c a l  ass is tance .  They can s e t  up t h e i r  own impac t -mon i to r ing  programs t o  determine 

what e f f e c t s  t h e  p r o j e c t  a c t u a l l y  has on t h e i r  coun ty  o r  community. They can man ipu la te  and 

rear range  some o f  t h e  e x i s t i n g  s o c i a l  and economic i n f r a s t r u c t u r e  t o  handle immediate pressures 

generated by r a p i d  p o p u l a t i o n  grbwth, such as o p e r a t i n g  schools  i n  t h e  evening f o r  community 

workshops and c lasses,  p r o v i d i n g  p o r t a b l e  classrooms, and d o u b l e - s h i f t i n g  t h e  schoo ls .  

Local  governments can a l s o  develop and use r e g u l a t o r y  t o o l s  such as s u b d i v i s i o n  ord inances,  

zon ing  requi rements,  comprehensive p lans ,  and m o b i l e  home park  r e g u l a t i o n s .  They can r e q u i r e  

t h e  p r o j e c t  deve loper  t o  p a r t i c i p a t e  i n  t h e  impact  management e f f o r t s  th rough  j o i n t  p l a n n i n g  

and program development. Wi th  a p r i v a t e  u t i l i t y ,  t h e  l o c a l  government can i n s i s t ,  as a r e q u i r e -  

ment f o r  zon ing  approva l ,  t h a t  t h e  u t i l i t y  prepay s e v e r a l  y e a r s  o f  l o c a l  taxes .  T h i s  i s  now 

be ing  done i n  S k a g i t  County, Washington (as s p e c i f i e d  i n  t h e  Rezone C o n t r a c t  between Puget 

Power Company and t h e  S k a g i t  County Commissioners). Wi th  a p u b l i c  u t i l i t y  o r  agency, t h e  l o c a l  

government can r e q u e s t  s p e c i a l  impact  a s s i s t a n c e  payments t o  h e l p  f i n a n c e  a d d i t i o n a l  p u b l i c  

se rv ices ,  as done i n  Rich land,  Washington, by t h e  Washington P u b l i c  Power Supply System. 

Loca l  governments can a l s o  expand t h e i r  a b i l i t y  t o  d e l i v e r  s o c i a l  and h e a l t h  s e r v i c e s  

th rough  such techn iques  as an i n c e n t i v e  program t o  r e c r u i t  p h y s i c i a n s  o r  neighborhood-based 

s e r v i c e  programs. They can use c i r c u i t - r i d i n g  a d m i n i s t r a t o r s  t o  i n c r e a s e  t h e i r  management 

c a p a b i l i t i e s .  They can a l s o  o b t a i n  t e c h n i c a l  a s s i s t a n c e  f rom v a r i o u s  o t h e r  l o c a l  o r g a n i z a t i o n s  

such as u n i v e r s i t i e s  and p r o f e s s i o n a l  a s s o c i a t i o n s .  

S t a t e  Government. Many s t a t e  governments have become i n v o l v e d  i n  p r o v i d i n g  f i n a n c i a l  and 

t e c h n i c a l  a s s i s t a n c e  t.o impacted c o u n t i e s  and communit ies. The s t a t e  can s e t  up l o c a l  branches 

o f  r e l e v a n t  s t a t e  agencies i n  t h e  impacted areas.  The s t a t e  can c r e a t e  i t s  own community 

development a u t h o r i t y .  Var ious.  s t a t e  agencies, such as t h e  Department o f  Educat ion,  can make 

impact  loans  available. The s t a t e  can p r o v i d e  f i n a n c i a l  a i d  t o  impacted communities. f r o m  . 

v a r i o u s  s t a t e  taxes .  

Moreover, t h e  s t a t e  can open an impact  o f f i c e  i n  t h e  l o c a l  area t o  a d m i n i s t e r  impac t  funds 

and t o  handle l o c a l  reques ts  f o r  ass is tance .  It can e s t a b l i s h  a s t a t e  housing a u t h o r i t y  t o  
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se1.l bonds f o r  impact  housing ass is tance .  It can develop a  s t a t e  l a n d  use p l a n  t h a t  would 

o f f e r  gu idance t o  l o c a l  governments i n  p l a n n i n g  f o r  f u t u r e  growth. It can enact  power p l a n t  

s i t i n g  laws t h a t  r e q u i r e  s o c i a l  and economic impact  assessment and management programs. And 

t h e  s t a t e  can c r e a t e  a  r e v o l v i n g  l o a n  fund, a  s t a t e  bonding a u t h o r i t y ,  o r  a  s t a t e  f inance 

aqency as a  mechanism f o r  g e n e r a t i n g  a d d i t i o n a l  f i n a n c i a l  a s s i s t a n c e  t o  impacted communit ies. 

Federa l  Government. The r o l e  o f  t h e  f e d e r a l  government i n  impact  management has u s u a l l y  

been l i m i t e d  t o  p r o v i d i n g  a d d i t i o n a l  f u n d i n g  f o r  p l a n n i n g  and impact  m i t i g a t i o n  programs. 

Severa l  f e d e r a l  agencies a l s o  p r o v i d e  t e c h n i c a l  ass is tance ,  a l though  u s u a l l y  n o t  as e x t e n s i v e l y  

as t h e  s t a t e s .  Federa l  agencies can a l s o  use t h e  Federa l  Regional  Counci l  t o  c o o r d i n a t e  f e d e r a l ,  

s t a t e  and l o c a l  a c t i v i t i e s .  Federa l  agencies can p r o v i d e  a  v a r i e t y  o f  p l a n n i n g  g r a n t s ,  i n c l u d i n g  

g r a n t s  f o r  s p e c i f i c  areas such as h e a l t h  care,  as w e l l  as more comprehensive p l a n n i n g  grants. 

such as those  under t h e  HUD "701" program. Federa l  agencies can a l s o  p r o v i d e  f e d e r a l l y  funded 

p l a n n i n g  s t a f f  th rough  some o f  t h e i r  programs. F i n a l l y ,  a  v a r i e t y  o f  s p e c i a l  f i n a n c i a l  a s s i s -  

t a n c e  programs a r e  a v a i l a b l e  th rough  such agencies as t h e  Law Enforcement Ass is tance  Admin is t ra -  

t i o n ,  t h e  Department o f  A g r i c u l t u r e ,  t h e  C i v i l  S e r v i c e  commission, and t h e  Envi ronmenta l  Pro- 

t e c t i o n  Agency. 

P r o j e c t  Developer. The r o l e  o f  t h e  p r o j e c t . d e v e l o p e r  i n  t h i s  process v a r i e s  w i d e l y ,  

depending on t h e  n a t u r e  o f  t h e  deve loper  and t h e  t y p e  o f  p r o j e c t .  It can range f rom substan-  

t i a l  i nvo lvement  i n  impact  m o n i t o r i n g  and m i t i g a t i o n  t o  v i r t u a l l y  no involvement  i n  any l o c a l  

a f f a i r s .  Severa l  ways i n  which a  p r o j e c t  deve loper  can become i n v o l v e d  i n  impact  management 

processes i n c l u d e  t h e  f o l l o w i n g :  a )  s e t  up t r a i n i n g  programs f o r  r e s i d e n t s  who w i l l  be employed 

by  t h e  p r o j e c t ,  b)  e s t a b l i s h  impac t  m o n i t o r i n g  systems i n  c o l l a b o r a t i o n  w i t h  l o c a l  o f f i c i a l s ,  

c )  c r e a t e  j o i n t  i n d u s t r i a l  -governmental p l a n n i n g  groups, d )  make d i r e c t  f i n a n c i a l  payments 

( o f t e n ' i n  t h e  f o r m  o f  prepayment o f  l o c a l  taxes)  f o r  t h e  most s u b s t a n t i a l  expected impacts,  e )  

p r o v i d e  needed community f a c i l i t i e s  such as community cen te rs ,  parks,  e t c . ,  and f )  p l a n  t h e i r  

p r o j e c t s  t o  m in im ize  peak over loads  on p u b l i c  se rv ices ,  such as s t a g g e r i n g  s h i f t  hours t o  

reduce t r a f f i c  congest ion.  

10.5.3 I 1  l u s t r a t i v e  Management Approaches 

To i l l u s t r a t e  t h e  ways i n  which any coun ty  m i g h t  p l a n  f o r  and manage severe socioeconomic 

impacts,  t h e  approaches t h a t  m i g h t  be taken  i n  Morrow and G i l l i a m  Count ies i n  Oregon a r e  descr ibed .  

A l though  t h e  sketches a r e  s p e c i f i c  t o  these  two c o u n t i e s ,  t h e  genera l  approaches i l l u s t r a t e d  

here  c o u l d  e a s i l y  be adapted t o  o t h e r  c o u n t i e s  i n  t h e  r e g i o n .  Bo th  Morrow and G i l l  iam c o u n t i e s  

would exper ience  r a p i d  p o p u l a t i o n  and economic growth under t h e  H igh  Coal E l e c t r i c  scenar io ,  

b u t  t h e  g rowth  i n  Morrow County would beg in  immed ia te ly  and peak by 1990, whereas t h a t  i n  

G i l l i a m  County would n o t  b e q i n  u n t i l  1991 and would l a s t  u n t i l  a t  l e a s t  2000. Hence. t h ~ !  

c o u n t i e s  d i f f e r  s i g n i f i c a n t l y  i n  t h e  t i m e  frames w i t h i n  which t h e y  must p l a n  f o r  a n t i c i p a t e d  

socioeconomic impacts f r o m  c o a l  development p r o j e c t s .  

Morrow County. The H igh  Coal E l e c t r i c  scenar io  c a l l s  f o r  c o n s t r u c t i o n  o f  a  500 MW gener- 

a t i n g  p l a n t  beg inn ing  i n  1977, ano ther  one i n  1982, and a  t h i r d  one i n  1985. As a  r e s u l t  t h e  

p o p u l a t i o n  o f  t h e  coun ty  would grow r a p i d l y  f rom i t s  p r e s e n t  l e v e l  o f  5,200 t o  15,200 by 1990. 

Consequently,  s e r i o u s  socioeconomic impacts would be exper ienced  a lmost  immediate ly .  The 

median age would drop, t h e  median e d u c a t i o n a l  l e v e l  would r i s e ,  gross s a l e s  p e r  c a p i t a  would 



double w i t h i n  the  next  e i g h t  years, p roper ty  value per cap i t a  would more than t r i p l e  dur ing  

t h a t  per iod,  hundreds o f  new dwe l l i ng  u n i t s  would be needed, and the need f o r  expanded p u b l i c  

serv ices and f a c i l i t i e s  would begin r i s i n g  r a p i d l y .  

Because the  lead t ime p r i o r  t o  these impacts would be so b r i e f ,  t he  county should begin 

immediately t o  expand i t s  p lanning c a p a b i l i t i e s .  cu r ren t l y ,  i t  has on ly  two planners, no 

comprehensive plan, and no reg iona l  p lanning organizat ion.  County o f f i c i a l s  could begin by 

asking the  s t a t e  t o  prov ide  the  serv ices o f  several s t a t e  planners t o  the county on a temporary 

bas is  t o  provide techn ica l  assistance. They could a1 so request f i n a n c i a l  assistance from 

var ious s t a t e  agencies. At  t he  same t ime the  county should seek t o  increase i t s  revenues i n  

whatever way possib le,  such a s . r a i s i n g  taxes o r  i ssu ing  bonds. Even i f  i t  i s  successful i n  

these e f f o r t s ,  however, t he re  w i l l  n o t  be t ime t o  develop many necessary p u b l i c  f a c i l i t i e s  and 

serv ices (schools, hosp i ta ls ,  etc.  ) on a permanent basis.  Hence county o f f i c i a l s  should explore 

the  p o s s i b i l i t i e s  o f  p rov id ing  and f i nanc ing  these serv ices on a temporary o r  mobi le basis.  

The county could a l so  seek add i t i ona l  s t a t e  o r  federal funds w i t h  which t o  h i r e  a t  l e a s t  

one o r  two more planners. Working w i t h  l o c a l  c i t i z e n s ,  these planners cou ld  q u i c k l y  pu t  together 

a comprehensive p lan  t o  guide growth, on the  basis t h a t  i t  would need cont inua l  r e v i s i o n  as the  

p r o j e c t  progressed. 

Although 13% o f  a l l  dwe l l i ng  u n i t s  i n  the county are present ly  unoccupied, these would 

q u i c k l y  f i l l  up, and an add i t i ona l  2,170 permanent u n i t s  would be requ i red  by 1990 t o  accom- 
' 

modate an t i c i pa ted  popu la t ion  growth. County planners and o f f i c i a l s  should work c l o s e l y  w i t h  

p r i v a t e  cont rac tors  t o  ensure t h a t  these needs are met. It would a l so  be necessary t o  develop 

accommodations f o r  approximately 3,000 mobi le homes. County planners should a n t i c i p a t e  t h a t  

r a p i d  growth w i l l  l i k e l y  b r i n g  land specu la t ion  and r i s i n g  proper ty  values. To handle these 

trends, the  county comprehensive p lan  must be supplemented w i t h  such t o o l s  as subd iv is ion  

ordinances, zoning codes, mobile home park requirements, and s i m i l a r  s ta tu tes .  

I t  would a l so  be wise t o  q u i c k l y  e s t a b l i s h  ongoing communication between county planners 

and the  p r o j e c t  developer t o  ob ta in  as much in format ion  as poss ib le  about the  expected labor  

f o rce  increase, the  cons t ruc t i on  schedule and r e l a t e d  fac to rs .  This communication process 

might  even be formal ized i n  a standing c i t i z e n  advisory board t h a t  would meet r e g u l a r l y  w i t h  

t he  developer. Local o f f i c i a l s  should a l so  begin nego t i a t i ng  w i t h  t he  development company o r  

agency on i t s  r e s p o n s i b i l i t i e s  f o r  m i t i g a t i n g  expected socioeconomic impacts through prepayment 

o f  p roper ty  taxes o r  o the r  procedures. 

The absence 0.f any lead t ime i n  t h i s  case a l so  means t h a t  the  s t a t e  may have t o  p lay  a 

l a r g e r  r o l e  than usual i n  he lp ing  the  county t o  ob ta in  needed f i n a n c i a l  and techn ica l  ass is -  

tance. Since several years are o f t e n  needed t o  ob ta in  assistance under many federal  programs, 

t he  s t a t e  might have t o  step i n  and provide emergency f i n a n c i a l  assistance f o r  a t  l e a s t  the  

f i r s t .  few years. 

I n  shor t ,  the  county, the  s t a t e  and the  developer should a l l  begin a t  once t o  p lan  and 

develop programs f o r  managing the  subs tan t i a l  socioeconomic impacts t h a t  w i l l  begin very soon 

under the  High Coal ~ l e c t r i c  scenario. 

G i l l i a m  County. The High Coal E l e c t r i c  scenar io s p e c i f i e s  t h a t  two 1.,000 MW generat ing 

p lan ts  would be constructed i n  t h i s  county beginning i n  I Y Y  1-92, and th ree more SUU MW planes 



b e g i n n i n g  i n  1996-97. Dur ing  t h a t  s i x - y e a r  p e r i o d  t h e  p o p u l a t i o n  would c l i m b  f rom 3,800 t o  

16,400; a t  t h e  end o f  t h a t  t ime,  88% o f  t h e  p o p u l a t i o n  would be l i v i n g  i n  towns o f  10,000 o r  

more.   he median age would r i s e  s i g n i f i c a n t l y .  Gross s a l e s  p e r  c a p i t a  and p r o p e r t y  v a l u e  p e r  

c a p i t a  would b o t h  n e a r l y  double,  thousands o f  new d w e l l i n g  u n i t s  would be needed, and severa l  

m i l l i o n  d o l l a r s  would have t o  be added t o  t h e  annual budgets f o r  p u b l i c  f a c i l i t i e s  and s e r v i c e s .  

I n  t h i s  case, however, t h e  coun ty  would have 14 years  i n  which t o  p l a n  and p repare  f o r  

these  a n t i c i p a t e d  socioeconomic impacts. I f  i t  began these  e f f o r t s  now, i t  shou ld  be w e l l  

p repared  t o  handle t h i s  e x p l o s i v e  growth when i t does occur .  . 
C u r r e n t l y ,  t h e  coun ty  has v i r t u a l l y  no p l a n n i n g  c a p a b i l i t i e s  o f  i t s  own, a l though  i t  does 

be long  t o  t h e  East  C e n t r a l  $regon A s s o c i a t i o n  o f  Governments, which employs n i n e  p lanners .  

I n i t i a l l y ,  most o f  i t s  p l a n n i n g  e f f o r t  w i l i  have t o  be done by t h i s ' r e g i o n a l  o r g a n i z a t i o n ,  

a l t h o u g h  t h e  coun ty  w i l l  undoubtedly  f i n d  i t  u s e f u l  t o  b u i l d  up i t s  own p l a n n i n g  s t a f f  i n  t h e  

near  f u t u r e .  It would then  be p o s s i b l e  t o  e s t a b l i s h  a  c o o r d i n a t e d  p l a n n i n g  team i n v o l v i n g  

l o c a l  c i t i z e n s ,  coun ty  p lanners  and o t h e r  o f f i c i a l s ,  t h e  r e g i o n a l  o r g a n i z a t i o n ,  s t a t e  p lanners  

and agencies,  and t h e  p r o s p e c t i v e  developer .  The l o n g  l e a d  t i m e  a v a i l a b l e  w i l l  a l l o w  f o r  

e x t e n s i v e  communicat ion among a l l  these  p a r t i e s ,  l e a d i n g  t o  t h e  p r e p a r a t i o n  o f  a  comprehensive 

master  p l a n  f o r  t h e  coun ty  t o  r a t i o n a l l y  c o n t r o l  growth. 

T h i s  p l a n n i n g  team w i l l  have t i m e  t o  seek o u t  a l l . p o s s i b l e  sources o f  f i n a n c i a l  a s s i s t a n c e  

on t h e  s t a t e  and f e d e r a l  l e v e l s ;  l o c a l  o f f i c i a l s  can t h e n  g r a d u a l l y  i n c r e a s e  t h e  revenues o f  

t h e  coun ty  and m u n i c i p a l  governments. Wi th  these  resources i n  hand, t h e y  c o u l d  adequate ly  p l a n  

f o r  and deve lop  t h e  p u b l i c  f a c i l i t i e s  and s e r v i c e s  t h a t  w i l l  be needed i n  t h e  f u t u r e .  They 

c o u l d  a l s o  work o u t  a  long- te rm p l a n  w i t h  p r i v a t e  c o n t r a c t o r s  t o  c o n s t r u c t  needed housing by 

t h e  t i m e  t h e  p o p u l a t i o n  i n f l u x  began. F i n a l l y ,  l o c a l  government o f f i c i a l s  c o u l d  c a r e f u l l y  

c o n s i d e r  and enac t  whatever  l e g a l  p r o v i s i o n s  would be r e q u i r e d  t o  e n f o r c e  t h e  comprehensive 

p lan .  

I n  s h o r t ,  a l though  t h e  l l i g h  Coal E l e c t r i c  s c e n a r i o  would b r i n g  e x p l o s i v e  demographic and 

economic g rowth  t o  tii I ' l  iam County, t h e  '14-year lead  t i m e  w i l l  enab le  t h e  county t o  p l a n  and 

deve lop  management s t r a t e g i e s  f o r  h a n d l i n g  t h e  r e s u l t i n g  socioeconomic impacts.  T h i s  assumes, 

however, t h a t  t h e  coun ty  w i l l  beg in  t h e  p l a n n i n g  process now. 
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APPENDIX A  

ENERGY SUPPLY AND DEMAND I N  THE REGION 

Cur ren t  problems and t h e i r  i m p l i c a t i o n s  f o r  f u t u r e  t r e n d s  i n  energy supp ly  i n  Federa l  

Region Ten a r e  d iscussed i n  t h i s  appendix. The v a r i o u s  i m p l i c a t i o n s  a r e  analyzed i n  t h e  con- 

t e x t  o f  t h e  p o t e n t i a l  f o r  coa l  as an.energy source i n  t h e  r e g i o n .  

The ma jo r  o b j e c t i v e s  o f  t h i s  appendix a r e  t o  c h a r a c t e r i z e  t h e  r e g i o n  and t o  i n d i c a t e  

p o t e n t i a l  f u t u r e  t rends ,  b o t h  q u a l i t a t i v e  and q u a n t i t a t i v e .  Present  p a t t e r n s  o f  t h e  energy 

system a r e  d iscussed,  i n d i c a t i n g  a  predominance o f  h y d r o e l e c t r i c  g e n e r a t i o n  i n  t h e  s t a t e s  o f  

Idaho, Oregon and Washington and v a s t  undeveloped resources i n  Alaska. The r e g i o n ' s  un ique 

aspects  a r e  d iscussed  b r i e f l y  t o  p r e f a c e  t h e  changes i n d i c a t e d  f rom r e c e n t  p a t t e r n s .  T h i s  p r o -  

v ides  a  comparat ive b a s i s  f o r  t h e  assumed n a t i o n a l  scenar ios  and background f o r  t h e  impacts and 

assessments made i n  t h i s  s tudy .  

Due t o  t h e  d i v e r s i t y  between Alaska.and t h e  P a c i f i c  Nor thwest ,  t h e  two areas a r e  d iscussed  

i n  separa te  s e c t i o n s  o f  t h i s  appendix. The second s e c t i o n  c h a r a c t e r i z e s  t h e  t h r e e  s t a t e s  of 

Idaho, Oregon and Washington, w h i l e  Alaska i s  cons idered  i n  t h e  t h i r d  s e c t i o n .  Each area has 

s p e c i f i c  env i ronmenta l ,  s o c i a l  and economic f a c t o r s  t h a t  must be cons idered  s e p a r a t e l y  i n  

energy p lann ing .  

Major  s h i f t s  i n  t h e  r e g i o n ' s  energy use p a t t e r n  a r e  expected as g e n e r a t i o n  changes f r o m  

h y d r o e l e c t r i c  t o  the rma l .  The f o u r t h  s e c t i o n  addresses t h i s  i s s u e .  U t i l i t y  p r o j e c t i o n s  f o r  

t h e  P a c i f i c  Nor thwest  a r e  p r o v i d e d  f o r  c u r r e n t  p l a n n i n g  hor i zons .  E l e c t r i c a l  demand and c o a l -  

f i r e d  e l e c t r i c a l  g e n e r a t i o n  a r e  analyzed f o r  comparison w i t h  t h e  g i v e n  scenar ios .  

A l though des igna ted  as Federa l  Region Ten, t h e  f o u r  s t a t e s  a r e  n o t  con t iguous :  Alaska i s  

separated by c l i m a t e ,  p h y s i c a l  features,  p o p u l a t i o n  d e n s i t y ,  d i s t a n c e ,  and o t h e r  f a c t o r s .  The 

r e g i o n  i s  markedly  d i f f e r e n t  f rom o t h e r s  i n  t h e  U n i t e d  S ta tes .  Except f o r  hydropower, Idaho, 

Oregon and Washington a r e  n o t  b lessed w i t h  s i g n i f i c a n t  resources,  y e t  t h e y  house s i g n i f i c a n t  

. i n d u s t r i a l  and l a r g e  a g r i c u l t u r a l  economies. Alaska, however, i s  endowed w i t h  v a s t  resources 

i n  t h e  i n i t i a l  s tages o f  development. These c o n t r a s t i n g  f e a t u r e s  u n i f y  t h e  r e g i o n  th rough  

f u t u r e  energy and economic in te rdependenc ies .  

The geography and topography o f  ~ e d e r a l  Region Ten i n f l u e n c e  t h e  a c c e s s i b i l i t y  o f  i t s  

energy resources.  The r e g i o n  i s  la rge- -A laska ,  Idaho, Oregon and Washington cover  more than  

835,000 square m i l e s ,  n e a r l y  one-quar te r  o f  t h e  t o t a l  U n i t e d  S t a t e s .  The f o u r - s t a t e  r e g i o n  had 

an es t imated  1975 p o p u l a t i o n  o f  more than  7  m i l l i o n ,  about  h a l f  i n  Washington. Oregon i s  t h e  n e x t  

most populous s t a t e ,  f o l l o w e d  by Idaho ,and Alaska. The e n t i r e  r e g i o n  c o n t a i n s  l e s s  than  4% o f '  

t h e  n a t i o n a l  p o p u l a t i o n .  D u r i n g  t h e  p e r i o d  f r o m  1970 t o  1975 t h e  p o p u l a t i o n  i n  t h e  P a c i f i c  

Nor thwest  r e g i o n  g e n e r a l l y  grer i  a t  a  r a t e  s i g n i f i c a n t l y  above t h e  n a t i o n a l  average. Whi le  t h e  

n a t i o n  grew 5.1% d u r i n g  t h e  p e r i o d ,  these  s t a t e s  had p o p u l a t i o n  inc reases  o f :  Alaska, 20.8%; 

Idaho, 14.9%; Oregon, 9.5%; Washington, 4.5%. ( 1  

Regional emplo.yment p r o j e c t i o n s  expec t  n e a r l y  3.2 m i l l i o n  workers by 1980, up f rom t h e  

c u r r e n t  l e v e l  o f  2.8 m i l l  i o n .  The l a r g e s t  i n c r e a s e  i n  workers i s  expected i n  government-- 



more than 19% between 1974 and 1980. Commerce and t rade  are expected t o  increase more than 

18% dur ing  the  same t ime. Energy- intensive i ndus t r i es ,  such as t ranspor ta t ion ,  u t i l i t i e s ,  

Daper and pulp, pr imary metals, food processing, and petroleum r e f i n i n g  a1 so expect s i g n i f i -  

cant  gains i n  the  nex ta10  years. Meeting the  energy requirements o f  t h i s  expected growth 

e n t a i l s  s i g n i f i c a n t  energy planning. 

Alaska has the greates t  p o t e n t i a l  as a  supp l ie r  f o r  the  reg ion ' s  needed energy resources. 

It contains a l l  reg iona l  reserves o f  o i l  and na tu ra l  gas and most o f  the  coal .  'washington con- 

t a i n s  some coal  and most o f  t he  reg ion 's .  known uranium reserves. Alaska i s  p red ic ted t o  con- 

t a i n  s i g n i f i c a n t  uranium resources, bu t  i t  has n o t  been ex tens ive ly  'explored. A1 1  f o u r  s ta tes  

have one important  energy source--hydropower. Alaska has the l a r g e s t  share o f  untapped hydro- 

e l e c t r i c  p o t e n t i a l .  The th ree  P a c i f i c  Northwest s ta tes  have al ready developed most o f  t h e i r  

s i t e s  t h a t  have hyd roe lec t r i c  p o t e n t i a l .  

A. l  PRESENT PATTERNS IN  IDAHO, OREGON AND WASHINGTON , 

. Idaho, Oregon and Washington have f i v e  d i s t i n c t  topographical areas: 1  ) coastal  lowlands 

and mountains along the  Oregon-Washington coast, i nc lud ing  Washington's rugged Olympic Moun- 

t a i n s ,  2)  the  w i l l a t n e t t i  Va l ley  i n  Oregon and the  lowlands o f  Puget Sound i n  Washington, the  

reg ion ' s  most densely populated area conta in ing  about 4 mi 11 i o n  people, 3 )  the  Cascade Moun- 

t a i n s  o f  Oregon and Washington, support ing a  l a rge  wood products indust ry ,  r ec rea t i on  and 

orchards on the  lower slopes, 4) a  broad bas in-p la ins  area through eastern Oregon and Washing- 

t on  and southern Idaho, best  known f o r  a g r i c u l t " r e  and t h e  food products indust ry ,  and 5 )  the  

Rocky Mountains i n  extreme northeastern Washington and cen t ra l  Idaho. This area 's  economy i s .  

based on mining, logg ing and tour ism. 

A. 1  .1 Hydro Predominance 

Cur ren t l y  the P a c i f i c  Northwest has a  t o t a l  o f  160 hyd roe lec t r i c  p ro jec t s  cons i s t i ng  o f  

f ede ra l ,  p r i v a t e  and publ i c  u t i l i t y  i n s t a l  l a t i o n s .  Federal hyd roe lec t r i c  poker development 
I 

began i n  the 1930s w i t h  t he  cons t ruc t i on  o f  Bonnev i l le  Dam near Port land,  Oregon by the U.S. 

Army Corps o f  Engineers. Dur ing the  same per iod  the  Bureau o f  Reclamation, Department o f  the  

I n t e r i o r ,  undertook cons t ruc t i on  o f  Grand Coulee Dam on the  Columbia i n  northeast  Washington. 

By January 1, 1976 the  federa l  system had 29 hyd roe lec t r i c  f a c i l i t i e s  on l i n e  w i t h  a  t o t a l  

i n s t a l l e d  capac i ty  o f  12,500 MWe, p rov id ing  more than h a l f  the  power generated I n  t he  th ree 

s t a t c  region.  ( 2 )  ~ u n i c ' i p a l  and publ i c l y  owned hyd roe lec t r i c  f a c i  1  i t i e s  accounted fo r  7367 

MWe and p r i v a t e l y  owned hyd roe lec t r i c  f a c i l i t i e s  accounted f o r  2744 MWe. ( 3  

The development o f  e l e c t r i c  power began i n  t he  P a c i f i c  Northwest before 1900., Both p u b l i c  

and p r i v a t e  u t i l i t i e s  con t r i bu ted  t o  t he  development o f  e l e c t r i c  generat ing capac i ty  and t rans-  

miss ion  and d i s t r i b u t i o n  f a c i l i t i e s .  Small investor-owned u t i l i t i e s  were es tab l ished t o  meet 

t h e  needs o f  l o c a l  communities. These u t i l i t i e s  eventua l ly  developed i n t o  the  seven l a r g e  

investor-owned u t i l i t i e s  t h a t  c u r r e n t l y  operate i n  the  P a c i f i c  Northwest. 

The f i r s t  l a rge  munic ipal  u t i l i t y  was es tab l ished i n  Tacoma around 1900. E l e c t r i c  coopera- 

t i v e s  were a l s o  es tab l ished i n  the  reg ion e a r l y  i n  the  century bu t  on l y  began t h e i r  r a p i d  

growth a f t e r  t he  Rural E l e c t r i f i c a t i o n  Admin is t ra t ion  was formed i n  1935. Pub1 i c  U t i l i t y  Dis-  

t r i c t s  were es tab l ished i n  the  P a c i f i c  Northwest a f t e r  t h e  Bonnev i l le  P ro jec t  Ac t  o f  1937 was 



passed. The B o n n e v i l l e  Power A d m i n i s t r a t i o n  (BPA) was c r e a t e d  t o  be t h e  marke t ing  agent  f o r  

t h e  power produced f r o m  f e d e r a l  dams i n  t h e  P a c i f i c  Northwest.  BPA a l s o  manages t h e  develop-  

ment o f  t h e  r e g i o n a l  power t r a n s m i s s i o n  network.  C u r r e n t l y  ,' t h e  t r a n s m i s s i o n  system c o n s i s t s  

o f  more than  12,000 c i r c u i t  m i l e s ,  a c t i n g  as a  common c a r r i e r  f o r  a l l  Nor thwest  u t i l i t i e s .  

Besides enhancing r e l i a b i l i t y  o f  t h e  o v e r a l l  power system, t h e  t r a n s m i s s i o n  g r i d  has enabled 

c o o r d i n a t e d  r e g u l a t i o n  o f  hydro f a c i  1 i t i e s .  

Throughout t h e  h i s t o r y  o f  e l e c t r i c  power development i n  t h e  P a c i f i c  Northwest,  hydroe lec -  

t r i c  g e n e r a t i o n  has c o n t r i b u t e d  t h e  m a j o r i t y  o f  t h e  g e n e r a t i n g  c a p a c i t y .  B e f o r e  t h e  cons t ruc -  

t i o n  o f  t h e  layge  f e d e r a l  hydro p r o j e c t s ,  smal l  p r i v a t e l y  owned h y d r o e l e c t r i c  f a c i l i t i e s  

accounted f o r  n e a r l y  70% o f  t h e  i n s t a l l e d  g e n e r a t i n g  c a p a c i t y .  

I n  1964, Congress approved c o n s t r u c t i o n  f u n d i n g  f o r  t h e  P a c i f i c  N o r t h w e s t - P a c i f i c  South- 

west  I n t e r t i e .  The i n t e r t i e  b e n e f i t s  b o t h  reg ions ,  i n c l u d i n g  power exchanges t h a t  reduce t h e  

need f o r  inves tment  i n  each r e g i o n  t o  meet growing loads .  It a l s o  p r o v i d e s  f o r  r e c i p r o c a l  

exchanges o f  energy d u r i n g  shor tages o r  emergencies.. For  example, f r o m  J u l y  th rough  November, 

1973 adverse wate r  c o n d i t i o n s  occur red  i n  t h e  Northwest and approx imate ly  1  b i l l i o n  kwh o f  

e l e c t r i c  power were d ispa tched  t o  t h e  N0rthwes.t by Southwest u t i l i t i e s .  I n  1974, approx imate ly  

10  b i l l i o n  kwh o f  s u r p l u s  h y d r o e l e c t r i c  energy were sh ipped t o  t h e  Southwest. 

I n t e r t i e s  a l s o  e x i s t  between BPA and B r i t i s h  Columbia Hydro i n  Canada. These l i n e s  p r o -  

v i d e  t h e  means f o r  s a l e s  and exchange o f  power between t h e  power systems i n  b o t h  c o u n t r i e s .  

They a l s o  inc rease  t h e  r e l i a b i l i t y  o f  t h e  power systems d u r i n g  system emergencies. 

To meet t h e  growing needs o f  t h e  r e g i o n ,  t h e  Hydro-Thermal Power Program was e s t a b l i s h e d  

i n  t h e  l a t e  1960s. T h i s  long- te rm p lan ,  developed by t h e  r e g i o n ' s  u t i l i t i e s  and power agen- 

c i e s ,  was designed t o  meet t h e  needs o f  t h e  P a c i f i c  Nor thwest  i n t o  t h e  1980s. The Hydro-Thermal 

Power Program e n v i s i o n s  c o n s t r u c t i o n  o f  l a r g e  thermal  p l a n t s  t o  meet i n c r e a s i n g  baseload needs; 

e x i s t i n g  h y d r o e l e c t r i c  f a c i l i t i e s  w i l l  be expanded t o  p r o v i d e  peaking power. The new thermal  

f a c i l i t i e s  a r e  be ing  c o n s t r u c t e d  by t h e  r e g i o n a l  u t i l i t i e s  w h i l e  t h e  hydro peak ing  and h i g h -  

v o l t a g e  t r a n s m i s s i o n  f a c i l i t i e s  a r e  b e i n g  developed by t h e  f e d e r a l  government. ( 4 )  

S ince n e a r l y  a l l  o f  t h e  most p r o d u c t i v e  hydro s i t e s  have been developed, and those  n o t  

developed a r e  s u b j e c t  t o  i n c r e a s i n g  s o c i a l  p ressure  by c o n s e r v a t i o n i s t s ,  t h e  p o t e n t i a l  f o r  

add ing  f i r m  energy f r o m  hydro i s  1  i m i t e d .  For  t h e  fo reseeab le  f u t u r e ,  l a r g e  thermal  f a c i l i t i e s ,  

e i t h e r  n u c l e a r  o r  c o a l - f i r e d ,  w i l l  be t h e  most f e a s i b l e  means o f  add ing  g e n e r a t i n g  c a p a c i t y  i n  

t h e  P a c i f i c  Northwest.  

The u t i l i t y  network which e f f e c t i v e l y  covers Federa l  Region Ten i s  t h e  West Group Area o f  

t h e  Nor thwest  Power Pool .  Shown i n  F i g u r e  A . l ,  i t  covers t h e  s t a t e s  o f  Washington, Oregon, 

and Idaho and a  smal l  p o r t i o n  o f  Montana west  o f  t h e  C o n t i n e n t a l  D i v i d e .  The West Group Area 

systems i n c l u d e  B o n n e v i l l e  Power A d m i n i s t r a t i o n ,  P a c i f i c  Power and L i g h t  Company, P o r t l a n d  Gen- 

e r a l  E l e c t r i c  Company, Puget Sound Power and L i g h t  Company, Washington Water Power Company and 

11 5 pub1 i c  agency customers o f  ,BPA. (5) 

Since  t h e  West Group does much o f  t h e  p l a n n i n g  f o r  t h e  t h r e e  con t iguous  s t a t e s ,  f r e q u e n t  

r e f e r e n c e s  w i l l  be made i n  t h i s  appendix t o  t h e i r  p r o j e c t i o n s .  The reader  shou ld  keep i n  mind 

t h a t  these  re fe rences  w i l l  exc lude  t h e  p o r t i o n  o f  Idaho s e r v i c e d  by Idaho Power Company and 

i n c l u d e  a  smal l  p o r t i o n  o f  Montana west o f  t h e  C o n t i n e n t a l  D i v i d e .  

A. 3 
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FIGURE A.1. West Group Area o f  t h e  Nor thwest  Power Pool 

A.1.2 C u r r e n t  Generat ion M ix  

I n  address ing  c u r r e n t  1975 g e n e r a t j o n  m fx ,  two concepts, energy and peak c a p a b i l i t y ,  need 

t o  be c l a r i f i e d .  

Energy c a p a b i l i t y  - t h e  r a t i n g  g i v e n  by a  manufac tu re r  a t  which t h e  equipment can 

o p e r a t e  c o n t i n u o u s l y .  Here t h e  c a p a c i t y  r a t i n g s  a r e  a d j u s t e d  f o r  scheduled ma in te -  

nance, h y d r o - r e a l i z a t i o n  f a c t o r ,  e tc . ,  t o  assess t h e  system's p o t e n t i a l .  

Peak c a p a b i l i t y  - t h e  c a p a c i t y  a t  which t h e  equipment may be r u n  f o r  s h o r t  pe r iods .  

C a p a c i t i e s  g i v e n  i n  t h i s  d i s c u s s i o n  a r e  u s u a l l y  peak.capabi1it.y. 

The Edison E l e c t r i c  I n s t i t u t e  l i s t s  t h e  f o u r  s t a t e s  as c o n t a i n i n g  26,803 MWe o f  c a p a c i t y  

a t  t h e  o n s e t  o f  1975, d i s t r i b u t e d  as f o l l o w s :  

Wdsh i l l y  LUII 

Oregon 

Idaho 

A1 as ka 

16,056 MWe 

7,643 MWe 

1,700 MWe 

604 MWe 

I n  assess ing  g e n e r a t i n g  c a p a c i t y  f o r  t h e  r e g i o n ,  i t  i s  Smportant t o  account  f o r  power 

s u p p l i e d  from o u t s i d e  t h e  r e g i o n .  Some dams and c o a l - f i r e d  p l a n t s  i n  t h e  West Group System 

a r e  l o c a t e d  i n  Montana and ~ y o m i n ~ . ' ~ )  The t o t a l  e l e c t r i c a l  g e n e r a t i n g  c a p a c i t y  o f  t h e  r e g i o n ,  

abou t  27,000 MWe, i s  taken  f r o m  t h e  West Group a n a l y s i s  p l u s  t h e  Idaho i o w e r  Company w i t h  t h e  

f o l l o w i n g  g e n e r a t i n g  mix:  

Hydro 

Nuc lear  

Coal ( a )  

O i l  and Gas 

22,306 MWe 

2,016 MWe 

2,509 MWe 

652 MWe 

27,483 MWe 

( a )  I n c l u d e s  J i m  B r i d g e r  No. 1  i n  Wyoming and 179 MWe as t h e  r e g i o n ' s  share o f  C o l s t r i p  No. 1  
i n  r.lontana. 



Beyond h y d r o e l e c t r i c ,  t h e  Nor thwest  r e g i o n  a1 so c o n t a i n s  o t h e r  p o t e n t i a l  energy sources-- 

geothermal,  wind, s o l a r ,  wood and o r g a n i c  waste. These sources have a l a r g e  energy p o t e n t i a l  

b u t  w i l l . n o t  be tapped u n t i l  economics and techno logy  make them f e a s i b l e .  Geothermal energy 

i s  a v a i l a b l e  i n  each o f  t h e  s t a t e s .  It i s  b e i n g , u s e d ' f o r  h e a t i n g  i n  Klamath F a l l s ,  Oregon and 

Boise, idaho.  The r e g i o n  a l s o  has severa l  geothermal p i l o t  demons t ra t ion  p r o j e c t s .  

A.1.3 N a t u r a l  Gas Supp l ies  

N a t u r a l  gas and pe t ro leum a r e  t h e  two ma jo r  f u e l s  consumed i n  t h e  P a c i f i c  Nor thwest .  Ne i -  

t h e r  i s  produced i n  t h e  kegion.  A t  p resen t ,  t h e  supp ly  o f  n a t u r a l  gas p resen ts  some problems; 

much o f  t h e  supp ly  i s  Canadian i m p o r t  ( A l b e r t a  o r  B r i t i s h  Columbia).  Table A . l  summarizes t h e  

proven reserves  o f  n a t u r a l  gas i n  t h e  Nor thwest  and sur round ing  env i rons .  

The t h r e e - s t a t e  area i s  served w i t h  p i p e l ' i n e s  opera ted  by t h e  Nor thwest  P i p e l i n e  Corpora- 

t i o n  and d i s t r i b u t e d  by s i x  gas u t i l i t i e s .  Nor thwest  P i p e l i n e  system's main p i p e l i n e  can c a r r y  
3 as much as 1.45 b i l l i o n  f t  (BCF) p e r  day. The , s i x  u t i l i t i e s  h a n d l i n g  n a t u r a l  gas i n  t h e  r e g i o n  

. . 
a r e :  C a l i f o r n i a - P a c i f i c  U t i l i t i e s ,  s e r v i n g  Oregon; Cascade N a t u r a l  Gas C o r p o r a t i o n  and Nor th -  

west N a t u r a l  Gas Company, s e r v i n g  Washington and Oregon; I n t e r m o u n t a i n  Gas Company, s e r v i n g  

Idaho; Washington N a t u r a l  Gas Company, s e r v i n g  Washington; and Washington Water Power Company, 

s e r v i n g  Idaho and Washington. The r e g i o n  has n a t u r a l  gas s t o r a g e  f a c i l i t i e s :  a l i q u e f y i n g  

f a c i l i t y  and s t o r a g e  t a n k  i n  southwest Idaho; a ' s t o r a g e  f a c i l i t y  near  P o r t l a n d ,  Oregon; two .;, 

underground f a c i  1 i t i e s  near  Chehal i s ,  Washington and a '  1 i q u e f i e d  n a t u r a l  gas f a c i l i t y  a t  

Plymouth, Washington. 

F i g u r e  A.2 i l l u s t r a t e s  t h e  f l o w s  and consumption p a t t e r n s  i n  these  s t a t e s  d u r i n g  1975. A 

t o t a l  o f  743 BCF were impor ted  (86% f r o m  Canada) and 404 BCF f lowed th rough  t o  Nor thern  C a l i -  

f o r n i a .  Net consumption w i t h i n  t h e  th ree ,  s t a t e s  was 339 BCF o r  approx imate ly  3.3 x 1014 Btu. 

T h i s  compares t o  t h e  approx imate ly  3.6 x 1014 B t u  o f  e l e c t r i c a l  energy consumed i n  t h e  t h r e e  

s t a t e s .  

TABLE A.1. Proved Reserves o f  N a t u r a l  Gas i n  Western Areas, 
December 31, 1974 ( i n  t r i l l i o n s  o f  c u b i c  f e e t )  

Washington 

Colorado 

Montana 

New Mexico 

U t a h .  

Wynmi ng 

A1 b e r t a  

B t 8  i L i s h  Cul u ~ ~ ~ b i  a 

Nonassociated - --. . 
-- 
1.61 

0.68 

9.48 

0.55 

3 , 2 4  

34.13 

8.29 

Associated-  Underground 
D isso lved  .. - Storage 

-- 0.017 

0.25 0.024 

0.08 0.143 

2.43 0.026 

0.47 0.003 

0.62 0.053 

7.56 0.020 

0.34 -- 

( a )  
Tpta! - 

0.017 

1.88 

0.90 

11.94 

1.03 

3.92 

41 .7  

8.63 

(a) T o t a l s  may n o t  add due t o  independent  rounding.  



I O R E G O N  

FIGURE A.2. N a t u r a l  Gas ~ l b w  and Consumption (BCF) 
i n  t h e  Nor thwest  S t a t e s  - 1975. 

The c u r r e n t  heavy dependence upon Canadian s u p p l i e s  has r a i s e d  some concerns because con- 

t r a c t e d  amounts have n o t  been met i n  r e c e n t  years;  t h e  Canadian government p o l i c y  i s  t o  expo'rt  

o n l y  amounts t h a t  a r e  i n  excess o f  Canadian needs, and t h e  demands o f  Canada have been i n c r e a s i n g .  

Canadian i m p o r t s  a r e  purchased under  two long- te rm c o n t r a c t s  w i t h  t h e  West Coast Transmis- 

s i o n  Company L t d .  (WESCO). The main c o n t r a c t  c a l l s  f o r  d e l i v e r y .  a t  Sumas, Washington o f  809 

m i l l i o n  ft3 (MMCF) p e r  day. T h i s  c o n t r a c t  e x p i r e s  i n  1989. Due i n  p a r t  t o  f i e l d  o p e r a t i n g  

d i f f i c u l t i e s ,  a c t u a l  d e l i v e r i e s  have been running '  somewhat l e s s  than  c o n t r a c t .  d e l i v e r i e s .  As 

of January 1 ,, 1977 t h e  p r i c e  o f  Canadian n a t u r a l ,  gas a t  t h e  U n i t e d  Si;a'tes border  was r 'aised t o  

$1 .94 p e r  MMCF ( f r o m  $1.60 b e f o r e  September 1976). The v a l u e  o f  new gas i n  Canada has been s e t  

a t  $2.10 by t h e  N a t i o n a l  Energy BoaPd o f  Canada,, i .e., on an energy p a r  w i t h  $13 p e r  b a r r e l  o i  1 .  

Tab le  A.2 summarizes h i s t o r i c a l  n a t u r a l  gas consumption f o r  t h e  t h r e e  P a c i f i c  Nor thwest  

s t a t e s  s i n c e  '1 960. T o t a l  consumption ha's g e n e r a l l y  l e v e l e d  o u t  s i n c e  1972 p r i m a r i l y  due t o  

shor tages  and consequent 'I i m i t a t i o n  611 new hogkups, p a r t l c u l a r l y  -in 'the . i ~ ~ d u s t r . l a l  sector.. 

consumi t ion  f o r  t h e  t h r e e  con t iguous  s t a t e s  i n  1975 was. 31 6,641 MMCF. ; 

TABLE A.2. Idaho, Orc'gon, ~ n d  Washington N a t u r a l  Gas 
Consumption ( i n  m i l l i o n s  o f  c u b i c  f e e t )  

Regional  
~ e s i d e n t i a l  Commercial I n d u s t r i a l  E l e c t r i c  Other  T o t a l  

1975 77.187 59.051 179,372 21 1,010 31 6,641 



N a t u r a l  gas s u p p l i e s  over  t h e  n e x t  20 years  depend upon a  'number o f  f a c t o r s ,  as f o l l o w s :  

Alaskan N a t u r a l  Gas D e l i v e r y  System 

S e l e c t i o n  o f  t h e  o v e r l a n d  (A lcan)  d e l i v e r y  system f o r  N o r t h  Slope n a t u r a l  gas t o  t h e  

l o w e r  48 s t a t e s  was made i n  1977. T o t a l  f l o w  f rom Alaska w i l l  be approx imate ly  2.0 BCF 

p e r  day. It i s  c u r r e n t l y  p lanned t h a t  a  p o r t i o n  (80%) w i l l  be r o u t e d  eastward and a  

p o r t i o n  w i l l  t i e  i n t o  t h e  e x i s t i n g  West Coast t r a n s m i s s i o n  systems. 

Canadian Development 

E x p l o r a t i o n  i n  B r i t i s h  Columbia and A l b e r t a  i s  a c c e l e r a t i n g  under r e v i s e d  Canadian 

p r i c i n g  p o l i c i e s .  The p o t e n t i a l  f o r  ex t reme ly  l a r g e  gas reserves  i n  t h e  A l b e r t a  

sandstones has r e c e n t l y  been annou'nced. Depending on t h e  outcome o f  t h e  e x p l o r a -  

t i o n  and development e f f o r t s  and on Canadian e x p o r t  p o l i c i e s ,  con t inued  gas s u p p l i e s  

c o u l d  be a v a i l a b l e  p a s t  t h e  e x p i r a t i o n  dates o f  c u r r e n t  c o n t r a c t s .  

A1 t e r n a t i v e  Alaskan Gas Supp l ies  

E x p l o r a t i o n  i s  c u r r e n t l y  underway on t h e  N o r t h  Slope o f f s h o r e  i n  t h e  e a s t e r n  G u l f  

o f  A laska and i s  expected t o  beg in  e a r l y .  i n  1978 i n  Lower Cook I n l e t .  Both. associ  - 
a t e d  and nonassociated gas a r e  expected t o  be d iscovered  and produced. Gas f rom 

these  r e g i o n s  would be a v a i l a b l e  t o  t h e  lower  48 s t a t e s  v i a  l i q u e f i e d  n a t u r a l  gas 

(LNG) c a r r i e r s  t o  t h e  West Coast. A d d i t i o n a l  gas and o i l  resources have been d i s -  

covered i n  t h e  Flaxman I s l a n d - P o i n t  Thompson area and o f f  t h e  McKenzie De l ta .  

Commercial p o t e n t i a l  o f  these  areas has n o t  been determined.  

Given t h e  above f a c t o r s  and t h e  es t imated  c o s t s  o f  d e l i v e r y  ('ci t y - g a t e  p r i c e s )  o f  n a t u r a l  

gas c o m p e t i t i v e  w i t h  No. 2  f u e l  o i l ,  i t  appears t h a t  n a t u r a l  gas supp ly  t o  t h e  r e g i o n  i s  assured 

a t  l e a s t  u n t i l  2000. The market  p o t e n t i a l  f o r  h i g h  B t u  s y n t h e t i c  n a t u r a l  gas f rom c o a l  i s  n o t  

fo reseen  un less  i t s  c o s t s  can be reduced t o  below $3.18 p e r  MBtu. 

A. 1.4 Petro leum 

Petro leum p r o d u c t i o n  i n  t h e  U n i t e d  S ta tes  peaked i n  1970 a t  3.5 b i l l i o n  b a r r e l s  p e r  year ,  

then  d e c l i n e d  t o  about  t h r e e  b i l l i o n  b a r r e l s  i n  1975. Complet ion o f  t h e  Alaska p i p e l i n e  i s  

expected t o  boos t ,  r e g i o n a l  pe t ro leum s u p p l i e s  s i g n i f i c a n t l y .  

P a c i f i c  Nor thwest  pe t ro leum f a c i l i t i e s  i n c l u d e  r e f i n e r i e s  and p i p e l i n e  o r  t a n k e r  t r a n s p o r -  

t a t i o n  f o r  crude and r e f i n e d  o i l  p roduc ts .  Washington's Puget Sound area r e c e i v e s  c rude  o i l  by 

tankers .  It i s  a l s o  s u p p l i e d  by Canadian p i p e l i n e  f rom Edmonton, A l b e r t a ,  v i a  a  t a n k  f a r m  and 

t e r m i n a l  a t  Burnaby, B.C. The U n i t e d  S t a t e s '  share o f  t h i s  p i p e l i n e  c a p a c i t y  can c a r r y  300,000 

b a r r e l s  o f  c rude  o i l  a  day, b u t  Washington r e f i n e r i e s  a c t u a l l y  r e c e i v e d  o n l y  179,000 b a r r e l s  a  

day i n  1975. Alaska, Oregon and Washington c o n t a i n  t h e  reg ion!s  r e f i n e r i e s  f o r  c o n v e r t i n g  

c rude  o i l  i n t o  f i n i s h e d  pe t ro leum produc ts .  T o t a l  c u r r e n t  c & a c i t y  o f  these  f a c i l i t i e s  i s  

449,000 b d r w l s  a day. The f a c t  t h a t  t h e  r e g i o n ' s  r e f i n i n g  capac i t y .  f o r  o i l  and p i p e l i n e  

c a p a c i t y  f o r  b o t h  o i l  and gas a r e  n o t  f u l . l y  u t i l i z e d  i l l u s t r a t e s  t h e  r e g i o n ' s  dependence on 

Canadian impor ts .  P a r t  o f  t h i s  c a p a c i t y  w i l l  be a v a i l a b l e . f o r  f u t u r e  Alaskan s u p p l i e s  as 

i m p o r t  c o n t r a c t s  e x p i r e .  

Regional pe t ro leum consumption i s  i l l u s t r a t e d  i n  F i g u r e  A.3. 
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FIGURE A.3. Regional Petroleum Consumption 

In 1975, Washington consumed 16.7 million barrels of distillate oil, Oregon 13.2 mill ion 
barrels, Idaho 7.4 million barrels, and Alaska 7.0 million barrels. All states except Wash- 

ington have slightly increased consumption each year since 1960; Washington's consumption has 

remained basically stable. Regional distillate oil consumption peaked at 48.8 million barrels 
in 1973, then fell to 44.3 mill ion barrels in 1975. The region accounted for over 4% of total 
U.S. distillate oil consumption in 1975. 

. Regional residual oil consumption totaled 14.7 million barrels in 1975, with Washington 

consuming 8.6 million barrels, Oregon 4.4 million, Alaska 1.1 million, and Idaho just over 
700,000 barrels. Ine reglor1 accuu~llecl Tor- 1 .C76 of a11 U , S .  residual oil rnnzlrmption. 

Nationally, gasoline use hit a peak of 104.5 billion gallons in 1973, fell almost 3% in 

1974, then rose to 104.3 billion gallons in 1975. I'hat 1974 dlp ended d bteady 4.7% annual 

growth from 1962. 

The region used 3.6 billion gallons of gasoline in 1975. More than,47% of that was used 

in Washington. Oregon used nearly 34% of the region's total, Idaho more than 13%, and Alaska 

,just over 5 ~ ' ~ )  The total is approximately 3-1 /2% of the nation's gas01 ine consumption. 

A.1.5 Coal Supply 

Idaho and Oregon do not contain large, econorl~'ically recoverable reserves of coal. Only 

Washington has substantial reserves; il i s  currently producing slgnifi~dllt q u a n t i t i e s  (3.74 
million tons in 1975) in Lewis County, supporting the 1300 MW Centralla statiur~. Although 
other reserves exist in Washington, the steep dlpplng of  ll~e seams would rcsul t III Iliyh lnini~g 
costs. 

Major sources of coal for future imports to the three-state region include Alaska, British 

Columbia, Mnntana, Utah and W.yoming. The region is served by two primary coal-hauling rail- 

roads: Union Pacific from southern Wyoming and Burl ington Northern from Montana. Gulf Inter- 

state has proposed a slurry pipeline from Wyoming through southern Idaho to eastern Oregon. 

Alaskan coal could be shipped to coastal sites via bulk carriers. Coal in Montana is most 

1 i kel y to come from Rosebud County, and in Wyoming from Campbell , Converse, Lincoln and Sweet- 
water Counties. 

A. 8 



The economics of coal supply f o r  a coal importing region a r e  complex; t ranspor ta t ion  cos ts  

a r e  a major component. Further,  t h e  t ranspor ta t ion  system cos t  includes both cap i t a l  charges 

not subject  t o  escala t ion and operating cos t s  t h a t  wi l l  be subject  t o  e sca la t ion .  The r e l a t i v e  
exposure t o  i n f l a t i o n ,  coupled with the  cos t  of cap i t a l  needed to  f inance the  system, will  

influence the  se l ec t ion  of t ranspor ta t ion  mode along with the  actual  mine supply source. Public 

u t i l i t i e s  t h a t  can r e ly  on bond funds f o r  expenses may tend t o  favor cap i t a l  in tens ive  systems 

and inves t  in a t  l e a s t  port ions of the  t ranspor ta t ion  system ( f o r  example, ra i l road r o l l i n g  

stock or  bulk c a r r i e r s ) .  Pr ivate  u t i l i t i e s  t h a t  must f inance cap i t a l  expenses a t  higher cos t  
may take an e n t i r e l y  d i f f e r e n t  approach. 

.Examples of delivered coa l . cos t s  a re :  

Wyoming Coal 

Cost Components: 

FOB mine 

Transportat ion t o  
Boardman, Oregon 

Total 

The.above cos t s  a r e  f o r  an ex i s t ing  coal supply contrac t  and include a $0.0123/ton mile 

t ranspor ta t ion  cos t  t h a t  may not be representa t ive  of fu tu re  cos t  con t rac t s ;  these  may approach 

the  $0.008/ton mile representa t ive  of un i t  t r a i n  cos t s  f o r  t r anspor t  eastward from Montana and 

Wyoming. Assuming a 60% plant  f a c t o r ,  a  9000 Btu /kWh heat r a t e ,  and 9000 Btu/lb heating value,  

t he  above t r a n s l a t e s  t o  approximately 2.62 MMTPY f o r  every 1000 MWe of e l e c t r i c a l  generating 

capacity.  Assuming 100 car  un i t  t r a i n s ,  t h i s  i s  equivalent t o  250 t r a i n s  (one way) per yea r ,  

o r  357 t r a i n s  per year i f  70 ca r  u n i t  t r a i n s  a r e  used. 

Alaskan Coal 

Cost components: (Coal barged as s l u r r y )  (7  

FOB mine 
$1 ton $ / M M B ~ U  

6.40 0.40 

Preparation 3.47 0.22 

Transporratlon t o  
Washington Coast 

Dewatering 

Tots1 

Again, assuming a 60% plant  f ac to r  and a 9000 Btu /kWh heat r a t e  with a 7500 Btu/lb heat- 

ing value,  t h e  above t r a n s l a t e s  t o  3.15 MMTPY, and f o r  100,000 DWT bulk c a r r i e r s  with 65% 

s o l i d s ,  48 t r i p s  per year .  A second estimate of Beluga coal mining cos ts  suggests a mine-mouth 

cos t  of $5.36/ton o r  delivered by r a i l  a t  t idewater on Cook I n l e t  a t  $8.47/ton ($0,56/MMBtu) 
f o r  a 4 MMTPY operation.  (8) These cos t s ,  however, do not include the  dev,elopment of support- 

ing in f ra s t ruc tu re .  Costs of shipping t o  the  Northwest coas t  of the  continental  United S ta t e s  

would be a t  l c a s t  $6.00 per ton., The Placer Amex Company, holder of major l eases ,  has indi -  

cated mine-mouth cos t s  a s  high a s  $l.OO/MMBtu FOB mine a t  an annual production r a t e  o f ' 6  mil- 

l i on  tons.  



It appears, then, t h a t  A laskan c o a l  may be c o m p e t i t i v e  on t h e  Nor thwest  coas t ,  assuming 

a  l a r g e  mine i s  opened. S ince  such a  mine would be i n  f r o n t i e r  t e r r i t o r y  w i t h  l i t t l e  suppor t -  

i n g  s t r u c t u r e ,  and exper ience  i n  such an o p e r a t i o n  i s  l a c k i n g ,  f u r t h e r  e v a l u a t i o n  o f  i t s  com- 

p e t i t i v e n e s s  i s  needed. 

A.2 ALASKA, 

Alaska d i f f e r s  marked ly  f r o m  t h e  cont iguous s t a t e s  i n  a lmos t  a l l  respec ts ,  hav ing  b o t h  i t s  

s p e c i a l  problems and i t s  s p e c i a l  o p p o r t u n i t i e s .  Alaska has t h e  l e a s t  p o p u l a t i o n  o f  any s t a t e  

(2.400,000), and by f a r  t h e  l a r g e s t  l a n d  area.  It ranks  a t  t h e  t o p  i n  terms o f  f o s s i l  energy 

r e s e r v e s  and resources.  The s t a t e  has a  h i s t o r y  o f  success ive booms--the Gold Rush, World 

War 11, and t h e  near e x p l o s i v e  growth assoc ia ted  w i t h  t h e  N o r t h  Slope o i l  development and t h e  

c o n s t r u c t i o n  o f  t h e  TransAlaska P i p e l i n e .  

A laska i s  a l s o  heterogeneous i n  terms o f  econpmic a c t i v i t y ,  c l i m a t e ,  p o p u l a t i o n  and energy 

resources  o r  s u p p l i e s .  Southeastern Alaska i s  b e s t  c h a r a c t e r i z e d  b y . i n d u s t r i e s  cen te red  on 

f o r e s t  p roduc ts  and f i s h i n g ,  h i g h  p r e c i p i t a t i o n ,  smal l  i s o l a t e d  communit ies l i n k e d  o n l y  by a i r  

and mar ine  t r a n s p o r t a t i o n ,  and l a r g e  dependence on impor ted  domest ic  o i l  and h y d r o e l e c t r i c  

energy.  Wi th  t h e  e x c e p t i o n  o f  hydropower, no s i g n i f i c a n t  energy sources e x i s t  i n  t h i s  p a r t  o f  

t h e  s t a t e .  

S o u t h c e n t r a l  A laska c o n t a i n s  t h e  major  p o p u l a t i o n  c e n t e r ,  Anchorage (%200,000) ; t h e  ma jo r  

t r a d e ,  t r a n s p o r t a t i o n  and s e r v i c e  i n d u s t r i e s  i n  t h e  s t a t e ;  t h e  ma jo r  p o r t  f a c i l i t i e s ;  and a  

s i z e a b l e  e n e r g y - r e l a t e d  i n d u s t r i a l  base a s s o c i a t e d  w i t h  t h e  Cook I n l e t  o i l  and gas reserves .  

The r e l a t i v e l y  c o l d  c l i m a t e  i s  m o d i f i e d  by mar ine  i n f l u e n c e s .  N a t u r a l  gas i s  t h e  ma jo r  energy 

source  f o r  b o t h  d i r e c t  h e a t i n g  and f o r  e l e c t r i c  power genera t ion .  Besides t h e  s i g n i f i c a n t  o i l  

and gas reserves ,  v e r y  l a r g e  s u r f a c e  mineable (>2.25 b i l l i o n  t o n s )  reserves  o f  subbi tuminous 

c o a l  a r e  a v a i l a b l e ;  however, t h e y  a r e  l a r g e l y  unused. An a d d i t i o n a l  t r i l l i o n  tons  o f  coa l  i s  

b e l i e v e d  p r e s e n t  under Cook I n l e t  b u t  i s  n o t  r e c o v e r a b l e  by t r a d i t i o n a l  mi'ning methods. 

C e n t r a l  Alaska c o n t a i n s  t h e  second l a r g e s t  c i t y  i n  t h e  s t a t e ,  Fai rbanks,  w i t h  ecorr0mSc 

a c t i v i t y  c e n t e r e d  i n  t h e  s e r v i c e  i n d u s t r i e s .  Fai rbanks i s  l i n k e d  by r a i l  and highway t o  
. Anchorage, t h e  p o r t  o f  W h i t t i e r  i n  t h e  Sou thcen t ra l  Region, and v i a  t h e  Alaska Highway t o  t h e  

" lower  48", and hence serves as t h e  d i s t r i b u t i o n  c e n t e r  f o r  i n t e r i o r  and n o r t h e r n  Alaska. The 

c l i m a t e  e x h i b i t s  wide seasonal v a r i a t i o n s .  Sur face  mineable coa l  reserves  e x i s t  and p r o v i d e  

(-700,000 t o n s l y e a r )  t h e  ma jo r  e l e c t r i c  power g e n e r a t i o n  base f o r  t h e  Fai rbanks-McKin ley Park 

r e g i o n .  Fa i rbanks  i s  s u b j e c t  t o  atmospher ic  i n v e r s i o n s  w i t h  o c c a s i o n a l l y  severe a i r  p o l l u t i o n  

due t o  i c e  f o g  and windblown g l a c i a l  s i l  l: i n  t h e  w i n t e r  months. 

The remainder  o f  t h e  s t a t e  i s  b e s t  c h a r a c t e r i z e d  by smal l ( p o p u l a t i o n  SUU t o  4 0 0 ~ ) ~  gen- 

e r a l  l y  i s 0 1  a t e d  communi t i e s  dependent upon o i l  -based energy, o f t e n  a t  v e r y  h i g h  c o s t s  due t o  

t h e  severe  l o g i s t i c s  problems. Some communit ies r e c e i v e  t h e i r  o i l  s u p p l i e s  o n l y  once a  y e a r  

v i a  r i v e r  barges o r  c o a s t a l  t a n k e r s .  

P r e s e n t l y ,  no s i g n i f i c a n t  e l e c t r i c  power i n t e r t i e s  e x i s t  between l o a d  cen te rs .  I n  t h e  

f u t u r e  a n . i n t e r t i e  between t h e  two ma jo r  l o a d  c e n t e r s ,  Anchorage and Fai rbanks,  may be j u s t i -  

f i a b l e  a long  t h e  e x i s t i n g  R a i l  be1 t C o r r i d o r .  T h i s  w i l l  be p a r t i c u l a r l y  t r u e  i f  c o n s t r u c t i o n  



of hydroelectric capacity proceeds on the Upper Susitna River, as i s  now being considered. The 
9 l a t t e r  could provide u p  t o  1552 MWe of capacity and 6.8 x TO kwh of average annual energy 

located about midway between the load centers.. 

A. 2.1 Electrical Energy Demand and Generating Capaci tx 
The historical growth in electr'ic power generation in Alaska i s  i l lus t ra ted  in Figure A.4. 

The two most rapidly growing regions are  the Southcentral (primarily the ~ n c h o r a ~ e - ~ e n a i  Penin- 

sula area) and to a lesser extent,  the Yukon ( i n t e r i o r )  region with the Fairbanks load center. 

Both regions have been heavily impacted by the North Slope o i l  f i e l d  and piepline developments. 

The compound energy growth ra te  for  1960 through 1976 has been 11.4, 12.6, and 11.5% per year 

for  Interior and Southcentral regions,and for  ~ l a s k a  as a whole, respectively. For the period 

1970 to 1975, the time of s ignif icant  petroleum development, the growth for  the whole s t a t e  

was 12.2% per year. 

The his tor ic  dis t r ibut ion of instal led capacity between energy sources i s  shown in Fig- 

ure A.5. When natural gas production began in the' Cook Inlet region in the early 1960s, natu- 
ral gas-fired turbines s tar ted providing an increasing share of capacity, principally in the 

Southcentral region. The natural gas was available a t  extremely low cost ($0.16 per MMCF) and 

was regarded almost as a nuisance by the producers. More recently, competing demands for  

export (by LNG to  Japan) and for  agrichemicals (ammonia and urea) have resulted in greatly 

increased value of the gas. A1 though low cost,  long-term contracts continue, new gas prices 

are much higher ($0.65-0.85 per MMCF) but are less  than those in the "lower 48". 

FIGURE A.4. Alaska Annual Ut i l i ty  
Generation Data 
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(9) A.2.2 O i l  and Natural Gas S i tua t i pn ,  

Natural  gas from Cook I n l e t  p lays a major r o l e  i n  Alaska's energy balance f o r  nontranspor- 

t a t i o n  uses. The more.populated Cook I n l e t  Region i s  h i g h l y  dependent upon t h i s  source. I n  

'1975, product ion was 255 t r l .11  Ion  Btu, consumed I n  the  f u l l u w i r ~ y  wdyb: expOr.1; LNQ, a~llllrcrllia 

and urea--88.9 t r i l l i o n  Btu  o r  30.8%; r e i n j e c t i o n  f o r  o i l  t i e i d  pressure maintenance--95.2 

t r i l l i o n  Btu o r  33.1%; e l e c t r i c a l  generation--48.4 t r i l l ' i o n  Btu o r  16.8%; r e s i d e n t i a l  and , 
commercial--10.6 t r i l l i o n  Btu o r  3.7%; and i n d u s t r i a l  and mi l i ta ry - -44.7  t r i l l i o n  Btu, o r  15.5%. 

The f a c t  t h a t  natura l  gas provides about 53% o f  the  s t a t e ' s  e l e c t r i c  power generation and 

almost a l l  o f  t h a t  associated w i t h  the C06k I n l e t  region I s  significant. I ~ ~ ~ ~ ~ l e r ~ ~ e r ~ l d L i u r r  U T  

t h e  Nat ional  Energy Plan could cause a r a p i d  change i n  the use pa t te rn  w i t h  coal subs t i t u ted  

f o r  gas i n  e l e c t r i c a l  generation. ', 

Several areas o f  Alaska are exce l l en t  speculat ive prospects f o r  natura l  gas (see page A.7). 

However, t he  Cook I n  l e t  reg ion 4s the  on l y  cu r ren t  major producer. The es l i~ la tec l  undiscovered 

reserves i n  the  region,  according t o  USGS (C i r .  725, 44.8 TCF) and the  Sta te  o f  Alaska (OFR.50, 

84.79 TCF), are  76.5 TCF and 428.9 TCF, respect ive ly .  . 

I n  1975 the  Cook I n l e t  reg ion produced about 154 BCF o f  na tu ra l  gas, 69 BCF o f  which were 

f o r  i n - s t a t e  use n o t  r e l a t e d  t o  export .  Forecasts f o r  subsequent year 's  demands are as fo l lows:  



B i  11 i o n s  o f  .Cubic Fee t  (BCF) 
'1 980 - 1985 1990 1935 2000 

I n - s t a t e  use 104 139 154 168 185 

Expor t  - 106 266 - 278 - 302 - 31 0 - 
T o t a l  21 0  405 432 470 495 , 

The above f o r e c a s t  assumes t h a t  beyond 1983 no f u r t h e r  gas t u r b i n e - f i r e d  e l e c t r i c  power genera- 

t i o n  c a p a c i t y  i s  added. A l l  f u t u r e  e l e c t r i c a l  l o a d  growths a r e  accommodated by coa l  o r  hydro-  

e l e c t r i c  power.. Based on t h e  f o r e c a s t e d  demand and t h e  c u r r e n t l y  known s t a t u s  o f  n a t u r a l  gas 

reserves  i n  Cook I n l e t ,  t h e  f o l l o w i n g  dates a r e  s i g n i f i c a n t :  

1987 - C u r r e n t l y  committed reserves  a r e  exhausted. 

1993 - Known reserves  i n  c u r r e n t l y  p roduc ing  Cook I n l e t  f i e l d s  a r e  exhausted. 

1995 - T o t a l  es t imated  Cook I n l e t  reserves  a r e  exhausted; beyond t h i s  da te ,  

dependence i s  upon resources y e t  t o  be d iscovered .  

N a t u r a l  gas w i l l  become a v a i l a b l e  f r o m  t h e  N o r t h  Slope i n  t h e  mid-1980s. The known recov-  

e r a b l e  r e s e r v e  i n  t h e  N o r t h  Slope S a d l e r o c h i t  f o r m a t i o n  i s  es t imated  a t  26 TCF, o v e r  11% o f  

t h e  t o t a l  known U.S. reserves .  , P r o d u c t i o n  o f  t h e  r e s e r v e  w i l l  l i k e l y  beg in  i n  1983-84 a t  a  

r a t e  o f  2  BCF p e r  day and p o s s i b l y  as h i g h  as 12.5 BCF p e r  day. For  comparison, t h e  t o t a l  1975 

Cook I n l e t  n e t  p r o d u c t i o n  was about  440 MMCF p e r  day. The energy c o n t e n t  o f  t h e  known N o r t h  

Slope n a t u r a l  gas i s  about  50% o f  t h a t  a s s o c i a t e d  w i t h  t h e  N o r t h  Slope o i l  reserve .  

Crude o i l  has been produced i n  Alaska on- and o f f - s h o r e  i n  t h e  Cook I n l e t  Bas in  s i n c e  

1958, and p r o d u c t i o n  peaked i n  1970 a t  abou t  230,000 b a r r e l s  p e r  day. ( l o )  P r o d u c t i o n  i n  1976 

averaged 183,000 b a r r e l s  p e r  day. ( I 1  ) O f  t h e  o i l  produced, a  n e t  o f  abou t  70% i s  e x p o r t e d  t o  

t h e  " lower  48". 

The Prudhoe Bay o i l  f i e l d  s t a r t e d  p roduc ing  a t  600,000 b a r r e l s  p e r  day i n  mid-1977 and 

w i l l  i n c r e a s e  t o  1.2 m i l l  i o n  b a r r e l s  p e r  day i n  t h e  near  f u t u r e .  U l t i m a t e  p r o d u c t i o n  o f  t h i s  

f i e l d  w i l l  be a t  about  two m i l  1  i o n  b a r r e l s  p e r  day. T o t a l  known r e c o v e r a b l e  r e s e r v e s  a r e  9.6 

t r i l l i o n  b a r r e l s ,  w i t h  e x p e c t a t i o n s  o f  a d d i t i o n a l  reserves  y e t  t o  be d iscovered  p r i m a r i l y  o f f -  

shore i n  t h e  B e a u f o r t  Sea and f r o m  d i f f e r e n t  s t r a t a  (Kuparuk R i v e r ,  L i s b u r n e  f o r m a t i o n s ) ,  i n  

t h e  Prudhoe s t r u c t u r e .  

A d d i t i o n a l  o i l  and gas development a c t i v i t y  i s  expected i n  t h e  s t a t e .  A  l e a s e  s a l e  f o r  

Lower Cook I n l e t  was h e l d  i n  October 1977 w i t h  87 b i d s  accepted. E x p l o r a t i o n  i s  underway on 

N a t i o n a l  Petro leum Reserve-A ( f o r m e r l y  Naval pe t ro leum Reserve No. 4 )  on t h e  wes te rn  N o r t h  

Slope. E x p l o r a t o r y  d r i l l i n g  i s  a l s o  o c c u r r i n g  i n  t h e  i n t e r i o r  Kandic Bas in  and o f f - s h o r e  i n  

t h e  e a s t e r n  G u l f  o f  A laska.  

A.2.3 Coal 

Only onc coa l  minc ( U s i b c l l i  Coal Company) i s  now a c t i v e  i n  Alaska.  The s-ine, 1ucdLed 

near  Healy  i n  t h e  Nenana Coal F i e l d ,  produces approx imate ly  700,000 tons /year  f o r  u t i l i t i e s  

and m i l i t a r y  power p r o d u c t i o n  i n  t h e  Fai rbanks area.  The c o a l  i s  subbi tuminous w i t h  t h e  f o l - '  

l o w i n g  p r o p e r t i e s :  (12)  



Heating value 8500-8700 B t u / l b  

S u l f u r  0.2% 

Ash 11-15% 

Mois ture  20-252 

The 1977 mine-mouth p r i c e  of coal  f rom the U s i b e l l i  mine i s  about $0.65 MMBtu o r  about $ l l / t o n .  

The U s i b e l l i  lease,has est imated reserves o f  450 t o  500 m i l l i o n  tons w i t h  d ipp ing beds 

t h a t  range f rom 30 t o  50 f t  t h i c k .  The mining method i s  open-pi t  and 75 t o  80% o f  the  coal i s  

shipped t o  Fairbanks v i a  t he  Alaska Rai l road.  The remainder i s  consumed by the  Golden Va l ley  

E l e c t r i c  Cooperative p lan t ,  loca ted e i g h t  mi les  from the  mine. 

A successful  reclamat ion program has been c6"ducted s ince 1972, i n v o l v i n g  a e r i a l  reseeding 

o f  mined lands w i t h  grasses and legumes. The r e s u l t i n g  vegetat ion a t t r a c t e d  a herd of Da l l  ' s  

sheep, and the  mine and surrounding area have be& declared a s t a t e  game preserve, p a r t i a l l y  - 

. t o  avo id  hunter  in ter fe rence w i t h  t h e  mining operat ion.  

Ma.]or coal  rejources have a t  l e a s 1  d l l u ~ e r ~  l o i a t i o n s  i n  the  s t a t e .  Table A.3 summ~rizcs 

Alaskan coal resource data as o f  1975. ( I 3 )  Although the  l a r g e s t  coal resources are located 

n o r t h  of t he  Brooks range, they are  e s s e n t i a l l y  inaccessib le.  Other,coal  deposi ts o f  i n t e r e s t  

a re  the  Matanuska Region bituminous coal. resources a t  10,400 t o  14,400 B tu / l  b, 0.2 t o  1 .O% 

s u l f u r  and the  subbituminous Beluga coal a t  7500 B t u / l b  and 0.15% s u l f u r .  

The Beluga coals i n  the  Susi tna reg ion are i n t e r e s t i n g  due t o  t h e i r  l o c a t i o n  near t i d e -  

water on the  west s i de  o f  Cook I n l e t  and very low s u l f u r  content .  However, no development t o  

date  has occurred.' The resource i s  s i gn i f i can t - -2 .4  b i  11 i o n  tons demonstrated o r  ind ica ted.  

The Beluga coa ls  are subbituminous, " C "  i n  rank, w i t h  t he  fo l ' lowing average q u a l i t y :  (7  

As Received 

~ o i s t u r e  20-24% 

Ash . Y-IHX 

V o l a t i l e  s la ter ia l  32 

Carbon 30 . 

S u l f u r  

B tu / l  b 

One o f  t he  promising areas, l oca ted  15 mi les  from tanker load ing p o i n t  has s i x  beds, up 

t o  40 ft t h i c k  w i t h  an average overburden r a t i o  o f  3 : l .  Mining costs have been estimated a t  

$6.40 per t on  on a clean, d r y  basis. The coal  would be prepared a t  mine-mouth and de l i ve red  

as a s l u r r y  t o  the  tanker load ing po in t .  De l ivered cos t  t o  Northwest po r t s  would be about 

$21.15 per ton, o r  $ 1 . 3 2 / ~ ~ B t u  (1975  dollar^)'^) a t  a product ion  l e v e l  o f  8.76 m i l l i o n  tons 

per  year.  A new community f o r  a 250 man labor  f o rce  would be requ i red .  (14) 

A s i m i l a r  study o f  Beluga coa ls  by Stanford Research I n s t i t u t e  i n v o l v i n g  d r y  shipment 

( r a t h e r  than a s l u r r y )  sugges'ts a cos t  o f  $0.82 t o  $l.OO/MMBtu landed i n  C a l i f o r n i a  a t  a h igher  

l e v e l  o f  product ion.  



TABLE A.3. Es t imate  o f  Remaining Alaska Coal Resources 
J u l y ,  1977 ( m i l l i o n s  o f  s h o r t  t o n s )  

( 8 )  
T o t a l  

( 9 )  
T o t a l  

Resources 
(5 )  ( 8 )  
341 ,213 

3,471,463 

( 3 )  
Demonstrated 

(1: ( 2 )  

( 5 )  
T o t a l  I d e n t i f i e d  

(3 )  (4)  
121,213.5 
121,463.5 

Region 
( 1 )  

Measured 

A r c t '  c  35.0 

( 2  
I n d i c a t e d  

( 4 )  
I n f e r r e d  

118,436.1 
118,686.1 

( 6 )  
H y p o t h e t i c a l  

120,000 
2,300,000 

( 7 )  
S p e c u l a t i v e  

100,000 
1,050,000 

Undiscovered 
( 6 )  (7 )  

Nor thwest  -- 
I n t e r i o r  861.6 

Southwest . -- 

Sou thcen t ra l -  6.6 

Southeast  -- 
Sta tew ide  303.2 

D Toyals  

TNO numbers i n  a  column i i d i c a t e  a  l o w  a n d - h i g h  range f o r  t h e  es t imate .  

(a) Some es t imates  were made f o r  demonstrated resources o n l y ,  w i t h  no e s t i m a t e  breakdown f o r  measured (Col .  1 )  o r  i n d i c a t e d  (Co1.2) 
Thus Col . 3  sometimes d i f f e r s  f rom t h e  sum o f  Col . 1  and Col . 2. 



. A.3 MAJOR SHIFTS EXPECTED IN  FUTURE ELECTRICAL GENERATION . 

Th is  sec t i on  discusses cu r ren t  plans and poss ib le  t rends f o r  e l e c t r i c a l  generat ion i n  the  

th ree  contiguous s ta tes  o f  t h e  region.  U t i l i t y  p ro jec t i ons  are  provided f o r  the  cu r ren t  p lan- 

n i n g  hor izon.  Forecasts f o r  e l e c t r i c a l  demand and c o a l - f i r e d  e l e c t r i c a l  generat ion are  pre-  

sented. These fac to rs  were taken i n t o  account where poss ib le  .in t he  determinat ion o f  t he  

- reg ion ' s  share o f  e l e c t r i c a l  generat ion f o r  the  given nat iona l  scenario. Computer s imulat ions 

were a l so  performed f o r  e l e c t r i c a l  growth t o  prov ide  a comparison o f  the  na t i ona l  scenarios 

f o r  t ime per iods beyond u t i l i t y  p lanning hor izons.  

A.3.1 U t i l i t y  Pro jec t ions  and Trends i n  the  P a c i f i c  Northwest 

E l e c t r i c  power has been an inexpensive source o f  energy i n  the  s ta tes  o f  Idaho, Oregon 

and Washington, w i t h  hyd roe lec t r i c  generat ion supply ing most e l e c t r i c a l  energy requirements. 

However, forecasted l oad  growth and the  l i m i t e d  number o f  p o t e n t i a l  new hyd roe lec t r i c  s i t e s  

w i l l  r e s u l t  i n  a heavier  r e l i a n c e  on thermal generat ion i n  the fu tu re .  The t r a n s i t i o n  from 

h y d r o e l e c t r i c  t o  thermal power generat ion w i l l  cause s i g n i f i c a n t  changes i n  the  Northwest. 

The f u t u r e  path  o f  e l e c t r i c  power supply w i l l  be l a r g e l y  determined by the demand f o r  e l e c t r i c  

power, bas ic  energy pr ices ,  p u b l i c  po l i cy ,  and environmental consequences o f  thermal genera- 

t i o n .  I n  view o f  t he  comin changes, i t  i s  important  t h a t  the  poss ib le  e l e c t r i c  energy supply 
?15) a l t e r n a t i v e s  be understood. 

Figures A.6 and A.7 show the Edison E l e c t r i c  I n s t i t u t e  (EEI) data f o r  the  growth o f  e lec-  

t r i c  consumption i n  t he  th ree  contiguous s ta tes  o f  t he  P a c i f i c  Northwest. F igure A.6 shows 

t h e  t o t a l  growth i n  consumption and the  growth i n  the  th ree major end use sectors:  Residen- 

t i a l ,  Commercial, and I n d u s t r i a l .  The "Other" category inc ludes s t a t e  'and l o c a l  government 

use. The annual r a t e  o f  increase o f  t o t a l  consumption i s  a l so  noted on the  curve. Figure 

A.7 i l l u s t r a t e s  the h i s t o r i c a l  change i n  percent  o f  consumption f o r  each o f  t he  fou r  sectors.  

RESIDENTIAL 

l NOUSTRIAL 

- 
OlHEH 

I I 
* 

FIGURE A. 6. E l e c t r i c a l  Consumption (15) 
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FIGURE A.7. Mix o f  E l e c t r i c i t y  Consumption (15)  , 

The a v a i  i a b i  1  i ty o f  low-cos t  e l e c t r i c i t y  has caused many energy i n t e n s i v e  p rocess ing  

p l a n t s  t o  l o c a t e  i n  t h e  P a c i f i c  Nor thwest .  As o f  January 1976, t h e  P a c i f i c  Nor thwest  chemi- 

c a l  p rocess ing  i n d u s t r y  i n c l u d e d :  5  e l e c t r o c h e m i c a l  p l a n t s  f o r  p r o d u c t i o n  o f  c h l o r i n e  and 

c a u s t i c  soda, 24 p u l p  and paper m i l l s ,  a  glass-making f u r n a c e  p l a n t ,  10 e l e c t r i c  fu rnace  

p l a n t s  f o r  p r o d u c t i o n  o f  c a l c i u m  carb ide ,  e lementa l  phosphorous and s i l i c o n ,  abras ives ,  

r e f r a c t o r y  meta ls  and f e r r o a l l o y s .  The r e g i o n  a l s o  hos ts  10 l a r g e  e l e c t r o l y t i c  r e d u c t i o n  

p l a n t s ;  these  a l t o g e t h e r  account f o r  3 1 % . o f  t h e  t o t a l  U.S. c a p a c i t y  f o r  aluminum meta l .  (16)  

Accord ing t o  t h e  West Group l o a d  f o r e c a s t s ,  demand f o r  e l e c t r i c i t y  i n  t h e  P a c i f i c  Nor th -  

west w i l l  c o n t i n u e  t o  i n c r e a s e  th rough  ' the y e a r  2000. The West Group c u r r e n t l y  f o r e c a s t s  

growth r a t e s  o f  about  4.5%/yr.  ( 5 )  Other  groups, such as t h e  Nor thwest  Energy Pol i c y  P r o j e c t ,  

e s t i m a t e  growth r a t e s  r a n g i n g  f rom 1.4 t o  4.4%. 

Table A.4 shows t h e  es t imated  peak and average e l e c t r i c a l  l o a d s  f o r e c a s t  by t h e  West 

Group. As i n d i c a t e d  p r e v i o u s l y ,  thermal  f a c . i l i t i e s  w i l l  be t h e  most f e a s i b l e  means f o r  gen- 

e r a t i n g  energy i n  t h e  P a c i f i c  Nor thwest  i n  t h e  fo reseeab le  f u t u r e .  These thermal  p l a n t s  a r e  

most economica l l y  opera ted  a t  h i g h  l o a d  f a c t o r s  and thus may be opera ted  as baseload p l a n t s .  

Tab le  A.4 a l s o  compares loads  and resources f o r  meet ing base energy demand i n  t h e  West Group 

Area th rough  t h e  l a t e  1980s, based on c r i t i c a l  hydro c o n d i t i o n s .  (a) 

To meet peaking requi rements,  g e n e r a t i n g  c a p a c i t y  w i l l  have t o  double o v e r  t h e  n e x t  20 

years .  However, r a t h e r  than  p r o v i d i n g  baseload c a p a c i t y ,  hydrogenera t ion  f a c i l i t i e s  w i l l  

i n c r e a s i n g l y  p r o v i d e  peak ing  power. Planned a d d i t i o n s  o f  genera to rs  between t he  p r e s e n t  and 

t h e  mid  t o  l a t e  1980s w i l l  make i t  p o s s i b l e  f o r  hydro t o  c a r r y  h i g h e r  loads  d u r i n g  t h e  peak 

h o ~ r r s  n f  t.he day. 

Table A.5 summarizes resources th rough  1987 f o r e c a s t e d  by t h e  West Group. ( 5 )   his t a b l e  

a1 so i d e n t i f i e s  new baseload hydro and thermal  g e n e r a t i n g  c a p a c i t y  expected d u r i n g  t h e  t i m e  

p e r i o d .  

(a) System p l a n n i n g  i s  based on y e a r s  w i t h  ~ ~ ~ ' i r ~ i m u m  s t reamf low o r  " c r i t i c a l  hydro"  c o n d i t i o n s .  
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TABLE A.4. West Group Forecast - Estimated ~ o a d s ( ~ )  
and Resources, Ju ly  1977-June 1988. 

(Figures a r e  megawatts) -- 1977-78 1978-79 

1 .  Total area peak load ( ~ a ' n u a r ~ )  24,020 25,202 

2. Total peak  resource^'^" 28,187 31,589 

3. Reserve requirements (2,882) (3,276) 

4. Peak resources 25,305 28,313 

5. Peak surplus  (over t o t a l  load) 1,285 3,111 

6. Total July-June energy lozd 15,545 16,326 
7. Total energy resources ( a )  15,032 15,489 

8. Reserve requirements (313) (322) 

9. Energy resources 14,719 15,167 

10. Energy s u r ~ l u s  (over t o t a l  load) (826) (1,159) 

11.. I n t e r r u p t i ~ l e  load (included i n  
l i n e s  1 and 6) - Peak 1,006 1,066 

?= - Energy 975 1,046 
d 

03 12. Fossi 1 -Thermal & miscellaneous 
resources (not  included above)(b)' 

- Peak -- - - 
- E n e r y  554 61 1 

(a) Resources include hydro; small fos s i l - fue l  p lants ;  Hanford-NPR through June 1983; Centra l ia ;  Trojan; Cols t r ip  #1 and #2 (50%), #3 
and #4 (70%) ; WPPSS Nuclear $1, #2, #3, #4, #5; Boardman Coal ; Skagi t #1 and #2; Pebble Springs # l ;  and net  contractual  imports/ 
exports with u t i l i t i e s  w t s i d e  the  area .  Hanford ' s  not included as a peak resource. Estimatpd amounts f o r  scheduled maintenance 
(energy on ly ) ,  hydro r e3 l i za t ion  f ac to r  (peak only:* and inc-emental losses  have been deducted. All ex i s t ing  thermal un i t s  and fu tu re  
thermal un i t s  under 500 MW (peak and energy) a r e  included i i  amounts a s  submitted by respective projec t  owners. The energy avai la-  
b i l i t y  of c l l  fu tu re  thermal un i t s  500 MW o r  l a rge r  has bee1 included a s  50% of the  f i r s t  f u l l  year and 75% the rea f t e r .  

(b) The energy MWs tabulated in l i n e  12 r e f l e c t  the  amounts of 2nergy avai lable  from ex i s t ing  f o s s i l  and gas turbine i n s t a l l a t i o n s  which 
may be considered avai;able a s  reserve energy resources. These amounts a r e  in  addit ion t o  t i a s e  included as f irm energy resources 
in  l i n e  7. 



TABLE A.5. Summary o f  Resources 

C o n t r a c t  Year Energy Capabi l i ty--MW 

1.  Columbia ma ins ten  hydro 

2. Seasonal hydro 

3. Pondage & m inor  hydro 

4. Small e x i s t i n g  thermal  

5. Y i s c e i  laneous ( i n d u s t r i a l  ) 

6. l -anford steam ( a  

7. C e n t r a l i a  #1 and #2 

8. C o l s t r i p  #1 and #2 

9. T r o j a n  

10. YNP #2 

11. E.oardman coa l  

12. C o a l s t r i p  #3 

p ? 3 .  UNP#1 
d 

14. C o l s t r i p  #4 

15. UNP #4 

16. WNP #3 

17. S k a g i t  #1 

18. Pebble Spr ings  #1 

19. WNP #5 -- -- -- -- - - -- -- 0 496 868 930 

20. Skagi t #2 -- -- -- -- - - - - -- -- -- 709 950 

21. Expor ts  t o  East  (210) (160) (141) (162) (159) (1.55) (157) '  (159) (161) (163) (165) 

22. Impor ts  f r o m  East  81 4 968 1,118 1,161 1,152 1,058 1,037 949 91 1 836 790 

23. Expor ts  t o  P a c i f i c  Southwest (496) (435) (432) (429) (282) ( 1 2 8 ) '  (40)  ( 4 0 )  (40)  (40)  (40)  

24. Impor ts  f r o m  P a c i f i c  jouthwest  4'6 429 429 429 429 429 41 5 4 1  5 41 5 268 90 

25. Incrementa l  l osses  ( b  (25)  (23)  (23)  (23)  (14)  ( 5 )  ( 3 )  ( 3 )  ( 3  ( 3  ( 3 )  

26. Est imated hydro maintsnance (47)  (46)  - (48) - (47) (47)  - (47) - (50) -- (50)  - (50) - (51) - (51) 

27. T o t a l  energy resources  15,032 15,489 15,693 16,703 18,126 18,929 19,306 20,700 22,277 23,337 23,414 

28. Thermal & m isce l  l a n e o ~ s  resources 554 61 1 61 7 61 1 61 1 61 1 61 1 61 1 603 ' 603 603 

(a) Hanford-NPR o p e r a t i o n  i s  assumed ava i  1 a b l e  through June 1983. 
(b) Incrementa l  l osses  from genera to r  t o  border  assoc ia ted  w i t h  d e l i v e r i e s  under c o n t r a c t s  w i t h  P a c i f i c  Southwest u t i l i t i e s  



-, 
A.3.2 Beyond C u r r e n t  P r o j e c t i o n s  

As i n d i c a t e d  i n  Chapter 3, r e g i o n a l  a l l o c a t i o n s  o f  e l e c t r i c a l  g e n e r a t i o n  were determined 

based upon n a t i o n a l  scenar ios  p r o v i d e d  f o r  t h i s  s tudy .  To p r o v i d e  a  comparat ive b a s i s  f o r  t h e  

scenar ios ,  r e g i o n a l  p r o j e c t i o n s  were cons idered  i n  t h e  p r e v i o u s  s e c t i o n  o f  t h i s  appendix. 

These p r o j e c t i o n s  cover  t h e  near - te rm t i m e  p e r i o d  ( th rough  1985) o f  t h e  NCUA. To c o n s i d e r  t h e  

m id - te rm p e r i o d  ( t h r o u g h  2000), t h e  two scenar ios  cons idered  i n  t h e  s tudy  were s imu la ted  f o r  

o u r  r e g i o n .  

The r e s u l t s  summarized i n  t h i s  s e c t i o n  a r e  n o t  f o r e c a s t s .  They r e p r e s e n t ,  r a t h e r ,  an 

independent  a n a l y s i s  o f  t h e  Recent Trends and H igh  Coal E l e c t r i c  scenar ios .  These scenar ios  

were s i m u l a t e d  i n  o r d e r  t o . a s s i s t  i n  t h e  decomposi t ion and i n t e r p r e t a t i o n  o f  t h e  natio.na1 

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

l o  g i v e  a  p i c t u r e  o f  t h e  e l e c t r i c  energy system i n  t h e  Nor thwest  t o  t h e  y e a r  2 0 0 ,  two 

models were developed. The f i r s t  o f  these models, t h e  - E L e c t r i c  Power - Supply - A n a l y s i s  Model 
(ELSA) , ( I  7, i s  an aggregated p o l  i c y  model o f  t h e  P a c i f i c  Nor thwes t ' s  e l e c t r i c i t y  supply  system. 

The ELSA model i s  l i n k e d  w i t h  ELDA ( E e c t r i c i t y  Demand A n a l y s i s  model),  an econometr ic  model ' 

f o r  t h e  demand o f  e l e c t r i c  power. ELDA i s  an a d a p t a t i o n  o f  a  model developed by N a t i o n a l  

Economic Research Associates,  I n c .  (18)  

ELSA a l l o w s  t h e  a n a l y s t  t o  examine t h e  s t r u c t u r e  o f  t h e  r e g i o n ' s  u t i l i t y  i n d u s t r y ,  t o  

p o s t u l a t e  p o s s i b l e  scenar ios  and p d l i c y  d e c i s i o n s ,  and t o  s i m u l a t e  t h e i r  e f f e c t  on t h e  c o s t  and 

a v a i l a b i l i t y  o f  power and on t h e  market  share o f  v a r i o u s  g e n e r a t i n g  sources. ELSA was adapted 

f r o m  a  s e r i e s  o f  s i m u l a t i o n  models c o n s t r u c t e d  a t  Dartmouth Co l lege  f o r  a n a l y z i n g  t h e  n a t i o n a l  

e l e c t r i c  u t i l i t y  i n d u s t r y .  (19)  E x t e n s i v e  m o d i f i c a t i o n s  were made i n  adop t ing  o r  " r e g i o n a l i z i n g "  

t h e  model t o  r e f l e c t  t h e  un ique  c h a r a c t e r i s t i c s  o f  t h e  P a c i f i c  Northwest.  Many o f  these  char-  

a c t e r i s t i c s ,  such as t h e  h i s t o r i c a l  abundance o f  i nexpens ive  hydro power and t h e  development 

and i n f l u e n c e  o f  BPA have been d iscussed  p r e v i o u s l y .  

ELDA i s  an econometr ic  e l e c t r i c i t y  demand model. It uses own- and c r o s s - e l a s t i c i t i e s  o f  

demand a l o n g  w i t h  e x t e r n a l l y  s p e c i f i e d  r a t e s  o f  g rowth  o f  key v a r i a b l e s ,  such as t h e  p r i c e s  

o f  e l e c t r i c i t y  and f o s s i l  f u e l s ,  p o p u l a t i o n ,  personal  income, and v a l u e  added t o  f o r e c a s t  

e l e c t r i c  consumption. 

The combined models can be used t o  assess t h e  impact  on e l e c t r i c i t y  consumption and p r i c e  

o f  f o s s i l  f u e l s ,  r e g i o n a l  demographic c h a r a c t e r i s t i c s ,  and r e g i o n a l  incomes as we1 1  as p l a n t  

c o n s t r u c t i o n  and o p e r a t i n g  cos ts ,  and r e g u l a t o r y  po ' l i cy .  The assumptions r e g a r d i n g  t h e  f u t u r e  

va lues  o f  some independent  v a r i a b l e s  have c o n s i d e r a b l e  impact  on t h e  f o r e c a s t  r e s u l t s .  The 

s p e c i f i c a t i o n  o f  t h e  exogenous v a r i a b l e s  and t h e  i n t e r n a l  c h a r a c t e r i s t i c s  o f  t h e  models a r e  

based on t h e  b e s t  a v a i l a b l e  i n f o r m a t i o n  on these  f a c t o r s .  

For  t h e  NCUA program, t h e  models have been used t o  h e l p  determine t h e  r o l e  o f  f o s s i l  

f u e l s ,  p a r t i c u l a r l y  coa l  , i n  t h e  e l e c t r i c a l  g e n e r a t i o n  system o f  t h e  r e g i o n .  Two a1 t e r n a t i v e  
1 .  

scenar ios  have been e x e r c i s e d  and a r e  r e f e r r e d  t o  as Recent Trends and H igh  Coal.  The.former 

i s  based on an assumption o f  c u r r e n t  economic c o n d i t i o n s  w h i l e  t h e  l a t t e r  assumed a c c e l e r a t e d  

coal  development. The two scenar ios  a r e  d e r i v e d  f rom t h e  NCUA scenar ios  descr ibed  i n  Chapter 3. 



The Recent Trends case approximates t h e  4.4% l o a d  growth f o r e c a s t  developed by t h e  P a c i f i c  

Nor thwest  U t i l i t i e s  Conference Committeee i n  an independent manner. The g rowth  o f  hydroe lec -  

t r i c  g e n e r a t i n g  c a p a c i t y  i s  accepted as a  "known" f o r  t h e  base case. Both t h e  f o r e c a s t e d  l o a d  

growth and t h e  p r o j e c t e d  hydroe lec t . r i c  g e n e r a t i n g  c a p a c i t y  were g i v e n  i n  Table A.4. 

The l i n k e d  ELSA/ELOA models were used t o  s i m u l a t e  e l e c t r i c  power demand and s"pp1y 

i n f o r m a t i o n  t o  t h e  y e a r  2000 f o r  t h e  two coa l  u t i l i z a t i o n  assessment scenar ios .  T h i s  in fo rma-  

t i o n  i s  summarized i n  Tables A.7 th rough  A.12 below. 

TABLE A. 7. Recent Trend E l e c t r i c i t y  Demand 
f o r  t h e  P a c i f i c  Nor thwest  Region 

( l o 9  kwh) 
Washington Oregon Idaho T o t a l  

1975 

1980 

1985 

1990 

1995 ., 
2000 

Compound 
growth r a t e  

' Tab le  A.7 shows t h a t  t h e  assumptions o f  t h e  ~ e c e n t  Trends case l e a d  t o  a  compound growth 

r a t e  o f  t o t a l  r e g i o n a l  e l e c t r i c a l  demands o f  4.25%. Resu l t s  a r e  shown on t h e  b a s i s  o f  each 

s t a t e  and t h e  r e g i o n  as a  whole. When t h e  H igh  Coal E l e c t r i c  s c e n a r i o  i s  assumed, q u a n t i t i e s  

demanded grow a t  a  s l i g h t l y  lower  r a t e  o f  around 4.17% Th is  i s  shown i n  Tab le  A.8. The 

reduced growth r a t e  i s  t h e  r e s u l t  o f  model assumptions on energy p r i c e s .  The H igh  Coal simu- 

l a t i o n  assumed s l i g h t l y  h i g h e r  coa l  p r i c e s  than  t h e  Recent Trends case due t o  decreased compe- 

t i t i o n  f r o m  a l t e r n a t i v e  thermal  genera t ion .  Thus, i f  t h e  p o l i c y  d e c i s i o n  t o  a c c e l e r a t e  coa l  

development inc reases  p r i c e s ,  t h e  model I s  p r i c e  e l a s t i c i t i e s  cause a  reduced demand. 

Note t h a t  t h e  r a t i o n a l  scenar ios,  as a l l o c a t e d  t o  o u r  reg ion ,  assume inc reased  e l e c t r i c a l  

usage f o r  t h e  H igh  Coal E l e c t r i c  scenar io .  The n a t i o n a l  scenar io  a l l o c a t i o n s ,  r a t h e r  than  t h e  

r e s u l t s  g i v e n  here, a r e  used i n  t h e  assessment. The d i f f e r e n c e s  between t h e  scenar ios  and 

s i m u l a t i o n  r e s u l t s  a r e  due t o  n a t i o n a l  averages used i n  t h e  scenar ios  and t h e  expected lower  

growth r a t e s  i n  C a l i f o r n i a  f o r  t h e  H igh  Coal scenar io .  Our r e g i o n a l  scenar ios  a r e  based on an 

a l l o c a t i o n  o f  n a t i o n a l  assumptions w i t h  C a l i f o r n i a .  

A.3.3 E l e c t r i c a l  Capac i t y  A d d i t i o n s  

The ELSA model, u s i n g  demands s p e c i f i e d  by t h e  ELOA model, t r a n s l a t e s  t h e  demand i n t o  t h e  

b c a p a c i t y  a d d i t i o n s  necessary t o  s a t i s f y  t h e  demand'. F i r s t ,  a c t u a l  and d e s i r e d  c a p a c i t y  a d d i -  

t i o n  r a t e s  a r e  determined by t h e  model based on f i n a n c i a l  c o n s t r a i n t s .  Second, new hydro  

c a p a c i t y  i s  developed. I n  ELSA t h e  hydro  capaci , ty  i n i t i a t i o n  r a t e  i s  exogenously s p e c i f i e d  
-. t o  match h i s t o r i c a l  behav io r  and announced f u t u r e  p lans .  The remainder  o f  new c a p a c i t y  w i l l  

be thermal-generated.  F o s s i l  f u e l s  compete w i t h  n u c l e a r  f i s s . i o n  f o r  shares o f  t h i s  new c a p a c i t y .  



TABLE A.8. H igh  Coal E l e c t r i c i t y  Demand 
f o r  P a c i f i c  Nor thwest  Region 

compound 
g rowth  rate 

( l o 9  kwh) 
Washington Oregon Idaho T o t a l  

59.7 , 33.2 13.1 105.9 

72.9 41.. 1  16.2 130.2 

85.3 49.1 20.4 ' 154.9' 

104.9 62.5 27.6 195.0 

The r e s u l t s  shown below a r e  based on t h e  West Group area shown i n  F i g u r e  A . l ,  and Idaho 

Power Company. Demanded q u a n t i t i e s .  o f  e l e c t r i c i t y  g i v e n  i n  Tables A.7 and A.8 were based on 

Washington, Oregon and Idaho. Tab le  A.9 shows t h e  average d e l i v e r e d  p r i c e  o f  e l e c t r i c i t y  f o r  

t h e  Recent Trends and H igh  Coal cases, assuming average s t reamf low c o n d i t i o n s .  The p r i c e s  f o r  

t h e  H igh  Coal s c e n a r i o  a r e  e s s e n t i a l l y  s h i f t e d  up by a  f i x e d  increment  because o f  t h e  r e l i a n c e  

on t h e  more expensive coa l  . 

TABLE A.9. 

Compound 
g rowth  r a t e  

P r i c e  o f  E l e c t r i c i t y  ( m i l  ls/kWh, 
1975 do1 l a r s )  

Recent Trends 

l 1 . 3  

13.8 

15.4 

16.5 

19.1 

22.9 

H igh  Coal 

11.3 

13.9 

16.0 

17 .5  

21.5 

26.3 

The r e l a t i o n s h i p  between demand and g e n e r a t i o n  i s  e x h i b i t e d  by comparing Tables A.7, A.8, 

and A.9. I n  response t o  t h e  H igh  Coal scenar io ,  which assumes h i g h e r  coa l  p r i c e s ,  t h e  e l e c -  

t r i c i t y  p r i c e s  i n c r e a s e  a t  a  s l i g h t l y  f a s t e r  r a t e .  It i s  t h e  h i g h e r  e l e c t r i c i t y  p r i c e ,  b rough t  

abou t  by assumed h i g h e r  c o a l  p r i c e s ,  t h a t  causes t h e  q u a n t i t y  demanded t o  d e c l i n e  ( r e l a t i v e  t o  

t h e  Recent Trends s c e n a r j o )  as shown i n  Table ~ : 8 .  

T o t a l  g e n e r a t i n g  c a p a c i t y  i s  g i v e n  i n  Table A.lO. T a b l e  A . l l  shows s imu la ted  c o a l - f i r e d  

g e n e r a t i n g  c a p a c i t y  th rough  t h e  y e a r  2000 f o r  t h e  Recent Trend and High Coal cases. A  t h i r d  .C 

t a b l e ,  Tab le  A. 12, g i v e s  t h e  h y d r o e l e c t r i c  g e n e r a t i n g  c a p a c i t y  f o r  t h e  same t i m e  h o r i z o n .  I n  

comparing t h e  t h r e e  t a b l e s ,  h y d r o e l e c t r i c  g e n e r a t i n g  c a p a c i t y  con t inues  t o  dominate i n  t h e  

r e g i o n  th roughou t  t h e  p e r i o d  b e i n g  considered.  As seen i n  Table A.15, t h e  hydro phase o f  - 
energy p r o d u c t i o n  i s  markedly  l e s s .  As mentioned p r e v i o u s l y ,  h y d r o e l e c t r i c  c a p a c i t y  i s  t h e  

main reason f o r  t h e  c u r r e n t  low c o s t  o f  e l e c t r i c i t y  i n  t h e  P a c i f i c  Northwest.  



TABLE A.lO. T o t a l  Genera t ing  Capac i t y  
(1  03 MWe) 

. Recent Trends H igh  Coal 

1975 26.0 26.0 

1980 32.7 32.7 

1985 37.3 37.4 

1990 38.6 38.8 

1995 46.7 46.4 

2000 64.7 60.4 

Compound 
growth r a t e  

Compound 
g rowth  r a t e  

TABLE A. 11. Coal - F i r e d  G e r ~ e r a t i n g  Capac i t y  
. (103 MWe) 

TABLE A. 12. 

1995 

2000 

Compound 
g rowth  r a t e  

Recent Trends 

1.54 

3.07 ' 

3.41 

3.98 

6.86 

12.58 

Hyd o e l e c t r i c  Generat ing Capac i t y  5 (10  MWe) 

Recent Trends 

24.13 

29.19 

33.20 

32.77 

H igh  Coal 

1.54 

3.07 

3.67 

5.17 

11.09 

21.82 

H igh  Coal 

24.13 

29.19 

33.20 

32.77 

The r o l e  o f  t h e  s i m u l a t i o n  r e l a t i v e  t o  t h e  NCUA was i n d i c a t e d  p r e v i o u s l y .  The ELSA/ELDA 

model has been used and t h e  r e s u l t s  p resen ted  here  t o  c h a r a c t e r i z e  t h e  r e g i o n ' s  e l e c t r i c a l  gen- 

e r a t i o n  system independent  o f  t h e  n a t i o n a l  scenar ios .  T h i s  i n f o r m a t i o n  has p r o v i d e d  a  compara- 

t i v e  h a s i s  f o r  t h e  d i s a g g r e g a t i o n  o f  t h c  n a t i o n a l  scenar ios t o  our. r.eyion. I n  a d d i t i o n ,  t h e  

t h r e e  s t a t e s  which p r i m a r i l y  compr ise t h e  g e n e r a t i o n  system modeled i n  t h e  s i m u l a t i o n  have 

some s p e c i f i c  c h a r a c t e r i s t i c s  u n l i k e  o t h e r  r e g i o n s  i n  t h e  n a t i o n .  The s i m u l a t i o n  r e f l e c t s  t h e  

expected behav io r  o f  t h e  e l e c t r i c a l  system d u r i n g  t h e  c r i t i c ' a l  years  when new c a p a c i t y  i s  

expected t o  c o n s i s t  o f  thermal  p l a n t s .  



The ELSAIELDA model has been found  t o  be u s e f u l  i n  f o r e c a s t i n g  beyond 10 t o  12 years  o f  

p l a n n i n g  by t h e  r e g i o n ' s  u t i l i t i e s .  A1 though t h e  model r e s u l t s  g i v e  c a p a c i t y  a d d i t i o n s  i n c r e -  

m e n t a l l y  r a t h e r  than  on a p e r  p l a n t  bas is ,  t h e  r e s u l t s  have been found t o  t r a c k  w e l l  h i s t o r i -  

c a l l y .  For  t h e  i n t e r m e d i a t e  t o  l o n g  term, t h e  r e s u l t s  p resen ted  here  can be compared t o  t h e  

n a t i o n a l  scenar ios .  One shou ld  bear  i n  mind, however, t h a t  these  r e s u l t s  a r e  based on a number 

o f  s p e c i f i c  assumptions. Complete s e n s i t i v i t y  o f  t h e  model ' s  r e s u l t s  t o  changes i n  these 

assumptions has n o t  been f u l l y  t e s t e d .  A lso  t h e  d i v i s i o n  o f  new thermal  c a p a c i t y  between coa l  

and n u c l e a r  i s  ex t reme ly  p o l i c y - s e n s i t i v e  and u n l i k e l y  t o  be based s o l e l y  on t e c h n i c a l  and 

economic c o n s i d e r a t i o n s .  . 
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APPENDIX B 

SCHEDULES FOR CONSTRUCTION O F  COAL-FIRED GENERATING 
CAPACITY ADDITIONS IN ALASKA, IDAHO, OREGON A N D  WASHINGTON 



TABLE B. 1. coa l  -F i red .  Genera t ing  Capac i t y  t o  he Added-- 
1980-2020 Recent Trends Scenar io  

1000 MWe 
I n s t a l l e d  Capaci ty  P l a n t  L o c a t i o n  

Year Coal Capac i t y  A d d i t i o n  (County) 

Washington 

1980-1 988 1.3 

1989 1.8 

- - Lewis ( e x i s t i n g )  

0.5 L i n c o l n  

Gravs Harbor ( a )  

Grays Harbor ( a )  

Grays Harbor ( a  

cowl i t z ( a )  
Grays Harbor ( a  

L i n c o l n  

cowl i t z ( a )  

~ h a t c o m ' ~ )  
L i n c o l n  

cowl i t z ( a )  

0.5 ~ l i c k i  t a t  

0.5 K l i c k i t a t  

0 .5 Grays Harbor ( a )  

0.5 Cowl i t z  ( a )  

K l i c k i t a t  

K l  i c k i t a t  

L i n c o l n  

Grant  

K l i c k i t a t  

Oregon 

1 980-1 987 

1988 

Morrow 

Morrow 

0.5 Morrow 

0.5 COOS ( a )  

0.5 COOS ( a )  

0.5 Morrow 
0.5 Ma1 heur  

2000 5.5 1 .O Morrow 

( a )  I n d i c a t e s  c o a s t a l  s i t e s  t h a t  may use A l z ~ k a n  coa l  a f t e r  1985. I n l a n d  
s i t e s  w i l l  most p robab ly  use Montana and Wyoming c o a l .  T h i s  assumption 
i s  based on d iscuss ions  w i t h  Nor thwest  u t i l i t i e s ,  r e c e n t  r e p n r t . ~  and 
analyses o f  ,Be1 uga (A laska)  coa l  f i e l d  m i n i n g  and t r a n s p o r t a t i o n  econom- 
i c s ,  and r a i l  t r a n s p o r t a t i o n  cos ts .  



TABLE B. 1. (contd)  

Year 

Oregon (contd)  

2005 

2009 

201 2 

201 5 

201 8 

Idaho 

1980-1 987 

1988-1992 , 

1993 

1996 

1.997 

2000 

2007 . 

201 5 . . 

Alaska 

1983 

1984 

1986 

2003 

2005 

2007 I 

201 0 

201 5 

2020 

1000 MWe 
I n s t a l l e d  Capacity 

. Coal Capacity ~ d d i t i o n  
P lant  Locat ion , 

(County) 

G i l l i a m  

G i l l i a m  

G i l l i a m  

Morrow 

Morrow 

0.5 El more 

0.5 El more 

0.5 El more 

0.5 Bingham 

0.5 Bingham 

0.5 Elmore 

0.5 Bingham 

Healy 

Be1 uga 

Be1 uga 

Nenana 

Be1 uga 

Be1 uga 

Be1 uga 

Be1 uga 

Be1 uga 



TABLE B.2. Coa l -F i red  Generat ing Capac i t y  t o  be Added-- 
1980-2020 High- Coal E l e c t r i c  Scenar io  

1000 MWe . 
I n s t a l  1  ed Capac i t y  P l a n t  L o c a t i o n  

Year Coal Capac i t y  A d d i t i o n  (County) 

Washington 

1980-1 985 

1986 

1  987 - 

Lewis ( e x i s t i n g )  

Grays Harbor (a  

Grays Harbor ( a )  
L i  nco l  n  

Grays H r o r  ( a )  
cowl i t z f J  

Cowl i t z  ( a )  

cowl i t z ( a )  , 
L i n c o l n  

cowl i t z ( a )  
Whatcom ( a )  
L i n c o l n  

~ h a t c o m ( ~ )  
Whatcom ( a )  

F rank l  i n  

F rank l  i 
Wha tcom7a) 
L i n c o l  n  

F rank l  i n  - L i n c o l n  
F rank l  i n  

Douglas 

Grant  

Douglas 
F rank l  i n  

Grays Harbor ( a )  

cowl i t z  ( a )  

K l i c k i t a t  
K l i c k i t a t  

K l i c k i t a t  
K I  i c k i t a t  

Grant  
Grant  

Grant  
K l i c k i t a t  
K l i c k i t a t  

Douglas 
Dnuglas 

Doug1 as 
KI i c k i t a t  

( a )  I n d i c a t e s  c o a s t a l  s i t e s  t h a t  may use Alaskan coa l  a f t e r  1985. I n l a n d  
s i t e s  w i l l  most p robab ly  use Montana and Wyoming c o a l .  T h i s  assumption 
i s  based on d i s c u s s i o n s  w i t h  Nor thwest  u t i l i t i e s ,  r e c e n t  r e p o r t s  and ana ly -  
ses o f  Beluga (A laska)  coa l  f i e l d  m i n i n g  and t r a n s p o r t a t i o n  economics, and 
r a i l  t r a n s p o r t a t i o n  c o s t s .  



TABLE 8.2 (con td )  

Year 

Washington (con td )  

201 6  

201 7 

201 8  

201 9  

2020 

Oregon 

1  980- 1  984 

1985 I 

1986 

1987 

1988 

1000 MWe. 
I n s t a l  l e d  Capac i t y  

Coal Capac i t y  ~ d d i  t i o n  
P l a n t  L o c a t i o n  

(County ) 

K l  i c k i t a t  

L i n c o l n  

L i n c o l n  

K l i c k i t a t  

K l i c k i t a t  

Morrow 
M ~ r r n w  

Coos ( a )  

Morrow 

, 

Morrow 

Morrow 

G i l l i a m  

G i l l i a m  

CI a tsop(a )  

~ l a t s o ~ ( ~ )  
Ma1 heur  

CI a tsop(d )  
Gi 1  1  i at11 
Q i l l i a m  
G i l l i a m  

( a  Clatsop(,) 
Cl a tsop 

COOS ( a )  

Sherman 

Sherman 
Sherman 

Sherman 
Ma1 heur  

Ma1 heur  
Ma1 heur  

Ma1 heur  
Sherman 

Sherman 

( a )  I n d i c a t e s  c o a s t a l  s i t e s  t.hat may use Alaskan coa l  a f t e r  1985. I n l a n d  
s i t e s  w i l l  most p r o b a b l y  use Montana and Wyoming c o a l .  T h i s  assumption 
i s  based on d i s c u s s i o n s  w i t h  Nor thwest  u t i l i t i e s ,  r e c e n t  r e p o r t s  and ana ly -  
ses o f  Beluga (A laska)  coa l  f i e l d  m i n i n g  and t r a n s p o r t a t i o n  economics, and 
r a i l  t r a n s p o r t a t i o n  cost's. 



TABLE 8.2 (con td )  -.--. 

Year 

Idaho 

1 980- 1 984 

1985 

1987-1 990 

1991 

1993 

1995 

1997 

1998 

1999 

2000 

2004 

2005 

2009 

201 0 

201 3 

201 6 

201 8 

1000 MWe 
I n s t a l l e d  ~ a p a c i  t y  

Coal Capac i t y  A d d i t i o n  
P l a n t  L o c a t i o n  

(County) 

- - 
Elmore 

Elmore 

Elmore 

Elmore 

Bingham 

Elmore 

Bingham 

Bingham 

Bingham 

Goodi ng 

Gooding 

Power 

Power 

Power 

Power 

Power 

Healy  

Be1 uga 

Be1 uga 

Be1 uga 

Be1 uga 

Nenana 

Beluga 

Re1 irga 

Be1 uga 

Be1 uga 

Beluga 

Nenana 

Nenana 

Bc l  u ya 

Be1 ilga 

Be1 uga 

Be1 uga 

Be1 uga 

Be1 uga 

Be1 uga 
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BACKGROUND DATA AND MODEL DESCRIPTIONS 

C.l BACKGROUND EMISSIONS AND AIR QUALITY DATA 

An emiss ion i n v e n t o r y  o f  t h e  ma jo r  p o l l u t a n t s - - 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  mat te r ,  

hydrocarbons (HC), carbon monoxide (CO) , and ox ides  o f  n i t r o g e n  (NOx)--has been compi led by 

t h e  Envi ronmenta l  P r o t e c t i o n  Agency (EPA) , w i t h  a s s i s t a n c e  f r o m  s t a t e  a i r  p o l l u t i o n  c o n t r o l  

agencies, and i s  a v a i l a b l e  th rough  t h e  N a t i o n a l  Emissions Data System ( N E D S ) . ( ~ )  The p r i m a r y  

p o l l u t a n t s  o f  i n t e r e s t .  i n  coa l  u t i l i z a t i o n  f a c i l i t i e s  such a s '  e l e c t r i c a l  g e n e r a t i o n  p l a n t s  a r e  

SO2, p a r t i c u l a t e s ,  and NOx, and a r e  t h e  o n l y  p o l l u t a n t s  cons idered  i n  t h i s  ass'essment. 

The y e a r  f o r  which t h e  emiss ion  i n v e n t o r y  i s  a p p l i c a b l e  v a r i e s  f r o m ' s t a t e  t o  s t a t e  and 

source t o  source. The i n v e n t o r y  i s  c a t e g o r i z e d  i n t o  two ma jo r  components--point sources and 

area sources. The p o i n t  sources a r e  i n d i v i d u a l  p l a n t  o r  s t a c k  re leases ,  w h i l e  areas sources, 

which a r e  averaged o v e r  each county i n  t h e  r e g i o n ,  i n c o r p o r a t e  emiss ions f r o m  automobi les,  

. home space hea t ing ,  ,commercial es tab l i shments ,  e t c .  F i g u r e  C.l g i v e s  t h e  t o t a l  p o i n t  source 

emiss ions f o r  SO2 by coun ty  i n  t h e  P a c i f i c  Nor thwest .  Table C.l summarizes t o t a l  emiss ions o f  

p o i n t  and area sources f o r  each o f  t h e  t h r e e  s t a t e s .  These d a t a  show t h a t  t h e  predominant 

source o f  SO2 emiss ions i n  t h e  r e g i o n  a r e  i n  Washington S t a t e  (most n o t a b l y  i n  t h e  Puget Sound 

r e g i o n )  due t o  copper sme l te rs ,  r e f i n e r i e s ,  and a l a r g e  c o a l - f i r e d  power p l a n t .  Large sources 

i n  t h e  W i l l a m e t t e  V a l l e y  o f  Oregon a r e  due p r i m a r i l y  t o  paper p roduc ts  i n d u s t r i e s ;  and i n  

n o r t h e r n  Idaho t o  a copper s m e l t e r .  

An a t t e m p t  has been made t o  assess t h e  p r e s q n t  a i r  q u a l i t y  i n  t h e  P a c i f i c  Nor thwest  by 

c o m p i l i n g  a v a i l a b l e  a i r  qua1 i t y  d a t a  and r e v i e w i n g  r e l e v a n t  1 i t e r a t u r e  on l o c a l  a i r  p o l l u t i o n  

problems. Al though t h i s  survey i s  n o t  y e t  complete, i t  i s  p o s s i b l e  t o  i d e n t i f y  severa l  poten-  

t i a l  areas where a i r  q u a l i t y  i s  p r e s e n t l y  so poor  t h a t  t h e y  would be poor  cand ida tes  f o r  s i t i n g  

o f  c o a l - f i r e d  power p l a n t s .  

The Puget Sound A i r  P o l l u t i o n  C o n t r o l  Agency p u b l i s h e s  annual summaries o f  a i r  q u a l i t y  

measurements i n  t h e  Puget Sound reg ion . ( "  T h e i r  1976 summary shows t h a t  no annual average 

SO2 standards a r e  exceeded, b u t  t h a t  a t  a number of l o c a t i o n s  around t h e  S e a t t l e  area, s h o r t -  

t e r m  maximum c o n c e n t r a t i o n  s tandards have been exceeded a t  l e a s t  once i n  t h e  y e a r .  Annual 

average t o t a l  suspended p a r t i c u l a t e  c o n c e n t r a t i o n s  were exceeded i n  1976 a t  s t a t i o n s  i n  b o t h  

S e a t t l e  and Tacoma. As shown i n  F i g u r e  5.1 i n  Chapter 5, t h e  Seatt le-Tacoma r e g i o n  has been 

designat.ed an A i r  Qua1 i t y  Maintenance Area (AQMA) due t o  h i g h  p a r t i c u l a t e  c o n c e n t r a t i o n s .  

A l l  t h e  AQMAs des igna ted  f o r  t h e  P a c i f i c  Nor thwest  a r e  due t o  p a r t i c u l a t e  c o n c e n t r a t i o n s .  

The Por t land-Vancouver  i n t e r s t a t e  AQMA has a l s o  been i d e n t i f i e d  as a p o t e n t i a l  r e g l o n  for. 
. exceeding SO2 standards.  T h i s  r e g i o n  i s  a l s o  s e n s i t i v e  t o  f u r t h e r  carbon monoxide and photo-  

chemical o x i d a n t  emiss ions.  

Add.i t iona1 d a t a  on p a r t i c u l a t e  c o n c e n t r a t i o n s  have been p r o v i d e d  by t h e  Region Ten EPA. 

They show a number o f  s i t e s  th roughou t  t h e  P a c i f i c  Nor thwest  where annual average p a r t i c u l a t e  



FIGURE C.1.  Total Point Source Emissions of SO2
in the Pacific Northwest, 1975
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TABLE C. 1. Emissions o f  SO2 and P a r t i c u l a t e  
M a t t e r  i n  t h e  P a c i f i c  Nor thwest  

SO ( tonnes /year )  P a r t i c u l a t e  M a t t e r  ( t o n n e s l y e a r )  
M r c e s  Area Sources P o i n t  Sources Area Sources 

Washington 240,770 26,610 132,910 '29,370 

Oregon 22,810 22,060 124,420 45,390 

Idaho 44,180 . 6,920 32,830 22,780 

c o n c e n t r a t i o n s  approach o r  exceed standards.  Some o f  t h e  s t a t i o n s  where t o t a l  suspended p a r -  

t i c u l a t e  (TSP) s tandards a r e  exceeded a r e  l o c a t e d  . i n  s e m i a r i d  c l i m a t e s ;  t h e  r e l a t i v e  c o n t r i  bu- 

t i o n  o f  f u g i t i v e  d u s t  emiss ions t o  t h e  t o t a l  c o n c e n t r a t i o n  va lues c o u l d  be q u i t e  h i g h .  

Two areas i n  t h e  P a c i f i c  Nor thwest  have r e c e i v e d  c o n s i d e r a b l e  s tudy  due t o  l a r g e  emissions 

o f  SO2 caus ing  p o t e n t i a l  l o c a l  h e a l t h  and a e s t h e t i c  problems. These r e g i o n s  a r e  near  Tacoma, 

~ a s h i n ~ t o n ( ~ )  and Kel logg,  ~ d a h o ( ~ )  and would a l s o  be poor  cand ida tes  f o r  a d d i t i o n a l  emiss ion  

sources, such as those caused by c o a l - f i r e d  power p l ' an ts .  

C.2 DESCRIPTION OF THE MODELS--CLIMATOLOGICAL DISPERSION MODEL 

The C l i m a t o l o g i c a l  D i s p e r s i o n  Model (CDM), developed by t h e  U.S. Envi ronmenta l  P r o t e c t i o n  

~ ~ e n c ~ , ' ~ )  p r e d i c t s  long- te rm (seasonal o r  annual )  q u a s i - s t a b l e  p o l l u t a n t  c o n c e n t r a t i o n s  a t  

g round- leve l  r e c e p t o r s  u s i n g  average emiss ion  r a t e s  f r o m  p o i n t  and area sources and a  j o i n t  

f requency d i s t r i b u t i o n  o f  wind d i r e c t i o n ,  wind speed and s t a b i l i t y .  The fundamental p h y s i c a l  

b a s i s  f o r  t h e  model i s  t h e  assumption t h a t  t h e  long- te rm average c o n c e n t r a t i o n  d i s t r i b u t i o n  

f r o m  an e leva ted ,  c o n t i n u o u s l y  e m i t t i n g  p o i n t  source i s  g i v e n  by t h e  Gaussian plume formula,  

averaged o v e r  a1 1  p o s s i b l e  combinat ions o f  m e t e o r o l o g i c a l  c o n d i t i o n s .  The model uses a  B r i g g s  ' 
plume r i s e  f o r m u l a ( 6 )  and an assumed power law i n c r e a s e  i n  wind speed w i t h  h e i g h t ;  t h e  model 

r e s u l t s  a r e  dependent on s t a b i l i t y  c o n d i t i o n s .  Based on an assignment o f  a  c l i m a t o l o g i c a l  mean 

v a l u e  o f  m i x i n g  h e i g h t  and a  minimum n o c t u r n a l  m i x i n g  h e i g h t  ( f r o m  a  t a b u l a t i o n  by ~ o l z w o r t h ( ~ ) ) ,  

t h e  CDM uses a  m i x i n g  h e i g h t  t h a t  v a r i e s  w i t h  s t a b i l i t y .  

The m e t e o r o l o g i c a l  s t a t i o n s  f r o m  which d a t a  were o b t a i n e d  t o  use i n  t h e  CDM f o r  t h e  a i r  

q u a l i t y  assessment a t  t h e  v a r i o u s  c a n d i d a t e . s i t e s  a r e  shown i n  F igure 'C .2 .  I n  most cases d a t a  

were o b t a i n e d  f rom N a t i o n a l  Weather S e r v i c e  (NWS) s t a t i o n s  where h o u r l y  o r  t h r e e - h o u r l y  wind 
' 

and c l o u d  cover  i n f o r m a t i o n  a r e  ob ta ined .  These d a t a  a r e  then  conver ted  i n t o  "STAR" program 

d a t a  by t h e  N a t i o n a l  C l i m a t i c  Center i n  A s h e v i l l e ,  Nor th  C a r o l i n a ,  f o r  d i r e c t  use i n t o  t h e  CDM. 

The "STAR" Program d a t a  c o n s i s t  o f  a  j o i n t  wind speed, d i r e c t i o n ,  and s t a b i l i t y  f requency func-  

t i o n .  I n  a  few cases, tower  m e t e o r o l o g i c a l  data,  c o l l e c t e d  f o r  t h e  purpose o f  o b t a i n i n g  p e r m i t s  

t o  c o n s t r u c t  coa l  o r  n u c l e a r  power p l a n t s ,  were a l s o  made a v a i l a b l e  t o  t h i s  s tudy.  These d a t a  

use v e r t i c a l  temperature g r a d i e n t s  i n s t e a d  o f  c l o u d  cover  i n f o r m a t i o n  t o  o b t a i n  t h e  s t a b i l i t y  

. c lasses .  r i g u r e  C.2 i n d i c a t e s  t h c  t y p e  o f  d a t a  a v a i l a b l e  a t  each s t a t i o n .  Table C.2 summa- 

r i z e s  t h e  d a t a  used f o r  each o f  t h e  c a n d i d a t e , s i t e  l o c a t i o n s .  

As shown i n  Chapter 5, use o f  d i f f e r e n t  t ypes  o f  m e t e o r o l o g i c a l  d a t a  (e.  g  . , towers versus 

NWS s t a t i o n s )  r e s u l t s  i n  d i f f e r e n t  c o n c e n t r a t i o n  va lues,  even f o r  d a t a  sources f r o m  t h e  nearby 

l o c a t i o n s .  To f u r t h e r  i l l u s t r a t e  these  d i f f e r e n c e s  i n  c o n c e n t r a t i o n  es t imates ,  Table C.3 shows 
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MOUNTAIN 
HOME POCATELLO 

STATIONS USED FOR ESTIMATING A I R  QUALITY IMPACTS FROM PROJECTED 
COAL R A N T  DEVELOPMENT SCENARIOS 

WEATHER STATIONS WITH STAR PROGRAM DATA 

A METEOROLOGICAL TOWER DATA 

FIGURE C.2. M e t e o r o l o g i c a l  S t a t i q r l s  Used f o r  I n p u t  i n t o  t h e  
C l i m a t o l o g i c a l  D i s p e r s i o n  Model 

TAR1.F C.2 .  Mat.enrolngica~l l l a t a  I. lsed f o r  Each . . 
o,f t h e  Candidate Si,L;e L u c a t i u l ~ b  

S t a t e  

Idaho 

Oregon 

Washington 

. . 

Candidate 
S i t e  L o c a t i o n  

Bingham County 
Elmore County 
Gooding County 
Power County 

C l a t s o p  County 
Coos County 
Gi 11 iam Cn11nt.y 
Ma1 heur  County 
Morrow County 
Sherman County 

Cowl i t z  County 
Douglas County 
Frank1 i n  County , 

Gran t  County 
Grays Harbor County 
K l  ' i ck ' i ta l  Cu r~ L y  
Lewis CountyYa) 
L i n c o l n  County 
Whatcom County 

M e t e o r o l o g i c a l  Data 

Idaho Fa1 1s; Pocate l  l o  
Boise;  Mounta in Home 
Mounta in Home 
Pocate l  l o  

A s t o r i a  
N o r t h  Rend 
Pebble Spr ings 
O n t a r i o  
Boardman ; Pendl e t o n  
Pebble Springs 

Kelso; T r o j a n  
Ephrata; Moses Lake 
Hanfo rd  
Ephrata; Moses Lake 
Hoquiam 
Pebble Spr ings 
To1 edo 
Spokane 
Be l l i ngham 

( a )  E x i s t i n g  p l a n t  



'TABLE C.3. Maximum Annual Average Concentr t ' o n s  
C a l c u l a t e d  f o r  a 3000 MWe Plant?'] - 

Meteor01 o g i c a l  
S t a t i o n  

Bel l ingham, WA 
Ephrata, WA 
Hanford, WA(C) 
Hoquiam, WA 
Kelso, WA 
Moses Lake, WA 
Spokane, WA 
Toledo, WA 

A s t o r i a ,  OR 
Boardman,  OR(^) 
N o r t h  Bend, OR 
Onta r io ,  OR 
Pebble Spr ings,  OR ( d )  
Pendleton, 0  B T r o j a n , ~ ~ ( d  . 

Boise, I D  
Idaho F a l l s ,  ' I D  
Mountain Home, I D  
Pocate l  l o ,  I D  

Maximum SO2 
3  ( b )  

D is tance  and D i r e c t i o n  
Concen t ra t ion  (pg/m ) o f  Maximum f r o m  Source 

10  km N 
10 km N, 10 km S 
5-10 km SE 
20-40 km NW 
25-40 km NNW 
10 km NNE 
25-35 km NE 
10 km SSE 

5-10 km S 
5  km E 
25 km S 
10 km W 
5  km E 
5-10 km SE 
5  km S 

5-10 km SE 
5-10 km NE 
5-10 km SE 
5-30 km NE, 5  km SW 

( a )  Based on NSPS s tand  r d s .  Emission r a t e  f o r  a  3000 MWe p l a n t  w i t h  a  60% l o a d  3 f a c t o r  i s  77.4 x  10 tonnes lyear .  
( b )  Stack h e i g h t  = 244 m. G r i d  r e s o l u t i o n  i s  5  km. 
( c )  S t a b i l i t y  c l a s s i f i e d  as a  f u n c t i o n  o f  wind speed o n l y  by d a y l n i g h t ;  no account 

was made f o r  c l o u d  cover .  
( d )  Tower d a t a  w i t h  s t a b i l i t i e s  based on temperature change w i t h  h e i g h t .  

t h e  maximum computed c o n c e n t r a t i o n s  o f  SO2 f o r  a  r e f e r e n c e  3000 MWe power p l a n t  l o c a t e d  a t . e a c h  

m e t e o r o l o g i c a l  s t a t i o n  used i n  t h e  s tudy .  The v a r i a t i o n s  a r e  n e a r l y  an o r d e r  o f  magnitude 

th roughou t  t h e  Northwest.  T h i s  r e f l e c t s  t h e  range i n  m e t e o r o l o g i c a l  c o n d i t i o n s  th roughou t  t h e  

r e g i o n .  The t a b l e  f u r t h e r  i l l u s t r a t e s  t h e  d i f f e r e n c e s  t h a t  can occur  between s t a t i o n s  o n l y  a  

few k i l o m e t e r s  a p a r t  (e.g.,  Ephrata and Moses Lake, Washington) and between nearby NWS and 

tower meteoro logy d a t a  (e.g., Kelso, Washington and Tro jan ,  Oregon). These d i f f e r e n c e s  a t  

nearby s t a t i o n s  a r e  p r i m a r i l y  due t o  t h e  way t h a t  s t a b i l i t y  c lasses  a r e  determined.  However, 

t h e  wind f l o w  c h a r a c t e r i s t i c s  may a l s o  change s i g n i f i c a n t l y  a t  s i t e s  o n l y  a  few k i l o m e t e r s  

a p a r t  i n  areas o f  complex t e r r a i n .  These f l o w  b a t t e r n s  a r e  based on measured s u r f a c e  winds, 

which a r e  s t r o n g l y  i n f l u e n c e d  by l o c a l  topograph ica l l y - induced  f l o w .  The wind f l o w  p a t t e r n  a t  

t h e  l e v e l  o f  t h e  plume h e i g h t  computed f o r  t h e  3000 MWe p l a n t  (300 t o  700 m) may be c o n s i d e r a b l y  

d i f f e r e n t  f rom t h a t  near  t h e  su r face .  (The model acco,unts f o r  an inc rease  o f  wind speed w i t h  

he igh t ,  bu t  n o t  f o r  d i r e c t i o n a l  shear.)  

C.3 SIIORT-TERM MAXIMUM CONCENTRATIONS 

Est imates o f  s h o r t - t e r m  maximum c o n c e n t r a t i o n s  were d e r i v e d  f r o m  t h e  Argonne r e p o r t  (8 )  

c i t e d  i n  Chapter 5, which used r e s u l t s  o f  a  GE") s tudy.  That  s tudy  made use o f  t h e  U.S. Env i -  

ronmental P r o t e c t i o n  Agency PTMTP model, which i s  a  c o n i n g - p l u s - t r a p p i n g  model w i t h  Gaussian 

d i f f u s i o n .  The model employs P a s q u i l l  - G i f f o r d  d i s p e r s i o n  ( l o )  and a  ~ r i ~ ~ ; '  plume 

r i s e  fo rmu la . (4 )  I t  i s  assumed t h a t  t h e  p o l l u t a n t s  do n o t  t r a n s f o r m  i n  t h e  c a l c u l a t i o n ' s  t i m e '  

p e r i o d  and t h a t  no ir1,tet'ference .from topograph ic  f e a t u r e s  occurs.  Thc h o u r l y  m e t e o r o l o g i c a l  



i n f o r m a t i o n  r e q u i r e d  c o n s i s t s  o f  wind d i r e c t i o n  and speed, s t a b i l i t y  c l a s s ,  m i x i n g  h e i g h t ,  and 

ambient  a i r  temperature.  H o u r l y  c o n c e n t r a t i o n s  a t  r e c e p t o r  l o c a t i o n s  can be es t imated  f o r  up 

t o  24 hours.  

Argonne a d j u s t e d  t h e  r e s u l t s  o f  t h e  G.E. s tudy  f o r  emiss ions f r o m  a  3000 MWe power p l a n t  
6  and 250 x  10 s c f l d a y  coa l  g a s i f i c a t i o n  p l a n t .  Maximum ground- leve l  p o l l u t a n t  c o n c e n t r a t i o n s -  

f r o m  t h e  power p l a n t  f o r  15-minute averag ing  t imes  a r e  o b t a i n e d  under s t a b i l i t y  c l a s s  A  and a  

5  mlsec wind speed. However, arguments a r e  p resen ted  t o  use a  2.5 m/sec wind speed w i t h  s t a b i l -  

i t y  c l a s s  A  w i t h  60% p l a n t  l o a d  f a c t o r  t o  e s t i m a t e  24-hour maximum c o n c e n t r a t i o n s .  The r e s u l t s  

o f  t h e  c a l c u l a t i o n s  u s i n g  these  d i f f e r e n t  assumptions were shown i n  Tab le  5.7 i n  Chapter 5. As 

shown i n  t h e  t a b l e  t h e  l a t t e r  assumptions r e s u l t  i n  markedly  reduced s h b r t - t e r m  maximum 

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

C.4 LONG-RANGE TRANSPORT MODEL 

The r e g i o n a l  model a p p l i e d  i n  t h i s  s tudy  computes. g round- leve l  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 s  o f  SO2 and s u l f a t e s ,  accoun t ing  f o r  chemical t r a n s f o r m a t i o n ,  d r y  d e p o s i t i o n ,  

and p r e c i p i t a t i o n  scavenging. The r e g i o n a l  model and techniques a p p l i e d  t o  approx imate t h e  

e f f e c t s  o f  complex t e r r a i n  on p o l l u t a n t  t r a n s p o r t  and removal a r e  b r i e f l y  desc r ibed  here.  More 

complete d e s c r i p t i o n s  o f  t h e  model and techniques a r e  a v a i l a b l e .  (9, lO) 

T r a n s p o r t  o f  t h e  e f f l u e n t s  i s  determined f r o m  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 u p p e r - 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  o v e r  t h e  

r e g i o n .  The winds a r e  averaged o v e r  a  s p e c i f i e d  l a y e r  t o  p r o v i d e  a  " l a y e r  average1' t r a n s p o r t ,  

and g r i d d e d  w ind  f i e l d s  a r e  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-h r  

o b s e r v a t i o n s .  Pol 1  u t a n t  p l  ume c e n t e r 1  i n e s  a r e  s i m u l a t e d  by t h e  h o u r l y  s e q u e n t i a l  r e 1  ease o f  a  

s e r i e s  o f  p a r t i c l e s  f r o m  each source l o c a t i o n  i n t o  t h e  wind f i e l d s .  Average g round- leve l  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 s  a r e  computed by sampl ing t h e  plumes over  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,  a,, i s  computed u s i n g  t h e  formulas o f  E i m u t i s  and 

~ o n i c e k .  (11 ) The s t a b i l i t y  and m i x i n g  h e i g h t  t h a t  i n f l u e n c e  t h e  v e r t i c a l  d i s p e r s i o n  o f  t h e  

p o l l u t a n t  plumes a r e  v a r i e d  th rough  t h e  t y p i c a l  d i u r n a l  c y c l e .  H o r i z o n t a l  d i s p e r s i o n  i s  

accounted f o r  by th'e s p a t i a l  and temporal meandering o f  t h e  plume i n  t h e  wind f i e l d .  

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, for  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 .  For  

comput ing d r y  removal,  t h e  model uses t h e  techniques o f  source d e p l e t i o n .  Wet d e p o s i t i o n  i s  

assumed t o  be 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 ,  which i s  determined f r o m  h o u r l y  

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

Three techn iques  were used t o  approx imate t h e  e f f e c t s  of t h e  complex t e r r a i n  on p o l l u t a n t  

t r a n s p o r t  and removal.  The f i r s t  was t o  i n c r e a s e  t h e  network d e n s i t y  o f  upper a i r  observa t ions  

by i n c o r p o r a t i n g  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  wind o b s e r v a t i o n s  ( p i b a l s )  a t  0600 GMT 

and/or  1800 GMT. 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 .  F o r  t h e  m a j o r i t y  of s t a t i o n s ,  winds averaged o v e r  a  l a y e r  between 

100 and 1000 m above t h e  ground were used t o  e s t i m a t e  t h e  p o l l u t a n t  t r a n s p o r t .  However, i n  

mounta in v a l l e y s  and c o a s t a l  1  o c a t i o n s  t h e  l o w - l e v e l  winds a r e  s t rong1  y  i n f l u e n c e d  by mesoscale 



e f f e c t s  such as s lope  h i n d s  and sea breeze c i r c u l a t i o n s .  Thus, f o r  rawinsonde s t a t i o n s  l o c a t e d  

i n  mounta in v a l l e y s  o r  c o a s t a l  l o c a t i o n s  away f rom t h e  emiss ion  sources, 1000 t o  2000 m l a y e r e d  

winds were used t o  b e t t e r  approx imate t h e  long-range t r a n s p o r t .  The t h i r d  techn ique  i n v o l v e d  

v a r y i n g  d r y  d e p o s i t i o n  v e l o c i t i e s  w i t h  t e r r a i n  types.  D e p o s i t i o n  v e l o c i t i e s  were inc reased  by 

a  f a c t o r  of 2  f o r  f o r e s t e d  t e r r a i n  and 5  f o r  mountainous t e r r a i n .  

. Ground- level  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 s  o f  SO2 and s u l f a t e s  f r o m  e x i s t i n g  

f a c i l i t i e s  and p r o j e c t e d  c o a l - r e l a t e d  f a c i l i t i e s  were computed u s i n g  October 1974 meteoro log i -  

c a l  data.  October was chosen as a  t y p i c a l  w o r s t  case month t o  e x e m p l i f y  t h e  maximum impact  o f  

SO2 emiss ions on r e g i o n a l  a i r  q u a l i t y .  T h i s  month i s  c h a r a c t e r i z e d  by l i g h t e r  mean wind speeds 

than  t h e  annual average f o r  most o f  t h e  western U n i t e d  S ta tes .  (12)  Thus, t h e  computed concen- 

t r a t i o n s  f o r  October 1974 a r e  assumed t o  equal  o r  exceed t y p i c a l  annual average c o n c e n t r a t i o n s ,  

s i n c e  h i g h e r  c o n c e n t r a t i o n s  (on a r e g i o n a l  s c a l e )  and a i r  p o l l u t i o n  episodes a r e  n o r m a l l y  asso- 

c i a t e d  w i t h  p e r i o d s  o f  l o w  wind speeds and sha l low m i x i n g  h e i g h t s . ( 7 )  O f  course, t h e  p a t t e r n s  

shown may v a r y  somewhat f rom annual p a t t e r n s ,  due to .  seasonal v a r i a t i o n s  i n  p r e v a i l i n g  w ind  

d i r e c t i o n s .  

The v e r i f i c a t i o n  o f  t h e  model r e s u l t s  w i t h  a c t u a l  d a t a  i s  b e i n g  examined i n  an assessment 

f o r  t h e  n o r t h e a s t  U n i t e d  S ta tes .  ( I 3 )  However, t h e  model r e s u l t s  a r e  c e r t a i n l y  no more a c i u r a t e  

than  t h e  c o l l e c t i v e  assumptions o f  model i n p u t  and t h e  q u a n t i t y  o f  a v a i l a b l e  m e t e o r o l o g i c a l  

d a t a  (e.g., d e n s i t y  o f  upper a i r  s t a t i o n s ) .  Never the less,  t h e  model p r e d i c t i o n s  i n  t h i s  s tudy  

shou ld  be f a i r l y  r e p r e s e n t a t i v e  (as a  f i r s t  o r d e r  approx imat ion )  o f  t h e  r e g i o n a l - s c a l e  a i r  

qua1 i ty impacts. 

The model i n p u t  parameters used i n  t h e  western r e g i o n a l  assessment a r e  shown i n  Table C.4. 

TABLE C.4. Regional  T r a n s p o r t  Model I n p u t  Data 

Time p e r i o d  1-31 October 1974 

G r i d  spac ing  f o r  wind d a t a  255.6 km 

G r i d  spacing f o r  h o u r l y  p r e c i p i t a t i o n  data,  
t e r r a i n  types,  and sampl ing o f  r e s u l t s  63.9 km 

E f f e c t i v e  s t a c k  h e i g h t  f o r  sources o f  SO2 400 m 

Maxim~rm r layt imc m i x i n g  h e i g h t  1500 m 
Minimum dayt ime m i x i n g  h e i g h t  200 m 
Maximum n i g h t t i m e  m i x i n g  h e i g h t  400 m 
Minimum n i g h t t i m e  m i x i n g  h e i g h t  100 m 

S t a b i  1  i t y  Var ied  th rough  t h e  
d i u r n a l  c y c l e  

Dry d e p o s i t i o n  v e l o c i t i e s  ( a )  
SO 

, ~ u f ' f s t e r  

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

so2 
S u l f a t e s  

T rans fo rmat ion  r a t e  o f  SO2 t o  s u l f a t e s  0.02/hr 

--.-- 
( a )  These were t h e  va lues  f o r  l o w  roughness t e r r a i n .  D e p o s i t i o n  v e l o c -  

i t i e s  were v a r i e d  o v e r  d i f f e r e n t  t e r r a i n  types.  
( b )  P = R a i n f a l l  r a t e ,  mm/hr. Temporal and s p a t i a l  v a r i a t i o n s  i n  P 

were. determlned f r o m  h o u r l y  p r e c i p i t a t i o n  data.  



REFERENCES FOR APPENDIX C 

1.  Envi ronmenta l  P r o t e c t i o n  Agency, 1973 N a t i o n a l  Emissions Repor t .  EPA-45012-76-007, Research 
T r i a n g l e  Park, NC, May, 1976. A l s o  updated emiss ions i n v e n t o r y  p r o v i d e d  by EPA Region X, 
June 1977. 

2. Puget Sound A i r  P o l l u t i o n  C o n t r o l  Agency, A i r  Q u a l i t y  Data Summary, 1976. Techn ica l  Serv ices  
D i v i s i o n ,  PSAPCA, 410 West H a r r i s o n  S t r e e t ,  S e a t t l e ,  WA, 1977. 

3. R. E. Welch, " I n t e r m i t t e n t  C o n t r o l  o f  S u l f u r  D i o x i d e  Emissions f r o m  a copper  Smel te r . "  Pre- 
sen ted  a t  t h e  Annual Meet ing  o f  t h e  P a c i f i c  Nor thwest  I n t e r n a t i o n a l  Sec t ion ,  A i r  P o l l u t i o n  
C o n t r o l  Assoc ia t ion ,  Vancouver, B r i t i s h  Columbia, November 19-21, 1975. 

4. R. L. Petersen, E. L. Hovind and A. T. Petersen, "A Systemat ic  Approach t o  Meet SO2 A i r  
Q u a l i t y  Standards a t  an E x i s t i n g  Smel ter  F a c i l i t y . "  Presented a t  t h e  Annual Meet ing o f  
t h e  P a c i f i c  Nor thwest  I n t e r n a t i o n a l  Sec t ion ,  A i r  P o l l u t i o n  C o n t r o l  Assoc ia t ion ,  Vancouver, 
B r i t i s h  Columbia, November 19-21, 1975. 

5. A. 0. Busse and J .  R. Zimmerman, U s e r ' s  Guldt! f u r  L l ~ e  C l i m a t o l o g i c a l  D i s p e r s i o n  Model. 
EPA-R4-73-024, Envi ronmenta l  P r o t e c t i o n  Agency, Research T r i a n g l e  Park, NC, 1973. 

6. G. A. B r iggs ,  "Some Recent Analyses of Plume R ise  Observat ion."  I n :  Proceedings of t h e  
Second I n t e r n a t i o n a l  Clean A i r  Congress, H. M. Englund and W. ' 1 ' .  Etaery (eds. ) .  Acadeinic 
Press,  New York, 1971 . . 

7. G. C. Holzwor th,  M i x i n g  Heights ,  Wind Speeds; and P o t e n t i a l  f o r  Urban A i r  P o l l u t i o n  Through- 
o u t  t h e  Contiguous U n i t e d  S t a t e s .  EPA, Research T r i a n g l e  Park, NC, 1972. 

8. A P r e l i m i n a r y  Assessment o f  t h e  H e a l t h  and Envi ronmenta l  E f f e c t s  o f  Coal U t i l i z a t i o n  in_.,tJs 
Midwest.  Argonne N a t i o n a l  Labora to ry ,  Argonne, I L ,  January 1977. 

9. N a t i o n a l  Science Foundation, Assessment o f  Energy Parks vs. Dispersed E l e c t r i c  Power Gener- 
a t i n g  F a c i l i t i e s .  NSF-75-500, U.S. Government P r i n t i n g  O f f i c e ,  1975. 

10. D. B. Turner ,  Workbook b f  Atmospheric Dispersi.o_n Estimates,. USDHEW, PHs Pub. No. 995-AP-26, 
C i n c i n n a t i ,  OH, 1969. 

11. E. C. ,E imut i s  and M. G. Konicek, " D e r i v a t i o n s  o f  Continuous Func t ions  f o r  t h e  L a t e r a l  and 
V e r t i r a l  Atmospheric D i s p e r s i o n  C o e f f i c i e n t s . "  Atm. Envi ron. ,  6, 853-863, 1972. 

12. "Local  Cl  i m a t o l o g i c a l  Data," a v a i l a b l e  f r o m  N a t i o n a l  Cl i m a t l c  Center,  Envi ronmenta l  Data 
Serv ice ,  A s h e v i l l e ,  NC. 

13. L. L. Wendell, D. C. Powell  and D. J .  McNaughton, "A Mu l t i -Source  Comparison o f  t h e  E f f e c t s  
o f  Real Time P r e c i p i t a t i o n  Data on SO7 and S u l f a t e  P a r t i c u l a t e  Removal i n  a Regional  Assess- 
ment Model .I1 To appear i n  t h e  ~ r e ~ r i n t s  o f  t h e  J o i n t  Conference on ~ ~ ~ l i c a t i o n s  on A i r  
P u l l u L i o ~ ~ ,  20 November 2 Docember, S a l t  l a k ~ !  C i t y .  UT, 1977. 



APPENDIX D 

BASELINE WATER QUANTITY AND QUALITY DATA FOR PARTS . 

OF IDAHO, OREGON, AND WASHINGTON 



APPENDIX D 

BASELINE WATER QUANTITY AND QUALITY DATA 

FOR PARTS OF IDAHO, OREGON, AND WASHINGTON 

Areas o f  t h e  seven aggregated subareas (ASAs) o f  t h e  P a c i f i c  Nor thwest  a r e  shown i n  

Table D.1. 

TABLE D.1. Aggregated Subareas o f  t h e  P a c i f i c  No'rthwest ( 1  ) 

ASA No. 

1701 

1702 

1703 

1704 

1705 

1706 

1707 

Name 

C l a r k  Fork-Kootenai-Spokane 

Upper Columbia-Yakima-Mid-Columbia 

Upper and C e n t r a l  Snake 

Lower Snake 

Lower Columbia.-Wil lamette-Coastal  

Puget Sound 

Oregon Closed Bas in  

2 
Area (mi ) 

37,500 

59,456 

66,155 

31,661 

38,359 

15,781 

18,397 

267,309 

Simulated f l o w  l e v e l s  f o r  key p o i n t s  on t h e  Columbia and Snake R ivers ,  assuming 1970 and 

2020 l e v e l s  o f  i r r i g a t i o n  d e p l e t i o n ,  a r e  presented i n  Tables D.2 and D.3, r e s p e c t i v e l y .  Flows 

may be compared t o  c o a l - f i r e d  power p l a n t  wa te r  requi rements e s t i m a t e d  i n  Chapter 6. 

E x i s t i n g  wa te r  q u a l i t y  i n  each ASA i s  descr ibed  below. Summary comparisons o f  p r o d u c t i o n  

r e s i d u a l s - - b i o c h e m i c a l  oxygen demand (BOD), and t o t a l  suspended s o l i d s  (TSS)--generated i n  t h e  

subareas a r e  shown i n  Table D.4. A l l  d a t a  a r e  taken  f rom a t e c h n i c a l  memorandum prepared  by 

t h e  P a c i f i c  Nor thwest  R i v e r  Basins Commission. 

Data i n d i c a t i n g  t o t a l  d i s s o l v e d  s o l i d s  (TDS) and b i c a r b o n a t e  i o n  (HC03) c o n c e n t r a t i o n s  a t  

gauging s t a t i o n s  on t h e  Columbia and Snake Riwers a r e  p resen ted  i n  Table D.5. These d a t a  r e p r e -  

s e n t  observed ranges between October 1974 and September 1975. They a r e  no t .averages  and shou ld  

be regarded  as i l l u s L r a t i v e  o n l y .  

D. 1 ASA 1701 : C l a r k  Fork-Kootenai-Spokane 

Genera l l y ,  t h e  s u r f a c e  and ground wate rs  o f  t h i s  ASA a r e  o f  good q u a l i t y .  The excep t ions  

r e l a t e  t o  o r g a n i c  waste generated by m u n i c i p a l i t i e s  and i n d u s t r y ,  and sediment and b i o l o g i c a l l y  

t o x i c  c o n c e n t r a t i o n s  o f  heavy meta ls  f r o m  m i n i n g  and m i l l i n g  o f  p r i m a r y  meta ls .  One-hal f  o f  

t h e  ASA's c u r r e t i t  BOD d ischarge  t o  w a t e r  i s  a t t r i b u t a b l e  t o  p o i n t  sources. Wi th  b e s t  p r a c t i c -  

a b l e  t rea tment ,  t h e  c u r r e n t  l o a d  o f  189 MM l b  BODIyr c o u l d  be reduced by 40%. The ASA produces 

39% of the  r e g i o n ' s  t o t a l  TSS l o a d  ( 4 4 , 8 8 3 ' ~ ~  l b  TSSlyr)  .: Near ly  60% o f  t h e  TSS p r o d u c t i o n  i s  

due t o  p o i n t  sources, p r i n c i p a l ' l y  m in ing .  Bes t  p r a c t i c a b l e  t rea tment  c o u l d  reduce t h e  t o t a l  

c u r r e n t  d ischarge  t o  wa te r  f rom 44,883 t o  21,510 MM l b  TSSlyear. No c o a l - f i r e d  power 

p l a n t s  a r e  p r o j e c t e d  by t h i s  s t u d y  f o r  t h i s  ASA under e i t h e r  t h e  Recent Trends o r  H igh  Coal 

E l e c t r i c  scenar ios .  



TP.BLE D.2. Mean and Lowest Monthly Flows Si r ru lated f o r  Key Points; ,on 
Columbia and Snake Rivers,  1970 I r r i g a t i o n  Dep le t ion  -rvelf:8( b )  

, June J u l y  kclgust September 
Meant c 1 ~ o w e s t ( = f  Mean Lowest Mean Lowest Mean Lowest 

(MGD) (MGD) (MGD) (MGD; (MGD) (MGD) (MGD) (MGD) 

Columbia R i  der 
Ch ie f  Josep i  Dam 66,340 28,150 65,564 29,162 54,084 40,296 43,953 35,640 
P r i e s t  Rapids Dam 83,132 35,180 55,875 36,909 E.8,568 45,633 48,029 40,479 
McNary Dam 141,218 72,701 81,586 57,854 73,295 60,632 64,689 57,952 
John Day Dam 140,588 69,94E 82,419 59,465 74,149 61,159 65,248 58,710 
The Dal l e s ,  OR 144,086 72,455. 85,344 61,506 76,651 64,020 68,079 62,021 

P 
N Bonnevi 11 e Dam 147,982 74,79r 87,700 53,185 76,000 65,406 69,599 63,462 

Snake R i v e r  
Brownlee Dam 9,753 4,616 6,779 3 ,230 '~ )  6,571 5,066 7,459 5,056 
Lower G ran i t e  Dam 54,965 18,94; 22,725 8,252 8,200 14,509 8,908 12,425 
L i t t l e  Goose Dam 55,025 19,025 22,990 8,265 12,607 8,129 14,634 8,862 
Lower Monumental Dam 55,017 19,133 23,638 8,640 13,151 8,167 14,990 8,785 
I c e  Harbor Dam 55,017 19,133 23,638 8,640 13,188 8,180 14,990 8,785 

(a )  U.S. Army Corps of Engineers, Por t land,  OR, unpubl ished data, J u l y  22, 1977. 
(b)  Flow data have c8eerr ad jus ted  t o  r e f l e c t  c u r r e n t  s to rage  ope ra t i on  w i t h  yea r  2C20 l oad  l e v e l s  and have been reduced f o r  i r r i g a -  

t i o n  dep le t i ons  under 1970 development level; .  Based on 1928-1958 f l o w  data.  
( c )  Flows based on t h e  average f l o w  exper ienced j u r i n g  e month f o r  each o f  30 years o f  s imu la t i on .  Mean i s  t he  mean month ly  aver-  - 

age f o r  the 30 years;  lowes t  i s  t he  lowes t  m i n t h l y  average exper'enced i n  any cne o f  t h e  20 years .  
, (d )  Required m in imm f;ow i s  5000 c f s  (3230 MGC). 



TABLE D.3. Mean and Lowest Month ly  Flows Simulated f o r  Key P o i n t s  on 
Columbia and Snake R ivers ,  2020 I r r i g a t i o n  D e p l e t i o n  Leveli:f(b) 

(MGD 
Columbia .Ri v f r  

C h i e f  Joseph Dam 56,312 
P r i e s t  Rapids Dan 73,402 
McNary Dam 128,025 
John Day Dam 126,738 
The Dal l e s ,  OR 130,218 
B o n n e v i l l e  Dam . 134,083 

June 
Lowest [ C I  

(MGD) 

J u l y  
Mean Lowest 

August 
Mean Lowest 

September 
Mean Lowest 
(MGD (MGD) 

Snake R i v e r  P 
w Brownlee Dan 8,574 3 ,230 '~ )  3,776 3,230 '~)  3,598 3 , 2 3 0 ' ~ )  4,326 3 ,230 '~ )  

Lower G r a n i t e  Dam 53,427 16,545 19,614 8,134 9,457 6,309 11,460 7,087 
L i t t l e  Goos? Dam 53,487 16,629 19,880 8,147 9,638 6,238 11,585 7,042 
Lower Monumental Dam 53,479 17,410 20,528 8,525 10,183 6,277 11,940 6,965 
I c e  Harbor .lam 53,119 17,049 20,174 8,168 9,903 5,974 11,766 6,789 ' 

(a )  U.S. Army Corps o f  Engineers, Por t land ,  OR, unpubl ished data,  J u l y  22, 1977. 
( b )  Flow da ta  have been a d j u s t e d  t o  r e f l e c t  c u r r e n t  s to rage  o p e r a t i o n  w i t h  y e a r  2020 l o a d  l e v e l s  and have been reduced f o r  i r r i g a -  

t i o n  d e p l e t i o n s  under 2020 development l e v e l s .  Based on 1928-1958 f l o w  data.  
( c )  Flows based on t h e  average f l o w  exper ienced d u r i n g  a month f o r  each o f  30 years  o f  s i m u l a t i o n .  Mean i s  t h e  mean month ly  aver-  

age f o r  30 years;  l owes t  i s  t h e  l o w e s t  month ly  average exper ienced i n  any one o f  t h e  30 years .  
( d )  Requi red n i n i m ~ m  f l o w  i s  5000 c f s  (3230 MGD). 



TABLE 0.4. P r o d u c t i o n  Residuals  Discharged t o  Water, 1973 ( 1 )  

B iochemical  T o t a l  Sus~ended 
Aggregated Oxygen Demand. Sol i d s  

Subarea ( m i l l i o n  l b / y r )  Percen t  ( m i l  1  i o n  1 b / y r )  Percent  

39 

30 

( a )  Does n o t  add due t o  rounding.  

TABLE D. 5.  T o t a l  Cliqznlved S o l i d s  and B ica rbona te  i n  S e l e c t  d  Col mbia and Snake t: Y R i v e r  Water Samples, October 1974-September i975 233.4 

T o t a l  D i s s o l v e d  s o l  i d s ( a )  B ica rbona te  (HC03) 
(mg/ l )  (mg/ l )  - 

Columbia R i v e r  . 
Grand Coulee Dam, WA 71 - 110 ( b )  60 - 81 
V e r n i t a  Br idge,  WA 78 - 1 2 3 ' ~ )  62 - 87 
U m a t i l l a ,  OR ( d l  
The Da l les ,  OR 50 - 66 - 96 
Warrendale, OR 40 - 76") 48 - 103 

Snake R i v e r  
B l a c k f o o t ,  I D  
Neeley, I D  
K i n g  H i l l ,  I D  
Murphy, I D  
Rrnwnlee Dam, I D  

-. - 
( a )  TDS expressed as r e s i d u e  a t  180°C. 
( b )  C a l c u l a t e d :  TDS = 0.65 x  s p e c i f i c  conductance. 
( c )  Ca lcu la ted :  TDS = sum o f  c o n s t i t u e n t s  - 0.5 x  b ica rbona te .  
( d )  No data.  

0.2 ASA 1702: Upper Col umbia-Yakima-Mid Columbia 

The q u a l i t y  o f  wa te rs  o f  t h e  ASA i s  g e n e r a l l y  adequdte f o r  a l l  uscs. I n  some sreas, how- 

ever ,  w a t e r  q u a l i t y  has d e t e r i o r a t e d  th rough  e i t h e r  n a t u r a l  o r  man-made p o l l u t i o n ,  and t h i s  

d e t e r i o r a t i o n  has i m p a i r e d  t h e  use o f  c e r t a i n  waters.  E x i s t i n g  problems r e l a l e  t o  b a c t e r i a l  

and b i o l o g i c a l  contaminat ion,  temperature,  and d i s s o l v e d  ydbes. H7gh l c v c l s  u f  d i s s ~ 1 1 ~ ~ 1 1  n i t r o -  

gen i n  t h e  Columbia R i v e r  pose a severe problem t o  anadromous f i s h .  H igh  wate r  temperatures 

i n  t h e  Columbia R i v e r  and t r i b u t a r y  streams a d v e r s e l y  a f f e c t  f i s h  l i f e  and reduce t h e  c a p a c i t y  . i) 
o f  streams t o  a s s i m i l a t e  p o l l u t a n t s .  L o c a l i z e d  water  q u a l i t y  problerris i n c l u d e  con tan l ina t ion  

o f  ground wate r  ,in c e r t a i n  areas o f  t h e  Columbia Bas in  P r o j e c t ;  b a c l e r i i l  problems on t h e  
-. 

Yakima, Lower Okanogan, C o l v i l l e ,  E n t i a t  and o t h e r  streams; and l a k e  and st ream enr ichment  

problems, p a r t i c u l a r l y  i n  Moses Lake. The food  p rocess ing  i n d u s t r y  i s  'the p r i n c i p a l  source o f -  



i n d u s t r i a l  wastes. ~ r r i g a t i o n  r e t u r n  f l o w s  and f e e d l o t  d ra inage  a re  s i g n i f i c a n t  sources o f  

o r g a n i c  wastes. Low summer f l o w s  aggravated by i r r i g a t i o n  w i t h d r a w a l s  i m p a i r  t h e  c a p a c i t y  o f  

many streams t o  a s s i m i l a t e  waste. 

Adop t ion  o f  b e s t  p r a c t i c a b l e  t r e a t m e n t  c o u l d  reduce t h e  BOD l o a d  by 24%, f rom 96.6 t o  

73.4 m i l  1  i o n  1  b / y r .  T o t a l  suspended s o l  i d s  c o u l d  be reduced by 43%,. f r o m  34,701 t o  19,890 

m i l l i o n  l b l y r .  

New c o a l - f i r e d  e l e c t r i c a l  g e n e r a t i n g  c a p a c i t y  i n  t h i s  ASA by t h e  y e a r  2020 i s  p r o j e c t e d  

a t  10,500 MWe i n  t h e  Recent Trends s c e n a r i o  and 29,000 MWe i n  t h e  H igh  Coal E l e c t r i c  scenar io .  

D.3 ASA 1703: Upper Snake-Central  Snake 

Heavy a l g a l  p r o d u c t i o n  i s  a  problem i n  lower  main-stem r e s e r v o i r s  and i n  t h e  l o w e r  reaches . 
o f  some t r i b u t a r i e s .  S i g n i f i c a n t  sediment and m i n e r a l  l oads  a l s o  occur  i n  some Snake R i v e r  

t r i b u t a r i e s .  B a c t e r i a l  c o n c e n t r a t i o n s  a r e  above recommended l i m i t s  f o r  r e c r e a t i o n  near  a  num- 

ber  o f  popu la ted  areas, and d i s s o l v e d  oxygen d e f i c i e n c i e s  have occur red  a t  severa l  p o i n t s .  

High wate r  temperatures a r e  a l s o  a  problem i n  some downstream areas.  A t  present ,  39.5 m i l l i o n  

1  b  o f  BOD a r e  d ischarged  t o  wa te r  a n n u a l l y .  T h i s  f i g u r e  c o u l d  be reduced by 51% i f  b e s t  p rac -  

t i c a b l e  t rea tment  were used, s i n c e  83% of t h e  BOD l o a d  o r i g i n a t e s  f rom p o i n t  sources. The c u r -  

r e n t  r e l e a s e  o f  2697 m i l l i o n  l b l y r  o f  TSS t o  wa te r  c o u l d  be reduced 11% w i t h  b e s t  p r a c t i c a b l e  

t rea tment .  P r o j e c t e d  g e n e r a t i n g  c a p a c i t i e s  f o r  t h e  ASA i n  t h e  y e a r  2020 a r e  4000 MWe under t h e  

Recent Trends scenar io  and 9500 MWe under t h e  H igh  Coal E l e c t r i c  scenar io .  

D.4 ASA 1704: Lower Snake 

Water q u a l i t y  i n  t h i s  ASA i s  g e n e r a l l y  good; however, some problems e x i s t  w i t h  l o w  d i s -  

s o l v e d  oxygen, t u r b i d i t y ,  nu isance a l g a l  growth and n i t r o g e n  s u p e r s a t u r a t i o n .  The Snake R i v e r  

and streams i n  t h e  Palouse d ra inage  s u f f e r  t h e  most s e r i o u s  wate r  q u a l i t y  degrada t ion .  D i s -  

so lved  o x y g e n - d e f i c i e n t  wa te r  i n  lower  l e v e l s  o f  Brownlee and Oxbow Reservo i rs  ( l o c a t e d  i n  

ASA 1703), caused by decomposing a lgae  and r e s i d u a l  waste load ings ,  i s  passed downstream th rough  

l o w - l e v e l  t u r b i n e  i n t a k e s .  I n  r e c e n t  years,  f l o a t i n g  a q u a t i c  s l imes ,  s t i m u l a t e d  by n u t r i e n t  

c o n c e n t r a t i o n s ,  have appeared i n  t h e  Snake R i v e r  below Oxbow Dam. N i t r o g e n  s u p e r s a t u r a t i o n  i s  

a  severe problem i n  t h e  Snake R i v e r  th roughou t  t h e  ASA. H igh  wate r . tempera tu res  i n  t h e  Snake 

R i v e r  i n  l a t e  surmer adverse ly  a f f e c t  ' f i s h  l i f e .  

Two- th i rds  o f  t h e  81.1 m i l l i o n  l b / y r  o f  BOD d ischarged  t o  w a t e r  a r e  f r o m  non-po in t  sources. 

Therefore,  o n l y  a  21% decrease c o u l d  be achieved by a p p l y i n g  b e s t  p r a c t i c a b l e  t rea tment .  Less 

than  1% o f  t h e  15,456 m i l l i o n  l b l y r  o f  TSS d ischarged  t o  wa te r  a r e  f r o m  p o i n t  sources. 

No c o a l - f i r e d  power p l a n t s  a r e  p r o j e c t e d  f o r  t h i s  ASA under e i t h e r  scenar io .  

D.5 ASA 1705: Lower Columbla-Wil lamette-Coastal 

. i Water q u a l i t y  of t h e  lower  Columbia R i v e r  i s  g e n e r a l l y  good, b u t  problems have been 
L/ c r e a t e d  by s l i m e  growth a t t r i b u t a b l e  m o s t l y  t o  t h e  p u l p  and paper  i n d u s t r y ,  and by b a c t e r i a l  

p o l l u t i o n  r e s u l t i n g  f rom m u n i c i p a l  e f f l u e n t s .  H igh  wate r  temperatures have a l s o  been a  cause 

f o r  concern. Coasta l  streams a r e  g e n e r a l l y  o f  good q u a l i t y  and s u i t a b l e  f o r  a l l  uses. The 

most common problems i n c l u d e  h i g h  c o l i f o r m  b a c t e r i a l  counts,  h i g h  temperatures and h i g h  n u t r i e n t  



l e v e l s .  A  few ins tances  o f  l ow d i s s o l v e d  oxygen a r e  found, and h i g h  t u r b i d i t i e s  and sedimenta- 

t i o n  a r e  encountered d u r i n g  some p e r i o d s  o f  t h e  y e a r .  

BOD d ischarged  t o  wa te r  c o u l d  be reduced by 471, f r o m  319 t o  149 m i l  1  i o n  1  b  BODlyr, by. 

u s i n g  b e s t  p r a c t i c a b l e  t r e a t m e n t .  S ince o n l y  about  10% o f  t h e  TSS l o a d  i s  a t t r i b u t a b l e  t o  

p o i n t  sources, t h e  p o s s i b l e  r e d u c t i o n  i s  o n l y  3%, f r o m  15,325 t o  14,900 m i l l i o n  l b l y r .  

P r o j e c t e d  c o a l - f i r e d  g e n e r a t i n g  c a p a c i t y  t o t a l s  8800 MWe f o r  t h e  Recent Trends s c e n a r i o  

and 12,800 MWe f o r  t h e  H igh  Coal E l e c t r i c  scenar io .  

D.6 ASA 1706: Puget Sound 

The m a j o r  r i v e r s  i n  t h e  ASA c o n t a i n  h i g h  q u a l i t y  wa te r  s u i t a b l e  f o r  a lmos t  a l l  uses. How- 

ever ,  i n  t h e  lower  reaches near  t h e  Sound, urban and i n d u s t r i a l  b u i l d u p  has had a  measurable 

e f f e c t  on w a t e r  q u a l i t y .  I n  severa l  streams b a c t e r i a l  counts a r e  h i g h e r  and oxygen l e v e l s  

l o w e r  than  d e s i r a b l e  l e v e l s .  I n  a h d i t i o n ,  some bays, harbors,  and i n l e t s  have shown wate r  

q u a l i t y  degrada t ion .  M u n i c i p a l i t i e s  and i n d u s t r i e s  a r e  t h e  l a r g e s t  sources o f  o r g a n i c  wastes 

i n  t h e  Puget Sound area.  The p u l p  and paper i n d u s t r y  i s  t h e  ma jo r  source o t  oxygen-demanding 

wastes. Qther  i m p o r t a n t  waste sources r e s u l t  f r o m  n a v i g a t i o n  and d redg ing  opera t ions ,  r e c r e -  

a t i o n ,  and l a n d  use and management p r a c t i c e s .  

P o i n t  sources account  f o r  98% o f  t h e  BOD and 40% o f  t h e  TSS d ischarged  t o  wa te r .  P o s s i b l e  

BOD r e d u c t i o n s  are,  t h e r e f o r e ,  85% under b e s t  p r a c t i c a b l e  t rea tment  f r o m  220 t o  32.7 m i l l i o n  

1  b  BOD/yr. A  29% r e d u c t i o n  i n  TSS i s  ach ievab le ,  f rom 904 t o  644 m i l  l i o n  l b  TSS/yr: 

F i v e  hundred MWe o f  c o a l - f i r e d  g e n e r a t i n g  c a p a c i t y  a r e  p r o j e c t e d  f o r  t h e  ASA under t h e  

Recent Trends scenar io  and 2000 MWe a r e  p r o j e c t e d  under t h e  H igh  Coal E l e c t r i c  scenar io .  

D.7 ASA 1707: Oregon c l o s e d  Bas in  

T h i s  ASA i s  s p a r s e l y  popu la ted  and i s  e s s e n t i a l l y  i n  a n a t u r a l  c o n d i t i o n ,  r e l a t i v e l y  und is -  

t u r b e d  by man's a c t i v i t i e s .  AS a r e s u l t ,  t h e  s t rean~s  d r e  u ~ ~ i  fur.1111y o r  h i g h  wate r  q u e l i t y .  

However, e v a p o r a t i o n  i n  t h e  numerous sha l low l a k e s  w i t h  l a r g e  s u r f a c e  areas has r e s u l t e d  i n  

b r a c k i s h  w a t e r  c o n d i t i o n s  i n  t h e  t e r m i n a l  wa te r  bodies.  Ground wate r  q u a l i t y  i s  g e n e r a l l y  

p o o r e r  than  t h e  r e s t  o f  t h e  r e g i o n .  

BOD d ischarged  t o  wa te r  i s  e s t i m a t e d  a t  3.77 m i l l i o n  I b  BUU/yr. ISS discharges a r e  e s t l -  

mated a t  1597 m i l l i o n  l b  TSSlyr .  S ince these  a r e  of nonLpo in t  o r i g i n ,  no r e d u c t i o n s  th rough  

a p p l i c a t i o n  o f  bes t  p r a c t i c a b l e  t r e a t m e n t  a r e  p o s s i b l e .  

No energy g e n e r a t i n g  f a c i l i t i e s  a r e  p r o j e c t e d  f o r  t h i s  ASA. 
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ANCILLARY ECOLOGICAL DATA FOR IDAHO, OREGON, AND WASHINGTON 

The f i r s t  s e c t i o n  o f  t h i s  appendix descr ibes  those  phys iograph ic  p rov inces  o f  t h e  Nor thwest  
> 

,..' w h i c h  occur  i n  cand ida te  c o u n t i e s  f o r  power p l a n t  s i t e s . "  ") The second s e c t i o n  descr ibes  t h e  

v e g e t a t i o n  types found i n  t h e  p rov inces .  The t h i r d  s e c t i o n  c o n s i s t s  o f  two e x t e n s i v e  t a b l e s  

o f  wa te r  q u a l i t y  c o n d i t i o n s  o r ' r e q u i r e m e n t s  f o r  a q u a t i c  ecosystems i n  t h e  Northwest.  (3,4) 

E . l  PHYSIOGRAPHIC PROVINCES 

E. 1.1 Olympic Pen insu la  Prov ince  

The Olympic Pen insu la  Prov ince  i s  made up o f  a  c e n t r a l  c o r e  o f  t h e  rugged Olympic Mountains 

surrounded by a lmost  l e v e l  lowlands.  On t h e  east ,  t h e  low land  s t r i p  i s  3 t o  16 km wide and i s  

p a r t  o f  t h e  Puget Trough. The low land  s t r i p s  a r e  v e r y  narrow on t h e  n o r t h ,  b u t  16 t o  32 km wide 

on t h e  west and 48 km wide a l o n g  t h e  sou th  s i d e  of t h e  pen insu la .  Most r i d g e s  i n  t h e  Olympic 

Mountains a r e  1200 t o  1500 m i n  e l e v a t i o n ;  some h i g h e r  peaks a t t a i n  e l e v a t i o n s  o f  2100 t o  2420 m. 

G l a c i a t i o n  has s t r o n g l y  i n f l u e n c e d  landforms.  A l l  main r i v e r  v a l l e y s  a r e  broad and U-shaped, 

and a l l  ma jo r  peaks a r e  r i n g e d  w i t h  c i rques ,  many c o n t a i n i n g  a c t i v e  g l a c i e r s .  The ex t reme ly  

h i g h  p r e c i p i t a t i o n  (perhaps as h i g h  as 6350 mm p e r  y e a r  i n  t h e  i n t e r i o r )  has lcaused r a p i d  down- 

c u t t i n g  by streams, r e s u l t i n g  i n  many p r e c i p i t o u s  mounta in s lopes .  

E. 1  .2 Coast Ranges ~ r o v i  "ce . 

.The Coast Ranges Prov ince  extends f r o m  t h e  midd le  f o r k  o f  t h e  C o q u i l l e  R i v e r  i n  Oregon 

nor thward  i n t o  southwestern Washington where i t  i n c l u d e s  t h e  area known as t h e  W i l l a p a  H i l l s .  

The e n t i r e  sou thern  s e c t i o n  o f  t h e  p r o v i n c e  i s  t o p o g r a p h i c a l l y  mature-- i .e . ,  s teep  mounta in 

s lopes w i t h  r i d g e s  t h a t  a r e  o f t e n  ex t reme ly  sharp. Except f o r  t h e  area d r a i n e d  by t h e  Wi lson 

and Trask R ive rs ,  t h e  p r o p o r t i o n  o f  s teep s lopes decreases i n  t h e  n o r t h e r n  s e c t i o n  o f  t h e  Coast 

Ranges. Mountain passes a r e  g e n e r a l l y  l o c a t e d  on t h e  e a s t e r n  border  o f  t h e  range due t o  f a s t e r  

r a t e s  o f  headward e r o s i o n  by t h e  numerous westward- f lowing s t reams. .  E l e v a t i o n s  o f  main r i d g e  

summits i n  t h e  p r o v i n c e  range f r o m  abou t  450 t o  750 m. S c a t t e r e d  peaks, o f t e n  capped w i t h  i n t r u -  

s i v e  igneous rocks ,  r i s e  w e l l  above sur round ing  r i d g e s .  Marys Peak, Oregon, 1249 m h igh,  i s  

t h e  h i g h e s t  peak i n  t h e  Coast Ranges. 

, E  .l. 3 K l  amath Mountains Prov ince  

The Klamath Moynta ins Prov ince  encompasses a  complex o f  ranges i n  southwestern Oregon and 

n o r t h e r n  C a l i f o r n i a .  The nor thernmost  p o r t i o n  o f  range i n  Oregon i s  commonly i d e n t i f i e d  as t h e  

S i s k i y o u  Mountains. T h i s  r e g i o n  i s  l o g i c a l l y  s e t  a p a r t  f r o m  t h e  remainder  o f  sou thern  Oregon 

by t h e  boundary s e p a r a t i n g  i t s  p re - ' l ' e r t i  a r y  rocks  f r o m  l e r t i  a r y  r o c k  f o r m a t i o n s  o u t s i d e  t h e  

area.  The p r e - T e r t i a r y  r o c k s  o f  t h i s  p r o v i n c e  p robab ly  i n c l u d e  t h e  o l d e s t  i n  Oregon. 

The Klamath Mountains Prov ince  i s  l a r g e l y  a  r e g i o n  o f  rugged, deep ly  d i s s e c t e d  t e r r a i n .  

Mounta in c r e s t s ,  comprised o f  s t e e p l y  f o l d e d  and f a u l t e d  p r e - T e r t i a r y  s t r a t a ,  v a r y  i n  e l e v a t i o n  

f r o m  600 m near  t h e  c o a s t  t o  approx imate ly  1200 m i n  t h e  e a s t .  , Ridge accordance suggests an 



a n c i e n t  and now g r e a t l y  d i s s e c t e d  penep la in .  Many peaks r i s e  above t h i s  summit penepla in .  The 

h i g h e s t  o f  these  monadnocks i n  Oregon i s  2280 m Mount Ashland, w h i c h . r i s e s  1060 m above t h e  gen- 

e r a l  l e v e l  o f  i t s  surroundings.  

E.1.4 Puget Trough Prov ince  

The Puget Trough Prov ince  extends t h e  e n ' t i r e  l e n g t h  o f  Washington f r o m  t h e  Canadian border  

t o  Oregon where t h e  W i l l a m e t t e  v a l l e y  i s  i t s  phys iograph ic  and g e o l o g i c  c o n t i n u a t i o n .  The n o r t h -  

e r n  . h a l f  o f  t h e  p rov ince  i n c l u d e s  Puget Sound, and t h e  sou thern  ' h a l f  i s  l a r g e l y  t h e  Cowl i t z  R i v e r  

v a l l e y  and upper  b a s i n  o f  t h e  Cheha l i s  R i v e r .  R e l i e f  i s  moderate,' and e l e v a t i o n s  o f  t h e  t r o u g h  

f l ' o o r  seldom exceed 160 m. 

E.1.5 Southern Washington Cascades Prov ince  

The Southern Washington Cascades Prov ince  extends sou th  f r o m  Snoqdalmie Pass t o  t h e  Colum- 

b i a  R i v e r .  U n l i k e  t h e  Nor thern  Cascades Prov ince,  a n d e s i t e  and b a s a l t  f l o w s  dominate w i t h  o n l y  

m i n o r  amounts o f  igneous i n t r u s i v e ,  sedimentary,  and metamorphic rocks .  

The a rea  i s  c h a r a c t e r i z e d  by g e n e r a l l y  accordan t  r i d g e  c r e s t s  separated by steep, deep ly  

d i ' ssec ted  v a l l e y s .  The genera l  r i d g e  e l e v a t i o n  i s  approx imate ly  2000 m i n  t h e  n o r t h e r n  s e c t i o n  

and 1200 m i n  t h e  southern.  An e x t e n s i v e  area around Mount Adams i s  composed m a i n l y  o f  r e c e n t  

l a v a  f lows ;  i t  comprises a g e n t l y  s l o p i n g  p l a t e a u  a t  900- t o  1500-m e l e v a t i o n ,  d i f f e r i n g  markedly  

f r o m  t h e  r e s t  o f  t h e  p rov ince .  Three dormant volcanoes dominate t h e  su r round ing  landscape: 

Mount R a i n i e r  (4392 m), Mount Adams (3801 m) , and Mount S a i n t  Helens (2948 m) . 
E. 1 .6 Okanogan Highlands Prov ince  

The Okanogan High1 ands Prov ince  i s  c h a r a c t e r i z e d  by moderate 's lopes and broad, rounded 

summits; thus ,  i t  d i f f e r s  markedly  f r o m  t h e  rugged Nor thern  Cascades Prov ince  on t h e  west.  

E x c e p t i n g  t h e  main r i v e r  v a l l e y s ,  much o f  t h e  p r o v i n c e  l i e s  above 1200 m. A s c a t t e r i n g  o f  peaks 

a t t a i n  q l e v a t i o n s  o f  o v e r  2400 m. The p r o v i n c e  i s  made up o f  severa l  up land  areas separated by 

a s e r i e s  o f  broad, n o r t h - s o u t h  r i v e r  v a l l e y s .  These s o u t h - f l o w i n g  r i v e r s  are,  fro111 west  t o  

eas t ,  t h e  Okanogan, Sanpoi 1, Columbia, Col v i  1 l e y  and Pend O r e i l  l e  ( C l a r k  Fork )  R ive rs .  

E. 1.7 B lue  Mountains Prov ince  

The B lue  Mountains Prov ince  i s  made up o f  severa l  mounta in ranges separa ted  by f a u l t e d  

v a l l e y s  and s y n c l i n a l  bas ins .  The mountainous areas i n c l u d e  t h e  Ochoco, Blue, and Wallowa 

Mountains, as we1 1 as t h e  Strawberry ,  Greenhorn, .and E l  khorn Ranges. Re1 i e f  w i t h i n  t h e  v a r i o u s  

mounta in ranges i s  h i g h l y  v a r i a b l e .  Moderate s lopes a r e  common w i t h i n  t h e  B lue  and Ochoco 

Mountains, whereas t h e  h e a v i l y  g l a c i a t e d  Wallowa Mountains e x h i b i t  t h e  g r e a t e s t  r e l i e f .  Maxi- 

mum e l e v a t i o n s  range f r o m  abou t  2100 m . i n  t h e  Ochoco Mountains t o  2900'm a t  Eagle Cap i n  t h e  

Wallowa Mountains. V a l l e y  e l e v a t i o n s  a r e  about  750 m i n  t h e  v i c i n i t y  o f  t h e  Ochocos and 900 m 

i n  t h e  broad b a s i n  between t h e  B lue  and Wallowa Mountains (near  La Grande and Baker, Oregon). 

Spec tacu la r  H e l l s  Canyon comprises t h e  e a s t e r n  boundary o f  t h e  p r o v i n c e .  T h i s  canyon, occup ied  

by t h e  Snake River ,  ranges up t o  1660 m i n  dep th  and i s  24 km wide a t  i t s ,  b roades t  p o i n t .  

E. 1.8 Columbia Bas in  Prov ince  

The Columbia B a s i n  i s  t h e  l a r g e s t  s i n g l e  p rov ince ;  i t  occupies an e x t e n s i v e  area sou th  o f  

t h e  Columbia R i v e r  between t h e  Cascade Range and B lue  Mountains i n  Oregon and r o u g h l y  t w o - t h i r d s  



o f  t h e  area e a s t  o f  t h e  Cascades i n  Washington. Topography v a r i e s  f r o m  v e r y  g e n t l y  u n d u l a t i n g  

t o  moderate ly  h i l l y .  Steep s lopes  occur  s p o r a d i c a l l y  and a r e  r e s t r i c t e d  t o  i s o l a t e d  b a s a l t i c  

b u t t e s  o r  canyons c u t  by some o f  t h e  ma jo r  r i v e r s ;  f o r  example, t h e  Deschutes R i v e r  i n  Oregon. . 

Over most o f  t h e  area, e l e v a t i o n s  range f rom 300 t o  600 m, a l though  t h e y  a r e  l e s s  than  150 m 

a d j a c e n t  t o  t h e  Columbia R i v e r .  

E.1.9 Bas in  and Range and Owyhee Upland Prov inces 

Southeastern Oregon has been d i v i d e d ' i n t o  two phys iograph ic  p rov inces :  B a s i n  and Range 

and Owyhee Upland. A l though topography d i f f e r s ,  t h e  two p rov inces  a r e  s i m i l a r  g e o l o g i c a l l y .  

The Basin and Range Prov ince  i s  c h a r a c t e r i z e d  by f a u l t - b l o c k  mountains e n c l o s i n g  bas ins  

w i t h  i n t e r n a l  dra inage.  The Owyhee Upland Prov ince  e x h i b i t s  c o n s i d e r a b l y  l e s s  f a u l t i n g  and, 

i n  genera l ,  may be descr ibed  as a n o r t h - f a c i n g  b a s i n  t h a t  i s  d r a i n e d  by t h e  Owyhee R i v e r .  E le -  

v a t i o n s  i n  b o t h  p rov inces  range f rom about  1200 m t o  2930 m a t o p  Steens Mountain. Except f o r  

s lopes o f  t h e  f a u l t - b l o c k  mountains, much o f  t h e  area i s  r o l l i n g  w i t h  low r e l i e f .  S ince annual 

p r e c i p i t a t i o n  i n  t h e  area averages o n l y  180 t o  300 mm, most streams a r e  i n t e r m i t t e n t ,  and numer- 

ous u n d r a i r ~ e d  bas ins  c o n t a i n  shal low,  s a l i n e  lakes.  

E. l .10 Nor thern  Cascades Prov ince  

The Nor thern  Cascades Prov ince  extends n o r t h  f r o m  Snoqualmie Pass t o  t h e  Canadian border .  

U n l i k e  t h e  sou thern  Cascades, these  mountains a r e  t o  a l a r g e  e x t e n t  comprised o f  a n c i e n t  s e d i -  

mentary rocks,  most o f  which a r e  f o l d e d  and a t  l e a s t  p a r t i a l l y  metamorphosed. I n t r u s i o n s  of 

l a r g e  g r a n i t i c  b a t h o l i t h s  a r e  a l s o  common. 

The p r o v i n c e  i s  a  t o p o g r a p h i c a l l y  mature a rea  o f  g r e a t  r e l i e f .  V a l l e y s  a r e  u n i f o r m l y  v e r y  

deep and steep s ided .  An o u t s t a n d i n g  f e a t u r e  o f  t h e  main eastward- and wes tward- f low ing  streams 

i s  t h e i r  l ow g r a d i e n t  t o  w i t h i n  6 o r  7 km o f  t h e  main d i v i d e .  On t h i s  bas is ,  i t  may be concluded 

t h a t  t h e  n o r t h e r n  Cascades a r e  as deep ly  d i s s e c t e d  as p o s s i b l e  w i t h  t h e i r  p r e s e n t  e l e v a t i o n ,  and 

t h a t  t h e i r  r e l i e f  w i t h i n  t h e  c u r r e n t  e r o s i o n  c y c l e  i s  a t  a  maximum. Another s t r i k i n g  topograph ic  

f e a t u r e  i s  t h e  approx imate ly  u n i f o r m  e l e v a t i o n  o f  t h e  main r i d g e t o p s .  Near t h e  m i d d l e  of t h e  

, range, t h i s  l e v e l  v a r i e s  f r o m  1800 t o  2600 m. Towering above t h i s  r e l a t i v e l y  even c r e s t  a r e  

two dormant volcanoes--Mount Bak'er and G l a c i e r  Peak. There a r e  a l s o  severa l  g r a n i t i c  peaks o f  

e x c e p t i o n a l  h e i g h t .  

Many r i d g e s  and peaks have g l a c i a l  f e a t u r e s .  Hundreds o f  c i r q u e s  e x i s t ;  some peaks, r i n g e d  

by c i r q u e s ,  have been eroded t o  mat te rhorns .  I n  a d d i t i o n ,  main east -west  v a l l e y s  p robab ly  owe 

t h e i r  v e r y  low g r a d i e n t s  t o  g l a c i a t i o n .  Today, t h i s  p o r t i o n  o f  t h e  Cascades c o n t a i n s  more a c t i v e  

g l a c i e r s  t h a n  any o t h e r  area w i t h i n  t h e  c o n t i n e n t a l  U n i t e d  S ta tes .  

E.2 VtGtlHIlUN TYPES AND ZONES 

b E.2.1 Pioaa slitnhensi.s Zone 

Picea sitchensis ( S i t k a  spruce)  c h a r a c t e r i z e s  t h i s  l o n g  nar row zone which s t r e t c h e s  t h e  

4 l e n g t h  o f  Washington's and Oregon's coas ts .  It i s  j u s t  p a r t  o f  a  c o a s t a l  f o r e s t  zone t h a t  

extends n o r t h  i n t o  Alaska and south i n t o  n o r t h e r n  C a l i f o r n i a  where i t  qrades, i n  p a r t ,  i n t o  

c o a s t a l  redwood (Sequoia sempervirens) f o r e s t .  The Picea sitchensis Zone i s  genera l  l y  o n l y  a 



few km in width, except where i t  extends up r i v e r  val leys .  On the  west s i d e  of the Olympic 

Peninsula, where an extensive coas ta l  plain e x i s t s ,  i t  i s  much broader. Although t h e  zone i s  

genera l ly  found below elevat ions  of 150 m ,  i t  goes t o  600 m when mountain masses a r e  immediately 

adjacent  t o  the  ocean. This zone could be considered a va r i an t  of the  Tsuga heterophyZZa Zone 

dis t inguished by Sitka spruce,  frequent summer fogs,  and proximity t o  the ocean. 

The Picea  s i t c h e n s i s  Zone has what could be considered the  mildest cl imate of any north- 

western vegetation zone. Extremes in  moisture and temperature regimes a r e  minimal; the cl imate 

i s  uniformly wet and mild. P rec ip i t a t ion  averages 2000 t o  3000 mm, but frequent fog and low 

clouds during the  r e l a t i v e l y  d r i e r  summer months a r e  probably as important in  ensuring minimal 

moisture s t r e s s e s .  Fog d r i p  adds p rec ip i t a t ion  a s  a consequence of condensation in  t r e e  crowns. 

Some of t h e  f i n e s t  f o r e s t  s o i l s  i n  the  region a re  found in  t h i s  zone--deep, r e l a t i v e l y  

r i c h ,  and f i n e  textured.  Surface s o i l s  a re  typ ica l ly  acid (pH 5.0 t o  5 . 5 ) ,  high in organic 

matter  (15 t o  20%) and t o t a l  nitrogen (0.50%), and 'low 4n base satura.t.ior.~ (10%). 

The coniferous f o r e s t  stands in t h i s  zone a r e  typ ica l ly  dense, t a l l  and among the  most 

productive in  the  world. ( l )  Consti tuent tree specler a re  S i  tka spruce (Picru ai tshenoka) ,  

western hemlock (Tsuga heterophyZZu), arborvi tae  (231uja p l i c a t a ) ,  Douglas f i r  (~seudo t suga  

menzies i i )  , grand f i r  (Abies g rand i s ) ,  and Pac i f i c  s l l  ver f i r  (A. wttubi2.i~) ( i n  Washington) . 
a   he f i r s t  t h ree  a re  by f a r  t h e  most common. Red a lde r  (Atnus rubra )  i s  one of the most abundant 

t r e e s  on recent ly  disturbed s i t e s ,  and lodgepole pine (pinus contorts) i s  common along the  ocean. 

Coastal redwood (sequoia sempervirens) , Cal i forni  a bay (VmbeZZuZaria ca l i fo rn ica )  , and Port 

Orford cedar (Chamaecyparis Zmsoniana) a r e  found in  t h i s  zone in  southwestern Oregon. 

E. 2.2  Tsuga heterophy Zla Zone 

The Tsuga heterophyZZa (western hemlock) Zone i s  the  most extensive veyeta t ior~ zone in  

western Washington and Oregon and the  most important i n  terms of timber production. This i s  

the  region famous' f o r  subclimax Douglas f i r  and climax wester11 I1e1111ock-arborvitae (Iltuja p l i c a t a )  

formations. The Tsuqa heterophyZZa Zone extends south from Br i t i sh  Co lumbia th'rough the  Oly~lg~ic 

Peninsula, Coast Ranges, Puget Trough, and both Cascade physiographic provinces in western wash- 

ington.  In Oregon i t  i s  s p l i t  i n t o  two major segnients--located i n  the ' coas t  Ranges and in  the  

Western and High Cascades Provinces--by the  Willamette and o the r  dry i n t e r i o r  val leys .  The 

southern l l m l t s  a re  t h e  Klamath Mountains on the coas t  (except f o r  the  narrow coastal  s t r i p )  

and t h e ' d i v i d e  between the  North and South Uiripq~la Rivers i r ~  Ltle Cascade Range (about 43" 16' M. 

l a t . ) .  Elevational range in  the  Cascade Range var ies  from e s s e n t i a l l y  sea level  t o  600 o r  700 m 
a t  49" north l a t i t u d e  and from 150 t o  1000 m a t  35"  north l a t i t u d e .  In the  Olympic Mountains, 

t he  Tsuga heterophylla Zone occurs between 150 and 550 m on the  wester.11 slopes and from nearly 

sea level  t o  llZS m on the d r i e r  eas tern  s lopes .  Where condlt lons a r c  favorable,  elements of 

t h i s  zone appear on the  e a s t  s i d e  of the Cascade Range and in  the  northern Rocky Mountains. 

The Tsuga heterophy22a Zone has a wet, mild, maritime climate.  Since the  zone l i e s  f a ~ t h e r  

from the  ocean, moisture and temperature extremes a re  g rea te r  than in  the  Pica  s i t c h e n s i s  (Si tka  

spruce) Zone. Also, a great  deal of ,cl imatic var ia t ion  occurs in  t h i s  widespread zone, associ -  

a ted  with l a t i t u d e ,  e l eva t ion ,  and the  location in  r e l a t i o n  t o  mountain massifs. Precipi ta t ion  

averages 1500 t o  3000 mm and occurs mainly during the  winter.  Summers a re  r e l a t i v e l y  dry with 



only 6 t o  9% of the  t o t a l  p rec ip i t a t ion .  .Moisture s t r e s s e s  a r e  s u f f i c i e n t  t o  r e s u l t  i n  d i s t i n c -  

t i v e  community spect ra  along moisture gradients .  Mean annual temperatures average 8" t o  9"C, . 

and ne i the r  January nor July  temperatures a r e  extreme. 

Despite the  f a c t  t h a t  s o i l s  in  the  Tsuga heterophylla Zone a r e  derived from a wide va r i e ty  
of parent rocks, they tend t o  have some common general f ea tu res .  Surface horizons a r e  well 

aggregated and porous. Organic matter content ranges from moderate in  the Cascades t o  high in 

portions of the  Coast Ranges and Olympic Peninsula, where th i ck ,  very dark A1 horizons a r e  
e spec ia l ly  common. Forest f l o o r  depths a r e  genera l ly  l e s s  than 7 cm, except a t  higher eleva- 
t i o n s  where they may.reach 15 cm i n  thickness.  Depending on degree of p r o f i l e  development, 

amounts of clay accumulation in  the  B horizon vary from low t o  medium. Most s o i l s  i n  the zone 

a re  of medium texture ,  ranging from sandy loam ' t o  c lay  loam. In some areas ,  we1 1 -developed 

s o i l s  a r e  l imited t o  moderate slope posi t ions ,  but on the  s teeper  s lopes ,  poorly developed, 
of ten  shallow, s o i l s  a re  encountered most of ten .  

E .2 .3  Mixed-Evergreen (Pseudotsuga-Sclerophyl 1 ) Zone 

In the  western Siskiyou Mountains, modal s i t e s  a r e  generally occupied by a mixed f o r e s t  of 
evergreen needle-leaved t r e e s  (upper s t r a t a )  and sclerophyllus broad-leaved t r e e s  (lower s t r a t a ) .  
Mixed-Evergreen Forests could be recognized as  a major community type of North America. Several 

s tud ies  of the  vegetation in  t h i s  zone a r e  in  progress and should g rea t ly  expand our knowledge 
of i t  during the  next decade. 

Environmentally, t h i s  zone i s  almost unknown. I t  i s  r e l a t i v e l y  warm and wet during the  

winter months and hot and dry during the summer. Annual p rec ip i t a t ion  would appear t o  be 

between 600 and 1700 mm o r  more, depending on e levat ion and dis tance  from the  coas t .  Less than 

20% f a l l s  during the  growing season. Average annual temperatures of about 47" t o  4g°F, average 
July  temperatures of 62" t o  66"F, and average January temperatures of 32" t o  36°F a r e  l i k e l y .  

E .  2.4 Mixed-Conifer (Pinus-~seudotsuga-Abies) Zone 

Mixed f o r e s t  of Douglas f i r  ( ~ s e u d o t s u ~ a  menz ies i i ) ,  Sugar pine (Pinus l&er t i ana ) ,  Pon- 
derosa pine (Pi ponderosa), incense cedar ( ~ i b o c e d r u s  decwrrens), and white f i r  (Abies concolor)  

( o r  grand f i r  [A. g randis] )  type midelevations in  the  southwestern Oregon Cascade Range and 
.eastei-t i  Siskiyou Mountains. The Mixed-Conifer Zon~! nccllrs from about 43" north la t i t l ide  south 
along the  western f lanks  of t h e  Cascade.Range a t  e levat ions  of about 750 t o  1400 m.  I t  i s  a l so  

found in  the  eas tern  Siskiyou Mountains, but usually a t  s l i g h t l y  higher e levat ions .  The Mixed- 

Conifer Zone i s  generally bounded by the  I n t e r i o r  Valley and the  Abies concolor (white f i r )  
Zone a t  i t s  lower and upper 1 imi ts ,  respect ively;  t o  the  north i t  grades i n t o  the  Tsuga hetero- 
p h y l k  (western hemlock) Zone. 

Very few environmental data a r e  avai lable  f o r  t h e  Mixed-Conifer Zones except fOP the east-  

6 
, ern Siskiyou Mount.ains. Precipi ta t ion  var ies  from about 900 t o  1300 mm, with very l i t t l e  

occurring during the  summer months. Mean temperatures a r e  about t h e  same as in  the  Tsuga 

heterophylla Zone, but summers a r e  d i s t i n c t l y  warmer and d r i e r .  

* c Forest s o i l s  in the  Mixed-Conifer Zone of southwestern Oregon a r e  extremely varied due t o  

the  complex geological h i s to ry  and topography. 



E.2.5 P i n u s  ponderosa Zone 

Ponderosa p i n e  ( p i n u s  ponderosa)  f o r e s t s  a r e  w i d e l y  d i s t r i b u t e d  i n  e a s t e r n  Oregon and 

Washington. They occupy: 

1  ) a  nar row band (15 t o  30 km wide)  on t h e  e a s t e r n  f l a n k s  o f  t h e  e n t i r e  Cascade Range 

( g e n e r a l l y )  ; 

2)  much o f  t h e  h i g h  pumice p l a t e a u  ex tend ing  e a s t  f r o m  t h e  High Cascades Prov ince;  

3 )  l a r g e  areas i n  t h e  B lue  Mountains Prov ince  (Ochoco, Blue, and Wallowa Mounta ins)  o f  

n o r t h e a s t e r n  Oregon and extreme sou theas te rn  Washington; and 

4 )  e x t e n s i v e  t r a c t s  i n  t h e  Okanogan High'l ands Prov ince  o f  n o r t h e a s t e r n  Washington. 

The band o f  Ponderosa p i n e  f o r e s t s  g e n e r a l l y  inc reases  i n  e l e v a t i o n  f rom n o r t h  t o  south.  Throuqh- 

O u t  much o f  Washington t h e y  a r e  a t  approx imate ly  600 t o  1200 m. i n  e l e v a t i o n .  I n  t h e  B lue  Moun- 

t a i n s  Prov ince  and n o r t h e a s t e r n  Oregon g e n e r a l l y ,  t h e  e l e v a t i o n a l  range i s  about  900 t o  1500 m. 

E l e v a t i o n s  i n  t h e  s o u t h - c e n t r a l  Oregon pumic area a r e  cons iderab ly  h igher - -abou t  1450 t o  2000 m. 

A t  t h e i r  upper l i m i t s ,  Ponderosa p i n e  f o r e s t s  may grade i n t o  f o r e s t s  of Douglas fir, grand 

f ir ( ~ b i e s  g r a n d i s ) ,  o r  w h i t e  f ir (A. c o n c o l o r )  depending on t h e  l o c a l e .  Throughout much o f  

Oregon, t h e y  a b u t  Great  Basin sage ( h t e m i s i a  t r i d e n t a t a )  steppe o r  open j u n i p e r  ( ~ u n i p e r u s  

o c c i d e n t a 2 i s ) - - G r e a t  Bas in  sage woodland a t  t h e i r  l ower  1 i m i  t s .  A t  l ower  e l e v a t i o n a l  1  i m i  t s  

I n  Washington, Ponderosa p i n e  f o r e s t s  grade i n t o  e i t h e r  g rass land  o r  sage shrub-steppe. A t  some 

l o c a t i o n s  i n  n o r t h e r n  Oregon and sou thern  Washington, an eco tona l  b e l t  o f  Oregon oak (Quercus 

g a r r y a n a )  e x i s t s  between Ponderosa p i n e  f o r e s t  and steppe.  

The c l i m a t e  o f  t h e  P i n u s  ponderosa Zone i s  c h a r a c t e r i z e d  by a s h o r t  growing season and 

min imal  summer p r e c i p i t a t i o n .  Average annual p r e c i p i t a t i o n  ranges f rom about  355 t o  760 mm, 

much o f  i t  f a l l i n g  as w i n t e r  snow. D i u r n a l  summer temperatures f l u c t u a t e  w ide ly ,  w i t h  h o t  da,ys 

and c o l d  n i g h t s .  I n  many areas, f r o s t  may occur  any n i g h t  o f  t h e  vear .  The mnnt.hs n f  o. l~.~ly, 

August and September a r e  v e r y  d ry ,  w i t h  r a i n f a l l  averag ing  l e m  than  25  .mm. Much o f  t h i s  su111 

mer r a i n  i s  i n e f f e c t i v e ,  as i t  u s u a l l y  comes d u r i n g  b r i e f ,  h i g h - i n t e n s i t y  convec t ion  storms. 

W i n t e r  temperatures a r e  g e n e r a l l y  low; as a r e s u l t ,  snow o f t e n  accumulates t o  cons iderab le  

depths.  

S ince Ponderosa p i n e  occupies d r i e r  s i t e s  t h a n  any o t h e r  f o r e s t  t y p c  ( c x c c p t  j u n i p e r  

[ Jun iperus  o c c i d e n t a l i s ] ) ,  i t s  d i s t r i b u t i o n  i s  c l o s e l y  c o r r e l a t e d  w i t h  s ~ r p p l  i e z  n f  a v a i l a b l e  

s o l 1  m o i s t u r e .  Th is  i s  o f t e n  r e f l e c t e d  by a d i s t i n c t  r e l a t . i n n z h i p  betwoen t h e  occur rcncc  o f  

Ponderosa p i n e  and s o i l  t e x t u r e ,  e s p e c i a l l y  a t  t h e  d r y  end o f  i t s  range. On x e r i c  s i t e s ,  a  

mosaic o f  Ponderosa p i n e  communit ies (on c o a r s e - t e x t u r e d  s o i l s )  and s teppe or shrub-steppe 

communit ies (on  f i n e r  t e x t u r e d  s o i l s )  i s  common. An extreme example i s  a  d i s j u n c t  s tand  o f  

Ponderosa p i n e  f o r e s t .  Desp i te  l e s s  than  250 mm annual p r e c i p i t a t i o n ,  abundant r e g e n e r a t i o n  

a t t e s t s  t h a t  t h e  s tand i s  m a i n t a i n i n g  i t s e l f ,  The e x i s t e n c e  o f  t h i s  a n a c h r o n i s t i c  f o r e s t  i s  

p r i m a r i l y  due t o  t h e  u n i f o r m l y  sand<v s o i l  i t  occupies.  

E.2.6 Ab ies  g r a n d i s  Zone 

The Ab ies  g r a n d i s  (grand f i r )  Zone i s  t h e  most e x t e n s i v e  mids lope f o r e s t  zone i n  t h e  Oregon 

and sou thern  Washington Cascade Range and B lue  Mountains o f  e a s t e r n  Oregon. The Ab ies  g r a n d i s  



Zone ty~ ica1 l .v  occurs a t  1100 t o  1500 m in the central  Oreqon Cascade Range, 1500 t o  2000 m 
i n  the Ochoco and Blue Mountains and 1650 t o  2000 m ( ~ b i e s  concoZor [white f i r ]  Zone) in south- 

central  Oregon. 

The Abies grandis Zone i s  typical ly  bounded by the Abies Zasiocarpa (subalpine f i r )  Zone 

a t  i t s  upper l imi t s  and the ~seudo tsuga  menziesii (Douglas f i r )  o r  Pinus ponderosa (Ponderosa 
- pine) Zones a t  i t s  lower 1 imits.  However; local ly  a t  higher elevations o r  on more mesic s i t e s  

in the Cascade Range, i t  may abut fo res t s  in which Pacif ic  s i l v e r  f i r  (Abies amabiZis), western 

hem1 ock ( ~ s u ~ a  heterophyZZa), arborvitae (Thuja p ~ i c a ' t a ) ,  or  black hemlock (Tsuga mertensiana) 

a re  climax. A t  i t s  lower l imi t s ,  i t  may be adjacent t o  sage shrub-steppe without an interven- 

. ing be l t  of climax Douglas f i r  o r  Ponderosa pine. 

The Abies grandis Zone provides the most moderate environmental regime of any of the eas t -  

s ide  fo res t  zones (except f o r  the areas where hemlock o r  arborvitae a re  present) .  Neither mois- 
ture  nor temperature conditions a re  extreme. Precipi ta t ion i s  generally higher and temperature 

lower than in lower forested zones. Differences in summer dryness and soi l 'drought  d i f fe ren t i a te  

the grand f i r  and western hemlock from the Douglas f i r  associations.  Soil drought i s  of minor 

. ecologic significance in the Abies grandis Zone. The Abies grandis Zone i s  distinguished c l i -  

matically from subalpine fo res t s  by i t s  higher temperatures and l esse r  accumulations of snow. 

E.2.7 Tsuga heterophyZZa Zone 

Habitats where the western hemlock o r  arborvitae a re  climax a re  encountered on the  eastern 

slopes of the Cascade Range in Washington and northern Oregon. These cons t i tu te  the  Tsuga 

heterophyZZa Zone. I t  i s  e s sen t i a l ly  an eastern extension of the widespread coastal Tsuga 

heterophylla Zone, although the composition of several fo res t s  and understory i s  somewhat 

a1 tered.  

In te r io r  western hemlock and arborvitae fo res t s  a re  most common in the eastern Washington 

Cascades a t  elevations between 800 and 1200 m. In Oregon, they a re  increasingly ra re  to  t h e i r  

southern l i m i t  a t  about 44" 30' north l a t i t u d e .  Both species are  absent from the Blue and 

Wallowa Mountains. Habitats su f f i c ien t ly  mesic t o  support western hemlock o r  arborvitae are  

very often dis junct ,  occurring within areas of Abies grandis Zone. 

The Tstcga hetkrophg7.7.cr 7one ocrllrs under what appears t o  be the most equitable c l imat ic  

regime of a l l  the i n t e r i o r  f o r e s t  zones, a precipi ta t ion range of 560 t o  1700 mm and mean annual 

temperature of 2.5' t o  7.5"C. 

E.2.8 Shrub-steppe Zonal Associations 

Nine zonal associations,  communities t h a t  can occur as  climatic climaxes, have been recog- 

nized i n  the steppe region of t he  Columbia Basin province. Six occur in the  counties o f t h e  

NCUA. These are :  

Artemesia t r iden ta ta  (Great Basin s a g e ) / ~ ~ r o p y r o n  spicatwn (bl uebunch wheatgrass) -- 
in Douglas, Franklin, Grant and Lincoln counties. 

Artemesiu' 1;1~iden~&tu/Festucu idahocnsia (fescue) --i  n Lincoln County. 

Agropyron spicatwn-Poa sandbergii  (Sandbergs ' bluegrass) - - i n  Douglas and Lincoln 

counties. 



e Agropyron sp icatwn-Festuca i d a h o e n s i s  - i n  F r a n k l i n  county. 

.: Fes tuca  idahoensis/Symp@ricarpos aZbus (snowberry)  - i n  L i n c o l  n  county.  

A r temes ia  t r ipar t i ta  (Great  Bas in  sage)/Festuca i d a h o e n s i s  - i n  Douglas and L i n c o l n  

c o u n t i e s .  

The l a s t  two a s s o c i a t i o n s  a r e  found on t h e  p e r i p h e r y  o f  t h e  steppe r e g i o n  near  i t s  c o n t a c t  w i t h  

f o r e s t  v e g e t a t i o n .  These t e n d  t o  be lush ,  meadowlike communities w i t h  conspicuous amounts o f  

l a r g e  p e r e n n i a l  grasses and broad- leaved f o r b s .  The t e r m  "meadow steppe"  has o f t e n  been a p p l i e d  

t o  these  types .  The o t h e r  f o u r  zonal  a s s o c i a t i o n s  l i e  i n  t h e  more a r i d  i n t e r i o r  o f  t h e  Colum- 

b i a , B a s i n  Prov ince.  Vege ta t ion  i s  more open'and f o r b s  a r e  l e s s  conspicuous i n  these  communit ies. 

Steppe and shrub-steppe communit ies a r e  widespread i n  Oregon, domina t ing  t h e  e n t i r e  sou th -  

e a s t e r n  q u a r t e r  o f  t h e  s t a t e  and a  s t r i p  around t h e  nor thwes te rn  and western marg ins o f  t h e  B lue  

Mountains. 'The communit ies found  i n  t h e  l a t t e r  area, near  t h e  Columbia R ive r ,  a r e  v e r y  s i m i l a r  

t o  those  descr ibed  f o r  Washington. 

I n  some respec ts ,  t h e  s teppes o f  sou theas te rn  Oregon a r e  s i m i l a r  t o  those  o f  t h e  Columbia 

Bas in  Prov ince :  

1 )  b o t h  areas have hot,, d r y  summers and c o l d  w i n t e r s ;  and 

2) t h e r e  a r e  s i m i l a r  communit ies, e. g. , t h e  Ar temes ia  t r i d e n t a t a / A g r o p y r o n  s p i c a t w n  and 

A r t e m i s i a  t r i d e n t a t a / F e s t u c a  i d a h o e n s i s  a s s o c i a t i o n s .  . 
C o n t r a s t s  between t h e  two areas a r e  n o t a b l e ,  however: . 

1  ) sou theas te rn  Oregon shrub-steppes average much h i g h e r  i n  e l e v a t i o n ;  

2) deep, 'loamy s o i  I s  a r e  n o t  common i n  sou theas te rn  Oregon; 

3 )  d e s e r t  o r  s a l t  d e s e r t  shrub communit ies a r e  common enough t o  appear on regio 'na l  

v e g e t a t i o n  maps; 

4 )  A r t e m i s i a  cana ( s i l v e r  sage) on m o i s t e r  h a b i t a t s .  



TABLE E. 1. Cur tcentrat ion Values i n  ~ r e s h w a t e r s  o f  t h e  P a c i f i  1 Northwest  o f  I n o r g a n i c  Elements Occur r ing  i n  Coal 3)  

Element Primary Source 

A1 umi num (A1 ) I n d u s t r i a l  waste, mine 
drainage 
Weathering o f  rock 

Antimony (Sb) Weathering o f  rock 

Concentrat ion 
Location ( m g / ~ )  

P a c i f i c  Northwest Basin 0.03 
(mean p o s i t i v e )  

Columbia River above Dalles, Oregon 0.089-0.238 

Year 

1962-67 

Pinc ipa l  r i v e r s  o f  the U.S. None - 
Selected d r ink ing  water suppl ies i n :  

Washington . < 0.002-0.02 
Oregon < 0.008 
Idaho c 0.06 

Arsenic (As) P a c i f i c  Slope Basins i n  Washington and 
Upper Columbia River  Basin 

P a c i f i c  Slope Basins i n  Oregon and Lower 
Columbia River  Basin 

Snake River  Basin 
P a c i f i c  Northwest Basin 

0.0 
0.068 
(mean p o s i t i v e )  

Selected d r ink ing  water suppl ies i n :  , 

Washington 
Oregon 
Idaho 

Pr inc ipa l  r i v e r s  o f  the U.S. 

< 0:Ol 
< 0.01 
< 0.01 
None detected 

Barium (Ba) Weathering o f  rock P a c i f i c  Northwest Basin 0.027 
(mean p o s i t i v e )  

Columbia River  above Dalles, Oregon 0.033-0.048 
Selected d r ink ing  water suppl ies i n :  

Washington .0.002-0.06 
Oregon 0.005 
Idaho < 0.01-0.01 

B e r i l l i u m  (Be) 

Boron (0 )  

I n d u s t r i a l  e f f l u e n t s  o f  
various types, weathering 
o f  mineral bery l  

P a c i f i c  Northwest Basin 0.00002 
(mean p o s i t i v e )  

Selected d r i n k i n g  water suppl ies i n :  
Washington < 0.00001 -0.00008 
Oregon < 0.0004 
Idaho < 0.0003-0.005 

P a c i f i c  Northwest Basin 0.03 
(mean p o s i t i v e )  

Weathering o f  boron- 
bearing rock; c leaning 
wastes 
Weathering o f  rock P a c i f i c  Slope Basins i n  Washington and 0.0-0.15 

Upper Columbia River  Basin 
P a c i f i c  Slope Basin i n  Oregon and 0.0-0.12 

Lower Columbia River  Basin 
Snake River  Basin 0.0-0.09 
Selected d r ink ing  water suppl ies i n :  

Washington 0.000-0.1 
Oregon 0.04 
Idaho 0.17-0.21 

Bromine (Br)  

Cadmium (Cd) 

R a i n f a l l ,  combustion o f  
leaded gasul lrle curr la l r l l r~y 
ethylene dibromide 

No data f o r  P a c i f i c  Northwest 

E lec t rop la t ing ,  weather- 
i n g  o f  ores 

P a c i f i c  Northwest Basin 0.005 ' 

(mean p o s i t i v e )  
Selected d r i n k i n g  water suppl ies i n :  

Washington < 0.006-< 0.005 
, Oregon c 0.002 

Idaho < 0.02 
Pr inc ipa l  r i v e r s  o f  the U.S. None detected 

Surface water i n  98 U.S. r i v e r s  11 . -408. 
Dr ink ing water i n  163 U.S. metropol i tan 31.1 

areas (average) 
P a c i f i c  Slope Basins i n  Washington and 2.-52. 

Upper C ls lu~~~b td  Riveis Basin 
P a c i f i c  Slope Basins i n  Oregon and 2.-53. 

Lower Columbia River  Basin 
Snake River  Basin 6.8-54. 
Selected d r ink ing  water suppl ies i n :  

Washington G.4-32. 
Oregon 13. 
Idaho 54.-56. 

Surface water o f  98 U.S. r i v e r s  1 .-702. 
Dr ink ing water i n  163 U.S. metropol i tan 20.1 
. areas ' 

P a c i f i c S l o p e B a s i n s i n W a s h i n g t o n a n d  0.2-60. 
Upper Columbia River  Basin 

Weathering o f  rock 

Chlor ide i o n  (C1-) 

Weathering o f  rock 



TABLE E.1. (con td)  

Concentrat ion 
(mgle) 

0.5-30. 
Element Primary Source Location 

P a c i f i c  Slope Basins i n  Oregon and 
Lower Columbia River  Basin 

Snake River  Basin 
Selected d r i n k i n g  suppl ies i n :  

Washington 
Oregon 
Idaho 

P a c i f i c  Slope Basins i n  Washington and 
Upper Columbia River  Basin 

P a c i f i c  Slope Basins i n  Oregon and 
Lower Columbia River Basin 

Snake River Basin 
P a c i f i c  Northwest Basin 

Year 

1964-65 

Chromium (Cr)  I n d u s t r i a l  wastes 

I n d u s t r i a l  wastes 
0.0 
0.005 
(mean p o s i t i v e )  

SLlected d r i n k i n g  water suppl ies i n :  
Washingtoti 
Oregon 
Idaho 

Cobalt (CO) Weathering o f  rock - P a c i f i c  Northwest Basin 0.008 
(mean p o s i t i v e )  

Selected d r i n k i n g  Liater suppl ies i n :  
Washington 
Oregon 
Idaho 

Corrosion o r  copper and P a c i f i c  Northwest Basln 
brass tub ing;  i n d u s t r i a l  
e f f l u e n t ;  herb ic ides;  
weathering o f  rock 

P a c i f i c  Slope Basins i n  Washington and 
Upper Columbia River  Basin 

r a c l t l c  Slope Basins I n  Oregon and. . 
Lower Columbia River Basin 

Snake River  Basin 
Selected d r ink ing  water suppl ies i n :  

Washington 
Oregon 
Idaho 

Weathering o f  rock Orinking water o f  163 U.S.  metropol i tan 
areas 

P a c i f i c  Slopc Basins i n  Washington and 
Upper Columbia River Basin 

P a c i f i c  Slope ~ a s i h s  i n  Orcgon and 
Lower Colu~llbia River  Bas i r ~  

Snake River  Basin 
Selected d r i n k i n g  water suppl ies i n :  

Washington 
Oregon 
Idaho 

Community water suppl ies w i t h  natura l  
F- content o f  0.7 ppm o r  more: 
Washington 
n r ~ g n n  
lllnllll 

Pr inc ipa l  r i v e r s  o f  the U.S. 
Lower M iss iss ipp i  River Basin 

Pr inc ipa l  r i v c r s  o f  the U.S. 
Lower M iss iss ipp i  River  Basin 

98 U.S. r i v e r s  

Copper (Cu) 0.009 
(mean p o s i t i v e )  

F luo r ide  i o n  (F-) 0.25 
(average) 
0.0-1 .o 

Gal l ium (Ga) 

Germanillm (GP) 

I r o n  (Fe) 

None detected 
c. 0.0005-0.4 

None detected 
< 0.00025-< 0.02 

Dissolved mineral mat ter  Dr ink ing water i n  163 U.S. metropol i tan 
areas 

P a c i f i c  Northwest Basin 
(average) 
0.032 
(mean p o s i t i v e )  
0. 00-074 Weathering o f  rock, a c i d  P a c i f i c  Slope Basins i n  Washington and 

waters, e tc .  Upper Columbia River Basin 
P a c i f i c  Slope Basins i n  Oregon and 

Lower Columbia River  Basin 
Snake River  Basin 
Selected d r i n k i n g  water suppl ies i n :  

Washington 
Oregon 
Idaho 

Lead (Pb) Weathering o f  l imestone P a c i f i c  Northwest Basin 
and galena; var ious min- 
i n g  and e f f l u e n t s  

E. 10 

0.015 
(mean p o s i t i v e )  



TABLE --- E.1. (contd) 

Concent ra t ion  
(mgle) 

< 0.0012-0.005 

Year 

1958-59 

.1962-63 

Element Primary Source Loca t i on  
Columbia R i ve r  above Da l l es ,  Oregon 
Selec ted d r i n k i n g  water supp l i es  i n :  

Washington 
Oregbn 
Idahp 

D r i n k i n g  water  o f  163 m e t r o p o l i t a n  
areas 

Weathering o f  rock  P a c i f i c  Slope Basins i n  Washington and 
Upper Columbia R i ve r  Bas in  

P a c i f i c  Slope Basins i n  Oregon and 
Lower Columbia R i ve r  Bas in  

Snake R i ve r  Bas in  
Se lec ted d r i n k i n g  water  supp l i es  i n :  

. Washington 
Oregon 
Idaho 

Manganese (Mn) D isso lved minera l  ma t te r  Surface and ground waters o f  U.S. 
P a c i f i c  Northwest Bas in  

0.0020-0.05 
< 0.004 
< 0.03 

9.75 
(average) 
0.2-32. 

Magnesium (Mg) 

.2J 

4.-16. 
0.7 
39. -48. 

0.0-0.16 
0.0028 
(mean p o s i t i v e )  
0.0055-0.014 Columbia R i ve r  above Da l l es ,  Oregon 

Selec ted d r i n k i n g  water  supp l i es  i n :  
Washington 
Oregon 
Idaho 

Mercury (Hg) I n d u s t r i a l  e f f l u e n t s ;  P r i n c i p a l  r i v e r s  o f  U.S. 
mines w i t h  Hg-conta in ing 
ores  

None de tec ted  

Molybdenum (Mo) M ine ra l  weather ing P a c i f i c  Northwest Bas in  
Columbia R i ve r  above Dal l e s ,  Oregon 
Selec ted d r i n k i n g  water  supp l i es  i n :  

Washington 
Oregon 
Idaho 

Phosphorus (P) Detergents U.S. r i v e r s  
P a c i f i c  Northwest Bas in  

0.01-10 
0.047 
(mean p o s i t i v e )  
0.0 Columbia R i ve r  a t  Oal les ,  Oregon 

Phosphate i o n  (PO4-) Detergents, water  t r e a t -  P a c i f i c  Slope Basins i n  Washington and 
ment, domest ic and indus-  Upper Columbia R i ve r  Bas in  
t r i a l  sewage, f e r t i l i z e r  

P a c i f i c  Slope Basins i n  Oregon and 
Lower Columbia R i v e r  Bas in .  

Snake R i v e r  Bas in  

Potassium ( K )  weather ing o f  r ock  P a c i f i c  Slope Basins i n  Washington and 
Upper Columbia R i ve r  

P a c i f i c  Slope Basins i n  Oregon and 
Lower Columbia R i ve r  

Snake R i ve r  Bas in  

Se l cc led  d r , l ~ ~ k l r l g  warer suppl ies  i n :  
Washington* 
Oregon 
Idaho 

No P a c i f i c  Northwest data  

Sur face waters  o f  98 U.S. r i v e r s  
P a c i f i c  Slope Basins i n  Washington and 

Upper Columbia R i ve r  Bas in  
P a c i f i c  Slope Basins i n  Oregon and 

Lower Columbia R i ve r  Bas in  
Snake R i ve r  Bas in  

Weathering o f  rock ,  e t c .  P a c i f i c  Slope Basins i n  Washington and 
Upper Columhia R i v e r  Rasin 

P a c i f i c  Slope Basins i n  Oregon and 
Lower Columbia R i ve r  

Se lec ted d r i n k i n g  water  supp l i es  i n :  
Washington 
Oregon 
Idaho 

Columbia R i ve r  above Oal les ,  Oregon 

S ~ l e n i u m  (So) 

S i l i c o n  ( S i )  

S i l i c o n  d i o x i d e  (S i02 )  Weathering o f  r ock  

Sodium (Na) 

T i n  (Sn) 

T i t an ium ( T i  ) 



TABLE E.1. ( con td )  

Location Element Primary Source 

Vanadium ( V )  Minera ls  P a c i f i c  Northwest Basin . . 

Columbia River  above .Oal l e s ,  Oregon 
Selected d r i n k i n g  water supplies i n :  

Washington 
Oregon 
Idaho 

Zinc (Zn)  P a c i f i c  Northwest Basin 
- 

I n d u s t r i a l  waste; some P a c i f i c  Slope Basins i n  Washington and 
rock weathering Upper Columbia River  Basin 

P a c i f i c  Slope Basins i n  Oregon and 
Lower Columbia River  Basin 

Snake River  Basin 

No dota f o r  P a c i f i c  Northwest 

Concentration 
(mg/r) 

0 .013 
(mean p o s i t i v e )  
0.0-0.004 

0 .040 
(mean p o s i t i v e )  
0.05-0.4 

TABLE E.2. Recommended .Values of C e r t a i n  Elements f o r  P ro tec  i n 
o f  A q u a t i c  L i f e  i n  Freshwater  and S a l t w a t e r  Areast l !  

" 

t e r  Qua1 i tj 

Year 

1962-63 

1956-59 

Bar ium (Ba) 0.1 0.05 0.05 0.06 
. . 

Remarks: P a c i f i c  Nor thwest  streams g e n e r a l l y  c o n t a i n  s u f f i c i e n t  b i ca rbona te  t o  p r e -  
c i p i t a t e  a l l  b u t  m inu te  amounts o f  barium. Ba can be p r e s e n t  i n  c o l l o i d a l  suspension, 
a  c h e l a t e ,  an o r g a n i c  compound, o r  o t h e r  ways. Water q u a l i t y  c r i t e r i a  t e n t a t i v e l y  sug- 
g e s t  5.0 ppm i s  s u f f i c i e n t  t o  p r o t e c t  a q u a t i c  l i f e ,  b u t  t h i s  appears excess ive.  

Boron (U) 0.1 0.3 4.7 5:5 

Remarks: Boron can be t o x i c  i n  h i g h  c o n c e n t r a t i o n s ,  b u t  i t  i s  n o t  considered a  hazard 
as t h e  p o s s i b i l i t y  i s  l o w  t h a t  l e t h a l  l e v e l s  may be reached. Only t r a c e  amounts occur  
i n  most P a c i f i c  Nor thwest  wa te rs .  

Cadmi urn ( Ca) 0.0005 0.001 0.0001 ! l1.0f1111:3 

Kemarks: k i s h  are q u i t e  s e n s i t i v e  t o  C ~ ~ I I I ~ U I I I .  A lso,  ~ad l l l i um combines w i t h  o t h e r  mcta ls ,  
r l o t a b l y  z i n c ,  t o  e x e r t  s y n e r g i s t i c  e f f e c t s .  The l o w e s t  l e v e l  i n d i c a t e d  l e t h a l  t o  f i s h  i s  
t h e  Pub1 i c  Water Supply maximum 0.01 ppm. Salmon f r y  have been k i l l e d  by 0.03 ppm cad- 

, mium w i t h  0.15 ppm z i n c .  

Chromi um (Cr )  Trace 0.01 0.00005 0.00006 

Remarks: F i s h  a r e  l e s s  s e n s i t i v e  t o  chromium than  o t h e r  organisms i n  a q u a t i c  food  
w e b s . o n c e n t r a t i o n ~  o f  0.016 ppm and l e s s  appear t u x l c  .tu s ~ i c r u b c u p i c  wdLer' organ- 
isms such as Daphnia magna, b u t  t h e  ev idence . i s  n o t  secure. Hexavalent  chromium I s  
c l i f f ' i c u l t  t o  d e t e c t  below 0.05 ppm. 

Copper (Cu) 0.02 0.05 above 0.05 0.06 
n a t u r a l  background 

\ Kemarks: Copper comb4ries t o  a c t  s y n e r g i s t i c a i  l y  w i t h  z i r ~ c ,  cad111iu111; pllospha te, c h l o r i n e ,  
mercury and o t h e r  m a t e r i a l s  upon f i s h .  Copper c o n c e n t r a t i o n s  as l o w  as 0.015 ppm have 
been r e p o r t e d  t o x i c .  Copper e f f e c t s  a r e  pronounced i n . s o f t  water ,  p o s s i b l y  because cop- 
p e r  carbonate p r e c i p i t a t e s  f rom hard  wa te r  and l i m i t s  t h e  amount o f  copper i n  s o l u t i o n .  
Maximum l e v e l  o f  copper s u l f a t e  f o r  t r o u t  i s  0.014, carp--0.30, and go ld f i sh - -0 .50  ppm. 
A q u a t i c  f o o d  organisms o f  f i s h  a r e  h i g h l y  s e n s i t i v e .  Mar ine b i o t a  a r e  a l s o . s e n s i t i v e .  
Oys te r  l a r v a e  r e q u i r e  some copper (0.05-0.06 ppm), b u t  t o x i c  e f f e c t s  beg ln  a t  0.1-0.5 ppm. 

F l u o r i d e  (F-)  0.5 -- 1.3 .1 .5 

Remarks: F i s h  appear a f f e c t e d  by f l u o r i d e  a t  about  t h e  same l e v e l s  and i n  much t h e  same 
way as l a n d  animals .  The l o w e s t  c o n c e n t r a t i o n  r e p o r t e d  t o  e x e r t  adverse e f f e c t s  
( r e t a r d e d  and p o o r e r  h a t c h i n g  eggs) i s  1 .5 ppm. 



TABLE E.2. (contd)  

Water Qua1 i t y ,  L i m i t s  , ppm 
Freshwater Sal twater  

El  ement Goa.1 ( a )  ~ t a n d a r d ' ~ '  Goal (a )  

I r o n  (Fe) 0.0 0.1 
Tota l  Fe above 
na tu ra l  content  

Remarks: F ish  may be adversely a f f ec ted  by i r on ,  .a l though the amount i n  s o l u t i o n  ( f e r -  - 
rous i r o n )  w i l l  be low i n  aerated streams support ing f i s h .  I n  come cases, l e v e l s  as low 
as 0.2 ppm fer rous  i r o n  may be harmful, bu t  some f i s h  t h r i v e  a t  h igher l eve l s .  

Lead (Pb) L i m i t  of 0.02 0.00003 0.004 
Detectabi 1 i t y  

Remarks: Lead i s  more t o x i c  t o  f i s h  i n  s o f t  water (as i s  Cu) than hard water. Low oxy- 
m e l s  appear t o  accentuate the  e f f e c t  o f  lead s l i g h t l y .  Toxic e f f e c t s  i n  f i s h  have 
occurred as low as 0.01 ppm lead, bu t  o ther  t e s t s  have shown no t o x i c i t y  a t  l e v e l s  up t o  
0.4 ppm. 
Manganese (Mn) Trace 0.01 . 0.002 0.04 

t o t a l '  mn 

Remarks: F ish  appear t o  have some to lerance t o  Mn; i t  i s  probably n o t  harmful a t  the  - 
maximum l i m i t  o f  0.05 ppm f o r  p u b l i c  water suppl ies.  

Mercury (Hg) L l i n i t  o f  0.002 
D e t e c t a b i l i t y  

Remarks: No f i s h  k i l l s  due t o  mercury have been reported:  Mercury i s  normal ly  i n e r t ,  
bu t  enters the aquat ic  food web, becomes concentrated i n  f i s h  and i s  t r ans fe r red  from 
prey t o  predator  species. 

Selenium (Se) L i m i t  o f  0.003 0.00003 0.004 
Detec tab i l  i t y  

Remarks: F ish  are somewhat morc s e n s i t i v e  t o  selenium than humans, bu t  q u a n t i t a t i v e  
d a t a e  scarce. The maximum l i m i t  o f  0.01 ppm f o r  p u b l i c  water suppl ies i s  probably 
acceptable f o r  nea r l y  a l l  species o f  f i s h .  F ish  apparent ly  concentrate selenium i n  
t h e i r  1 i v e r s  by i nges t i ng  selenium en te r i ng  the  food web . v i a  p lankton.  

S i l v e r  (Ag) L i m i t  o f  0.003 0.00003 0.004 
D e t e c t a b i l i t y  

Remarks: F ish  are s e n s i t i v e  t o  s i l v e r ,  l e t h a l  e f f e c t s  having been observed a t  0.003 
m e l s .  Plankton may be s l i g h t l y  l ess  sens i t i ve ,  bu t  on ly  l i m i t e d  data are a v a i l -  
able.  The maximum l i m i t  o f  0.05 ppm f o r  p u b l i c  water suppl ies i s  apparent ly  safe f o r  
most aquat ic  1 i f e .  

Sodium (Na) 10.0 over 35.0 over 10,500 12,500 
na tu ra l  l e v e l s  na tu ra l  l e v e l s  

Remarks: Sodium has l i t t l e  adverse e f f e c t  on aquat ic l i f e  i n  l i m i t e d  amounts. Most 
s o d i u m s a l t s  are  h i g h l y  soluble.  I n  Uni ted States freshwaters support ing a var ied  
f i s h  fauna, l e v e l s  o f  sodium p lus  potassium are l ess  than 85 ppm about 95% o f  the t ime. 

Zinc (Zn) L i m i t  o f  L i m i t  o f  0.01 0.012 
Cletectabi 1 i t y  Detcctabi  1 i.Ly 

Remarks: F i sh  are s t rong l y  a f f ec ted  by z inc.  Concentrations o f  0.01 ppm have been 
--lethal and lower l ~ v e l s  have adverse e f f e c t s  on reproduct ion.  Ti rx ic i  Ly I s  
g reates t  i n  so f t  water and s y n e r g i s t i c  ac t ions  w i t h  copper and o ther  metals can occur. 
S h e l l f i s h  concentrate z i n c . f r o m  the water by i nges t i on  o f  p lankton.  The 5.0 ppm maxi- 
mum 1 i m i t  f o r  z inc  i n  pub1 i c  water suppl ies appears t o  be excessive f o r  f i s h .  

(a )  "Goal", tht? more r e s t r i c t i v e  q u a l i t y  c r i t e r i a ,  i s  de f ined as a des i rab le  value t h a t  
may o r  may no t  be p r a c t i c a l  a t  t he  present t ime. 

( b )  "Standard",, t'he l ess  r e s t r i c t i v e  qua1 i t y  c r i t e r i a ,  i s  de f ined as an o b j e c t i v e  t o  be 
achieved o r  maintained immediately o r  i n  a sho r t  pe r i od  o f  t ime. 
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' APPENDIX F  

.C 
SOCIOECONOMIC IMPACT ASSESSMENT METHODOLOGY 

F . l  THE IMPACT ASSESSMENT PROCESS 
I 

The impact  assessment process can be d i v i d e d  i n t o  t h e  f o l l o w i n g  f o u r  s tages:  

1 )  d e s c r i b i n g  t h e  socioeconomic c o n d i t i o n s  e x i s t i n g  i n  t h e  a f f e c t e d  area a t  t imel 

p r i o r  t o  t h e  i n t r o d u c t i o n  o f  t h e  p r o j e c t ;  

2) p r e d i c t i n g  t h e  s o c i a l  c o n d i t i o n s  l i k e l y  t o  e x i s t  i n  t h e  a f f e c t e d  area a t  a  l a t e r  
! I  

d a t e  ( t i m e 2 )  w i t h o u t  t h e  p r o j e c t ;  

3 )  p r e d i c t i n g  t h e  s o c i a l  c o n d i t i o n s  l i k e l y  t o  e x i s t  i n  t h e  a f f e c t e d  area a t  t ime2  w i t h  

t h e  p r o j e c t ;  

4 )  assess ing which o f  t h e  changes l i k e l y  t o  be c r e a t e d  by t h e  p r o j e c t  a r e  s i g n i f i c a n t  

enough t o  c o n s t i t u t e  e i t h e r  b e n e f i c i a l  o r  d e t r i m e n t a l  impacts f o r  t h e  people i n v o l v e d .  

The e s s e n t i a l  purpose o f  any socioeconomic impact  assessment i s  t o  determine what changes, 

and hence what impacts, a r e  c r e a t e d  i n  an area by a  p r o j e c t  between t imel ( b e f o r e  t h e  p r o j e c t )  

and t imep ( a f t e r  t h e  p r o j e c t ) ,  and perhaps a l s o  a t  subsequent i n t e r v a l s  o f  t ime3, t ime4, e t c .  

These p r o j e c t  assoc ia ted  changes and impacts must be c a r e f u l l y  d i s t i n g u i s h e d ,  however,, from 

a l l  o t h e r  changes t h a t  have o r  w i l l  occur  i n  t h e  area f rom o t h e r  causes. The t i m e  frame 

i n v o l v e d  i n  t h i s  process i s  diagrammed ' i n  F i g u r e  F. 1. 

I n  t h i s  d iagram t h e  magnitude o f  t h e  changes r e s u l t i n g  f r o m  an i n n o v a t i o n  such as an 

energy p r o j e c t  i s  determined by comparing t h e  s o c i a l  c o n d i t i o n s  p r e d i c t e d  i n  t h e  area a t  t ime2  

w i t h o u t  t h e  i n n o v a t i o n  t o  t h e  c o n d i t i o n s  p r e d i c t e d  o r  p r e v a i l i n g  a t  t ime2  w i t h  t h e  i n n o v a t i o n .  

S y m b o l i c a l l y :  

The s i g n i f i c a n t  s o c i a l  impacts  assoc ia ted  w i t h  t h i s  i n n o v a t i o n  a r e  then  determined by mak- 

i n g  e v a l u a t i v e  assessments o f  t h e  n a t u r e  and impor tance o f  t h e  v a r i o u s  s o c i a l  changes. 

F.2. SOCIOECONOMIC INDICATORS 

Twenty - f i ve  s o c i a l  i n d i c a t o r s  were s e l e c t e d  f o r  use i n  t h i s  a n a l y s i s  and a r e  descr ibed  

below. 

Demographic I n d i c a t o r s  

1  ) P o p u i a t i o n  s i z e :  rlua~lrer' o f  i n h a b i t a n t :  i n  t h e  coun ty  

2 )  Amount o f  p o p u l a t i o n  .change: ave.rage annual amount o f  p o p u l a t i o n  growth o r  d e c l i n e  

i n  t h e  coun ty  
i 

3)  Rate o f  p o p u l a t i o r ~  change: average annual percentage r a t e  o f  p o p ~ l l a t i o n  growth o r  

d e c l i n e  i n  t h e  coun ty  



SOCIAL CONDIT IONS 
AT T I M E 2  WITHOUT 
THE INNOVATION 

EFFECTS / T ' 

OF ALL 
SOCIAL CONDITIONS OTHER DIFFERENCES -, EVALUATIVE 

SOCIAL AT T I M E 1  BEFORE THE SOCIAL CHANGES . IMPACTS INNOVATION CAUSED BY THE 
(51 )  

(SCtimel ) I NNOVATION 
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( s C t i m ~ 2 ,  1 ) . 

FIGURE F.. 1  , Social  Impact A s s e b s ~ ~ ~ e r ~ t  Process 

4)  Urbanizat ion:  p ropo r t i on  o f  t he  popu la t ion  o f  the county l i v i n g  i n  towns o f  10,000 

5)  Sex r a t i n :  number o f  males per 100 females i n  the  county 

6)  E t h n i c i t y :  p ropor t ion  o f  t he  popu la t ion  o f  the 'county who are  nonwhite 

7 )  Age s t ruc tu re :  median age o f  t he  popu la t ion  o f  the county 

8 )  Family s ta tus :  p ropo r t i on  o f  t he  fami l ies  i n  the  county w i t h  c h i l d r c n  under 10 pveser~ l  

9)  Education: median number o f  years o f  school completed by persons age 25 o r  o lde r  i n  
t h e  cn~rn ty  

Economic Ind i ca to rs  

10) Gross economic product  s i ze :  annual gross sales rece ip t s  i n  the  county, per cap i t a  

11) Gross economic product  change: annual percentage r a t e  o f  change i n  the gross sales 

rece ip t s  per cap i ta ,  i n  constant  1967 d o l l a r s  

12) Job a v a i l a b i l i t y :  number o f  j o b  openings i n  the  county repor ted  t o  the  p u b l i c  employ- 

ment o f f i c e  per year  per 1000 persons i n  the  l abo r  f o rce  

13) Employment ra te :  p ropo r t i on  o f  t he  labor  f o r c ~  i n  the county c u r r e n t l y  cmployed 

14) Economic d i v e r s i t y :  numher o f  business f i rms  i n  the  community per' 1000 people 

15) Personal income: median annual personal income i n  the  county, per cap i t a  

16) Property value: t o t a l  f u l l  value of a l l  assessed r e a l  es ta te  i n  t he  county, per cap i t a  

17) Governmental income: t o t a l  amount o f  funds received annual ly  by a l l  l o c a l  governments 

i n  t he  county f rom a l l  sources, per  cap i t a  

Community-Structure I n d i c a t o r s  

18) Occupational s t ruc tu re :  p ropo r t i on  o f  the t o t a l  l abo r  f o rce  i n  t he  county ho ld ing  pro-  

fess iona l ,  execut ive,  t echn i ca l  o r  managerial jobs 
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19) Housing a v a i l a b i l i t y :  proportion of a l l  dwelling uni ts  in  the county t h a t  a re  current ly  
unoccupied 

Public Service Indicators 

20) Governmental publ i c  service  operational  expenditures: t o t a l  annual expenditures f o r  
. a l l  human services  by a l l  local governments in  the  county, per cap i t a  

21 ) Governmental publ i c  f a c i l i t i e s  expenditures : t o t a l  annual expenditures f o r  s t r e e t s  and 
roads, s an i t a t ion  and sewerage, water and other  u t i l i t i e s ,  and public t ranspor ta t ion  by 
a l l  local governments in  the  county, per capi ta  

22) School c a p a b i l i t i e s :  average student-teacher r a t i o  f o r  a1 1 grades in the  publ i c  school 
s/stems in  the  county 

23) Hospital f a c i l i t i e s :  number of hospital  beds in  the  county per 1000 population 

24) Police protection: number of pol ice  employees i n  the  county per 1000 population 

25) Fi re  protection: number of f i r e  employees in the  county per 1000 population. 

F.3 TECHNIQUES O F  IMPACT FORECASTING 

Current methodological procedures f o r  constructing forecas ts  of expected (without the pro- 
j e c t )  and predicted (with the  p ro jec t )  fu tu re  changes can be divided in to  the  two broad ca te-  
gories of univar ia te  and mul t ivar ia te  fo recas t s .  A univar ia te  forecas t  involves only one 
predic tor  var iable  o r  indica tor  a t  a time, whereas a mul t ivar ia te  forecas t  considers several  
predic tor  var iables  o r  indica tors  simultaneously. The two main procedures f o r  performing uni- 

va r i a t e  forecas t ing of s ing le  f ac to r s  a r e  trend extrapol a t ion  and standardized mu1 t ip1  i e r s  . 
The former i s  most commonly used t o  est imate expected condit ions without the  proposed p ro jec t ,  
while the  l a t t e r  i s  more commonly used t o  predic t  changes t h a t  wi l l  l i k e l y  r e s u l t  from the  pro- 

j e c t .  Multivariate fo recas t s ,  meanwhile, commonly use system models and flowcharts.  

F. 3.1 Trend Extrapolation 

Trend extrapolation i s  a useful technique f o r  short- term forecas t ing under r e l a t i v e l y  

s t a b l e  condit ions.  The analys t  obtains data on a pa r t i cu la r  ind ica to r  a t  t he  present time and 

d l  beveral point:, in tllc past  and then e r t . end~  the  observed. trend i n t o  the  fu tu re .  Trend extrapo- 

l a t ion  i s  used in two d i f f e r e n t  ways in  t h i s  ana lys i s :  

1 ) To obtain 1975 values f o r  some of the  current  county c h a r a c t e r i s t i c s  given in Appendix H ,  

i t  was sometimes necessary t o  ext rapola te  trends from 1960 and 1970 census data .  

Since i t  was not poss ib le  within the  scope of t h i s  study t o  predic t  changes t h a t  may 
occur i n  a l l  15 counties rl~rring the  next 20 .years without new generating plants  (except 
f o r  population growth es t imates ,  which were taken from the  l a t e s t  fo recas t s  avai lable  
from s t a t e  planning d c p d r ~ l ~ ~ ~ e n t s ) ,  t h e  "without projec t"  condit ions were assumed t o  remain 
the  same as  a t  present and were extrapolated t o  the  year 2020 on a level  per cap i t a  bas is .  

We a r e  not suggesting t h a t  a l l  these  f ac to r s  will  in f a c t  remain constant  but a r e  simply 

forecas t ing the  impacts of new generating f a c i l i t i e s  in  the  absence of o ther  compounding 
growth trends.  



j 
F. 3.2 S tandard ized  Mu1 t i p 1  i e r s  

Given an es t imated  work f o r c e  f o r  a  proposed p r o j e c t ,  severa l  o t h e r  c o n d i t i o n s  l i k e l y  t o  

e x i s t  i n  t h e  su r round ing  a rea  i n  t h e  f u t u r e  can be es t imated  by u s i n g  s tandard ized  m u l t i p l i e r s .  

These a r e  c o e f f i c i e n t s  t h a t  express expected r e l a t i o n s h i p s  between two v a r i a b l e s  o r  i n d i c a t o r s ,  . 

such as t h e  s i z e  o f  t h e  p r o j e c t  work f o r c e  and t h e  number o f  new secondary workers l i k e l y  t o  be 

employed i n  t h e  area due t o  economic growth s t i m u l a t e d  by t h e  p r o j e c t .  A  number o f  such m u l t i -  

p l i e r s  a r e  used i n  t h i s  a n a l y s i s  f o r  p r e d i c t i n g  t h e  impacts o f  a  g e n e r a t i n g  p l a n t  on t o t a l  popu- 

l a t i o n  growth, economic development, income l e v e l s ,  pub1 i c  s e r v i c e  c a p i t a l  requi rements,  and 

o t h e r  c h a r a c t e r i s t i c s  o f  t h e  a f f e c t e d  c o u n t i e s .  ' 

F.3.3 System Models 
. . 

Mu1 t i v a r i a t e  f o r e c a s t i n g ,  i n  c o n t r a s t  t o  u n i v a r i a t f  f o r e c a s t i n g ,  considers a number o f  

r e l a t e d  v a r i a b l e s  f o r  i n d i c a t o r s  s imu l taneous ly ,  ' t r e a t i n g  them as an i n t e r r e l a t e d  system. To 

p e r f o r m  t h i s  k i n d  o f  dynamic system a n a l y s i s ,  i t  ; i s  necessary t o  c o n s t r u c t  a  system model con- 

t a i n i n g  t h e  t o t a l  s e t  o f  v a r i a b l e s  and r e l a t i o n s h i p s  k i n g  ~ x a m i n e d .  Each v a r i a b l e  i n  t h c  model 

must be q u a n t i f i e d  and each. r e 1  a t i o n s h i p  between . v a r i a b l e s  expressed as a  r e g r e s s i o n  c o e f f i c i e n t .  

Us ing  computer s i m u l a t i o n ,  i t  i s  t h e n  p o s s i b l e  t o  determine t h e  e f f e c t  o f ' a  change i n  any one 

p a r t  o f  t h e  system on a l l  t h e  o t h e r  p a r t s  w i t h  which i t  i s  i n t e r f a c e d .  T h i s  a n a l y s i s  makes 

e x t e n s i v e  use o f  t h e  LIMA computer model, desc r ibed  i n  d e t a i l  i n  Appendix G. 

F. 3.4 F lowchar ts  

An i n i t i a l  s t e p  i n  c o n s t r u c t i n g  dynamic system models f o r  m u l t i v a r i a t e  f o r e c a s t i n g  i s  t o  

deve lop  f l o w c h a r t s  t h a t  d e p i c t  p r o b a b l e  causal  r e l a t i o n s h i p s  among a1 1  r e l e v a n t  v a r i a b l e s .  

Because t h e  r e l a t i o n s h i p s  compr is ing  these  c h a r t s  a r e  d e r i v e d  p r i m a r i l y  f r o m  t h e o r y  r d t h e r  than  

research,  t h e y  a r e  o n l y  hypotheses t h a t  must e v e n t u a l l y  be t e s t e d  th rough  e m p i r i c a l  research.  

I n  a d d i t i o n ,  t h i s  l a c k  o f  e m p i r i c a l  da ta  a l s n  p r o h i b i t s  a s s i g n i n g  r c g r c s s i o n  c o e f f i c i e t i t s  Lu 

any o f  t h e  r e l a t i o n s h i p s  i n  t h e  f l o w c h a r t s .  Examples o f  two o f  these  f l o w c h a r t s  a r e  g i v e n  i n  

F l g u r c s  F.2 and F.3. The f i r s t  c h a r t  d e p l c t s  t h e  f a c t o r s  t h a t  would l i k e l y  a f f e c t  10 d i f f e r -  

e n t  community s t r u c t u r e  i n d i c a t o r s  w i t h o u t  a  development p r o j e c t .  The second c h a r t  then  d i s -  

p l a y s  t h e  f a c t o r s  t h a t  would l i k e l y  a f f e c t  these  same community s t r u c t u r e  i n d i c a t o r s  i f  a  

proposed development p r o j e c t  were c a r r i e d  o u t .  These f l o w c h a r t s  a r e  used i n  t h i s  a n a l y s i s  as 

a  b a s i s  f o r  e s t i m a t i n q  t h e  genera l  f o r m  anrl d i r e c t i o n  o f  s o c i a l  and cconomic impacts t h a t  Ldrl- 

n o t  be q u a n t i f i e d  a t  t h e  p r e s e n t  t ime.  



> 

Expected: 
Poou la t ion  s i z e  
L ' rban iza t ion  
Age s t r u c t u r e ,  sex r a t i o .  educa t ion ,  E e t h n i c i t y  
Fami ly  s t a t u s  
Aver'age fami ly  incomc 

Expected: 
P o p u l a t i o n  s i z e  and r a t e  o f  change 
Urbanization 

Y 
Age s t r u c t u r e ,  sex r a t i o ,  educa t ion .  & e t h n i c i t y  
Fami ly  s t a t u s  
Employment r a t e  
Average f a m i l y  income 

Cormnuni t y  
S t r u c t u r e  
I n d i c a t o r s  

Cur ren t  Expected 
occupat iona l  occupat iona l  
s t r u c t u r e  Expected: Job a d d i t i o n s  and s t r u c t u r e  

Popu la t ion  s i z e  d e l e t i o n s  I " Education o f  the  ~ o p u l a t i o n  
Gross economic p roduc t  s i z e  
Economic d i v e r s i t y  

Cur ren t  Expected 
neighborhood neighborhood 
a s s o c i a t i o n s  Expected: a s s o c i a t i o n s  

Popu la t ion  s i z e  
Crban iza t ion  
Age s t r u c t u r e ,  sex r a t i o .  educa t ion ,  E e t h n i c i t y  
Family s ta tus .  
Average fami ly  incon'e 

Cur ren t  - Expected 
s e r v i c e  s e r v i c e  
a s s o c i a t i o n s  associations, 

\ 

, 
Current  Expected 
r e s i d e n t i a l  r e s i d e n t i a l  
s t a b i l i t y  s t a b i l i t y  \ 

Curren t  . 
housing 
a v a i l a b i l i t y  Expected: Ilumber E t ype  o f  

P o p u l a t i o n  s i z e  
U r b a n i z a t i o n  
Age s t r u c t u r e  E sex r a t i o  
Fani l y  s t a t u s  
Average f a m i l y  income 

Exoected: l?umber 8 type  o f  
new housing 
c o n s t r ~ ~ c t i o n  

Cur ren t  Expected 
housing housing 
qua1 i t y  Expected: I!ousing qua1 i t y  q u a l i t y  

demands 
educat ion  

Averago fami ly  inconc 

Expected: 

Cost o f  l i v i n g  Y 

\ 

Curren t  Expected */// 
v o t e r  v o t e r  
r e g i s t r a t i o n  Expected: 

Crbani z a t i o n  
Age s t r u c t u r c .  sex r a t i o ,  educat ion. 8 e t h n i c i t y  
Fami ly  s t a t u s  
Employn~ent r a t e  
Average fami ly  income 

Cur ren t  Expected 
loca  I -+- l o c a l  
government Exoected: 
s i z e  P o p u l a t i o n  s i z e  s i z e  

U r b a n i z a t i o n  
Gross economic Droduct s i z e  
Economic d i v e r s i t y  
Governmental income 

Cur ren t  Expected 
c u l t u r a l  c u l t u r a l  
o rgan iza t ions  Expected: o r g a n i z a t i o n s  

P o p u l a t i o n  s i z e  
U r b a n i z a t i o n  
P.qe s t r u c t u r e .  ser r a t i o ,  educat ion. 8 ethnic it.^ 
Fami ly  s t a t u s  
Female p a r t i c i p a t i o n  i n  t h e  l a b o r  f o r c e  
Average f a m i l y  incoue 

Cur ren t  Fxpect.ed >/// 
s o c i a l  s o c i a l  
movements ~ x p e c t e d :  

Popu la t ion  s i z e  and r a t e  o f  change 
movements 

U r b a n i z a t i o n  
Age structu~.<..  ..ex r c t i o ,  eeuca ' ;u r .  I. r t 5 n . c : .  
.'ut d v a i  l&l,ili t b  

[mplcynlent ra Le 
Abcregc f m i  lj. IPTbt' .P 

Cost o f  l i v i n g  

F IGURE F.2. Community S t ruc tu re  Flowcharr Wl thuu l  L l ~ e  Pr;oposed Pi-ojcct 

F. 5 



Comnuni t y  
S t ruc tu re  
Ind ica to rs  

Settlement oa t te rns  of  imniarants* 1 1 1 1 1  

Expected occupational 
s t r u c t u r e  w i thou t  the \ 

Number & nature of a l l  pro ject-generated p r o j e c t  
jobs 

To ta l  pro ject-aenerated economic .growth Occupational d i s t r i b u t i o n  of  inmigrants & new 
Project-generated economic d i v e r s i t y  l o c a l  employees* / 
Size o f  pro ject-generated popu la t ion  growth Expected neighborhood 
Set t lement pa t te rns  o f  imnigrants* associat ions w i thou t  \ 
Age s t ruc tu re ,  sex r a t i o ,  education & ' t h e p r o j e c t  

e t h n i c i t y  o f  imnigrants* 
Family s ta tus  o f  imnigrantsf  + lleighborhood associat ions st imulated by / 

Age s t ruc tu re ,  sex r a t i o ,  e iuca t ion ,  8 
u L t l r ~ i c i t y  o f  immigrants* 

Faml ly s ta tus  of  immigrants* 
Averaqe fami 1 y Income nf immigraqtr* 
Employment r a t e  among imnigrants* - 

Average Family income o f  imnigrants* - 
Size of pro ject-generated popu la t ion  growth 
Settlement pa t te rns  of immigrants* 
Age s t r u c t u r e  sex r a t i o ,  education h 

e t h n i c i t y  01 immigrantsf 
Fami ly  Status o f  immigrants* 
Average f a m i l y  income o f  imnigrants* - 
Size & r a t e  o f  pro ject-generated populat ion 

g r w t h  
Set t leaenL pa tter.lls o f  I s~s ig ran ts*  
Age s t ruc tu re ,  sex r a t i o ,  education, A 
. e t h n i d t y  of imnigrants* 
Family s ta tus  of immigrants* 
Employment r a t e  among immigrants* 
Average f a m i l y  income o f  immigrants* - 
Size o f  pro ject-generated popu la t ion  growth 
Settlement pa t te rns  of immigrants* 
Age s t r u c t u r e  & sex r a t i o  of imnigrsnts* 
Fami ly s ta tus  o f  immigrantsf 
Average f a m i l y  income o f  immigrants* - 
Age s t ruc tu re ,  sex r a t i o ,  & education o f  

immigrants* 
Fami ly s ta tus  of immigrants* 
Average f a m i l y  income o f  imnigrants* 
C o s t - o f - l i v i n g  increase caused by the 

p r n j ~ c t  -- 
Expected voter  reg- 
i s t r a t i o n  w i thou t  
the p r o j e c t  

Reg lS t ra t ion  o f  
i l lmigrants* / 
Expected l o c a l  
government s i ze  wi thout  
the p r o j e c t  \ 
Increase i n  l o c a l  
government s i ze  st im- 
u la ted  by the p r o j e c t  

/ 
ExDected c u l t u r a l  
organizat ions w i thou t  
the p r o j e c t  \ 

/ p  
P a r t i c i p a t i o n  i n  c u l t u r a l  
argani z6Li UII, 

by immigrants* 

Expected soc ia l  
movements'wi thou t  
the p r o j e c t  \ 
Social  movements 
st lmulated by the 
p r o j e c t  

the p r o j e c t  

Expected serv ice  
associat ions w i thou t  \ 
Lllc p l  u J e c ~  m 

Service associat ions st imulated by / 
the p r o j e c t  

E x p c c t ~ r i  r e s i d o n t i  a l  
c t a b i l i t y w i t h o u t  ' 
the p r o j e c t  \r 

Resident ia l  s t a b i l i t y  o f  / 
immigrants* 

Size of pro ject-generated popu la t ion  growth 
Set t lement pa t te rns  of imnigrants* 
Total  pro ject-gcncrated eco-omic gl'uwLI~ 
Project-generated economic d i v e r s i t y  
Add i t i ona l  governmental income s t imu la ted  

by the p r o j e c t  

- 
Size o f  pro ject-generated popu la t ion  growth 
Set t lement pa t te rns  of immigrants* 
Age s t ruc tu re ,  sex r a t i o ,  education, & 

e t h n i c i t y  o f  imnigrallts* 
Family s ta tus  o f  imnigrants* 
Frmdle lawor- tQrce p a r t i c i p a t i o n  among 

imnigrants* 
Average fam! ly income o f  immigrants* - 

Predicted 
occupational 
s t r u c t u r e  

. 

b 

b 

b 

Predicted 
neighborhood 
associat ions 

Expected housing 
a v a i l a b i l i t y  w i thou t  
the p r o j e c t  

llumber & type of  housing 

", 
needs of imnigrants* / 

1 Expected housing 
qua1 i t y  w i thou t  the 
p r o j e c t  \ 

,  lit^ of / 

5 i ) p  R t .n!u lbf  

growth 
Settlement pa t te rns  of imnigrants* 
Age s t ruc tu re ,  sex r a t i o ,  education. & 

e t h n i c i t y  o f  immigrants* 
Average fami l y  income o f  immigrants* 
Employment r a t e  among imnigronts* 
C o s t - o f - l i v i n g  increase caused by the 

p r o j e c t  

Predicted 
Service 
associat ions 

Predicted 
r e s i d e n t i a l  
s t a b i l i t y  

Predicted 
housing 
a v a i l a b i l i t y  

Predicted 
housing 
q ~ ~ a l i t y  

Yredi c ted  
vo te r  
r e g i s t r a t i o n  

Predicted 
loca l  
government s i z e  

Predicted 
c u l t u r a l  
Organizations 

Predicted 
soc ia l  
movements 

* Imnigrants generated by the  p r o j e c t  

FIGURE F.3. Community Structure Flowchart With the Proposed Project 





APPENDIX G 

LIMA MODEL DESCRIPTION 

The LIMA (Local  Impact Management and Assessment) model i s  used t o  f o r e c a s t  t h e  soc ioeco-  

nomic impacts on c o u n t i e s  r e s u l t i n g  f rom t h e  c o n s t r u c t i o n  o f  c o a l - f i r e d  e l e c t r i c a l  g e n e r a t i o n  

p l a n t s .  Because i t  i s  a computer model i t  has severa l  a t t r a c t i v e  f e a t u r e s  f o r  use as a f o r e -  

c a s t i n g  t o o l .  Two o f  t h e  most u s e f u l  f e a t u r e s ,  f o r  t h e  purpose o f  t h i s  r e p o r t ,  a r e :  

1. It q u i c k l y  r e v e a l s  t h e  p robab le  outcome <f p o l i c y  a l t e r n a t i v e s  on a number o f  geographi -  

c a l  reg ions ,  

2. Through t h e  use o f  s e n s i t i v i t y  a n a l y s i s ,  parameters t h a t  maximal ly  a f f e c t  model behav io r  

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

The LIMA model was developed f o r  use as a t o o l  t o  r a p i d l y  and i n e x p e n s i v e l y  e v a l u a t e  t h e  

socioeconomic impacts i n  a number o f  geographica l  areas.  As such i t s  use fu lness  i s  l i m i t e d  t o  

p r e l i m i n a r y  sc reen ing  analyses, as i n  t h i s  r e p o r t .  Other  techniques,  such as r e g i o n a l  i n p u t - '  

o u t p u t  a n a l y s i s  and p o p u l a t i o n  p o l l s ,  i n v o l v i n g  a more thorough examinat ion o f  t h e  f a c t o r s  

t h a t  determine t h e  socioeconomic impacts i n  a s p e c i f i c  area, would be r e q u i r e d  b e f o r e  t h e  impacts 

c o u l d  be f o r e c a s t  w i t h  c e r t a i n t y .  

The model r e s u l t s  p resen ted  f n  t h i s  r e p o r t  r e q u i r e d  many assumptions and t h e  c o l l e c t i o n  o f  

much da ta .  Whi le  every  e f f o r t  was extended t o  o b t a i n  accura te  d a t a  and t o  make reasonable 

assumptions, i t  i s  h i g h l y  u n l i k e l y  t h a t  a l l  o f  these  assumptions and d a t a  w i l l  be accura te  over  

t h e  t i m e  span o f  t h e  a n a l y s i s -  As a r e s u l t ,  t h e  o u t p u t s  p resen ted  here shou ld  be viewed as a 

s e r i e s  o f  "what i f "  analyses.  The q u e s t i o n  addressed i n  each case i s :  "What a r e  t h e  impacts 

o f  power p l a n t  c o n s t r u c t i o n  and o p e r a t i o n  i n  a : p a r t i c u l a r  coun ty  if t h e  f o l l o w i n g  s e t  o f  assump- 

t i o n s  i s  used?" 

I n  making t h e  computer analyses i n c l u d e d  i n  t h i s  r e p o r t ,  a  number o f  s e n s i t i v i t y  t e s t s  

were performed. As an example o f  t h e  use o f  LIMA f o r  s e n s i t i v i t y  a n a l y s i s ,  one such t e s t  i s  

p resen ted  below. 

Power p l a n t  c o n s t r u c t i o n  wo'rkers can e i t h e r  r e s i d e  i n  t h e  county where t h e  power p l a n t  i s  

be ing  c o n s t r u c t e d  o r  i n  a su r round ing  area.  I f  t h e y  choose t o  r e s i d e  i n  t h e  coun ty  t h e y  w i l l  

have an impact on l o c a l  c o n d i t i o n s ;  however, i f  t h e y  choose t o  l i v e  i n  a su r round ing  area they  

a r e  assumed t o  have no impact  on l o c a l  socioeconomic c o n d i t i o n s .  

The parameter PNCLBR (Percen t  New C o n s t r u c t i o n  Laborers Becoming Res iden ts )  i s  used t o  

s p e c i f y  t h e  p e r c e n t  o f  c o n s t r u c t i o n  l a b o r e r s  who become r e s i d e n t s  i n  t h e  county where cons t ruc -  

)r 
t i o n  i s  t a k i n g  p l a c e .  An i n i t i a l  da ta  search r e v e a l e d  v e r y  l i t t l e  d a t a  o r  t h e o r y  d e a l i n g  w i t h  

t h i s  parameter.  A t  t h i s  p o i n t  a  s e n s i t i v i t y  t e s t  was conducted t o  h e l p  determine i f  a d d i t i o n a l  

da ta  c o l l e c t i o n  e f f o r t s  were warranted.  These t e s t s  i n d i c a t e d  t h a t  t h e  l o c a l  p o p u l a t i o n  and 

socioeconomic impacts were q u i t e  s e n s i t i v e  t o  t h e  va lue  o f  PNCLBR. As a r e s u l t  a  more ex ten-  
b 

s i v e  d a t a  c o l l e c t i o n  e f f o r t  has been under taken.  The r e s u l t s  o f  t h i s  t e s t  a r e  p resen ted  i n  

F i g u r e  G.1. 

ti. I 
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FIGURE G.1. S e n s i t i v i t y  o f  County P o p u l a t i o n  t o  Percent  o f  
New C o n s t r u c t i o n  Labore rs  Becoming Residents 

F i g u r e  G.l  shows t h e  b e h a v i o r  o f  t h e  p o p u l a t i o n  assuming va lues  f o r  PNCLBR of 11. 50, and 

85%. I n  a l l  t h r e e  cases t h e  p o p u l a t i o n  a t  t h e  end o f  t h e  r u n  i s  t h e  same s i n c e  PNCLBR i s  t h e  

o n l y  parameter  changed and i t  o n l y  has an i n f l u e n c e  d u r i n g  p e r i o d s  o f  power p l a n t  c o n s t r u c t i o n .  

I n  t h e  11% case t h e  p o p u l a t i d n  i n c r e a s e  i s  r e l a t i v e l y  smooth. I n  t h e  50% case t h e  i n c r e a s e  

becomes s l  i g h t l y  l e s s  smooth, w h i l e  i n  t h e  85% case each power p l a n t  c o n s t r u c t i o n  p e r i o d  

induces an over-shoot  and d e c l i n e  i n  t h e  p o p u l a t i o n .  

F i g u r e  Gt.2 shows t h e  b e h a v i o r  o f  t h e  p u b l i c  s e r v i c e  c a p i t a l  p e r  c a p i t a  (PSCPC) f o r  t h e  

same cases. P u b l i c  s e r v i c e  c a p i t a l  i s  d e f i n e d  as t h e  e q u i v a l e n t  d o l l a r  v a l u e  o f  t h e  aggregate 

o f  .a1 1 t ypes  o f  pub1 i c  s e r v i c e s  such as h o s p i t a l s ,  wa te r  works, schools ,  and parks .  I t i s  

assumed t h a t  i n  an e q u i l i b r i u m  s i t u a t i o n ,  $2000 PSCPC would e x i s t .  Because o f  de lays  i n v o l v e d  

i n  p lann ing ,  f i n a n c i n g ,  and c o n s t r u c t i n g  p l ~ h l i c  s e r v i c e s ,  i t  i s  d i f f i c u l t  t o  r l l a in ta in  t h e  

"normal" o r  "equi  1 i b r i u m "  c o n d i t i o n s  d u r i n g  p e r i o d s  o f  p o p u l a t i o n  change. The more r a p i d  t h e  

change t h e  more d i f f i c u l t  i t  becomes t o  m a i n t a i n  a d e s i r e d  amount o f  PSCPC. D u r i n g  p e r i o d s  o f  

p o p u l a t i o n  g rowth  i t  i s  l i k e l y  t h a t  a  shor tage  o f  p u b l i c  s e r v i c e s  w i l l  e x i s t  w h i l e  an excess 

may e x i s t  d u r i n g  p e r i o d s  o f  p o p u l a t i o n  d e c l i n e .  As shown i n  F i g u r e  6.2 t h e  v a l u e  o f  PNCLBR 

has a s t r o n g  i n f l u e n c e  on t h e  amount o f  p u b l i c  s e r v i c e  c a p i t a l  ma in ta ined .  I n  t h e  case where 

85% o f  t h e  new c o n s t r u c t i o n  l a b o r e r s  r e s i d e  i n  t h e  r e g i o n , ' t h e  PSCPC d i p s  lower  and f o r  l o n g e r  

p e r i o d s  o f  t i m e  than  e i t h e r  o f  t h e  o t h e r  cases. I n  t h e  11% case t h e  PSCPC i s  ma in ta ined  a t  t h e  

h i g h e s t  l e v e l s  o f  t h e  t h r e e  cases. 
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FIGURE 6.2. S e n s i t i v i t y  o f  P u b l i c  S e r v i c e  C a p i t a l  p e r  Cap i ta  t o  Percent  
o f  New C o n s t r u c t i o n  Laborers Becoming Residents 

There a r e  f o u r  ma jo r  s e c t o r s  i n  t h e  LIMA model. These s e c t o r s  and some o f  t h e  i n t e r a c t i o n s  

among them a r e  shown i n  F i g u r e  6.3. Many o t h e r  i n t e r a c t i o n s  e x i s t  w i t h i n  t h e  model b u t  a r e  n o t  

shown here f o r  c l a r i t y .  
\ 

6.1 POWER PLANT SECTOR 

The power p l a n t  s e c t o r  s imu la tes  t h e  c o p s t r u c t i o n  and o p e r a t i o n  phases o f  a  c o a l - f i r e d  , 
e l e c t r i c a l  g e n e r a t i n g  p l a n t .  I n  t h i s  s e c t o r  t h e  c o n s t r u c t i o n  t ime,  s t a r t u p  p e r i o d ,  cons t ruc -  

t i o n  worker  requi rements,  o p e r a t i n g  l a b o r  requi rements,  and p e r c e n t  c o n s t r u c t i o n  completed a r e  

d e f i n e d  on a  year -by -year  b a s i s .  

The power p l a n t  s e c t o r  s u p p l i e s  l a b o r  requ i rement  i n f o r m a t i o n  t o  t h e  p o p u l a t i o n  s e c t o r  and 

p r o p e r t y  v a l u e  i n f o r m a t i o n  t o  t h e  p u b l i c  s e r v i c e  s e c t o r  f o r  p r o p e r t y  t a x  assessment /generat ion 

t a x  assessment. 

6.2 POPULATION SECTOR 

The p o p u l a t i o n  s e c t o r  o f  t h e  LIMA model s i m u l a t e s  t h e  m i g r a t i o n  o f  p o p u l a t i o n  i n  response 
? - .  t o  employment o p p o r t u n i t i e s .  It i s  assumed t h a t  t h e  r e l a t i v e  a v a i l a b i l i t y  o f  employment i s  t h e  

p r i m a r y  cause o f  m i g r a t i o n .  For  example, i f  t h e  unemployment r a t e  i n  a  county i s  lower  than  t h e  

unemploymcnt r a t e  i n  t h e  su r round ing  r e g i n n ,  a n e t  m i g r a t i o n  i n t o  t h e  county w i l l  occur .  Con- 
!$ 

v e r s e l y ,  i f  t h e  unemploynient r a t e  i n  t h e  coun ty  i s  h i g h e r  than  t h e  unemployment r a t e  i n  t h e  s u r -  

round ing  reg ion ,  a  n e t  m i g r a t i o n  o u t  o f  t h e  coun ty  w i l l  occur .  

ti. 3 
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FIGURE 6.3. Ma jo r  Sec to rs  and Sec to r  I n t e r a c t i o n s  i n  t h e  L I M A  Model 

Four m a j o r  j o b  c a t e g o r i e s  a r e  e x p l i c i t l y  rep resen ted  i n  t h e  model: 1 )  power p l a n t  con- 

s t r u c t i o n  l a b o r e r s ,  2 )  power p l a n t  o p e r a t i n g  l a b o r e r s ,  3 )  o t h e r  b a s i c  l a b o r e r s ,  and 4 )  s e r v i c e  

l a b o r e r s .  The number o f  power p l a n t  c o n s t r u c t i o n  j o b s  and power p l a n t  o p e r a t i n g  j o b s  a r e  

determined by t h e  power p l a n t  c o n s t r u c t i o n  schedule. The o t h e r  b d s i c  l a b o r  j o b s  a r e  spec i f i ed  

exoqenous1.y t o  r e p r e s e n t . t h e  g rowth  i n  a coun ty  i n  t h e  a h s e n c ~  nf any power p l a n t  c o n s t r u c t i o n .  

Economic base t h e o r y  i s  used t o  r e l a t e  t h e  secondary o r  s e r v i c e  employment t o  c o n s t r u c t i o n ,  

o p e r a t i o n ,  and o t h e r  b a s i c  l a b o r .  The use o f  economic base t h e o r y  i n  e n e r g y - r e l a t e d  employment 

and p o p u l a t i o n  e s t i m a t i o n  i s  d e s c r i b e d  by Stenehjem and Metzger. 

"Accord ing  t o  economic base t h e o r y  as new b a s i c  e ~ ~ ~ l ~ l o y ~ r t e n t  ( i n  t h l  s Ins tance ,  d i r e c t  

energy - re  l a t e d  employment) i nc reases  i n  a  reg ion ,  impetus i s  g i v e n  t o  t h e  expansion 

o f  o u t p u t  and employment i n  l o c a l  f i r m s  s u p p l y i n g  i n p u t s  t o  t h e  b a s i c  i n d u s t r y  ( i  .e.,  

i n d i r e c t  e f f e c t s )  as w e l l  as t o  l o c a l  r e t a i l ,  commercial, and s e r v i c e  f i r m s  t h a t  

b e n e f i t  f r o m  t h e  inc reased  persona l  income b r o u g h t  t o  t h e  area by  t h e  b a s i c  i n d u s t r y  . ' 

( i . e .  ; Llle i r~cu~l~e- . lnduced e f f e c t s ) .  Esell i iates o t  t h e  s t r e n g t h  o f  these  i n d i r e c t  and 

income-induced, o r  secondary, e f f e c t s  a r e  t y p i c a l l y  measured w i t h  t h e  a i d  o f  employ- 

ment m u l t i p l i e r s  t h a t  r e l a t e  t h e  l e v e l s  o f  secondary employment i n  an a rea  t o  b a s i c  
11(1) employment. 

The t o t a l  p o p u l a t i o n  o f  t h e  r e g i o n  i s  computed by adding t h e  p o p u l a t i o n  a s s o c i a t e d  w i t h  

o r  accompanying t h e  l a b o r e r s  i n  each o f  t h e  f o u r  j o b  c l a s s i f i c a t i o n s  represented.  The popula-  

t i o n  a s s o c i a t e d  w i t h  a  p a r t i c u l a r  j o b  c l a s s i f i c a t i o n  i s  computed by mu1 t i p l y i n g  t h e  number o f  

l a b o r e r s  i n  t h a t  c l a s s i f i c a t i o n  by t h e  average number o f  people who a r e  t y p i c a l l y  a s s o c i a t e d  

w i t h  l a b o r e r s  i n  t h a t  c l a s s i f i c a t i o n .  
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6.3 PUBLIC SERVICE CAPITAL SECTOR 

As t h e  number o f  people i n  a  r e g i o n  inc rease ,  so does t h e  amount o f  pub1 i c  s e r v i c e  c a p i -  

t a l  r e q u i r e d .  To m a i n t a i n  a  c o n s t a n t  amount o f  s e r v i c e s  p e r  c a p i t a  t h e  amount o f  s e r v i c e s  must 

grow a t  t h e  same r a t e  as t h e  p o p u l a t i o n .  The de lays  i n v o l v e d  i n  p lann ing ,  f i n a n c i n g ,  and con- 

s t r u c t i n g  p u b l i c  s e r v i c e s  make i t  d o u b t f u l  t h a t  many communit ies w i l l  be a b l e  t o  p l a n  and 

f inance adequate p u b l i c  s e r v i c e s  i n  t h e  f a c e  o f  r a p i d  p o p u l a t i o n  growth. The amount o f  p u b l i c  

s e r v i c e s  p e r  c a p i t a l  ma in ta ined  under d i f f e r e n t  development scenar ios  i s  an i m p o r t a n t  i n d i c a t o r  

of s o c i a l  w e l l - b e i n g  i n  t h e  model. The ma jo r  source of f i n a n c i n g  f o r  p u b l i c  s e r v i c e s  i s  through 

l o c a l  p r o p e r t y  taxes .  The number o f  p u b l i c  s e r v i c e  j o b s  a v a i l a b l e  i s  a  f u n c t i o n  o f  t h e  amount 

o f  p u b l i c  s e r v i c e  c a p i t a l .  

6.4 RETAIL AND PRIVATE SERVICE CAPITAL SECTOR 

As w i t h  p u b l i c  se rv ices ,  t h e  amount o f  r e t a i l  and p r i v a t e  s e r v i c e  c a p i t a l  ma in ta ined  i s  

an i m p o r t a n t  i n d i c a t o r  o f  s o c i a l  w e l l - b e i n g .  When t h e  p o p u l a t i o n  inc reases ,  t h e  r e t a i l  .and 

p r i v a t e  s e r v i c e  c a p i t a l  must inc rease  a t  t h e  same r a t e  t o  m a i n t a i n  t h e  same amount o f  s e r v i c e s  

p e r  c a p i t a .  By d e f i n i t i o n ,  r e t a i l  and p r i v a t e  s e r v i c e s  a r e  p r i v a t e l y  f inanced;  as a  r e s u l t ,  

any a d d i t i o n a l  i nves tment  i n  a  county must be viewed as an a t t r a c t i v e  inves tment  by p r i v a t e  

bus iness.  The p r i m a r y  c r . i t e r i a  f o r  such an investment  i s  t h e  presence o f  an adequate market 

f o r  p roduc ts  and s e r v i c e s  as i n d i c a t e d  by t h e  t o t a l  personal  income i n  t h e  area.  I n  a d d i t i o n ,  

t h e  i n v e s t o r  must p e r c e i v e  t h a t  t h e  inc reased  personal  income w i l l  be ma in ta ined  o v e r  t h e  l i f e  

o f  t h i s  investment .  T h i s  may n o t  be t r u e  s i n c e  t h e  c o n s t r u c t i o n  employment i s  t y p i c a l l y  much 

g r e a t e r  than  t h e  o p e r a t i n g  employment f o r  an e l e c t r i c a l  g e n e r a t i n g  p l a n t .  I n  t h e  runs presented 

i n  t h i s  r e p o r t ,  i t  i s  assumed t h a t  t h e  bus inesses comple te ly  d i s r e g a r d  t h e  personal  income o f  

t h e  c o n s t r u c t i o n  l a b o r  i n  t h e i r  d e c i s i o n  t o  make a d d i t i o n a l  investments i n  p r i v a t e  s e r v i c e  

c a p i t a l  . 

6.5 SOCIAL INDICATOR SECTOR 

The socioeconomic impacts o f  c o a l - f i r e d  e l e c t r i c a l  g e n e r a t i n g  p l a n t  c o n s t r u c t i o n  on a  

l o c a l  area a r e  be ing  assessed by use o f  a  s e r i e s  o f  q u a l i t y  o f  s o c i a l  l i f e  i n d i c a t o r s .  As 

i n d i c a t e d  i n  F i g u r e  6.3, i n f o r m a t i o n  used t o  compute these  i n d i c a t o r s  comes f rom a l l  sec to rs  

o f  t h e  model. 
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APPENDIX H 

CURRENT COUNTY CHARACTERISTICS 

H.l DEMOGRAPHIC CHARACTERISTICS 

Population Size.  These 15 counties range in s i z e  from 2,000 (Gill iam, Oregon) t o  177,000 

(Anchorage, Alaska). The mean s i z e  of the  o ther  13 counties i s  38,000. In general ,  counties 
with a population l e s s  than 25,000 a r e  l i k e l y  t o  be severely impacted by the  population inf lux 

from a l a rge  construction projec t  such as  a generating plant .  ) This would include El more 

County in  Idaho, Gilliam, .Malheur, and Morrow Counties in  Oregon, and Douglas and Lincoln 

Counties in Washington. Moreover, i f  the  projec t  were e spec ia l ly  large  (such as four  colocated 

generating p l a n t s ) ,  counties up t o  50,000 might experience ser ious  d is rupt ions  from rapid popu- 

l a t i o n  growth. This would include al'l t he  remaining, counties except Anchorage, Coos County in 

Oregon, and Grays Harbor and Whatcom Counties in Washington. 

.Population Change. General population growth can be considered a ser ious  problem when i t  

exceeds a r a t e  of 10% a year.")  Even a s ing le  projec t  can produce population growth exceeding 

t h i s  r a t e  in rura l  areas .  And more urbanized areas  can a l so  exceed t h a t  growth r a t e  i f  they 

a r e  already experiencing a rapid population increase from other  sources. Thus, the  development 

projec t  would only aggravate what was already a c r i t i c a l  condition f o r  t h a t  a rea .  This would 

d e f i n i t e l y  be the  case in  Anchorage, which has recent ly  had an annual population growth r a t e  of 

over 8%, adding approximately 10,000 new people each year .  Gilliam County in  Oregon, however, 

has experienced a population decline in recent years .  Presumably, t he re fo re ,  i t  might welcome 

the  population inflow generated by a large  construction project--provided t h a t  i t  had not 

already l o s t  i t s  capacity t o  absorb addit ional  people. Growth ra t e s  in  the  remaining counties 

range from almost zero t o  s l i g h t l y  over 3% per year .  

Urbanization. Counties t h a t  a re  l a rge ly  o r  wholly rura l  in nature (no towns with more 

than 10,000 people) will  generally have a much more d i f f i c u l t  time absorbing a sudden inf lux 

of construction workers than wi l l  counties containing one o r  more urban centers .  Apart from 

the f a c t  t h a t  construction workers generally prefer- Lu l i v e  i n  01- near towns and t h a t  most 
unoccupied housing will  be in urban areas ,  such communities a re  a l so  usually much b e t t e r  pre- 

pared t o  manage socioeconomic impacts and t o  provide needed public services  and f a c i l i t i e s .  

In addi t ion ,  the  l i f e s t y l e s  of both construction and operational  workers a re  of ten  q u i t e  d i f -  

f e ren t  from those of rura l  dwellers.  Seven of the  15 candidate counties contain no towns over 

10,000 population and a r e  e s s e n t i a l l y  rura l  in character :  Bingham and Elmore, Idaho; Gilliam, 

Ma1 heur and Morrow, Oregon; and ~ o u ~ l a s  and Lincoln, Washington. 

Sex R a t i o .  Th4s fac.Lor i s  l i k e l y  t o  be J. pro'blem only i f  t h ~  zpx r a t i o  of the  current  

population i s  a l ready unbalanced so t h a t  a sudden inf lux of male construction workers would 

add to  already ex i s t ing  socia l  problems. This would occur in  Anchorage and in  Elmore County, 

Idaho, which contain large  surpluses of males. The r e s t  of the  counties ( w i t h  the exception 

of Bingham, Idaho) presently have a surplus of females; thus,  a constructlon p ro jec t  ~ilight help 

Lo balance the  scx r a t i o  (although the  current. "surplus" females tend t o  be e lde r ly  whereas the  

inale immigrants would tend to be re1 a t i v e l y  y o u ~ g )  . 



Nonwhite Popu la t ion .  The nonwhi te  p o p u l a t i o n s  o f  these 15 c o u n t i e s  range from 2% t o  15% 

o f  t h e  t o t a l .  Count ies w i t h  v e r y  few nonwhi tes a r e  Coos and G i l l i a m ,  Oregon; and Douglas and 

L i n c o l n ,  Washington. I n  c o n t r a s t ,  Frank1 i n  and Grant  Counties, Washington have r e 1  a t i v e l y  

l a r g e  nonwh i te  p o p u l a t i o n s ,  as does Anchorage. S ince c o n s t r u c t i o n  work f o r c e s  a r e  l i k e l y  t o  

c o n t a i n  a t  l e a s t  moderate numbers o f  nonwhites, r a c i a l  t e n s i o n s  o r  c o n f l i c t s  c o u l d  occur  i n  

areas where t h e  p o p u l a t i o n  i s  p r e s e n t l y  n e a r l y  a l l  whi te . ,  

Median Age. I n  genera l  t h e  younger a popula ' t ion,  t h e  more adap tab le  . i t  tends t o  be t o  

changing c o n d i t i o n s ,  e s p e c i a l l y  t o  t h e  i n - m i g r a t i o n  o f  p redominan t l y  young c o n s t r u c t i o n  workers.  

O lder  p o p u l a t i o n s  tend  t o  be more r e s i s t a n t  t o  change. I f  we s e t  age 30 as a d i v i d i n g  l i n e ,  

c o u n t i e s  w i t h  young p o p u l a t i o n s  a r e  Anchorage (where t h e  median age i s  o n l y  19) ;  Bingham and 

Elmore, Idaho; Coos and Malheur, Oregon; and C o w l i t z ,  F r a n k l i n ,  Grant,  Grays Harbor and 

Whatcom, Washington. The rema in ing  c o u n t i e s  c o u l d  then  be descr ibed  as hav ing  o l d  p o p u l a t i o n s ;  

t h i s  i s  most e v i d e n t  f o r  L i n c o l n  County, Washington. 

Presence o f  C h i l d r e n .  The p r o p o r t i o n  o f  f a m i l i e s  w i t h  c h i l d r e n  i n  t h e  home i s  d i r e c t l y  - 
r e l a t e d  t o  the  111rdian age o t  t h e  p o p u l a t i o n - - t h e  younger t h e  popu la t ion ,  t h e  g r e a t e r  t h e  num- 

b e r  o f  f a m i l i e s  w i t h  c h i l d r e n .  C h i l d r e n  a r e  a l s o  more l i k e l y  t o  be p r e s e n t  i n  r u r a l  areas. 

Anchorage c o n t a i n s  a l a r g e  p r o p o r t i o n  o f  f a m i l i e s  w i t h  c h i l d r e n  because o f  i t s  v e r y  young age 

s t r u c t u r e .  

Bingham and Elllrore Count ies,  Idaho a l s o  c o n t a i n  many c h i l d r e n  because o f  b o t h  t h e i r  young 

p o p u l a t i o n s  and t h e i r  r u r a l  c h a r a c t e r .  I n  c o n t r a s t ,  Grant  and Grays Harbor Count ies,  Washing- 

t o n  a l s o  have r e l a t i v e l y  young p o p u l a t i o n s  b u t  n o t  l a r g e  numbers o f  f a m i l i e s  w i t h  c h i l d r e n ,  

presumably because o f  t h e i r  more urban n a t u r e .  Three coun t ies ,  C la tsop  and Morrow, Oregon and 

L i n c o l n  in,Washington, c o n t a i n  r e l a t i v e l y  few f a m i l i e s  w i t h  c h i l d r e n  because o f  t h e i r  o l d e r  

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

E d u ~ d L i u l l .  Wi th  rhe e x c e p t i o n  n f  Coos County, Oregon whcrc t h e  median e d u c a t i u r ~  i s  o n l y  ---- 
11.5 years ,  these  c o u n t i e s  show l i t t l e  v a r i a n c e  i n  t h e  educa t iona l  a t ta inments  n f  t . h ~ i r  popu- 

l a t i o n s .  Median f i g u r e s  f o r  t h e  o t h e r  14 c o u n t i e s  range o n l y  between 12.2 and 12.7 years ,  

i n d i c a t i n g  t h a t  these c o u n t i e s  a r e  r e l a t i v e l y  homogeneous i n  t h i s  c h a r a c t e r i s t i c .  

H.2 ECONOMIC CHARACTERISTICS 

Gross Sales.  The two i n d i c a t o r s ,  gross s a l e s  p e r  c a p i t a  and annual r a t e  o f  s a l e s  growth, 

a r e  b o t h  measures o f  t h e  economic v i a b i l i t y  o f  a  county.  F i v e  o f  these cn i rn t ies  have v e r y  

r o b u s t  economies a t  t h e  p r e s e n t  t i m e  w i t h  gross s a l e s  o f  $lO,ofln o r  more p e r  c a p i t a ;  G i l l i a m  

and Malheur, Oregon and C o w l i t z ,  Gran t  and L i n c o l n ,  Washingtnn. These c o u n t i e s  d i f f e r  cnn- 

s i d e r a b l y  i n  t h e i r  r e c e n t  r a t e s  o f  economic growth, however. 

Gran t  County has been growing ex t reme ly  r a p i d l y ;  G i l l i a m  and C o w l i t z  have had modera te ly  

s t r o n g  r a t e s  o f  growth; Malheur and L i n c o l n  have exper ienced  r a t h e r  s low economic growth ( a l l  

o f  these  r a t e s  a re  based on cons tan t  d o l l a r s  t o  account  f o r  i n f l a t i o n ) .  111 c o n t r a s t  Elmore 

County, Idaho, and Douglas County, Washington have f a i r l y  weak economies w i t h  gross s a l e s  o f  

l e s s  t h a n  $5,000 per  c a p i t a ,  a l though  Elmore has exper ienced  a v e r y  h i g h  growth r a t e  i n  r e c e n t  

y e a r s .  Three o t h e r  c o u n t i e s  t o  n o t e  a r e  Clatsop,  Oregon, whose economy has been d e c l i n i n g  

r a t h e r  t h a n  growing r e c e n t l y ,  and Bingham, Idaho and Grays Harbor, Washington, which have b o t h  

had v e r y  s low r a t e s  o f  economic growth. 



Job Openings. No c l e a r  r e l a t i o n s h i p  e x i s t s  between r a t e  o f  growth i n  gross sa les  and t h e  

a v a i l a b i l i t y  o f  j o b s  i n  these coun t ies .  Those w i t h  t h e  l a r g e s t  number o f  j o b  openings ( o v e r  

200 p e r  10,000 members o f  t h e  l a b o r  f o r c e )  a r e  Anchorage, Alaska and G i l l i a m ,  Malheur (where 

t h e  f i g u r e  i s  o v e r  500) and Morrow Count ies,  Oregon. A t  t h e  o p p o s i t e  end o f  t h e  s c a l e  C la tsop  

County, Oregon and Cowl i t z ,  F r a n k l i n  and Whatcom Counties, Washington r e p o r t  r e l a t i v e l y  few 

job .  openings ( l e s s  than  100 p e r  10,000 workers ) .  

T h i s  i n d i c a t o r  i s  i m p o r t a n t  because i t  a f f e c t s  t h e  number o f  b o t h  c o n s t r u c t i o n  and secon- 

d a r y  workers who w i l i  l i k e l y  m i g r a t e  t o  t h e  county.  The g r e a t e r  t h e  number o f  j o b  openings i n  

t h e  area b e f o r e  s t a r t i n g  t h e  p r o j e c t ,  t h e  more a t t r a c t i v e  an area shou ld  be t o  p r o s p e c t i v e  

workers. 

Employment Rate. No r e l a t i o n s h i p  e x i s t s  between number o f  j o b  openings and t h e  employment 

( o r  unemployment) r a t e .  The l o w e s t  employment r a t e  (88%),  i n d i c a t i n g  a r a t h e r  l a r g e  number o f  

people l o o k i n g  f o r  work, occurs i n  Coos County, Oregon, which has an average number o f  j o b  

openings. I n  c o n t r a s t  L i n c o l n  County, Washington has a lmost  f u l l  employment (98%) ; i t  a1 so 

has an average number o f  vacant  jobs .  Employment r a t e s  i n  t h e  rema in ing  13 c o u n t i e s  range 

between 90% and 94%. . 

Number o f  Businesses. I f  t h e  shopping, s e r v i c e ,  r e c r e a t i o n a l  and o t h e r  f a c i l i t i e s  a r e  

c u r r e n t l y  inadequate i n  an area, a  sudden p o p u l a t i o n  inc rease  i s  l i k e l y  t o  p l a c e  a t  l e a s t  

s h o r t - t e r m  s t r a i n s  on t h e  l o c a l  bus iness community. Only t h r e e  o f  these  c o u n t i e s  m i g h t  be 

descr ibed  as hav ing  fewer than  adequate bus iness f a c i l i t i e s  a t  t h e  p resen t  t ime :  Bingham and 

Elmore, Idaho and Douglas, Washington. The r e s t  o f  t h e  c o u n t i e s  have business f a c i l i t i e s  t h a t  

a r e  p robab ly  adequate t o  handle t h e  p o p u l a t i o n  growth c r e a t e d  by a new g e n e r a t i n g  p l a n t ,  

a l though  p a r t i c u l a r  k i n d s  o f  s t o r e s  o r  s e r v i c e s  may be l a c k i n g  i n  some c o u n t i e s .  

Personal Income. The mean personal  income f o r  t h e  e n t i r e  U n i t e d  S ta tes  i s  approx imate ly  

$5,400. Aga ins t  t h i s  c r i t e r i o n ,  s i x  o f  these  c o u n t i e s  a r e  s u b s t a n t i a l l y  more a f f l u e n t  than  

t h e  U n i t e d  S t a t e s  as a whole ( i . e . ,  mean personal  income a t  l e a s t  $1,000 g r e a t e r  than  t h e  

average) .  These a r e  Anchorage, Alaska; G i l l i a m  and Morrow Count ies,  Oregon ( b o t h  o f  which 

have ex t reme ly  h i g h  income l e v e l s ) ;  and Frank1 i n ,  Grant  and L i n c o l n  Count ies,  Washington. 

Only one county, Elmore, Idaho, i s  more than  $1,000 below t h e  n a t i o n a l  average i n  persona l  

income, w h i l e  Bingham County, Idaho and Coos County, Oregon a r e  each severa l  hundred d o l l a r s  

below average. S ince wages o f  c o n s t r u c t i o n  workers a r e  t y p i c a l l y  severa l  thousand d o l l a r s  

above p r e v a i l i n g  wage l e v e l s  i n  most areas o f  t h e  coun t ry ,  a  l a r g e  c o n s t r u c t i o n  p r o j e c t  can 

s u b s t a n t i a l l y  inc rease  t h e  average personal  income o f  t h e  su r round ing  area.  T h i s  f i n a n c i a l  

i n f l o w  i s  commonly welcomed i n  low income areas, e s p e c i a l l y  t o  t h e  e x t e n t  t h a t  t h e  wages o f  

c o n s t r u c t i o n  workers a r e  spent  l o c a l l y .  Obvious ly ,  however, t h i s  process o f  r a i s i n g  t h e  aver -  

age personal  income does n o t  occur  i n  h i g h  income areas, a l though  t h e  a d d i t i o n a l  w e a l t h  f l o w i n g  

i n t o  t h e  l o c a l  economy may never the less  c o n t r i h l r t ~  t n  r i s i n g  p r i c e s  and economic i n f l a t i o n .  

P r o p e r t y  Value. The d i f f e r e n c e s  among these  15 c o u n t i e s  i n  t h e  amounts o f  r e a l  p r o p e r t y  

p e r  c a p i t a  a r e  a s t o n i s h i n g .  (These f i g u r e s  r e p r e s e n t  f u l l  p r o p e r t y  va lues,  o r  100% o f  assessed 

v a l u a t i o n .  ) Elmore County, Idaho has o n l y  $2,600 o f  p r o p e r t y  p e r  c a p i t a  and Bingham County has 

o n l y  abou t  $6,000, w h i l e  G i l l i a m  County, Oregon has over  $34,000 and Morrow County has more 

than  $30,000. The mean f i g u r e  f o r  a l l  15 c o u n t i e s  i s  approx imate ly  $16,000 p e r  c a p i t a ,  a l though  



a l l  but Clatsop County, Oregon a r e  a t  l e a s t  $2,000 above o r  below t h i s  f igure .  A l a rge  gener- 
a t i n g  plant  located i n  Bingham o r  Elmore Counties would ce r t a in ly  r a i s e  t h e i r  t o t a l  property 

values by a considerable amount, which could have numerous o ther  secondary economic e f f e c t s  on 

t h e i r  economies. In the  s i x  counties above the  mean f igu re  of $16,000 only Gilliam, Oregon and 

Lincoln, Washington, due t o  t h e i r  very small populations,  should experience substant ia l  increases 

in  per cap i t a  property values with t h e  construction of a large  generating plant .  

Governmental Income. Gross discrepancies e x i s t  among counties in the  measure of govern- 

mental income. In Anchorage local  governments receive almost $3,000 per person per year and 
in Grays Harbor and Lincoln Counties, Washington governmental income i s  about $1,100 per per- 

son. In sharp con t ra s t  local  governments in  Douglas County, Washington receive l e s s  than $500 

per person, while the  f igu res  a r e  only s l i g h t l y  higher in Elmore' County, Idaho and Gilliam 

County, Oregon. 

Local governments in  the  l a t t e r  th ree  counties a r e  e spec ia l ly  l i k e l y  t o  s u f f e r  ser ious  

f inanc ia l  problems with the construction of a l a rge  generating plant .  f o r  they q u i t e  l i k e l y  

lack adequate resources t o  provide the  addit ional  services  and fac i  1 i t i e s  needed by in-migrating 

workers. Thls f inancia l  squeeze can become a d i f f i c u l t  problem in any community i f  t he  demands 

made on 'local governments r i s e  very rapidly  without a corresponding increase in  revenues. I t  

i s  p a r t i c u l a r l y  c r i t i c a l  i n  communities t h a t  have no s lack f inancia l  resources above present 

demand. 

H.3 COMMUNITY STRUCTURE CHARACTERISTICS 

Occupational St ructure .  The proportion of the  work force  in an area  t h a t  i s  engaged in  

high s t a t u s  occupations (p ro fess iona l ) ,  technical ,  executive and managerial) i s '  soc ia l ly  impor- 

t a n t  f o r  two main reasons: f i r s t ,  i t  s t rongly  influences the socioeconomic c l a s s  s t r u c t u r e  of 

the  a rea ;  and second, i t  a f f e c t s  the  d i s t r ibu t ion  and exerc ise  of socia l  power i n  t h a t  area .  

In general t he  higher the  proportion of high s t a t u s  occupations i.n a community, t he  be t t e r  t h a t  

community ( o r  county) wi l l  be ab le  t o  cope with rapid socia l  changes and impacts created by a 

l a rge  construction p ro jec t .  Among these  counties Anchorage and Gilliam rank highest  on t h i s  

measure, although 11 of the  15 counties are. above the  national  average of 19%. The only two 

counties with noticeably low occupational s t ruc tu res  a r e  Elmore, Idaho and Morrow, Oregon. 

Housing Ava i l ab i l i t y .  The g rea te r  the  supply of ava i l ab le  housing in  the area surround- 

ing a construction p ro jec t ,  t h e  more e a s i l y  and inexpensively the  workers can be absorbed in to  

e x i s t i n g  communities. In Gilliam County, 36% of a19 dwelling un i t s  a r e  vacant, although t h i s  

represents  only about 240 actual  un i t s .  The vacancy r a t e s  a r e  a l s o  high in Grant and Grays 

Harbor Countfes,  washfngton ( 2 ~ %  and 24% respec t ive ly ) ,  and with t h e i r  la rge  populations, these  

percentages represent  subs tan t i a l  numbers of housing un i t s .  Clatsop and Morrow Counties a l so  

contain a f a i r  amount of ava i l ab le  housing. In the  o ther  11 counties,  however, a l a rge  inf lux 

of const ruct ion workers looking f o r  housing could become a ser ious  problem s ince  vacancy ra t e s  

f o r  these  counties a r e  r e l a t i v e l y  low. 

H.4 PUBLIC SERVICE CHARACTERISTICS 

Expenditures f o r  Public Services.  This ind ica to r  i s  t he  t o t a l  amount of funds per capi ta  

spent annually by a l l  local  governmental un i t s  in  the  county f o r  a l l  human se rv ices ,  including 



public education, hospi ta ls  and mental health f a c i l i t i e s , ' p o l i c e  and f i r e  protec t ion,  legal  
services ,  welfare programs, information and counseling se rv ices ,  children and youth programs, 

1 i brar ies  and other  cu l tu ra l  a c t i v i t i e s ,  and pub1 i c  recreat ional  ,programs. Anchorage tops the  

1 i s t ,  spending over $1,100 per person per year  on these  services .  In contras t  seven of the  
counties (Bingham and Elmore, Idaho; Cl a tsop,  Oregon; and Cowl i t z ,  Douglas, Grays Harbor and 
Whatcorn, Washington) spend l e s s  than $500 per person f o r  public se rv ices .  Assuming t h a t  these  
low expenditures ind ica te  minimal public service  programs, those seven.counties could experience 
r a the r  ser ious  problems i f  a l a rge  number of construction workers were t o  suddenly descend upon 
them and begin needing a l l  kinds of services  from schools t o  welfare benef i t s .  

Expenditures f o r  Public F a c i l i t i e s .  This category of public expenditures includes such 
phys,ical f a c i l i t i e s  a s  water and other* public u t i l i t i e s ,  sewerage and san i t a t ion  f a c i l i t i e s ,  

and s t r e e t s  and roads. Anchorage i s  current ly  spending over th ree  times as much per capi ta  

($720) f o r  such f a c i l i t i e s  as any other  area i n  t h i s  study. The f igu res  f o r  Malheur County, 
Oregon and a1 1 the  counties i n  Washington except Cowl i t z  a r e  a l s o  above the national average 
of approximately $100 per person. In s t r i k i n g  con t ra s t  a re  Bingham and Elmore Counties, Idaho; 
and Clatsop, Coos and Gilliam Counties, Oregon, where the f igures  a r e  l e s s  than $75 per capi ta .  
Again assuming t h a t  low expenditures indicate  minimal f a c i l i t i e s ,  these  l a t t e r  f i v e  counties 
could be ser ious ly  impacted by a l a rge  construction f a c i l i t y  a s  demands quickly exceeded a v a i l -  
ab le  capabi 1 i t i e s  and budgets. 

School Capabi l i t ies .  The r a t i o  of s tudents  t o  teachers in  the public schools of a county 

provides a rough ind ica to r  of the  qua l i ty  of education being offered.  Relatively l i t t l e  va r i -  

a t ion  on t h i s  measure occurs among the  15 counties except f o r  the  r a the r  low r a t i o s  in  Gilliam 
and Morrow Counties, Oregon. Maintaining such low r a t i o s  i s  undoubtedly made e a s i e r  by the  
very small populations of these  two counties.  In a l l  other cases ,  the  r a t i o  l i e s  between 18 
and 23 students per teacher.  All of these school systems could, t he re fo re ,  absorb a t  l e a s t  
some addit ional  s tudents  by enlarging c l a s s  s i z e s  i f  necessary. 

Hospital F a c i l i t i e s .  Gilliam County, Oregon and Douglas County, Washington contain no 
hospi ta ls ;  t h i s  could be a ser ious  problem i f  a l a rge  construction p ro jec t  were t o  be located 
in those areas .  With the  exception of Lincoln County, Washington, which has 15 hospital  beds 
per thousand popillation, a1 1 t . h ~  n t . h ~ r  cn~rn t i e s  contain minimal hospital  f a c i l i t i e s ,  between 
th ree  and s i x  beds PC.- thousand. However, a l l  of them a r e  below the  national  average of seven 

beds per thousand. All of these  counties might f ind  i t  necessary t o  expand t h e i r  hospital  
f a c i l i t i e s  t o  accommodate a l a rge  inf lux of construction workers. 

Police Protection.  Coos County, Oregon and Franklin and Grays Harbor Counties, Washington 

have f a i r l y  l a rge  police fo rces ,  while those in Bingham County, Idaho; Clatsop and Morrow 

Counties, Oregon; and Cowlitz and Douglas Counties, Washington might be described as  adequate. 

Police f o r c e s ' a r e  extremely understaffed in  Gilliam County, Oregon and somewhat understaffed 
in  Anchorage, Alaska; Malheur County, Oregon; and Lincoln County, Washington. In a t  l e a s t  those 

four  areas  a l a rge  population i.nflux would 1 i kely require  h i r ing addit ional  pol i c e  personnel. 

F i re  Protection.  Fi re  departments a r e  severely understaffed in  f i v e  of these  counties:  
Elmore, Idaho; Coos, Gi'll iam and Ma1 heur, Oregon; and Douglas, Washington. Construction of a 

l a rge  generating plant  in any of t.hese counties would undoubtedly require  enlarging ex i s t ing  
f i r e  protection services .  The r e s t  of the  counties have r e l a t i v e l y  adequate f i r e  services  and 

Clatsop County, Washington has almost twice as many f i r e  personnel a s  the  national  average. 



State lcounty  

A1 as ka 

Anchorage 

Idaho 

B i  ngham 

Elmore 

Oregon 

C l  atsop 

Coos 

G i l l i a m  

Ma1 heur 

Morrow 

Populat ion 
Size 

TABLE H.1. Current C o ~ n t y  Charac ter is t i cs :  Demographic I nd i ca to rs  (a  

Annual Populat ion 
change(b) Percent . Percen; Mzdi an 
- - Sex(dy ~ o n w h i  te:e) 4ge Amount Percent U-benizat ionyc) Rat io  

Washington 

Cowl i t z  71,000 540 0.8 . 

Douglas 19,000 260 1.6 

Frank1 i n  27,500 140 0.5 

Grant 43,900 580 1.6 

Grays Harbor 60,500 220 0.4 

L inco ln  9,500 20 0.2 

Whatcom 90,000 1,720 2 . i  

( a )  C i rca  1975 
(b )  Between 1970-1 975 
( c )  I n  c i t i e s  + 10,000 
( d )  Males per 190 females 
( e )  I nc lud ing  Spanish surname people 
( f )  Under age 13 present i n  the home 
( g )  Persons age 25+ 

Percent 
Fami 1 i es 

w i t h ( f )  
Chi 1 dren 

Median 
 ducati ion(^) 



TABLE H1.2. Current  County C h a r a c t e r i s t i c s :  Economic Ind i ca to r s  ( a )  

Annual Gross Job 
Sa l e s  Receipts  Openings Businesses Personal Property 

F'e r Perce t Emplo m n t  Per 1000 Income P y  Value Pe 
per l0P0 State/County C a t  Growthlb) Workers c )  Ratefdy People capi  t a ( e  ~ a p i t a ( f r  

A1 a s  ka 

Anchorage $ 6,140 8 . 3  210 9 3 2 0 $ 7,160 8 18,180 

Idaho 

Bingham 7,700 3.2 150 94 15 4,910 6,100 

Elmore 4,530 14.2 170 93 13  4,280 2,620 

Oregon - .  

Cla tsop  5,570 -3.1 80 90 2 6 5,050 16,550 

Coos 8,000 4.2 100 88 2 3 4,560 11,030 

Gi l l i am 12,390 9.6 200 9 2 2 3 8,820 34,380 

Ma1 heur. 10,660 3.9 .. 51 0 93 2 5 5,300 10,590 

Morrow 8,510 6.1 250 9 3 2 2 9,530 30,550 

Washington 

Cowl i t z  11,510 ' 7.5 . ,90 9 3 19 5,430 - 19,830 

Doug1 a s  3,350 4.9 120 9 1 12 5,260 11,480 

Franklin 9,980 . 8.9  80 . 93 2 5 7,520 14,430 

Grant 14,950 17.9 150 91 2 2 6,930 12,480 

Grays Harbor 8,510 2 .8  ' 160 92 25 5,110 12,170 

Lincoln 11,640 4.7 150 98 2 6 6,540 24,880 ' 

Whatcom 9,510 7.5 90 90 2 4 5,020 13,740 

( a )  Circa 1975 
( b )  Between 1967-1975, i n  cons t an t  d ~ l  l a r s  
( c )  Reported t o  the Publ ic  Employment Off ice  
( d )  Of t h e  l abo r  fc.rce 
( e l  In 1974 d o l l a r s  
( f )  Full  a c tua l  value 
( g )  Received annual ly  by a1 1 loca l  gwernmental  u n i t s  from a1 1 sources (excluding loca l  t r a n s f e r s )  

Governmental 
Income Pe 
Capi t a ( g r  



S t a t e l c o u n t y  

Alaska 

Anchorage 

Idaho 

Bingham 

Elmore 

Oregon 

Cl atsop  

Coos 

G i l l i a m  

Mat t ~ e u r  

Morrow 

TABLE H. 3. Cur ren t  County C h a r a c t e r i s t i c s .  
Community S t r u c t u r e  l n d i c a t o r s t a )  

Percent  
H igh-S ta tu  

Occupati  onsf b )  

Percent  
Housi g 

vacantyc)  

7 .  

8  

9' 

'1 4 

4  

36 

7  

13 

Local  
Governme t 

, h p l o y e e s l d )  

Percen t  

;:;;I ;ys 

Washington 

Cowl i t z  19 4  ' 2  9  8  

Doug1 as 21 6 24 10 

Frank1 i n  22 5 3 5 9  

Gran t  24 20 38 14  

Grajls  arbor 1 8  9  28 10  

L i n c o l n  . . 20 24 59 8  

Whatcom 2  3  8  21 10 

----. - 
( a )  C i r c a  1375 
( b )  Labar  f o r c e  i n  p r o f e s s i o n a l ,  t e c h n i c a l ,  e x e c u t i v e  and manager ia l  j o b s  
( c )  Dwel l  i n g  u n i t s  c u r r e n t l y  unoccupied , 

' ( d )  A l l  l o c a l  governments, p e r  1000 p o p u l a t i ~ n  
(e)  Below t h e  o f f i c i a l  p o v e r t y  l i n e  



Sta te/county 

Alaska 

Anchorage 

Idaho 

Bingham 

. Elmore 

Oregon 

Cl atsop 

Coos 

Gilliam 

Ma1 heur 

Morrow 

Washington 

Cowl i t z  

Douglas 

Frank1 in 

Grant 

Grays Harbor 

Lincoln 

TABLE H.4. Current County Characteris  i s :  
Puhlic Services Indicators 18 

Annual Local Governmental School Pol i c e  
Expenditures Per Capita Student- Hospital Personnel 
P u b l l c ~ ~ ,  Public ,-, Teacher, Beds Per Per 10,QOQ 

 service^'^) Facil i t i e s t ' )  Ratio(d) 1000 People people(e) 

Whatcom 480 160 21 3 17 

Fire  
~'ersonnel 

Per ~ e o p l e ( f  l o  O P O  

( a )  c i r ca -  1975 
( b )  Annual operational  expenditures f o r  a l l  human services  
( c )  Annual expenditures f o r  s t r e e t s ,  u t i  1 i t i e s ,  and san i t a t ion .  
( d )  All public schools 
( e )  All pol ice  employees 
( f )  A1 1 f i r e  employees 



TABLE H.5. Cunrmt County Planning Capabi l i t ies  ( a  

County and City Pl :nni ng Departments Regioral Planning Organizations 
Total Total Total Total 

Pr3fessional Annual Comprehensive Professional Annual Comprehensive 
State/County Llnit(s) S ta f f  Budget(s) 'Plan Name Staff  Budget Plan 

A1 as  ka 
0 

Anchorage . C'ty 30 5 i  ,000,000 Yes None 

Idaho 

Bingham county 3 50,000 Yes . SE Idaho Coun. of Gov. 10 $800,000 Land-use 

El more County 2 19,000 no ID-OR Reg. Devel. 8 - 170,000 yes 

Oregon 

Cl atsop County and 7 .  84,000 yes Clatsop-Tillamook 13 300,000 no 
Astoria Intergovern. Council 

Coos County and '8 179,000 no Coos-Curry Council o' 10 266,000 yes 
Coos Bay Government 

Gilliam County 1/2 5,000 yes E . C .  OR Assoc. of Go.4. 9 384,000 no . 

Malheur , C ~ ~ u n t y  7 103,000 yes 1.D-OR Reg. Devel . see  above 
I - Morrow 
0 

C ~ u n t y  . 2  42,000 no None 

Washington 

Cowl i t z  C3unty and 5 117,000 yes Cowl i tz-Wahki akum 4 134,000 no 
L~ngview Governmental Council 

Douglas County 2 64,090 no Grand Coulee Dam Are3 ., 0 
Conf. of Govs. 

Frank1 in  County and 4 89,000 yes Benton-Franklin Govern- 8 
Pa s co mental Counci 1 

v 

Grant County and 6 208,000 no Grant-Lincoln-Adams 1 
Yoses Lake Conf. of Govs. . 

Grays Harbor County, Aber- 4 79,000 Yes Grays Harbor Regional 4 
deen, Hoquian Planning Comi ssion 

0 yes 

, 88,000 yes 

Lincoln County 1 21,000 no Grant-Lincoln-Adams see above 

Whatcom County and 11 426,000 Yes Whatcom County Counci U 1 107,000 yes 
Eellingham of Govs. 

( a )  Circa 1976 < 
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PROJECTED COUNTY CHARACTERISTICS 



TABLE I .  1 . P r o j e c t e d  County C h a r a c t e r i s t i c s :  Bingham County, Idaho 

P o p u l a t i o n  
Averaae 

Percent  
Year S i z e  Growth --- 
Recent Trends 

1,980 33,600 1.6 

1 9 8 5  36,700 1.8 

1990 39,900 1.7 

1995 43,500 1.8 

2020 52,400 0.2 

High Coal E l e c t r i c  
+I . 1980 33,600 1.6 
-7 

1985 36,700 1.8 

1990 39,9011 1.7 

1995 45,300 2.7 

2000 51,500 2.7 

Percent  Median 
U r b a n i z a t i o n  Ag? 

Median 
Educat ion 

Gross Sales Pub1 i c  .Services 
Average Personal P roper ty  - R e t a i l  Expendi tures Due - 

Amount Annual Income Value C a p i t a l  To t h e  P l a n t ( s )  
Per Percent  Per Per Housing Per 0 e r a t i n  Ca i t a l  

Cap i ta  Growth Cap i ta  Cap i ta  Requirements Cap i ta  ('j* 



TAELE 1.2. Projected County Character is t ics  : Elmore County, Idaio 

Population 
Average 
Annua 1 
Percent 

Year Size Growth --- 
Recent Trends 

1980 23,100 3.2 

1985 27,000 3.4 

C( 

2 0 1 5 4 9 , 3 0 0  0.3 

2020 49,300 0.0 

High Coal Elect r ic  . 

1980 23,100 3.2 

1985 30,700 6.6  

, Gross Sales 
Average Personal Property 

Amount .Annual Income Value 
?erzent "4~di .m Median Per Percent Per Per' 

Urbanization Age Education Capita Growth Capita Capi ta 

Retai 1 
Capital 

Housing Per 
Requi r m e n t s  Capita 

Pub1 i c  Services 
Expenditures Due 
To the  P lan t ( s )  



TABLE 1.3. P r o j e c t e d  County C h a r a c t e r i s t i c s  :' Clatsop7County,  Oregon 

P o p u l a t i m  Gross Sales Pub1 i c  Serv ices  
Av?rage , Average Personal P roper ty  Re ta i  1 Expendi tures Due 
An iua l  Amount Annual Income Value C a p i t a l  To t h e  P l a n t ( s )  
Percent  Percent  Median Median Per Percent  Per Per Housing Per 0 e r a t i n  C a p i t a l  

Year S i z e  Growth U r b a n i z a t i o n  .Age Educat ion Cap i ta  Growth Cap i ta  Cap i ta  Requirements Capi ta  I ( ( -  --- 
Recent Trends 

1980 

1 G85 

1G90 

1595 

2000 
4 

L 2005 

201 0 

201 5 

2020 

High Coal E l e c t r i c  

19.30 33,800 1.9 

19.35 36,700 1.7 

No Coal Power P l a n t s  Scheduled 



TABLE I .4. P r o j e c t e d  -County C h a r a c t e r i s t i c s :  Coos County, Oregon 

P o p u l a t i o n  
Average 
~ n n u a l  
Percent  

Year S i z e  Growth --- 
Recent Trends 

1980 67,200 1.9 

2U20 102,200 0.0 

High Coal E l e c t r i c  

1980 67,200 1.9 

1985 76,600 2.8 

Gross Sales 
Averaqe Personal P roper ty  R e t a i l  

Amount ~ n n u a i  Income ~ a i  ue - C a p i t a l  
Percent  ,Median Median! Per Percent  Per Per Housing Per 

U r b a n i z a t i o n  Age Educat ion Cap i ta  Growth Cap i ta  Cap i ta  Requirements C a p i t a '  

Pub1 i c  Serv ices  
Expendi tures Due 



Population 
Averaqe 
~ n n u a i  
Percent 

Year Size Growth --- 
Recent Trends 

1980 2 , 8 0 0 .  1 .5  

1395 3,600 1.8 

21100 3,800 1.1 

y 2005 6,000 11.6 
Ul 

2010 9,900 13.0 

' 2015 10,800 1 .8  

2020 10,800 3.0 

H'gh Coal E lec t r i z  

1980 2,300 1.5 

1985 3,100 2.1 

TABLE I .5. Projected County Character is t ics :  Gil l  iam County, Oregon 

Gross Sales 
Averaqe Personal Property 

Pub1 i c  Services 
Retail Ex~endi tures  Due 

Amount ~ n n u a i  Income vaiue " Capital To the  P lan t ( s )  
Percent k d i a n  Median Per Percent Per Per Housing Per 0 e r a t i n  Ca i t a  

Urbanization Age Education Capita Growth Capita Capita Requirements Capita 'w (& 



TABLE I .6. Prcnjecked County C n a r a c t e r i s t i a  : Ma1 heur C o ~ n t y ,  Oregoi 

Population 
Average 
Annual 
Percent Percent 

Year Size Growth Urbarization --- 
Recent Trends 

1980 27,500 1 . 9  0 

Gross Sales 
Average 

Amount Annual 
Median Per Percent 

Educati 3n Capita Growth 

Fersonal 
Income 

Per 
Capita 

Property 
Val UP 

PEP 
Capita 

Pub1 i c Services 
Retail Expenditures Due 
Capital TO the  P lan t ( s )  

Housing Per O e r a t i n  C a i t a l  
Requirements Capita 7- ( $ $  

High Coal E lec t r i c  

1980 27,50c 1.9 (0 23 12.0 $10,560 0.0 $5,330 $10,~300 0 $1,900 $ 0 $ 0 

1985 29,900 1.8 0 2 3 12.0 10,360 0.0 5,330 10,500 . 0 1,900 0 0 



TABLE r.7. P r o j e c t e d  County C h a r a c t e r i s t i c s :  Morrow County, Oregon 

P o p u l a t i o n  
Average 
Annual 

Gross Sales 
Average Personal Proper ty  

Amount Annual Income Value 
Percent  Percent  Median Median Per Percent  Per Per Housing 

Year S i z e  Growth U r b a n i z a t i o n  Age Educat ion Cap i ta  Growth Cap i ta  Cap i ta  Requirements --- 
Recent Trends 

1980 6,500 6.8 0 3 1 12.6 $11,100 3.3 $9,050 $63,630 300 

1985 8,700 6.8 0 -27  12.7 15,710 8.3 9,030 78,460 840 

1990 9,100 3.9 0 30 12.7 13,100 -3.3 8,500 79,940 630' 

1995 12,200 3.8 0 2 7 12.8 17,000 6.0 8,550 101,200 1,410 

2C20 19,300 0.3 74 26 . 13.0 16,240 -1.6 7,400 119,540 2,570 

High Coal E l e c t r i c  

1QO 6,500 6.8 0 3 1 12.6 $11,870 4 . 9 '  $9,050 $66,730 300 

1985 9,900 10.4 0 2 7 12.8 16,600 8.0 8,820 94,140 1,090 

R e t a i l  
C a p i t a l  

Per 
Cap i ta  

Pub1 i c Serv ices 
Expendi tures Due 



TABLE 1.8. (P ro jec ted  Cour ty  C h a r a c t e r i s t i c s :  C o w l i t z  Counjty, Washington 

P o p u l a t i o n  
Average 
Annual 
Percent  

Year S i z e  Growth --- 
Recent Trends 

1980 74,600 0.9 

1985 79,9001' 1.4 

H igh  Coal E l e c t r i c  

1980 74,600 0.9 

1985 81,100 1.7 

1990 92,200 2.7 

Grass Sales 
Average Personai P roper ty  

Amount Annual Income Value 
Percent  Median Median Per Percent  ,Per Per Housing 

U r b a n i z a t i o n  Age Educat ion Cap i ta  Cap i ta  Requirements 

Re ta i  1 
C a p i t a l  

Per 
'Cap i ta  

Pub1 i c  S e w i c e s  
Expendi tures Due 



TABLE I .9. P r o j e c t e d  County C h a r a c t e r i s t i c s :  Douglas county, washington 

P o p u l a t i o n  Gross Sales P u b l i c  Serv ices  
Average Average Personal P roper ty  Re ta i  1 Expendi tures Due 
Anr u a l  Amount Annual Income Value C a p i t a l  To t h e  P l a n t ( s )  
Percent  Percent  Median Median Per Percent  Per . Per Housing Per 0 e r a t i n  Ca i t a l  

Y e l r  S i z e  Grcwth U r b a n i z a t i o n  Age Educat ion Cap i ta  Growth Cap i ta  Cap i ta  Requirements Cap i ta  (& 

Rezent Trends 

1930 

2020 

High Coal E l e c t r i c  

1980 18,10b 0.9 

1985 i3,400 1.4 

1990 20,700 1.3 

19'35 26,300 5.9 

2000 30,200 2.5 

2005. 31,800 1.0 

2010 35,200 2.1 

2015 37,500 1.3 

20.20 38,LOO 0.1 

No Coal Power P l a n t s  Scheduled 



Population 
Average 
Annual 
Percent 

Year Size Growth --- 
Recent Trends 

1980 

1985 

High Coal E lec t r i c  

1980 28,000 0.9 

TA3LE I .- 0.. Projected County Character is t ics :  Frank1 in County, F3shington 

Gross Sales 
Average Personal Property Retai 1 

Amount Annual Income Value . Capital 
Percent P,ed i an Median Per Percent Per Per -lousing Per 

Urbanization Age Education Capi=a Growth Capita Capita Pzquirernents Capita 

,No C,oal Power Plants Scheduled 

Pub1 i c  Services 
Expenditures . Due 
To the  Plant [s l  

0 e r a t i n  ~ a ' i t a l  
I* (dm- 



P o p u l a t i o n  
Average 
Annual 
Percent  

Year S i z e  Growth --- 
Recent Trends- 

1930 45,500 0.9 

2020 64,700 0.2 

High Coal E l e c t r i c  

1980 45,500 0.9 

1985 48,700 1 .4  

TABLE 1.11. P r o j e c t e d  County C h a r a c t e r i s t i c s :  Grant County, Washington 

Gross Sales 
Average Personal P roper ty  Retai.1 

Amount Annual Income Value C a p i t a l  
Percent  Median Median . Per Percent  Per Per Housing Per 

U r b a n i z a t i o n  Age Educat ion Cap i ta  Growth Cap i ta  Cap i ta  Requirements Cap i ta  

Pub1 i c  Serv ices  
Exoendi tures Due 
TO t h e  P l a n t ( s )  

Ooera t ina  C a o i t a l  



TABLE I .  12. Projected Ccunty Characters i t ics :  Grays Harbor countx, Washington 

Population 
Average 
~ n n u a l  
Percent 

Year S ize .  'Growth --- 
Recent Tren6s 

1980 64,700 0.9 

Gross Sales 
Average Personal Property Retai 1 

Amount Annual Income Value Capital 
Percent Median ~Hedian . Per Percent Per Per Housing Per 

Yrbanization Age Educatian Capita Growth Capita C a ~ i t a  Requirements Capita 

TU 
2005 93,600 0 .8 .  

2010 97,430 0.8 

2015 97,930 0.1 

2020 97,990 0.0 

Hi.gh Coal f l e c t r i c  

1980 64,700 0.9 

1985 74,300 3.0 

1990 82,EOO 2.2 

1995 87,400 1.2 

2000 93,600 1.4 

2005 96,600 0.6 

Pub1 i c  Services 
Expenditures Due 
To the P lan t ( s )  



P o p u l a t i o n  
A ~ e r a g e  

Percent  
\ea r  S ize  G?owth --- 
Eecent Trends 

1980 10,400 0.9 

1985 11,400 1.9 

High Coal E l e c t r i c  

1980 10,400 0.9 

1,995 18,600 2.5 

M O O  20,800 2.4 

2005 21,300 0.5 

TABLE 1.1:. P r o j e c t e d  County C h a r a c t e r i s t i c s :  L i n c o l n  County, Washington 

Gross Sales 
Average Personal P roper ty  

Amount Annual Income Value 
Percent  Cedian Median Per Percent  Per Per Housing 

U r b a n i z a t i o n  Age Educat ion Growth Capi ta  Cap i ta  Cap i ta  Requirements 

R e t a i l  
. C a p i t a l  

Per 
Cap i ta  

Pub1 i c  Serl i ices 
Expendi tures Due. 
To t h e  P l a n t ( s )  

3;;;;;ng (;;;-i;;l 



TABLE I. 14. Projected 1:ot;nty Cha rac te r i s t i c s  : Whatcorn County, Washington 

popu la t ion  
h e r a g e  
P.nnual 
Fercent 

Year Size Growth --- 
Recent Trend,; 

1980 88,90Q 0.9 

2000 116,800 1.1 

2005 120,900 . 0.7 

2010 124,400 0.6 

2015 125,200 0.1 

2020 125,ZCO 0.0 

High Coal E l e c t r i c  

1980 88,9CrO 0.9 

1 9 8 5  95,000 1.4 

1990 103,500 1.8 

1995 116,100.-. 2.4 

2000 124,200 1.4 

2005 128,400 0.7 

2010 131,900+ 0.6 

2015 132,700 0.1 

2020 132,700 0.0 

Gross Sales 
Average Personal Property 

Amount- Annual Income Val ue 
. Percent Median Median Per Percent Per Per H o ~ s i n g  
i r b h n i z a t i o n  Age -.Education Capita Growth Capita C a ~ i  t a  Requirements ' 

Retai 1 
Cap i ta l  

Per 
Capita 

Pub1 i c Services 
E x ~ e n d i t u r e s  Due 
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APPENDIX J  

GOVERNMENT INVOLVEMENT I N  COAL UTILIZATION: NORTHWEST STATES 

Among t h e  v a r i o u s  l e v e l s  o f  government ( f e d e r a l ,  s t a t e  and l o c a l )  a  number o f  agencies a r e  

a c t i v e l y  and pa.ss ive ly  i n v o l v e d  i n  min ing,  t r a n s p o r t  and u l t i m a t e  use o f  c o a l .  T h e i r  d i r e c t  

p a r t i c i p a t i o n  i n  coa l  u t i l i z a t i o n  d e c i s i o n s  may r e s u l t  f rom 1 )  o u t r i g h t  ownership o f  t h e  coa l  

resources o r  r i g h t s - o f - w a y ,  2 )  economic, env i ronmenta l ,  h e a l t h  o r  s a f e t y  c o n s i d e r a t i o n s ,  o r  

3) d i r e c t l y - r e l a t e d  energy p r o j e c t s  and programs. H i s t o r i c a l l y ,  government has t r e a t e d  coa l  

as an o r d i n a r y  marketable commodity w i t h  p r i v a t e  i n d u s t r y  r e s p o n s i b l e  f o r  resource  development 

and comniodi t y  marke t ing .  

Marke t ing  o f  coa l  as an o r d i n a r y  commodity c o n t r a s t s  g r e a t l y  w i t h  n a t u r a l  gas and e l e c -  

t r i c i t y ,  which a r e  d e l i v e r e d  through " n a t u r a l  monopo.lies" and a r e  c l o s e l y  r e g u l a t e d  by  t h e  

p u b l i c  s e c t o r .  I n  genera l ,  t h e  government i n f l u e n c e  on coa l  u t i l i z a t i o n  has been d i r e c t e d  

toward p r o t e c t i o n  o f  p u b l i c  h e a l t h  and s a f e t y  w h i l e  m i n i m i z i n g  env i ronmenta l  impacts.  

Thus t h e  p r i v a t e  s e c t o r  has been encouraged t o  be .bo th  t h e  i n i t i a t o r  o f  a c t i o n s  and t h e  

r e a l  implementor o f  p o l i c y .  O v e r a l l  energy p o l i c i e s  and p r i o r i t i e s ,  however, a r e  s e t  by gov- 

ernment. The f a c t  t h a t  no c l e a r  p o l i c y  e x i s t s  c r e a t e s  i t s  own s e t  o f  problems: f i r s t ,  because 

t h e  v a r i o u s  l e v e l s  o f  government may n o t  be i n  agreement, and secondly, because i n d u s t r y  may 

g e t  mixed s i g n a l s  f rom w i t h i n  a  l e v e l  o f  government as i t  pursues s p e c i f i c  energy o b j e c t i v e s .  

Federa l  and s t a t e  i n s t i t u t i o n a l  arrangements t h a t  i n f l u e n c e  coa l  development and u t i l i z a -  

t i o n  a r e  s t i l l  e v o l v i n g .  E f f o r t s  a r e  be ing  made t o  d e f i n e  t h e  r o l e  o f  government a t  b o t h  t h e  

f e d e r a l  and s t a t e  l e v e l s .  Recen t l y  t h e  s t a t e  governors o f  Idaho, Oregon and Washington, th rough  

t h e  P a c i f i c  Northwest Regional Commission, i n i t i a t e d  t h e  Nor thwest  Energy Pol i c y  P r o j e c t  (NEPP) , 
a  two-year s tudy  t o  i d e n t i f y  and e v a l u a t e  a  number o f  energy p o l i c y  o p t i o n s  f o r  t h e  r e g i o n .  A  

r e c e n t l y  p u b l i s h e d  NEPP r i p o r t "  ) suggests t h a t  s i g n i f i c a n t  changes w i l l  occur  i n  t h e  r e g i o n  I s  

energy e n t i t i e s  and i n s t i t u t i o n s .  These changes w i l l  a f f e c t  a l l  l e v e l s  o f  r e g i o n a l  government. 

The r e p o r t  goes on t o  say, however, t h a t  even w i t h  changes i n  government i n s t i t u t i o n s ,  p r i v a t e  

i n d u s t r y  w i l l  c o n t i n u e  t o  p l a y  a  p r i n c i p a l  r o l e  i n  coa l  development and.ut i1 izat ior - i .  

J u s t  how f e d e r a l  and s t a t e  i n s t i t u t i o n s  a r e  c u r r e n t l y  i n v o l v e d  i n  r e g i o n a l  energy develop-  

ment and u t i l i z a t i o n  i s  summarized below. Much o f  t h i s  i n f o r n ~ a t i o n  has been drawn f rom a  r e p o r t  

e n t i t l e d  Energy ~ o r t h w e s t " )  and NEPP i n f o r m a t i o n  as w e l l  as from d iscuss ions  w i t h  f e d e r a l  and 

s t a t e  personnel.. 

J. I FEDERAL 

An important.  f a c t o r  c u r r e n t l y  i n f l u e n c i n g  f e d e r a l  a u t h o r i t y  o v e r  coa l  development i n  

western s t a t e s  i s  management o f  t h e  v a s t  coa l  resources  found on 1and.owned by t h e  f e d e r a l  

government. Management o f  these government-owned lands a l s o  i n f l u e n c e s  coa l  t r a n s p o r t a t i o n  

and u t i  11 z a t l o n  th rough  r i g h t - o f  -way p e r m i t s ,  eminent  domain l e g i s l a t i o n  and a i r  and wate r  

qua1 i t y  s tandards.  



Land 'use p e r m i t s  o f f e r  t h e  most d i r e c t  c o n t r o l .  They a r e  i s s u e d  f o r  development o f  min- 

e r a l  reserves  and r i g h t s - o f - w a y  on f e d e r a l  lands.  The p e r m i t  process may vary  depending on 

how t h e  government a c q u i r e d  t h e  l a n d  and on t h e  a d m i n i s t r a t i v e  process adopted by t h e  agency 

r e s p o n s i b l e  f o r  l a n d  management. Federa l  l a n d  i s  e s s e n t i a l l y  d i v i d e d  i n t o  two c a t e g o r i e s - -  

p u b l i c  domain and a c q u i r e d  l a n d s .  

P u b l i c  domain lands  a r e  d i s t i n g u i s h e d  f rom a c q u i r e d  lands  by never  hav ing  passed f rom fed-  

e r a l  t o  p r i v a t e  ownership. Except f o r  I n d i a n  t r u s t  lands and o t h e r  minor  excep t ions ,  t h e  Bureau 

o f  Land Management (BLM) o f  t h e  Department o f  t h e  I n t e r i o r  has p r i m a r y  l a n d  management and 

l e a s i n g  r e s p o n s i b i l i t i e s  f o r  publ  i c  domain lands .  R e s p o n s i b i l i t y  f o r  managing and l e a s i n g  

I n d i a n  t r u s t  l ands  and f o r  i s s u i n g  r i g h t s - o f - w a y  o v e r  these  lands  f a l l s  t o  t h e  Department o f  

t h e  I n t e r i o r ' s  Bureau o f  I n d i a n  A f f a i r s  (B IA) .  The separate l e a s i n g  and l a n d  management respon- 

s i b i l i t i e s  f o r  I n d i a n  lands  was designed t o  ensure t h a t  I n d i a n  i n t e r e s t s  would n o t  be compromised. 

The U.S. Fores t  S e r v i c e  o f  t h e  Department o f  A g r i c u l t u r e  has l a n d  management respons i  b i  1  i t y  

o v e r  some pub l  i c  domain f o r e s t  l a n d s .  However, l eas ine '  and issuance o f  r i g h t s - o f - w a y  f o r  these 

l a n d s  a r e  conducted by t h e  BLM. 

S i m i l a r l y ,  t h e  N a t i o n a l  Park Serv ice ,  t h e  Bureau o f  ou tdoor  Recrea t ion ,  and t h e  Bureau o f  

Reclamat ion o f  t h e  Department o f  t h e  I n t e r i o r  have l a n d  management r e s p o n s i b i l i t i e s  o v e r  p u b l i c  

domain lands  i n  n a t i o n a l  pa rks  and r e c r e a t i o n  lands .  I n  these cases t h e  BLM r e t a i n s  l e a s i n g  

r e s p o n s i b i l i t y .  

The General Serv ices  A d m i n i s t r a t i o n  (GSA) can hand1 e, under 1  i m i  t e d  c i rcumstances,  t h e  

d i s p o s i t i o n  o f  p u b l i c  domain lands .  GSA i s  a u t h o r i z e d  t o  s e l l  p r o p e r t y  t o  u t i l i t i e s  on an 

a d m i n i s t r a t i v e  bas is .  Recent l i t i g a t i o n  i n v o l v i n g  a  n u c l e a r  power p l a n t ,  w h i l e  upho ld ing  GSA's 

a u t h o r i t y  t o  d ispose o f  p u b l i c  domain lands,  now p r o h i b i t s  such d i s p o s a l  b e f o r e  comp le t ion  

of an Envi ronmenta l  Impact Statement (EIS)  and an economic f e a s i  b i  1  i t y  s tudy .  

M i n e r a l  development r i g h t s  on p u b l i c  domain lands  a r e  o b t a l n a b l e  through severa l  mecha- 

nisms t h a t  may i n c l u d e  e i t h e r  t h e  a c t u a l  l e a s i n g  f o r  m i n e r a l  d e p o s i t s  w i t h  a  r o y a l t y  p r o v i s i o n  

o r  o t h e r  f e e  payments t o  t h e  f e d e r a l  government. 

Acqu i red  lands may be l a n d s  f o r  which t h e  f e d e r a l  government o b t a i n e d  e i t h e r  o r  b o t h  s u r -  

f a c e  o r  subsur face r i g h t s .  For  example, t h e  F o r e s t  S e r v i c e  may purchase o r  o therw ise  r e c e i v e  

r i g h t s  t o  subsur face lands and m i n e r a l  resources t o  develop and p reserve  f o r e s t  resources.  

Wh i le  t h e  BLM may o r  may n o t  have l a n d  management c o n t r o l  over  a c q u i r e d  lands,  BLM i s  respon- 

s i  b l e  f o r  l e a s i n g  these  lands .  

Permi t  procedures f o r  l a n d  use on a c q u i r e d  lands  v a r y  somewhat f rom those on p u b l i c  domain 

lands .  A1 1  development o f  minera I s  r e q u i r e  p r i o r  l eases  and r o y a l t y  payments, u n l  I ke t i l e  

development o f  m i n e r a l s  on p u b l i c  domain lands .  Procedures f o r  o b t a i n i n g  r i g h t - o f - w a y  and 

f a c i l i t y  s i t i n g  p e r m i t s  f o r  energy f a c i l i t i e s  on p u b l i c  and a c q u i r e d  lands a r e  t h e  same i n  

most cases. 

Over 82% o f  t h e  r e g i o n ' s  523 m i l l i o n  acres a r e  f e d e r a l l y  owned. A l l o c a t i o n  on f e d e r a l  

l a n d s  among t h e  s t a t e s  o f  Alaska, Idaho, Oregon and Washington i s  p resen ted  i n ' T a b l e  J .1 .  

Besides be ing  t h e  l a r g e s t  s t a t e ,  A laska leads  a1 1  s t a t e s  i n  t h e  percentage o f  l a n d  t h a t  i s  



TABLE J.1. F e d e r a l l y  Owned Lands Comparison f o r  t h e  S ta tes ,  
Region, and U n i t e d  S t a t  as o f  June 30, 1975 
( I n  Thousands o f  Acres) 'is) 

. T o t a l  Land 
Area 

(Acres)  

A1 as ka 365,482 

Idaho 

Oregon 

Washington 42,694 

,Region 522,708 

U n i t e d  S t a t e s  2,271,343 

F e d e r a l l y  
Owned Land 

(Acres)  

352,408 

33,742 

32,370 

12,588 

431,108 

760,414 

Percent  o f  
Respect ive 
T o t a l  Area 

Percent  Percent  o f  
o f  Region U n i t e d  S ta tes  

81.8 46.3 

c l a s s i f i e d  under f e d e r a l  ownership (96.4%). The s m a l l e s t  s t a t e  i n  t h e  r e g i o n ,  Washington, 

has t h e  lowes t  percentage o f  f e d e r a l  l ands  (29.5%). 

I n  a d d i t i o n  t o  d i r e c t  management respons i  b i  1  i t i e s  over  f e d e r a l  l ands ,  t h e  f e d e r a l  govern- 

ment e s t a b l i s h e s  envi ronmenta l  r e g u l a t i o n s  t h a t  i n f l u e n c e  development o f  energy resources and 

t h e i r  u t i l i z a t i o n .  No a t t e m p t  i s  made here  a t  a  l e g a l  i n t e r p r e t a t i o n  o f  f e d e r a l  1 e g i . s l a t i o n .  

The f o l l o w i n g  l e g i s l a t i o n  i s ,  however, p resen ted  because i t  i n d i r e c t l y  i n f l u e n c e s  c o a l  u t i l i -  

z a t i o n  w i t h i n  t h e  r e g i o n :  

1 )  N a t i o n a l  Envi ronmenta l  P o l i c y  A c t  o f  1969 (42 U.S.C.A. 4321 e t  seq.) r e q u i r e s  ex ten-  

s i v e  fo rma l  c o n s i d e r a t i o n  o f  t h e  env i ronmenta l  impact  o f  ma jo r  f e d e r a l  a c t i o n s - - a  

ca tegory  l i k e l y  t o  cover  a l l  f e d e r a l  a c t i v i t i e s  r e l a t e d  t o  energy development a t  t h e  

r e g i o n a l  l e v e l .  The a c t  i s  implemented by t h e  w r i t i n g  o f  an env i ronmenta l  impac t  

s tatement  (EIS)  by t h e  agency, t o  be submi t ted  f o r  r e v i e w  by o t h e r  agencies and t h e  

p u b l i c ,  w i t h  r a t h e r  permiss ive  r u l e s  o f  cha l lenge .  NEPA requi rements i n  a t  l e a s t  

two s i g n i f i c a n t  Department o f  I n t e r i o r  a c t i o n s ,  o u t e r  c o n t i n e n t a l  s h e l f  l e a s i n g  and 

coa l  l e a s i n g  on f e d e r a l  l ands ,  may be m o d i f i e d  by s p e c i a l  purpose f e d e r a l  l e g i s l a t i o n .  

Congress appears t o  be t a k i n g  t h e  p o s i t i o n  t h a t  b o t h  a c t i o n s  a r e  t o o  v i t a l  t o  n a t i o n a l  

i n t e r e s t s  t o  l e a v e  them s u b j e c t  t o  "open sess ion"  l e g i s l a t i o n .  As i n  t h e  case o f  t h e  

Alaskan p i p e l i n e ,  E I S ' s  would be prepared, b u t  c u t o f f  da tes  on o t h e r  l i m i t s  may be 

p laced  on t h e  cha l lenges  a n t i c i p a t e d .  

2) Clean A i r  Act ,  as amended (42 U.S.C.A. 1957 e t  seq.) i s  a d m i n i s t e r e d  by t h e  U.S. 

Envi ronmenta l  P r o t e c t i o n  Agency. The r e g u l a t i o n  o f  a i r  q u a l i t y ,  p a r t i c u l a r l y  i n  

p r e s e n t l y  u n p o l l u t e d  areas, poses i m p o r t a n t  c o n s t r a i n t s  on f o s s i l  energy develop-  

ment. I n  1977, t h e  a c t  was amended t o  i n c l u d e  b e s t  a v a i l a b l e  c o n t r o l  techno logy  

(BACT) and v i s i  b i  1  i t y  requ i rements .  

3)  Federa l  Water P o l l u t i o n  C o n t r o l  Act ,  as amended (42 U.S.C.A. 1251 e t  seq.) p r e -  

s c r i b e s  ma jo r  wa te r  p o l l u t i o n  c o n t r o l  e f f o r t s ,  p a r t i a l l y  s u b s i d i z e d  by f e d e r a l  

g r a n t s - i n - a i d .  Thermal p o l l u t i o n  f rom power p l a n t s  i s  a  s p e c i f i c  t a r g e t  o f  c o n t r o l .  

More g e n e r a l l y ,  t h e  p l a n n i n g  r e s p o n s i b i l i t i e s  r e q u i r e d  o f  watershed reg ions  by t h e  

a c t  c o u l d  a f f e c t  b o t h  e n e r g y - r e l a t e d  l a n d  use 'and  energy demand o v e r  t h e  l o n g  term. 



4)  W i l d  and Scenic R i v e r s  A c t  (16 U.S.C.A. 1271 e t  seq.) p e r m i t s  Congressional over -  

s i g h t  o v e r  r i v e r s  o f  s p e c i a l  w i l d e r n e s s  va lue .  For  example, t h e  i n c l u s i o n  o f  . 

s e l e c t e d  reaches o f  t h e  S k a g i t  R i v e r  i n  nor thwes t  Washington has a f f e c t e d  l i c e n s -  

i n g  o f  a  n u c l e a r  p l a n t  t h a t  would draw upon i t s  wa te rs .  S i m i l a r  cases may develop 

f o r  coa l  - f i r e d  p l a n t s .  

5) Coasta l  Zone Management A c t  (16 U.S.C.A. 1451 e t  seq.) r e q u i r e s  e x t e n s i v e  s t a t e  

p l a n n i n g  f o r  l a n d  use i n  s h o r e l i n e  areas.  Recen t l y  Congress has a u t h o r i z e d  a  

c o a s t a l  zone energy impac t  fund, r e c o g n i z i n g  t h e  impact  o f  energy development on 

t h e  c o a s t a l  zone. 

6 )  A laska h a t i v e  Claims Se t t lement  A c t  (43 U.S.C.A. 160) q i v e s  Congress t h e  respons i -  

b i l  i t y  t o  determine which pub l  i c  lands  s h a l l  r e c e i v e  s p e c i a l  p r o t e c t i o n  as n a t i o n a l  

parks,  w i l d l i f e  re fuges ,  scen ic  r i v e r s  and n a t i o n a l  f o r e s t s .  S e c t i o n  17(d )  ( 2 )  autho-  

r i z e s  t h e  Secre ta ry  o f  I n t e r i o r  t o  w i thd raw " n a t i o n a l  i n t e r e s t "  l ands  t o  be c l o s e d  t o  

devclopment. Congress i s  t o  c s t a b l  is11 t l iese areas u r f  i c  id1  1.y b,y Decelllber 1978. Sev- 

e r a l  l e g i s l a t i v e  p roposa ls  t o  l o c a t e  'and pro;ide permanent p r o t e c t i o n  f o r  d-2 lands  

have been i n t r o d u c e d  i n  Congress. The f i n a l  form o f  t h i s  l e g i s l a t i o n  and i t s  impact  
!! 

on m i n e r a l  d e ~ e l o ~ m e n t ' a n d  t r a n s p o r t a t i o n  i s  u n c e r t a i n .  Beyond t h e  b a s i c  q u e s t i o n  o f  

wh ich  areas t o  des igna te  as d-2 lands  i s  t h e  i s s u e  o f  how much l a n d  shou ld  be g iven  

fo rma l  w i  lderness p r o t e c t i o n .  I t  i s  c l e a r ,  though, t h a t  t h i s  A c t  w i l l  a f f e c t  b o t h  

t h e  coa l  resources  t h a t  can be developed and t h e  p o t e n t i a l  l o e a t i o n  o f  g e n e r a t i n g  

p l a n t s .  

Federa l  i n s t i t u t i o n s  a r e  a l s o  beg inn ing  t o  move toward t h e  development o f  unconvent ional  

c o a l  uses, such as c o a i  convers ion  t b  s y n t h e t i c  n a t u r a l  gas (SNG) o r  t o  l i q u i d ,  coal-based 

f u e l s .  T h i s  involvement  may i n c l u d e  t h e  u t i  1  i z a t i o n  o f  publ  i c  funds t o  per fo rm e n g i n e e r i n g  

research ,  s u b s i d i z e  new p l a n t s ,  and p r o v i d e  i n d u s t r y  loans .  

Other  areas where f e d e r a l  p o l  i c y  may s i g n i f i c a n t l y  i n f l u e n c e  energy development and u t i  1  i - 
z a t i o n  i n c l u d e :  

S t r i p  mine s tandards-- requi rements f o r  s u r f a c e  l a n d  r e s t o r a t i o n ,  recovery  techniques 

f o r  subsur face d r a i n a g e  and a c i d i t y  c o n t r o l ,  l e a s i n g  and m o n i t o r i n g  o f  n p e r a t i o n s  on 

f e d e r a l  o r  s t a t c  lands .  

T r a n s p o r t a t i o n - - r a t e  s e t t i n g  f o r  r a i l  shipments, and t h e  ( p o t e n t i a l  ) g r a n t i n g  o f  emi- 

n e n t  domain power f o r  coa l  s l u r r y  p i p e l i n e s  across r a i l r o a d  r i g h t s - o f - w a y .  

P r i c i n g  o f  c o m p e t i t i v e  f u e l s - - t h e  p r i c i n q  o f  i n t e r s t a t e  na tu ra l  gas which. t o g e t h e r  

w i t h  o i l ,  i s  t h e  h i s t o r i c  c o m p e t i t i o n  f o r  c o a l .  

S p e c i f i c  f e d e r a l  agencies r e s p o n s i b l e  f o r  a d m i n i s t e r i n g  t h e  f e d e r a l  government 's r o l e  i n  

c o a l  u t i l i z a t i o n  a re  i d e n t i f i e d  below. These federa l  agencies i n f l u e n c e  coa l  u t i l i z a t i o n  i n  

f i v e  i m p o r t a n t  ways: l a n d  management, r e g u l a t i o n ,  s e t t i n g  s a f e t y  s tandards,  coa l  t cchno logy  

r e s e a r c h  and development, and i d e n t i f i c a t i o n  o f  p o l i c y  o p t i o n s .  A  b r i e f  summary o f  these  

p r i n c i p a l  agencies and t h e i r  a c t i v i t i e s  under each o f  t h e  f i v e  c a t e g o r i e s  f o l l o w s .  



1 .  Land Management 

W i t h i n  t h e  r e g i o n  n i n e  f e d e r a l  agencies h o l d  management r e s p o n s i b i l . i t y  o v e r  most o f  t h e  

f e d e r a l  l ands :  Bonnevi l  l e  Power A d m i n i s t r a t i o n ,  ~ u r e a u .  o f  I n d i a n  A f f a i r s ,  Bureau o f  Land Man- 

agement, Bureau o f  Reclamation, Department o f  Defense, Department o f  Energy, F i s h  and W i l d l i f e  

Serv ice ,  F o r e s t  Serv ice ,  and 'Na t iona l  Park Serv ice  .- 
1  ) B o n n e v i l l e  Power A d m i n i s t r a t i o n  (BPA), Department o f  Energy. The BPA r e q u i r e s  a  j o i n t - u s e  

p e r m i t  f o r  those p o r t i o n s  o f  energy f a c i l i t i e s  t h a t  c ross  o r  a r e  d i r e c t l y  a d j a c e n t  t o  i t s  

e l e c t r i c .  power 1  i n e  r i g h t s - o f - w a y .  

2 )  Bureau o f  I n d i a n  A f f a i r s  (BIA) ,  ~ e ~ a r t m e n t  o f  t h e  I n t e r i o r .  Separate a p p l i c a t i o n s  must be 

made t o  t h e  super in tenden t  o f  t h e  a p p r o p r i a t e  I n d i a n  Agency f o r  r i g h t s - o f  way over  t r i b a l  

t r u s t  l ands .  These r i g h t s - o f - w a y  must be a c q u i r e d  by n e g o t i a t i o n  o r  by a u t h o r i t y  g i v e n  i n  

an a p p r o p r i a t e  s p e c i a l  A c t  o f  Congress. N e g o t i a t i o n s  f o r  easements a c r o s s . t r i b a 1  lands  

p r e s e n t l y  r e q u i r e  payment o f  an annual fee .  

3 )  Bureau o f  Land Management (BLM), Department o f  t h e  I n t e r i o r .  The BLM issues  r i g h t - o f - w a y  

g r a n t s  and p e r m i t s  t o  c ross  lands  under i t s  j u r i s d i c t i o n ,  i n c l u d i n g  submerged lands  o f  t h e  

o u t e r  c o n t i n e n t a l  she1 f. The BLM a1 so i ssues  p r o s p e c t i n g  p e r m i t s ;  however, p r o s p e c t i n g  

f o r  coa l  i s  c u r r e n t l y  suspended. 

4 )  Bureau o f  Reclamation (BR), Department o f  t h e  I n t e r i o r .  The BR r e q u i r e s  an i n d i v i d u a l  . 
\ 

c o n t r a c t  f o r  each c r o s s i n g  o f  l a n d  and f a c i l i t i e s  w i t h i n  an e x i s t i n g  i r r i g a t i o n  p r o j e c t  

developed by t h e  BR. 

5 )  Department o f  Defense (DOD). The Army and A i r  Force r e q u i r e  i n f o r m a t i o n  on t h e  proposed 

l a n d  use and an envi ronmenta l  impact  s tatement .  T h i s  i n f o r m a t i o n  i s  rev iewed by ' the DOD. 

E v a l u a t i o n  f i n d i n g s  a r e  t u r n e d  o v e r  t o  t h e  Corps o f  Engineers who i s s u e  t h e  p e r m i t .  The 

Navy r e q u i r e s  t h e  same i n f o r m a t i o n  b u t  i ssues  r i g h t - o f - w a y  p e r m i t s  d i r e c t l y .  

6 )  Department o f  Energy (DOE). DOE n e g o t i a t e s  an easement deed over  DOE lands .  I n  s p e c i f i c  

s i t u a t i o n s ,  l i m i t e d  l a n d  use p e r m i t s  w i l l  a l s o  be i s s u e d  b u t  can be revoked i f  t h e  user  

f a i l s  t o  meet t h e  requi rements c a l l e d  f o r  i n  t h e  p e r m i t .  

7 )  F i s h  and W i l d l i f e  S e r v i c e  (FWS), Department o f  t h e  I n t e r i o r .  The FWS issues  r i g h t - o f - w a y  

p e r m i t s  o v e r  t h e  l a n d  i t  a d m i n i s t e r s .  These p r i m a r i l y  i n c l u d e  lands a d m i n i s t e r e d  by t he  

N a t i o n a l  W i l d l i f e  Refuge Serv ice  and some areas o v e r  which i t  has easements f o r  wa te r fow l  

management r i g h t s .  The FWS a l s o  rev iews  any Corps o f  Engineers p e r m i t s  f o r  t h e i r  e f f e c t  

on w i l d 1  i f e  h a b i t a t .  

8) F o r e s t  S e r v i c e  (FS), Department o f  A g r i c u l t u r e .  A  s p e c i a l  use p e r m i t  i s  r e q u i r e d  f r o m  t h e  

FS f o r  r i g h t s - o f - w a y  on n a t i o n a l  f o r e s t  l a n d .  A p p l i c a t i n n  must be made t o  each n a t i o n a l  

f o r e s t  s e p a r a t e l y .  

9 )  N a t i o n a l  Park Serv ice  (NPS), Department o f  t h e  I n t e r i o r .  Any c o n s t r u c t i o n  o r  easement 

necessary ac ross  n a t i o n a l  p a r k  1  ands wi  11 r e q u i r e  a  r i g h t - o f  -way p e r m i t .  Environment 

impacts a r e  a l s o  o f  concern t o  t.he NPS, and thus  a c t i o n s  t h a t  a f f e c t  t h e  env i ronment  o f  

e x i s t i n g  o r  p lanned u n i t s  o f  t h e  NPS o r  p r o p e r t i e s  l i s t e d  o r  e l i g i b l e  f o r  t h e  N a t i o n a l  

R e g i s t e r  o f  H i s t o r i c  P laces o r  t h e  N a t i o n a l  R e g i s t r y  o f  N a t i o n a l  Landmarks shou ld  develop 

an envi ronment  s tatement  o r  r e v i e w  address ing  these  areas.  



5.1.2 R e g u l a t o r y  

A  number o f  f e d e r a l  agencies se rve  as r e g u l a t o r y  agencies.  Those r e l a t e d  t o  t h e  coa l  c y c l e  

b u t  n o t  1  i m i t e d  t o  i t  are :  Coast Guard, Corps o f  Engineers, Envi ronmenta l  P r o t e c t i o n  Agency, 

Federa l  A v i a t i o n  A d m i n i s t r a t i o n ,  Department o f  Energy, Federa l  Communications Commission, Federal 

R a i l r o a d  A d m i n i s t r a t i o n ,  I n t e r s t a t e  Commerce Commission, Geo log ica l  Survey, and t h e  S e c u r i t y  and 

Exchange Commission. 

Coast Guard (CG) , Department o f  T r a n s p o r t a t i o n  

The CG issues  p e r m i t s  f o r  a l l  b r i d g e s  c o n s t r u c t e d  across nav igab le  waters o f  t h e  U n i t e d  

S t a t e s .  The p e r m i t s  r e q u i r e  s p e c i f i c  c learances f rom t h e  Envi ronmenta l  P r o t e c t i o n  Agency, 

F i s h  and Wi ld1 i f e  Serv ice ,  and Nat iona l  Mar ine F i s h e r i e s  Serv ice .  

. * Corps o f  Engineers (CE) , Department o f  Army 

The CE i s  r e s p o n s i b l e  f o r  p rocess ing  a p p l i c a t i o n s  and i s s u i n g  p e r m i t s  f o r  placement o f  

s t r u c t u r e s  and work on n a v i g a b l e  waters o f  t h e  U n i t e d  S ta tes ,  t h e  d ischarge  o f  dredged 

o r  f i l l  m a t e r i a l  i n  n a v i g a b l e  waters,  and t h e  t r a n s p o r t a t i o n  o f  dredqed m a t e r i a l  t o  be 
dumped i n t o  ocean waters.  The CE r e v i e w  process i n c l u d e s  comment by Envi ronmenta l  Pro- 

t e c t i o n  Agency, N a t i o n a l  Oceanic and Atmospheric A d m i n i s t r a t i o n ,  N a t i o n a l  Mar ine F i s h -  

e r i e s  Serv ice ,  Department o f  I n t e r i o r ,  F i s h  and W i l d l i f e  Serv ice ,  and a f f e c t e d  s t a t e  and 

l o c a l  governments. 

Envi ronmenta l  P r o t e c t i o n  Agency (EPA) 

The EPA has p r i m a r y  r e s p o n s i b i l i t y  f o r  i s s u i n g  N a t i o n a l  P o l l u t i o n  Discharge E l i m i n a t i o n  

System (NPDES) p e r m i t s .  T h i s  p e r m i t  r e g u l a t e s  t h e  q u a n t i t y  and q u a l i t y  o f  l i q u i d  e f f l u -  

e n t s  d ischarged  i n t o  r i v e r s  and waterways. EPA a l s o  has r e g u l a t i o n s  t o  p reven t  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 .  These r e g u l a t i o n s  r e q u i r e  p r e c o n s t r u c t i o n  rev iew and 

approva l  f o r  c e r t a i n  t ypes  o f  i n d u s t r i a l  sources o f  a i r  emiss ions.  

a Federa l  A v i a t i o n  A d m i n i s t r a t i o n  (FAA) 

The FAA determines t h e  e f f e c t s  o f  proposed s t r u c t u r e s  on s a f e t y  i n  a i r  commerce. Thus, 

t h e  FAA r e q u i r e s  p r i o r  n o t i c e  o f  any o b s t r u c t i o n  more than  200 f e e t  h igh ,  o b s t r u c t i o n s  

near  a i r p o r t s  and seaplane bases, and any c o n s t r u c t i o n  near  o r  on a i r p o r t s .  

a Economic Regu la to ry  A d m i n i s t r a t i o n  (ERA), Department o f  Energy 

The ERA assuPes t h a t  i n  t h c  case o f  energy shor tages,  p r i o r i t y  needs f o r  energy a r e  met 

and t h e  burden o f  t h e  shor tages i s  borne w i t h  e q u i t y .  ERA a l s o  a d m i n i s t e r s  a  program t o  

encourage u t i l i t i e s  t o  u t i l i z e  c o a l .  

a Federa l  Communications Commission (FCC) 

~ n t i  t i e s  t h a t  m a i n t a i n  p ipe1  i n e s  o f t e n  o p e r a t e  microwave r e 1  ay s t a t i o n s  f o r  m o n i t o r i n g  

purposes. N o t i f i c a t i o n  o f  s t a t i o n  o p e r a t i o n  must be f i l e d  w i t h  t h e  FCC. C o n s t r u c t i o n  

c o n t r a c t o r s  who use r a d i o  communicat ion equipment must a l s o  have a  l i c e n s e  f rom t h e  FCC. 

a Federa l  R a i l r o a d  A d m i n i s t r a t i o n  (FRA), Department o f  ~ r a n s ~ o r t a t i o n  

The FRA a d m i n i s t e r s  and e n f o r c e s  t h e  f e d e r a l  laws and r e l a t e d  r e g u l a t i o n s  designed t o  

promote s a f e t y  on r a i l r o a d s .  I n  t h i s  c a p a c i t y  i t  issues  p e r m i t s  f o r  s p e c i a l  des igns 

f o r  coa l  ca rs .  



I n t e r s t a t e  Commerce Commission (ICC) 

The ICC would r e g u l a t e  coa l  p i p e l i n e s .  The ICC r e g u l a t i o n  i s  concerned p r i m a r i l y  w i t h  

t h e  reasonableness o f  r a t e s .  P r i o r  t o  o p e r a t i n g  a p i p e l i n e ,  t h e  ICC must approve a t a r -  

i f f  f o r  t h e  p i p e l i n e .  

e Geologic  Survey (GS), Department o f  t h e  I n t e r i o r  

The USGS approves m i n i n g  p l a n s  and develops assessments o f  coa l  resources .  

S e c u r i t y  and Exchange Commission (SEC) 

The SEC's i n t e r e s t s  a r e  p r i m a r i l y  i n  p r o t e c t i n g  t h e  i n v e s t o r .  The SEC m o n i t o r s  a c t i v i t i e s  

t h a t  r a i s e  p u b l i c  money and approves mergers and a c q u i s i t i o n s  o f  o i l ,  gas o r  e l e c t r i c  

companies. 

5.1.3 S a f e t y  . - Standards 

The des ign  and c o n s t r u c t i o n  o f  energy f a c i l i t i e s  must conform t o  c e r t a i n  f e d e r a l l y - s e t  

s a f e t y  s tandards.  Federal agencies r e s p o n s i b l e  f o r  s e t t i n g  s tandards a f f e c t i n g  coa l  f a c i l i t i e s  

i n c l u d e :  O f f i c e  o f  P i p e l i n e  S a f e t y  and Occupat ional  S a f e t y  and H e a l t h  A d m i n i s t r a t i o n .  

1 )  O f f i c e  o f  P i p e l i n e  Sa fe ty  (OPS), Department o f  T r a n s p o r t a t i o n .  The des ign  and construe,- 
t i o n  o f  p i p e l i n e s  must conform t o  t h e  s tandards e s t a b l i s h e d  by t h e  OPS. 

2 )  Occupat ional  S a f e t y  and H e a l t h  A d m i n i s t r a t i o n  (OSHA), Department o f  Labor. OSHA develops ' 
and promulgates occupa t iona l  s a f e t y  and h e a l t h  s tandards and develops and i ssues  r e g u l a t i o n s .  

5.1.4 Research and Development 

T h e ' o f f i c e s  and f u n c t i o n s  d e a l i n g  w i t h  energy research  and development under t h e  j u r i s d i c -  

t i o n  o f  t h e  Department o f  I n t e r i o r ,  t h e  Atomic Energy Commission, t h e  N a t i o n a l  Science Founda- 

t i o n ,  t h e  Federa l  Energy A d m i n i s t r a t i o n ,  and t h e  Envi ronmenta l  P r o t e c t i o n  Agency were c o n s o l i d a t e d  

i n  1975 and now r e s i d e  w i t h i n  t h e  Department o f  Energy (DOE). The m i s s i o n  o f  DOE research  and 

development i s  t o  develop a l l  a v a i l a b l e  domest ic  energy sources, a s s i s t  t h e  n a t i o n  i n  becoming 

s e l f - s u f f i c i e n t  i n  energy, and p r o t e c t  t h e  environment, pub1 i c  h e a l t h  and w e l f a r e .  

5.1.5 P o l i c y  E v a l u a t i o n  

Federa l  agencies r e s p o n s i b l e  f o r  i d e n t i f y i n g  and recommending p o l i c y  i n c l u d e  t h e  Counci l  

on Et i \ i i ronmental Q u a l i t y ,  which f o r m u l a t e s  and recommends n a t i o n a l  p o l i c i e s  t o  improvc t h e  

q u a l i t y  o f  t h e  environment, and t h e  Department o f  Energy, which e k t a b l i s h e s  p o l i c y  t o  ensure 

t h a t  t h e  supp ly  o f  energy a v a i l a b l e  t o  t h e  u n i t e d  S t a t e s  w i l l  c o n t i n u e  t o  be s u f f i c i e n t  t o  meet 

o u r  t o t a l  energy demand. 

1 ) Counci 1 on Envi ronmenta l  Qua1 i ty (CEQ) . The CEQ adv ises  t h e  P r e s i d e n t  on energy- r e l a t e d  

envi ronmenta l  i ssues .  The CEQ a l s o  m o n i t o r s  and c o o r d i n a t e s  env i ronmenta l  assessments 

and r e g u l a t o r y  a u t h o r i t i e s  on e n e r g y - r e l a t e d  a c t i v i t i e s  i n  t h e  f e d e r a l  government. T h i s  

i n c l u d e s  e v a l u a t i n g  and det.ermining p r i o r i t i e s  o f  energy requi rements i n  t h e  U n i t e d  S ta tes  

as opposed t o  c e r t a i n  env i ronmenta l  r e g u l a t i o n s  t h a t  r e s t r i c t  complete energy resource  

development . 
2 )  Department of Energy (DOE). The DOE'S respons i  b i  1 i t i e s  i n c l u d e  deve lop ing ,  recommending, 

c o o r d i n a t i n g  and implement ing n a t i o n a l  energy p o l i c i e s  des igned t o  i d e n t i f y  and r e s o l v e  



e x i s t i n g  and p r o s p e c t i v e  U n i t e d  S ta tes  energy problems. The A s s i s t a n t  Secre ta ry  f o r  P o l i c y  

and E v a l u a t i o n  i s  r e s p o n s i b l e  f o r  a s s u r i n g  t h a t  adequate c o n s i d e r a t i o n  i s  g iven  compet i t i on ,  

a n t i t r u s t  p o l i c i e s  and consumer impact  i n  department d e c i s i o n  making. 

A summary o f  t h e  a c t i v i t i e s  of t h e  f e d e r a l  agencies d iscussed.above i s  p r o v i d e d  i n  Tab le  

5 .2 .  Federa l  agencies d i r e c t l y  o r  i n d i r e c t l y  i n f l u e n c e  p r o d u c t i o n ,  t r a n s p o r t a t i o n ,  and conver-  

s i o n  components o f  t h e  coa l  c y c l e .  T h e i r  i n p u t  may be p r o v i d e d  through a v a r i e t y  o f  mechanisms 

f rom i s s u i n g  f i n a l  p r o j e c t  approval  t o  f u n d i n g  t e c h n o l o g i c a l  advances. Table 5 .3  summarizes 

t h e  t y p e  o f  i nvo lvement  each o f  t h e  f e d e r a l  agencies may have i n  t h e  coa l  c y c l e .  

5 . 2  STATE 

U n t i l  r e c e n t l y  s t a t e s  i n  t h e  Nor thwest  have n o t  been a c t i v e  i n  shaping energy p o l i c y .  I n  

genera l ,  p l a n n i n g  and imp lementa t ion  o f  energy f a c i l i t i e s  and d i s t r i b u t i o n  systems have been 

i n i t i a t e d  and c a r r i e d  o u t  by t h e  p r i v a t e  s e c t o r  o r  by f e d e r a l  agencies.  Local  l e v e l s  o f  govern-  

ment, th rough  p u b l i c  and m u n i c i p a l  u t i l i t y  d i s t r i c t s ,  were more a c t i v e  than  t h e  s t a t e  i n  enerqy 

p l a n n i n g  and imp' lementat ion. The s t a t e s '  p r i m a r y  r o l e  i n  energy p l a n n i n g  was l i m i t e d  t o  t h e  

r e g u l a t i n g  powers h e l d  by t h e  v a r i o u s  s t a t e  p u b l i c  u t i l i t y  commissions. The commissioners 

represen ted  t h e  s t a t e ' s  p o s i t i o n  on u t i l i t y  r a t e s  and o t h e r  aspects  o f  p r i v a t e  u t i l i t y  opera- 

t i o n ;  t h e y  d i d  n o t  have a s i g n i f i c a n t  r o l e  i n  energy p l a n n i n g  o r  implementat ion.  

I n  r e c e n t  years  t h e  r e g i o n  has been faced  w i t h  severa l  energy c r i s e s  t h a t  have moved s t a t e  

governments toward more a c t i v e  r o l e s  i n  energy p lann ing .  The o i l  embargo by t h e  OPEC n a t i o n s  

i n  t h e  f a l l  and w i n t e r  o f  1973 had been preceded i n  l a t e  1972 th rough  t h e  f a l l  o f  1973 by 
I 

below-average w a t e r f l o w  i n  Nor thwest  r i v e r s  and streams. Thus, t h e  r e g i o n  faced  an e l e c t r i c a l  

shor tage ,  t h e n  a g a s o l i n e  shor tage.  The s t a t e s  came away f rom these  c r i s e s  w i t h  a heightened 

i n t e r e s t  i n  e s t a b l i s h i n g  a d i r e c t  r o l e  i n  energy p lann ing .  

One o f  t h e  f i r s t  s teps  was t h e  c r e a t i o n  o f  s t a t e  energy o f f i c e s  t o  a s s i s t  t h e  governors 

on energy m a t t e r s .  These o f f i c e s  a r e  a l s o  r e s p o n s i b l e  f o r  s e t t i n g  up s t a t e  conserva t ion  pro-. 

grams. However, NEPP, i n  r e v i e w i n g ' t h e  s t a t e  energy o f f i c e s ,  no ted  t h a t  t h e  v a r i o u s  s t a t e  

energy o f f i c e s  a r e  l i k e l y  t o  d i f f e r  w i d e l y  i n  t h e  scope and degree o f  t h e i r  p l a n n i n g  a c t i v i t i e s .  

Besides t h e  s t a t e  energy o f f i c e s  and p u b l i c  u t i l i t y  commissions, s t a t e  agencies have j u r i s -  

d i c t i o n  r e g a r d i n g  economic development, program p lann ing ,  ecology and o t h e r  areas t h a t  va ry  i n  

scope, t i t l e  and a u t h o r i t y  f r o m  s t a t e  t o  s t a t e .  Wi th  t h i s  a u t h o r i t y  t h e  s t a t e s  have s u b s t a n t i a l  

c a p a b i l i t y  t o  i n f l u e n c e  energy p l a n n i n g .  

Whi le  s t a t e  power p l a n n i n g  a c t i v i t i e s  have been 1 i m i t e d ,  c o n s i d e r a b l e  p o t e n t i a l  f o r  i n v o l v e -  

ment does e x i s t :  

One p o i n t  t h a t  emerges c l e a r l y  f r o m  a s tudy  o f  t h e  s t a t u t e s  and f r o m  s t a t e  programs 

under  them over  t h e  p a s t  few y e a r s  i s  t h a t  t h e  s t a t e  government i s  n o t  u n d e r t a k i n g  

something new when i t  engages i n  p l a n n i n g  and r e g u l a t i o n  o f  development and o f  l a n d  

use: It i s  a l r e a d y  p r o f o u n d l y  i n  t h a t  bus iness.  The s t a t e  resource  and development 

management programs ... r e f l e c t  an ongoing and e x t e n s i v e  invo lvement  by s t a t e  govern- 

ment i n  t h i s  area.  What i s  m i s s i n g  i s  an e x p l i c i t  r e c o g n i t i o n  o f  t h i s  f a c t ,  and a more 

concer ted  e f f o r t  t o  develop a coherent ,  c o o r d i n a t e d  approach t o  t h e  execu t ion  o f  these  
( 4 )  . r e s p o n s i b i l  t i e s .  

5 .8 



TABLE 5.2. Summary o f  Federa l  Agencies Impac t ing  Na t iona l  Coal U t i l i z a t i o n  

Federa l  Agency 

Bonnevi l  l e  Power A d m i n i s t r a t i o n  

Bureau o f  I n d i a n  A f f a i r s  

Bureau o f  Land Management 

Bureau o f  Reclamation 

Coast Guard 

Corps o f  Engineers 

C ~ u n c i  1 on Environmental Qua1 i t y  

~ e ~ a ' . ~ t m e n t  o f  Def?nse 

Department o f  Energy 

Economic Regu la to ry  A d m i n i s t r a t i o n  

Envi ronmenta l  P r o t e c t i o n  A d m i n i s t r a t i o n  

Federa l  A v i a t i o n  A d m i n i s t r a t i o n  . 
Federa l  Communications Commission 

Federa l  Ra i l road '  A d m i n i s t r a t i o n  

F i s h  and W i l d l i f e  Serv ice  

F o r e s t  Serv ice  . 

Geologic  Survey 

I n t e r s t a t e  Commerce Commission 

N a t i o n a l  Park Serv ice  

Occupat ional  S a f e t y  and H e a l t h  
A d m i n i s t r a t i o n  , . 

O f f i c e  o f  P i p e l i n e  Sa fe ty  

S e c u r i t i e s  and Exchange Commissior 

(BPA) 

(BIA)  

(BLM) 

(BR) 

(CG) 

(CE) 

(CEQ) 

(DO01 

(DOE) 

(ERA) 

(EPA) 

(FAA) 

(FCC) 

(FRA) 

( FWS 

(FS) 

(GS 

(ICC) 

(NPS) 

(OSHA) 

(OPS) 

(SEC) 

P r i n c i p a l  Area o f  Opera t ion  
Land Sa fe ty  Research and 

Management Regu la t ion  Standards Development Pol i c y  



TABLE 5.3.  Summary of Federal Agency' Involvement in the Coal Cycle 

Pi-oduction Conversion 
Federal  Loca 1 T r a n s p o r t a t i o n  D i r e c t  Process E l e c t r i c  
Agency E x p l o r t t i o n  E x t r a c t i o n  Processing R a i l r o s d  Barge Truck P i p e l i n e  Heat Steam Generat ion G a s i f i c a t i o n  L i q u e f a c t i o n  

BIA F -- F F -- - - F - - -- - - -- - - 
BLM 

BR 

CG 

- CE 

CEQ 
DOD 

DOE 

EPA 

- - 
RSD 
-- 

FCC 

F RA 

c FWS 
d 

0 
FS 

GS 
ICC 

NPS 

OSHA 

OPS 

SEC 

A - Major  apx-oval, o r  c lee-ance c f  f a c i l i t y  
D - Funds te:hnology development 
E - D i s t r i b u t e s  and/or  c o c - d i r a t e s  envi ronmental  impact  s tatements 
F - Grants permi ts ,  l eases ,  o r  r i g h t s - o f - w a y  f o r  f e d e r a l  ;and admin is te red  by t h a t  agency 
M - Manages leases  o f  f e d e r a l  l ands  
P - Requires p e r m i t  
R - Funds research  
S - Enforces standards and laws which may r e l a t e  t o  energy f a c i l i t i e s  



The g r e a t e s t  p o t e n t i a l  f o r  s t a t e  i n f l u e n c e  e x i s t s  i n  t h e  cases o f  p l a n t s  t h a t  have n o t  

r e c e i v e d  l i c e n s e s .  By b e i n g  i n v o l v e d  i n  l a n d  use p l a n n i n g  dec is ions ,  t h e  . s ta tes  c o u l d  have 

c o n s i d e r a b l e  a u t h o r i t y .  The 1  i c e n s i n g  procedures t h a t  a r e  p a r t l y  r e s p o n s i b l e  f o r  t h e  p r e s e n t  

f r u s t r a t i o n s  o f  t h e  e l e c t r i c a l  u t i l i t i e s  c o u l d  be m o d i f i e d  t o  speed up o r  s low down cons t ruc -  

t i o n  schedules. 

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

r e g i o n ' s  energy p i c t u r e  by mod i fy ing  t h e i r  env i ronmenta l  p r o t e c t i o n  s tandards and p o l i c i e s .  

Key envi ronmenta l  c o n s t r a i n t s  now a f f e c t  t h e  r e g i p n ' s  e l e c t r i c  power program, and s i m i l a r  con- 

s t r a i n t s  e x i s t  w i t h  o i l  t r a n s p o r t a t i o n  and i n d u s t r i a l  u t i l i z a t i o n  o f  c o a l .  

Waste h e a t  and a i r  and wate r  p o l l u t i o n  a r e  s u b j e c t  t o  v a r i o u s  s t a t e  j u r i s d i c t i o n s  and 

c o u l d  conce ivab ly  be m o d i f i e d  by l e g i s l a t i v e  o r  a d m i n i s t r a t i v e  a c t i o n  t o  e s t a b l i s h  e i t h e r  more 

o r  l e s s  severe r e s t r i c t i o n s  on power p l a n t  o p e r a t i o n  and suppor t .  L icensed power p l a n t s  c o u l d  ' 

be a f f e c t e d  by such changes w i t h  a  r e s u l t i n g  e f f e c t  on t h e  r e g i o n ' s  e l e c t r i c  power s u p p l i e s .  

For  e x a m p l e , , e f f l u e n t  l i m i t a t i o n s  can have an i m p o r t a n t  impact  on p r o j e c t  l o c a t i o n ,  des ign  and 

c o s t s .  Coal m i n i n g  opera t ions ,  p a r t i c u l a r l y  i n  Montana and Wyoming, c o u l d  be impacted by 

changes i n  those s t a t e s '  environmental.standards. Such a c t i o n s  would have ma jo r  i m p l i c a t i o n s  

f o r  t h e  r e g i o n .  

One i m p o r t a n t  c o n s i d e r a t i o n  i s  t h e  p o s s i b i l i t y  of federa l  preempt ion i n  t h e  name o f  n a t i o n a l  

energy goa ls .  I f  s t a t e  a i r  s tandards were re laxed ,  f o r  i ns tance ,  federa l  j u r i s d i c t i o n s  such as 

those  under t h e  Clean A i r  Ac t  o r  o t h e r  s t a t u t e s  c o u l d  reduce o r  e l i m i n a t e  t h e  impact  o f  s t a t e  , 

a c t i o n .  

E x i s t i n g  c o n s t r a i n t s  a t  l e a s t  p a r t l y  under s t a t e  and l o c a l  government c o n t r o l  i n c l u d e :  

A i r  qual ' i  t y  s tandards enforcement .  

On a  s t a t e w i d e  ( o r  b e t t e r ,  region-wid.e) b a s i s  i s o l a t e d  "coa l  b u r n i n g  d i s t r i c t s "  c o u l d  

be c r e a t e d  i n  which p o i n t  emiss ion  l e v e l s  h i g h e r  than  i n  o t h e r  areas would be p e r m i t t e d  

as l o n g  as d ispersed  l e v e l s  remained acceptable.  A lso  p a r t i c u l a t e  emiss ion  s tandards 

f o r  c o a l - d e r i v e d  f l y  ash c o u l d  be, made an excep t ion .  

F a c i l i t y  and p l a n t  s i t i n g .  

Should u t i l i t i e s  and i n d u s t r i e s  accep t  t h e  " d i s t r i c t "  approach above, then  governments 

c o u l d  make f u r t h e r  s i t i n g  concessions, e.g.,  c o a s t a l  zone s i t i n g  f o r  u t i l i t y  g e n e r a t i o n  

t o  p e r m i t  seawater c o o l i n g  and barge access, thus l o w e r i n g  t o t a l  o p e r a t i n g  c o s t s  

s i g n i f i c a n t l y .  

Dedicated " p u b l i c N  b u l k  s t o r a g e  s i t e s  and t r a n s p o r t a t i o n  f a c i l i t i e s .  

These c o u l d  be p r o v i d e d  f r o m  s t a t e  o r  county l a n d  i n v e n t o r i e s  o r  th rough  t h e  e x e r c i s e  

of powers o f  eminent domain. I n  a d d i t i o n ,  s t a t e  c h a r t e r e d  p o r t  d i s t r i c t s  ( i n c l u d i n g  

i n l a n d  p o r t s )  c o u l d  be g i v e n  encouragement t o  i n s t a l  1  coa l  hand1 i n g  components and 

b u l k  s to rage  areas. 

P u b l i c  u t i l i t y  s t a t u s  . f o r  coa l  d i s t r i b u t o r s .  

T h i s  would e l lab le t t ie~n t o  co~i ipete on equal  terms w i t h  gas and e l e c t r i c i t y ,  i . e . ,  t o  

r a l s e  c a p i t a l  through u t i l i t y  t y p e  s e c u r i t y  i ssues  and t o  p e t i t i o n  f o r  e x e r c i s e  o f  

eminent domain. T h i s  c o u l d  be extended t o  cover  common c a r r i e r  coa l  s l u r r y  p i p e l i n e s .  



Sta tes  can a l s o  i n f l u e n c e  energy p r o j e c t s  th rough  leases  and r i g h t - o f - w a y  easements on 

state-owned lands .  Coal d e p o s i t s  a r e  found i n  a l l  f o u r  s t a t e s  (see F i g u r e  J . l ) .  Genera l l y ,  

t h e  coa l  f i e l d s  i n  Idaho and Oregon a r e  smal l  o r  have p h y s i c a l  c h a r a c t e r i s t i c s  r e s t r i c t i n g  

t h e i r  development a t  t h i s  t ime,  y e t  A laska and Washington have r e l a t i v e l y  l a r g e  coa l  d e p o s i t s .  

Some o f  these  d e p o s i t s  occur  on s t a t e  lands and thus r e q u i r e  d i r e c t  s t a t e  p a r t i c i p a t i o n  i n  

e x p l o r a t i o n  and e x t r a c t i o n .  State-owned lands  may a l s o  p l a y  an i m p o r t a n t  r o l e  ,in p r o v i d i n g  

r i g h t s - o f - w a y  f o r  t r a n s p o r t  o f  coa l  t o  market,  e s p e c i a l l y  i n  t h e  case where coa l  s l u r r y  p i p e -  

1  i n e s  a re  used. 

C o a l - f i r e d  steam g e n e r a t i o n  p l a n t s  a r e  s t r o n g  candidates f o r  i n c r e a s i n g  t h e  e l e c t r i c  gen- 

e r a t i n g  c a p a c i t y  i n  each o f  t h e  Nor thwest  s t a t e s .  One c o a l - f i r e d  power p l a n t  i s  now o p e r a t i n g  

a t  C e n t r a l i a ,  Washington; ano ther  i s  under c o n s t r u c t i o n  a t  Boardman, Oregon. Recen t l y  a  c o a l -  

f i r e d  p l a n t  was proposed b u t  r e j e c t e d  on t h e  b a s i s  o f  a i r  q u a l i t y  c o n s i d e r a t i o n s  f o r  an area 

near  Boise, Idaho. C o a l - f i r e d  steam genera t ion  p l a n t s  i n  Alaska a r e  be ing  cons idered  t o  meet 

t h e  s t a t e ' s  r a p i d l y  expanding e l e c t r i c  demand. 

Each o f  t h e  f o u r  s t a t e s  i s  e s t a b l i s h i n g  some a u t h o r i t y  i n  t h e  areas o f  energy conserva t ion  

and energy f a c i l i t y  s i t i n g .  The p u b l i c  u t i l i t y  commissiofiers o f  each s t a t e  have been r e g u l a t i n g  

t h e  r a t e  s t r u c t u r e  o f  p r i v a t e  u t i l i t i e s  and n a t u r a l  gas companies f o r  some t ime.  Conservat ion 

programs have been opera ted  o u t  o f  t h e  s t a t e  energy o f f i c e s .  However, o n l y  i n  Oregon have t h e  

f u n c t i o n s  o f  t h e  energy o f f i c e  and energy f a c i l i t y  s i t i n g  been admin is te red  under one o f f i c e .  

Recen t l y  t h e  Oregon Department o f  Energy p u b l i s h e d  a  r e p o r t ,  Fu tu re  Energy Opt ions f o r  Oregon; 

an energy demand f o r e c a s t i n g  model f o r  t h e  s t a t e  was developed f o r  t h i s  r e p o r t .  T h i s  was a  

un ique  s t e p  among t h e  f o u r  s t a t e s  i n  t h a t  i t  h e l p s  t h e  s t a t e  determine t h e  f u t u r e  need f o r  

energy--an arena p r e v i o u s l y  a t tended  o n l y  by t h e  u t i ' l i t i e s ,  BPA and some s p e c i a l i z e d  c o n s u l t a n t s .  

A  l i s t i n g  o f  t h e  s t a t e  agencies r e s p o n s i b l e  f o r  each s t a t e ' s  c o n s e r v a t i o n  program, s i t i n g  

o f  energy f a c i l i t i e s ,  and u t i l i t y  r e g u l a t i o n  i s  p r o v i d e d  i n  Table 5.4. 

Local  government agerlcles I n t e r f a c e  w l  t h  c o a l  u r l l  l z a t l o n  p r l m a r i  l y  I n  t h e  areas u f  erler.yy 

f a c i  1  i t y  s i t i n g ,  ' local i n f r a s t r u c t u r e  impacts, and b u i  l d i n g  codes. Basica l i y  l o c a i  agencies 

may be i n v o l v e d  i n  two ways i n  t h e  f a c i l i t y  s i t i n g  process.  The f i r s t  i s  as temporary members 

o f  t h e  s t a t e  s i t i n g  c o u n c i l .  The second i s  as agencies o f  l o c a l  government who i d e n t i f y ,  char -  

a c t e r i z e  and m i t i g a t e  a n t i c i p a t e d  l o c a l  impacts.  I t  i s  i m p o r t a n t  t h a t  l o c a l  government ade- 

q u a t e l y  p l a n  t o r  m i n i m i z i n g  adverse s o c i a l  and economic impacts.  

The p r e c i s e  n a t u r e  o f  l o c a l  government involvement  i n  s i  t i  rig dec i  s i u r ~ s  v a r i e s  fr-om s t a t e  

t o  s t a t e .  I n  Oregon and Washington r e p r e s e n t a t i v e s  o f  coun ty  l e g i s  l a t i v e  a u t h o r i t i e s  f rom t h e  

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

t h e  s i t i n g  d e c i s i o n  a t t e c t i n g  them. ~ u s t  how t h e  l o c a l  r e p r e s e n t a t i v e  i s  t o  r e p r e s e n t  a l l  

l o c a l  government ( i n c l u d i n g  c i t i e s  and towns) i s  n o t  c l e a r .  I n  some c o u n t i e s  t h e  l o c a l  govern- 

ments and coun ty  governments do n o t  communicate r e g u l a r l y .  

I n  a d d i t i o n  t o  t h e  q u e s t i o n  of how l o c a l  governments a r e  t o  be i n v o l v e d  i n  t h e  d e c i s i o n  

process i s  t h e  i s s u e  o f  how much c o n s i d e r a t i o n  shou ld  be g iven  t o  t h e  l o c a l  government perspec- 

t i v e  i n  s i t i n g .  These i ssues  have n o t  y e t  been f u l l y  r e s o l v e d .  

The f o l l o w i n g  i n f o r m a t i o n  d iscusses  s t a t e  and l o c a l  agency involvement  i n  energy p l a n n i n g .  





TABLE 5.4. S t a t e  Agencies Responsib le  f o r  Energy Conservat ion,  
F a c i l i t y  S i t i n g  and U t i l i t y  Regu la t ion  Programs 

S t a t e  

A1 as ka 

Idaho 

Oregon 

Washington 

Conservat ion 

A1 as ka Department 
o f  Power and 
Energy Management 

Idaho S t a t e  O f f i c e  
o f  Energy 

Oregon Department 
o f  Energy 

Washington S t a t e  
Evergy Of f i ce  ' 

Energy Fac i  1  i t y  S i t i n g  

Alaska Coasta l  Zone Man- 
agement Counci 1  

Alaska Department o f  
Na tu ra l  Resources 

A1 aska Power A u t h o r i t y  
Alaska Department o f  F i s h  

and Game 

Idaho Pub1 i c  U t i  1  i t i e s  
Commission 

Oregon Department o f  
E n e r q ~  

Washin t o n  Energy F a c i l -  
i t y  ! i t e  E v a l u a t i o n  
Counci 1  

P u b l i c  U t i l i t y  Regu la t ion  

Alaska P u b l i c  U t i l i t i e s  
Commission 

Idaho P u b l i c  U t i l i t i e s  
Commission 

Oregon P u b l i c  U t i l i t y  
Commissioner 

Washington U t i l i t i e s  and 
T r a n s p o r t a t i o n  Commission 

J . 2 . I  A leska 

D iscuss ions  w i t h  s t a t e  o f f i c i a l s  i n d i c a t e  t h a t  t h e  S t a t e  o f  A laska owns lands  c o n t a i n i n g  

s i g n i f i c a n t  coa l  resources .  The p r i m a r y  r e s p o n s i b i l i t y  f o r  managing these lands f a 1  1s w i t h i n  

t h e  purv iew o f  t h e  Department o f  N a t u r a l  Resources. The Department handles a l l  reques ts  f o r  

coa l  e x p l o r a t i o n  and m i n i n g  on s t a t e  lands  and r i g h t - o f - w a y  p e r m i t s  o v e r  s t a t e  lands  f o r  access 

t o  t h e  mine o r  f o r  t r a n s p o r t  o f  coa l  t o  market .  The Department i s  a l s o  r e s p o n s i b l e  f o r  water  

r i g h t  p e r m i t s .  

The Department c o o r d i n a t e s  t h e  s t a t e  response and s t a t e  approval  o f  b u l k  energy supply  

f a c i l i t i e s .  To f a c i l i t a t e  s t a t e  rev iew,  t h e  Department reques ts  a  P lan  o f  Opera t ion  f rom t h e  

a p p l i c a n t .  The Department rev iews  t h e  Plan o f  Opera t i ck  f o r  compliance w i t h  Department r e g u l a -  

t i o n s  and standards.  The Department a l s o  reques ts  r e v i e w  by t h e  Department o f  Envi ronmenta l  

Conserva t ion  f o r  a i r  and wate r  q u a l i t y  r e g u l a t i o n s ,  t h e  Department o f  F i s h  and Game f o r  eco loy -  

i c a l  c o n s i d e r a t i o n s ,  and t h e  Department o f  Pol i c y  Development and P lann ing  f o r  o v e r a l l  s t a t e  

p o l i c y .  Other  s t a t e  agencies r e v i e w  t h e  P lan  o f  Opera t ion  when t h e y  have a  ves ted  i n t e r e s t .  

The Department o f  N a t u r a l  Resources w i l l  a l s o  r e q u e s t  comment f rom t h e  borouqh and h o l d  hear -  

i n q s  f o r  p u b l i c  impact .  

The Department o f  N a t u r a l  Resources r o u t i n e l y  c i r c u l a t e s  reques ts  f o r  coa l  e x p l o r a t i o n ,  

m in inq ,  r i q h t - o f - w a y  and wate r  r i g h t s  permi ts ;  1 t i s  noted,  however, t h a t  t h e  Depdrtl l lerlt o f  

F i s h  and Game i s  r e s p o n s i b l e  under Alaska s t a t u t e  f o r  des igna ted  anadromous streams th roughou t  

t h e  s t a t e .  The Department o f  F i s h  and Game can r e q u i r e  t h e  submiss ion and r e v i e w  o f  deve loper  

and u s e r  p l a n s  d i r e c t l y  f o r  r e v i e w  and approval  o t  any work affecting anadromous f i s h  wd le rs .  

5.2.2 Idaho 

I n  Idaho t h e  s t a t e  agencies p r i m a r i l y  govern ing  energy p o l i c y  and p l a n n i n g  a r e  t h e  O f f i c e  

o f  Energy and t h e  P u b l i c  U t i l i t y  Commission (PUC). The PUC r e p r e s e n t s  t h e  s t a t e  i n  e v a l u a t i n g  

t h e  needs o f  p r i v a t e l y  owned u t i l i t y  s e r v i c e  areas f o r  e l e c t r i c  power, p h y s i c a l  s j t i n g  o f  power 
\ 

p l a n t s  and p i p e l i n e s ,  and env i ronmenta l  assessments. The s t a t e  does n o t  have a  s t a t e  e n v i r o n -  

menta l  p o l i c y  a c t  and does n o t  s p e c i f i c a l l y  r e q u i r e  an envi ronmenta l  impact  s tatement .  When 

a v a i l a b l e ,  t h e  s t a t e  w i l l  use and supplement t h e  f e d e r a l  env i ronmenta l  impact  s tatement .  



The Commission, a f t e r  d e l i  b e r a t i o n  o f  need, env i ronmenta l  c o n s i d e r a t i o n s  and o t h e r  r e l a t e d  

f a c t o r s ,  i ssues  a  C e r t i f i c a t e  o f  Convenience and Necess i t y .  I t  has t h e  a u t h o r i t y  t o  preempt 

o t h e r  s t a t e ,  county and l o c a l  j u r i s d i c t i o n s ,  w i t h  t h e  e x c e p t i o n  o f  t h e  Department of H e a l t h  
. . and Wel fare,  which has a u t h o r i t y  over  a d m i n i s t e r i n g  a i r  and wate r  q u a l i t y  s tandards.  However, 

I 
I\ 

t h e  f e d e r a l  Environmental p r o t e c t i o n  Agency has n o t  ( a t  t h e  t i m e  o f ' t h i s  w r i t i n g )  de lega ted  a u t h o r -  

i t y  t o  t h e  S t a t e  of Idaho t o  i s s u e  ~ a t i o n a l  P o l l u t i o n  Discharge E l i m i n a t i o n  System (NPDES) 

5 ! permi t s  . 
S t a t e  agencies d i r e c t l y  i n v o l v e d  i n  i s s u i n g  t h e  r e q u i r e d  s i t e  c e r t i f i c a t e  and necessary 

p e r m i t s  i n c l u d e :  

Publ i c  U t i l i t y  Commission - C e r t i f i c a t e  . o f  Publ i c  Convenience and Necess i t y  

Department o f  H e a l t h  and ~ L l f a r e  - Permi t  t o  Cons t ruc t  and Permi t  t o  Operate 
' 

Department o f  Water ~ e s o u r c e s  - Water Use Permi t .  

5.2.3 Oregon 

I n  J u l y  1975, t h e  Oregon S t a t e  L e g i s l a t u r e  c r e a t e d  t h e  Department o f  Energy whose d u t i e s  

i n c l u d e  engaging i n  research  p r o j e c t s  r e l a t e d  t o  energy, c o l l e c t i n g  da ta  on energy and i n f o r m -  

i n g  t h e  p u b l i c .  The Department a n n u a l l y  p rov ides  a  p r e l i m i n a r y  and f i n a l  f o r e c a s t  o f  energy 

supply  and demand which d e f i n e s  t h e  s t a t e ' s  need f o r  power. The same l e g i s l a t i o n  c r e a t e d  t h e  

Energy F a c i l i t y  S i t i n g  Counci l  (EFSC) a l o n g  w i t h  t h e  Department o f  Energy. The Counci l  i s  a  

seven-member group comprised o f  p r i v a t e  c i t i z e n s  appo in ted  by t h e  Governor f o r  f o u r - y e a r  terms 

w i t h  one renewal.  Whi le  t h e  Counci l  i s  n o t  a  t r u e  one-stop s i t i n g  a u t h o r i t y  i t  i s  a  one-step 

c o o r d i n a t i n g  a u t h o r i t y .  A t  t h e  c o n c l u s i o n  o f  t h e  s i t i n g  process and t h e  issuance o f  a  S i t e  

Agreement by t h e  Governor, t h e  Agreement becomes b i n d i n g  i n  a l l  s t a t e ,  coun ty  and l o c a l  j u r i s -  

d i c t i o n s .  Each s t a t e  agency must, however, i s s u e  and e n f o r c e  i t s  own p e r m i t s  as separa te  

a c t i o n s  a p a r t  f rom t h e  S i t e  Agreement. 

Coal f a c i  1  i t i e s  f a 1  1  i n g  under  t h e  S t a t e  Energy Faci  1  i t y  S i t i n g  Counci 1  ' s  c e r t i f i c a t i o n  

process i n c l u d e :  

1 )  convers ion  f a c i l i t i e s  t h a t  have a  g e n e r a t i n g  c a p a c i t y  o f  25,000 kW o r  more 

2 )  coa l  p i p e l i n e s  s i x  inches o r  g r e a t e r  i n  d iameter  and f i v e  m i l e s  o r  more l o n g .  

The a p p l i c a n t  f o r  an energy f a c i l i t y  s i t e  c e r t i f i c a t e  f o r  a  s p e c i f i c  s i t e  must f i l e  w i t h  

t h e  EFSC a  n o t i c e  o f  i n t e n t  a t  l e a s t  one y e a r  b e f o r e  a p p l i c a t i o n  f o r  s i t e  c e r t i f i c a t i o n .  The 

Counci l  then  d i s t r i b u t e s  cop ies  o f  t h e  n o t i c e '  o f  i n t e n t  t o  i n t e r e s t e d  p a r t i e s  and s o l i c i t s  

comments from t h e  f o l l o w i n g  11 s t a t e  government bodies:  

Department o f  Envi ronmenta l  Qua1 i t y  

Water Pol i c y  Review Board 

S t a t e  F i s h  and W i l d l i f e  Commission 

H e a l t h  D i v i s i o n  

S t a t e  G e o l o g i s t  

S t a t e  F o r e s t r y  Department 

P u b l i c  U t i l i t y  Commissioner- o f  Oregon 



s S t a t e  Department o f  A g r i c u l t u r e  

s ' Department o f  T r a n s p o r t a t i o n  

s Department o f  Land Conservat ion and Development 

# s Economic Development Department. 

Copies a r e  a l s o  d i s t r i b u t e d  t o  any c i t y  o r  county a f f e c t e d  by t h e  c o n s t r u c t i o n  o r  o p e r a t i o n  b f  
t h e  f a c i l i t y .  

Besides t h e  S i t e  C e r t i f i c a t e  Agreement s t a t e  agencies r e q u i r e  t h e i r  own p e r m i t s .  The 

Mined Land Reclamat ion D i v i s i o n  o f  t h e  Department o f  Geology and M i n e r a l  I n d u s t r i e s  r e q u i r e s  a  

Surface M i n i n g  Opera t ion  Permi t  and Bond i f  more t h a n  one a c r e  p e r  y e a r  i s  t o  be d i s t u r b e d .  No 

p e r m i t s  a r e  r e q u i r e d  f r o m  t h e  ~ e ~ a r t m e n t  f o r  underground min ing.  I f  Oregon's coa l  d e p o s i t s  were 

t o  be mined, underground m i n i n g  would be t h e  p r i m a r y  t y p e  o f  m in ing .  

The D i v i s i o n  o f  S t a t e  Lands manages among o t h e r  lands  t h e  s t a t e ' s  submerged and submergable 

l a n d s .  Permi ts  are r e q u i r e d  f o r  a l t e r a t i o n  o r  use o f  these t i d e l a n d s  such as may be t h e  case 

when i n t r o d u c i n g  coa l  t r a n s p o r t a l i u r ~  by barge i n t o  an area n o t  p r e v i o u s l y  used f o r  barge t r a n s -  

p o r t a t i o n .  S t a t e  p e r m i t s  cover  f i l l ,  removal and r i p r a p  on s t a t e  lands .  However, t h e  cons t ruc -  

t i o n  o f  a  s i m p l e  whar f  f o r  un load ing  coa l  would n o t  r e q u i r e  a  p e r m i t .  Permi ts  f o r  whar fs  and 

o t h e r  f a c i l i t i e s  i n  n a v i g a b l e  wa te rs  a re  o b t a i n e d  f rom t h e  Corps o f  Engineers w i t h  r e v i e w  and 

comment s o l i c i t e d  f r o m  t h e .  D i v i s i o n  o f  S t a t e  ~ a n d s ,  which then  coord ina tes  i n p u t  f rom o t h e r  

s t a t e  agencies i n  t h e i r  r e p l y  t o  t h e  Corps. 

The Department o f  T r a n s p o r t a t i o n  (DOT) has j u r i s d i c t i o n  over  s t a t e  highway r i g h t - o f - w a y  

lands .  These lands a r e  i m p o r t a n t  i n  t h a t  t h e y  p r o v i d e  r i g h t - o f - w a y  access f o r  more than  j u s t  

highways. For  a  p ipe1  i n e  t o  use a  s t a t e  highway r i g h t - o f - w a y  would r e q u i r e  a  pe.rmit .  Construc-  - 
t i o n  o f  an approach t o  a  s t a t e  highway a l s o  r e q u i r e s  a  DOT p e r m i t .  

The Oepartment o f  Envi ronrr~enta l  Qua1 i ty (DEQ) d ischarges  t h e  s t a t e ' s  i n t e r e s t  i n  a i r  and 

w a t e r  q u a l i t y  mat te rs .  S t a t e  a i r  q u a l i t y  and waste qua1 l t y  concer r~s  dpp ly  Lo a l l  t h r e e  a c t i v -  

i t i e s  o f  t h e  coa l  c y c l e  ( p r o d u c t i o n ,  t r a n s p o r t a t i o n  and convers ion) .  DEQ r e q u i r e s  t h e  f o l l o w -  

i n g  n o t i c e s  and p e r m i t s :  

s N o t i c e  o f  C o n s t r u c t i o n  and Approval o f  Plans f o r  A i r  Contaminant Sources 

s A i r  Contaminant Discharge P e r m i t  

a Water Pol 1  u t i o n  C o n t r o l  Fac i  l i t y  Permi t  

s Waste Discharge Permi t  (NPDES). 

The Department o f  Water Resources handles wa te r  a p p r o p r i a t i o n s .  Among t h e  persllli 15 u b t a i n e d  

t h r o u g h  t h e  Department a r e :  

s Water R i g h t s  

s Permi t  t o  Cons t ruc t  R e s e r v o i r  

s P e r m i t  t o  Appropr ia te  Ground Water 

s P e r m i t  t o  A p p r o p r i a t e  P u b l i c  Water. 

The Department o f  F i s h  and W i l d l i f e  has approval  a u t h o r i t y  o v e r  a c t i v i t i e s  t h a t  c ross  

waterways such as p i p e l i n e s ,  r a i l r o a d  spurs, e t c . ,  and p r o v i d e s  p e r m i t s  f o r  b l a s t i n g  i n  wa te r .  



The R a i l r o a d  D i v s i o n  o f  t h e  P u b l i c  U t i l i t y  Commissioner p r o v i d e s  p e r m i t s  f o r  t r a c k  c l e a r -  

ances, r a i l r o a d - h i g h w a y  c ross ings ,  and var iances .  

S t a t e  and l o c a l  governmental agencies a r e  bound by t h e  EFSC d e c i s i o n  when i s s u i n g  t h e i r  

p e r m i t s .  The Governor may r e f u s e  t o  execute a  s i t e  c e r t i f i c a t e  approved by t h e  Counc i l .  He 

cannot,  however, execute a  s i t e  c e r t i f i c a t e  a p p l i c a t i o n  r e j e c t e d  by t h e  Counc i l .  The Governor 
' 

must s i g n  t h e  c e r t i f i c a t e  w i t h i n  30 days a f t e r  r e c e i p t ;  i f  n o t ,  t h e  c e r t i f i c a t e  i s  v o i d .  

5.2.4 Washington 

The Washington S t a t e  Energy O f f i c e  respons i  b i  1  i t i e s  i n c l u d e  i d e n t i f y i n g  s t a t e  energy p o l  i c y  

o p t i o n s ,  c o l l e c t i n g  and c o m p i l i n g  data necessary t o  develop and implement an o v e r a l l  management 

and c o n s e r v a t i o n  program f o r  t h e  s t a t e  government, and a d v i s i n g  ' the Governor on energy m a t t e r s .  

The o f f i c e  does n o t  g e t  i n t o  t h e  bus iness o f  energy demand f o r e c a s t i n g  b u t  does c o l l e c t  a v a i l -  

a b l e  i n f o r m a t i o n  ( f r o m  u t i l i t i e s ,  e t c . )  and c r i t i q u e s  these a t tempts  t o  f o r e c a s t  demand. 

The Washington S t a t e  L e g i s l a t u r e  i n  March 1976 . e s t a b l i s h e d  t h e  Energy F a c i l i t y  S i t e  Evalu-  

a t i o n  Counci l  (EFSEC), a  one-stop energy f a c i l i t y  s i t i n g  a u t h o r i t y .  EFSEC i s  an ou tg rowth  o f  

t h e  o r i g i n a l  Thermal Power P l a n t  S i t e  E v a l u a t i o n  Counc i l ,  e s t a b l i s h e d  i n  1970. EFSEC i s  b a s i c a l l y  

a  r e a c t i v e  body i n  t h a t  i t s  purpose i s  t o  r e a c t  t o  s p e c i f i c  proposals  f o r  s i t i n g  energy f a c i l i t i e s  

i n  the  s t a t e .  I t s  scope covers a l l  new energy f a c i l i t y  s i t i n g  and major  m o d i f i c a t i o n s  o f  e x i s t -  

i n g  f a c i l i t i e s  and i n c l u d e s  assoc ia ted  f a c i l i t i e s .  

The Counci l  c o n s i s t s  o f  r e p r e s e n t a t i v e s  o f  14 s t a t e  e n t i t i e s  p l u s  a  r e p r e s e n t a t i v e  f r o m  

t h e  c i t y  o r  county where t h e  s i t e  i s  l o c a t e d .  I f  more than  one i n c o r p o r a t e d  area o r  county i s  

invo lved ,  a  r e p r e s e n t a t i v e  o f  each s i t s  on t h e  c o u n c i l  d u r i n g  h e a r i n g  proceedings f o r  t h a t  

e n t i t y  o n l y .  When an a p p l i c a t i o n  f o r  a  proposed p o r t  f a c i l i t y  i s  f i l e d ,  a  p o r t  d i s t r i c t  mem- 

b e r  o r  designee may be appo in ted  t o  t h e  c o u n c i l  as a  nonvo t ing  member. Membership i s  r e s t r i c t e d  

t o  those t imes  t h e  c o u n c i l  cons iders  t h e  proposed s i t e  f o r  t h e  p o r t  d i s t r i c t  rep resen ted .  

Agencies represen ted  on t h e  Counci l  i n c l u d e :  1 

Department o f  Ecology 

Department o f  F i s h e r i e s  

Department o f  Parks and Recrea t ion  

I r ~ l e r d y e r ~ c y  Cutltt~ti Llee Tur Ou tJ00r' Rei r ,eat ion 

U t i l i t i e s  and T r a n s p o r t a t i o n  Commission 

Department o f  N a t u r a l  Resources 

Department o f  Emergency Serv ices  

Department o f  Game 

Department o f  S o c i a l  and H e a l t h  Serv ices  

Department o f  Commer'ce and Economic Development 

Of f ice o f  Program P lann ing  and F i s c a l  Management 

P lann ing  and Community A f f a i r s  Agency 

Department o f  Highways 

Department o f  A g r i c u l t u r e .  

The C o u n c i l ' s  a u t h o r i t y  i n  s i t i n g  approval  supersedes t h a t  o f  any o f  t h e  s t a t e ' s  d e p a r t -  

ments, aqencies, d i v i s i o n s ,  bureaus. commissions o r  boards whether a  member o f  t h e  Counci l  o r  



n o t .  The S i t e  C e r t i f i c a t i o n  Agreement, when s igned  by t h e  Governor and t h e  a p p l i c a n t ,  i s  b i n d -  

i n g  upon each p a r t y .  The Governor must a c t  on t h e  c e r t i f i c a t i o n  recommendation w i t h i n  60 days 

o f  i t s  r e c e i p t .  

Under c i rcumstances where coa l  i s  produced o r  used f o r  d i r e c t  hea t  o r  process steam o u t -  

s i d e  t h e  j u r i s d i c t i o n  o f  EFSEC, t h e  normal f u n c t i o n a l  laws h o l d  and a p p l i c a t i o n  f o r  s t a t e  p e r -  

m i t s  a r e  made d i r e c t l y  w i t h  each s t a t e  o r  l o c a l  agency. 

, The Department o f  N a t u r a l  Resources manages a  l a r g e  h o l d i n g  o f  l a n d  owned by t h e  S t a t e  o f  

Washington. There a r e  s i g n i f i c a n t  c o a l  d e p o s i t s  on s t a t e  owned lands ;  however, t h e  e x t e n t  o f  

t h e s e  resources  has n o t  been determined.  C u r r e n t l y  a  morator ium has been p laced  by t h e  Depar t -  

ment o f  N a t u r a l  Resources on coa l  l e a s i n g  w h i l e  r e n t a l  r a t e s ,  r o y a l t i e s  and lease  terms a r e  

b e i n g  worked o u t .  The mora to r ium i s  expected t o  be l i f t e d  soon. 

I he Uepartment o t  N a t u r a l  Resources a1 so a d m l n l s t e r s  t h e  s  La t e ' s  sur-fdce III~II i l l y  r.ec1d111d- 

t i o n  p e r m i t s .  P r e s e n t l y  f o u r  Sur face  M i n i n g  Permi ts  a r e  a c t i v e .  One i s  f o r  t h e  mine suppor t -  

i n g  t h e  C e n t r a l  i a  coa l  - f i r e d  g e n e r a t i o n  p l a n t ,  and t h e  .o thers  a r e  f o r  much s m a l l e r  o p e r a t i o n s  

i n  t h e  s t a t e .  I h e  Department a l s o  i ssues  p e r m i t s  f o r  p l p e l l n e ,  t r a n s m l s s l o n  l i n e  and o t h e r  

r i g h t - o f - w a y  easements o v e r  s t a t e  lands .  

Other  agency p e r m i t s  t h a t  a p p l y  t o  t h e  v a r i o u s  coa l  c.ycle a c t i v i t i e s  i n c l u d e  a i r  and wate r  

p e r m i t s  f rom t h e  Department o f  Ecology and f rom t h e  Regional A i r  Pol l u t i o n  C o n t r o l  Agency (con- 

s i d e r e d  a  l o c a l  government agency as I t  a d m l n l s t e r s  p e r m i t s  over  a c u u r ~ t y  o r  IIIU~ L i c u u ~ ~ L y  d r v d ) ,  

h y d r a u l i c  p e r m i t s  f o r  i n - s t r e a m  work f rom t h e  Department o f  F i s h e r i e s  and t h e  Department o f  

Game, and S h o r e l i n e  Management S u b s t a n t i a l  Development Permi ts  f rom t h e  county.  The county 

a1 so a d m i n i s t e r s  zoning, rezon ing ,  c o n d i t i o n a l '  use and b u i l d i n g  p e r m i t s .  

S t a t e  agency invo lvement  i n  c o a l  u t i l i z a t i o n  i s  summarized i n  Table 5 .5 .  The t a b l e  l i s t s  

t h e  p r i m a r y  s t a t e  agencies i n v o l v e d  i n  energy m a t t e r s  and i d e n t i f i e s  t h e  mechanism used by t h e  

agency t o  p a r t i c i p a t e  i n  o r  p r o v i d e  i n p u t  t o  t h e  narrow comporlerlts o f  t h e  coa l  c y c l e .  

5.3 COAL UTILIZATION ISSUES 

The e l e c t r i c  u t i l i t y  i n d u s t r y  i s  t h e  i n d u s t r y  hav ing  t h e  l a r g e s t  p o t e n t i a l  f o r  expanding 

r e g i o n a l  coa l  u t i l i z a t i o n .  Key i ssues  i n f l u e n c i n g  t h e  e x t e n t  t o  which coa l  w i l l  be used by 

t h i s  i n d u s t r y  i n c l u d e :  1 )  need f o r  power, 2 )  e l e c t r i c  g e n e r a t i o n  mix, and, 3 )  d e f i n i n g  accep t -  

a b l e  l e v e l s  o f  env i ronmenta l  impact .  

Recent f o r e c a s t s  i n d i c a t e  an e l e c t r i c a l  use g.rowth r a t e  o f  1.4-4.5% each y e a r  f o r  t h e  

n e x t  t e n  years .  These f o r e c a s t s  suggest power shor tages w i l l  cause major  c u r t a i l m e n t s  i n  

i n t c r r u p t i d l e  loads between 1978-1 983. The v a l  i d i  t.y o f  these power f o r e c a s t s  has been ques- 

t i o n e d  by p u b l i c  i n t e r e s t  groups and p r i v a t e  p a r t i e s .  

The t i m e  needed t o  p l a n  and b u i l d  new power p l a n t s  i s  i n c r e a s i n g  t o  10 years .  A  number 

o f .  approva l  s  a r e  now r e q u i r e d  by f e d e r a l  , s t a t e  and 1  oca l  e n t i  t i e s .  A1 though need-for-power 

q u e s t i o n s  a r e  g e n e r i c  and n o t  s i  te -spec i  f i c, the. s i t e - s p e c i  f i c  proceedings flow r e q u i r e d  a r e  

t h e  e a r l i e s t  o p p o r t u n i t y  t h a t  t h e  p u b l i c  has t o  cha l lenge  t h e  power f o r e c a s t .  T h i s  confuses 

t h e  power p l a n t  s i t i n g  i s s u e .  Somehow need-for-power c o n s i d e r a t i o n s  need t o  be separated f rom 

t h e  power p l a n t  s i t i n g  process,  and i n s t i t u t i o n a l  arrangements t h a t  a l l o w  pub1 i c  p a r t i c i p a t i o n  

i n  f o r e c a s t i n g  need f o r  power need t o  be s e t  up. 

5.18 



TABLE 5.5. Summary of State Agency Involvement in the Coal Cycle 

Product ion 
Local T ranspo r ta t i on  

S t a t e  Agency Exp lo ra t i on  E x t r a c t i o n  Processing R a i l  road Barge Truck Pipe1 i n e  

Conversion 
D i r e c t  Process E l e c t r i c  
Heat Steam Generat ion -- 

Alaska - 
Department o f  Natura l  Resources 

Department o f  Environmental  Conservat ion - -  - -  - -  --  - -  - -  - -  
Department o f  F i sh  and Game A A A A A A A 

Department o f  H'ghways - -  - - - -  - -  - - P - -  
Departmert o f  P o l i c y  Development and ~P lann ing  - -  Z Z Z Z Z Z 

Idaho 

Pub l i c  U t i l i t y  Commission 

Departn~erit o f  Hea l t h  .and Welfare 

Department o f  Water Resources 

Department o f  Lands 

0 regon - 
Energy Faci 1 i t y  S i t i n g  Counci 1 

Department o f  Environmental  Qua1 i t y  

Pub l i c  U t i l i t y  Commissioner 

D i v i s i o n  ~f S ta te  Lands 

Department o f  Water Resources 

Department o f  Ge3logy 

Department o f  F i sh  and W i l d l i f e  

Departmen: o f  T rsnspo r ta t i on  

County 

Washington 

Energy F a c i l i t y  S i t e  Eva lua t i on  Counci l  

Department o f  Nazural Resources 

Department o f  ~ c o l o g y  

Department o f  F i she r i es  

Department o f  Gane 

Department o f  Soc ia l  and Hea l t h  Services 

Regional F.ir P o l l u t i o n  Cont ro l  Agency(a) 

County(a) 

( a )  Local government 
A - Approval 
B - B u i l d i n g  Permi t  
C - C e r t i f i c a t e  o f  Convenience and Necess i ty  
L - Lease 
P - Permi t  
S - S i t e  C ~ r t i f i c a t i o n  Agreement 
2 - Zoning, Rezoning, Cond i t i ona l  Use 



The S t a t e  o f  Oregon i s  deve lop ing  an "Energy Demand F o r e c a s t i n g  Model", which w i l l  h e l p  

t h e  s t a t e  t o  determine t h e  f u t u r e  need f o r  energy. S t a t e  energy f o r e c a s t s  a r e  p u b l i s h e d  semi- 

a n n u a l l y :  f i r s t ,  a  p r e l i m i n a r y  d r a f t  f o r  comnent and rev iew,  and l a t e r  a  f i n a l  f o r e c a s t .  

A  second i s s u e  t h a t  i n f l u e n c e s  coa l  u t i l i z a t i o n  i n  power g e n e r a t i n g  f a c i l i t i e s  i s  t h e  

a p p r o p r i a t e  r o l e  o f  v a r i o u s  e l e c t r i c a l  g e n e r a t i o n  techno log ies ,  i .e. , hydro, coa l  , nuc lear ,  

geothermal,  wind and s o l a r  power, i n  meet ing f u t u r e  demands i n  t h e  r e g i o n .  Idaho, Oregon and 

Washington r e l y  p r i m a r i l y  on l o w  c o s t  h y d r o e l e c t r i c  power. T h e i r  h y d r o e l e c t r i c  p o t e n t i a l  has 

e s s e n t i a l l y  been developed, and inc reased  consumption must now be p r o v i d e d  by e l e c t r i c i t y  f rom 

more c o s t l y  f o s s i l  o r  n u c l e a r  p l a n t s .  To meet t h e  p resen t  demand f o r  e l e c t r i c i t y ,  t h e  t h r e e  

s t a t e s  now have two o p e r a t i n g  n u c l e a r  power p l a n t s  w i t h  t h r e e  under c o n s t r u c t i o n  and s i x  planned. 

C e n t r a l  i a ,  Washington has a  coa l  - f i r e d  g e n e r a t i n g  f a c i  1  i t y ,  and a  coa l  - f i r e d  g e n e r a t i n g  f a c i  1  - 
i t y  i s  under  c o n s t r u c t i o n  a t  Boardman, Oregon. 

Wi th  n u c l e a r  f u e l  p r i c e s  i n c r e a s i n g  r a p i d l y ,  c o n s t r u c t i o n  t i m e  f o r  n u c l e a r  f a c i l  i t i e s  

exceeding t h a t  f o r  c o a l  f a c i l i t i e s ,  and ques t ions  rema in ing  about  d i s p o s a l  o f  h i g h - l e v e l  r a d i o -  

a c t i v e  wastes, c o a l - f i r e d  p l a n t s  may assume a  l a r g e  percentage o f  f u t u r e  a d d i t i o n s .  A l t e r n a -  

t i v e  energy sources such as geothermal,  wind and s o l a r  a r e  n o t  expected t o  c o n t r i b u t e  much t o  

o v e r a l l  system supply  soon. C u r r e n t l y  t h e  f e d e r a l  government (DOE) has p r imary  government 

r e s p o n s i b i l i t y  f o r  deve lop ing  technology and p r o v i n g  economic f e a s i b i l i t y .  S ta tes  such as 

Oregon a r e  e v a l u a t i n g  t h e  r o l e  t h a t  these  a l t e r n a t i v e s ,  once t h e y  become t e c h n i c a l l y  and eco- 

n o m i c a l l y  f e a s i b l e .  c o u l d  have i n  t h e  s t a t e ' s  enerbv system. 

Another  a l t e r n a t i v e  o f t e n  cons idered  as a  source o f  power i s  conserva t ion .  Conservat ion 

c o u l d  have a  s i g n i f i c a n t  impac t  and accompl ish much i n  meet ing t h e  power requi rements o f  t h e  

r e g i o n .  Again, t h c  s t a t e s  may assume a  l a r g e  r o l e  i n  t h e  promot ion o f  c o n s e r v a t i o n  through 

l a n d  use p lann ing ,  i n s u l a t i o n  s tandards and t r a n s p o r t a t i o n  d e c i s i o n s .  

Another i s s u e  i s  t h e  adequacy o f  s i t e  e v a l u d l ; i o ~ ~ j  i i ~  l o c a t i n g  coa l  - f i r e d  g c n c r a t i n g  p l a n t s  

i n  terms o f  l a n d  use p l a n n i n g  and economic/soc ia l /eco l o g i c a  l impacts.  Recerl t l y  I d a t ~ u  Power 

Company proposed const ' ruct ion o f  two 500 MWe c o a l - f i r e d  g e n e r a t i n g  p l a n t s  near  Orchard, Ada 

County, Idaho. I d a h o ' s  P u b l i c  Ut i1 . i  ty Commission r e j e c t e d  t h e  proposed s i t e  p r i m a r i l y  because 

o f  a n t i c i p a t e d  a i r  q u a l i t y  problems. The Commission no ted  t h a t :  

A l though  t h e  s o c i a l  and economic c o s t  o f  t h e  proposed Pioneer  p l a n t  i s  a  ma jo r  concern, 

o u r  p r i m a r y  reason f o r  denying t h e  a p p l i c a t i o n  i s  t h a t  we a r e  n o t  s a t i s f i e d  t h a t  t h e  

p l a n t  i s  e n v i r o n m e n t a l l y  and e c o l o g i c a l l y  accep tab le  i n  t h e  proposed l u c d l i u r ~ .  I 

c o n t i n u e d  growth and t h e  demand f o r  e l e c t r i c i t y  r e q u i r e  t h e  c o n s t r u c t i o n  o f  a d d i t i o n a l  

q e n e r a t i o n  i n  1982 o r  1983, we a r e  s a t i s f i e d  t h a t  i t  must be a t  a  s i t e  o t h e r  than  

Orchard. Some envi ronmenta l  consequences w i l l  be f e l t  no m a t t e r  Where such a p l a r l ~  I s  

l o c a t e d .  But t h e  s i t i n g  o f  t h e  f a c i l i t y  i n  t h e  r e l a t i v e l y  populous Bo ise  V a l l e y  tends 

t o  maximize envi ronmenta l  damage, p a r t i c u l a r l y  t h e  damage r e s u l t i n g  f r o m  a i r  p o l l u t i o n .  (.a 

( a )  Idaho P u b l i c  Commission Order No. 12663, da ted  September 17, 1976, Case No. 13-10006-98. 



U n t i l  r e c e n t l y ,  t h e  s t a t e s  w i t h i n  t h e  r e g i o n  had o n l y  i n d i r e c t  p a r t i c i p a t i o n  i n  t h e  r e g i o n ' s  

energy i n d u s t r y .  The r e s u l t  i s  t h a t  i n s t i t u t i o n a l  mechanisms designed t o  s p e c i f i c a l l y  address 

t h e  r e g i o n ' s  energy problems a r e  j u s t  beg inn ing  t o  e v o l v e .  Whereas i n  t h e  p a s t  a  patchwork of 

r e g u l a t i o n s  and rev iews  were i n  use, s t a t e  governments now have energy o f f i c e s  and energy 

f a c i l i t y  s i t i n g  agencies. 

Today as p r i v a t e . i n d u s t r y  and p u b l i c  e n t i t i e s  pursue development o f  coa l  resources and 

expansion o f  coa l  u t i l i z a t i o n - - t h e  p o i n t s  where government involvement  i s  d i r e c t l y  r e q u i r e d  

f o r  approva l ,  p e r m i t ,  o r  r e v i e w  and comment--the procedure i s  becoming more c l e a r .  T h i s  has 

t o  some e x t e n t  changed t h e . i n s t i t u t i o n a 1  problems. It has ac ted  t o  expand t h e  paperwork. The 

Ka iparow i tz  p l a n t  i s  an example. Resources For  t h e  F u t u r e  (RFF) r e c e n t l y  no ted  t h a t  f o r  t h e  

proposed Kaiparowi  t z  p l a n t  ( a  l a r g e  c o a l - f i r e d  steam p l a n t  i n  sou thern  Utah) government bureauc- 

r a c y  was a t  bes t  cumbersome. Because o f  i t s  l o c a t i o n  and a  number o f  o t h e r  f a c t o r s ,  e n v i r o n -  

m e n t a l i s t s  were opposed t o  t h e  p l a n t .  RFF suggested, however, t h a t  "a1 though env,i ronmental i s t s  ' 
o p p o s i t i o n  made t h e  head1 ines ,  r e d  tape  was probably .  t h e  p rox imate  cause o f  t h e  demise o f  

K a i p a r o w i t z . "  I t  was noted t h a t  " a f t e r  13 years  o f  p lann ing ,  severa l  hear ings ,  and hundreds o f  

pages o f  env i ronmenta l  impact s tatement ,  t h e r e  s t i l l  remained 220 p e r m i t s  and a u t h o r i z a t i o n s  t o  

be ob ta ined  through some 42 f e d e r a l ,  s t a t e  and l o c a l  agencies."  

Not a l l  p r o j e c t s  face  t h i s  l e v e l  o f  entanglement w i t h  t h e  government i n f r a s t r u c t u r e .  How- 

ever ,  i t  i s  n o t  always c l e a r  which l e v e l  o f  government i s  r e s p o n s i b l e  f o r  address ing  s p e c i f i c  

a c t i v i t i e s  o f  a  proposed p r o j e c t ,  and which agencies o f  these  governments have t h e  a u t h o r i t y  

f o r  d i s c h a r g i n g  t h a t  government 's r e s p o n s i b i l i t i e s .  

The r o l e  and a u t h o r i t y  o f  l o c a l  governments i n  f a c i l i t y  s i t i n g  i s  l e s s  c l e a r  than  t h a t  o f  

t h e  s t a t e s .  I t  i s  a t  t h e  l o c a l  l e v e l ,  however, where t h e  social/economic/ecological e f f e c t s  

a r e  t h e  g r e a t e s t ;  I f  one l o c a l  agency i s  in fo rmed o f  a  p o t e n t i a l  energy development, t h i s  does 

n o t  guarantee t h a t  a l l  t h e  o t h e r  a f f e c t e d  l o c a l  agencies w i l l  subsequent ly  be in fo rmed.  Coord i -  

n a t i o n  o f  communications i s  i m p o r t a n t  t o  l o c a l  governments, p a r t i c u l a r l y  those  impacted d i r e c t l y  

by energy developments. Local  governments need t o  l e a r n  e a r l y  about  contemplated development 
' 

t o  ensure e f f e c t i v e  p l a n n i n g  f o r  t h e  expected impacts.    he l e n g t h  o f  t i m e  'needed depends on 

t h e  a n t i c i p a t e d  s i z e  o f  t h e  work f o r c e  and t h e  e x i s t i n g  c a r r y i n g  c a p a c i t y  o f  t h e  community. 

I m p l i c i t  i n  t h e  q u e s t i o n  o f  government 's involvement  In cua l  u L i l < r a t i o n  d e c i s i o n s  i s  

t h e  q u e s t i o n  o f  when, where and how does t h e  p u b l i c ,  by i n d i v i d u a l s  and/or  by groups, p r o v i d e  

i n p u t  t o  d e c i s i o n  makers? How does t h e  p r i v a t e  i n d i v i d u a l  p r e s e n t  h i s  va lues and v iews f o r  

c o n s i d e r a t i o n  i n  des ign ing  answers t o  t h e  energy ques t ions  t h a t  a r e  making head l ines  today? 

The s t a t e s  a re  aware o f  t h e  need f o r  deve lop ing  i n s t i t u t i o n s  t o  handle these i ssues .  Progress 

i s  be inq  made and v a r i o u s  p roposa ls  f o r  improvement a r e  under c o n s i d e r a t i o n .  

' The technica l /economic approach p rov ides  o p p o r t u n i t i e s  f o r  r e g i o n a l  c o o p e r a t i o n  and sug- 

ges ts  some o p p o r t u n i t i e s  f o r  d e v e l u p i ~ ~ y  new coa l  sources. Thc S t a t e  of A laska owns l a r g e  

, reserves  o f  b i tuminous and l i g n i t e  coa l ,  n o t a b l y  t h e  Beluga f i e l d  nor thwes t  o f  Anchorage. Wi th  

reasonably  c l o s e  access t o  s a l t  water ,  i t  i s  l o g i c a l  t o  t h i n k  o f  d e l i v e r i n g  coa l  t o  Oregon and 

Washington i n  barges. Once loaded, a  barge can be moved a lmost  any reasonable d i s t a n c e  a t  

minimal c o s t ;  i n  most areas barges a r e  c o m p e t i t i v e  w i t h  p i p e l i n e s  even f o r  l i q u i d  p roduc ts .  



Coal i s  p a r t i c u l a r l y  amenable t o  b a r g i n g  because o f  i t s  u n i f o r m i t y ,  s t a b i l i t y ,  s a f e t y  and non- 

p o l  l u t i n g  c h a r a c t e r  i n  t h e  mar ine env i ronment .  " U n i t  barges"  ( i  .e., l i k e  u n i t  t r a i n s ,  s tandard-  

i z e d  f o r  mechanical cargo h a n d l i n g )  c o u l d  go t o  e i t h e r  i n d u s t r i a l  c e n t e r s  l i k e  Port land,,  Tacoma . 

and S e a t t l e ;  t o  e l e c t r i c  u t i l i t i e s  . s i t e d  on t h e  coast ;  o r  f u r t h e r  i n l a n d  on t h e  Columbia R i v e r  

system f o r  i n d u s t r i a l  uses. A t  b o t h  ends o f  t h e  system, f rom t h e  mine and t o  t h e  cons.uming 

p o i n t s ,  s t a t e - s i t e d  s l u r r y  p i p e l i n e s  f o r  o v e r l a n d  t r a n s p o r t a t i o n  may a l s o  be b u i l t .  

'a' 
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