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i t :  
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h r  : 
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L  : 
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min : 
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DEFINITIONS OF UNIT SYMBOLS 

degrees  cen t  i g r ade  

c u r i e  ( u n i t  of  r a d i o a c t i v i t y :  3 . 7  x 10lo  d i s i n t e g r a t i o n s  per  second) 

cen t ime te r  

d e c i b e l ,  a d j u s t e d  

foo t  

gigaGatt  ( l o 9  w a t t s )  

hour 

j ou l e  .' 
k i lome te r  

k i l o v o l t  

l i t e r  

meter  

minute  . 

m i l  l ig ram 

m i l l i w a t t  

MW: megawatt 

We,: megawatt ( e l e c t r i c )  

ppm: pa r t  p e r m i l l i o n  

s: second 

t:  m e t r i c  ton  (1,000 ki lograms)  

w: watt  

yt: Yf?4K 
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ABSTRACT 

.. Environmental  d e t e r i o r a t i o n  c a n  a f f e c t  an i n d i v i d u a l ' s  
h e a l t h ,  s a f e t y ,  and w e l f a r e  (examples  o f  w e l f a r e  e f f e c t s  in-  
c l u d e  reduced c r o p  y i e l d ,  l o s s  o f  p r o p e r t y ,  and i n t e r f e r e n c e  
w i t h  o t h e r  a c t i v i t i e s ) .  T h i s  s t u d y  i d e n t i f i e s  s o u r c e s  o f  
e n v i r o n m e n t a l  d e t e r i o r a t i o n  a n d  a s s o c i a t e d  w e l f a r e  e f f e c t s  
f rom two m a t u r e  e l e c t r i c  power  g e n e r a t i o n  s y s t e m s  (combus-  
t i o n  o f  c o a l  and l i g h t  w a t e r  n u c l e a r  r e a c t o r s )  and compares 
t h e s e  w i t h  t h o s e  expec ted  from a  c o n c e p t u a l  s a t e l l i t e  power 
sys tem.  Each a c t i v i t y  w i t h i n  t h e  energy  pathway f o r  each  power 
sys tem i s  examined t o  d e t e r m i n e  t h e  p o t e n t i a l  w e l f a r e  e f f e c t s  i t  
imposes on a  community. The s e v e r i t i e s  o f  t h e s e  e f f e c t s  a r e  
compared. On t h e  b a s i s  o f  t h i s  compar ison and t h e  s t a t e  o f  
knowledge concern ing  s p e c i f i c  env i ronmenta l  impacts  and w e l f a r e  
e f f e c t s ,  key env i ronmenta l  i s s u e s  a r e  i d e n t i f i e d  f o r , s u b s e q u e n t ,  
in -dep th  a n a l y s e s .  

EXECUTIVE SUMMARY 

E l e c t r i c  power g e n e r a t i o n  sys tems  produce a  wide v a r i e t y  o f  n e g a t i v e  

env i ronmenta l  impacts .  'Some o f  t h e s e  impacts  a f f e c t  an i n d i v i d u a l ' s  w e l l -  

b e i n g  ( r a t h e r  t h a n  human h e a l t h  and s a f e t y  o r  e c o l o g i c a l  q u a l i t y ) .  Examples 

o f  such "environmental  w e l f a r e  e f f e c t s "  i n c l u d e  : reduced c r o p  p roduc t  i v i t y  , 
reduced commer 'c ia l / recreat  i o n a l  u s e  o f  s t r e a m s  o r  l a n d ,  c l i m a t i c  changes ,  

i n t e r f e r e n c e  w i t h  o t h e r  a c t i v i t i e s ,  n u i s a n c e  e f f e c t s ,  and a e s t h e t i c  l o s s e s .  

T h i s  s t u d y  i d e n t i f i e s  and c o m p a r e s  t h e  w e l f a r e  e f f e c t s  o f  t h r e e  
I 

energy-supply  sys tems :  c o a l  combust ion,  n u c l e a r  power ( l i g h t  w a t e r  - r e a c t o r s ) ,  

and t h e  c o n c e p t u a l  ' s a t e l l i t e  power sys tem (SPS) w i t h  g a l l i u m  aluminum a r s e n i d e  

s o l a r  c e l l s .  The e v a l u a t i o n  c o v e r s  t h e  ' e n t i r e  ene rgy  pathway, from r e s o u r c e  

e x t r a c t  i o n  t h r o u g h  d e l i v e r y  o f  e l e c t r i c i t y  t o  a  u t  i l i e y  g r i d ,  i l l c l u d i a g  

d i s p o s a l  o f  w a s t e s .  Twelve t y p e s  o f  env i ronmenta l  impacts  a r e  examined a s  

p o s s i b l e  s o u r c e s  o f  w e l f a r e  e f f e c t s :  

A i r  p o l l u t i o n  Land u s e  d i s t u r b a n c e  
a Atmospheric changes  E l e c t r o m a g n e t i c  d i s t u r b a n c e  

Thermal d i s c h a r g e s  Microwave r a d  i a t  i o n  
Water p o l l u t i o n  I o n i z i n g  r a d i a t i o n  
Water u s e  Noise  
S o l i d  was te  A e s t h e t i c  d i s t u r b a n c e  

v i i  



Af t e r  t h e  environmental impacts and r e s u l t  ing we l f a r e  e f f e c t s  a r e  i d e n t i f i e d  

f o r  each a c t i v i t y  w i t h i n  t he  energy pathway, t h e  s t a t e  of knowledge i s  re-  

v iewed c o n c e r n i n g  t h e  e x t e n t  and s e r i o u s n e s s  o f ,  and t h e  p o s s i b i l i t y  o f  

c o n t r o l l i n g ,  t h e  we l f a r e  e f f e c t s .  The r e l a t i v e  s e v e r i t i e s  of t h e  we l f a r e  

e f f e c t s  a r e ' t h e n  determined and' p r i o r i t y  i s s u e s  t h a t  warrant  f u r t h e r  s tudy  a r e  

i d e n t i f i e d  . 7 

This  s tudy  i s  intended t o  be on ly  a  pre l iminary  eva lua t ion  of  t h e  

environmental we l f a r e  e f f e c t s  of  power gene ra t i on  systems, aimed a t  providing 

i n s i g h t  i n t o  t h e  most s e r i o u s  p o t e n t i a l  problems. In-depth ana lyses  of key 

i s s u e s  w i l l  be conducted i n  subsequent s t u d i e s .  S p e c i f i c a l l y  excluded from 

t h i s  a n a l y s i s  a r e  d i r e c t  e f f e c t s  on human h e a l t h  and s a f e t y  and n a t u r a l  bio-. 

l o g i c a l  systems,  r e sou rce  d e p l e t i o n  ( i n c 1 ~ d i . n ~  d i r e c t  use of land and water), 

and a c c i d e n t  c o n d i t i o n s .  Some o f  t h e s e  e f f e c t s  a r e  c o n s i d e r e d  i n  o t h e r  

ana lyses  be ing  conducted a s  p a r t \ o f  t h e  DOE/NASA S a t e l l i t e  Power System (SPS) 

Concept Development and Evalua t ion  Program. 

The t a b l e  on page i x  ranks t he  p o t e n t i a l  s e v e r i t y  of we l f a r e  e f f e c t s  

from t h e  t h r e e  power systems. The most s e r i o u s  p o t e n t i a l  wel fa re  e f f e c t s  and 

t h e i r  causes  a r e -  summarized below. Sec t ion  4 of  t h i s  r e p o r t  d i s c u s s e s  a l l  t h e  

environmental we l f a r e  e f f e c t s  i d e n t i f i e d  i n  t h e  assessment ,  t h e  a c t i v i t i e s  

t h a t  cause t he se  e f f e c t s ,  and t h e  s t a t e  of  knowledge concerning t h e s e  i s s u e s .  

In  a d d i t  ion t o  iden t  i f y ing  and cornpar ing key environmental we1 f a r e  

e f f e c t s ,  i t  is important to  b a l a n r ~  t h ~  ~ ~ v a r i t ~  agninot  t hc  l e v e l  or t u t d e r -  

s t and ing  of t he se  e f f e c t s .  For example, t he  l a c k  of  information regard ing  

product ion l e v e l s .  and emission r a t e s  a s soc i a t ed  wi th  s o l a r  c e l l  manufacturing 

f o r  t h e  s a t e l l i t e  power system e l e v a t e s  t h e  l e v e l  of  concern over t h e  s e v e r i t y  

of  a i r  and water  p o l l u t a n t  emissions.  S i m i l a r l y ,  t he  c e r t a i n t y  t h a t  t he  

emiss ions  w i l l ,  i n  t u r n ,  produce the a s s n c i a t ~ r l  w ~ l f a r e  e f f o 6 t  i o  aluu Con 

s i d e r e d .  For SPS a c t i v i t i e s ,  t h e  e f f e c t s  of microwave r a d i a t i o n  upon bene- 

f i c i a l  i n s e c t s  ( t h a t  i n f luence  c rop  product ion)  and of microwave crt~tpl inp, with  

e l e c t r o n i c  systems a r e  not f u l l y  understood.  In  t he  ca se  of  coa l  combustion, 

t h e  e f f e c t s  of  t ox i c  a i r  p o l l u t a n t  emissions and of c l ima te  changes l inked  t o  

carbon d ioxide  emissions a r e  a l s o  not c l e a r l y  understood.  Fu r the r  i nves t  iga- 

t i o n  of t h e s e  a r e a s  i s  warranted and would improve t h e  q u a l i t y  of  t h e  assess -  

ment. 

v i i i  



P o t e n t i a l  S e v e r i t y  o f  and S t a t u s  o f  Knowledge about Key Environmental  Wel fa re  l s s u e s a s b  

Coal Nuclear  Environmental  Impacts  -- SPS --- A c t i v i t i e s  Causing 
with P o s s i b l e  . P o t e n t i a l  S t a t e  of  P o t e n t i a l  S t a t e  of P o t e n t i a l  S t a t e  of  P o t e n t i a l l y  Severe  

Welfare  E f f e c t s  S e v e r i t y  Knowledge. S e v e r i t y  Knowledge S e v e r i t y  Knowledge Wel fa re  E f f e c t s  

A i r  P o l l u t i o n  

Atmospheric Changes 1 '  

B-C 2-3 C Coal-f i r e d  power g e n e r a t  ion 
( t o x i c  and secondary  , 

p o l l u t a n t s ) .  
SPS m a t e r i a l s -  manufac ture  

and r o c k e t  l aunch .  

B-C 4 B 3  B  Coal-f i r e d  power g e n e r a t  i o n  
(C02 e m i s s i o n s ) .  

Thermal Discharges  2 B 2 .  B 2  B -- 
Water P o l l u t  ion 1. . B 1 C Coal mining (underground) .  

Nuclear  f u e l  f a b r i c a t i o n .  
SPS m a t e r i a l s  manufac ture .  

2  Water Use B 2  B 3  c -- 
S o l i d  Waste 2-3 A 

Land-Use D i s t u r b a n c e s  ' 1-2 A 1  

E lec t romagnet ic  
Dis tu rbances  

B 1  B-C Coal mining ( s u r f a c e ) .  
Nuclear  w a s t e  d i s p o s a l .  
SPS m a t e r i a l s  min ing ,  r o c k e t  

l aunch ,  r e c t e n n a  s i t e s .  

B-C SPS r e c t e n n a  o p e r a t i o n .  

Microwave Rad i a t  ion 4 B 4 B 1  .C SPS power t r a n s m i s s i o n .  

3  B 3 B 4 I o n i z i n g  Radia t  ion B -- 
Noise ' 3  A 3  - A 1 B SPS r o c k e t  l aunch .  

2  A 2  A e s t h e t i c  D i s t u r b a n c e s  A 2  B .  . -- 
-.-- - 

a  S e v e r i t y  r a n k i n g  i s  based on t h e  most s e r i o ~ s  w e l f a r e  e f f e c t s  of  t h e  a c t i v i t i e s w i t h i n  each f u e l  c y c l e .  P o t e n t i a l  s e v e r i t y  
is ranked a c c o r d i n g  t o  t h e  f o l l o w i n g  c r i t e r i a :  

1 - Very. s i g n i f i c a n t  c o n t r i b u t i o n  t o  w e l f a r e  e f f e c t s .  3  - 'Minor  bu t  measurable  c o n t r i b u t i o n  t o  w e l f a r e  e f f e c t s .  
2 - S i g n i f i c a n t .  c o n t r i b u t i o n  t o  w e l f a r e  e f f e c t s .  4 - N e g l i g i b l e  . c o n t r i b u t i o n  t o  w e l f a r e  e f f e c t s .  

b ~ t a t e - o f - k n o w l e d g e  ranking :  
A - I s s u e  thoroughly  documented and under;tood. 
B - P a r t s  o f  i s s u e  u n d e r s t o o c ,  but  gaps  i n  knowledge e x i s t .  

. C - Very l i t t l e  knowledge of  i s s u e  e x i s t s .  



P o t e n t i a l l v  Severe Environmental Welfare E f f e c t s  

A i r  P o l l u t i o n .  A i r  p o l l u t i o n  from coa l - f i r ed  power gene ra t i on  and SPS 

m a t e r i a l s -  manufacture  and rocke t  launch could c o n t r i b u t e  t o  wel fa re  e f f e c t s  

such a s  lower c r o p  y i e l d s ,  a c c e l e r a t e d  m a t e r i a l  d-eteri-oration, reduced v i s i -  

b i l i t y ,  and reduced commerc ia l / recrea t iona l  use of  waters  degraded by ac id  

r a i n f a l l .  Coal combustion r e l e a s e s  t r a c e  amounts of t ox i c  elements (no t  

r e g u l a t e d  by t h e  N a t i o n a l  Ambient A i r  Q u a l i t y  S t a n d a r d s  [NAAQS]), which 

h a v e  b e e n  found  t o  a c c u m u l a t e  i n .  t h e  s o i l  n e a r  power p l a n t s ,  and e m i t s  

s u l f u r  d iox ide  and n i t r o g e n  oxides  t h a t  can be  transformed i n t o  p a r t i c u l a t e  

s u l f a t e s  and n i t r a t e s ,  which have been s t r o n g l y  implicaterl  i n  v i s i b i l i t y  

deg rada t ion  and a c i d  r a i n f a l l .  Toxic emiss ions  would be expected from t h e  

manufacture  of  SPS s o l a r  c e l l s  and from SPS rocke t  launches.  

Atmospheric Changes. Coal combust ion c o n t r i b u t e s  s i g n i f i c a n t l y  t o  

t h e  t o t a l  man-made input  o f  carbon d iox ide  t o  t h e  atmosphere and could augment 

t h e  p o s s i b l e  "greenhouse e f f e c t "  of s t ead i ly - inc reas ing  carbon d ioxide  l e v e l s  

i n  t h e  atmosphere. Global temperature  i nc reases  may be capable  of  a l t e r i n g  

p r e c i ~ i t a t  ion p a t t e r n s ,  a g r i c u l t u r a l  product ion ,  and ocean l e v e l s .  

Water P o l l u t i o n .  Underground c o a l  mining, nuc l ea r  f u e l  f a b r i c a t i o n ,  

and SPS s o l a r  c e l l  manufactur ing could p r o d u c e ' w e l f a r e  e f f e c t s  inc lud ing  

reduced d r i n k i n g  water q u a l i t y ,  reduced commerc ia l / recrea t iona l  us@ nf s t reams 

- and l a k e s ,  and lowered c r o p  p r o d u c t i v i t y  because of  i r r i g a t i n n  w i t h  degraded 

water .  While r e g u l a t i o n s  have r e c e n t l y  been promulgated t o  c o n f r v l  ac id  mine 

dra inage ,  t h e .  e f f e c t  iveness  of  t he se  laws has  been s e r i o u s l y  ques t ioned .  

F a b r i c a t i o n  of  nuc l ea r  r e a c t o r  f u e l  r e l e a s e s  ammonia, n i t r a t e s ,  and f l u o r i n e  

ae l e v e l s  s e v e r a l  o r d e r s  o f  magni tude '  above  t h o s e  p e r m i t t e d  by d r i n k i n g  

warei! Standards.  Due t o  t h e  p r o p r i e t a r y  n a t u r e  of  s o l a r - c e l l  manufacturing 

p roces se s ,  i t  i s  no t  completely known what e f f l u e n t s  would be  d i scharged .  

Such uauu1i ic~ur  i n g  could  have s e r i o u s  we l f a r e  e f f e c t s  i f  t h e  raw m a t e r i a l s  

involved a r e  h igh ly  t o x i c .  P 

Land Use Dis turbance ,  Sur face  mining f o r  coa l  d i s t u r b s  l a r g e  a r e a s  

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

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



low-level  n u c l e a r  w a s t e s  and uranium m i l l i n g  r e s i d u e s  ( t a i l i n g s )  i s  l i k e l y  

t o  remove l a n d  from any f u t u r e  use .  SPS m a t e r i a l s  min ing ,  r e c t e n n a  s i t e s ,  and ' 

l aunch  s i t e s  would remove l a r g e  a r e a s  of  l a n d  from o t h e r  u s e s  and r e q u i r e  t h e  

r e l o c a t i o n  o f  r o a d s  and s e r v i c e s .  

E l e c t r o m a g n e t i c  D i s t u r b a n c e .  Mic,rowave c o u p l i n g  w i t h  e l e c t r o n i c  

sys tems a s  f a r  a s  100 km from a n  SPS r e c t e n n a  s i t e  c o u l d  have a  s i g n i f i c a n t  

w e l f a r e  e f f e c t .  The s e v e r i t y  o f  t h e  e l e c t r o m a g n e t i c  i n t e r f e r e n c e  would  

depend on t h e -  type  of  e , l e c t r o n i c  sys tems  n e a r  a  r e c t e n n a  and t h e i r  amena- 

b i l i t y  t o  m i t i g a t i n g  s t r a t e g i e s  t h a t  do no t  c a u s e  unaccep tab le  o p e r a t i o n a l  

c o m p r o m i s e s .  S y s t e m s  c u r r e n t l y  i d e n t i f i e d  w i t h  p e r f o r m a n c e  d e g r a d a t i o n  

i n c l u d e :  m i l i t a r y  r a d a r ,  communications sys tems  and computers .  Radio and 

o p t i c a l  astronomy might a l s o  be  a f f e c t e d  by t h e  SPS. 

Microwave R a d i a t i o n .  Ecosystems w i t h i n  and n e a r  SPS r e c t e n n a  s i t e s  

would b e  exposed ' t o  c h r o n i c  microwave r a d i a t i o n .  While t h e r e  i s  l i m i t e d  in -  

fo rmat ion  on t h e  e f f e c t s  of  such exposure ,  t h e  m o r t a l i t y ,  r e p r o d u c t  i o n ,  and 

b e h a v i o r  o f  b e n e f i c i a l  i n s e c t s  such a s  b e e s  c o u l d  be  a l t e r e d ,  p o s s i b l y  d i s -  

t u r b i n g  t h e  p o l l i n a t i o n  o f  food c r o p s .  

Noise .  Noise  l e v e l s  from h e a v y - l i f t  l aunch  v e h i c l e s  would be  l i k e l y  t o  

exceed recommended EPA 24-hr average  n o i s e  s t a n d a r d s  and e l e v a t e  n o i s e  l e v e l s  

i n  c o m m u n i t i e s  a s  f a r  away a s  3 1  km. L a u n c h e s  would  o c c u r  f r e q u e n t l y ,  

c a u s i n g  w e l f a r e *  e f f e c t s  such a s  annoyance and i n t e r f e r e n c e  w i t h  o t h e r  a c t i -  

v i t i e s .  Land-use changes and reduced p r o p e r t y  v a l u e s  would a l s o  be  p o s s i b l e .  

W e l f a r e  E f f e c t s  o f  Moderate Concern 

Impacts  o f  a  more moderate  n a t u r e  . t h a t  a r e  a s s o c i a t e d  w i t h  t h e  r e -  

maining impact a r e a s  a r e  o u t l i n e d  below. 

Water Use. Coal and n u c l e a r  power g e n e r a t i o n  can  consume l a r g e  quan- 

t i t i e s  of w a t e r  through t h e  use  o f  e v a p o r a t i v e  c o o l i n g  towers .  Where w a t e r  is 

s c a r c e ,  d r y  c o o l i n g  towers  may be used.  SPS a c t i v i t i e s  would n o t  use  l a r g e  

q u a n t i t i e s  o f  w a t e r .  



S o l i d  Waste.  SPS m a t e r i a l s  manufac tu r ing  and c o a l  combust ion  g e n e r a t e  

c o n s i d e r a b l e  q u a n t i t i e s  o f '  s o l i d  w a s t e ,  which i n  most c a s e s  would remain 

o n - s i t e .  Some SPS c e l l - m a n u f a c t u r i n g  w a s t e  might  have o t h e r  commercial v a l u e .  

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

c o m p e t i t i o n  a n d  c o s t s  f o r  a v a i l a b l e  w a s t e  d i s p o s a l .  N u c l e a r  w a s t e s  a r e  

s p e c i a l i z e d  w a s t e s  m o r e  a p p r o p r i a t e l y  c o n s i d e r e d  i n  t h e  c o n t e x t  o f  l a n d  

u s e .  

I o n i z i n g  R a d i a t i o n .  Low l e v e l s  o f  r a d i a t i o n  w i l l  r o u t i n e l y  b e  e m i t t e d  

d u r i n g  n u c l e a r  a c t i v i t i e s  and c o a l  combust i o n .  Emiss ions  f r &  n u c l e a r  opera-  

t i o n s  meet p e r m i s s i b l e  NUC l e a r  ~ e ~ u l a t o r ~  &mmission (NRC) s t a n d a r d s  f o r  unre- 

a t r  i c t c d  areas .  Large a1,eas of  l a n d  s u r r o u n d i n g  n u c l e a r  f a c i l i t i e s  are.  used 

a s  e x c l u s i o n  zones  i n  o r d e r  t o  m e e t ' t h e s e  s t a n d a r d s .  However, i t  i s  n o t  known 

whe ther  t h e r e  i s  a  r a d i a t i o n  t h r e s h o l d  l e v e l  below which an e f f e , c t  such a s  
. . 

g e n e t i c  a l t e r a t  i o n s  w i l l  n o t  b e  obse rved .  S t a n d a r d s  ' l imi t . ing  r a d i o a c t i v e  

e m i s s i o n s  from 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  do n o t  e x i s t  b u t  cou ld  be  pro- 

mulga ted  under t h e  F e d e r a l  Clean A i r  Act Amendments o f  1977. 

A e s t h e t i c  ' ~ i s t u r b a n c e .  Some a e s t h e t i c  d i s t u r b a n c e s  cou ld  occur  from 

a l l  energy-sys tem a c t i v i t i e s , .  The w e l f a r e  e f f e c t s  of  t h e s e  impacts  a r e  f o r  

t h e  most  p a r t  s i t e - s p e c i f i c  and depend on p e r s o n a l  o r i e n t a t i o n .  Visua l  d i s -  

t u r b a n c e s  i n c l u d e  u n s i g h t l y  l a r g e  mines ,  ene rgy  f a c i l i t i e s  l o c a t e d  i n  r u r a l  

a r e a s ,  t r a n s m i s s i o n  c o r r i d o r s ,  and s o l a r  power , s a t e l l i t e s  v i s i b l e  i n  t h e  

n i g h t  s k y .  The l a r g e  q u a n t i t y  o f  l a n d  r e q u i r e d  f o r  SPS r e c r e n n a  and launch 

siLes could i n f r i n g e  upon p r o t e c t e d  a r e a s .  

x i i  



1 INTRODUCTION 

E l e c t r i c  power g e n e r a t i o n  sys tems produce a  wide v a r i e t y  o f  n e g a t i v e  

env i ronmenta l  impac t s ,  many o f  which a f f e c t  human h e a l t h  and s a f e t y .  However, 

some e f f e c t s  o f  env i ronmenta l  d e g r a d a t i o n  a r e  no t  d i r e c t l y  r e l a t e d  t o  h e a l t h  

o r  s a f e t y ,  bu t  r a t h e r  concern  an i n d i v i d u a l ' s  we l l -be ing .  Inc luded  w i t h i n  

t h i s  l a t t e r  c a t e g o r y  a r e  b o t h  d i r e c t  e f f e c t s  -- such a s  p r o p e r t y  damage, 

reduced c r o p  y i e l d s ,  and removal o f  land o r .  w a t e r  from o t h e r  i n t e n d e d  u s e s  -- 
and m o r e  s u b t l e ,  l e s s - d i r e c t  e f f e c t s  -- s u c h  a s  i n t e r f e r e n c e  w i t h  o t h e r  

a c t i v i t i e s  ( a s  from n o i s e  i n t e r f e r i n g  w i t h  a  c o n v e r s a t i o n ) ,  n u i s a n c e  and 

a e s t h e t i c  e f f e c t s ,  and c l i m a t i c  changes .  For  purposes  o f  t h i s  r e p o r t ,  t h e s e  

e f f e c t s  t h a t  concern  human wel l -being w i l l  be  r e f e r r e d  t o  a s  "environmental  

' w e l f a r e  e f f e c t s . "  

The d e f i n i t i o n  o f  env i ronmenta l  w e l f a r e  i s  impor tan t  i n  e s t a b l i s h i n g  

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

Not a l l  e n v i r o n m e n t a l  i m p a c t s  r e s u l t  i n  e n v i r o n m e n t a l  w e l f a r e  e f f e c t s .  

For example,  a  chemica l  d i s c h a r g e  i n t o  a  r i v e r  is n o t  a  w e l f a r e  e f f e c t  i n  

and o f  i t s e l f .  However ,  i f  t h e  c h e m i c a l  d i s c h a r g e  r e s u l t e d  i n  s m a l l e r  

c a t c h e s  by commerc i a l  f i she rmen  o r  p reven ted  r e c r e a t i o n a l  use  o f  t h e  r ive,r , 
t h e  s m a l l e r  c a t c h e s  and l o s s  o f  r e c r e a t i o n a l  use  would b e  w e l f a r e  e f f e c t s ;  t h e  

chemical  d i s c h a r g e  would be c o n s i d e r e d  a  we1 f a r e - r e l a t e d  edvironmenLa1 ilupac C . 
On t h e  o t h e r  hand,  i f  a  pe r son  became i l l  a f t e r  swimming i n  t h e  r i v e r  p o l l u t e d  

by t h e  chemical  d i s c h a r g e ,  t h e  i l l n e s s  would be a  h e a l t h  e f f e c t ,  no t  a  w e l f a r e  

ef fcc t . 
A p a r . a l l e 1  t o  t h i s  h e a l t h - v e r s u s - w e l f a r e  d i s t i n c t i o n  i s  s e e n  i n  t h e  

Clean A i r  A c t ,  which p r o v i d e s  f o r  pr imary ambient a i r  q u a l i t y  s t a n d a r d s  t o  

p r o t e c t  human h e a l t h  and secondary s t a n d a r d s  t o  p r o t e c t  t h e  p u b l i c  w e l f a r e  

from unknown o r  a n t i c i p a t e d  adverse  e f f e c t s .  A compara t ive  a n a l y s i s  o f  t h e  

h e a l t h  and s a f e t y  e f f e c t s  o f  env i ronmenta l  d e g r a d a t i o n  caused by t h e  s a t e l l i t e  

power sys tem (SPS) and o t h e r  energy-supply  sys tems  i s  a l s o  b e i n g  performed 

a s  p a r t  o f  t h e  compara t ive  assessment  e lement  o f  t h e  DOE/NASA SPS Concept 

Development and E v a l u a t i o n  Program. 



1 .1 OBJECTIVES 

The o b j e c t i v e s  o f  t h i s  s t u d y  a r e .  t o :  

I d e n t i f y  t h e  p o t e n t i a l  env i ronmenta l  w e l f a r e  e f f e c t s  of  
t h r e e  sys tems f o r  s u p p l y i n g  e l e c t r i c i t y  ( c o a l  combust i o n ,  
n u c l e a r  power, and t h e  s a t e l l i t e  power sys tem) .  

Review t h e  s t a t e  o f  knowledge c o n c e r n i n g  t h e  e x t e n t  and 
s e r i o u s n e s s  o f ,  and p o s s i b i l  i t y  o f  c o n t r o l 1  ing ,  t h e s e  
e f f e c t s .  

Compare, on a  p r e l i m i n a r y  b a s i s ,  t h e  w e l f a r e  e f f e c t s  of  
t h e  t h i  ee power sys tems .  

I d e n t i f y  p r i o r i t y  w e l f a r e  e f f e c t s  t h a t  w a r r a n t  f u r t h e r ,  
more -ca re fu l  i n v e o t i g a t i o n .  

T h i s  s t u d y  i s  in tended  t o  b e  o n l y  a  p r e l i m i n a r y  e v a l u a t i o n  o f  t h e  

env i ronmenta l  w e l f a r e  e f f e c t s  o f  t h r e e  power g e n e r a t i o n  sys tems ,  aimed a t  

p r o v i d i n g  i n s i g h t  i n t o  t h e  most s e v e r e  problems. The compara t ive  a s s e s s -  

ment is n o t  i n t e n d e d  t o  b e  e x h a u s t i v e l y  d e t a i l e d .  In-depth  a n a l y s e s  w i l l  b e  

r e s e r v e d  f o r  w e l f a r e  e f f e c t s  t h a t  a r e  de te rmined  t o  be  o f  h i g h e s t  p r i o r i t y  and 

w i l l  b e  conducted i n  subsequen t  s t u d i e s .  

l . 2  SCOPE 

T h i s  e v a l u a t i o n  o f  t h e  env i ronmenta l  w e l f a r e  e f f e c t s  o f  c o a l  combus- 

t i o n ,  n u c l e a r  power ( l i g h t  w a t e r  r e a c t o r s ) ,  and t h e  s a t e l l i t e  power sys tem 

( w i t h  g a l l i u m  a r s e n i d e  s o l a r  c e l l s )  c o v e r s  t h e  e n t i r e  f u e l  c y c l e ,  f r o m  

r e s o u r c e  e x t r a c t i o n  t h r o u g h  d e l i v e r y  o f  e l e c t r i c i t y  t o  a  u t i l i t y  gri"d, in-  

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

i n c l u d e d  i n  t h i s  s t u d y  a r e  t h o s e  env i ronmenta l  impacts  t h a t  co r respond  t o  a  

d e t e r i o r a t i o n  o f  t h e  p h y s i c a l  environment .  These impacts  i n c l u d e :  a i r ,  

w a t e r ,  and n o i s e  p o l l u t  i o n ;  water-use  and a tmospher ic  changes ; the rmal  d  i s- 

c h a r g e s ;  s o l  id was te  g e n e r a t  inn; land-use ,  e l ec t romognc t  i c ,  and aestl-rpt i c  

d i s t u r b a n c e s ;  and microwave and i o n i z i n g  r a d i a t i o n .  

S p e c i f i c a l l y  exc luded  from t h i s  a n a l y s i s  a r e  e f f e c t s  on human h e a l t h  

and s a f e t i ,  e f f e c t s  on n a t u r a l  b i o l o g i c a l  sys tems ,  r e s o u r c e  d e p l e t i o n  ( i n -  

c l u d i n g  d i r e c t  use  o f  l and  and w a t e r ) ,  and a c c i d e n t  c o n d i t i o n s .  Some o f  t h e s e  

i s s u e s  a r e  c o n s i d e r e d  i n  o t h e r  a n a l y s e s  b e i n g  conducted a s  p a r t  o f  t h e  DOE/ 

NASA SPS Concept Development and E v a l u a t i o n  Program. 



' 2 METHODOLOGY 

2.1 ASSESSMENT APPROACH 

The comparative assessment of t h e  environmental we l f a r e  e f f e c t s  of  

t h e  energy supply systems begins  wi th  an examination of  t h e  va r ious  a c t i v i t i e s  

involved i n  each f u e l  c y c l e  o r  energy pathway. The complete energy pathway 

i s  cons idered .  These a c t i v i t i e s  r e s u l t  i n  environmental impacts such a s  no i se  

and emissions of a i r  and water  p o l l u t a n t s .  These environmental impacts i n  

t u r n  r e s u l t  i n  we l f a r e  e f f e c t s ,  such a s  proper ty  damage, c l i m a t i c  change, o r  

i n t e r f e r e n c e  w i t h  o t h e r  a c t i v i t i e s .  T h i s  a c t i v i t y - i m p a c t - e f f e c t  c h a i n ,  

i l l u s t r a t e d  i n  F ig .  1, i s  used i n  s t r u c t u r i n g  t h e  environmental impadts and 

we l f a r e  e f f e c t s  of  each energy-pathway ac t  i v i t y .  

Some o f  t h e  e n v i r o n m e n t a l  i m p a c t s  i n  F i g .  1 e l i c i t  more t h a n  one  

one type  of we l f a r e  e f f e c t .  For example, some a i r  p o l l u t a n t s  damage c rops  o r  

m a t e r i a l s ,  whi le  o t h e r s  augment p o t e n t i a l  c l ima te  changes. Such impacts a r e  

d iv ided  i n t o  d i s t i n c t  groupings f o r  g r e a t e r  c l a r i t y  of  d i s cus s ion .  For exam- 

p l e ,  thermal impacts a r e  d i scussed  s e p a r a t e l y  from a i r ,  wa te r ,  o r  atmospheric 

d i s tu rbances .  Other grouping c rossovers  a r e  a l s o  necessary ,  a s  i n  ceases where 

d i f f e r e n t  environmental impacts l ead  t o  a  s i m i l a r  we l f a r e  e f f e c t .  This  i s  

noted for l a n d  d is turbances  (and o t h e r  impacts ) ,  which could lead  t o  both l o s s  

of  land use and a e s t h e t i c  damages. These s i t u a t i o n s  a r e  d i scussed  i n  t h e  

ca tegory  t h a t  provides  t he  primary o r  most s eve re  wel fa re  l o s s .  

The fol lowing s t e p s  a r e  taken i n  e v a l u a t i n g  t h e  c o a l ,  nuc l ea r ,  and 

SPS energy technologies .  

I d e n t i f y  t h e  e n v i r o n m e n t a l  i m p a c t s  o f  t h e  f u e l  c y c l e  
a c t i v i t i e s  f o r  e a c h  e n e r g y  s y s t e m .  These  i m p a c t s ,  
shown i n  F i g .  1, a r e  measured  i n  s u c h  t e rms  a s  a i r  - 
p o l l u t a n t  e m i s s i o n s ,  amount o f  l a n d  d i s t u r b e d ,  and 
no i se  l e v e l s .  The i n t e n t  is  t o  q u a l i t a t i v e l y  i d e n t i f y  
a l l  e n v i r o n m e n t a l  i m p a c t s  and t o  q u a n t i f y  a s  many a s  
pos s ib l e  w i t h i n  t h e  scope of t h i s  p re l iminary  sc reening .  
The q u a n t i t i e s  of emissions from ind iv idua l  a c t i v i t i e s  
i n  t h e  energy pathways a r e  i d e n t i f i e d  i n  Appendixes A ,  
B ,  and 0. It should be noted t h a t  much more d e t a i l e d  
informat ion on environmental impacts is a v a i l a b l e  f o r  
c o a l  and n u c l e a r  e n e r g y  t h a n  f o r  t h e  SPS b e c a u s e  t h e  
fo rmer  a r e  m a t u r e  t e c h n o l o g i e s  w h i l e  t h e  l a t t e r  i s  a  
conceptual  des ign .  
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RESOURCE 
EXTRACTION 

I d e n t i f y  t h e  w e l f a r e  e f f e c t s  r e s u l t i n g  from t h e  environ- 
mental  impacts.  Th i s  s t e p  reviews and syn thes i ze s  a v a i l -  
a b l e  in format ion  on the  we l f a r e  e f f e c t s  t h a t  a r e  a t t r i -  

AIR POLLUTION 

b u t a b l e  t o  environmental d e t e r i o r a t i o n .  This  informat ion 
i s  used i n  t h e  s u b s e r l ~ ~ e n r  r a n k i n g  snd c o m p a r i s o n  o f  
we1 f a r e  e f f e c t s .  

Determine the  s e v e r i t y  of t h e  we l f a r e  e f f e c t s .  TO judge 
t h e  e x t e n t  and r e l a t i v e  s e v e r i t y  o f  w e l f a r e  e f f e c t s ,  
s e v e r a l  c r i t e r i a  a r e  u s e d ,  i n c l u d i n g :  ( a )  w e l f a r e  
e f f e c t s  r e l a t e d  t o  s p e c i f i c  types of environmental de- 
g r a d a t i o n  p r e s e n t l y  occur ;  ( b )  r e l e v a n t  environmental 
q u a l i t y  s tandard8  a r e  currently v i n l a r ~ r l ,  and tha v io la -  
t i o n s  could lead t o  we l f a r e  e f f e c t s ;  ( c )  t ox i c  po l lu-  
t a n t s  a r e  emit ted i n  q u a n t i t i e s  t h a t  can per rep t i -b ly  in-  
c r e a s e  p o l l u t a n t  concen t r a t i ons  i n  the  environment; ( d l  
i r r e v e r s i b l e  erruitonmental degrada t  Ion occurs  ; ( e )  t he  
e n v i r o n m e n t  a 1  d e g r a d a t i o n  i s  n e a r  l o c a t i o n s  o f  human 
a c t i v i t i e s ;  and ( £ 1  the  we l f a r e  e f f e c t s  a r e  not  amenable 
tn  m i t i g a t i o n  s t r a t e g i e s .  I n  some c a s e s ,  such a s  aes the-  
t i c  l o s s ,  t he  on ly  determinant  is a  q u a l i t a t i v e  va lue  
judgement. In  p r a c t i c e ,  t h e  impacts from any a c t i v i t y  
a r e  r a t e d  a s  capable  of  producing a  p o t e n t i a l l y  s eve re  
we l f a r e  e f f e c t  i f  one o r  more o f  t h e  above c r i t e r i a  i s  
met.  
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2 .2  KEY ASSUMPTIONS 

The wel fa re  e f f e c t  of  each energy-related a c t i v i t y  i s  examined. i n  

t h e  contex t  of  t he  a d d i t i o n a l  burden imposed on a  community by t h a t  a c t i v i t y .  

Typical  f a c i l i t y  s i z e s  -- f o r  a  mine, p rocess ing  p l a n t ,  o r  power p l a n t ,  f o r  

example -- a r e  used whenever pos s ib l e  a s  a  b a s i s  fo r  determining loca l  wel fa re  

e f f e c t s  ( t h e  assumed f a c i l i t y  s i z e s  r ep re sen t  c u r r e n t  op in ion  regard ing  the  

most l i k e l y  u n i t  s i z e s  t o  be  cons t ruc t ed  i n  the  near  f u t u r e ) .  The we l f a r e  

e f f e c t s  a r e  not  s ca l ed  t o  a  common m e t r i c ,  such a s  c o s t  o r  impact per 1000 MW 

o f  e l e c t r i c a l  c apac i ty .  Use of a  common me t r i c  tends  t o  obscure information 

because of t h e  need t o  in t roduce  va r ious  assumptions i n  c0nver.t ing impacts t o  

a s r n g l e  u n i t  o f  measure. The approach used i n  t h i s  assessment t a k e s  i n t o  

account t h e  f a c t  t h a t  sma l l ,  d i spersed  power p l a n t s -  o f t e n  have sma l l e r  l o c a l  

we l f a r e  e f f e c t s  than a  l a r g e ,  c e n t r a l i z e d  f a c i l i t y ,  even though t h e  q u a n t i t y  

of emissions per  megawatt of  e l e c t r i c i t y  generated may be  l e s s  f o r  t he  l a r g e r  

f a c i l i t y .  A t  t he  same t ime,  i t  is  recognized t h a t  many minor impacts may have 

a cumulat ive impact t h a t  could equal o r  exceed a major impact from a  s i n g l e ,  

l a r g e  f a c i l i t y .  Other assumptions t h a t  u n d e r l i e  t h i s  a n a l y s i s  a r e  t h a t  a l l  

a c t i v i t i e s  use advanced p o l l u t i o n  c o n t r o l  technology r e p r e s e n t a t i v e  of  newer 

f a c i l i t i e s  and t h a t  f a c i l i t i e s  ope ra t e  r o u t i n e l y  ( t h a t  i s ,  without a c c i d e n t s ) .  
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3 TECHNOLOGY. DESCRIPTION 

B r i e f  d e s c r i p t i o n s  o f  t h e  t h r e e  e l e c t r i c a l  power sys tems  c o n s i d e r e d  

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

b r o a d l y  d e f i n e  t h e  sys tems  ana lyzed .  Appendixes A ,  B ,  and C s u p p o r t  t h i s  

d i s c u s s i o n  by p r o v i d i n g  d e t a i l e d  env i ronmenta l  impact d a t a  f o r  t h e  c o a l ,  

n u c l e a r ,  and s a t e l l i t e  power sys tems ,  r e s p e c t i v e l y ,  and l i s t i n g  r e f e r e n c e  

documents t h a t  f u r n i s h  i n f o r m a t i o n  on f a c i l i t y  s i z e s  (and a s s o c i a t e d  environ-  

m e n t a l  impac t s )  f o r  t h e  t h r e e  sys tems .  

3 . 1  COAL COMBUSTION 

Coal combust ion f o r  e l e c t r i c  power g e n e r a t i o n  encompasses f i v e  p r i n -  

c i p a l  a c t i v i t i e s :  s u r f a c e  o r  underground min ing ,  c o a l  p r o c e s s i n g  t o  r e d u c e  

noncombus t ib le  m a t e r i a l  and s u l f u r ,  c o a l  t r a n s p o r t a t  ion  by r a i l ,  combust ion  i n  

a  conven t  i o n a l  b o i l e r ,  and e l e c t r i c i t y  t r a n s m i s s i o n  o v e r  h igh-vo l t age  1 i n e s  . 
A l t h o u g h  o t h e r  modes  o f  c o a l  t r a n s p o r t a t i o n  a r e  a v a i l a b l e ,  t h e y  a r e  n o t  

c o n s i d e r e d  h e r e .  

3 . 2  NUCLEAR POWER 

A s  i n d i c a t e d  by F i g .  3 ,  t h e  n u c l e a r  f u e l  c y c l e  i s  s i g n i f i c a n e l y  more 

complex t h a n  t h e  coal-combust ion c y c l e .  Nuclear  f u e l ,  which may b e  mined o r  

r e p r o c e s s e d  from o l d  f u e l ,  r e q u i r e s  c o n s i d e r a b l e  r e i i n e m e n t  and c o n v e r s i o n  

b e f o r e  i t  can b e  used i n  a  power p l a n t .  When .nuc lea r  f u e l  i s  mined,  t h e  o r e  

is  m i l l e d ,  r e f i n e d ,  and c o n v e r t e d  t o  uranium h e x a f l u o r i d e  ( u F ~ ) .  Tlik UF6 

i s  e n r i c h e d  and t h e n  c o n v e r t e d  t o  u ran i l~m d i o x i d e  ( ~ 0 ~ ) .  Uranium d i o x i d e  i s  

f a b r i c a t e d  i n t o  f u e l  p e l l e t s  f o r  power g e n e r a t i o n .  ,L igh t  w a t e r  r e a c t o r s  use  

t h e  h e a t  g e n e r a t e d  b j l '  U O ~  n u c l e a r  i n t e r a c t  i o n s  t o  prorlilce s t  earn, w h i c h  

powers a n  e l e c t r i c a l  g e n e r a t o r .  Fue l  r e p r o c e s s i n g ,  t r a n s p o r t a t  ion  o f  n u c l e a r  

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

r e m a i n i n g  a c t i v i t i e s  i n  t h e  f u e l  c y c l e .  The need f o r  d i s p o s i t i o n  of n u c l e a r  

w a s t e  o c c u r s  th roughout  t h e  energy  pathway. 
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The  power  g e n e r a t i o n  c o m p o n e n t s  o f  th,e p r o p o s e d  s a t e l l i t e  power 

sys tem would inc ' lude ( 1 )  a  number o f  p h o t o v o l t a i c  p a n e l s '  i n  geosynchronous 
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focused microwave,  beam f o r  t r a n s m i s s i o n  t o  e a r t h  and ( 2 )  s u r f a c e  r e c e i v i n g  

a n t e n n a s  ( c a l l e d  r e c t e n n a s )  c o l l e c t i n g  and c o n v e r t i n g  t h e  microwaves i n t o  

e l e c t r i c i t y  t o  be  s u p p l i e d  t o  a  u t i l i t y  g r i d .  F i g u r e  4 i l l u s t r a t e s  t h e  sys tem 

a c t i v i t i e s ,  w h i c h  a r e  d e s c r i b e d  i n  d e t a i l  i n  R e f .  1 .  As i n  t h e  n u c l e a r  

fuel c y c l e ,  many SPS a c t i v i t i e s  precede a c t u a l  power g e n e r a t  i o n .  S o l a r  power 
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T h i s  s e c t  i o n  examines t h e  p o t e n t i a l  w e l f a r e  e f f e c t s  a s s o c i a t e d  w i t h  

t h e  c o a l ,  n u c l e a r ,  and, SPS t e c h n o l o g i e s  p r e s e n t e d  i n  S e c t i o n  3 .  I n  e v a l u a t i n g  

t h e  w e l f a r e  e f f e c t s ,  o n l y  one a c t i v i t y  pathway i s  c o n s i d e r e d  f o r  each energy  

c y c l e .  F o r  e x a m p l e ,  f o r  c o a l  t r a n s p o r t ,  o n l y  t r a i n  t r a n s p o r t a t i o n  i s  

a s s e s s e d  -- c o a l  movement b y  b a r g e  o r  s l u r r y  p i p e . l i n e  i s  n o t  e x a m i n e d .  

Wel fa re  e f f e c t s  a r e  d i s c u s s e d  f o r  12 t y p e s  o f  env i ronmenta l  impacts :  

A i r  p o l l u t i o n  

Atm0spher . i~  changes 

Thermal e m i s s i o n s  

Water p o l l u t i o n  

Water u s e  

S o l i d ' w a s t e  

Land-use d i s t u r b a n c e  

E l e c t r o m a g n e t i c  d i s t u r b a n c e  

a Microwave r a d i a t i o n  

I o n i z i n g  r a d i a t i o n  

a Noise  

A e s t h e t i c  d i s t u r b a n c e  

For  env i ronmenta l  impacts  w i t h  complex w e l f a r e  e f f e c t s ,  t a b l e s  a r e  i n c l u d e d  

t o  summarize t h e  a s s e s s m e n t -  p r o c e s s .  A r a n k i n g  o f  t h e  r e l a t i v e  s e v e r i t y  o f  

t h e  w e l f a r e  e f f e c t s  by technology i s  p r e s e n t e d '  i n  S e c t  ion  5. 

4 .1  A I R .  POLLUTION 

~ a r i o u 3  w e l f a r e  e f f e c t s  a re  a t t r i b u t e d  t o  e m i s s i o n s  o f  a i r  p o l l u t a n t s ,  

i n c l u d i n g  l o w e r  c r o p  y i e l d ,  a c c e l e r a t e d  m a t e r i a l  d e t e r i o r a t i o n ,  r e d u c e d  

v i s i b i l i t y  (which c a n  s low a i r  t r a f f i c  and o b s c u r e  s c e n i c  v i s t a s ) ,  i n c r e a s e d  

household  c l e a n i n g  c o s t s  due t o  p a r t i c u l a t e  s o i l i n g ,  and reduced commercial 

and r e c r e a t i o n a l  use  o f  w a t e r s  degraded by a c i d  r a i n f a l l .  'l'he most s i g n i f i -  

c a n t  w e l f a r e  e f f e c t s  due t o  a i r  p o l l u t i o n  a r e  expec ted  from c o a l - f i r e d  power 

g e n e r a t i o n ,  SPS m a t e r i a l s  manufac tu re ,  and SPS r o c k e t  l a u n c h e s .  

.. \ 

'Coal  

The major  w e l f a r e  e f f e c t s  of  a i r  p o l l u t i o n  from t h e  c o a l  f u e l  c y c l e  

r e s u l t  from combust ion,  i n  p a r t i c u l a r  from t o x i c  e m i s s i o n s  and from secondary  

p a r t i c u l a t e s  formed i n  t h e  atmosphere ( s e e  T a b l e  1 ) .  A 1000-MWe c o a l - f i r e d  

power p l a n t  r e l e a s e s  s u b s t a n t i a l  q u a n t i t i e s  o f  p a r t i c u l a t e s  [250-700 m e t r i c  

t o n s  p e r  y e a r  ( t / y r ) ] ,  s u l f u r  d i o x i d e  (3 ,000  t / y r  t o  28,000 t / y r  depending 

o n  u s e  o f  a n  SO2 s c r u b b e r ) ,  a n d  n i t r o g e n  o x i d e s  ( 8 5 0 0  t I y r ) ,  a s  w e l l  a s  

l e s s e r  amounts o f  carbon monoxide and hydrocarbons  ( s e e , A p p e n d i x  A). However, 



Table  1. Wel fa re  E f f e c t s  o'f A i r  P o l l u t  iona  
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Fuel-cycle a c t i v i t i e s  with no impacts are not l i s t e d .  

b ~ a d i o l o g i c a l  e f f l u e n t s  considered in Sec. 4 . 1 0 .  

t h e s e  f i v e  p o l l u t a n t s  a r e  EPA-designated c r i t e r i a  p o l l u t a n t s , .  and w e l f a r e -  

r e l a t e d  ( s e c o n d a r y )  a i r  q u a l i t y  s t a n d a r d s  have been promulgated f o r  them. I f  

e m i s s i o n s  o f  t h e s e  p o l l u t a n t s  from new f a c i l i t i e s  a r e  r e s t r i c t e d  ' t o  l e v e l s  

s u f f i c i e n t  f o r  m a i n t a i n i n g  t h e  N a t i o n a l  Ambient A i r  Q u a l i t y  S t a n d a r d s  (NAAQS), 

a s  r e q u i r e d  by l i c e n s i n g  p r o c e d u r e s ,  t h e  w e l f a r e .  e f f e c t  from c r i t e r i a  p o l l u -  

t a n t s  s l ~ u u l d  nut be s i g l i i t i c a n t .  I n  a d d i t i o n ,  t h e  EPA h a s  r e c e n t l y  proposed 
- .  

more s t r i n g e n t  performance s t a n d a r d s  f o r  l a r g e  combustion s o u r c e s ,  which would 

f u r t h e r  r e d u c e  e m i s s i o n s  o f  p a r t  i c u l a t e ~ ,  s u l f u r .  d i o x i d e ,  and rtit .rogen o x i d e s  

( s e e  Appendix A ) ,  

Other  p o l l u t a n t s  e m i t t e d  d u r i n g  c o a l  combust i o n  a r e  n o t  r e s t r i c t e d  

hy w e l f a r e  ( o r  h e a l t h )  star .rdards.  These p o l l u t a t r t s ,  t r a c e  arid t o x i c  e lements  

t h a t  a r e  p r e s e n t  i n  c o a l ,  a r e  r e l e a s e d  w i t h  t h e  combustion g a s e s  and i n c l u d e  

e l e m e n t s  such  a's a r s e n i c ,  cadmium, mercury,  and se len ium ( s e e  Appendix A ) .  

The p o l l u t a n t  l e v e l s  a t  which s o i l s ,  v e g c t a t  i o n ,  o r  l i v e s t o c k  might b e  damaged 

a r e  n o t  e s t a b l i s h e d ;  however,  p o l l u t a n t s  may accumulate  i n  nearby s o i l s  and 

v e g e t a t i o n  d u r i n g  t h e  o p e r a t  ion  o f  a  power p l a n t .  

Transformat- ion o f  s u l f u r  d i o x i d e  and n i t r o g e n  o x i d e s  i n  t h e  atmosphere 

i n t o  p a r t i c u l a t e  s u l f a t e s  and n i t r a t e s  ( s e c o n d a r y  p a r t i c u l a t e s )  c a n  c a u s e  



a d d i t i o n a l  problems t h a t  t h e  NAAQS a r e  no t  d e s i g n e d  t o  p r e v e n t .  T r a n s p o r t e d  

o v e r  long  d i s t a n c e s ,  t h e s e  p o l l u t a n t s  have been s t r o n g l y  i m p l i c a t e d  w i t h  

v i s i b i l i t y  d e g r a d a t i o n  and a c i d i c  p r e c i p i t a t i o n .  For  t h e s e  r e a s o n s ,  and 

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

e l e m e n t s  have been obse rved  n e a r  c o a l - f i r e d  power p l a n t s ,  c o a l  combustion i s  a  

key w e l f a r e  concern  ( s e e  Appendix A).  . ... . . 

O r g a n i c s ,  a c i d s ,  ch romates ,  z i n c  and o t h e r  p o t e n t i a l l y  haza rdous  

e l e m e n t s  a r e  p r e s e n t . i n  c o o l i n g  tower d r i f t  r e l e a s e s  and cou ld  c o n c e n t r a t e  i n  

s o i l s  s u r r o u n d i n g  a  power p l a n t .  These chemica l s  a r e  added t o  t h e  tower 

make-up w a t e r  a s  b i o c i d e s  and t o  i n h i b i t  c o r r o s i o n .  A v a i l a b l e  i n f o r m a t i o n  

s u g g e s t s  t h a t  t h i s  is not  a  major pathway f o r  t h e  t r a n s f e r  o f  t o x i c  e lements  

t o  t h e  l a n d s c a p e ,  s i n c e  l e v e l s  above background c o n c e n t r a t  i o n s  a r e  o n l y  

obse rved  t o  d i s t a n c e s  o f  one mf ie  from t h e  tower and t h e  v e g e t a t i o n  u l t i m a t e l y  

a t t a i n s  an e q u i l i b r i u m  c o n c e n t r a t i o n .  S a l t  d r i f t s  a l s o  occur  from c o o l i n g  

towers  u s i n g  s e a w a t e r  f o r  condenser  c o o l i n g  and c o u l d  d e c r e a s e  c r o p  p roduc t iv -  

i t y  a t  e l e v a t e d  c o n c e n t r a t i o n s .  These e f f e c t s  a r e  c a t e g o r i z e d  a s  hav ing  a  

moderate  w e l f a r e  impact .  

Windblown c o a l  l o s s e s  d u r i n g  t r a n s p o r t  a r e  1-2% o f  t h e  t o t a l  quan- 

t i t y  s h i p p e d ,  o r  about  36,000 t / y r '  t o  meet t h e  c o a l  r e q u i r e m e n t s  of  a  s i n g l e  

1000-MWP p l a n t .  Bus t ing  of  c r o p s  could  r e d u c e  p h o t o s y n t h e t i c  a c t i v i t y  and 

r e t a r d  p r o d u c t i v i t y .  However, because  t h e s e  f u g i t i v e - p a r t i c l e  r e l e a s e s  a r e  

d i s p e r s e d  o v e r  a  l a r g e  a r e a  and cou ld  b e  reduced by c o v e r i n g  r a i l  c a r s ,  t h i s  

i s  no t  a  s i g n i f i c a n t  w e l f a r e  problem. 

P a r t i c u l a t e s  and n i t r o g e n  and s u l f u r  o x i d e s  a r e  e m i t t e d  d u r i n g  c o a l  

p r o c e s s i n g .  However, d a t a  on e m i s s i o n s  a r e  n o t  a v a i l a b l e  i n  a  form s u i t a b l e  

f o r  w e l f a r e  a ssessment .  Wel fa re  e f f e c t s  a r e  b e l i e v e d  t o  be  low t o  moderate .  

Nuclear  

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

from f u e l  p r e p a r a t i o n  a c t i v i t i e s  . Uranium o r e  must be  l e a c h e d ,  r o a s t e d ,  

and  t r e a t e d  w i t h  f l u o r i n e  b e f o r e  , i s o t o p i c  e n r i c h m e n t .  F o r  c e r t a i n  

a c t i v i t i e s  i t  i s  n o t  p o s s i b l e  t o  d i s t i n g u i s h  f rom a v a i l a b l e  d a t a  w h i c h  

s u l f u r  d i o x i d e  ( S O 2 ) ,  n i t r o g e n  o x i d e s .  (NO,), and c a r b o n  monoxide  (CO) 

e m i s s i o n s  a r e  g e n e r a t e d  by t h e  n u c l e a r  p r o c e s s  and which a r e  .from t h e  a n c i l -  

l a r y  c o a l - f i r e d  power p l a n t s  t h a t  a r e  assumed t o  supp ly  energy  f o r  t h e s e . f . u e 1  



p r o c e s s i n g  o p e r a t i o n s .  I n c o r p o r a t i n g  t h e s e  e m i s s i o n s  i n  t h e  e v a l u a t i o n  o f  

w e l f a r e  impacts  would no t  be i n  keep ing  w i t h  t h e  approach o f  t h i s  a s sessment ,  

i . e . ,  t o  examine t h e  e x t e n t  o f  impacts  on t h e  b a s i s  o f  a  f a c i l i t y ' s  e m i s s i o n s  

( u n l e s s  such power p l a n t s  a r e  r o u t i n e l y  l o c a t e d  on t h e  p r o c e s s i n g  s i t e ) .  T h i s  - 
i s  q u i t e  e v i d e n t  when examining t h e  q u a n t i t y  of  e m i s s i o n s  no ted  i n  t h e  l i t e r -  

a t u r e  f o r  t h e  enr ichment  p r o c e s s .  Emiss ions  from t h i s  s u p p o r t i n g  o p e r a t i o n  

exceed  t h e  amount g e n e r a t e d  from a  model 1000-MWe c o a l - f i r e d  b o i l e r .  

F l u o r i d e s  a r e  e m i t t e d  d u r i n g  UF6 p r o d u c t  i o n  ( 3 . 6  t / y r ) ,  e n r i c h -  

merle ( 5 2  t l y r ) ,  and r e p r o c e s s i n g  ( 0 . 1  t / y r ) .  These e m i s s i o n s  a r e  o f  moderate  

w e l t a r e  concern  b e c a u s e  a  f l u o r i d e  a i r  q u a l i t y  s t a n d a r d  a p p r o p r i a t e  for prn- 

t e c t i n g  l i v e s t o c k  h a s  been  d e s i g n a t e d  and is  b e i n g  met .  Ambient l e v e l s  of  

f l u o r i d e  measured n e a r  a  UFg f a c i l i t y  and enr ichment  p l a n t  have been w i t h i n  

a c c e p t a b l e  and nondamaging l e v e l s  .4 ~ l u o r i d e  e m i s s i o n s ,  a s  w e l l  a s  s u l f u r i c  

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

l i v e s t o c k  i n j u r y  from n u c l e a r  a c t i v i t i e s .  

R e l e a s e s  from c o o l i n g  towers  a t  n u c l e a r  power p l a n t s  a r e  s i m i l a r  t o  

t h o s e  d i s c u s s e d  above f o r  c o a l - f i r e d  p l a n t s .  Emiss ions  of  s u l f u r  o x i d e s ,  

n i t r o g e n  o x i d e s ,  and g a s e s  throughout  t h e  n u c l e a r  f 'uel cycle c a n  r n n t r i . b u t e  ts 

l o c a l  a i r  qua1 i t y .  d e g r a d a t  ion .  

SPS - 
Toxic e m i s s i o n s  would h e  ~ w p a c t a d  from t h e  manufaclure oi: SPS s o l a r  

c e l l s  and from r o c k e t  l a u n c h e s .  P o t e n t i a l  . emiss ions  o f  g a l l i u m  a r s e n i d e ,  

hydrogen s u l f i d e ,  ammonia, c y a n i d e s  and a t h e r  cnmpound.~ have been i d m t  i f  ied 

f o r  t h e  s o l a r  c e l l  manufac tu r ing  process;5 these p o l l u t a n t 0  ore nor cirt~.'- 

t r o l l e d  under e x i s t i n g  NAAQS. I n f o r m a t i o n  concern ing  d e t a i l e d  emiss ion  r a t e s  

and tlie mar iufactur ing p r o c e s s  i t s e l f  is  ex t remely  l i m i t e d .  SPS 'launch and 

Lecuvery o p e r a e i o n s  c o u l d  p r e s e n t  a d d i t i o n a l  a i r  p o l l u t i o n  problems. While 

t l l e r e  is  l i t t l e  i n f o r m a t i o n  concern ing  t h e  a c t u a l  p r o p e l l a n t  t h a t  would be  

used i n  SPS r o c k e t s ,  h y d r a z i n e  and h y d r a z i n e  d e r i v a t i v e s ,  ammonia, c h l o r i n e ,  

hydrogen f l u o r i i l e ,  and hydrogen c h l o r i d e  have been i d e n t i f i e d  a s  e f f l u e n t s  

from o t h e r  r o c k e t  p r o p e l l a n t s . 6  Due t o  t h e  p o t e n t i a l l y  haza rdous  n a t u r e  o f  

t h e s e  e m i s s i o n s ,  t h e s e  a c t i v i t i e s  a r e  c a t e g o r i z e d  a s  a  p o t e n t i a l  a r e a  of  

c o n c e r n  f o r  w e l f a r e  e f f e c t s .  The e x a c e r b a t  ion o f  r e g i o n a l  a c i d  prec  i p i t a t  ion 



o r  v i s i b i l i t y '  d e g r a d a t i o n .  b y  r o c k e t  e x h a u s t '  would l i k e l y  be  ' s m a l l  i n  com- 

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

subsequent  s t u d i e s .  

Hydrocarbon r o c k e t  p r o p e l l e n t s  and o t h e r  t o x i c  m a t , e r i a l s  c o u l d  be  

a c c i d e n t a l l y  s p i l l e d  d u r i n g  t r a n s p o r t  t o  t h e  l aunch  s i t e .  Such s p i l l s ,  and 

t h e  subsequen t  e v a p o r a t i o n ,  cou ld  occur  o f t e n  enough t o  a g g r a v a t e  l o c a l  . a i r  

q u a l i t y  a l o n g  t r a n s p o r t  c o r r i d o r s .  I n s u f f i c i e n t  i n f o r m a t i o n  i s  a v a i l a b l e  t o  

d e t e r m i n e  t h e  n a t u r e  o f  e x t e n t  o f  any w e l f a r e  e f f e c t .  

A i r  p a l l u t a n t s  c o n t r o l l e d  under t h e  NAAQS would be  e m i t t e d , .  by t h e  

convent  i o n a l  min ing ,  m a n u f a c t u r i n g ,  and c o n s t r u c t  ion  a c t  i v i t  i e s  i n  t h e  SPS 

energy  pathway. The w e l f a r e  e f f e c t s  o f  t h e s e  e m i s s i o n s  would no t  b e  expec ted  

t o  be s i g n i 5 i c a n t .  , . . 

A l l  Techno log ies  

Smal l  amounts o f  s u l f u r  d i o x i d e ,  n i t r o g e n  o x i d e s ,  and ca rbon  monoxide 

a r e  e m i t t e d  by t h e  d i e s e l  equipment used d u r i n g  a l l  min ing ,  c o n s t r u c t i o n ,  and 

t r a n s p o r t a t i o n  a c t i v i t i e s .  The d i e s e l  e x h a u s t  and p a r t i c u l a t e  e m i s s i o n s  a r e  

o f  low impact .  P a r t i c u l a t e s  a r e  u s u a l l y  g e n e r a t e d  i n  ' s i z , a b l e  q u a n t i t i e s  

d u r i n g  s u r f a c e  mining and c o n s t r ~ l c t  ion  a c t  i v i t y  'and f o l l o w i n g  removal of  

v e g e t a t i v e  c o v e r  (windblown d u s t ) .  Windblown d u s t  c o u l d  remain a problem 

f o l l o w i n g  s u r f a c e  mining and c o n s t r u c t i o n  i n  ' t h e  absence of  a p p r o p r i a t e  s u r -  

f a c e  r e s t o r a t  ion .  

Emiss ions  ff om- power transmission are i d e ~ ~ l  i c a l  Iur a l l  L l ~ r  ee L ~ L I I -  

n o l o g i e s .  Although e m i s s i o n s  of  ozone and n i t r o g e n  o x i d e s  have bean noted 

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

unknown b u t  a r e  though t  t o  b e  low. These l e v e l s  may i n c r e a s e  w i t h  t h e  use  o f  

h i g h e r - v o l  t a g e  t r a n s m i s s i o n  l i n e s .  

4 . 2  ATMOSPHERIC CHANGES 

The r e l e a s e  o f  a i r  p o l l u t a n t s  may a l s o  a l t e r  a tmospher ic  c h a r a c t e r -  

i s t  i c s ,  p o s s i b l y  c a u s i n g  changes i n  wea the r  or c 1  imate.. T h i s  assessment  

doef i n e s  p o t e n t i a l  c l i m a t e  p e r t u r b a t  i o n s  a s  a  w e l f a r e  e f f e c t  and t r e a t s  

them a s  d i s t i n c t  from o t h e r  a i r  p o l l u t i o n  impac t s .  T h i s  d i s t i n c t i o n  r e s u l t s  

i n  a  " c r o s s o v e r , "  such t h a t  a tmospher ic  p a r t i c u l a t e  e m i s s i o n s ,  which a r e  



14 

e x a m i n e d  i n  S e c t i o n  4 . 1  f o r  t h e i r  e f f e c t  upon s t a n d a r d s  v i o l a t i o n  and 

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

( a  c l i m a t i c  change) .  Only impacts  f o r  which t h e r e  i s  a  r e a s o n a b l e  unders tand-  

i n g  o f  t h e  r e l a t i o n s h i p  between t h e  a tmospher ic  p e r t u r b a t i o n  and p o t e n t i a l  

w e l f a r e  e f f e c t  a r e  a s s e s s e d .  Cl imate  changes  a r e  t r e a t e d  i n  g r e a t e r  d e p t h  

i n  a  s e p a r a t e  SPS s t u d y . 7  

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

s e l e c t e d  energy  t e c h n o l o g i e s  a r e  not  r e a d i l y  q u a n t i f i a b l e  a t  our  p r e s e n t  l e v e l  

o f  u n d e r s t a n d i n g .  T h e  l e v e l s  a t  which an e f f e c t  i s  observed and t h e  t ime 

s c a l e  a t  which t h e  e f f e c t  may appear  a r e  no t  c l e a r l y  e s t a b l i s h e d .  Any weather  

o r  c l i m a t e  change c o u l d  s e r i o u s l y  u p s e t  d e l i c a t e  p l a n e t a r y  b a l a n c e s .  Ra the r  

t h a n  comparing t h e  p r i n c i p a l  w e l f a r e  e f f e c t s  o f  d i f f e r e n t  a tmospher ic  changes 

( e . g . ,  t h e  w e l f a r e  e f f e c t s  o f  g l o b a l  c a r b o n  d i o x i d e  e m i s s i o n s  f r o m  c o a l  

combust ion v e r s u s  t h o s e  o f  t h e  g l o b a l  a tmospher ic  p a r t i c u l a t e  i n c r e a s e s ) ,  t h e  

w e l f a r e  e f f e c t s  a r e  t r e a t e d  s e p a r a t e l y .  

Carbon Dioxide  

Much a t t e n t i o n  i s  g i v e n  . to t h e  q u e s t i o n  o f  g l o b a l  warming caused by 

s t e a d i l y  i n c r e a s i n g  c a r b o n  d i o x i d e  (C02) l e v e l s  ' i n  t h e  atmosphere and t h e  

r e s u l t i n g  "greenhouse e f f e c t  ," a l t h o u g h  u n d e r s t a n d i n g  of t h i s  issue i s  1i.m- 

i t e d .  Lncreases  i n  a tmospher ic  C02 l e v e l s  have corresponded t o  i n c r e a s e s  i n  

£ o s s i l - f u e l  u s e  d u r i n g  t h e  l a s t  few decades .  It h a s  been s p e c u l a t e d  t h a t  an  

e x t e n s i v e  i n c r e a s e  i n  f o s s i l - f u e l '  b u r n i n g  cou ld  f u r t h u r  r a i s e  a tmospher ic  

C 0 2  l e v e l s .  S t u d i e s  have p r e d i c t e d  t h a t  a  d o u b l i n g  of C02 c o n c e n t r a t i o n s  

above p r e - i n d u s t r i a l  f e v e l s  w i l l  produce a  ~ l o b a l  ave rage  warning of 1-3°C 

( s e e  Ref.  7  f o r  f u r t h e r  d i s c u s s i o n ) .  T h i s  change cou ld  occur  a s  e a r l y  a s  

t h e  . y e a r  2025, a l t h o u g h  n o t  i c e a b l e  warming would n o t  b e  d e t e c t a b l e  b e f o r e  

2000. Such a  t e m p e r a t u r e  i n c r e a s e  cou ld  s i g n i f i c a n t l y  a f f e c t  p r e c i p i t a t i o n  

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

p o l a r  i c e ) .  

Coal combust ion r e l e a s e s  s u b s t a n t i a l  amounts o f  C 0 2  i n t o  t h e  atmo- 

s p h e r e  (5 x  lo6  t  a n n u a l l y  from a  1000-MWe p l a n t ) . 8  Although t h i s  i n  and 

o f  i t s e l f  does  no t  c r e a t e  a  l o c a l  problem, c o a l  combristi.on c o n t r i b u t e s  s i g n i -  

f i c a n t l y  t o  t h e  t o t a l  man-made inpu t  o f  C 0 2  i n t o  t h e  a tmosphere .  Coa l - f i r ed  

g e n e r a t i n g  p l a n t s  i n  t h e  Uni ted  S t a t e s  produce about  20% of  t h e  world-wide 

a n t h r o p o g e n i c  C02 e m i s s i o n s  . 7  Coal combust ion  r e l e a s e s  o t h e r  "greenhouse 



gases"  such a s  s u l f u r  d i o x i d e  and wa te r  v a p o r ,  which have an unknown, though 

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

There  a r e  no s i g n i f i c a n t  ' C 0 2  e m i s s i o n s  from t h e  n u c l e a r  f u e l  c y c l e .  

A s u b s t a n t i a l  p o r t i o n  o f  SPS a i r  p o l l u t a n t  e m i s s i o n s  would occur  d u r i n g  

l a u n c h e s  o f  HLLVs f o r  c o n s t r u c t i o n  o f  t h e  s o l a r  power s a t e l l i t e s .  Rocket 

e f f l u e n t  i n c l u d e s  s i z a b l e  amounts o f  C O Z Y  b u t  t h e s e  e m i s s i o n s  would  b e  two 

o r d e r s  o f  magni tude lower t h a n  C 0 2  e m i s s i o n s  from c o a l  combust ion  f o r  pro- 

duc ing  an e q u i v a l e n t  amount o f  e l e ~ t r i c i t ~ . ~  

~ t m o s D h e r i c  P a r t i c u l a t e s  

The i n c r e a s e  i n  .g loba l  a tmospher ic  p a r t i c u l a t e  l e v e l s  and t h e  per-  

' c e n t a g e  i n c r e a s e  o f  an th ropogen ic  c o n t r i b u t i o n  t o  g l o b a l  p a r t i c l e  e m i s s i o n s  

a r e  o t h e r  a r e a s  of  concern .  P a r t i c l e s  may change t h e  r a d i a t i v e  p r o p e r t i e s  

o f  t h e  ea r th -a tmospher ic  systeni by s c a t t e r i n g  and a b s o r b i n g  incoming s o l a r  

r a d i a t i o n  and,  i n  s o  d o i n g ,  c a u s e  a  warming o r  c o o l i n g  of  t h e  e a r t h ' s  s u r f a c e .  

It h a s  n o t  been e s t a b l i s h e d  whether  t h e  i n c r e a s e  i n  a tmospher ic  p a r t i c l e  

c o n c e n t r a t  i o n s  o v e r  t h e  p a s t  c e n t u r y  h a s  produced a  n e t  warming o r  c o o l i n g  

e f f e c t .  ' The d i r e c t  coal-combustion e m i s s i o n s  o f  p a r t i c l e s  ( f l y  a s h ) '  and 

g a s e o u s  s p e c i e s  ( s u c h  a s  s u l f u r  d i o x i d e  and  n i t r o g e n  o x i d e s ) ,  w h i c h  a r e  

c o n v e r t e d  t o  secondary p a r t i c l e s  i n  t h e  a tmosphere ,  a r e  l a r g e  i n  terms o f  

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

r e s p e c t  t o  t o t a l  g l o b a l  man-made c o n t r i b u t i o n s  and t o t a l  g l o b a l  (man-made and 

n a t u r a l )  a tmospher ic  p a r t i c u l a t e  c o n t r i b u t i o n s .  T h e i r  impacts  a r e  expec ted  

t o  c a u s e  minor but  no t  i c e a b l e  changes  i n  a tmospher ic  l e v e l s .  

Atmospheric p a r t i c u l a t e  emiss ions  from t h e  n u c l e a r  power c y c l e  a r e  

r e l a t i v e l y  s m a l l .  

Large q u a n t i t i e s  o f  SPS r o c k e t  exhaus t  p r o d u c t s  would b e  d e p o s i t e d  i n  

v a r i o u s  l a y e r s  o f  t h e  atmosphere.  I t  h a s  been s p e c u l a t e d  t h a t  t h e s e  e m i s s i o n s  

c o u l d  a l t e r  t h e  compos i t ion  and d e n s i t y  o f  t h e  .atmosphere ( s t r a t o s p h e r e ) ,  

p o t e n t i a l l y  r e s u l t i n g  i n  long-term changes i n  c l i m a t e  and wea the r  p a t t e r n s .  

The impact o f  t h e s e  emiss ions  would l i k e l y  be  s m a l l  on a  r e g i o n a l  l e v e l  and 

n e g l i g i b l e  on t h e  g l o b a l  l e v e l .  These impacts  a r e  b e i n g  f u r t h e r  i n v e s t i g a t e d  

i n  t.he environment a 1  assessment  o f  t h e  SPS Concept Development and E v a l u a t i o n  

5 Program. 



4 .3  THERMAL EMISSIONS 

A l l  human a c t i v i t i e s  r e l e a s e  hea t  t o  t he  environment. Most of t h i s  

hea t  , i s  given o f f  dur ing  product ion o r  cbnsumption of e l e c t r i c a l  ,energy, 

t r a n s p o r t a t i o n ,  space hea t ing ,  and i n d u s t r i a l  use of h e a t .  A nuc lear  e l e c t r i c  

power p lan t  w i th  an e f f i c i e n c y  of 32% r e l e a s e s  two u n i t s  of waste hea t  f o r  

each u n i t  of hea t  used t o  produce e l e c t r i c i t y .  ' The environmental impacts of 

t h i s  waste  h e a t  a r e  both l o c a l  and reg ional  and depend on the  type of cool ing  

technology used,  amount of  hea t  r e l e a s e d ,  and l o c a l  ambient meteorological  

c o n d i t i o n s .  Cl imato logica l  impacts from thermal d ischarges  a r e  examined i n  

more d e t a i l  i n  another  SPS study.7 
C 

E n v i r o n m e n t a l  impac t s  and w e l f a r e  e f f e c t s  depend on  whe the r  t h e  

h e a t  i s  discharged t o  t he  a i r  o r . w a t e r .  A l t e r a t i o n  of l o c a l  water temperature 

i n  s t r eams ,  l a k e s ,  and oceans can r e s u l t  i n  outmigra t ion  of commetcially o r  

r e c r e a t i o n a l l y  d e s i r a b l e  f i s h  o r  t he  dea th  of spec i e s  with l i t t l e  re s i s tance  

t o  thermal f l u c t u a t i o n s .  S t a t e  and f e d e r a l  laws r e q u i r e  t h a t  indigenous 

popula t ions  b e  maintained and o f t e n  r e s t r i c t  water  temperature i nc reases  t o  

l e s s  than 2°C above the ambient . temperature,  . w i t h  abso lu t e  . temperature l i m i t s  

f o r  t he  r ece iv ing  bo-dy of water ranging from 2 7 " ~  t o  3 8 " ~ .  These and o the r  

r e s t r i c t  ions regard ing  .water and land use f o r  cool ing  purposes have r e s u l t e d  

i n  a .  dominant t rend  toward the  use of cool ing  towers. The e f f e c t s  of t hese  

coo l ing  tower d i s c l ~ a r g e s  KO che atmosphere a r e  considered here  f u r  the  coal  

and nuc lea r  technologies .  

The wel fare  e f f e c t s  of thermal emissions a r e  gene ra l ly  low t o  moderate 

f o r  t he  t h r e e  energy systems examined. Decreased v i s i b i l i t y ,  t r a f f i c  hazards, 

and genera l  inconvenience caused by enhanced fogging - - and i c i n g  from cooling 

towers a r e  t he  p r i n c i p a l  wel fare  e f f e c t s .  SPS a c t i v i t i e s  would r e l e a s e  hea t  

i n t o  the  atmosphere -- from rec tenna  oper 'a t ion,  rocke t  launches,  and microwave 

h e a t i n g  of the Lowei a~musphere .  Only rocket  launches appear t o  have the  

p o t e n t i a l  t o  a l t e r  weather and then only  i n  t h e  reg ion  surrounding the  launch 

s i t e .  

Coal and Nuclear 

A t y p i c a l  nuc lear  power p l an t  r e l e a s e s  about 40% more waste h e a t  than a  

comparab ly  s i z e d  c o a l - f  i r e d  p l a n t .  T h i s  i s  p r i m a r i l y .  due  t o  t h e  h i g h e r  



the rmal  e f f i c i e n c y  o f  . c o a l - f i r e d  p l a n t s  (38% f o r  c o a l ,  32% f o r  n u c l e a r ) .  

P a r t  of  t h e  was te  h e a t  from c o a l  combustion is  r e l e a s e d  w i t h  t h e  s t a c k  g a s e s  

( 1 1  x  1015 J / y r  d i s c h a r g e d  a t  t h e  s t a c k  and 28 x  1015 J / y r  d i s c h a r g e d  by - 
t h e  c o o l i n g  towers  f o r  a  1000-MWe p l a n t l 4 .  A 1000-MWe n u c l e a r  p l a n t  r e l e a s e s  

50 x  1015 J / y r .  

Two p r i n c i p a l  t y p e s  o f  c o o l i n g  t o w e r s  a r e  u s e d  a t  c o a l - f i r e d  and 

n u c l e a r  p l a n t s :  mechanical  and n a t u r a l  d r a f t .  Of t h e  two, mechanical  d r a f t  

towers  appear  t o  c a u s e  t h e  more s e r i o u s  l o c a l  impac t s .  Due t o  t h e i r  lower 
-- .- . 

he igkt., t h e y  .have . the po-t-en-t i a l  ' t a  augiiieiiit fogg ing  and i c  ing dur  ing  c e r t a i n  

l o c a l  wea the r  c o n d i t i o n s .  For fogging t o  c r e a t e  a  w e l f a r e  e f f e c t ,  t h e  towers  

must b e  i n  c l o s e  p rox imi ty  t o  a  l and  use  w i t h  which t h e  fogging i n t e r f e r e s .  

Examples o f  such i n t e r f e r e n c e  i n c l u d e  a  p o t e n t i a l  v i s i b i l i t y  o r  i c i n g  haza rd  

t o  ground o r  w a t e r  t r a n s p o r t a t i o n  o r  a  n u i s a n c e  t o  nea rby  communities.  

I n c r e a s e d  fogg ing  w i l l  occur  i n  a r e a s  t h a t  a r e  most s u s c e p t i b l e  t o  

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

w e a t h e r ,  and a r e  s u b j e c t  t o  low-level  t e m p e r a t u r e  i n v e r s i o n s .  These condi-  

t i o n s  a r e  most common t o  t h e  n o r t h w e s t e r n  and Appalachian r e g i o n s  o f  t h e  

c o u n t r y  .9 One e s t i m a t e ,  c o n s i d e r e d  t o  be  congerva t  i v e ,  i n d i c a t e s  t h a t  l e s s  

. t h a n  5% o f  t h e  power p l a n t s  w i t h  c l o s e d  c o o l i n g  s y s t e m s  w i l l  e x p e r i e n c e  

fogg ing  problrzms.9 1,nra l  i c i n g  may occur  d u r i n g  f r e e z i n g  c o n d i t i o n s  when t h e  

mois t  the rmal  plume c o n t a c t s  a  f r e e z i n g  s u r f a c e .  I c i n g  can c a u s e  haza rdous  

r o a d  c o n d i t i o n s ,  b u t  i s  u n l i k e l y  t o  damage s t r u c t u r e s  d u e  t o  a d d i t i o n a l  

we igh t  .9 

For i c l l u s t r a t i v e '  purposes ,  t h e  p r e d i c t e d  e f f e c t s  o f  t h e  mechanical  

d r a f t  tower a t  t h e  proposed ( b u t  l a t e r  abandoned) Ka iparowi t s  c o a l - f i r e d  p l a n t  

were a s  f o l l o w s :  l o  

Fogging: 305 m downwind from tower - 8% o f  t h e  t ime (30  d a y s / y r )  
1 . 6  km downwind from tower - 0.2% o f  t h e  t ime ( 1  d a y l y r )  

I c  i.ng : 305 m downwind from tower - 5% of  t h e  t ime (15  d a y s / y r )  
1.6 km downwind from tower - 0.06% of  t h e  t ime ( 1  d a y / y r )  

V i s i b l e  plume: t o  55 m - 50% o f  c o l d ,  humid days  
' t o  305 m - 10% of  c o l d ,  humid days  
t o  1.6 km - 0.3% o f  c o l d ,  humid-days 

Other  e f f e c t s  a t t r i b u t e d  t o  c o o l i n g  t o w e r s .  i n c l u d e :  t h e  product  i o n  

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



i n c r e a s e s  i n  r e l a t i v e  humid i ty .  Changes i n  p r e c i p i t a t i o n  a r e  l a r g e l y  unde- 

t e c t a b l e  w i t h i n  t h e  r a n g e  o f  c l i m a t o l o g i c a l  v a r i a t i o n .  Induced changes  i n  

r e l a t i v e  humid i ty  from c o o l i n g  towers  a r e  thought  t o  b e  dwarfed i n  .comparison 

t o  t h e  amount o f  m o i s t u r e  t h a t  e v a p o r a t e s  from n a t u r a l  s o u r c e s .  

G e n e r a l l y ,  i n  a r e a s  where c o o l i n g  tower problems o c c u r ,  t echno logy  is 

a v a i l a b l e  a t  modera te  inc rementa l  c o s t  t o  e l i m i n a t e  a d v e r s e  e f f e c t s .  The 

w e l f a r e  e f f k c t s  o f  c o o l i n g  towers  a r e  o f  moderate  c o n c e r n .  l o c a l l y  (1-10 km 

from tower )  and low c o n c e r n  r e g i o n a l l y  (10-100 km from t o w e r ) .  . . 

E f f i c i e n c y  c o n s i d e r a t  i o n s  have encouraged t h e  concept  o f  c l u s t e r i n g  

f u t u r e  n u c l e a r  power p l a n t s  i n  "parks" c o n t a i n i n g  20,000-50,000 MW o f  genera t -  

i n g  c a p a c i t y .  The l a r g e  was te  h e a t  r e l e a s e  (72 ,000  MW o v e r  a  l and  a r e a  o f  

20-100 km2) would approach t h e  magni tude o f  l a t e n t  h e a t  r e l e a s e  o f  a  thunder-  

s t o r m  and o t h e r  m e t e o r o l o g i c a l  phenomena such  a s  h a i l  s to rms .  It h a s  been 

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

o c c u r r e n c e  of  s i m i l a r l y  s e v e r e  r e g i o n a l  wea the r  e v e n t s .  The p o t e n t i a l  w e l f a r e  

e f f e c t  o f  w a s t e  h e a t  r e l e a s e  from e n v i s i o n e d  power p a r k s  would be o f  moderate  

t o  h i g h  concern .  The e f f e c t  o f  w a s t e  h e a t  r e l e a s e  from an i n d i v i d u a l  power 

p l a n t  i s  of  l e s s e r  concern .  

Uran ium e n r i c h m e n t  h a s  s e c o n d - o r d e r  w a s t e  h e a t  i m p a c t s :  t h e  power 

p lar i t  s u p p l y i n g  e l e c t r i c i t y  t o  t h e  enr ichment  p l a n t  would r e l e a s e  h e a t ,  most 

1 i k e l y  th rough  c o o l i n g  towers  a t  f u t u r e  f a c i l i t i e s .  T h i s  d i s c h a r g e  would have 

a  low w e l f a r e  e f f e c t ,  excep t  when t h e  power p l a n t  was l o c a t e d  v e r y  c l o s e  t o  

t h e  enr ichment  p l a n t ;  i n  t h i s  c a s e ,  t h e  w e l f a r e  e f f e c t s  o f  waste  h e a t  from 

uranium enr ichment  would be  cons  iderpr-i modera te .  For a l l  fucl -cyc  l e  a c t  i v i -  

t i e s  ( c o a l ,  n u c l e a r ,  and SPS) e x c e p t  uranium e n r i c h m e n t ,  second-order impacts  

a r e  minor  and a r e  no t  a s s e s s e d .  

SPS - 
An SPS r e c t e n n a  would r e l e a s e  about 7.5 w/m2 o f  was te  h e a t  o v e r  a  100 

km2 a r e a .  T h i s  ene rgy  d e n s i t y  i s  e q u a l  t o  10% of t h e  net s o l a r  r a d i a t i o n  a t  

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

development .5 With l i g h t  winds ,  t e m p e r a t u r e  i n c r e a s e s  of  a s  much a s  1 " ~  and 

i n c r e a s e d  c l o u d i n e s s  c o u l d  occur  i n  t h e  v i c i n i t y  o f  t h e  r e ~ t e n n a . ~  Changes i n  

p r e c i p i t a t i o n  d i s t r i b u t i o n  would be  u n l i k e l y .  The a tmospher ic  p e r t u r b a t i o n s  



from rec.tenna ope ra t i on  should be sma l l e r  than  those  o f  o t h e r  man-made in- 

s t a l l a t i o n s .  They would a l s o  be dwarfed by t h e  q u a n t i t i e s  o.f hea t  r e l e a s e d  by 

urban a r e a s ,  which a r e  r e f e r r e d  t o  a s  hea t  i s l a n d s  due t o  apprec iab ly  'warmer 

temperatures  than ad jacent  r u r a l  a r ea s .  Weather-related wel fa re  e f f e c t s  would 

be e x p e c t e d ' t o  be moderate.  

Atmospheric absorp t ion  of  energy a long  the  microwave beam path (from 

s a t e l l i t e  t o  r e c t e n n a )  i s  b e i n g  examined t o  d e t e r m i n e  i t s  p o t e n t i a l  f o r  

caus ing  l o c a l  hea t ing ,  enhancing tu rbu lence ,  and a1 t e r i n g  t h e  dynamics of 

atmospheric c i r c u l a t i o n .  The ex t en t  o f  any h e a t i n g  o r  o t h e r  weather e f f e c t s  

would be expected t o  be n e g l i g i b l e .  

SPS rocke t  launches would r e l e a s e  a  bouyant "ground cloud" '  of ho t  

exhaust  e f f l u e n t s  t h a t  would r i s e  and d i s p e r s e .  Under c e r t a i n  meteoro logica l  

c o n d i t i o n s ,  t h i s  cloud could pos s ib ly  modify l o c a l  weather and would have a  

moderate we l f a r e  e f f e c t .  

A l l  o t h e r  SPS a c t i v i t i e s  would r e l e a s e  n e g l i g i b l e  q u a n t i t i e s  of hea t  

t o  t h e  atmosphere. 

4.4 WATER POLLUTION 

Many of t h e  water q u a l i t y  impacts h i s t o r i c a l l y  a s soc i a t ed  with energy 

a c t i v i t i e s  a r e  expected t o  decrease  d rama t i ca l l y  a s  a  r e s u l c  of recruL regula-  

t o r y  programs. .  Various f e d e r a l ,  s t a t e ,  and l o c a l  water  q u a l i t y  management 

programs s ign i f ican t1 .y  l i m i t  emiss ions ,  e s t a b l i s h  c r i t e r i a  f o r  water and 

s t ream q u a l i t y ,  and mandate r c r l ~ m a t i o n  requirements .  It should be  noted 

t h a t  t h e r e  is disagreement over t h e  e f f i c a c y  of t h e s e  laws -- p a r t i c u l a r l y  

those  r e l a t i n g  t o  mining. 

The d i r e c t  water -qua l i ty - re la ted  we l f a r e  e f f e c t s  of t h e .  c o a l ,  n u c l e a r ,  

and SPS fue'l cyc l e s  a r e  s i t e - s p e c i f i c  i n  na tu re .  The e f f e c t s  of  e f f l u e n t  

s t reams vary  by l o c a t i o n  and flow r a t e s  in  t h e  r e c e i v i n g  body o f  water ;  t h e i r  

n a t u r e  w i l l  depend on background p o l l u t i o n  l e v e l s  and downstream water uses .  

Occas iona l ly ,  small  i nc reases  i n  p o l l u t a n t  load ings  a r e  s u f f i c i e n t  t o  degrade 

a  s t ream and l i m i t  i t s  uses .  

The most s i g n i f i c a n t  we l f a r e  e f f e c t s  a r e  expected from underground 

coa l  mining, nuc l ea r  f u e l  f a b r i c a t i o n ,  and SPS m a t e r i a l s  manufacture and space 



v e h i c l e  l a u n c h e s .  These  e f f e c t s  c o u l d  i n c l u d e  d e g r a d e d  d r i n k i n g  w a t e r  

s u p p l i e s  and reduced commercial and r e c r e a t i o n a l  use of  s t reams and l akes ,  

i nc lud ing  e f f e c t s  on f i s h e r i e s .  Ac id i f i ed  water may a l s o  lower c rop  pro- 

d u c t i v i t y  because of  degraded i r r i g a t i o n  water  and reduced commercial. and 

s p o r t  f i s h i n g  o p p o r t u n i t i e s .  

Coal 

Water p o l l u t a n t s  a r e  generated dur ing  coa l  mining and processing and 

power gene ra t i on .  Because coa l  mining ope ra t i ons  and the  a s soc i a t ed  r ece iv ing  

wa te r s  va ry  e x t e n s i v e l y ,  impacts and r e s i d u a l o  aecr ibed  t o  a t y p i c a l  mining 

o p e r a t  ion  a r e  of 1 imited va lue .  The p r i n c i p a l  environmental problem assoc- 

i a t e d '  w i th  bo th  o p e r a t i o n a l  and abandoned Eas t e rn  mines i s  contaminat ion of  

s u r f a c e  water  and groundwater by a c i d i c  mine d ra inage .  The ac id  d i scharge  

from c o n t r o l l e d  mines  i s  n e u t r a l i z e d  by l i m e  t r e a t m e n t ,  b u t  may c o n t a i n  

d i s s o l v e d  s o l i d s '  such a s  s u l f a t e s ,  calcium, magnesium, and o the r  mine ra l s  

c o n t r i b u t i n g  t o  water  hardness .  Eas t e rn  s t reams t h a t  r e c e i v e  mining e f f l u e n t  

show e l eva t ed  ambient l e v e l s  of  suspended s o l i d s ,  i ron, .  manganese, and t r a c e  

m e t a l s ,  w i t h i n  EPA gu ide l ines .  A s tudy  examining impacts from m k e  dra inage  

i n t o  a  "model" s t ream i n d i c a t e s  t h a t  t h e  d i s cha rge  o f  t r e a t e d  e f f l u e n t  i n t o  a  

s t ream wi th  a  flow r a t e  o f  2.83 m 3 / s  (100 f t 3 / s )  could s u b s t a n t i a l l y  e levate  

l e v e l s  of  s o l u b l e  ions  (no tab ly  calcium, magnesium, sodium, c h l o r i d e ,  and 

s u l f a t e )  and adve r se ly  a f  f e c t  s e n s i t i v e  aqua t i c  s p e c i e s .  l1 Because o f  t h i s  

p o s s i b i l i t y ,  underground c o a l  mining i s  r a t e d  a s  having a  high welfare .  e f f e c t  

( s e e  Table  2 ) .  When the  same q u a n t i t y  o f  mine e f f l u e n t  was added t o  a  model 

s t ream wi th  a  flow r a t e  of 28,3 m 3 / s  (1000 f t 3 / s ) ,  a l l  chemical parameters of 

t h e  s t ream were unchanged.ll 

Western c o a l  mining r e s u l t s  i n  d i s cha rges  of a l k a l i n e  mine e f f l u e n t s  

and suspended s o l i d s .  However, t h i s  d r a inage  and runof f  can be  c o l l e c t e d  i n  

s e t t l i n g  ponds. The s tudy  noted above showed only  minor i nc reases  i n  sodium 

and s u l f a t e ,  wi th  p o l l u t a n t  l e v e l s  remaining i n  compliance wi th  EPA l imi t a -  

t i o r i s . l l  Surface mining i s  t h e r e f o r e  cons idered  t o  have a  moderate wel fa re  
. .-. - -  - 

e f f e c t  . 
S t r i n g e n t  p re t rea tment  and e f f l u e n t  l i m i t a t i o n s  on coa l  processing 

prevent  su r f ace  o r  groundwater contaminat ion from s e t t l i n g  pond overflow 

and r e f u s e  p i l e  r u n o f f .  High c o n c e n t r a t i o n s  o f  i r o n ,  m e t a l s ,  s u l f a t e s ,  

d i s so lved  and suspended g o l i d s ,  and many t r a c e  elements a r e  o f t e n  a s soc i a t ed  
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w i t h  this acti.vi.t .y. However, t h e r e  i s  a  h i g h  p o t e n t i a l  f o r  p o l l u t a n t  a b a t e -  

ment,  by such  means a s  t h e  use  o f  c l a y  l i n e r s  b e n e a t h  t h e  r e f u s e  a r e a  and 

d i v e r s i o n  d i t c h e s  t o  p reven t  t h e ' w a t e r  from r e a c h i n g  t h e  p i l e .  T h i s  p o t e n t i a l  

makes t h e  n e t  w e l f a r e  impact from p r o c e s s i n g  moderate  and short- term'.  

Power p l a n t s  produce e f f l u e n t s  from c o a l  s t o r a g e ,  combust ion  (bot tom 

a s h ,  f l y  a s h ,  and s l u d g e ) ,  and a u x i l i a r y  was te  ( b o i l e r '  and c o o l i n g  tower ) .  

These c a u s e  s l i g h t l y  e l e v a t e d  l e v e l s  o f  d i s s o l v e d  s o l i d s ,  ammonia, s u l f a t e s ,  

p h o s p h a t e s ,  and t r a c e  e lements  i n  t h e  r e c e i v i n g  body o f  w a t e r .  The d e g r e e  o f  

t r e a t m e n t  a v a i l a b l e  f o r  t h i s  was te  is  v e r y  h i g h .  Good s i t i n g  and management 

p r a c t i c e s  m i t i g a t e  many wa te r  p o l l u t i o n  problems. The e x t e n t  o f  t h e  p o t e n t i a l  

environment a 1  impact i s  c o n s i d e r e d  h i g h  f o r  power g e n e r a t  i o n ,  but  t h e  m i t  i- 

g a t i o n  o p t  i o n s  r e d u c e  t h e  o v e r a l l  w e l f a r e  e f f e c t  t o  "moderate." 
. . . . .  , . . .  .. 

Nuclea r  
-.- 

Fewer water.. p o l l u t i o n  problems a r e  a s s o c i a t e d  w i t h  uranium mining t h a n  

with coal mining. Water l e a v i n g  s e t t l i n g  ponds c o n t a i n s  suspended s o l i d s ,  



s i l i c a t e s ,  and t r a c e  amounts o f  uranium o r e ,  which make t h e  w a t e r  appear  

t u r b i d . 1 2  The q u a l i t y  i s  n e a r l y  r e s t o r e d  t o  t h e  l e v e l  o f  t h e  l o c a l  ground- 

w a t e r  b y  s e t t l i n g  pond t r e a t m e n t ;  m i n i n g  h a s  a  m o d e r a t e  w e l f a r e  e f f e c t .  

P r o c e s s i n g  w a s t e  f r o m  u r a n i u m  m i l l s  c o n t a i n s  s u l f u r i c  a c i d  

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

a r e  d i s c h a r g e d  t o  a  t a i l i n g  r e t e n t i o n  pond. These t a i l i n g  ponds a r e  des igned  

t o  p r e v e n t  c o n t a m i n a t i o n  o f  groundwater and s u r f a c e  w a t e r  and do not  s i g n i f i -  

c a n t l y  a f f e c t  t h e  o f f - s i t e  environment .12 T h e i r  env i ronmenta l  and w e l f a r e  

i m p a c t s  a r e  modera te .  

Two e f f l u e n t  s t r e a m s  a r e  g e n e r a t e d  by uranium h e x a f l u o r i d e  p r o d u c t i o n .  

T r e a t e d  s c r u b b e r  and coo l ing-wate r  s o l u t i o n s  c o n t a i n  f l u o r i d e s ,  s u l f a t e s ,  

n i t r a t e s ,  sodium, ammonia, and o t h e r  c h e m i c a l s .  Monitored r e c e i v i n g  s t r e a m s  

i n d i c a t e  t h a t  ample d i l u t i o n  o c c u r s ,  r e d u c i n g  p o l l u t a n t  c o n c e n t r a t i o n s  t o  

l e v e l s  t h a t  do  n o t  v i o l a t e  d r ink ing-wate r  c r i t e r i a .  ~ d d i t ' i o n a l  w a s t e s  gene- 

r a t e d  by t h e  s o l v e n t  e x t r a c t i o n  o p e r a t i o n  a r e  n e u t r a l i z e d  and h e l d  i n d e f i -  

n i t e l y  i n  s e a l e d  ponds.  l2 

Uranium enr ichment  by t h e  gaseous  d i f f u s i o n  p r o c e s s  produces  r e s i d u a l  

w a s t e  from c o o l i n g ,  c l e a n u p ,  and a u x i l i a r y  p r o d u c t i o n  o p e r a t i o n s .  Major 

l i q u i d  e f f l u e n t s  i n  t h e  was te  s t r e a m  ( i n c l u d i n g  c a l c i u m ,  c h l o r i d e ,  sodium, 

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

e f f l u e n t  staadarcls.'l9 i2  A d d i t i o n a l  d i l u t i o n  w i t h i n  t h e  r e c e i v i n g  body nf . 

w a t e r  r e d u c e s  t h e  l e v e l s  t o  below t h e  c o n c e n t r a t i o n s  p e r m i t t e d  by d r i n k i n g -  

w a t e r  q u a l i t y  s t a n d a r d s .  

F a b r i c a t i o n  o f  t h e  f u e l  f o r  l i g h t  w a t e r  r e a c t o r s  r e l e a s e s  l i q l l j d  

e f f l u e n t s  i n  amounts s e v e r a l  o r d e r s  o f  magni tude above t h o s e  p e r m i t t e d  hy 

d r i n k i n g  wa te r  s t a n d a r d s ;  w e l f a r e  e f f e c t s  a r e  o f  h i g h  concern .  The e f f l u e n t  

c o n c e n t r a t i o n s  l e a v i n g  t h e  h o l d i n g  ponds o r  l agoons  a r e  420 mg/L o f  ammonia, 

200 leg/L of n i e ~ a t e s ,  and 200 mg/L of f l u o r i n e ;  e f f l u e n t  e n t e r s  r e c e i v i n g  

w a t e r s  w i t h  f low r a t e s  r a n g i n g  from 0.14 m 3 / s  ( 5  f t 3 / s )  t o  198 m 3 / s  (7000 

f t 3 / s ) . 1 2  The w e l f a r e  e f f e c t  depends upon t h e  a c t i v i t i e s  and wa te r  q u a l i t y  

r e q u i r e m e n t s  o f  t h e  downstream u s e r s  and t h e  upst ream w a t e r  q u a l i t y .  

Power g e n e r a t i o n  l i q u i d  e f f l u e n t s ,  p r i m a r i l y  e m i t t e d  from t h e  condenser  

c o o l i n g  sys tem,  i n c l u d e  b iochemica l  oxygen demand ( B O D ) ,  c h l o r i n e ,  phospha te ,  



boron,  ch romates ,  a c i d s ,  and o r g a n i c s .  S t r i n g e n t  r e g u l a t o r y  r e q u i r e m e n t s  and 

j u d i c i o u s  s i t e  s e l e c t  i o n  p rocedures  minimize t h e  p o t e n t i a l  f o r  impact .  

The major  e f f l u e n t s  from f u e l  r e p r o c e s s i n g  o p e r a t i o n s  a r e  sodium, 

c h l o r i d e ;  S u l f a t e ,  and " n i ' t r a t e s .  ~ i h t i o n  i n  t h e  r e c e i v i n g  body of  w a t e r  

l i m i t s  t h e  i n c r e a s e  i n  c o n c e n t r a t i o n  a b o v e  e x i s t i n g  l e v e l s  t o  l e s s  t h a n  

1 . 3  ppm f o r  sodium and l e s s  t h a n  0 . 1  ppm f o r  t h e  o t h e r  e f f l u e n t s . 1 2   his 
i s  w e l l  below t h e  l e v e l s  p e r m i t t e d  f o r  d r ink ing-wate r  q u a l i t y .  

O f f - s i t e  e f f l u e n t s  a r e  n o t  expec ted  from management of  r a d i o a c t i v e  

w a s t e s  t h a t  a r e  n o t  h i g h - l e v e l  wastes.. 

SPS - 
There  i s  a  p a u c i t y  o f  a p p l i c a b l e  d a t a  by which t o  e v a l u a t e  t h e  impact 

o f  SPS a c t i v i t i e s .  Mining of  m a t e r i a l s  would produce known e f f l u e n t s ,  b u t  

t h e  l e v e l s  a t  which they  would be  d i s c h a r g e d  a r e  unknown. M a t e r i a l s  p rocess -  

i n g  c o u l d  d i s c h a r g e  c o n v e n t i o n a l  and unconven t iona l  w a t e r  p o l l u t a n t s ;  however, 

due t o  t h e  p r o p r i e t a r y  n a t u r e  of  t h e s e  p r o c e s s e s ,  t h e r e  a r e  no d a t a  on poten- 

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

manufac tu r ing  a c t i v i t y  i s  c a t e g o r i z e d  a s  an  a r e a  of  p o t e n t i a l l y  h i g h  w e l f a r e  

concern  because  o f  t h e  t o x i c i t y  o f  t h e  raw manufac tu r ing  m a t e r i a l s .  

D i s c h a r g e s  t o  b o d i e s  o f  w a t e r  o c c u r r i n g  d u r i n g  t r a n s p o r t  a t  i o n  o f  

r o c k e t  f u e l  and d u r i n g  r o c k e t  l a u n c h e s .  would b e  expec ted  t o  be  minor d u r i n g  

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

e f f e c t .  Contaminat ion o f  t h e  l aunch  tower c o o l i n g  wa te r  would b e  p o s s i b l e  but 

t h e  q u a n t i t i e s  involved would l i k e l y  be s m a l l  and o n - s i t e  t r e a t m e n t  would b e  

p o s s i b l e .   he impact l e v e l  from t h e s e  a c t i v i t i e s  would b e  h i g h e r  i n  t h e  

e v e n t  o f  an  a c c i d e n t a l  s p i l l  o r  a b o r t e d  r o c k e t  l a u n c h . )  The wa te r  p o l l u t i o n  

p o t e n t i a l  o f  r e c t e n n a  o p e r a t i o n  i s  unknown. 

4.5 WATER USE 

Water usage f o r  energy-producing a c t i v i t i e s  h a s  s e v e r a l  t y p e s  o f  im- 

p a c t s ,  inclu-ding: i n c r e a s i n g  c o m p e t i t i o n  f o r  wa te r  s u p p l i e s  among muni- 

c i p a l ,  i n d u s t r i a l ,  and a g r i c u l t u r a l  ( i r r i g a t i o n )  u s e r s ;  d i s r u p t i n g  l o c a l  w a t e r  

s u p p l i e s ;  and changing s t r p a m  c h a r a c t e r .  These impacts  c a n  l e a d  t o  reduced 

I 



w a t e r  a v a i l a b i l i t y  f o r  i r r i g a t i o n  o r  o t h e r  u s e s  o r  f o r  d i l u t i o n  downstream 

( e n h a n c i n g  w a t e r  q u a l i t y  problems - s e e  S e c t  ion 4 . 4 ) .  Changes i n  t h e  b a s e  

f lows  o f  s t r e a m s  may a l t e r  t h e i r  s to rmwate r -ca r ry ing  capdc i t y .  No s e r i o u s  

w e l f a r e  e f f e c t s  appear  l i k e l y  from t h e  c o a l ,  n u c l e a r ,  o r  SPS t e c h n o l o g i e s  i f  

p r o p e r  w a t e r  p l a n n i n g  and ' management a r e  e x e r c i s e d  . Coal and uranium min ing ,  . ... 

uranium e n r i c h m e n t ,  and c o a l - f i r e d .  -and nwc.l-ear power g e n e r a t i o n  a r e ,  however, 

o f  modera te  c o n c e r n .  

Coa l  and Nuclcnr 

S u r f a c e  and underground mi.ning f o r  c o a i  and uranium r e q u i r e s  t h a t  

l a r g e  amounts o f  w a t e r  b e  .d i scharged  from t h e  mines ,  r e s u l t i n g  i n  a  temporary 

l o w e r i n g  of t h e  g touadwacer  c a b l e .  One e s t i m a l e  ir tdicaLes LliiiL 466 A 10' L 

o f  w a t e r  a r e  pumped f r o m  a  u r a n i u m  s u r f a c e  m i n e ,  a f f e c t i n g  w a t e r  u s e r s  

i n  t h e  v i c i n i t y  o f  t h e  w e l l s . 1 2  Because most o f  t h i s  w a t e r  r e c y c l e s  through 

n a t u r a l  seepage  and e v a p o r a t i o n ,  e v e n t u a l l y  r e t u r n i n g  t o  t h e  groundwater  a f t e r  

pumping c e a s e s ,  t h i s  i s  no t  a  s i g n i f i c a n t  w e l f a r e  c o n c e r n .  

Water d i v e r s i o n  s t r u c t u r e s  c o n s t r u c t e d  n e a r  mines  f o r  r u n o f f  and e ro -  

s i o n  c o n t r 6 1  may i n t e r c e p t  o v e r l a n d  f low and speed i t s  d e l i v e r y  t o  s u r f a c e  

w a t e r  c o u r s e s  o r  d i v e r t  w a t e r  t o  a  d i f f e r e n t  a q u i f e r .  S e d i m e n t - c o n t r o l  

s e t t l i n g  ponds w i l l  s low t h e  w a t e r ' s  r e t u r n  t o  groundwater .  Because t h e s e  

e f f e c t s  c a n  a l t e r  t h e  c h a r a c t e r  of  a  s t r e a m ,  r e d u c e  i t s  s to rmwate r -ca r ry ing  

capac  i t y  , o r  e x a c e r b a t e  low-flow/drought c o n d i t i o n s ,  t h e y  can  c a u s e  more 

s e r i o u s  w e l f a r e  d i s t u r b a n c e s  than  mine pumping. T h i s  i s  a  moderate  w e l f a r e  

c o n c e r n  f o r  c o a l  min ing ,  but  i s  s l i g h t l y  l e s s  impor tan t  f o r  t h e  n u c l e a r  f u e l  

c y c l e  due t o  s m a l l e r  mining r e q u i r e m e n t s .  

The consumptive  w a t e r  use  o f  c o a l - f i r e d  and n u c l e a r  power p l a n t s  may be 

s i z a b l e ,  depending on t h e  technology.  employed f o r  c u ~ ~ d e ~ ~ s e r  c u o l  ing . Using an 

e v a p o r a t i n g  (we t )  c o o l i n g  tower ,  a  32X e i t i c i e n t  i i g h t  w a t e t  t e a c r o r  (i000 M W e )  

would a n n u a l l y  "consume" 23.4, x  lo9 L o f  w a t e r .  A comparably s i z e d  c o a l  p l a n t  

w o u l d  "consume" 1 4 . 4  x  l o 9  L e a c h  y e a r . 4  A l t h o u g h  e v a p o r a t i v e  u s e s  o f  

w a t e r  do  not a c t u a l l y  consume w a t e r ,  a c c e s s  t o  t h e  w a t e r  is' l o s t  t o  l o c a l  

downstream u s e r s .  A r e c e n t  s t u d y  o f  t h e  Ohio River  Basin  i n d i c a t e d  t h a t  under 

a  "high energy  development" s c e n a r i o ,  w i t h  a l l  power p l a n t s  employing wet 

c o o l i n g  towers  ( i n c l u d i n g  r e t r o f i t t e d  wet towers  on e x i s t i n g  p l a n t s ) ,  t h e r e  

would b e  a  s e r i o u s  impact on s e v e r a l  t r i b u t a r i e s  and a  modera te ly  h i g h  impact 



on t h e  Ohio River  i t s e l f  when compared a g a i n s t  t h e  7-day/lO-year low-flow 

c o n d i t i o n .  l3 Water-use c o n s i d e r a t i o n s  and competing demands would a l s o  be 
1 

o f  s i g n i f i c a n t  c o n c e r n ,  p a r t i c u l a r l y  i n  t h e  w e s t e r n  ' u n i t e d  S t a t e s .  However, 

d r y  c o o l i n g  towers ,  which consume o n l y  a  s m a l l  amount o f  w a t e r '  a s  make-up 
-- . .. . .  . 

w a t e r  f o r  c i r c u l a t i o n ,  c a n . b e  used i n  a r e a s  where w a t e r  , i s  s c a r c e .  Because 

wa te r  a v a i l a b i l i t y  i s  a  v e r y  impor tan t  c r i t e r i o n  i n  power p l a n t  s i t i n g  and 

because  o f  t h e  a v a i l a b i l i t y  o f  d r y  c o o l i n g ,  w e l f a r e  e f f e c t s  r e l a c e d  t o  wa te r  

use  - a r e  r a t e d  a s  moderate .  

I n  t h e  n y c l e a r  f u e l  c y c l e ,  w a t e r  i s  a l s o  used d u r i n g  f u e l  p roces - s ing .  

The l a r g e s t  consumpt ive  w a t e r  u s e s : . o c c u r  durin 'g.  m i l l i n g  and uranium e n r i c h -  

ment: 100 x lo6 L/yr  and 320 x lo6 L/yr  , r e s p e ~ t i v ~ e l y ,  -when normal ized t o  a  

1000-MWe l i g h t  w a t e r  r e a ~ t o r . ~  T h i s  i s  c o n s i d e r e d  l i k e l y  t o  have a  moderate  

w e l f a r e  e f f e c t .  , I t  is  i n t e r e s t i n g  t o  n o t e  t h a t  c o o l i n g  w a t e r  r e q u i r e m e n t s  a t  

t h e  power p l a n t  s u p p l y i n g  t h e  e l e c t r i c a l  e n e r g y  t o  t h e  e n r  ic 'hment p l a n t  

' (  second-order  impac t s )  a r e  s i z a b l e  and c l e a r l y  exceed t h e  p r o c e s s  r e q u i r e m e n t s  

when once-through c o o l i n g  i s  used a t  t h e  power s t a t i o n .  (To s u p p o r t  t h e  f u e l  

r e q u i r e m e n t s  o f  o n e  1000-MWe l i g h t  w a t e r  r e a c t o r ,  4 1 . 6  x l o 9  L  would  b e  

w i t h d r a w n  a n n u a l l y .  ) 1 2  However ,.. a1:most a l l  t h i s  w a t e r  i s  r e t u r n e d  t o  

s u r f a c e  w a t e r  s u p p l i e s .  It i s  a n t i c i p a t e d  t h a t  new f a c i l i t i e s  would employ 

c o o l i n g  towers .  

Other  a c t  F v i t i e s  i n  t h e  c o a l  and n u c l e a r  f u e l  c y c l e s  have low consump- 

t i v e  waoter u s e ,  a l t h o u g h  c o a l  p r o c e s s i n g  and r e c l a m a t i o n  wa te r  w i t h d r a w a l s  

cou ld  b e  subs  t a n t  i a l  . 

SPS - 
The impacts  o f  w a t e r  use  by SPS a c t i v i t i e s  would b e  s i m i l a r  t o  t h o s e  

from any l a r g e - s c a l e  i n d u s t r i a l  o p e r a t  i o n .  A q u i f e r s  and b o d i e s  .of w a t e r  

would,  on o c c a s i o n ,  be  d i s r u p t e d  d u r i n g  mining and c o n s t r u c t i o n  a c t i v i t y ,  and 

manufac t u r  ing  wa te r  r e q u i r e m e n t s  would . c r e a t e  a  demand f o r  w a t e r  t h a t  would 

compete w i t h  o t h e r  u s e s .  The impact o f  t h e s e  c o n d i t i o n s  i s  e n t i r e l y  dependent  

on t h e  s i t e s  chosen  f o r  min ing ,  m a n u f a c t u r i n g ,  and c o n s t r u c t  i o n  and cannot  be  

g e n e r i c a l l y  a s s e s s e d .  

Coo l ing  o f  t h e  r o c k e t  l aunch  tower would r e q u i r e  a  h i g h  water-volume- 

f low r a t e  (704  m3/min) f o r  a  p e r i o d  o f  about  t h r e e  m i n u t e s  p e r  l aunch .  I f  

t h i s  w a t e r  were t o  b e  withdrawn. from l o c a l  a q u i f e r s ,  i t  c o u l d  c r e a t e  a  s h o r t -  
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term water  p r e s su re  problem f o r  surrounding communities. The use of  ded ica ted  

water  w e l l s  o r  o n - s i t e  water s t o r age  f a c i l i t i e s  should a l l e v i a t e  any p re s su re  

f l u c t u a t i o n  problems. 

Water requi rements  f o r  rec tenna  o p e r a t i o n  a r e  not  known. 

4.6 SOLID WASTE 

The g e n e r a t i o n  o f  s o l i d  waste l eads  t o  we l f a r e  e f f e c t s  when the  quant i -  

' t y  o f  waste  c r e a t e s  a d d i t i o n a l  demand and h igher  c o s t s  f o r  a v a i l a b l e  waste 

d i s p o s a l  s i t e s  o r  when t h e  n a t u r e  o f  t h e  waste reduces t h e  p o t e n t i a l  u se s ,  

p r o d u c t i v i t y ,  and value  o f  the  land i n t o  which i t  is placed.  These e f f e c t s  

a r e  more a p p r o p r i a t e l y  t r e a t e d  a s  land-use i s sues .  A s  shown i n  Table  3 ,  t h e  

w e l f a r e  e f f e c t s  of t he  s o l i d ' w a s t e  genera ted  by t h e  s e l e c t e d  technologies  a r e  

eva lua t ed  on t h e  b a s i s  o f  t h e  amount of  waste leav ing  each f a c i l i t y  and the  

commercial use of  t h e  waste .  Recogni t ion i s  g iven  t o  those  a c t i v i t i e s  t h a t  

produce hazardous o r  t ox i c  was te ,  a l though t h e i r  impacts a r e  considered in  

Sec t  ion 4 .7 ,  which add re s se s  land-use d i s t u r b a n c e .  Nearly a l l  the  f u e l  c y c l e  

a c t i v i t i e s  eva lua ted  have low we l f a r e  e f f e c t s ;  SPS m a t e r i a l s  manufacture and 

rocke t  launches could  be o f  moderate we1 f a r e  concern.  

Coal 

Coal mining a c t i v i t i e s  gene ra t e  extremely l a r g e  q u a n t i t i e s  of s o l i d  

waste  i n  t he  form of overburden and r e f u s e .  The amount v a r i e s  by t h e  method 

of  e x t r a c t i o n .  It i s  es t imated  t h a t  i n  the process  of  conver t ing  coa l  i n t o  

e l e c t r i c  energy,  1 .6  t  and 0 .8  t  of  s o l i d  waste a r e  produced, r e s p e c t i v e l y ,  

f o r  each ton o f  surface-mined and underground-mined coa l  burned. l3 

I n  a r e a  s t r i p  m i n i n g ,  s o l i d  w a s t e s  a r e  produced  o n l y  d u r i n g  t h e  

i n i t i a l  cut made t o  open the  mine. Th i s  waste amounts t o  450,UUU-900,000 t 

o f  o v e r b u r d e n . 4  The r o c k  and e a r t h  o v e r b u r d e n  c o n s t i t u t e s  a  w a s t e  

m a t e r i a l  on ly  temporar i ly ,  s i n c e  i t  is r e tu rned  t o  t h e  mine a s  b a c k f i l l .  The 

water  t rea tment  f a c i l i t y  a t  an a r e a  mine wi th  environmental c o n t r o l s  w i l l  

g e n e r a t e  s ludge :  a  mine producing 10,000 t  of  c o a l  d a i l y  would produce 100 t  

of s o l i d  waste per day. Although t h i s  amount i s  about equ iva l en t  t o  the  d a i l y  

munic ipa l  r e f u s e  from a town o f  4 0 , 0 0 0 , ~  t h e  amount o f  waste leav ing  the  

mine s i t e  i s  smal l .  



Table  3 .  , Welfare  E f f e c t s  o f  S o l i d  Wastea 

 he h a z a r d o u s  n a t u r e  of  w a s t e s  is c o n s i d e r e d  a  l a n d  u s e  impac.t ( s e e  S e c t i o n  4:7) and docas 11ot 
i n f l u e n c e  t h e  o v e r a l l  r a n k i n g .  

P r imary  Impac t  
( q u a n t i t y  o f  w a s t e  
l e a v i i ? e  f a c i l i t y )  

O t h e r  F a c t o r s  I n f l u e n c i n g  
1del.fare E f f e c t s  

Commercial Use o f  Waste 
Hazard P o t e n t i a l c  
Q u a l i t y  o f  Dntn 

O v e r a l l  Ranking o f  
We1 € a r c  E f f e c t  

d ~ h e  q u a n t i t y  o f  w a s t e  c o u l d  be  h i g h  i f  a l l  c e l l s  were m a n u f a c t u r e d  a t  a  s i n g l e  f a c i l i t y .  

I n  underground mines ,  o n l y  a  smal l  amount o f  s o l i d  w a s t e  i s  produced i n  

s i n k i n g  t h e  m i n e  s h a f t .  The s l u d g e  p r o d u c e d  w h e n ' m i n e  w a t e r  i s  t r e a t e d  

' ~ e ~ e n d :  H = liigli M = m o d e r a t e  L = low V = v a r i a b l e  ' U = unknown - = no i m p a c t  
o r  n o t  
a p p l  i c n b l e  

' bMost w a s t e s  from n u c l e a r  a c t i v i t i e s  a r e  " s p e c i a l i z e d "  and  would n n t  , i m p a c t  w a s t e  d i s p o s a l  s i t e s  
i n  a  c o n v e n t i o n a l  way. 

COAI. 

M 

.d C  
C  0 .rl 

2 ;  ,-I 
.d nf c 
c w C  0 

' G  
O ' d  01 V) 

( U b V )  U M V )  U .d E  

0 1  b  ln 
u - m u  01 c 
b W 0  
3 C L  2 2 
m 3 a  a c 

L L I .  V  L 

- - -  !- - 
L L  L  M-H M 
H H H  H H 

L L 1 . L - V L  

amounts t o  50,800 t / y r  f o r  a  t y p i c a l  mine i n  n o r t h e r n  Appa lach ia ,  19;200 t / y r  

i n  c e n t r a l  Appa lach ia ,  and 407 t / y r '  i n  t h e  c e n t r a l  Uni ted  ~ t a t e s ; ~  t h i s  i s  

n o t  a  s i g n i f i c a n t  ' w e l f a r e  concern .  

C o a l  p r o c e s s i n g  g e n e r a t e s  v a r y i n g  a m o u n t s  o f  w a s t e ,  d e p e n d i n g  o n  

t h e  t y p e  o f  c o a l  and t h e  d e g r e e  o f  t r e a t m e n t .  Much o f  t h i s  was te  c o n s i s t s  o f  

unwanted noncombust i b l e  m a t e r i a l s  and p y r i t i c  m i n e r a l s  ( t h e  removable s u l f u r  

c o n t e n t ) .  The amount o f  r e f u s e  i n  r a w  c o a l  v a r ' i e s  f r o m  22% t o  36% and 
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a v e r a g e s  about  27%.11 . P r o d u c t i o n  r a t e s  a t  p r o c e s s i n g  p l a n t s  a r e  v a r i a b l e ,  

and a p p r o x i m a t e l y  635,000 t / y r  o f  c o a l  r e f u s e  would b e  g e n e r a t e d  from ~ l l ' i n o i s  

SPS 

01 L  

C J  
0 'U 
' d  u 
U c 
CI ud 
m  J  
L C S  
u m u c  

' X  I G O  
W 3 ' d  

CL q V )  
u re .+ O l -  d l n  

C . d  U E  
' 2  L a m  

0 a x c  
V) U C I O  

2 2 2 ;  

1, M-!jd M I. 

1. El L .  - 
1, M-H L  M 
M 1. I , H  

I. M M L  

o r  Pennsy lvan ia  c o a l  f o r  a  - t y p i c a l  - 1-000-MWe-lp-lank , - r.eaehi.n-g--a- max-imum--c-umu-la-.. 

t i v e  v a l u e  o f  19 .1  x 1.0.6 t o v e r  a  30-yr p l a n t  l i f e . l l  T h i s  amount can  be  

d i s p o s e d  of  a t  t h e  p r o c e s s i n g  s i t e ,  i n  an  a r e a  o f  about  2  km2; w e l f a r e  e f f e c t s  

a r e  low. 



The quant i t y  o f  waste produced dur ing  power gene ra t  ion v a r i e s  according 

t o  c o a l  q u a l i t y  and t h e  e f f i c i e n c y  o f  t h e  p a r t i c u l a t e  and s u l f u r  d iox ide  

c o n t r o l  d e v i c e s  u t  i 1 i z e . d .  F l y  a s h ,  b o t t o m  a s h ,  'and s c r u b b e r  s l u d g e  a r e  

genera ted  i n  t h e  amounts l i s t e d  i n  Appendix A ,  wi th  t he  t o t a l  wastes  c o l l e c t e d  

annua l ly  ranging  from 104,000 t f o r  a  p l a n t  us ing  low s u l f u r  coa l  without 

s u l f u r  sc rubbing  t o  525,000 t f o r  a  p l a n t  us ing  a  f l u e  gas  sc rubber .  New 

s o u r c e  p e r f o r m a n c e  s t a n d a r d s  f o r  e l e c t r i c  power p l a n t s  r e q u i r e  f l u e  g a s  

sc rubbing  o r  equ iva l en t  c o n t r o l s .  Th i s  waste  i s  g e n e r a l l y  l a n d f i l l e d  on the  

p l a n t  premises ,  but when t h i s  i s  no t  p o s s i b l e ,  i t  may be  trucked o f f  t h e  s i t e .  

Trace meta ls  i n  t h e  combustion ash  may p e r c o l a t e  beneath t h e  l a n d f i l l ,  poten- 

t i a l l y  contaminat ing the  s o i l  and groundwater and impair ing f u t u r e  product i -  

v i t y  (cons idered  a s  a  land-use i s s u e  i n  Sec t ion  4 . 7 ) .  Resource Conservation 

and Reclamation Act r e g u l a t i o n s  may r e q u i r e  more ex t ens ive  l a n d f i l l  prepara- 

t i o n  and moni tor ing  f o r  coa l  combustion was tes ,  i f  they  a r e  c l a s s i f i e d  a s  

hazardous o r  s p e c i a l  was tes .  On occas ion ,  ash waste  i s  used commercially a s  

an a d d i t i v e  t o  cement o r  a s  r o a d f i l l .  The we l f a r e  e f f e c t s  o f  s o l i d  wastes  

from c o a l - f i r e d  power gene ra t i on  a r e  r a t e d  a s  low. 

Nuclear 

Wastes a r e  genera ted  dur ing  a l l  a c t i v i t i e s  i n  t he  nuc lear  f u e l  cyc l e .  

Most o f  t he se  a c t i v i t i e s  gene ra t e  r a d i o a c t i v e  waste t h a t  must e i t h e r  be  s en t  

o f f - s i t e  ' f o r  commercial b u r i a l  o r  bu r i ed  on - s i t e .  A s  such ,  t h e s e  a r e  not  

convent iona l  s o l i d  wast.es, and, a s  prev ious ly  no t ed ,  a r e  t r e a t e d  a s  a  land- 

use i s s u e .  The types  of  waste genera ted  a r e  noted h e r e .  

Mining and m i l l i n g  o p e r a t i o n s  gene ra t e  t h e  l a r g e s t  amounts o f  s o l i d  

was te .  Annual mining wastes  t o t a l  2;7 x  106 t of  overburden and bar ren  rock 

per  1000-MWe r e a c t o r ( l 4  x lo6  t / y r  per f a c i l i t y ) ;  t h i s  m a t e r i a l  i s  r e tu rned  t o  

t h e  mine a s  b a c k f i l l . 1 2  The 482,000 t of  m i l l  t a i l i n g s  a r e  composed c h i e f l y  

o f  sands tone  and c l a y s  and a r e  impounded i n  an. on - s i t e  t a i l i n g s  r e t e n t i o n  

Product ion o f  uranium hexa f luo r ide  gene ra t e s  40  t of process  e f f l u e n t s  

i n  meet ing t h e  annual f u e l  requirements  of  a  .. 1000-MWe . l i g h t  water r e a c t o r .  l2 . 

~ h e s e  e f f l u e n t s  c o n s i s t  o f  i r o n ,  ca lc ium,  magnesium, copper ,  and n o n v o l a t i l e  

f l u o r i d e s .  The r e s i d u e  con ta in s  t r a c e  q u a n t i t i e s  of  r ad ionuc l ides  and is 

shipped t o  a  commercial b u r i a l  s i t e .  



E f f l u e n t s  from uranium enr ichment  (gaseous  d i f f u s i o n  p r o c e s s )  a r e  

c o l l e c t e d  i n  h o l d i n g  ponds. Waste i n c l u d e s  s o i l  r u n o f f ,  s e t t l e a b l e  s o l i d s ,  

and p r e c i p i t a t e d  m e t a i s .  Less  than  1 t o f  t h i s  w a s t e  i s  a t t r i b u t a b l e  t o  

p l a n t  o p e r a t i o n s  and i s  r e t a i n e d  o n - s i t e .  

The w a s t e  p r o d u c e d  d u r i n g  f u e l  f a b r i c a t i o n  i s  a  c a l c i u m  f l u o r i d e  

p r e c  i p i t a t e - - - f r o m  - t h e -  - l i q u i d  w a s t e  - . s t r e a m .  About  6 8 0  t- a r e  p r o d u c e d  

a n n u a l l y  from t h e  F a c i l i t y  and r e t a i n e d  o n - s i t e . 1 2  

Nuclear  power g e n e r a t i o n  produces  s e v e r a l  d i f f e r e n t  t y p e s  o f  w a s t e ,  

i n c l u d i n g  numerous  l i q u i d  and s o l i d  r a d w a s t e s  t h a t  a r e  a c t i v a t e d  d u r i n g  

power g e n e r a t i o n  th rough  f i s s i o n  product  l e a k a g e  a s  w e l l  a s  a c t i v a t e d  chemical  

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

Reac to r  p u r i f i c a . t i o n  ' subs tances  and s p e n t  r e a c t o r  p a r t s  are shipped o f f - s i t e .  

S p e n t ,  r e a c t o r  f u e l  is  assumed t o  be. sh ipped  tp  a  r e p r o c e s s i n g  c e n t e r .  The 

a n n u a l  . q u a n t i t i e s  and t y p e s  o f  r e s i d u a l  w a s t e  a r e  l i s t e d  i n  A p p e n d i x  B .  

Fuel  r e p r o c e s s  irlg and was te  management g e n e r a t e  1 imi ted  amounts o f  

h i g h - l e v e l  and low-level  r a d i o a c t i v e  w a s t e s  t h a t  a r e  e i t h e r  b u r i e d  o n - s i t e .  o r  

s e n t  t o  a commercial  o r  f e d e r a l  d i s p o s a l  a r e a .  Reprocess ing  w a s t e s  c o n s i s t  o f  

u n d i s s o l v e d  ' f u e l  h u l l s ,  o t h e r  f u e l  element p a r t s ,  d i s c a r d e d  equipment ,  and 

l a b o r a t o r y  w a s t e s .  

SPS - 

The p r i n c i p a l  s o l  id  was te  problems a s s o c i a t e d  W ~ . ~ ; I  t h e  SPS s tem from 

~ u c k e L  l a u l ~ c l ~  a c i i v i i i e s  and res iduals  from ehe pi. iveovoitaic c e l l  manutactur-  

i n g  p r o c e s s .  A s  shown i n  Appendix C ,  t h e  p r o d u c t i o n  o f  g a l l i u m  aluminum 

a r s e n i d e  c e l l s  f o r  a  5-GW, s a t e l l i t e  would g e n e r a t e  2 3 . 2  x l o 6  t o f  s o l i d  

w a s t e ,  which c o u l d  p r e s e n t  a  d i s p o s a l  problem i f  a l l  s o l a r  c e l l s  were manu- 

fact-tired a t  a  s i n g l e  f a c i l i t y .  Most o f  t h e  was te  would b e  aluminum o x i d e ,  

which h a s  some o t h e r  commercial v a l u e  and might not  p r e s e n t  a  d i sposa l .  pro- 

b lelri. 

R o c k e t  l a u n c h  a c t i v i t i e s  wou1.d g e n e r a t e  w a s t e  f rom c o n s t r u c t i o n ,  

o p e r a t  i o n ,  and f a c i l i t y  sewage'  s o u r c e s .  S p e c i f i c  q u a n t i t i e s  a r e  u n a v a i l a b l e  

and c o u l d  p o t e n t i a l l y  have moderate  w e l f a r e  e f f e c t s .  

S o l i d  w a s t e  would  a l s o  r e s u l t  f rom m i n i n g  and t h e  m a n u f a c t . u r e  o f  

c o n v e n t i o n a l  m a t e r i a l s  r e q u i r e d  f o r  SPS deployment ,  e . g . ,  s t e e l  and c o n c r e t e .  

However, t h e s e  w a s t e s  a r e  not  expec ted  t o  pose . s i g n i f i c a n t  w e l f a r e  problems. 



A l l  T e c h n o l o g i e s  

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

c y c l e s  c o n s i d e r e d .  These  w a s t e s ,  which a r e  o f  low w e l f a r e  c o n c e r n ,  i n c l u d e  

t h e  r u b b l e  g e n e r a t e d  d u r i n g  c o n s t r u c t i o n  and  s p e c i a l i z e d  w a s t e s  s u c h  a s  

t r a n s f o r m e r  f l u i d s ,  which c o n t a i n  p o l y c h l o r i n a t e d  b i p h e n y l s  (PCBS). The 

l a t t e r  i s  c o n s i d e r e d  o f  low concern  because-  o t h e r ,  - l e s s  tox-i-c compounds - 

may b e  s u b s t i t u t e d  f o r  t h e  PCBs. 

4 .7  LAND-USE DISTURBANCE 

S e v e r a l  d i s t i n c t  t y p e s  o f  w e l f a r e  e f f e c t s  may occur  from land-use 

and l a n d  d i s t u r b a n c e .  These  e f f e c t s  may s tem from: 

A l t e r a t i o n  o f  l a n d  s u r f a c e s  and  s o i l  c h a r a c t e r i s t i c s ,  
which may change e x i s t i n g  o r  f u t u r e  l a n d  u s e s .  

B u r i a l  o f  haza rdous  w a s t e ,  which ' c o u l d  l i m i t  f u r t h e r  use  
o f  t h e  l a n d .  

F r a g m e n t a t i o n  o f  a  r e g i o n  due t o  ' e x c e s s i v e  l a n d  r e q u i r e -  
men ts ,  which would n e c e s s i t a t e  r e l o c a t i o n  o f  peop le  o r  
r o a d s  and impose o t h e r  inconven iences .  ' 

The use  o f  l a n d  f o r  e n e r g y - r e l a t e d  a c t i v i t i e s  i s  i n  some ways b o t h  a  r e s o u r c e  

i s s u e  and a  w e l f a r e  i s s u e .  For  example,  t h e  permanent wi thdrawal  o f  land 

luwever , the f o r  b u r i a l  of  n u c l e a r  w a s t e s  is c o n s i d e r e d  a r e s u u r c e  i s s u e ;  I . - -  . 

i n a b i l i t y  t o  r e t u r n  t h i s  land t o  f u r t h e r  p r o d u c t i v e  ( such  a s  f a rming)  use  o r  

t o  p u b l i c  use  ( such  a s  t r a i l s ,  p r i v a t e  r o a d s ,  o r  r ight -of-ways)  i s  a l s o  a  

w e l f a r e  i n f r i n g e m e n t .  Land r e q u i r e m e n t s  f o r  v a r i o u s  energy sys tems  a r e  b e i n g  

compared a s  p a r t  o f  t h e  SPS Concept Development and Evaluation Program. Other  

w e l f a r e  c o n s i d e r a t i o n s  regarding land u t i l i z a t i o l i  -- such as alrered c c u i ~ u ~ r ~ i c  

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

assessed on a  s i t e - s p e c i f i c  b a s i s  and i n v o l v e  b o t h  b e n e f i c i a l  and d e t r i m e n t a l  

e f f e c t s .  

T h i s  a n a l y s i s  o f  land-use d i s t u r b a n c e  f o c u s e s  on t h e  n a t u r e  and e x t e n t  

o f  d i s t u r b a n c e s  t h a t  a r e  r e l a t e d  t o  l a n d  use  but  somewhat d i s t i n c t  from t h e  

i s s u e  o f  l a n d  o c c u p a t i o n .  S e v e r a l  pa ramete r s  a r e  c o n s i d e r e d  i n  t h e  q u a l i t a -  

t i v e  d e t e r m i n a t i o n  o f  t h e  s e v e r i t y  o f  w e l f a r e  e f f e c t s .  These c o n s i d e r a t  i o n s ,  

n o t e d  i n  'l 'able 4 ,  i n c l u d e :  q u a n t i t y  of l and  u s e d ,  q u a n t i t y  o f  l and  d i s t u r b e d ,  

e f f e c t  upon l a n d  beyond t h e  s i t e  boundary,  r e s t r i c t  ions  on f u t u r e  p r o d u c t i v e  

u s e '  o f  t h e  l a n d ,  a n d  p o t e n t i a l  f o r  m u l t i p l e  u s e s  o f  t h e  l a n d .  The mos t  



T a b l e  4 .  Wel fa re  E f f e c t s  o'f Land-Use D i s t u r b a n c e a  

a ~ e g e n d :  H= h i g h  )I = m o d e r a t e  L = low U = unknolm - = no i m p a c t  
F u e l - c y c l e  a c t i v i t i e s  w i t h  no i m p a c t s  a r e  n o t  l i s t e d .  

b ~ a n k i n g  u n c e r t a i n  - w i l l  depend upon number and s i z e  o f  p r o d u c t i o n  f a c i l i t i e s .  

' , l i ter c e s s a t i o n  o f  a c t i v i t y .  

d ~ l e c t r o m g n e t i c  i n t f r f f r c n c e  -- s e e  S e c t i o n  4 . 8 .  

' c a p a b i l i t y  o f  u s i n g  l a n d  a f t e r  power p l a n t  is Jecommiss ioned  is unknown. 

P r i m a r y  Impac t  
( q u a n t i t y  o f  l a n d  u s e d )  

O t h e r  F a c t o r s  I n f l u e n c i n g  
W e l f a r e  E f f e c t s  

Q u a n t i t y  o f  Land 
D i s t u r b e d  

R e s t r i c t i o n s  on  F u t u r e  
P r o d u c t i v e  UseC ' 

Contamina t  i o n  o f  Land 
Beyond S i t e  Boundary 

M u l t i p l e  Uses  o f  Land 

O v e r a l l  Rank ing  o f  
W e l f a r e  E f f e c t  

s i g n i f i c a n t  w e l f a r e  e f f e c t s  o f  land-use d i s t u r b a n c e  -- r e s t r i c t i o n s  on f u t u r e  

p r o d u c t i v e  l and  use  . o r  on pub' l ic .  a c c e s s  t o  l a n d  -- a r e  a  r e s u l t .  o f  mitiing f o r  

c o a l ,  uranium,  and SPS m a , t e r i a l s  and' o f  d i s p o s a l  o f  n u c l e a r  was te  , p a r t  i c u l a r -  

l y  f r . o m  m i l  l i n g  and power g e t l e r a t i o n .  The p o t e n t i a l  f o r  l and- f ragmenta t ion  

e f f e c t s  i s  o f  c o n c e r n  f o r  SPS l a u n c h ,  r e c o v e r y ,  and r e c t e n n a  s i t e s .  

Coal  

Land d e t e r i o r a t i o n  may b e  caused by v a r i o u s  a c t i v i t i e s  d u r i n g  t h e  c o a l  

f u e l  c y c l e .  M a j o r  . d i s t u r b a n c e s  t h a t  d o  n o t  r e l a t e  p r i n c i p a l l y  t o  l a n d  

o c c u p a t i o n  occur  from str  i p  min ing ,  s u b s i d e n c e  o f  land c o v e r i n g  underground 

mines ,  and c o n t a m i n a t i o n  o f  l and  s u r f a c e s  ( p a r t i c u l a r l y  from c o a l  r e f u s e  

p i l e s ) .  

SPS 
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l i f e t i m e  t h i s  l e v e l  o f  min ing  would d i s t u r b  about  4 .9  km2 of  Wyoming c o a l  

l a n d  o r  a s  much a s  32.4 km2 o f  Appalachian l a n d . l l  S t r i p p i n g  o f  t h e  land 

o v e r l y i n g  c o a l  seams removes v e g e t a t i o n  and ground cover  and a l t e r s  s o i l  

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

s u r f a c e  w a t e r  r u n o f f .  The p r o d u c t i v i t y  o f  post-mining v e g e t a t i o n  w i l l  o f t e n  

b e  l e s s  than  t h a t  o f  t h e  o r i g i n a l  v e g e t a t i o n . l l  Other  o r i g i n a l  land u s e s ,  

s u c h  a s  r e c r e a t i o n ,  ground c o v e r ,  o c c a s i o n a l  f o r e s t r y ,  and g r a z i n g ,  may b e  

p o s s i b l e  a f t e r  r e c l a m a t i o n .  Recent r e c l a m a t i o n  r e q u i r e m e n t s  l i m i t  t h e  a c r e a g e  

b e i n g  d i s t u r b e d  and encourage t h e  resumpt ion  o f  p r o d u c t i v e  use a s  q u i c k l y  a s  

puss ib1 .e  d r t e r  mining .  Rc tu rn  o f  cool-mined l and  t o  f u l l  y-prndi~c t ~ V P  agr i- 

c u l t u r a l  use  i s  e s t i m a t e d  t o  r e q u i r e  10-30 y r  i n  1 l l i n o i s . 1 1  S u r f a c e  mining 

t h e r e f o r e  has  a  potefle la1 l y  high we1 fa re  ef Iec t . 
The major  env i ronmenta l  w e l f a r e  impact o f  underground mining f o r  c o a l  

r e s u l t s  f rom s u b s i d e n c e  ( s e t t l i n g )  o f  t h e  o v e r l y i n g  r o c k  s t r a t a  t o  f i l l  

t h e  c a v i t y  r e m a i n i n g  a f t e r  e x t r a c t i o n .  The d i r e c t  w e l f a r e  e f f e c t s  i n c l u d e  

r e d u c e d  land v a l u e s ,  damaged o v e r l y i n g  s t r u c t u r e s ,  i n j u r e d  l i v e s t o c k ,  and 

damaged c r o p s .  Underground p i p e s  may b e  r u p t u r e d  i n  urban a r e a s  and d r a i n a g e  

p a t t e r n s  may b e  a l t e r e d  i n  r u r a l  a r e a s .  Because much s m a l l e r  q u a n t i t i e s  o f  

l a n d  a r e  invo lved  t h a n  f o r  s u r f a c e  m i n i n g ,  s u b s i d e n c e  is o f  o n l y  moderate  

w e l f a r e  concern .  

C o a l  p r o c e s s i n g  may , u s e  1 . 9  km2 o v e r  a  30-yr  f a c i l i t y  l i f e t i m e .  

Con tamina t ion  o f  l and  s u r f a c e s  from c o a l  r e f u s e  p i l e s  c a n  s l i g h t l y  r e d u c e  t h e  

l a n d  v a l u e s  i n  t h e  a r e a  s u r r o u n d i n g  a  f a c i l i t y . 8  

Power g e n e r a t i o n  u s u a l l y  r e q u i r e s  a  p l a n t  s i t e '  o f  2-4 km2 and 

a d d i t i o n a l  l and  f o r  a s h  and sc rubber -was te  d i s p o s a l .  T r a c e  m e t a l s  i n  t h e  

combust ion a s h  may p e r c o l a t e  benea th  t h e  l a n d f i l l ,  p o t e n t i a l l y  c o n t a m i n a t i n g  

the  s o i l  and groundwater  and lower ing  subsequen t  p r o d u c t i v i t y .  T h i s  i s s u e  is  

c u r r e n t l y  o f  c o n c e r n  t o  r e g u l a t o r y  a g e n c i e s .  R e g u l a t i o n s  may b e  proposed 

under  t h e  Resource C o n s e r v a t i o n  and Recovery Act t h a t  d e s i g n a t e  t h i s  was te  a s  

haza rdous  and r e q u i r e  more e x t e n s i v e  l a n d f i l l  r e s t r i c t i o n s .  C u r r e n t l y ,  t h e r e  

a r e  no laws r e q u i r i n g  t h e  r e t u r n  o f  a s h l s l u d g e  l a n d f i l l s  t o  p r o d u c t i v e  u s e ,  

. a 1  though .  proc.edures a r e  avai - lable  f o r  s'uch r e c l a m a t  ion .  I f  w a s t e s  a r e  pro- , 

p e r l y  d i s p o s e d  o f  and land rec la in ied ,  t h i s  a c t i v i t y  i s  p r o j e c t e d  t o  have 

modera te  l and-use - re la ted  we1 f a r e  e f f e c t s  . 



Coal t r a n s p o r t a t  i o n  uses  a  s i g n i f i c a n t  quhnt i t y  o f  l a n d .  Right-of-  

way r e q u i r e m e n t s  a r e  approx imate ly  15.2  m.  It i s  e s t i m a t e d  t h a t  t h e  q u a n t i t y  

o f  l a n d  r e q u i r e d ,  when p r o r a t e d  t o  exc lude  non-coal tonnage,  i s  0.15 km2 f o r  

each 500 km o f  h a u l i n g  d i s t a n c e .  J o i n t  u s e  o f  t h e  r ight-of-ways i s  p o s s i b l e .  
, . 

Nuclea r  

I n  compar ison w i t h  t h e  c o a l  f u e l  c y c l e ,  t h e  mining land-use r e q u i r e -  

m e n t s  f o r  a  n u c l e a r  p l a n t  a r e  m o d e r a t e ;  0 . 2 2  km21yr  a r e  d i s t u r b e d  t o  , 

s u p p o r t  a  1000-MWe n u c l e a r  f a c i l i t y .  The t y p i c a l  n u c l e a r  mine s u p p l i e s  5 . 3  

l i g h t  w a t e r  r e a c t o r s ,  d i s t u r b i n g  approx imate ly  1 .2  km2 a n n u a l l y .  A t y p i c a l  

s u r f a c e  mining o p e r a t i o n  is  l i k e l y  t o  encompass 12 .1  km2, a l t h o u g h  o n l y  one- 

t h i r d  o f  t h i s  w i l l  b e  d i s t u r b e d .  The a l t e r n a t i v e  .use o f  t h i s  l a n d  is  l i k e l y  

t o  b e  grazing.12 Some l a n d  (0 .05  km2/mine/yr)  i s  permanent ly  committed . t o  

uranium mining was te  d i s p o a l  and p rec luded  from o t h e r  use .  I n  an expanded 

n u c l e a r  economy, t h e  amount o f  l and  d i s t u r b e d  would i n c r e a s e  due t o  t h e  mining 

o f  lower-grade o r e s .  Uranium h a s  a .  s m a l l &  land-use  impact than  c o a l  mining 

f o r  producing an e q u i v a l e n t  amount o f  f u e l .  

S t o r a g e  o f  mining and m i l l i n g  r e s i d u e s  ( t a i l i n g s ) ,  t r a n s u r a n i c  was tes  

( p r i m a r i l y  from s p e n t - f u e l  r e p r o c e s s i n g ) ,  and low-level  w a s t e s  ( r e s i d u a l s  from 

UFg prodl l r t  ion ,  f u e l  f a b r i c o t  ion., r e a c t o r  ope i i i t iu l i ,  and f u e l  r e p r o c e s s i n g )  

r e q u i r e  t h e  l a r g e s t  l and  commitments. The l a r g e s t  annual  commitment (0 .05  

km2) i s  c u r r e n t l y  f o r  m i l l i n g  was te  d i s p o s a l .  Low-level w a s t e s  a r e  now b e i n g  

b u r i e d  a t  a  few commercial s i t e s  a c r o s s  t h e  Uni ted  S t a t e s  w i t h  no i n t e n t  t o  

use  t h e  l a n d  f o r  any f u t u r e  purpose .4  

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

i n v e s t i g a t e d .  B u r i a l  o f  t h e s e  w a s t e s  i n  d e e p  g e o l o g i c a l  f o r m a t i o n s  i s  e s t i -  

mated t o  r e q u i r e  ' approximate ly  3.2 km2. l4 Al ' t e rna t  i v e s  t o  b u r i a l  i n c l u d e  

s e a b e d ,  i c e s h e e t ,  and e x t r a t e r r e s t r i a l  d i s p o s a l .  The i r r e t r i e v a b l e  use  o f  

l a n d  f o r  s t o r a g e  o f  n u c l e a r  w a s t e s  i s  a n  a r e a  f o r  c o n s i d e r a b l e  c o n c e r n .  

The l i m i t e d  f u t u r e  . p r o d u c t i v e  use o f  l a n d  is  a l s o  important  t o  o t h e r  

n u c l e a r  a c t  i v i  t i e s  . Uranium h e x a f l u o r i d e  p roduc t  i o n ,  power g e n e r a t  i o n ,  and 

r e p r o c e s s i n g  a l l  e n t a i l  .the w.i.t.h.d.r.awa1 o f  smal l -  amo.un.ts o f  . . l a n d  f r o m .  .other.., 

u ses  ( s e e  Appendix B).  Adequate i n f o r m a t i o n  i s  no t  a v a i l a b l e  t o  a s s e s s  t h e  . . 

p o t e n t i a l  f o r  f u t u r e  a c t i v i t i e s  a t  decommissioned n u c l e a r  g e n e r a t i n g  s t a -  

t i o n s .  C o n c e i v a b l y ,  a  l a r g e  p o r t i o n  o f  t h e  power p l a n t  s i t e  c o u l d  b e  



r e s t r i c t e d  from o t h e r  u s e s .  The w e l f a r e  impact o f  t h e s e  permanent l a n d  wi th-  

d r a w a l s  i s  an a r e a  f o r  some concern .  

C e r t a i n  a c t i v i t i e s  i n  t h e  n u c l e a r  f u e l  c y c l e  r e q u i r e  l a r g e  b u f f e r  o r  

e x c l u s i o n  zones .  Fue l  enr ichment  and r e p r o c e s s i n g  p l a n t s  r e q u i r e  a  b u f f e r  

zone o f  6.1-12.1 km2 o r  more; s m a l l e r  e x c l u s i o n  a r e a s  a r e  needed f o r  o t h e r  

n u c l e a r  a c t i v i t i e s .  While t h e s e  a r e a s  p r o t e c t  t h e  g e n e r a l  p o p u l a t i o n  a g a i n s t  

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

p a s t u r e ,  f o r e s t ,  o r  f a r m l a n d .  ( F o r  e x a m p l e ,  t h e  r e m o v a l  o f  1 2 . 1  km2 o f  

p r o d u c t i v e  farmland c o u l d  t r a n s l a t e  i n t o  t h e  l o s s  o f  4082 t of  c o r n  a n n u a l l y ,  

o r  a similar l o s s  u 1  uLher c r o p s ,  l i v s s t o c l c ,  o r  pulpwood.15) T.n p e r s p e c t i v e ,  

i t  s h o u l d  be no ted  t h a t  o t h e r  a c t i v i t i e s  -- such a s  t h e  d i s p o s a l  of  chemical  

m a n u f a c t u r i n g  w a s t e s  o r  m i l i t a r y  weapons w a s t e s  -- a l s o  permanent ly  remove 

l a n d  from o t h e r  u s e s .  The f u l l  c o n t r i b u t i o n  o f  n u c l e a r  power a c t i v i t i e s  t o  

such  permanent l a n d  commitment i s  unknown. 

SPS - 
The p r i n c i p a l  land-use  impac t s  o f  t h e  s a t e l l i t e  power sys tem s tem from 

t h e  l a r g e  l a n d  r e q u i r e m e n t s  f o r  m i n i l l g ,  l a u a c h  and  r e c o v c r y  o i t e s ,  and 

r e c t e n n a  s i t e s .  The Kennedy Space C e n t e r ,  a  t y p i c a l  l aunch  f a c i l i t y ,  h a s  an  

a ~ r p . 7  n f  570 km2: A s i n g l e  t e c t e n n a  s i t , e  c o u l d  o c c u p y  92 km2 ( a t  3 4 " ~  

l a t i t u d e ,  a s  w e l l  a s  a n  e x c l u s i o n  zone beyond t h e  s i t e  b o u n d a r i e s ,  f o r  a  

t o t a l  o f  1 7 5  krn2. l6  I n  g e n e r a l ,  r e c t e n n a s  would  b e  s i t e d  i n  s p a r s e l y  

p o p u l a t e d  a r e a s  t o  minimize competing l a n d  u s e s  and d i sp lacement  o f  l a r g e  num- 

be r s  o f  p e r s o n s .  Because o f  t h e i r  s i z e ,  r e c t e n n a  s i t e s  would a d d i t i o n a l l y  r e -  

q u i r e  t h e  r e l o c a t i o n  o f  r o a d s ,  which would inconven ience  pe r sons  having t o  

d r i v e  around a r e a s  they  f o r m e r l y  c o u l d  d r i v e  th rough ,  and s e r v i c e s  ( such  

a s  e l e c t r i c i t y  and w a t e r ) .  The e x t e n t  o f  t h e  impact o f  , these land r e q u i r e -  

ments  would b e  h i g h l y  dependent  on t h e  s p e c i f i c  s i t e s  chosen.  

The manufac tu re  o f  g a l l i u ~ n  aluminum a r s e n i d e  s o l a r  c e l l s  cou ld  gene- 

r a t e  w a s t e  c o n t a i n i n g  p o t e n t i a l l y  t o x i c  s u b s t a n c e s  ( such  a s  g a l l i u m  and a r s e -  

n i c ) .  Leaching o f  t h e s e  m a t e r i a l s  from was te  p i l e s  c o u l d  p o s s i b l y  a f f e c t  s o i l  

and groundwater  u n l e s s  w a s t e  d i s p o s a l  a r e a s  a r e  p r o p e r l y  d e s i g n e d  and managed, 

A l l  T e c h n o l o g i e s  

Land r e q u i r e m e n t s  f o r  power t r a n s m i s s i o n  l i n e s  -- easements  45.7-122 m 

i n  w i d t h  -- a r e  common t o  a l l  c e n t r a l i z e d  energy  t e c h n o l o g i e s .  The h i g h  impact 



o f  t h i s  l a n d  use  is  o f f s e t  by t h e  d i s p e r s i o n  o f  t h e  land (0.08 km2 p e r  k i l o -  

m e t e r )  and t h e  p o s s i b l e  j o i n t  use  o f  t h e  l a n d  f o r  l o w - i n t e n s i t y  farming and 

.a 

4.8 ELECTROMAGNETIC DISTURBANCES 

The most s i g n i f i c a n t  and e x t e n s i v e  e l e c t r o m a g n e t i c  . d i s t u r b a n c e s  would 

r e s u l t  from t h e  s a t e l l i t e  power sys tem.  Wel fa re  e f f e c t s  from r e c t e n n a  opera-  

t i o n  would i n c l u d e ,  bu t  n o t  be l i m i t e d  t o :  d i s c r u p t i o n  o f ,  o r  i n t e r f e r e n c e  

w i t h ,  m i l i t a r y  r a d a r ;  p u b l i c  s e r v i c e  communications sys tems ;  and computers .  

R e f l e c t e d  l i g h t  and o t h e r  e l e c t r o m a g n e t i c  d i s t u r b a n c e s  from t h e  o rb i ' t ing  power 

s a t e l l i t e s  c o u l d  i n f e r e  w i t h  o p t i c a l  and r a d i o  astronomy. Coal and' n u c l e a r  

e f f e c t s  a r e  minor .  

SPS - 

Microwave c o u p l i n g  w i t h  e l e c t r o n i c  sys tems would occur  a t  d i s t a n c e s  of  

up t o  100 km from an SPS r e c t e n n a  s i t e .  The type  and s e v e r i t y  o f  t h e  d i s -  

t u r b a n c e  would depend upon t h e  n a t u r e  o f  t h e  e l e c t r o n i c  sys tems n e a r  t h e  

r e c t e n n a  and t h e i r  a m e n a b i l i t y  t o  m i t i g a t i n g  s t r a t e g i e s .  The e l e c t r o n i c  

sys tems t h a t  have been i d e n t i f i e d  a s  l i k e l y  t o  s u f f e r  f u n c t i o n a l  d e g r a d a t i o n  

i n c l u d e :  

M i l i t a r y  sys tems ,  i n c l u d i n g  r a d a r  and communications.  

o Law e n f o r c e m e n t ,  e m e r g e n c y ,  'and o t h e r  p u b l i c  s e r v i c e  
communication sys tems.  

o I r l d u s r r i a l  compuLers aud i ~ ~ u p c l t t r  c o n t r o l  l c d  3ys t c n ~ c .  

e T r a n s p o r t a t i o n  s u p p o r t  sys tems .  ' 

e S p e c i a l i z e d  s e r v i c e s ,  such a s  s a t e l l i t e  t r a c k i n g  sys tems.  

M i t i g a t i o n  s t r a t e g i e s  may b e  p o s s i b l e  f o r  some t y p e s  o f  equipment o p e r a t i n g  

beyond 40-50 km from t h e  r e c t e n n a ,  a l t h o u g h  i n  many i n s t a n c e s  o p e r a t i o n a l  

compromises would r e s u l t  from t h e  m i t i g a t i o n  s t r a t e g i e s .  M i l i t a r y  e l e c  t r o -  

magnet ic  s y s  tems cou ld  no t  be modi f i ed  because  o f  an  u n a c c e p t a b l e  p r o b a b i l i t y  

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

w e l f a r e  e f f e c t .  

.Emiss ions  from SPS launch v e h i c l e s  c o u l d  modify t h e  e l e c t r o n  d e n s i t y  of  

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

Limited e x p e r i e n c e  w i t h  Skylab l aunches  i n d i c a t e s  a  s i g n i f i c a n t  p o t e n t i a l  f o r  



d i s r u p t  i o n  of  communications s y s  tems r e l y i n g  on . ionospher ic  i n t e r a c t  i o n s .  

The e x t e n t  o f  t h e  d i s r u p t i o n  and t h e  a b i l i t y  o f  t h e  ionosphere  t o  r e c o v e r  

between r o c k e t  l a u n c h e s  a r e  unknown. T h i s  is expec ted  t o  b e  of  l e s s e r  w e l f a r e  

c o n c e r n  than  t h e  microwave c o u p l i n g  e f f e c t  . 
The s o l a r  power s a t e 1  l i t e  i t s e l f  would c r e a t e  e l e c t r o m a g n e t i c  d i s t u r -  

b a n c e s  i n  t h e  form o f  r e f l e c t e d  l i g h t ,  i n f r a r e d  r a d i a t i o n  from was te  h e a t  

r e j e c t i o n ,  n o i s e  i n  t h e  r a d i o  p o r t i o n  o f  the .  spec t rum,  - and - the. forma~io-n-..OX 

d u s t  c l o u d s  i n  geosynchronus  e a r t h  o r b i t  from d e b r i s ,  l e a k s ,  o f f - g a s i n g  of  

m a t e r i a l s ,  and o t h e r  . d e t e r i o r a t i o n  . p r o c e s s e s .  The e x t e n t  o f  t h e  d i s t u r b a n c e s  

are unknown, bur ~ a d i o  and o p t i c a l  a s t r o n o m i c a l  o b s e r v a t i o n s  c o u l d  b e  h i n d e r e d  

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

r e s t r i c t  i o n s  o f  t h e  spec t rum a v a i l a b l e  f o r  o b s e r v a t i o n s .  An environmental  

a s sessment  of  SPS-re la ted  microwave d i s t u r b a n c e s  i s  underway . 5  

A l l  T e c h n o l o g i e s  . 

E l e c t r o m a g n e t i c  i n t e r f e r e n c e  f r o m ' h i g h - v o l t a g e  power t r a n s m i s s i o n  l i n e s  

i s  a s s o c i a t e d  w i t h  c o a l ,  n u c l e a r  and SPS t e c h n o l o g i e s .  The s e v e r i t y  o f  any 

w e l f a r e  e f f e c t  i s  c o n s i d e r e d  m i l d . a n d  c o u l d  be  l i m i t e d  t o  r a d i o  and TV d i s t u r -  

bances  i n  f r i n g e  r e c e p t i o n  a r e a s .  T h i s  e f f e c t  may be  i n t e n s i f i e d  w i t h  t h e  use  

o f  h i g h e r  t r a n s m i s s i o n - l i n e  v o l t a g e s  ( g r e a t e r  t h a n  745 kV). 

4 . 9  MICROWAVE RADIATION 

Of t h e  t h r e e  t e c h n o l o g i e s  a s s e s s e d ,  o n l y  t h e  s a t e l l i t e  power sys tem 

would emi t  microwave r a d i a t i o n .  Microwave r a d i a t i o n  l e v e l s  a t  a r e c t e n n a  

would b e  a s  h i g h  a s  23 mw/cm2 w i t h i n  t h e  e x c l u s i o n  zone;  c h r o n i c  l e v e l s  below 

1 mw/cm2 would b e  e x p e r i e n c e d  beyond t h i s  zone.  

There  i s  l i m i t e d  i n f o r m a t i o n  on thc d i r c c t  c f f e c t  n f  micrnw~vc r n d i ~ -  

t i o n  on b i o l o g i c a l  sys tems ,  l i t t l e  o f  which r e l a t e s  t o  t h e  c h r o n i c  e f f e c t s  

o f  low-level  e x p o s u r e s .  It has .  been s p e c u l a t e d  t h a t  microwave exposure  cou ld  

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

b e e s ;  d i s t u r b a n c e s  t o  t h e  p o l l i n a t i o n  p r o c e s s  c o u l d  a d v e r s e l y  a f f e c t  c r o p  pro- 

d u c t  i o n s 5  a  w e l f a t e  e f f e c t .  D i r e c t  microwave e x p o s u r e  cou ld  a l s o  i n c r e a s e  

t h e  s u s c e p t i b i l i t y  o f  c r o p s  t o  env i ronmenta l  s t r e ' s s e s  such a s  d r o u g h t ,  r e s u l t -  

i n g  i n  d e c r e a s e d  y i e l d s .  The l i k e l i h o o d  and s e v e r i t y  o f  p o t e n t i a l  w e l f a r e  

e f f e c t s  a r e  unknown. F u r t h e r  s t u d y  w i l l  be under taken  a s  p a r t  of  t h e  SPS 

Concept Development and E v a l u a t i o n  Program. 



4 . 1  I O N I Z I N G  RADIATION 

Low l e v e l s  o f  i o n i z i n g  r a d i a t i o n  a r e  r o u t i n e l y  e m i t t e d  d u r i n g  t h e  com- 

b u s t  i o n  o f  c o a l  c o n t a i n i n g  t r a c e  q u a n t i t i e s  o f  r a d i o a c t i v e  m a t e r i a l  ' and d u r i n g  

a l l  a c t i v i t i e s  i n  t h e  n u c l e a r  f u e l  c y c l e .  The e f f e c t s  o f  r a d i o a c t i v e  r e l e a s e s  

d u r i n g  n u c l e a r  a c t i v i t i e s  a r e  minimized by r e s t r i c t i n g  a c c e s s  t o  l a n d  s u r -  

round ing  t h e  f a c i l i t i e s ;  t h i s  l a n d  i s  termed an e x c l u s i o n  zone.  S a t e l l i t e  

power sys tems  would no t  emi t  i o n i z i n g  r a d i a t i o n .  

R a d i a t i o n  e m i s s i o n s  from n u c l e a r '  a c t i v i t i e s  a r e  o f  ,low w e l f a r e  con- 
- .. 

c e r n ,  s i n c e  they  a r e  i n  compl iance  w i t h  ' f e d e r a l  r e g u l a t i o n s  e s t a b l i s h e d  by 

t h e  Nuc lea r  Regu la to ry  Commission ( 10 CPR 20)' t h a t  l i m i t  p e r m i s s i b l e  r a d i a t i o n  

d o s e s  i n  b o t h  r e s t r i c t e d  and u n r e s t r i c t e d  a r e a s .  While r a d i o a c t i v e  e m i s s i o n s  

from c o a l  combust ion a r e  not  r e g u l a t e d ,  t h e y  a r e  r e l a t i v e l y  low and a r e  n o t  

b e l i e v e d  t o  have s i g n i f i c a n t  w e l f a r e  e f f e c t s .  However, t h e  e f f e c t s  on an imals  

and p l a n t s  o f  long-term exposure  t o  low- leve l  r a d i a t i o n  a r e  no t  known w i t h  

c e r t a i n t y .  While c u r r e n t  r e g u l a t o r y  s t a n d a r d s  assume t h e  e x i s t e n c e  o f  a  

t h r e s h o l d  l e v e l  o f  r a d i a t i o n  below which damage t o  l i v i n g  t i s s u e  does  not 

o c c u r ,  i t  may be t h a t  any exposure  t o  i o n i z i n g  r a d i a t i o n  is  b i o l o g i c a l l y  

ha rmfu l  . 
I f  long- term,  low-level  , r a d i a t i o n  c a n  haqn an imals  o r  p l a n t s ,  g e n e t i c  

changes  i n  l i v e s t o c k  and c r o p s  would be p o s s i b l e .  The w e l f a r e  e f f e c t s  would 

be s u b t l e ,  b u t  c o u l d  have . a n  impact i n  a r e a s  where l a r g e  amounts o f  money and 

t ime  have been expended i n  a t t a i n i n g  s p e c i f i c  q u a l i t y  b r e e d s  of  meat- and 

milk-produc i n g  l i v e s t o c k .  O f t e n  t h e  main tenance  o f  t h e s e  b r e e d s  depends on 

t h e  s u c c e s s f u l  p ropaga t  i o n  o f  a  s m a l l  number o f  a n i m a l s .  Rad ia t  ion-induced 

g e n e t i c  changes  i n  such an imals  cou ld  i n t e r f e r e  w i t h  b r e e d i n g  e f f o r t s .  

Coal  

R a d i o a c t i v e  e l e m e n t s  ( p r i m a r i l y  uranium,  thor ium,  and radon)  n a t u r a l l y  

p r e s e n t  i n  c o a l  a r e  e m i t t e d  w i t h  t h e  s t a c k  g a s e s  d u r i n g  combust ion.  Coal 

combust ion r e l e a s e s  about  1 .2  C i  a n n u a l l y ,  depending on t h e  n u c l i d e  con- 

c e n t r a t i o n  i n  t h e  c o a l  seam.  l 7  R a d i o a c t i v e  a i r b o r n e  r e l e a s e s  f rom a  

1000-MWe c o a l - f i r e d  power  p l a n t  a r e  c o n s i d e r a b l y  l e s s  t h a n  t h o s e  f rom a  

comparably-s ized n u c l e a r  p l a n t ;  however,  because  of  t h e  l a c k  o f  e x c l u s i o n  

zones  around coa l - f  i r e d  . p l a n t s ,  t h e  g e n e r a l  o f  f - s i t e  r a d i a t i o n  dosage (ex-  

p o s u r e )  from combust ion o f  c o a l  w i t h  c e r t a i n  c h a r a c t e r i s t i c s  may be  h i g h e r  



t h a n  t h a t  from a  n u c l e a r  r e a c t o r  .17 While g e n e r a l - p o p u l a t i o n  d o s e s  a r e  no t  

a  w e l f a r e  concern  a c c o r d i n g  t o  t h e  d e f i n i t i o n s  adopted f o r  t h i s  s t u d y ,  they  

a r e  i n d i c a t i v e  o f  exposure  l e v e l s  f o r  l i v e s t o c k  and c r o p s .  S tandards  l i m i t i n g  

r a d i o a c t i v e  e m i s s i o n s  from f o s s i l - f u e l  power p l a n t s  have n o t  been e s t a b l i s h e d ,  

b u t  c o u l d  be  promulgated under t h e  f e d e r a l  Clean A i r  Act Amendments o f  1977.  

Nuc l e a r  

While uranium mining a c t i v i t i e s  i n c r e a s e  t h e  amount of  uranium d u s t  

and decay p r o d u c t s  (main ly  radon and d a u g h t e r s )  r e l e a s e d  t o  t h e  a tmosphere ,  

t h e y  do n o t  measurab ly  i n c r e a s e  env i ronmenta l  r a d i o a c t i v i t y  o u t s i d e  t h e  imme- 

d i a t e  v i c i n i t y  o f  t h e  mine.12 During m i l l i n g ,  r a d i o a c t i v e  e m i s s i o n s  ( p r i -  

m a r i l y  from kn-222) .escape t o  t h e  a tmosphere  w i t h  gas arid pa.i'r i c u l a r e  emis- 

s i o n s .  l7 However, t h e  exposure  from t h e s e  e m i s s i o n s  i n  unr 'estr  i c t e d  a r e a s  

c a n n o t  b e  d i s t  ingy i shed  from background l e v e i s  . l8 

R a d i o a c t i v e  a i r b o r n e  e m i s s i o n s  from enr ichment  and f u e l  f a b r i c a t i o n  ar.e 

a l s o  low. E s t i m a t e d  c o n c e n t r a t i o n s  o f  uranium a t  t h e  b o u n d a r i e s  o f  b o t h  t y p e s  

o f  f a c i l i t i e s  a r e  e s t i m a t e d  t o  be  l e s s  t h a n  0.1% o f  a p p l i c a b l e  10  CFR 20 

s t a n d a r d s  f o r  r a d i a t i o n  r e l e a s e  t o  a n  u n r e s t r i c t e d  a rea .12  

T r i t i u m  and Kr-85 a r e  t h e  p r i n c i p a l  e m i s s i o n s  from n u c l e a r  f u e l  r ep ro-  

c e s s i n g .  T h e s e  e m i s s i o n s  r e p r e s e n t  t h e  l a r g e s t  r a d i o a c t i v e  r e l e a s e  i n  

t h e  n u c l e a r  f u e l  c y c l e  ( s e e  Appendix B) and a r e  w i t h i n  10 CFR 20 l i m i t s .  

Rou t ine  o p e r a t  ion  o f  n u c l e a r  power p l a n t s  r e l e a s e s  measurab le  q u a n t i t i e s  o f  

r a d i o a c t i v e  i s o t o p e s  t o  t h e  a tmosphere  i n  t h e  form o f  n o b l e  g a s e s ,  h a l o g e n s ,  

p a r t i c u l a t e s ,  and t r i t  ium.12 R a d i o a c t i v e  was te  management h a s  t h e  1,owest 

l e v e l  o f  r a d i o a c t i v e  e m i s s i o n s :  0.005 C i l y r ,  which'  i s  n e a r  t h e  lower l i m i t  

o f  r a d i a t i o n  d e t e c t i o n . 1 2  

While i t  i s  not. w i t h i n  t h e  scope of  t h i s  a s sessment  t o  e s t i m a t e  t h e  

n a t u r e  o r  e x t e n t  o f  t h e  w e l f a r e  e f f e c t s  o f  n u c l e a r  a c c i d e n t s ,  a q u a l i t a t i v e  

r e v i e w  o f  t h e  e f f e c t s  s u r r o u n d i n g  a n  a c c i d e n t  is  i l l u m i n a t i n g .  (However, t h e  

s e v e r i t y  r a n k i n g  i s  o n l y  ' i n f l u e n c e d  by e m i s s i o n s  o c c u r r i n g  d u r i n g  r o u t i n e  

f a c i l i t y  o p e r a t  i o n s  .) These w e l f a r e  e f f e c t s  would r e s u l t  from b o t h  immediate 

'and long-term a c t i o n s  needed t o  reduce  e x c e s s  r i s k s  t o  h e a l t h  and w e l f a r e  and 

t o  ~ ~ l t i m a t e l y  r e t u r n  t h e  a f f e c t e d  a r e a  t o  a  u s a b l e  s t a t e .  



Immediate w e l f a r e  e f f e c t s  f o l l o w i n g  an a c c i d e n t  would stem from re -  

moval o f  r a d i a t i o n  pathways t o  humans and would i n c l u d e  l o s s  o f  a c c e s s  t o  and 

u s e  o f  l a r g e  l a n d  a r e a s  and p r o p e r t y ;  d e s t r u c t i o n  o f  c o n t a m i n a t e d  f o o d  

s u p p l i e s  such a s  c r o p s ,  l i v e s t o c k ,  and m i l k  p r o d u c t s ;  and l o s s  o f  d r i n k i n g  

w a t e r  s u p p l i e s .  

O t h e r  d i r e c t  w e l f a r e  e f f e c t s  would  i n c l u d e  p o p u l a t i o n  e v a c u a t i o n  

c o s t s ,  l o s s  o f  commerce and p r o d u c t i v i t y ,  and c i v i l  d e f e n s e  c o s t s .  Contamina- 

t i o n  o f  w a t e r  s u p p l i e s  o r  e x t e n s i v e  r a d i a t i v e  r e l e a s e s  cou ld  r e q u i r e  r e l o c a -  . 
t i o n  o f  a n  e n t i r e  p o p u l a t i o n  & e n t e r  f o r  a n  i n d e f i n i t e  p e r i o d  o f  t ime  and cou ld  

reduce  l a n d  v a l u e s .  

More s u b t l e  w e l f a r e  e f f e c t s  o f  n u c l e a r  a c c i d e n t s  would i n c l u d e  t h e  

temporary d i s r u p t i o n  of  power, c o s t s  o f  r ep lacement  power, r e d u c t i o n  i n  t h e  

t a x  base  i f  a  power p l a n t  was p remature ly  decommissioned,  and l o s s  o f  home 

p r o p e r t y  and b u s i n e s s  i n  an  evacua ted  a r e a .  W e l f a r e  e f f e c t s  would no t  always 

b e  l i m i t e d  t o  t h e  l o c a l i t y  o f  t h e  a c c i d e n t .  Nuclear  i n s u r a n c e  c o s t s  would b e  

l i k e l y  t o  i n c r e a s e  f o r  a l l  s u b s c r i b e r s .  Discovery  o f  a  d e s i g n  weakness i n  one 

n u c l e a r  f a c i l i t y  m i g h t  r e q u i r e  a l l  s i m i l a r  f a c i l i t i e s  t o  b e  m o d i f i e d  o r  

t e m p o r a r i l y  s h u t  down. 

4 .11  NOISE 

'I'he w e l f a r e  e f f e c t s  of  n o i s e  a r e  p r i m a r i l y  changes  i n  land-use p a t -  

t e r n s ,  reduced p r o p e r t y  v a l u e s ,  annoyance,  and i n t e r f e r e n c e  w i t h  o t h e r  a c t i v -  

i t  i e s  ( f o r  example,  i n t e r f e r e n c e  w i t h  work e f f i c i e n c y  o r  s p e e c h ) .  Hear ing and 

o t h e r  p h y s i o l o g i c a l  e f f e c t s  r e l a t e d  t o  p u b l i c  h e a l t h  a r e  no t  c o n s i d e r e d '  h e r e .  

More d e t a i l e d  i n f o r m a t i o n  on t h e  e f f e c t s  o f  n o i s e  exposure  i s  p rov ided  i n  

Refs .  5 and 19. SPS r o c k e t  l aunches  would be  t h e  o n l y  a c t i v i t y  l i k e l y  t o  have 

a  major  w e l f a r e  e f f e c t .  

Coal and Nuclear 

C o a l  and  n u c l e a r  m i n i n g  and  power g e n e r a t i o n  h a v e  m o d e r a t e  n o i s e  

i m p a c t s .  Power p l a n t  n o i s e  a r i s e s  f rom c o o l i n g  t o w e r  f a n s  and  p l a n t  

s u p p o r t  a c t i v i t i e s .  B l a s t i n g  and d r i l l i n g  d u r i n g  mining may a l s o  e l e v a t e  

n o i s e  l e v e l s  i n  t h e  immediate v i c i n i t y .  Noise measurements a s s e s s e d  a t  t h e  

p r o p e r t y  l i n e  i n  most c a s e s '  a r e  no t  expec ted  Lo be s i g n i f i c a n t ,  and u s e  0.f a  

b u f f e r  zone between t h e  n o i s e  s o u r c e  and t h e  p r o p e r t y  l i n e  f r e q u e n t l y  s e r v e s  



a s  a  m i t i g a t i o n  technique .  High no i se  l e v e l s  may occur s p o r a d i c a l l y  dur'ing 

c o a l  t r a n s p o r t a t i o n ,  bu t  would no t  c o n t r i b u t e  s i g n i f i c a n t l y  t o  24-hr weighted 

n o i s e  exposures .  

SPS - 
Noise from HLLVs (60-80 dBA, 24-hr weighted average)  would be  l i k e l y  

t o  exceed recommended EPA 24-hr average no i se  s t anda rds  and e l e v a t e  no i se  
.- 

l e v e l s  i n  surrounding communitie'k' a s  f a r  away a s  31 km. ~ns t an t aneou ' s  peak 

( o r  peak p rope r ty - l i ne )  n o i s e  l e v e l s  would s i m i l a r l y  be  h igh .  Launches would 

occur  f r e q u e n t l y . ( 2 2 5  HLLV launches per year  t o  c o n s t r u c t  two 5-GW s a t e l l i t e s  

w i t h  ga l l i um a r s e n i d e  c e l l s )  .2  This  n o i s e  i s  a  major we l f a r e  concern. The 

PLV would be expected t o  gene ra t e  about one-fourth t h e  n o i s e  of an HLLV s i n c e  

i t s  t h r u s t  would be  about one-fourth t h a t  o f  an HLLV and s i n c e  i t  would be 

launched l e s s  o f t e n  (35  times per  y e a r ) .  Sonic booms occu r r ing  dur ing  SPS 

v e h i c l e  launch and r e e n t r y  ope ra t i ons  would e l e v a t e  no i se  l e v e l s  t o  a  l e s s e r  

deg ree  . 

A l l  Technologies 

Barely-audible  n o i s e  from h igh  v o l t a g e  (>  345-kV AC) power t ransmiss ion  

r e s u l t s  from t h e  corona c r e a t e d  by t h e  l i n e s  and can be heard s e v e r a l  hundred 

f e e t  away i n  inclement weather ,  Transmission l i n e s  c a r r y i n g  745 kV have not  

been commonly used ,  but  a r e  be ing  i n s t a l l e d  a t  an i nc reas ing  r a t e .  This  no i se  

i s  cons idered  a  minor we l f a r e  impact'. 

4.12 AESTHETIC DISTURBANCE 

F u e l - c y c l e  a c t i v i t i c s  t h a t  r e d u c e  t h e  p e r c e i v e d  q ~ ~ a l i t y  o f  d a i l y  

l i v i n g  exper iences  can be s a i d  t o  have a e s t h e t i c  we l f a r e  e f f e c t s .  An aesthe-  

t i r  d e t e r i o r a t i o n  can be  e i t h e r  d i r e c t ,  such a s  an uns igh t ly  mine, o r  in- 

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

.wherever p o s s i b l e ,  i n d i r e c t  a e s t h e t i c  e f f e c t s  have been t r e a t e d  i n  t he  contex t  

o f  t h e i r  primary environmental impact. 
. .  . . 

The d i r e c t  a e s t h e t i c  impacts o f  c o a l ,  n u c l e a r ,  and SPS technologies  

a r e  f o r  t h e  most p a r t  s i t e - s p e c i f i c .  The e x t e n t  of  t he se  d i s tu rbances  can be  

m o d e r a t e d  by a v o i d i n g  r a r e  and endange red  s p e c i e s  and a r c h a e o l o g i c a l ,  

c u l t u r a l ,  h i s t o r i c a l ,  p r o t e c t e d ,  s c e n i c ,  and r e c r e a t i o n a l  a r e a s  dur ing  the  



f a c i l i t y ,  s i t i n g  p r o c e s s .  Because o f  t h e  s i z e  o f  SPS launch  and r e c t e n n a  

s i t e s  and o p e r a t i o n a l  c o n s t r a i n t s  on s i t i n g ,  i t  c o u l d  b e  r e l a t i v e l y  d i f f i c u l t  

, t o  avoid  i n f r i n g i n g  on such a r e a s .  S i t i n g  s t u d i e s  underway f o r  t h e  SPS w i l l  

f u r t h e r ,  c l a r i f y  t h i s  i s s u e ,  e x t e n d i n g  c u r r e n t  unders tand ing .16  
I 

T a b l e  5 l i s t s  t h e  v i s u a l  a e s t h e t i c  d i s t u r b a n c e s  a-scribed t o  t h e  t h r e e  

-ene-r-gy---sys-kerns--. -These- inr-l-~de--trKsKi5~Si-on c  o r  r ' i do r  s and energy f  a c  il i t i e  s i n  . 

r u r a l  a r e a s ,  power p l a n t  plumes, and s a t e l l i t e s  v i s i b l e  i n  t h e  n i g h t  sky.  I n  

c o n s i d e r i n g  t h e s e  impac t s ,  i t  i s  u s e f u l  t o  remember t h a t  a l l  an th ropogen ic  

a c t i v i t i e s  ( s u c h  a s  shopping c e n t e r s )  can a e s t h e t i c a l l y  degrade  t h e  env i ron-  

ment and t h a t  e v a l u a t i o n  o f  a e s t h e t i c  d i s t u r b a n c e s  i s  i n f l u e n c e d  by a  wide 

v a r i a t i o n  i n  p e r s o n a l  p r e f e r e n c e s  and o r i e n t a t i o n s .  
D 

Table  5, . V i s u a l  A e s t h e t i c  D i s t u r b a n c e s  

Coal Nuc l e a r  SPS 

U n s i g h t l y  l a r g e  s u r f a c e  . U n s i g h t l y  mines ( b u t  U n s i g h t l y  l a r g e  mines 
mines and s u b s i d e n c e  of  s m a l l e r  than  c o a l  t o  s u p p o r t  h i g h  m a t e r i a l s  
deep  mines mines ) requ i rements  

Refuse  banks from c o a l  
processing 

V i s i b l e  plumes from power V i s i b l e  plumes from power 
p l a n t  c o o l i n g  towers  p l a n t  c o o l i n g  towers  

T a l l  'power-plant s t a c k s  Nuclear f1.1e1. p r o c e s s i n g  Rectenr.la f a c i l i t i e s  
v i s i b l e  from long f a c i l i t i e s  l o c a t e d  i n  l o c a t e d  i n  r u r a l  
d i s t a n c e s  r u r a l  a r e a s  a r e a s  

Transmiss ion  c o r r i d o r s  Transmiss ion c o r r i d o r s  ~ r a n s m i s s i o n  c o r r i d o r s  
th rough  r u r a l  a r e a s  through r u r a l  a r e a s  through r u r a l  a r e a s  

B r i g h t  s a ~ e l l i ~ e s  
v i s i b l e  i n  n i g h t  sky 



T h i s  r e p o r t  h a s  i d e n t i f i e d  and compared t h e  p o t e n t i a l  environmental  

w e l f a r e  e f f e c t s  o f  t h e  c o a l  and n u c l e a r  f u e l  c y c l e s  and t h e  s a t e l l i t e  power 

sys tem.  These e f f e c t s ,  d i s c u s s e d  i n  S e c t i o n  4 ,  a r e  summarized i n  T a b l e s  6 ,  7 ,  

and 8 and ranked s i d e  by s i d e  a c c o r d i n g  t o  p o t e n t i a l  s e v e r i t y  i n  Tab le  9 .  The 

we1 f a r e - e f  f e c  t s e v e r i t y  r a n k i n g  a s s i g n e d  t o  a  t echno logy  f o r  a -  p a r t - i c u l a r  

e n v i r o n m e n t a l  impact a r e a ,  such  a s  a i r  p o l l u t i o n ,  i s  based on t h e  most s e r i o u s  

e f f e c t  o f  any a c t i v i t y  w i e h i n  rhe energy  pathway f a r  t h c  t cchno logy .  Tab le  9 

a l s o  i n d i c a t e s  t h e  s t a t e  o t  knowledge concer l l iug t h e  w e l f a r e  e f f e c t o ,  

A p r i m a r y  o b j e c t i v e  o f  t h i s  a s s e s s m e n t  i s  t o  i d e n t i f y  p o t e n t i a l l y  

s e v e r e  w e l f a r e  e f f e c t s  t h a t  w a r r a n t  f u r t h e r  i n v e s t i g a t i o n .  The f o l l o w i n g  

environmental-impact/fuel-cycle-activity p a i r s  have 'been l i n k e d  w i t h  puetrrl- 

t i a l l y  s e r i o u s  w e l f a r e  e f f e c t s ; .  t h e  w e l f a r e  e f f e c t s  a r e  d i s c u s s e d  b r i e f l y  

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

A i r  p o l l u t i o n :  Coa l - f i r ed  power g e n e r a t i o n  
SPS m a t e r i a l s  manufac tu re  and r o c k e t  l aunch  

Atmospheric changes  : Coal-f i r e d  power g e n e r a t  i o n  

Water p o l l u t i o n :  Coal mining (underground)  
Nuclear  f u e l  f a b r i c a t i o n  
SPS m a t e r i a l s  manufac tu re  

Land u s e  d i s t u r b a n c e :  Coal mining ( s u r f a c e )  
Nuclear w a s t e  d i s p o s a l  ( h i g h - l e v e l  ,' t r a n s -  

u r a n i c ,  ~ c I w - ~ P \ ~ P ~  w a s t e )  
SPS m a t e r i a l s  m i n i n g ,  r o c k e t  l a u n c h ,  r e c t e n n a  

E lec t romagne t  i c  
d i s l u r l a n c e :  SPS r e c t ~ n r l a  u p r i e t  ion  

Noise:  SPS r o c k e t  launch 

A s  Tab le  9 i l l u s t r a t e s ,  t h e r e  a r e  s e v e r a l  impact a r e a s  f o r  which SPS 

a c t i v i t i e s  might produce s e v e r e  env i ronmenta l  w e l f a r e  e f f e c t s ;  however, under- 

s t a n d i n g  of  t h e s e  impacts  i s  l i m i t e d .  Two t y p e s  o f  l i m i t a t i o n s  a r e  note-  

wor thy :  ( 1 )  t h e  c e r t a i n t y  t h a t  a  g i v e n  env i ronmenta l  impact i s  c a p a b l e  o f  

p roduc ing  a  w e l f a r e  e f f e c t  ( f o r  example,  would microwave r a d i a t i o n  a f f e c t  

b e e s  t o  st.ish a  d e g r e e  t h a t  c r o p  p r o d u c t i o n  would be  a l t e r e d )  and ( 2 )  know- 

l e d g e  o f  t h e  p r o c e s s e s  and e f f l u e n t s  invo lved  i n  v a r i o u s  SPS a c t i v i t i e s  ( f o r  

e x a m p l e ,  a i r  and w a t e r  p o l l u t a n t  e m i s s i o n s  f rom m a n u f a c t u r i n g  g a l l i u m  
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Table 6 .  Welfare E f f e c t s  of Coal-Combust ion Fuel Cycle 

- -  - 

Environmental  Impact Act i v l t  i e s  Involved We1 f a r e  EfFec t s  

Air '  P o l l u t i o n  Elin ing 
Process ing 
Transpor t a t  ion 
Power ~ e n e r a t  ,ion 

Atmospl~er ic Changes . Power gene ra t  ion 

T h e r ~ n ~ l  D i s ~ l ~ a r g e s  Power gene ra t  ion ' 

Water Pol l u t  ion 

Water Use 

Sol it1 Waste 

Mining 
process in^ 
Puwrr gene ra t  ion 

>lining 
P roces s ing  
I'over gene ra t  i u ~ i  

l i n  ing 
Process ing 
iJower gene ra t  ion 

Lnnd IJoc' Dinturbanec Ptiirii?~ 
Process ing 
'L'ra~lsport a  t  ion 
Power g e n r r a t  ion 
Transmiss ion . 

ELectrt,~nngnrt ic Transmiss ion 
l> i s tu rbanccs  

1oniz:ng Kadia t ion  Power gene ra t  ion 

Noise Mining 
Trnlisporti l t  ion 
Power gene ra t  ion 
Transmiss ion 

A e s t l ~ e t  ic Min  in^ 
Dis turbances  Process ing 

T r a n s p o r t a t  ion 
Power pene ra t  ion 
Tranaminoion 

Emissions of SU2  and NOx from power g e n e r a t i o n  
. can Lead t o  ac id  r a i n f a l l ,  which can reduce c rop  

y i e l d  and remove l akes  o r  r i v e r s  from commercial 
o r  r e c r e a t i o n a l  u s e .  Emissions of SO2 and p a r t i c u -  
l a t e s  can  cause o r  augment m a t e r i a l  damage and reduce  
c rop  y i e l d s .  Secondary pa r t  i c u l a t e s  can impa i r  v  i s i -  
b i l i t y .  

In j ac  t  ion..o.f-Large amounts o f  CO:! and o t h e r  green-  
house g a s e s  i n to  t he  atmospllere may promote g l o b a l  
warming, with e f f e c t s  on p r e c i p i t a t i o n ,  a g r i c u l t u r a l ,  
and ocean l e v e l s .  P a r t i c u l a t e  enlissions may a l s o  
play a  minor r o l e  in c l i m a t i c  change. 

Cooling tower u p r r a t  ion can inc rease  l o c a l  fogging 
and i c i n g ,  wit11 e f f e c t s  on v i s i b i l i t y ,  t r a f f i c ,  and 
convenience f o r  nearby r e s i d e n t s .  Cloud and prec i p i -  
t a t  ion augmentat ion i s  p o s s i b l e ,  but should be minor ,  
wit11 l i t t l e  e f f e c t  on c rup  p r o d u c t i v i t y .  

Discharges uf ac i d s ,  d i s so lved  s o l  i d s ,  suspended 
s o l i d s ,  ancl o t h e r  chemicals  c a n :  degrade d r i n k i n g  
water sk~ppl i e s ,  contaminate  water;rays,  lower c rop  
p r o d u c t i v i t y  because of a c i d i f i e d  i r r i g a t i o n  o r  
groundwater , and reduce commcirc i a l  and r e c r e a t  ional  
use of s t reams and l akes .  

' Mining can d i s r u p t  water flow p a t z e r n s .  Cooling 
needs du r ing  power product ion r e q ~ ~ i r e  ex t ens ive  
amounts o f  water i l  evapora t  ive  s:rsten~s a r e  1.1srTl 
8oth impacts call c o n f l i c t  with downstream and 
compz t  ing uses .  

k ~ ~ ~ a n d  f o r  d i s p o s a l  s i t e s  can be inc reased .  Land 
use ,  v a l u e ,  a ~ ~ d  p r o d u c t i v i t y  can be reduced by uver-  
b ~ ~ r r l e n  ancl r e f u s e  from mining and p roces s ing ,  ash 
and sc rubbe r  was t e s ,  and by l iazar tous  t r a c e  m e t a l s  
From power gene ra t  ion .  

SurCactl I I I ~ I I ~ I ~ ~  :111d power ge~ref i l t  i c n  (was t e  d ~ s p o s a l )  
remove land frilm a1 t e r n a t e  u s e s ;  r ec  l a  imed land 1ii;ly 
be l e s s  product ive agr  i c u l t u r a l  ly than be fo re  111in ing.  
Subs ide~ ice  of land over underpround mines can r e d ~ ~ c e  
land va lues ;  damage c r o p s ,  b u i l d i n g s ,  and 1  ives tock ;  
rupt u r r  p i p e s ;  and d i s r u p t  d r a i n a g e .  Coil1 process-  
ing can contamil la te ,  and lower value  o f ,  surround- 
Lng laird. ' I . r a n s p o r t a t ~ o n  and t r ansmis s ion  land re-  
qui rements  a r e  s i g n i l i c a n t  and l imi t  o t h e r  uses  o f  
tliu l and .  

High i n t e n s i t y  magnet ic f i e l d s  arol~lld t  ranslnission 
l i n e s  can cause  r a d i o  and TV i n t e r f e r e n c e  in f r i n g e  

. r ecep t  ion a r e a s .  

Small q u a n t i t i e s  o f  r a d i o a c t i v e  m a t e r i a l s  a r e  emit ted  
dur iny, coal  con~bust ion .  We1 f a r e  ef Eects of t hese  
emis s ions ,  which a r e  u n c e r t a i n ,  inc lude  e f f e c t s  o f  
long-term exposure  of c rops  and l i v e s t o c k  t o  r a d i a t i o n .  

Welfare impacts o f  no i se  gene ra t  ion from most coa l -  
r e l a t e d  a? t  iv i t  i e s  a r e  r e l a t  i ve l  y  minor due t o  t h e  
remote l o c a t  ions o f  t h e  ope ra t  i ons .  Audible hum from 
high-vol tage  t r ansmis s ion  1  ines  may o c c u r .  

Visual impacts w i l l  occur from mines,  t a i l i n g  p i l e s ,  
power p l a n t s ,  s t a c k  plumes, and t r ansmis s ion  cnr- 
r i d o r s .  
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Table 7 .  Welfare E f f e c t s  of Nuclear Power Generation 

E n v i r o n m e n t a l  Impact Act i v i t  i e s  I n v o l v e d  Welfare  E f f e c t  

A i r  P o l l u t i o n  Mining F l u o r i n e  and s u l f u r i c  a c i d  e m i s s i o n s  c o u l d  damage l i v e -  
UFg p r o d u c t  ion s t o c k ,  g r a z i n g  l a n d ,  and c r o p s .  O t h e r  a i r  p o l l u t a n t s  
Enrichment a r e  e m i t t e d  from c o a l  p l a n t s ,  which may b e  used t o  
Fue l  f a b r i c a t  ion s u p p l y  p r o c e s s  power. 
T r a n s p o r t  a t  i o n  
Powcr g c n e r a t  ion 
R e p r o c e s s i n g  

Thermal D i s c h a r g e s  Enrichment 
Power g e n e r a t  ion 

Water  P o l l u t i o n  Min ing 
M i l l i n g  
UF6 p r o d u c t  ion 
Enrichment 
Fuel  f a b r i c a t i o n  
Power g e n e r a t i o n  
R e p r o c e s s i n g  

Water  Use Changes Mining 
Power g e n e r a t  ion 
Enrichment 

Sol  id Waste 

C o o l i n g  tower o p e r a t i o n  c a n  i n c r e a s e  l o c a l  f o g g i n g  and 
i c i n g  w i t h  e f f e c t s  on v i s i b i l i t y ,  t r a f f i c ,  and conven- 
i e n c e  f o r  nearby  r e s i d e n t s .  Cloud and p r e c i p i t a t i o n  
augmentat  ion  i s  p o s s i b l e ,  b u t  s h o u l d  be m i n o r ,  w i t h  
l i t t l e  e f f c c t  on c r o p  p r o d u c t i v i t y .  The same e f f e c t s  
would be  p o s s i b l e  from power g e n e r a t i o n  f o r  u ran ium 
enr ichment  f a c i l i t i e s .  Nuclear  power p a r k s  would r e -  
l e a s e  much more h e a t  t h a n  s i n g l e  power p l a n t s ,  w i t h  
i n c r e a s e d  w e l f a r e  e f f e c t s .  

Mining R e l e a s e  o f  t r a c e  e l e m e n t s  i n t o  t e r r e s t r i a l  e c o s y s t e m s  
M i l  1  ing  may l o c a l l y  r e d u c e  c r o p  p r o d u c t i v i t y .  L a t e r a l  and up- 
UF6 p r o d u c t  ion ward movement o f  l e a c h a t e s  may c o n t a m i n a t e  r o o t i n g  
Fue l  f a b r i c a t  ion zones o f  o t h e r w i s e  p r o d u c t i v e  c r o p l a n d .  

Land Use D i s t u r b a n c e  Mining 
Enr i shment  
R e p r o c e s s i n g  
Decommiss i o n  ing  

E l e c t r o m a g n e t  L C  ' r i a n s m i s s  ion 
D i s t u r b a n c e s  

Noise  

A e s t h e t i c  
D i s t u r b a n c e s  

Leaching  o f  o r e  p i l e s  r e s u l t s  in  r u n o f f  t h r e a t e n i n g  
l o c a l  f i s h e r i e s .  P r o c e s s  e f f l u e n t  c a n  on o c c a s i o n  de- 
g r a d e  d r i n k i n g  w a t e r  s u p p l i e s ;  d e g r a d e  i r r i g a t i o n  
w a t e r ,  i m p a i r i n g  c r o p  growth;  and r e d u c e  commerciol  
and r e c r e a t  i o n a l  u s e .  

Mining o p e r a t i o n s  c a n  d i s r u p t  w a t e r  f l o w .  C o o l i n g  needs  
d u r i n g  power p r o d u c t i o n  r e q u i r e  e x t e n s i v e  am0unt.s o f  
w a t e r  i f  e v a p o r a t i v e  sys tems  a r e  u s e d ;  u ran ium e n r i c h -  
ment a l s o  h a s  s i g n i f i c a n t  w a t e r  r e q u i r e m e n t s .  A l l  t h r e e  
impacts  c a n  c o n f l i c t  w i t h  downstream u s e s .  

I o n i z i n g  R a d i a t i o n  Mining 
M i l l i n g  
Convers ion  
E I I L  ~ C ~ I I I I ~ I I L  

Fue l  f a b r i c a t i o n  
Power g e n e r a t i o n  
R e p r o c e s s i n g  

b i i l ~ i n g  ' 

Power g e n e r a t  ion 
T r a n s m i s s  i o n  

Mining 
Power g e n e r a t  ion , 

T r a n s m i s s  ion  

A g r i c u l t u r a l  u s e  o f  r e c l a i m e d  mines may b e  l e s s  pro-  
dnnrt iiro 12vrl ~ ~ s i n n  z n n ~ s  ilfnllnd e n r i c h m e n t  and re- 
p r o c e s s i n g  p l a n t s  remove land  from o t h e r  u s e s ,  whereas  
b u r i a l  o f  n u c l e a r  w a s t e s  may remove a l l  f u r t h e r  u s e  o f  
land i n v o l v e d .  , 
.. . 
Hlgh ~ I I L ~ I I S  i ~ y  I I I ~ ~ I I Y ~  i c  f i e l d s  ~ L U U I I J  L L  O I I J I U ; = ~  i01.t 1  i iX3 
can  c a u s e  r a d i o  and TV i n t e r f e r e n c e  in  f r i n g e - r e c e p t  ion 
RTP4S. 

Low-level r a d i a t i o n  e m i s s i o n s  c o u l d  a c t  a s  an e x t r e m e l y  
luw- leve l  111utat ing a g e n t  f o r  c r o p s  end l i v e a t o c l r .  Know- 
ledge  o f  a  t h r e s h o l d  l e v e l  f o r  a d v e r s e  e f f e c t s  from 

No m o j a r  ef f e c t o .  H i g h - ~ O l t a g o  transmission lir lvv 
c r e a t e  a  b a r e l y - a u d i b l e  hum. 

A e s t h e t i c  d e g r a d a t i o n  due to w i n e s ,  c o o l i n g  tnwer 
plumes,  t r a n s m i s s  i o n  c o r r i d o r s .  



Table 8 .  Welfare E f f e c t s  of S a t e l l i t e  Power System 

E n v i r o n m e n t a l  Impac t  Act i v i t  i e s  I n v o l v e d  W e l f a r e  E f f e c t s  

A i r  P o l l u t i o n  Launch and r e c o v e r y  
Mining 
M a n u f a c t u r i n g  
C o n s t r u c t  ion  
T r a n s p o r t a t  i o n  

Atmospher ic  Changes Launch and r e c o v e r y  
Rec t e n n a  

T l ~ r r m a l  D i s c h a r g e s  Launch and r e c o v e r y  
Rec t  e n n a  

Wate r  P o l l u t i o n  

Wate r  Use 

S o l i d  Was te  

Mining 
Manufac tu r  i n g  
Launch and r e c o v e r y  

Mining 
M a n u f a c t u r i n g  
C o n s t r u c t  ion  
Launch and r e c o v e r y  

Mining 
M a n u f a c t u r i n g  
Launch and r e c o v e r y  

Land Use D i s t u r b a n c e  Mining 
L d u ~ ~ c l ~  and r e c o v e r y  
Rec t  e n n a  
T r a n s m i s s i o n  

E l e c t r o m a g n e t i c  
D i s t u r b a n c e  

Launch and r e c o v e r y  
S a t e l l i t e  
Microwave power 

t r a n s m i s s i o n  
T r a n s m i s s  i o n  

Microwave R a d i a t  i o n  R e c t e n n a  

N o i s e  

A e s t h e t i c  
D i s t u r b a n c e s  

Launch and r e c o v e r y  
T r a n s m i s s i o n  

Mining 
S a t e l l i t e  
T r a n s m i s s i o u  

S o l a r  c e l l  m a n u f a c t u r i n g  and  r o c k e t  l a u n c h e s  may pro-  
d u c e  t o x i c  e m i s s i o n s  -- e x a c t  e m i s s i o n s  and w e l f a r e  
e f f e c t s  a r e  unknown. E n v i r o n m e n t a l  p r o b l e m s  from 
f u g i t i v e  d u s t  from m i n i n g  and  c o n s t r u c t i o n  and s p i l l s  
o f  r o c k e t  p r o p e l l a n t s  c o u l d  o c c u r  -- w e l f a r e  e f f e c t s  
a r e  n o t  e x p e c t e d  t o  be  a s  s e v e r e  a s  t h o s e  o f  t o x i c  
e m i s s i o n s .  

Rocket  e m i s s i o n s  o f  C02 and H20 would augment t h e  
g r e e n h o u s e  warming e f f e c t  t o  a  s m a l l  e x t e n t ,  w i t h  
s l i g h t  e f f e c t s  on  p r e c i p i t a t i o n ,  a g r i c u l t u r e ,  and  
o c e a n  l e v e l s .  

Waste h e a t  from t h e  r e c t e n n a  would r a i s e  l o c a l  tem- 
p e r a t u r e s  s l i g h t l y ,  p o s s i h l y  p r o d u c e  s l i g h t  c h a n g e s  
in  l o c a l  c l o u d i n e s s ,  and c o n t r i b u t e  t o  h e a t  i s l a n d  
e f f e c t s .  Heat from l a u n c h  ground  c l o u d  c o u l d  modi fy  
l o c a l  w e a t h e r .  W e l f a r e  i m p a c t s  would l i k e l y  be  m i n o r .  

Water  p o l l u t a n t s  g e n e r a t e d  by c o n v e n t i o n a l  m i n i n g  
and m a n u f a c t u r i n g  a c t  i v i t  i e s  c o u l d  d e g r a d e  d r i n k i n g  
w a t e r  s u p p l i e s  and c a u s e  r e d u c e d  commerc ia l  and r e -  
treat i o n a l  y i e l d  i n  a f f e c t e d  w a t e r s .  ( T r a n s p o r t a t  i o n  
o f  p r o p e l l a n t s  c o u l d  r e s u l t  i n  a c c i d e n t a l  s p i l l s ,  w i t h  
s i m i l a r  w e l f a r e  e f f e c t s . )  

Mining o f  m a t e r i a l s  c o u l d  d i s r u p t  a q u i f e r s  and 
b o d i e s  o f  w a t e r ;  i m p a c t s  unknown. L o c a l  w a t e r  s h o r t -  
a g e s  d u e  t o  c o o l i n g  n e e d s  o f  t h e  l a u n c h  tower  would be 
p o s s i b l e ,  b u t  s h o u l d  b e  a v o i d a b l e .  

Mine t a i l i n g s ,  r e s i d u a l s  from p h o t o v o l t a i c  c e l l  manu- 
f a c t u r i n g ,  and w a s t e s  from l a u n c h - r e l a t e d  a c t i v i t i e s  
c o u l d  i n c r e a s e  demand f o r  d i s p o s a l  s i t e s .  T o x i c  manu- 
f a c t u r  i n g  w a s t e s  c o u l d  r e d u c e  p r o d u c t , i v i t y  and  u s e f u l -  
n e s s  o f  l a n d  t o  some d e g r e e .  

Min ing  o p e r a t i o n s ,  l a u n c h  and r e c o v e r y  s i t e s ,  and 
r e c t e n n a  s i t e s  remove l a r g e  p a r c e l s  o f  l a n d  from a l -  
t e r n a t e  u s e s .  Pos t -min ing  a g r i c u l t u r a l  u s e  o f  r e -  
c l a i m e d  a r e a s  may b.e l e s s  p r o d u c t i v e .  L a r g e  r e c t e n n a  
and l a u n c h  complex s i t e s  c o u l d  r e q u i r e  r e l o c a t i o n  o f  
homes, r o a d s ,  and r igh t -o€-ways  and i n c o n v e n i e n c e  
p e r s o n s  h a v i n g  t o  d r i v e  a round  an a r e a  t h a t  t h e y  
f o r m e r l y  c o u l d  d r i v e  t h r n n ~ h .  

Launch v e h i c l e  e m i s s i o n s  c o u l d  modi fy  t h e  e l e c t r o n  
d e n s i t y  o f  t h e  i o n o s p h e r e  and d i s r u p t  c o m m u n i c a t i o n s  
s y s t e m s .  R e f l e c t e d  l i g h t  and w a s t e  h e a t  f rom t h e  
s a t e l l i t e  c o u l d  c r e a t e  EM d i s t u r b a n c e s .  SPS micro-  
wave c o u p l i n g  w i t h  e l e c t r o n i c  s y s t e m s  up t o  1 0 0  km 
from t h e  r e c t e n n a  c o u l d  o c c u r .  Power t r a n s m i s s i o n  
c a n  e f f e c t  f r i n g e  TV and r a d i o  r e c e p t i o n .  

R e c t e n n a  o p e r a t i o n  would e m i t  low l e v e l s  o f  microwave 
r a d i a t i o n  beyond e x c l u s i o n  a r e a .  The e f f e c t s  o f  t h e s e  
e m i s s i o n s  a r e  unknown, b u t  p o s s i b l y  c o u l d  i n c l u d e  i n -  
d i r e c t  i m p a c t s  o n  b e n e f i c i a l  i n s e c t s  and i n v e r t e -  , 

b r a t e s .  Microwave r a d i a t i o n  c o u l d  a l s o  make c r o p s  
more s u s c e p t i b l e  t o  o t h e r  e n v i r o n m e n t a l  s t r e s s e s .  

N o i s e  from HLLV l a u n c h e s  c o u l d  e x c e e d  recommended EPA 
noi.se s t a n d a r d s .  S o n i c  booms would o c c u r  d u r i n g  
l a u n c h  and r e e n t r y .  High v o l t a g e  t r a n s m i s s i o n  l i n e s  
p r o d u c e  a  b a r e l y - a u d i b l e  hum. High n o i s e  l e v e l s  n e a r  
r e s i d e n t i a l  a r e a s  c o u l d  r e d u c e  p r o p e r t y  v a l u e s ,  c a u s e  
a n n o y a n c e ,  and i n t e r f e r e  w i t h  o t h e r  a c t  i v i t i r s .  

Min ing  a c t i v i t i e s  and t r a n s m i s s i o n  l i n e s  would have  
v i s u a l  i m p a c t s .  The s a t e l l i t e s  would b e  v i s i b l e  a s  
b r i g h t  o b j e c t s  i n  t h e  n i g h t  s k y .  



Table 9 .  P o t e n t i a l  Seve r i t y  of and S t a t u s  of  Knowledge about Key Environmental Welfare  1 s s u e s ~ 9 ~  

Coe 1 Nuclear  
Environmental  Impacts -- SPS A c t i v i t i e s  Causing 

wi th  P o s s i . ~ l e  P - 3 t e n t i a l  S t a t e  o f  Ps ten i t i a l  S t a t e  of  P o t e n t i a l  S t a t e  o f  P o t e n t i a l l y  Severe  
Welfare  E f f z c t s  S 2 v e r i t y  Knowledge S 2 v e r i t y  Knowledge S e v e r i t y  Knowledge Wel fa re  E f f e c t s  

A i r  P o l l u t i o n  B-C 2- 3 B C j a l - f  i r e d  power g e n e r a t  i o n  
( t o x i c  and secondary  

, p o l l u t a n t s ) .  
SPS m a t e r i a l s  manufac ture  

and r o c k e t  l aunch .  

Atmospheric Changes B-C Coal-f i r e d  power g e n e r a t  ion 
(C02 e m i s s i o n s ) .  

Thelma1 Discharges  

Water P o l l u t  ic.n. Coal mining (underground) .  
Muclear f u e l  f a b r i c a t i o n .  
SPS m a t e r i a l s  manufac ture .  

Water Use 

S o l i d  Waste 

Land-Use D i s t u r b a n c e s  

C 

C 

B-C Coal mining ( s u r f a c e ) .  
n u c l e a r  was te  d i s p o s a l .  
SPS m a t e r i a l s  min ing ,  r o c k e t  

l aunch ,  r e c t e n n a  s i t e s .  

E lec t romagnet ic  
D i s t u r b a n c e s  

Microwave Radia t ion  

I o n i z i n g  Radia t  ion 

Noise 

1 B-C 

1 C 

4 B 

1 B 

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

SPS power t r a n s m i s s i o n .  

SPS r o c k e t  l abnch .  

A e s t h e t i c  Dis tu rbances  2 A 2 A 2 B -- -- --- 
a ~ e v e r i t y  rank ing  i s  based cn t h e  most s e r i o u s  wel-£+re e f f e c t s  of  t h e  a c t i v i t i e s  w i t h i n  each f u e l  c y c l e .  P o t e n t i a l  s e v e r i t y  

i s  ranked a c c o r d i n g  t o  t h e  f o l l m i n g  criteria: 
1 - Very s i g n i f i c a n t  c o n t r i b u t i o n  t o  w e l f a r e  e f f e c t s .  3 - Minor but  measurab le  c o n c r i b u t  ion t o  w e l f a r e  e f f e c t s .  
2 - S i g n i f i c a n t  c o n t r i b u t i o n  t o  v e l f a r e  e f f e c t s .  4 - N e g l i g i b l e  c o n t r i b u t i o n  10 w e l f a r e  e f f e c t s .  

b ~ t a t e - o f - k n c w l e d g e  ranking :  
A - I s s u e  thoroughly  documeote3 and unders tood .  
B  - P a r t s  o f  i s s u e  un. jers tood,  buz gaps i r  kncwledge e x i s t .  
C - Very l i t t l e  k n o w l ~ d g e  of  .-ssue e x i s t s .  



aluminum ar .senide  s o l a r  c e l l s ) .  Although b o t h  o f  t h e s e  c a t e g o r i e s  -- f o r  

which t h e  p o t e n t i a l  s e v e r i t y  i s  h i g h  and t h e  s t a t e  o f  knowledge i s  l i m i t e d  -- 
a r e  i d e n t i f i e d  h e r e  a s  p r i o r i t y  i s s u e s  w a r r a n t i n g  f u r t h e r  i n v e s t i g a t i o n ,  

b e t t e r  u n d e r s t a n d i n g  may reduce  t h e  s e v e r i t y  o f  t h e s e  r a n k i n g s .  

Exper ience  w i t h  c o a l  and n u c l e a r  sys tems  h a s  l e d  i n  some ways t o  a n  in- 

. - c r e a s i n g  - a b i l - i t y  to-riiakZ t-lie-s2 power sys tems  more c o i p a t i b l e '  w i t h  t h e  environ-  

ment. S i m i l a r  e x p e r i e n c e  w i t h  t h e  s a t e l l i t e  power sys tem might a l s o  a i l o w  us  

t o  moderate  i t s  n e g a t i v e  impacts .  

A i r  P o l l u t i o n .  W e l f a r e  e f f e c t s  a t t r i b u t e d  t o  a i r  p o l l u t i o n  i n c l u d e  

reduced c r o p  y i e l d s ,  a c c e l e r a t e d  m a t e r i a l  d e t e r i o r a t i o n ,  reduced v i s i b i l i t y ,  

and reduced cornmercial/recreational u s e  o f  w a t e r s  degraded by a c i d  r a i n f a l l .  

T race  e m i s s i o n s  o f  t o x i c  e lements  from c o a l  combust ion a r e  not  r e g u l a t e d  by 

t h e  NAAQS; some accumulati ,on o f  t h e s e  e lements  h a s  been observed n e a r  c o a l -  

f i r e d  power p l a n t s .  S u l f u r  d i o x i d e  and n i t r o g e n  o x i d e  e m i s s i o n s  from c o a l  

combust ion a r e  t r ans fo rmed  i n t o  p a r t i c u l a t e  s u l f a t e s  and n i t r a t e s , .  which 

have been s t r o n g l y  i m p l i c a t e d  i n  v i s i b i l i t y  d e g r a d a t i o n  and a c i d  r a i n f a l l .  

Toxic e m i s s i o n s  such a s  ammonia, hydrogen s u l f i d e ,  c y a n i d e s ,  and a r s e n i c  

would b e  expec ted  from t h e  manufac tu re  of  SPS g a l l i u m  aluminum a r s e n i d e  s o l a r  

c e l l s  and o t h e r  e m i s s i o n s  would b e  a n t i c i p a t e d  from SPS r o c k e t  launches. .  

While t h e  compos i t ion  and q u a n t i t i e s  nf these cmiooians  are not known, t h e  

t o x i c  n a t u r e  o f  t h e  expec ted  p o l l u t a n t s  and t h e i r  a b i l i t y  t o  i n t e n s i f y  i n  t h e  

environment make t h e s e  a c t i v i t i e s  impor tan t  w e l f a r e  c o n c e r n s .  

At~uilosptieric Changes. Although t h e  c l i m a t i c  e f f e c t s  o f  a tmospher ic  

changes  induced by a i r  p o l l u t a n t s  a r e  not  w e l l  u n d e r s t o o d ,  much a t t e n t i o n  

h a s  been g i v e n  t o  s t e a d i l y - i n c r e a s i n g  ca rbon  d i o x i d e  l e v e l s  i n  t h e  a tmosphere ,  

because  o f  t h e  p ~ s s i b l e  r e s u l t i n g  r i s e  i n  t h e  e a r t h ' s  mean. g l o b a l  t e m p e r a t u r e .  

Coal combust ion c o n t r i b u t e s  s i g n i f i , c a n t l y  t o  t h e  t o t a l  man-made i n p u t  o f  C 0 2  

t o  t h e  a tmosphere .  Global  t e m p e r a t u r e  i n c r e a s e s  a r e  c o n j e c t u r e d  t o  b e  c a p a b l e  

o f  a l t e c i n g  p r e c i p i t a t i o n  p a t t e r n s ,  a g r i c u l t u r a l  p roduc t  i o n ,  and ocean l e v e l s .  

Water P o l l u t i o n .  Wel fa re  e f f e c t s  o f  w a t e r  p o l l u t i o n  i n c l u d e  reduced 

d r i n k i n g  w a t e r  q u a l i t y ,  reduced c o m m e r c i a l / r e c r e a t i o n a l  u s e  o f  s t r e a m s  and 

l a k e s ,  and lowered c rop  ~ r o d u c  t  i v i t y  because  o f  degraded o f  i r r i g a t i o n  
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w a t e r .  Acid d r a i n a g e  h a s  been  a  s i g n i f i c a n t  env i ronmenta l  problem f o r  E a s t e r n  

c o a l  mines .  While r e g u l a t i o n s  have r e c e n t l y  been promulgated t o  c o n t r o l  a c i d  

d r a i n a g e ,  t h e  e f f e c t  i v e n e s s  of  t h e s e  laws h a s  been s e r i o u s l y  q u e s t i o n e d  . 
F a b r i c a t i o n  o f  n u c l e a r  r e a c t o r  f u e l  r e l e a s e s  ammonia, n i t r a t e s ,  and f l u o r i n e  

i n  amounts s e v e r a l  o r d e r s  o f  magnitude above t h o s e  p e r m i t t e d  by d r i n k i n g  w a t e r  

s t a n d a r d s .  Wel fa re  e f f e c t s  depend on t h e  a c t i v i t i e s  and w a t e r  q u a l i t y  r e -  

q u i r e m e n t s  o f  d o w n s t r e a m  u s e r s ;  some a c t i v i t i e s  and w a t e r  u s e s  c o u l d  b e  
. . 

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

p r o c e s s e s  f o r  m a n u f a c t u r i n g  SPS g a l l i u m  aluminum a r s e n i d e  s o l a r  c e l l s ,  i t  i s  

not  knnwn what t y p e s  o r  amounts of  e f f l u e n t s  would be  d i s c h a r g e d .  However, 

t l l i s  a c t i v i t y  cou ld  have s e r i o u s  w e l f a r e  e f f e c ~ s  L i i a u a c  of  the t o r l c l t y  of 
t h e  raw m a t e r i a l s  invo lved .  

Land-Use D i s t u r b a n c e .  S u r f a c e  mining f n r  c o a l  d i s t u r b s  l a r g e  a r e a s  
. . 

o f  l a n d  and  t h e  p r o d u c t . i v i t y  o f  r e c l a i m e d  mine  s i t e s  i s  o f t e n  l e s s  t h a n  

t h a t  o f  t h e  u n d i s t u r b e d  l a n d .  Re tu rn  o f  coal-mined land t o  f u l l  a g r i c u l t u r a l  

p r o d u c t i v i t y ,  when p o s s i b l e ,  i s  time7consuming ( e s t i m a t e d  t o  r e q u i r e  10-30 

y r  i n  I1 l i n o i s )  . D i s p o s a l  of  h i g h - l e v e l ,  t a n s u r a n i c  , and low-level  n u c l e a r  

w a s t e s  and uranium m i l l  t a i l i n g s  i s  l i k e l y  t o  i n d e f i n i t e l y  remove l and  from 

f u r t h e r  p r o d u c t i v e  u s e .  E x i s t i n g  low-level  was te  d i s p o s a l  s i t e s  a r e  no t  b e i a g  

c o n s i d e r e d  f o r  f u t u r e  ' u s e .  SPS niarer i a l s  mining , r c c t e n n a  s i . t e s ,  and launch 

s i t e s  would remove l a r g e  a r e a s  o f  l a n d  fruni o t h e r  uncs .  Whi l e  t h e  wel1ar.e 

e f f e c t s  would b e  h i g h l y  dependent  on t h e  l o c a t i o n  o f  t h e s e  t a c i l i t l e s ,  Ll.irg 

c o u l d  be s i g n i f i c a n t .  For  example,  r e c t e n n a  s i t e s  c o u l d  requi1.t: the re loco-  

t i o n  o f  homes, r o a d s ,  and, o t h e r  s e r v i c e s ,  which would inconven.i,ence t h e  u s e r s  

o f  t h e s e  s e r v i c e s .  

E l e c t r o m a g n e t i c  D i s t u r b a n c e .  Mic rowave  c o u p l l n g  w i e h  e l e c l i o a i c  

sys tems  a s  far a s  100 km from an SPS r e c r e n n a  s i t e  c o u l d  have a  s i g n i f i c a n t  

w e l f a r e  e f f e c t .  The s e v e r i t y  o f  t h e  e l e c t r o m a g n e t i c  i n t e r f e r e n c e  would depend 

on t h e  type  o f  e l e c t r o n i c  sys tems n e a r  a  r e c t e n n a  and t h e i r  a m e n a b i l i t y  t o  

m i t i g a t i n g  s t r a t e g i e s  t h a t  do no t  s i g n i f i c a n t l y  degrade performance.  M i l i t a r y  

communication and r a d a r  sys tems would be expec ted  t o  be  t h e  most d i f f i c u l t  t o  

modify  because  m o d i f i c a t i o n s  c o u l d  i n t r o d u c e  u n a c c e p t a b l e  o p e r a t i o n a l  com- 

p romises ,  bu t  o t h e r  s y s  tems,  such a s  emergency communicat.ions and computers ,  

might  b e  s i m i l a r l y  degraded .  M i l i t a r y  sys tems a r e  l o c a t e d  i n  t h e  same type  of  

s p a r s e l y - p o p u l a t e d  a r e a s  b e i n g  cons ide red  f o r  r e c t e n n a  s i.t i n g .  



Microwave R a d i a t i o n .  Ecosystems w i t h i n  and n e a r  r e c t e n n a  s i t e s  would 

b e  exposed t o  c h r o n i c  microwave r a d i a t i o n .  While t h e r e  i s  l i m i t e d  i n f o r m a t i o n  

on t h e  e f f e c t s  o f  such exposure ,  t h e  m o r t a l i t y ,  r e p r o d u c t i o n ,  and b e h a v i o r  

o f  b e n e f i c i a l  i n s e c t s  such a s  b e e s  c o u l d .  b e  a l t e r e d ,  p o s s i b l y  d i s t u r b i n g  

t h e  p o l l i n a t i o n  o f  food c r o p s .  

Noise .  Noise  l e v e l s  from h e a v y - l i f t  l aunch  v e h i c l e s  would b e  l i k e l y  t o  
' 

exceed recommended EPA 24-hr average  n o i s e  s t a n d a r d s  and e l e v a t e  n o i s e  l e v e l s  

i n  communities a s  f a r  away a s  31 km. Launches would occur  f r e q u e n t l y ,  pos- 

s i b l y  c a u s i n g  a 1  t e r e d  land-use p a t t e r n s ,  r educed  p r o p e r t y  v a l u e s ,  annoyance,  

and i n t e r f e r e n c e  w i t h  o t h e r  a c t i v i t i e s .  These impacts  c o u l d  b e  . m i t i g a t e d  by 

c h o i c e s  o f  l aunch  l o c a t i o n s  and f l i g h t  p a t t e r n s  t h a t  would d e c r e a s e  t h e  num- 

b e r  o f  p e r s o n s  exposed t o  e l e v a t e d  n o i s e  l e v e l s .  

Recommendations f o r  F u t u r e  Work. There  a r e  s e v e r a l  a r e a s  i n  which 

a d d i t i o n a l  s t u d y  c o u l d  improve t h e  q u a l i t y  o f  t h e  assessment .  It i s  recom- 

mended t h a t  t h e  f o l l o w i n g  s t u d i e s  be  under taken .  

1. P r o c e s s - s p e c i f i c  d a t a  s h o u l d  b e  d e v e l o p e d  f o r  SPS 
a c t i v i t i e s ,  p a r t i c u l a r l y  f o r  manufac tu r ing  ( i n c l u d i n g  
p roduc t  ion  l e v e l s  and e m i s s i o n  t y p e s  and q u a n t i t i e s ) .  

2. S i n c e  most env i ronmenta l  w e l f a r ~  ~ f f e c t s . v a r y  c o n o i d e r  
a b i y  w i t h  t h e  s i t e  l o c a t i o n ,  t h e  e f f e c t s  o f  f a c i l i t i e s  

, a t  h y p o t h e t i c a l  s i t e s  shou ld  b e  a s s e s s e d .  T h i s  a n a l y s i s  
shou ld  be conducted f o r  a  s e r i e s  o f  h y p o t h e t i c a l  SPS 
s i t e s  and compared t o  c o a l  and n u c l e a r  f a c i l i t i e s  i n  . 
s i m i l a r l y  s c a t t e r e d  l o c a t i o n s .  

3 .  The w e l f a r e  e f f e c t s  a n a l y s i s  shou ld  be  extended t o  in-  
c l u d e  o t h e r  energy-supply  sys tems  expec ted  t o  be  v i a b l e  
a f t e r  2000, i n c l u d i n g  t e r r e s t r i a l  p h o t o v o l t a i c  , , f u s i o n ,  
coal-gasification/combined-cycle, b r e e d e r  r e a c t o r ,  and 
d i s t r i b u t e d  s o l a r  sys tems .  

4 .  The w e l f a r e  e f f e c t s  a n a l y s i s  o f  c o a l ,  n u c l e a r ,  and 
SPS techno logy  shou ld  b e  extended t o  i n c l u d e  t h e  e f f e c t s  
o f  a c c i d e n t  c o n d i t i o n s .  The i n i t i a l  ernphaai. .~ shou ld  
i n c l u d e  SPS r o c k e t  p r o p e l l e n t  s p i l l s  and r o c k e t  a b o r t s ,  
n u c l e a r  a c c i d e n t s ,  and  c o a l  e m i s s i o n - c o n t r o l - s y s t e m  . 
ma1 func t i o n s .  
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APPENDIX A:  

* A l l  v a l u e s  have been adjusted from t h e i r  o r i g i n a l  u n i t s  t o  metr ic  e q u i v a l e n t s .  . . . . 



Table A.1. Air Pollutant Emissions from Coal Combustion Fuel Cycle 

- -- - -- 

I!et Air  P ~ l l u t a n t  Emissions - 
A c t i v i t y  Uni ts  SSP SU2 VOx HC CU Otller Comment s 

I 

Yin ing 

Sur face  

Eas tern  t / y r  per j .38 0.8ID l ~ . 9 S  1.. LO 6.67 Aldehydes = 0.18 See Ref. L 1 .  Mine y i e l d :  136,077 t / y r  
m.ine 

Uiesel  exhaust  ( =  4 .33  x l o L 5  J l y r ) .  

Western t / y r  per 1.27-3.45 0.19 1.91 0.19 1.2U Aldehydes = -0.03 See Ref. A.1 Mine y i k l d :  10' t / y r  
mine ( =  1.74 x l o i 5  J J y r ) .  

Diesel  exhaust  
emiss ions  

Underground 

Process ing t / y r  per 
, f a c i l i t y  

I r a n s p o r t a t  ion 

Tra in  

Power Generat  ion 

t / y r  
p2 r  
1 :JOU->We 
pswer 
p l an t  

Conventional t / y r  
Bo i l e r  F r  

1300-Ml4e 
p3wer 
p l an t  

kz/ L U ~ J .  

Transmiss ion 

- - - - - - - - - - - - - -  neg 1 ix ib  l e  - - - - - - - - - - - - - - - See Ref. A. l .  Mine y i e l d :  566,988 t / y r  
( =  18.0 x 1015 ~ / ~ r ) .  

.- Arsenic - 0.04-0. 50 
Bar ium 0.U-2.32 
Cadmium 0-11.01 
Chromium 0.15-0.6b 
Cob31 t  0.07-0.28 
Lead 0.01-240 
Xanganese O.10-0.79 
Yercu r :~  0.08-0.31 
S e l e l i t d m  C.24  . 
Vanad ium 0.19-0.7 1 
Zinc 0.34-5.04 

C.013 C.516 max. 0 ~ 2 5 8  

- - -  Some ozone and N U ;  e m i s s i o m ;  l e v e l s  not e s t a b l i s h e d . -  - - 

See Ref. A. 1 .  Weightea nat  ion31 average .  
P r d u c i n g  1 .81  x lo6 t / y r .  

See Ref. A.2. Does no: inc lude  d i e s e l  
emiss ions  ( d i e s e l s  a r e ,  primary c o a l  mov- 
e r s ) .  Handling 6 windblown l o s s e s  r e s u l t  
in 1-24 l o s s  of c o a l .  9,525 t  o f  c o a l  a r e  
c a r r i e d  on a un i t  t r a i n .  

See Kef. A.2. Emissions l i s t e d  a r e  
soLely combust ion r e l a t e d .  Ranges re- 
f l e c t  v a r i a t i o n  in coaf  q u a l i t y .  SO2 
vaLues a r e  wi th  and without use o f  
f l u e  gas  s z r u b e r s .  

See Ref. A. 3. Haximum .permit ted  by 
f e d e r a l  l w  f o r  new fad i l  i t  i e s  (NSPS). 

Generated by t h e  corona of l i n e s  ( s e e  
Ref. A.1). 



Table  A. 2. Atmospheric Changes R,zsul t ing from Coal Combust i o n  Fuel  c y c l e  

A c t i v i t y  . Dis tu rbance  Comments , 

Power G e n e r a t i o n  Carbon diox. ide  b u i l d u p  i n  atmosphere Level  o f  e f f e c t s  
r e s u l t i n g  i n  p o t e n t i a l  mean ambient c u r r e n t l y  a r e  no t  
t empera tu re  i n c r e a s e  w e l l  e s t a b l i s h e d .  

Emiss ions  o f  89 kg/109 J o r  
5.0 x 106 t c o 2 j y r  

See Ref. A.5. 

Tab le  A.3. Thermal Discharge  from Coal Combustion Fuel  Cycle  

Thermal E f f l u e n t  

A c t i v i t y  . u n i t  Discharge  t o  Ai r  Discharge  t o  Water Cornmen t s 
I 

. Coal P r o c e s s i n g  -- L i t t l e  o r  none - - - - - - See Ref.  A. 1. - - - - -  

power Genera t  i o n  1 0 l 5 ~ / y r  10 .'55 27.96 Ref.  A.6, a d j u s t e d  
f o r  a accord ing  t o  Ref.  A. 1 
1000-MWe 
pI a n t  



_... 

Table  A . 4 .  Water Pa l l u t a n t  Emiss ions  from Coal Combust ion  Fuel  Cycle  

Water P o l l i t  i o n  E f f l u e n t s  ( l e t  d ischarge:  

D i s so l .~ed  Su;?endcd 
A c t i v i t y  Uni ts  Sol i j s  5.3 l  id 3 S1H3 ?In N i  SO4 Comment s  

Su r face  mg;L 26 70-40 15 $8-73 !-5 U.61-12.3t 6.1-0.2 .03U-1030 I41 0.2-3.28 
Tota l  I ron  0.5-5.8 
Zn 0.2-3.23 

Underground mg/L 25 16-4 700 20 1.1-3.P 0.1-2.0 0.1-2.0 393-?lOC Chlor idc  152-272 
Hardness 312-1650 
Sr 1.4-2.8 
To ta l  I ron  1.5-3.0 

Process  ing 

T r a n s p o r t a t  ion 

t l y r  per 1851 3;'. 7 2.8 - 2.0 
f x i l i t u  

1:)17.8 A1 2.4 
To ta l  i-letals 

( f e r r o u s )  4 .1  
Zn 0 . 3  

T ra in  - - - -  

Power Generat  ion t  / y r  . 
p2r 
1300->We 
p lan t  

4 . 9  0.9 N,\ 53.9 611.54 A1 
BOD 

1 COD 
Cr 
Nonferrous 

meta ls  
P 
Zn 

See Kef. A .  7. Emissions 
r e f l e c t  bes t  a v a i l a b l e  
technology (BAT) l e v e l  of 
c o n t r o l .  

See Ref. A . 7 .  Emissions 
r e f l e c t  BAT l eve l  of 
c o n t r o l .  

See Ref. 14.1. E f f l u e n t s  
a r e  weighted nat  ional  
averages  a s s o c i a t e d  with 
e l a b o r a t e  bene f i c  i a t  ion.  
Res iduals  from r e f u s e  
p i l e s  and benef ic  i a t  ion 
process  inc luded.  Ef f l u -  
e n t s  l i s t e d  do not in- 
c lude  groundwater contam- 
ina t  ion. 

4 . 5  See Kef. A.l ( a d j u s t e d )  
21.0 and Ref. A . 8 .  Impact 

2041.2 v a r i e s  by backgrounmd 
0 .2  l e v e l ,  emiss ion r a t e  and . . 

f!ov r e t e  s f  r e c e i v i n g  
lE48.3 water body, s u b j e c t  t o  

2 .5  water q u a l i t y  c r i t e r i a  
0 .7  and emission l i m i t a t  ion 

guide 1 ines .  

NA = not a v a i l a b l e  



Table  A.5. Water Usage i n  Coal Combustion Fuel  Cycle 

2 

Consumptive Nonconsumpt i v e  
A c t i v i t y  U n i t s  Use Use Comment s  

12 J Underground 'm3-yr/10 4.56-6.78 39.39-70.12 - See Ref.  A.9. Mining and 
p r e p a r a t i o n .  Use o f  wa te r  
not  d i s t i n g u i s h e d .  

Surf  a c e  m3,-yr/ 1012 J 1.52-2.22 36.00-65.80 See Ref.  A.9. Assumed t o  
i n c l u d e  some usage f o r  d u s t  
c o n t r o l .  

P r o c e s s i n g  

Power Generat  i o n  m3/1012 J 31.56 (1,2lb - - 
94.67-112.20 (3 ,4 ,61b -- 

1.27.39-146.09 (5,7-10lb -- 
106 rn31yr 
per 1000-MWe 
power p l a n t  

Rev,ege t a  t i o n  For a r e a s  w i t h  g r e a t e r  than  25.4 cm mean annual  
p r e c i p i t a t i o n ,  no a d d i t  i c n a l  water  is n e c e s s a r y  
( e x c e ~ t  d u r i n g  drought  ccandit i o n s  i n  growing 
season)  . 

See Ref.  A.6. 

See Ref.  A.9. Water r e q u i r e -  
ments dependent  upon d e s i r e d  
d e g r e e  o f  c l e a n i n g .  VI 

4 

See Ref.  A . 1 .  

See Ref. A.9. V a r i e s  by 
r e g  i o n .  

See Ref. A.6 ( a d j u s t e d ) .  Wet 
c o o l i n g  tower .  

See Ref. A.6 ( a d j u s t e d ) .  Dry 
c o o l  ing  tower ; s m a l l  amount 
o f  makeup w a t e r .  

See Ref.  A. 10 .  

a ~ c . r  wet c l e a n i n g ;  consumpt ive/nonconsumpt i v e  s p l i t  not  known. 

'water use  breakdown by p l a n t  a c t i v i t y  n o t  i n d i c a t e d ;  numbers i n  p a r e n t h e s e s  i n d i c a t e  f e d e r a l  r e g i o n .  



I Table A.6. Sol id  Waste Ganerated i n  Coal Combust ion Fuel Cycle 

- -  

A c t i v i t y  Unit's So l id  Waste Generated Comment s 

Plin ing 

Sur f ace  

lo6 t  /y r  
.per mine 

Underground . . t i y r  

Process ing  

t/1000 MWe 
per  year  

Power Generat ion 

Scrubber Sludge 
Bo i l e r  Ash t/1015 J 
ESP Ash 

Bottom Ash lo3 t j y r  
F l y  Ash per  power 
Sludge 

With 
W . i  t hont Nonregener a t  i v e  

Scrubbers  Lime Scrubbers  

0 2,693-13,110 
1,892-2,107 1,892-2,106 

7,481 7,481 

With 
Nofiregenerat i ve  Without 

Scrubbers  Scrubbers 

12-7-21.8 20.9-36.3 
49.3-85.2 83.5-138.8 
16.3-41.7 0 

See Ref .. A. 1. Value inc ludes  , 
e x t r a c t  ion,  c l ean ing  processes ,  
and r ec  1.amat ion.  

See Ref. A. 6. Amount of  overburden 
in i n i t i a l  c u t .  

See Ref. A.6 .  Product ion of t r e a t -  
ed mine s ludge.  

See Ref. A . 1 .  For c losed-cycle  
coa l  p r epa ra t i on  wi th  t reatment  of  
a l l  r e f u s e .  

See Ref. A. 2.  Coal r e fuse .  
V1 
00 

See Ref. A . 1 .  Quant i ty  o f  emis- 
s i ons  depends upon ash and s u l f u r  
concent c f  c o a l ,  e x t e n t  o f  c o a l  
p r e t r ea tmen t ,  and e f f i c i e n c y  o f  
p a r t i c u l a t e  c o l l e c t  ion device .  

System: 
500-MWe p lan t  
10.55 x 106 J/kWh 
345 thermal e f f i c i e n c y  
55% capac i ty  f a c t o r  

See Re'f. 8.2.  
Sys t e m  : 

1000-Wde p l an t  
70% capac i ty  f a c t o r  
Var iab le  coa l  qua1 i t y  



Table A.7. Annual Q u a n t i t i e s  .of Combust ion was t e s  Col lected a t  a 
1000-We Coal-Fired Power P l an t  

Coal Source 

Easte-rn Western 
Coal C h a r a c t e r i s t i c s  and Northern Southern I n t e r i o r  I n t e r  i o r  Four 

Quan t i t i e s  .of Waste Appalachia Appalachia ( I 1  l i n o i s )  (Wyoming) Corners 

Coal Oua l i t v  

Heat Content ( lo6' J /kg)  32.1 33.0 26.5 19.1 26.5 
Ash Content (,%I 3.6 3.9 5.2 . 6.0 5.2 
Su l fu r  Content (%I. 1.26 0.9 2.45 0.45' *. 0.6 

Coal ~ e ~ u i r e m e n t s  

. p e r  P l an t  ( l o 6  t / y r )  1.73 . 1.67 . 2.08 2.89 2.04 

Combustion Wastes ' 

( l o 3  t / y r )  . . 
Bottom Ash 12.7 12.7 21.8 36.3 20.9 
F ly  Ash 49.0 . 50.8 86.2 '138.8 

. a  83.5 
Limes tone Sc.rubber Sludge 217.7 163.3 417.3 -- -- a 

To ta l  279.4 226.8 525.3 175.1 104.4 

a ~ o  scrubbing.  

Source: Adapted - from Ref. A.2. 



Table  A.8. Land R ~ q u i x e m e n t s  f : ~ r  Coal Combust ion  Fuel  C.yc.le 

A c t i v i t y  U n i t s  Land Area Comment s 

Mining 

S u r f a c e  

Underground 

P r o c e s s i n g  

 rans sport at ion 

T r a i n  

103 m 2 1 y r  per 
1000-MWe p l a n t  

103 m 2 1 y r  pe r  
1000-MWe p l a n t  

V a r i a b l e  

See Ref.  ra.2. l o6  t / y r  
mined. Huch o f  t h i s  l and  i s  
e v e n t u a l l y  r e t u r n e d  t o  use .  

Subsidence o f  l a n d  is  major  impact.  
L ike l ihood  oE o c c u r r e n c e  i s  de- 
pendent  on geology o f  s i t e .  

lo3 m2 p e r  Washing P l a n t :  20 See Ref. A. 11. Land a l s o  r e q u i r e d  
f a c i l i t y  Loading F a c i l i t y :  162 . f o r  r e f u s e  d i s p o s a l .  Reclamation 

. S e t t l i n g  Pond: 702 r e g u l a t i o n s  r e q u i r e  r e t u r n  o f  l a n d  
t o  p r i o r  use  o r  b e t t e r  u s e ;  t h u s ,  

T o t a l :  384 d e t r  imen-a1 immpac t s , shou ld  be 
s h o r t - t e r n .  

lo3  m2 p e r  p l a n t  1942-4047 - See Refs.  A. 2 and ~ . 1 2 .  
( 3 3  y r )  

See Ref. -4.1. 15.2-m right-of-way, 
f o r  a  482.7-km t r i p ;  e x c l u d e s '  non- 
c o a l  t cmlsge .  

Power Generat  i o n  lo3  m2 p e r  p l a n t  192 2-4047 Adjusted f r o n  Refs .  A.2 and A.12. 

lo3 m 2 1 y r  p e r  Waste Disposa l  
1030-MWe Sower Ash: 6.1-18.2 

' p l a n t  Sludge: 24.3-56.7 

Transmiss ion  C o r r i d o r s  
345 kV m2 / km See Ref. A . 1 .  45.7- r ight-of-way. 

Land may be s imul ' taneously  used 
f o r  o t h e r  purposes .  

500 kV m2./ km 0.053 See Ref .  A. 1. 53.3-m right-of-way. 



Table A.9. Electromagnet ic  Disturbances from 
Coal Combust ion Fuel Cycle 

A c t i v i t y  Type of Disturbance Comment s 

~ r a n s m i s s i o n  Corona d i scha rge ,  which may r e s u l t  in  See Ref. A. 1 .  
r ad io  and TV i n t e r f e r e n c e  (espec ia l ly ,  
in  a r ea s  of  ' lr  inge recept  ion) .  

' 

Tabl'e .A. 10. Radiological  Impacts from Coal Combust ion Fuel Cycle 
- I 

. : .  -- 

A c t i v i t y  Units  E f f luen t  Comments 

Power Generat ion kg/yr Uraniun: 23.2 See Ref. A.13. ' ~ a d i o a c t i v e  e f f l u e n t s '  
. f o r  a  Thor iun: 46.4 . :  , o r i g i n a t e  i n  c o a l ,  and a r e  emit ted 

' 1000-MW with ' . the  s t a c k .  gas  .. 
' p lan t  

Ci /yr  ~ 2 3 8  chain:  0.008 See Ref. A.13. 
f o r  a  
1000-MW 
plan t  

u~~~ chain:  0.0004 

T H ~ ~ ~  chain:  0.005 



Table  A .  11. Noise Generat  ion  i n  Coal Combustion Fuel  Cycle  

A c t i v i t y  Yoise Source ,  Level  Cornmen t s 
- - 

Mining . E.1 a s  t ing  , e q u i p m e ~ t  
c-?erst i o n s ,  h a u l a g e  
~ n d  l o a d i n g  a c t i v i -  
t i e s .  

P r o c e s s i n g  L i t t l e  o r  no a d v e r s e  
impact on l and  n e z r  
t e n e f  i c i a t  i o n  p1ar.t.  

T r a n s p o r t  a t  ion  

T r a i n  .-~, 55 dBA a t  30.5 m 
from t r a i n .  

7 5  dBA a t  305 m 

- 

The nonise impacts  a r e  a d d r e s s e d  q u a l i t a t i v e l y  s i n c e  
p e r c e p t i o n  of  n o i s e  v a r i e s  by d i s t a n c e ,  ambient 
background, f r equency ,  i n t e n s i t y  , and d u r a t i o n  of  
t h e  no, ise .  Regu la t ions  a r e  f r e q u e n t l y  d i f f e r e n t i a t e d  
by l a n d  use c l a s s e s  and measured from t h e  p r o p e r t y  
l i n e  of t h e  s o u r c e .  

See Re-f. A.1. 

Power G e n e r a t i o n  Coal h a n d l i n g ,  p l a t  
c ? e r a t i o n s ,  coo1ir.g 
tower f a n s .  

C o n s t r u c t  i o n  1-81 a c t i v i t i e s  

See Ref.  A. 1. 

F e d e r a l  d e s i g n  n o i s e  l e v e l s  r a n g e  from 55 dBA 
(maximum d e s i r a b l e  f o r  r e s i d e n o e s )  t o  75 dBA. 

Transmiss ion  Corona w i l l  no t  be 345-kV AC l i n e s  c r e a t e  o n l y  b a r , e l y  a u d i b l e  n o i s e .  
loud enough t o  c a c s e  745-kV' AC l i n e s  can  c r e a t e  a u d i b l e  n o i s e  s e v e r a l  
Eny h e a r i n g  damage. hundre3 f e e t  i n  f o u l  wea the r .  See Ref .  A. 14. 



Table  A.12. A e s t h e t i c  Impacts  o f  Coal Combustion Fuel  c y c l e a  

A c t i v i t y  Type o f  Impacts 

Mining Loss o f  l and  a c c e s s  f o r  d u r a t i o n ,  u n t i l  r e c l a i m e d .  

P r o c e s s i n g  U n s i g h t l y  r e f u s e  p i l e s .  

\ 

Power Gen,erat ion  V i s i b l e  plumes p e r i o d i c a l l y  from s t a c k  and c o o l i n g  towers .  
P e r i o d i c  s i t i n g  i n  r u r a l ,  " n a t u r a l "  a r e a s .  

Transmiss  i o n  U n s i g h t l y  t r a n s m i s s i o n  c o r r i d o r s ,  p o l e s  and l i n e s .  

a A e s t h e t i c  impacts may a l s o  b e  components o f  o t h e r  impact a r e a s  ( e . g . ,  land 
u s e ,  a i r  o r  wa te r  p o l l u t i o n ,  n o i s e )  and a r e  addressed  a s  such i n  t h i s  r e -  
p o r t .  
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Table ~.l. Typical  P l z n t  S izes  f o r  Act i v i t  i e s  
i n  t he  Nuclear Fuel Cycle 

, Numker of Light  
R Annual Water Reactors  

a c t i v i t y  Product ion  Suppl ied Annually 

Ex t r ac t  ion 
Open P i t  ( o r e  at .  0.2% ~ 3 0 8 )  
Underground ( o r e  a t  0.2% u~OE-) 

Uranium ~ i l  l i n g  (IJ3O8) 

Uranium Hexaf l u o r i d e  (UF6) Conversion 5,500 t 27.5 

Uranium Enrichment 
Gaseous Di f  f  us ion ( U F ~ )  
Gas Centrifuge-UF6 (planned)  

Fuel .Fabr ica t ion  ( f u e l  elements) 990 t 26 

Fuel Reprocessing ( spent  f u e l )  

Transuranic  Waste Treatment 1,500 m3 39.5 

High Level and Transuranic  
Geologic Repository 

T ranspo r t a t i on  
Truck 

, - Tra in  
Barge 

Nuclear Power Plan: 

4,000 r e f e r ence  4,000 
r epos i to ry  years  

3,528 shipments 
15 shipments 
5 shipments 

1,000 MWe E l e c t r i c a l  
pcoduc t ion 

22. 1015 J 

Source: Ref. B.1 .  



Table B.2. A i r  Po l lu t an t  Emissions from Nuclear Fuel Cycle 

P o l l u t a n t  ( t / y r  f o r  a  t y p i c a l  f a c i l i t y )  

A c t i v i t y  S3, NO, HC CO F  - P a r t i c u l a t e s  Commen t s 

F u e l  E x t r a c t i o n  

Cpen P i t  Min ing  

Underg round  Min ing  

M i l  1  i n g  

UF6 P r o d u c t i o n  

E n r i c h m e n t  

F u e l  F a b r i c a t i o n  

- - - - - - - - - - - - - - u n a v a i l a b l e  - - - - - - - - - - - - '- - Rock d u s t  f rom m i n e  v e n t s .  

3 3 7 . 0 ~ 1 0 ~  1 O 1 . 7 x 1 C i 3  990 2 . 5 ~ 1 0 ~  45 .0  101.7  x  103 Gaseous ,  e m i s s i o ~ ~ s  a r e  p r i m a r i l y  
f rom c o a l - f i r e d  power p l a n t s  
r e q u i r e d  t o  g e n e r a t e  p r o c e s s  
power.  

Power G e x e r a t i o n  . - - 

R e p r o c e s  s i n g  

- A c i d s :  68 .67 

C h l o r i d e s :  0 .07  
- Chromates :  1 7 . 0 1  

O r g a n i c s :  55 .02 
Z i n c :  3 .15  

Y r a n s p o r l a t  i o n  - - 2.6 -- -- -- -- To s u p p o i t  o n e  power p l a n t .  

S o u r c e :  Re f .  8 .1  f o r  power . % e n e r a t  i o n  d a t a  2nd Ref .  8 . 2  f o r  a l l  o t h e r  d a t a .  - 

184 .6  0 .52  1 .04  2 .86  41 .6  161.2 ' A p p r o x i m a t e l y  77% o f  NOx comes 
f rom p r o c e s s  e m i s s i o n s .  



Table  B.3. Thermal C i s c h a r g e  from ~ u c l e a r '  Fuel  Cycle  

1012 J / y r  
Discharged 

A c t i v i t y  Per  F a c i l i t y  Comment s 

M i l  1 ing  385 About 53 x lo9 J / h r  used f o r  p r o c e s s  h e a t  is d i s c h a r g e d  
t c  t h e  a i r ,  

UF6 Produc t  ion  5 80 Heat is d i s c h a r g e d  t o  t h e  a i r  d u r i n g  c a l c i n a t i o n  o p e r a t i o n s .  

Enrichment 

Fuel  F a b r i c  a t  i o n  

Power G e n e r a t i o n  

303,866 H ~ l f  d i s c h a r g e d  t o  t h e  a i r ,  h a l f  t o  Ha te r .  66% of  was te  
h e a t  comes from a n c i l l a r y  power p l a n t s .  

2.47 W ~ s t e  h e a t  from p r o c e s s  c o o l i n g  d i s c h a r g e d  t o  atmosphere 
v i a  c o o l i n g  ponds. o\ 

03 

50,222 Discharged e i t h e r  t o  air o r  w=ter  v.ia towers  and ponds. 

1,673 Ak,out 195 x lo9  J / h r  d i s c h a r g e d  t o  a tmosphere  from 
of f -gas  s t a c k  and c o o l i n g  ponds and ltowers. 

Waste Management n e g l i g i b l e  ~ i ~ h - l e v e l  r a d i o a c t i v e  wa.ste generartes 2-5 kW o f  h e a t  
d i s c h a r g e d  t o  t h e  a i r .  

Source: .  Ref. B.3 f o r  power d a t a  a n t  ' ~ e f .  B.2 f o r  a l l -  o t h e r  d a t a .  



Table B.4. Water Po l lu t an t  Emissions from Nuclear Fuel Cycle 

P o l l u t a n t  ( t / y r  f o r  a t y p i c a l  f a c i l i t y )  

A c t i v i t y  SO; NO; ~ 1 -  Na' Other 

Fuel Ex t r ac t  ion 

Underground Mining - - - - - - - - - - - - unava'i lable - - _ _ - _ - _ _ _ _ _ _ _ _  
M i l  1 ing - 

DF6 Product ion 

Enrichment 

Fuel Fab r i ca t  ion 

Power Generat ion 

-- -- T a i l i n g  so lu t ion :  1.27 x lo6 

5..5 107,.3'a F': 242.0. T a i l i n g  s o l u t i o n :  41'13 

738.0 738.0 Ca++: 486.0 
. . Fe: 36.0 

-- -- + 
NH3: 260.0 

. Fluor ide :  106.6 

-- -- . BOD: 1.89 
Boron: 275.10 . 
Chlorine:  22.05 
Chromates: 1 .89 '  
Phosphate: 34.65 

Reprocess kng 10.4 - 23.4 5.2 137.8 -- 
a ~ o n t a i n s .  about 8'0% potass'ium. 

Source: Ref. B . l  f o r  power genera t ion  d a t a  and Ref. B.2 f o r  a l ' l  o the r  .da ta  . . , 



Tab1.e B.5. S ~ l i d  Waste Generated i n  Nuclear  Fue l  Cycle  

S o l i d  Waste 
( t  j y r .  f o r  a  t y p i c a l  f a c i l i t y )  

Overburden Ees i d u a l  
A c t i v i t y  Moved T a i l i n g s  P ~ l l u t a n t s  Comment s 

- -- -- 

Fue l  E x t r a c t i o n  

Open P i t   ini in^ .14.0 x loE -- -- During t h e  l i f e  of  t h e  mine,  144 x 106 t 
o f  overburden i s  moved. Most i s  r e t u r n e d  a s  
backf i ll .  

M i l l i n g  

u F ~  Produc t  ion  

-- 482.3 x lo3  -- Approximately 1600 t / d a y  o f  s o l i d  was te  
t a i l i n g s  s l u r r i e d  i n  4300 t o f  w a s t e  m i l l i n g  
s o l u t i o n s  a r e  ' g e n e r a ~ e d  by t h e  m i l l .  T a i l i n g s  
a r e  p r i m a r i l y  sands tone  and c l a y .  

-- 1. I x ,lo3 S o l i d  chemical  e f f l u e n t s  c o n t a i n i n g  Fe ,  Ca, Mg, 
Cu, F. About 50% o f  t h i s  m a t e r i a l  i s  ash  
produced d u r i n g  h y d r o f l u o r i n a t  i o n .  

Fue l  F a b r i c a t i o n  -- -- 676.0 CaF2. S o l i d s  remain on s i t e .  

Source :  Ref. 8.2. 



Table  B.6. L iqu id  Radwaste System I n p u t s  f o r  a 
Typ ica l  P r e s s u r i z e d  Water Reac to r  

Tab le  B.7. L iqu id  Radwaste System I n p u t s  f o r  a .  
Typ ica l  B o i l i n g  Water Reac to r  

: .  Average Volumea 
Source  (m3/day) Source 

Containment B u i l d i n g  Sump. 

A u x i l i a r y  B u i l d i n g  F l o o r  Dra ins  

L a b o r a t o r y  3 r a i n s  and Waste Water 

sample h a i n s b  

T u r b i n e  B u i l d i n g  F l o o r  Dra insc  

Misce l l aneous  Sources  

Steam G e n e r a t o r    lowdown 

Dete rgen t  Waste ( l a u n d r y ,  
d e c o n t a m i n a t i o n ,  showers)  

1.51 

0.13 

27.25 

2 .65 

0.06% o f  main 
s t e m  f low 

- - 

a ~ r o m  R e f . .  B;4. 

For  c o n t i n u o u s  purge  r e c y c l e :  0.057 .m3/day. 

CFor once- th rough . s t eam g e n e r a t o r  sys tems ,  e q u a l s '  
12 .1  m3/day. 

Aveiage Volumea 
(m3/day) 

~ e a c t o r  Bu i ld ing  Equipment Drain  

Drywell  Equipment Drain  Sump 

Radwaste ~ u i l d i ; ~  Equipment Dra in  Sump 

Turb ine  Bui ld ing  Equipment Dra ins  

Reac to r  Bu i ld ing  F l o o r  Sump 

Drywell  F loor  Sump 

Radwast e Bu i ld ing  F loor  Drain  

Turb ine  Bui ld ing  F loor  Dra ins  

Labora to ry  Drains  

Condensate Deminera l i ze r  Regenera t ion  

U l t r a s o n i c  Resin  Cleaning 

Demineral i z e r  Backwash Res.in T r a n s f e r  

De te rgen t  Waste ( l a u n d r y ,  
decon tamina t ion , .  showers) . . 

aFrom Ref.  B.4. 



Table B . 8 .  Q u a n t i t i e s  o f  Sol id  Wastes Generated per Year by One Nuclear Reactor 

Waste Input t o  Sol id Waste Volume 
% l i d  Radwaste Shipped from 

Source Sys tem S t a t i o n  Cammen t s 

Spent Bead Resins 17- 3 gross  17 m3 The 17-m3 s h i p ~ d  volume inc ludes  61.7 m3 
displacement volume . of  evaporator  bottoms and 4.25 m3 of 
( i nc ludes  35% void s o l i d i f i c a t i o n  agent .  
space)  

Powdex Resins . 17 n3 22..65 m3 . Shipped volume based on a 3 : l  volume r a t i o  
of waste t o  s o l i d i f i c a t i o n  agent .  

Evaporator s o t  toms 93.59 m3 

F i l t e r  Ca r t r i dges  29 : a r t r  idges 

122-53 m3 Shipped volume based on a 3 : l  volume r a t i o  
of waste t o  s o l i d i f i c a t i o n  agent .  60 f t 3  
of bottoms used t o  s o l i d i f y  r e s i n s  was u 

N 

not taken i n t o  account .  

29 drums One c a r t r i d g e  per drum. 
6.06 m3 

Miscel laneous Paper,  140.45 rn3 28.09 m3 A volume compaction r a t i o  of 5 : l  ia  b a l e r .  
. ,  . Cloth ,  e t c .  , 

Source: Ref. B.5. 
. .. 



Table.B.9.  Land Requirements f o r  Nuclear Fuel  Cycle 

Land Use (km2 p e r  f a c i l i t y )  

T e m ~ o r a r i l v  Committed 
Permanent 1 y' 

A c t i v i t y  Undis turbed Dis tu rbed  Committed Comment s 

Fue l  E x t r a c t i o n  

Open P i t  Mining 0 .8 /y r  0.41yr 0.041yr During t h e  l i f e  of t h e  mine land d i s t u r b e d  
- .  . t o t a l s  4 km2. Land covered by over-  

burden s t o r a g e  t o t a l s  1 km2. 

M i  L 1 ing  0 .01 0 .01 0 .05  Major p o r t i o n  of u n d i s t u r b e d  m i l l i n g  land 
use is  inc luded  under f u e l  e x t r a c t i o n .  

UF6 Produc t ion 0.25 0.02 <O .01  -- 
Enrichment 0.22 0.07 - 0 A t o t a l  commitment. o f  6  km2 can be 

n e c e s s a r y  f o r  a  complete.  g a s  d i f f u s i o n  
complex. . . . 

Fuel  F a b r i c a t  ion  0.02 <0.01 0 -- 
Power Genera t  ion -- 1.4-4 0 .33 ' Land requ i rement  a r e  1.4-4 km2 f o r  

a  t y p i c a l  power p l a n t .  

Transmiss ion  -- 0.05 m2/km -- 345 kV: 45.7-m right-of-way. 
500 kV: 53.3-m right-of-way. 

Reprocess  ing 0.38 0 .02 <O .01  Exc lus ion  a r e a  t o t a l s  12  km2. 

Waste-Management -- . __  2.59 High-level  and t r a n s u r a n i c  g e o l o g i c  
r e p o s i t o r y .  

Source:  Refs .  B . l  and B.6 f o r  pDwer g e n e r a t i o n  d a t a ,  Ref.  B.7 f o r  t r a n s m i s s i o n  d a t a ,  and Ref. B.2 
- .  

f o r  a l l  o t h e r  d a t a .  



Table B . l O .  Electromagneti:  Disturbances from Nuclear Fuel Cycle 

Ac t iv i t y  T-jpe of  Disturbance Comment 

Transmission Corona d ischarge ,  which may r e s u l t  i n  See Ref. B . 1 .  
r a d i o  and TV I n t e r f e r e n c e ,  ' e spec i a l l y  
i n  f r  inge-recept ion a r ea s .  

Table B . l l .  Radiological  Impacts from Nuclear Fuel Cycle 

Radia t ion  Em5 ss ions 
( c u r i e s  per f a c i l i t y  per yea r )  . 

A c t i v i t y  A i r  Liqui,d Sol id  Waste C~mment s 

Fuel E x t r a c t  ion 

Open P i t  Mining neg l ig rb l e  -- -- Radon and daughters .  

. Underground Mining unknown unknown -- Contaminated mine d ra inage  
and vent  r e l e a s e s .  

Mi l l i ng  395 -- 3180 Sokid was te  is bu r i ed .  A i r  emissions 
a r e  p r imar i l y  Rn-222. 

U F ~  ~ r o d u c  t ion . 0.04 0.27 

Enrichment 

Fuel F a b r i c a t  ion 

- 
4.6 So l id  waste i s  bu r i ed .  A i r  emissions 

a r e  uranium. Liquid i s  p r imar i l y  
r uranium and daughters .  

0.18 1.8 -- Sol id  waste is bu r i ed .  A i r  emissions 
a r e  uranium. Liquid i s  p r imar i l y  

. , uranium and daugh. t e r  s . 
-- Sol id  waste is bu r i ed .  A i r  emissions 

. a re  uranium.. Liquid i s  p r imar i l y  
uranium and daughters .  Liquid r e l e a s e  
a l s o  inc ludes  Th-230. 

Power Gener a t  ion 57.01 x lo3 214.32 6.0 -- 

Reprocess ing 95.34 x L O ~  65 x 103 -- Pr imar i ly  t r i t i u m  and Kr-85. 

Source: Ref. B . l  f o r  power genera t ion  d a t a  and Ref. B.2 f o r  a l l  o t h e r  d a t a .  



Table B.12. Aes the t ic  Impacts of  Nuclear Fuel Cyclea 

A c t i v i t y  Type o f  Impacts 

Mining Loss o f  land access  u n t i l  mine is  reclaimed.  

UFg Conversion 
Enrichment I. Fuel Fab r i ca t i on  S i t i n g  i n  r u r a l  a r ea s .  
Reprocessing 
Waste Management 

Power Generat ion Vi s ib l z  plumes p e r i o d i c a l l y  from s t a c k  and 
cool ing towers. . Per iod ic  s i t i n g  i n  r u r a l ,  
I I n a tu ra l "  a r ea s .  

Transmiss ion Uns i g h t l y  t ransmiss ion  c o r r i d o r s ,  po l e s ,  
1 ines  . 

a Aes the t i c  impacts may a l s o  be components of  o t h e r  impact a r e a s  
(e .g . ,  land use o r  a i r  p o l l u t i o n )  and a r e  addressed a s  such i n  
t h i s  r e p o r t .  
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Table  C . 1 .  A i r  P ~ l l u t a n t s  Generated by SPS A c t i v i t i e s  

-- 

Air P c l l u t a n t  Emiss ions  

A c t i v i t y  U n ~ t s  TSP SO2 NO, HC CO Other  Comments 

Mining o f  M a t e r i a l s  

S i l i c o n  p r o c e s s a  k g / t .  so l .a r  S i  1 2 . 5 7  -- -- -- -- . -- See Ref .  C.1. 

G a l l i u m  aluminum - - - - - - - - - - - - -  d a t a  not a v a i l a b l e  - - - - - - - - - - - - - - A r s e n i c  produced main ly  a s  byproduct  
a r s e n i d e  p r o c e s s  of  m e t a l  s m e l t i n g  ( c o p p e r ,  l e a d ) .  A l l  

domes t ic  a r s e n i c  produced a t  one m i l l .  
Z a l l i u m  produced a s  byproduct  o f  
aluminum p r o c e s s i n g  o r  from r e c y c l i n g  
mine t a i l i n g s .  See Ref. C.1. 

Manufac ture  o f  M a t e r i a l s  

S i l i c o n  c e l l b  

G a l l i u m  aluminum 
a r s e n i d e  c e l l  

~l uminumC 
S t e e l ,  s i l v e r ,  molybednu 

mechanica l  s y s t e m s ,  
e l e c t r o n i c s C  

CopperC 
1 n s u l i . t  ionC 
Mylar ,  a d h e s i v e s c  
G r a p h i t e C  
C l a s s C  
Cold KovarC 
Black  p a i n t c  
C o n c r e t e  
Cement 
Sand,  e a v e l ,  a g g r e g a t e  
RP-1 f u e l C  

9 

C o n s t r u c t  i o n  

k g / t  s o l a r  Si. 113.9 ,951.E Z60.0 5 .6  1 .0  4i2S 

N"3 
Cyanides  
Phenols  
Pyr id i n e  

b a s e s  

- - - - - - -  d a t e  l i m i t e d  b e c z u s e  o f  p r o p r i e t s r y  p r o c e s s e s  - - - 

3.62 1 .11  0.01 1 .16  0 . 3 5  Ammonia 

-- 
3.75  

t kg, t  1.75 
1  .o 
1.0  
6 . 0  
0.005 
130 
0 .05  
0 .15  

Ammonia 
-- 

-- 
Ammonia 

-- 
-- 
-- 
-- 
-- 

t  /km2;month 269 -- -- -- -- 
of c o n s t r u c t  io?  
a c t i v i t y  

See  Ref .  C.1. 

Problem; 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  
a r s e n i c  h a n d l i n g .  Gal l ium h a n d l i n g  i s  . 
"c lean"  a s  i t  i s  r e c y c l e d  m a t e r i a l  
( s e e  Ref.  C .1) .  

/ See  Ref .  C.2. 

Emiss ion  r a t e s  v e r y  p o o r l y  known. 
Very rough e s t i m a t e .  See Ref .  C.3. 



Table C.1. (Cont'd) 

A i r  P o l l u t a n t  Emiss ions  

Act i . ~ i t y  U n i t s  1's P  SOq NO, HC CO Other  Comment s 
---.- --------.--.-- ----- 

T r a n s p o r ~ a t  ion  

A c c i d e 2 t a l  s p i l l s  -- -- -- -- -- P r o p e l l a n t s ,  Emiss ion  r a t e s  from s p i l l s  unknown. 

l i q u i d  hydrogen 

Launch axd Recovery 

HLLV-b 30s t e r  t l l a u n c h  - - -  n o t  a v a i l a b l e  - - - -- 1231 T r a c e  m e t a l s  TSP r e s u l t s  from ent ra inme 'n t  o f  sand 
( d a t a  no t  and d u s t  i n t o  plume. NO f o r m a t i o n  x 
a v a i l a b l e )  r e l a t e d  t o  a f t e r b u r n i n g . ~ n  h o t  ex- 

h a u s t  plume. SO2, t r a c e  m e t a l  emis-  
s i o n s  depend on f u e l  composit  i o n .  See 
Ref. C.4 f o r  CO, Ref.  C.5 f o r  NO,, and 
Ref. C.6 f o r  t r a c e  m e t a l s .  

?LV - - - - - -  no e m i s s i o n  e s t i m a t e s  a v a i l a b l e  - - - - - - S i m i l a r  t o  HLLV b u t  s m a l l e r  s c a l e .  

HLLV-i r b i t e r  
r e e n t r y  - - - - - -  no e m i s s i o n  e s t i m a t e s  a v a i l a b l e  - - - - - - S i m i l a r  t o  c o n v e n t i o n a l  a i r c r a f t  

e x c e p t  f o r  some NO format  i o n  due t o  
a e r ~ d y n a m i c  h e a t i n g .  4 \D -- - ---- - 

a l n c l u d e s  q u a r t z i t e  and c o k i n g  c o a l  min ing .  The SPS c o n f i g u r a t i o n  employing s i l i c o n  s o l a r  c e l l s  i s  n o t  e v a l u a t e d  i n  t h i s  s t u d y ,  bu t  d a t a  
a r e  i n z l u d e d  h e r e  f o r  u s e  a s  c r u d e  e s t i m a t e s  b e c a u s e  o f  l a c k  o f  i n f o r m a t i o n  on t h e  g a l l i u m  aluminum a r s e l i d e  m a n u f a c t u r i n g  p r o c e s s .  

b ~ n c l u d e s  c o k i n g  c o a l  a n c  c e l l  m a n u f a c t u r e .  The SPS c o n f i g u r a c i o n  employing s i l i c o n  s o l a r  c e l l s  i s  no t  e v a l u a t e d  i n  t h i s  s t u d y ,  b u t  d a t a  
a r e  i n c l u d e d  h e r e  f o r  u s e  a s  c r u d e  e s t i m a t e s  b e c a u s e  o f  l a c k  o f  i n f o r m a t i o n  on t h e  g a l l i u m  aluminum a r s e n i d e  m a n u f a c t u r i n g  p r o c e s s .  

C I n c l u d e s  m i n i n g ,  p r o c e s s i n g ,  f a b r i c a t  ion 



, Tak.le C . 2 .  Atmospheric Changes R e s u l t i n g  from SPS Act i v i t  i e s a  

Act i v i t y  Type o f  Dis tu rbance  

Microwave Power Transmiss ion  Microwave h e a t i n g  of  t h e  atmosphere.  Expected t o  b e  n e g l i g i b l e  ( s e e  Ref.  
C . 7 ) .  

Launch and Recovery Depc~s i t ion  of  ' exhaust  e f f l u e n t s .  Large q u a n c i t  i e s  o f  H 2 0 , .  C 0 2 ,  H2 ' ,  - 
d e p o s i t e d  in v a r i o u s  l aye rs ,  o f  t h e  
atmosphere ( s e e  Ref.  C . . 7 ) .  . . 

- -- 

a A d d i t i o n a l  a tmospher ic  c . ~ a n g e s  r e s u l t  frclm m h e r  t y p e s  of env i ronmenta l  i m p a c t s ,  as n o t e d  i n  T a b l e s  C.1' 
and C . 3 .  

Table  C.  3. Thermal Discharge  from SPS Act i v i t  i e s  

A c t i v i t y  Thermal Discharge  W e n t s  .:. . ... , . . 

Launch and Recovery 

~ o c k e t  exhaus t  h e a t  No e s t i m a t e s  a v a i l a b l e . .  . - '  C r e a t e s  a buoyant cloud,  o f . e x h a u s t  e f f l u e n t s .  . . 

S a t e l l i t e  Was.te h e a t  dischizrge:. See  Tab le  C.8.  

Rec t enna 12oritinuous r e l e a s e  of 7 5 0  MW T h i s  r a t e  i s  approx imate ly  e q u a l  ' t o  t h a t  o f  an 
of was te  h e a t  f r m  a 130 km* average  suburban  development ( s e e  Ref.  C . 7 ) .  
r e c  t enna . . . . .  - .  



Table C.4. Water Pollution Generation from SPS Activities 

- 
--- 'Water P o l l u t a n t  E f f l u e n t s  

Disso lved  Suspended 
A c t i v i t y  U n i t s  BOC COD Sol  i d s  S o l i d s  Organics  Other  Comment s 

-- ---- 
Mining o f  M a t e r i a l s  - - - - - - - - - - -  known e f f l u e n t s  b u t  no numer ica l  d a t a  a v a i l a b l e  - - - - - - - - - - See Ref.  C.1. 

Manufac ture  o f  M a t e r i a l s  

S i l i c o n  c e l l a  k g / t  s o l a r  S i  -- -- -- -- -- O i l s  and l u b r i c a n t s :  8800  See  Ref. C.1. 
Aqueous Na2Si03: 180 See  Ref. C.1. 

. G a l l i u m  aluminum - - - - - - - - - - -  d e t a i l s  l i m i t e d  b e c a u s e  o f  p r o p r i e t a r y  p r o c e s s e s  - - - - - - - - - - See  Ref. C.1 .  
a r s e n i d e  c e l l  

s t e e l  1 -- -- 0.071 1 .21  0 .55  -- 1 
ALum.inum 
,Copper 
Cement I 

T r a n s p o r t a t  i o n  

0.162 13.7 5.05 -- 2.5 -- 
kg/ t  -- 2.18 -- 17.4 -- 

0.00365 0.00012, 0.00706 0.0281 -- Bases:  0.0157 -- I See  Ref.  C.2. 

A c c i d e n t a l  spi'lis 

Launch and Recovery 

,- -- -- P r o p e l l a n t s  Data n o t  a v a i l a b l e .  

L a u n c h t o w e r c o o l i n g ,  - - - . - - - - - - - - - - - -  n a t u r e  o f  c o n t a m i n a n t s  unknown - - - - - - - - - - - - - - See  Ref. C.6. Water  
w a t e r  c o n t a m i n a t  i o n  f low r a t e s  e s t i m a t e d  

a s  704 m3/min f o r  ' 
HLLV launch  and 97 
m3/min f o r  PLV l a u n c h ,  
b o t h  s u s t a i n e d  f o r  
about  30  s e c .  

P r o p e l l a n t  s p i l l s  - - - - - - - - - - - - - - -  n a c u r e  o f  c o n t a m i n a n t s  unknown - - - - - - - - - - - - - - See  Ref.  C.4. HLLV 
c a r r i e s  7.192 t  o f  UIX, 
1714 t  o f  CH4 f u e l ,  
and 340 t o f  LH2 p e r  
launch .  PLV c a r r l e s  
1694 t o f  LOX, 347 t  
o f  CH4 f u e l ,  and 79 t 
o f  LHZ p e r  l a u n c h .  

a ~ h e  SPS c o n f i g u r a t i o n  employing s i l i c o n  s o l a r  c e l l s  i s  no t  e v a l u a t e d  i n  t h i s  s t u d y ;  d a t a  a r e  i n c l u d e d  h e r e  f o r  u s e  a s  c r u d e  e s t i m a t e s  
b e c a u s e  o f  l a c k  o f  i n f o r m a t i o n  on g a l l i u m  a r s z n i d e  c e l l s .  



Table C.5. Water Usage by SPS A c t i v i t i e s  

A c t i v i t y  Comment s 

Mining of  Ma te r i a l s  

A l l  m a t e r i a l s  Dis rupt ion  of a q u i f e r s  and bodies  of  water dependent on mine l o c a t i o n .  

Manufacturing Water use requirements  unknown. 

Construct  ion Dis rupt ion  >f  a q u i f e r s ,  bodies  of  water ,  d ra inage  from l a r g e  
cons t ruc t  io.7 p r o j e c t s .  

Launch and Recovery . 

Cooling of  launch tower High volume flow r a t e  (704 m3/min f o r  3 min f o r  HLLV launch)  impact 
on water  pressure:. 

. ' .  
I L I Table C.6 .  Sol id  Waste Generated by SPS A c t i v i t i e s  

Act i v  i i:y .: Type of  .So l id  Waste Comment s 

Mining of  Ma te r i a l s  Mine ' a i l i n g s  Sol id  waste dependent om mine l o c a t i o n .  

Manufacture of Mater ia ls :  

S i l i c o n  . c e l l s a  

Gallium aluminum 
a r sen ide  c e l l s  

32 t w a s t e l t  s o l a r  S i  See Ref. C . 1 .  A 5-GW s a t e l l i t e  system would 
r e q u i r e  13,813 tons  of  s i l i c o n  ( s e e  Ref. C.4). 

46c4 t Al203:3HzO,'MW c e l l  See Ref. C . 1 .  Aluminum oxide has  some o t h e r  
32 t o t h e r  m.aterial/MW c e l l  commercial va lue .  

aThe SPS con£  i g u r a t  ion erployin2 s i l i c o n  s o l a r  c e l l s  is  not eva lua ted  i n  t h i s  s tudy;  d a t a  a r e  included 
he re  f o r  use a s  crude e s t ima te s  because of l a ck  of  information on ga l l ium aluminum a r sen ide  c e l l s .  



Table C.7. Land Requirements f o r  SPS A c t i v i t i e s  

- - ~ --- ~- 

A c t i v i t y  Land Requirements Comment s 

Mining of  Ma te r i a l s  

S i l i c o n ,  aluminum, S i g n i f i c a n t  q u a n t i t i e s  of  land requi red  See Ref. C.4. One 5-GW s a t e l l i t e  re-  
conc re t e ,  s t e e l  f o r  mining; Amount depends on loca t ion .  qu i r e s  14,000 t of s i l i c o n ,  151,000 t of 

. aluminum 1 .3  x lo6 t of  conc re t e ,  6 1.5 x 10 t o f . s t e e 1 .  

Launch and Recovery Large launch cbmplex. Range s a f e t y  ' ' lrnpact of land use dependent on s i t e  
b u f f e r  zones. l oca t  ion. Kennedy Space Center is 

570 km2 ( see  Ref. C.8). 

Rec t enna 79 km2 f o r  rec tenna  a t  equa tor ,  a s  much See Refs. C.4 and C.9. 
a s  an a d d i t i o n a l  35 km2 a t  higher  l a t i -  
tudes.  Buffer  zone f o r  microwave s a f e t y  
dependent on exposure s tandard .  Tota l  
land requirement expected t o  average 
200 km2. 

Transmission Comparable t o  c o a l  and nuc lear .  Use of 
higher-vol t age  t ransmiss  ion 1 ines  1 i k e l y  
t o  have l a r g e r  land requ.irements. 



Table  C.8. E l e c t r o m a g n e t i c  D i s t u r b a n c e s  from SPS A c t i v i t i e s  

A c t i v i t y  Type- o f  D i s t u r b a n c e  Commen t s  
- - 

Launch and Recovery 

V e h i c l e  e f f l u e n t s  . M o d i f i c a t i o n  of ionospt-ere  Very l i m i t e d  d a t a  from s k y  lab.  l aunches  i n d i c a t e  
e l e c t r o n  d e n s i t y .  S e v e r a l  p o t e n t i a l l y  s i g n i f i c a n t  problems ( s e e  Ref.  C.lO).  
hour r e c o v e r y  p e r i o d .  Area E l e c t r o n  dens, i ty change can  a f f e c t  communication 
of  1.000-2000 km aronnd,ls.unch sys tems r e l y i n g  on ionosphere .  
s i t e  a f f e c t e d  ( s e e  Ref. C . 7 ) .  

S a t e l l i t e .  

Microwave Power 
Transmiss ion  

R e f l e c t e d  l i g h t  S a t e l l i t e  would be b r i g t . t e s t , o b j e c t  i n  t h e  sky n e x t  
t o  moon. 

I n f r a r e d  r a d i a t i o n  i r o n  S a t e l l i t e  would be  l a r g e s t  s o u r c e . o f  f a r  i n f r a r e d  
r e j e c t e d  was te  h e a t  next  t o  moon, a l t h o u g h  even many s a t e l l i t e s  would 

be a  smal l  p o r t i o n  of  tk.e the rmal  r a d i a t i o n  from 
t h e  lower atmosphere ( s e e  Ref.  C.7);  . 

Formation o f  c l o u d s  o f  d u s t ,  
d e b r i s ,  g a s e s  i n  LEO ar.d GEO 
due t o  l e a k s ,  weather  i c g  , 
c o n s t r u c t  ion.  

A t m s p h e r  ic s c a t t e r - n g  of  
power beam and p i l o t  beam 
energy.  Coupling mlcrcwave 
energy through power beam 
s i d e l o b e s ,  harmonics ,  c o i s e  
s i d e b a n d s ,  and t e r r a i n  
r e f l e c t  ions .  

Debr i s  c l o u d s  can  i n t e r f e r e  w i t h  r a d i o  
astronomy ( s e e  Ref.  C.7) .  

Microwave energy c a n  c a c s e  i n t e r f e r e n c e  w i t h  a  
number of  e l e c t r o n i c .  syst;ms i n  t h e  primary 
f requency (2 .45 GHz) a n t  l a r m ~ n i c  f r e q u e n c i e s .  
Worst c a s e  a tmospher ic  s c j t t e r i n g  would d i s p e r s e  
38% o f  t r a n s m i t t e d  power. Formidable problems 
expec ted  o u t  t o  100 km from r e c t e n n a  s i t e  ( s e e  
Ref. C.7).  

Power Transmiss  i o n  Corona and h i g h  i n t e n s i t y  I n t e r f e r e n c e  w i t h  e l e c t r o m a g n e t i c  . . sys tems ( s e e  
e lec t romagne t  i c  f i e l d s  .. Ref. C.11). 



Table.  C.S. ~ o i s e  Generat ion from SPS A c t i v i t i e s  

- - - - - - - 

A c t i v i t y  . Noise Levels Comment s 

L ~ u n c h  and Recovery 

Acoustic launch noise 

HLLV 

. PLV . 

Son i c  . boom 

.Rec tenna O p e r  a t  ion 

. Audible noise,  from 
. . cor.ona near  high- 

v o l t  age tr ansmiss ion 
. . . ' l i n e s  

140 dB a t  1.2'km, 109 dB a t  , 

30.5 km downrange. 

No es t imates  a v a i l a b l e .  

No es t imates  ava i l ab l e .  

345-kV AC l i n e s  c r e a t e  
only ba re ly  audib le  noise  :. 

745-kV AC l i n e s  can c r e a t e  
noise  t h a t  is audib le  at a 
d i s t ance  of s eve ra l  hundred 
f ee t  in  foul  weather (see 
Ref'. C . l l ) .  ' 

Noise l e v e l s  higher  than those of Saturn V launch 
vehic l e  . F O ~  Cape Kennedy launch surrounding 
c ' i t i e s  would rece ive  120-130 dB ( s e e  Ref. C.12). 
Conversion t o  24-hr weighted dB(A) would reduce 
levelas by 50-60 dB ( s e e  Ref. C.8).. 

PLV i s  smaller  than HLLV. It has approximately 
one-fourth of the t h r u s t  ( s ee  Ref. C.4). Noise 
l e v e l s  s c a l e  approximately with t h r u s t .  

Space-shuttle d a t a  ( s e e '  Ref. C.8) i nd ica th  ascent  
overpr;ssures o f .  290 ~ / m z  a t  60 km downrange, 
48 N/J a t  85 k m  downrange. Focal =one over- 
pressures  can reach 480-1440 N / I ~  i n  a narraw 
range. Booster reent,ry genera tes  96-144 #/d at 

,280-370 k m  downrange. Orb i t e r  r e e n t r y  genera tes  
a maximum of 101 ~ / m 2  a t  44 hm downrange; 

SPS transmission system not  ye t  d e f i n e d .  Ear ly  ' 

s i t e s  w i l l  probably be 345 kV o r  l e s s .  Later  
s i t e s  may r e q u i r e  higher  w l t a g e . ( 7 4 5  kV o r  
1100 kV) o r  use I#: t r p n s e i s s i o n  ( see  Ref .  C.13)'. 



Table C . l O .  A e s t h e t i c  Impacts  o f  SPS A c t i v i t i e s  

A c t i v i t y  Type o f  Impact Comments 

Mining o f  M a t e r i a l s  

S i l i c o n  
S t e e l  
Aluminum 
Concre te  

Uns i z h t l y  13rge  mine$ 

Launch and Recovery Large launc.3 complex r e q u i r e d  

Rec t  enna 

S a t e l l i t e  

Large f a c i l i t y  l o c a t e d  in  
remc t e  a r e a s  irnpac t ing 
w i l 6 ? r n e s s  D r  n a t i o n a l  pa rk  
a r e  is 

~ i s i . = l e  i n  n i g h t  sky 

14,000 t o f  s i l i c o n ,  151,000 c of  aluminum, 
1 .3  x l o 6  t o f  c o n c r e t e ,  1 . 5  x l o6  t of s t e e l  
r e q u i r e d  p e r  5-GW s a t e l l i t e .  

Other  t h a n  t h e  moon, s a t e l l i t e . w o u l d  be t h e  b r i g h t -  
e s t  o b j e c t  i n  t h e  n i g h t  sky ( s e e  Ref.  C . 7 ) .  
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