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SELECTION OF HEAT DISPOSAL METHODS FOR 

A HANFORD NUCLEAR ENERGY CENTER 

J. R. Young, L. D. Kannberg, J. V .  Ramsdell 

W.  H. R i cka rd  and D. G. Watson 

SUMMARY 

The p o s s i b i l i t y  o f  a  Hanford Nuclear  Energy Center (HNEC) i s  c u r r e n t l y  

be ing  s t u d i e d  t o  develop an improved understanding o f  n u c l e a r  energy cen te rs ,  

t h e i r  advantages and disadvantages, and t o  i d e n t i f y  t h e  research  and develop-  

ment necessary t o  e v a l u a t e  t he  nuc lea r  energy c e n t e r  concept.  Two cases a r e  

cons idered:  one c o n t a i n s  20 nuc lea r  power p l a n t s  and one c o n t a i n s  40 n u c l e a r  

power p l a n t s .  These power p l a n t s  would be b u i l t  i n  c l u s t e r s  o f  f o u r  r e a c t o r s  

d ispersed  th roughout  t h e  600 square mi 1  e  Hanford Reserva t ion  i n  c e n t r a l  

Mashington. Suppor t ing  f u e l  c y c l e  f a c i l i t i e s  a r e  a l s o  i nc l uded .  

F i v e  genera l  hea t  r e j e c t i o n  systems a r e  a v a i  1  ab l  e  f o r  t r a n s f e r r i n g  t h e  

waste h e a t  f rom an HNEC t o  t h e  environment:  (1  ) once-through coo l  i n g  w i t h  

Columbia R i ve r  water ,  ( 2 )  c o o l i n g  ponds, ( 3 )  wet c o o l i n g  towers,  ( 4 )  we t -d ry  

c o o l i n g  towers,  and ( 5 )  d r y  c o o l i n g  towers.  These h e a t  r e j e c t i o n  systems 

can be cons idered  r e l a t i v e  t o  a  ba lance o f  t h r e e  f a c t o r s :  economics, env i r on -  

mental  e f f e c t s ,  and resource  u t i l i z a t i o n .  

E s t a b l i s h i n g  an a p p r o p r i a t e  ba lance  among these  t h r e e  f a c t o r s  i s  compl i - 
ca ted  by an absence o f  c r i t e r i a  and by e x i s t i n g  o r  proposed r e g u l a t i o n s  f o r -  

b i d d i n g  hea t  r e l e a s e s  t o  wate r  bodies.  F u r t h e r  comp l i ca t i ons  a r i s e  f rom an  

inadequate knowledge o f  a tmospher ic  e f f e c t s  o f  l a r g e  hea t  r e l eases .  Us ing 

da ta  a v a i l a b l e ,  hea t  r e j e c t i o n  methods have been s e l e c t e d  t o  i l l u s t r a t e  a  

methodology which m i q h t  be used i n  t h e  des ign  o f  n u c l e a r  enerqy cen te rs .  

B a s i c a l l y ,  t h i s  approach i n v o l v e s  ba lanc ing  env i ronmenta l  impacts  t o  t h e  

atmosphere and t o  t h e  Columbia R i v e r  w i t h  conse rva t i on  o f  resources  and 

cos t s .  



The most  i m p o r t a n t  env i ronmenta l  e f f e c t s  i d e n t i f i e d  t o  d a t e  f o r  HNEC 

c o o l i n g  systems a r e  a l t e r a t i o n  o f  t h e  Columbia R i v e r  a q u a t i c  l i f e  and c r e a -  

t i o n  o f  more ground fog and h i g h e r  r e l a t i v e  h u m i d i t y  as  a  r e s u l t  o f  m o i s t u r e  

r e l e a s e s  i n t o  t h e  atmosphere.  I t  s h o u l d  be no ted  t h a t  1  i t t l e  c a p a b i l i t y  

e x i s t s  f o r  p r e d i c t i n g  changes i n  m e t e o r o l o g i c a l  e v e n t s  such as i c i n g ,  r a i n ,  

and wind.  A t  p r e s e n t  o n l y  genera l  e s t i m a t e s  o f  t h e  i n c r e a s e s  o f  ground f o g  

and h u m i d i t y  i n c r e a s e s  can be made. B e t t e r  methods f o r  p r e d i c t i n g  t h e  

m e t e o r o l o g i c a l  e f f e c t s  o f  wet c o o l i n g  t o w e r  o p e r a t i o n  a r e  necessary  t o  

assure t h a t  e x c e s s i v e  adverse e f f e c t s  do n o t  occur .  The e n v i r o n m e n t a l  

e f f e c t s  f o r  once- th rough  c o o l i n g  a r e  m o s t l y  a q u a t i c ;  w h i l e  f o r  d r y - c o o l e d  

systems t h e y  a r e  a l m o s t  e n t i r e l y  s u s t a i n e d  i n  t h e  atmosphere. The o t h e r  

t h r e e  systems a r e  comb ina t ions  o f  b o t h .  

I n  genera l ,  t h e  e l e c t r i c i t y  g e n e r a t i o n  c o s t s  f o r  t h e s e  systems a r e  

l o w e s t  f o r  once- through c o o l i n g ,  4% h i g h e r  f o r  ponds and we t  c o o l i n g  towers ,  

. and 1 0  t o  15% h i g h e r  f o r  d r y  systems. The c o s t s  f o r  w e t - d r y  systems a r e  f r o m  

5  t o  15% h i g h e r  i n  accordance w i t h  t h e  p o r t i o n  o f  t h e  h e a t  t r a n s f e r r e d  by t h e  

d r y  p o r t i o n  o f  t h e  system. 

R e s u l t s  o f  s t u d i e s  t o  d a t e  have i n d i c a t e d  t h a t  t h e  "optimum" h e a t  d i s -  

posa l  method f o r  an HNEC i s  a  c o m b i n a t i o n  o f  once- through c o o l i n g  and wet  

t o w e r  c o o l i n g .  The maximum number o f  r e a c t o r s  w i t h  once- through c o o l i n g  

depends p a r t i a l l y  on f u t u r e  d e c i s i o n s  a f f e c t i n g  t h e  minimum r i v e r  f l o w ,  b u t  

i t  appears t o  be a b o u t  s i x  r e a c t o r s  f o r  a  2 0 - r e a c t o r  HNEC and t e n  r e a c t o r s  

f o r  a  4 0 - r e a c t o r  HNEC based on a  Columbia R i v e r  l o w  f l o w  r a t e  o f  54,000 c f s .  

'The rema inder  o f  t h e  c o o l i n g  would  be accompl ished b y  t a l l  mechanica l  d r a f t  

towers  t o  a v o i d  a  s i g n i f i c a n t  i n c r e a s e  i n  ground f o g  f o r m a t i o n  d u r i n g  t h e  

w i n t e r  months o r  r e l a t i v e  h u m i d i t y  i n c r e a s e s  i n  t h e  summer. A l t h o u g h  t a l l  

mechanica l  d r a f t  towers  have n o t  been des igned  and c o n s t r u c t e d  i n  t h e  U n i t e d  

S t a t e s ,  t h e y  have been i n  Europe. C u r r e n t  n a t u r a l  d r a f t  towers  c a n  be 

adapted t o  a  mechanica l  d r a f t  o p e r a t i o n  d u r i n g  surmer l o w  h u m i d i t y  c o n d i t i o n s  

a t  Hanford.  

The impac ts  due t o  ground f o g  f o r m a t i o n  and h u m i d i t y  i n c r e a s e s  a r e  

e s s e n t i a l l y  i ndependen t  o f  t h e  l o c a t i o n s  o f  t a l l  c o o l i n g  towers  on t h e  Han fo rd  



Reservat ion.  Consequent ly,  1 oca t i ons  would p robab l y  be based on o t h e r  

f a c t o r s  such as a e s t h e t i c  impacts ,  p r o x i m i t y  t o  wa te r  supp ly ,  and economic 

cos ts .  

Once-through coo l  i n g  p robab l y  w i l l  n o t  be p e r m i s s i b l e  d u r i n g  t he  1 a t e  

sumner i n  some years  because t h e  r i v e r  temperature a t  Hanford w i l l  be 68' o r  

above and these temperatures a r e  d e t r i m e n t a l  t o  salmon. Schedu l ing  t h e  annual 

r e f u e l i n g  outages f o r  t h e  once-through coo led  r e a c t o r s  d u r i n g  t h a t  t ime  

should a v o i d  economic p e n a l t i e s .  The number o f  r e a c t o r s  w i t h  once-through 

c o o l i n g  i s  a l s o  a f u n c t i o n  o f  t h e  amount o f  gene ra t i ng  c a p a c i t y  which can be 

shutdown and o f  t h e  number o f  outage personnel a v a i l a b l e .  

A d d i t i o n  o f  hea t  t o  t h e  Columbia R i v e r  f r om November t o  June shou ld  be 

b e n e f i c i a l  t o  t h e  g rowth  r a t e  of young salmon and as a r e s u l t  t he  p r o b a b i l i t y  

o f  s u r v i v a l  and r e t u r n  f o r  spawning. A comprehensive s tudy  i s  necessary t o  

q u a n t i f y  t he  b e n e f i t s  and adverse e f f e c t s  of hea t  a d d i t i o n s  t o  t he  Columbia 

R i v e r  d u r i n g  each month o f  t h e  yea r  and f o r  t h e  expected ranges o f  r i v e r  f l o w  

r a t e s  and temperature.  

T h i s  a q u a t i c  a n a l y s i s  was based on d a t a  r e p r e s e n t a t i v e  o f  r e c e n t  opera-  

t i o n  o f  t he  Columbia R i v e r  w i t h  a minimum permiss'i b l e  r e l ease  r a t e  o f  36,000 

c f s  a t  P r i e s t  Rapids dam. T h i s  minimu~n f l o w  was e s t a b l i s h e d  when n i n e  p ro -  

d u c t i o n  r e a c t o r s  were o p e r a t i n g  w i t h  once-through c o o l i n g  a t  Hanford and t h e  

36,000 c f s  f l o w  p robab l y  i s  no l onge r  optimum f o r  c u r r e n t  o r  f u t u r e  cond i -  

t i o n s .  The optimum f l o w  r a t e  f o r  t h e  Hanford reach  o f  t h e  r i v e r  should be 

determined f o r  an HNEC case. T h i s  optimum f l o w  r a t e  m i g h t  i n c l u d e  i nc reases  

i n  bo th  t h e  minimum p e r m i s s i b l e  f l o w  r a t e  and i n  t h e  minimum d a i l y  average 

f l o w  r a t e .  

F i n a l l y ,  c o n s t r u c t i o n  o f  an HNEC would c r e a t e  a long- te rm comnitment o f  

l a n d  and m a t e r i a l  sources t o  power gene ra t i on .  However, once-through and 

wet  coo l  i n g  tower systems would n o t  r e q u i r e  more resources  than  would be 

used i n  power p l a n t s  a t  o t h e r  s i t e s  which p robab l y  would have s i m i l a r  c o o l -  

i ng syste~i is .  



INTRODUCTION 

S e l e c t i o n  of t h e  b e s t  method f o r  d i s p o s a l  o f  t h e  waste hea t  f r o m  a  

l a r g e  power g e n e r a t i o n  c e n t e r  r e q u i r e s  a  comprehensive comparison o f  t h e  

c o s t s  and env i ronmenta l  e f f e c t s .  The o b j e c t i v e  i s  t o  i d e n t i f y  t h e  h e a t  

d i s s i p a t i o n  method w i t h  t h e  minimum t o t a l  economic and env i ronmenta l  c o s t .  

A 20 r e a c t o r  HNEC w i l l  d i s s i p a t e  about  50,000 M W t  o f  waste hea t ;  a  40 

r e a c t o r  HNEC would r e l e a s e  about  100,000 MWt .  T h i s  i s  a  much l a r g e r  d i s c h a r g e  

o f  hea t  t han  has o c c u r r e d  f r om o t h e r  concen t ra ted  i n d u s t r i a l  f a c i l i t i e s  and 

consequen t l y  a  s p e c i a l  a n a l y s i s  i s  r e q u i r e d  t o  de te rmine  t h e  p e r m i s s i b i l i t y  

o f  such a  1  a rge  hea t  d i s p o s a l  and t h e  b e s t  methods of d i s p o s a l  . I t  i s  pos- 

s i b l e  t h a t  some methods of d i sposa l  w i l l  n o t  be p e r m i s s i b l e  because of  exces- 

s i v e  env i ronmenta l  e f f e c t s  o r  t h a t  t h e  optimum d i s p o s a l  method may i n c l u d e  

a  comb ina t ion  o f  s e v e r a l  methods. 

T h i s  document p resen t s  a  p r e l i n i i n a r y  a n a l y s i s  o f  t h e  HNEC h e a t  d i s p o s a l  

prob lem t o  de te rmine  t h e  b e s t  methods f o r  d i sposa l  and any obv ious  l i m i t a t i o n s  

on t h e  amount o f  h e a t  t h a t  can be re l eased .  The a n a l y s i s  i s  based, i n  p a r t ,  

on i n f o r m a t i o n  p resen ted  i n  t h e  i n t e r i m  concep tua l  s t u d y  (Ha r t y ,  1975), 

t h e  hea t  s i n k  management a n a l y s i s  ( L a i t y ,  1975), and t h e  m e t e o r o l o g i c a l  

a n a l y s i s  (Ramsdel l ,  1976) .  The i n f o r m a t i o n  i n  those  documents i s  repea ted  

here  o n l y  as needed t o  assure  unders tand ing .  



THE HEAT SINK PROBLEM 

Release of l a r g e  q u a n t i t i e s  o f  hea t  f r om  a  power c e n t e r  can have severe 

e f f e c t s  on t h e  env i ronment .  Norma l l y ,  l a r g e  q u a n t i t i e s  of waste hea t  a r e  

r e l eased  t o  nearby wate r  bod ies  o r  d i r e c t l y  t o  t h e  atmosphere by use o f  c o o l i n g  

ponds o r  wet  coo l  i n g  towers.  Cool i n g  wa te r  w i t hd rawa l s  and re l eases  t o  wa te r  

bodies can s e v e r e l y  a f f e c t  a q u a t i c  l i f e  th rough  mechanical  ab ras i on  i n  pumps 

and hea t  exchange systems o r  changes i n  wa te r  temperatures o r  chemical  com- 

p o s i t i o n .  C o n s t r u c t i o n  o f  l a r g e  coo l  i n g  ponds can h e a v i l y  impact  t e r r e s -  

t r i a l  l i f e  by r e d u c t i o n  o f  h a b i t a t .  T r a n s f e r  o f  t h e  hea t  t o  t h e  atmosphere 

e i t h e r  f r om  ponds o r  f r om  c o o l i n g  towers may i n c r e a s e  f o g  o r  mod i f y  nearby 

h a b i t a t s  as a  r e s u l t  o f  i c i n g  i n  t he  w i n t e r .  Re1 ease o f  b l  owdown streams 

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

i n h i b i t o r s  a l s o  may a d v e r s e l y  a f f e c t  a q u a t i c  l i f e  i n  nearby wate r  bod ies .  

Releases o f  h e a t  f rom an HNEC must comply w i t h  t h e  p r o v i s i o n s  o f  Pub1 i c  

Law 92-500 which r e q u i r e s  by 1983 (1  ) t h e  appl  i c a t i o n  o f  t h e  b e s t  a v a i l a b l e  

techno1 ogy economical l y  ach ievab le  and ( 2 )  t h e  e l  i m i n a t i o n  o f  d i scharges  

when t e c h n o l o g i c a l l y  and economica l l y  ach ievab le .  However, i n  t h e  case o f  

thermal  d ischarges ,  a  r e 1  ease i s  permi s s i  b l  e  whenever i t  can be demonstrated 

t h a t  t h e  r e l e a s e  w i l l  ensure t he  p r o t e c t i o n  and p ropaga t i on  o f  a  balanced, 

ind igenous  p o p u l a t i o n  o f  s h e l l f i s h ,  f i s h ,  and w i l d l i f e  i n  and on t h a t  body 

o f  wa te r .  

The o v e r a l l  purpose o f  a  h e a t  s i n k  e v a l u a t i o n  i s  t o  i d e n t i f y  t h e  h e a t  

d i s p o s i t i o n  methods w i t h  t h e  b e s t  ba lance among economics, env i ronmenta l  

impacts,  and resou rce  u t i l i z a t i o n .  The genera l  approach i n  t h i s  e v a l u a t i o n  

was t o  d e f i n e  t h e  comb ina t ion  o f  c o o l i n g  systems w i t h  t h e  l owes t  t o t a l  

economic, env i ronmenta l  c o s t s  and resources  u t i l i z a t i o n .  The s p e c i f i c  

c r i t e r i a  were: (1 ) The economic c o s t s  should  be as l ow  as poss ib l e ;  

( 2 )  There shou ld  be an accep tab le  l e v e l  o f  env i ronmenta l  e f f e c t s  (and 

p r e f e r a b l y  no s i g n i f i c a n t  adverse e f f e c t s )  ; and ( 3 )  Resource u t i l  i z a t i o n  

should  be as low as p r a c t i c a b l e ,  p a r t i c u l a r l y  f o r  scarce  resources .  



I n  genera l ,  t h e r e  a r e  24 environmental  i n t e r a c t i o n  parameters t o  cons ider  

t o  determine t h e  bes t  des ign  f o r  t he  hea t  d i s s i p a t i o n  f a c i l i t i e s  f o r  a power 

system. Each o f  these parameters must be evaluated f o r  each o f  the  a l t e r n a -  

t i v e  heat  d i s s i p a t i o n  methods, and then t h e  sum o f  t h e  e f f e c t s  o f  a l l  param- 

e t e r s  f o r  each method must be compared t o  t he  sums f o r  t he  o t h e r  a l t e r n a t i v e s  

t o  determine t h e  most d e s i r a b l e  a l t e r n a t i v e .  

Numerous methods have been developed f o r  reduc ing  the  envi ronmenta l  e f f e c t s  

o f  hea t  d i s s i p a t i o n  systems. Howevec a c t i o n  t o  reduce an adverse e f f e c t  usu- 

a l l y  increases economic cos ts  and may c r e a t e  new environmental  problems. 

S e l e c t i o n  o f  t h e  b e s t  des ign T o r  the bes t  d i s s i p a t i o n  system r e q u i r e s  a 

s u b j e c t i v e  balance between t h e  economic, environmental  cos ts ,  and resource 

u t i l  i z a t i o n .  



APPROACH TO THE ANALYSIS 

The hea t  d i s s i p a t i o n  methods t e n t a t i v e l y  s e l e c t e d  f o r  t h e  HNEC were 

determined by use o f  t h e  s tandard  env i ronmenta l  assessment c o s t - b e n e f i t  

a n a l y s i s  procedures g e n e r a l l y  used d u r i n g  p r e p a r a t i o n  o f  env i ronmenta l  

r e p o r t s  and s ta tements.  The genera l  procedure as adapted t o  t h i s  a n a l y s i s  

i s  presented schema t i ca l l y  i n  F i g u r e  1. 

DEFINE STUDY OBJECTIVE LL DEFINE ACTERNAT1 VE 
HEAT D l  S S l  P A T I  ON CASES 

I I 

DESCRIBE APPROPRIATE I DESCRI BE ALTERNATIVE 1 HANFORD CHARACTER l ST1 CS I I I HEAT D I S S  I P A T I  ON CASES I 

I DENT1 FY POTENTIAL / I H E A T D I S S I P A T I O N M E T H O D S  

DEFI NE L I M I T A T I O N S  ON 
HEAT D l  S S I  P A T O N  METHODS I 

COMPARE ALTERNATI VE 
HEAT D I S S I P A T I O N  CASES 

DEFINE BEST 
HEAT D I S S I P A T I O N  METHOD 

FIGURE 1 : HNEC Heat S ink  Ana l ys i s  Procedure 



F i r s t ,  t h e  o b j e c t i v e  o f  t h e  a n a l y s i s  was d e f i n e d  as:  Determine t h e  

b e s t  d i s p o s a l  method f o r  t h e  waste h e a t  f r o m  e i t h e r  20 o r  40 power p l a n t s  

b u i l t  a t  Han fo rd  as d e s c r i b e d  i n  BNWL-0-458 (Ha r t y ,  1975) .  Then, a  d e t a i l e d  

d e s c r i p t i o n  was p repared  o f  t h e  Hanford Rese rva t i on  p h y s i c a l  c h a r a c t e r i s t i c s ,  

i n  a d d i t i o n  t o  a  genera l  d e s c r i p t i o n  o f  t h e  p h y s i c a l  and s o c i a l  c h a r a c t e r i s -  

t i c s  o f  t h e  su r round ing  t e r r i t o r y .  Emphasis was p l aced  on those  c h a r a c t e r -  

i s t i c s  expected t o  be s i g n i f i c a n t l y  a f f e c t e d  by t h e  waste h e a t  d i s p o s a l  

problem. The p h y s i c a l  c h a r a c t e r i s t i c s  o f  t h e  Hanfo rd  Rese rva t i on  i n d i c a t e d  

f i v e  p o s s i b l e  methods f o r  h e a t  d i s p o s a l :  

1  . Once-through coo l  i n g  w i  t h  Col umbia R i v e r  wa te r ,  

2. C o o l i n g  ponds, 

3. Mechanica l  d r a f t  wet  c o o l i n g  towers,  

4. Mechanica l  d r a f t  we t -d ry  c o o l i n g  towers,  and 

5. Dry  c o o l i n g  towers.  

Twenty a1 t e r n a t i v e  hea t  d i s s i p a t i o n  cases were s e l e c t e d  f o r  t h e  i n i t i a l  

a l t e r n a t i v e  a n a l y s i s .  These cases d e f i n e d  t h e  extreme cases f o r  t h e  f i v e  

p o s s i b l e  h e a t  d i s s i p a t i o n  methods (e.g., a l l  we t  c o o l i n g  towers,  a l l  d r y  

towers,  e t c . )  and a l s o  t h e  comb ina t ions  o f  hea t  d i s s i p a t i o n  methods t h a t  

r ep resen ted  mi nirnum impac t  c o n d i t i o n s  (minimum economic c o s t s ,  mi ninium f o g  

f o r m a t i o n  f o r  we t  systems, e t c . ) .  They were then  desc r i bed  and analyzed 

t o  de te rmine  t h e  economic and env i ronmenta l  cos t s .  Comparison o f  t h e  cases 

then  d e f i n e d  t h e  b e s t  h e a t  d i s s i p a t i o n  methods. 

A1 though d r y  coo l  i n g  has n o t  been demonst ra ted on a l a r g e  sca le ,  i t  was 

assumed t h a t  i t  would be a r e l i a b l e  method soon enough t o  be used f o r  most  

o f  t h e  HNEC power p l a n t s .  Na tu ra l  d r a f t  we t  coo l  i n g  towers a r e  uneconomical 

f o r  Hanford i n  comparison t o  mechanical  d r a f t  towers because o f  t h e  l a r g e  

i n c r e a s e  i n  condenser c o o l i n g  wa te r  tempera tu re  t h a t  would  be necessary  

d u r i n g  t h e  summer 1  ow-humidi t y ,  h igh - tempera tu re  meteor01 o g i c a l  c o n d i t i o n s .  

The env i ronmenta l  l i m i t a t i o n s  on t h e  use o f  each o f  t h e  f i v e  c o o l i n g  methods 

t hen  were es t imated .  An example o f  such a 1  i m i t a t i o n  i s  t h e  maximum perni is-  

s i b l e  h e a t  r e l eases  t o  t h e  Columbia R i v e r  i n  accordance w i t h  t h e  a p p l i c a b l e  

wa te r  qua1 i t y  s tandards  . 



An i m p o r t a n t  p a r t  o f  t h i s  p r e l i m i n a r y  hea t  s i n k  e v a l u a t i o n  was t o  

i d e n t i f y  t h e  a v a i l a b l e  techno logy  necessary f o r  t h e  e v a l u a t i o n  and t h e  need 

f o r  new technology.  Because o f  l i m i t a t i o n s  i n  t h e  a b i l i t y  t o  p r e d i c t  meteo- 

r o l o g i c a l  and a q u a t i c  b i o l o g y  e f f e c t s ,  t h e  e s t i m a t i o n s  o f  env i ronmenta l  

e f f e c t s  may change as a d d i t i o n a l  da ta  and a n a l y t i c a l  capabi 1  i ty  become 

a v a i l a b l e .  



DESCRIPTION OF HANFORD 

Ex tens i ve  d e s c r i p t i o n s  o f  t h e  Hanford Rese rva t i on  have been documented 

as a  r e s u l t  o f  t h e  ERDA f a c i l i t y  o p e r a t i o n s  (ERDA, 1975) and p r e p a r a t i o n  o f  

env i ronmenta l  r e p o r t s  f o r  t h e  Washington P u b l i c  Power Supply  System power 

r e a c t o r s  (USAEC, 1972).  A summary o f  these c h a r a c t e r i s t i c s  was p resen ted  

i n  t h e  i n t e r i m  concep tua l  r e p o r t  f o r  t h e  HNEC ( H a r t y ,  1975) .  

The p e r t i n e n t  s i t e  c h a r a c t e r i s t i c s  f o r  a  hea t  s i n k  e v a l u a t i o n  a r e  t h e  

hydro logy ,  eco logy ,  and meteoro logy.  Hydro logy  i s  i m p o r t a n t  because o f  t h e  

need f o r  l a r g e  q u a n t i t i e s  o f  wa te r  e i t h e r  as a  hea t  s i n k  o r  as a  source o f  

wa te r  evapora ted  d u r i n g  t r a n s f e r  o f  hea t  t o  t h e  atmosphere. The eco logy  i s  

i m p o r t a n t  because use o f  wa te r  and l a n d  can have s i g n i f i c a n t  e f f e c t s  on l i f e  

forms and on human r e c r e a t i o n a l  a c t i v i t i e s .  Meteoro logy i s  i r r ~ p o r t a n t  because 

r e l e a s e  o f  l a r g e  q u a n t i t i e s  o f  hea t  and m o i s t u r e  may a f f e c t  human a c t i v i t i e s  

th rough  c r e a t i o n  o f  fog ,  i n c reased  h u m i d i t y ,  and p r e c i p i t a t i o n .  These cha r -  

a c t e r i s t i c s  f o r  t h e  Hanford Rese rva t i on  a r e  summarized below. 

HYDROLOGY 

The o n l y  r e l i a b l e  source  of t h e  l a r g e  q u a n t i t i e s  o f  wa te r  needed f o r  

wet  c o o l i n g  systems f o r  l a r g e  power p l a n t s  i s  t h e  Colurr~bia R i v e r .  I n s u f f i -  

c i e n t  ground wate r  i s  a v a i l a b l e ,  and a l l  wa te r  i n  t h e  Yakillla R i v e r  i s  a l l o -  

ca ted  f o r  o t h e r  purposes d u r i n g  t h e  low f l o w  summer months. 

The Columbia R i v e r  i n  and near t h e  Hanford Rese rva t i on  i s  t h e  l a s t  

f r e e - f l o w i n g  s t r e t c h  w i t h i n  t h e  Un i t ed  S ta tes ;  t h e  remainder  i s  made up o f  

a  s e r i e s  of impoundments behind t h e  11 h y d r o e l e c t r i c  dams i n  t h e  r i v e r .  

Average, maximum, and minimum f lows a r e  about  120,000, 690,000, and 36,000 c f s ,  

r e s p e c t i v e l y .  S ince  1960, t h e  minimum average seven-day r u n n i n g  mean f l o w  

r a t e  has exceeded 54,000 c f s  a t  a l l  t imes .  Peak f l ow  r a t e s  occu r  i n  l a t e  

s p r i n g  and e a r l y  summer. Dur ing  l a t e  summer, f a l l  and w i n t e r  d a i l y  f l u c t u a -  

t i o n s  i n  d i s c h a r g e  may range  f rom 36,000 t o  160,000 c f s  due t o  f l o w  r e g u l a -  

t i o n  by t h e  upst ream P r i e s t  Rapids Dam. T h i s  v a r i a t i o n  i n  f l o w  can cause 



changes i n  e l e v a t i o n  o f  10 f e e t  near  t he  upstream p a r t  o f  t h e  Hanford Reserva- 

t i o n  and 5  f e e t  i n  t he  l owe r  reaches. Cu r ren t  v e l o c i t i e s  v a r y  f rom l e s s  than 

3  t o  ove r  10 f p s .  

The f l o w  r a t e  o f  t h e  Columbia R i v e r  d u r i n g  low f l o w  pe r i ods  i s  determined 

p r i m a r i l y  by t h e  amount o f  wa te r  r e l eased  f rom upstream dams. These dams 

have ove r  30,000,000 ac re - f ee t  o f  s t o rage  c a p a c i t y  corresponding t o  an aver-  

age f low o f  60,000 c fs  d u r i n g  t h e  low- f low p e r i o d  f rom August t o  March o f  

each yea r .  

Month ly  average r i v e r  temperatures range f r om 1.5 t o  20.2"C, w i t h  maxi -  

mums o c c u r r i n g  i n  August and September, t he  minimums i n  February.  The 

n a t u r a l  l y  o c c u r r i n g  temperature changes i n  t h e  r i v e r  between P r i e s t  Rapids 

and R ich land  range from -0.8"C i n  t h e  w i n t e r  t o  t0.8"C i n  t h e  summer. R i v e r  

bot tom subs t ra tes  a r e  t y p i c a l  l y  sand, rock ,  and g r a v e l .  Cobbles and b o u l -  

de rs  a r e  p resen t  i n  many areas and f i n e  s i l t  and sand a re  found i n  t h e  s l a c k  

waters .  Water q u a l i t y  o f  t h e  r i v e r  i s  good w i t h  d i s s o l v e d  oxygen u s u a l l y  

g r e a t e r  than  10 ppm, pH 6 .5  t o  8 .5  and d i s s o l v e d  s o l i d s  o f  154 ppm o r  l e s s  

(ERDA, 1975) .  

Less t han  t e n  pe rcen t  o f  t h e  Columbia R i v e r  f l o w  a t  Hanford i s  used 

f o r  downstream consumption. I n  a d d i t i o n ,  t he  ma jo r  use, i r r i g a t i o n ,  occurs 

p r i m a r i l y  d u r i n g  t h e  summer h i g h  f l o w  p e r i o d  when t he  r i v e r  f l o w  i s  gen- 

e r a l l y  much h i g h e r  than 50,000 c f s .  As a  r e s u l t ,  consumption o f  up t o  

2,000 c f s  a t  Hanford shou ld  be p o s s i b l e  w i t h o u t  i n t e r f e r e n c e  w i t h  downstream 

consumption. 

Coo l i ng  f a c i l i t i e s  must be opera ted  a t  Hanford such t h a t  t h e r e  i s  no 

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

t he  waste s to rage  tanks and b u r i a l  grounds. Gene ra l l y ,  t h i s  means t h a t  

( 1 )  t h e r e  cannot  be a  s i g n i f i c a n t  r i s e  i n  t h e  wate r  t a b l e  e v a l u a t i o n  under-  

nea th  t he  ERDA p r o d u c t i o n  areas and b u r i a l  s i t e s ,  and ( 2 )  t h e  f l o w  r a t e  

toward t h e  Columbia R i v e r  o f  t he  groundwater c o n t a i n i n g  t r i t i u m  cannot  be 

increased.  C rea t i on  o f  a  b a r r i e r  t o  f l o w  of groundwater c o n t a i n i n g  t r i t i u m  

i n t o  t h e  r i v e r  would p robab l y  be cons idered  f a v o r a b l e .  



S i n c e  t h e r e  i s  no H a n f o r d  g e n e r a t e d  t r i t i u m  i n  g roundwate r  n o r t h  o f  t h e  

Columbia R i v e r ,  e f f e c t s  of w a t e r  r e l e a s e s  on t h a t  g r o u n d w a t e r  a r e  of l e s s  

concern .  However, l i q u e f a c t i o n  and subs idence  of s o i l s  a lways  m u s t  be con- 

s i d e r e d  i n  s i t i n g  1  a r g e  s t r u c t u r e s .  

AOUATIC ECOLOGY 

The e f f e c t s  on t h e  a q u a t i c  e n v i r o n m e n t  t h a t  p o t e n t i a l l y  may a r i s e  f r o m  

t h e  e s t a b l i s h m e n t  o f  c o o l i n g  systems f o r  an  HNEC a r e  m a i n l y  t h o s e  a s s o c i a t e d  

w i t h  t h e  w i t h d r a w a l  of Columbia R i v e r  w a t e r  f o r  power s t a t i o n  co'ndenser 

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

These i n c l u d e  l o s s  of f i s h  and o t h e r  a q u a t i c  organ isms f rom t h e  f o l l o w i n g :  

Impingement  on t h e  w a t e r  i n t a k e  sc reens  c a u s i n g  p h y s i c a l  damage f r o m  

t h e  i m p a c t  o r  subsequent  s c r e e n  c l e a n i n g  o p e r a t i o n s .  

Passage t h r o u g h  t h e  s t a t i o n  c o o l i u g  system. I m p a c t s  may r a n g e  

f r o m  t h e  d e a t h  o r  i n j u r y  o f  a q u a t i c  organ isms due t o  t h e r m a l ,  

c h e m i c a l  and mechan ica l  s t r e s s  i n  once - th rough  c o o l i n g  systems 

t o  t h e  remova l  o f  r i v e r  p l a n t s  and a n i m a l s  i n  t h e  make-up w a t e r  

o f  c l  osed-cyc 1  e  c o o l  i ng sys  terns. 

D i s c h a r g e  of t o x i c  c h e m i c a l s  and h e a t  t o  t h e  r i v e r  t h a t  may a l t e r  

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

and food base, o r  cause m o r t a l i t i e s  a s  a  r e s u l t  o f  r a p i d  changes i n  

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

The c r e a t i o n  o f  new s u r f a c e  w a t e r s  ( c o o l i n g  ponds)  may be c o n d u c i v e  t o  t h e  

g r o w t h  o f  n u i s a n c e  a l g a e  and f i s h  d i s e a s e  o rgan isms .  B e n e f i t s  may a l s o  be 

o b t a i n e d ,  however,  t h r o u g h  t h e  deve lopment  o f  new a r e a s  f o r  s p o r t  f i s h i n g  

o r  t h e  p r o d u c t i o n  of human and an imal  food t h r o u g h  a q u a c u l t u r e .  

Many o f  t h e  p h y s i c a l ,  c h e m i c a l  and b i o l o g i c a l  c h a r a c t e r i s t i c s  o f  t h e  

Columbia R i v e r  a r e  summarized i n  t h e  document WASH-1538 (ERDA, 1975) .  The 

p r i m a r y  b i o l o g i c a l  systems o f  c o n c e r n  a r e  t h e  p h y t o p l a n k t o n ,  z o o p l a n k t e r s ,  

b e n t h i c  o rgan isms ,  and f i s h .  (Append ix  A  1  i s t s  t h e  s c i e n t i f i c  names f o r  t h e  

s p e c i e s  o f  i n t e r e s t .  ) 



The phy top lank ton  o r i g i n a t e s  i n  t h e  impoundments behind t he  upstream 

dams and f r o m  t h e  a t t ached  a lgae  on t h e  r i v e r  bottom. Diatoms a r e  t h e  

dominant a l g a l  group. Biomass o f  n e t  phy top lank ton  range from a maximum 
3 o f  about  2.0 g  d r y  wt/m i n  May t o  l e s s  t han  0.1 g  d r y  wt/m3 i n  w i n t e r .  

C l  adocerans and copepods a r e  t h e  dominant zoopl  a n k t e r s .  Numbers o f  
3  

zoop lank te r s  i n  t h e  main r i v e r  channel  average 600/m w i t h  maximums of 
3  12,000/m3 i n  summer t o  l e s s  than  30/m i n  w i n t e r  (Page, 1976).  Both 

phy top lank ton  and zoop lank ton  a r e  n e a r l y  u n i f o r m l y  d i s t r i b u t e d  t h roughou t  

t h e  r i v e r  c ross - sec t i on .  

The p r i n c i p a l  b e n t h i c  organisms i n c l u d e  i n s e c t  l a r v a e ,  sponge, mo l l uscs ,  

f la tworms,  leeches,  c r a y f i s h  and 01 igochae tes  (ERDA, 1975) .  Sponge, cadd i s -  

f l y  l a r v a e  and ch i ronomid  l a r v a e  make up t h e  b u l k  o f  t h e  b e n t h i c  organisms 

(Page, 1976).  G rea tes t  abundance i s  i n  t h e  near  shore areas.  Maximum 
2 

biomass ranges f r o m  16 t o  38 g/m i n  t h e  ~ i i o s t  p r o d u c t i v e  r i f f l e  areas 

(USAEC, 1972).  

There a r e  over  40 spec ies  o f  f i s h  i n  t h e  Hanfo rd  s e c t i o n  o f  t h e  Columbia 

R i v e r  (ERDA, 1975).  About h a l f  o f  these  a r e  o f  no recogn ized  d i r e c t  v a l u e  

t o  man. Sturgeon, w h i t e f i s h ,  c a t f i s h ,  perch,  bass, s u n f i s h  and c r a p p i e  

a r e  permanent r e s i d e n t s  o f  t h e  area and p r o v i d e  r e c r e a t i o n a l  f i s h i n g ;  

anadromous salmon, s t e e l  head t r o u t  and shad a r e  economical l y  i m p o r t a n t  t o  

bo th  commercial and s p o r t  f i s h e r i e s .  

The l a t t e r  group use t h e  l o c a l  reach  o f  t h e  r i v e r  as a  spawning and 

r e a r i n g  a rea  and as a  m i g r a t i o n  r o u t e  t o  and from upstream spawning grounds. 

The e x t e n t  t o  wh ich  t h e  l o c a l  s e c t i o n  of r i v e r  i s  used by a d u l t  anadromous 

upstream m ig ran t s  i s  g i v e n  i n  Tab le  1, showing t h e  passage o f  f i s h  over  P r i e s t  

Rapids immed ia te ly  upstream from t h e  Hanford Reserva t ion .  A l though  ch inook 

salmon and s tee lhead  t r o u t  move up t h e  Columbia d u r i n g  a l l  months o f  t h e  

yea r ,  t h e  g r e a t e s t  numbers a r e  p resen t  d u r i n g  t h e  p e r i o d  f rom A p r i l  th rough  

November. 

The Hanfo rd  S e c t i o n  o f  t h e  Colurr~bia i s  one o f  t h e  l a s t  main-stream r i v e r  

areas used f o r  spawning by f a l l  ch inook  salmon. The ma jo r  sec t i ons  o f  t h e  



TABLE 1  : A d u l t  Anadromous F i s h  Passage, P r i e s t  Rapids Dam - 1965-1 975 

C h i - x k  
Sal-:- I J : -  2 . :  l u : . r t  S l r f r e r  05:32-r 

Mean 1.527 t . 4 7 S  2.724 12,146 9.:fj 3,527 1.377 

. 6.ZS! 1C.;l3 1.231 17,:66 13,265 18.,:25 1.966 

 MI^. I 3.796 1 .%I a . r t 5  5,337 6,316 955 

Sockeye 
S a l r i -  - 
Mean 0 3 1.569 69.576 4.250 I17 18 

Max. 0 9 5.020 !5i .?5? IC.::O 315 54 

Htn. 0 0 96 32.333 1.795 19 0 

Coho 
Sal-:n - 
Mean 0 0 1 25 5a 3.52-9 1.690 

Max. 0 0 5 162 231 10.363 4.616 

Min ,  0 0 0 0 3 140 28 1 

Sree: head 
T r o ~ f  

Mean :56 395 99 676 1.720 3.263 1.383 

MIX. 530 1.112 223 1.154 2 7  5,549 2.751 

n l n .  as 37 i s  18s 670 965 252 

Mean 0 16 736 2.901 :35 6 1 

MIX . 9 I 7 2  5.Eh3 C.6L3 ! .:35 39 11 

H ln .  0 0 0 157 3 2 0 0 

r i v e r   used f o r  spawning a r e  shown i n  F i g u r e  2. Most o f  t h e  spawning t a k e s  

p l a c e  near  t h e  r i v e r  is !ands i n  dep ths  of  a p p r o x i m a t e l y  3  t o  12 f e e t  i n  

r a p i d l y  f l o w i n g  w a t e r .  Spawning b e g i n s  a b o u t  t h e  m i d d l e  o f  Oc tober  and i s  

conc luded by t h e  m i d d l e  o f  November. Egg i n c u b a t i o n  and l a r v a l  f i s h  emer- 

gence f r o m  t h e  redds  ( n e s t s )  i n  t h e  r i v e r  bo t tom takes  p l a c e  f rom February  

th rough  A p r i l .  The numbers o f  f a l l  ch inook  salmon redds  and e s t i m a t e s  o f  t h e  

l o c a l  spawning p o p u l a t i o n  a r e  g i v e n  i n  T a b l e  2. A l though  t h e r e  i s  c o n s i d e r a b l e  

v a r i a b i l i t y  i n  t h e  Han fo rd  ch inook  spawning p o p u l a t i o n ,  i t  r e p r e s e n t s  a  s i q n i f -  

i c a n t  p a r t  o f  t h e  a d u l t  f a l l  c h i n o o k  i n  t h e  r i v e r ,  15% o f  t h e  escapement o v e r  

B o n n e v i l l e  Dam and abou t  30% o f  t h e  f a l l  ch inook  r e a c h i n g  t h e  m i d d l e  Columbia 

R i v e r  (Watson , 1970) .  

Average annual  s t e e l h e a d  t r o u t  spawning p o p u l a t i o n  e s t i m a t e s  near  Han- 

f o r d  f o r  t h e  y e a r s  1962-1971 a r e  abou t  10,000 f i s h  (Watson, 1973) and t h e  
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Year 

1947 

1948 

1949 

1950 

1951 

1952 

1953 

1954 

1955 

1956 

1 9 5 1  
1958 

1959 

1960 

1961 

1962 

1'363 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

Other 

11 5 

5 3 

33 

.ll 

3 

2 3 

0 

7 

1 

6 

2 

83 

0 

0 

4 

2 

3 

2 7 

11 

2 

2 9 

3 9 

0 

9 

0 

0 

0 
3 

1 

To ta l  

240 

785 

330 

31 6 

31 4 

539 

149 

157 

64 

9 2 

872 

1485 

201 

295 

939 

1261 

1303 

1477 

1789 

31 01 

3267 

3560 

4 508 

381 3 

3600 

876 

2965 

728 

2683 

TABLE 2 :  F a l l  Chinook Spawning - Hanford 
Nuniber o f  Redds (nes ts ) *  

R iver  K i  lolliet,er 

Estimated 
No. Salmon 

1680 

10300 

1 2500 

21700 

22900 

24900 

31 GOO 



spawning areas a r e  thought  t o  be g e n e r a l l y  s i m i l a r  t o  those  used by t h e  f a l l  

ch inook salmon. Stee lhead suppor t  a f a i r l y  i n t e n s i v e  s p o r t  f i s h e r y  between 

R i  ngol  d and Ric h l  and. 

The j u v e n i l e  ch inook salmon pass th rough t h e  Hanford s e c t i o n  of t h e  

Columbia f rom March th rough J u l y  (Mains and Smith,  1964), a1 though t h e r e  

i s  some ev idence t h a t  t h e  young o f  popu la t i ons  spawning upstream of P r i e s t  

Rapids may con t i nue  th rough August (Park,  1969).  There i s  a tendency f o r  

t h e  young salmon t o  m i g r a t e  downstream near shore  and near  t h e  sur face  of 

t h e  r i v e r  (Mains and Smith, 1964).  I n  a d d i t i o n  t o  t h e  salmon produced i n  

t h e  r i v e r ,  young a r e  re leased  t o  t h e  r i v e r  from t h e  Washington Department 

of F i s h e r i e s  a r t i f i c i a l  spawning channel a t  P r i e s t  Rapids Dam and from t h e  

r e a r i n g  f a c i l i t y  a t  R ingo ld .  Steelhead young a r e  a l s o  reared  and re l eased  

t o  t h e  r i v e r  a t  R ingo ld  by t h e  Washington Department of Game. 

Food o f  t h e  young salmon m i g r a t i n g  t h rough  t h e  Hanford s e c t i o n  o f  t he  

r i v e r  c o n s i s t s  a lmos t  e n t i r e l y  o f  a q u a t i c  i n s e c t s  (962 o f  d i e t ) ,  most o f  

which o r i g i n a t e  f r om the  r i v e r  benthos (Becker,  1970).  

TERRESTRIAL ECOLOGY 

The e f f e c t s  on t h e  t e r r e s t r i a l  environment t h a t  p o t e n t i a l l y  would r e s u l t  

f rom es tab l i shmen t  of c o o l i n g  systems f o r  n u c l e a r  power s t a t i o n s  a t  Hanford 

a r e  ma in l y  those assoc ia ted  w i t h  occupancy o f  l a n d  by c o o l i n g  system f a c i l -  

i t i e s .  T h i s  land  occupancy would reduce t h e  t o t a l  h a b i t a t  f o r  t e r r e s t r i a l  

l i f e .  The n e t  r e d u c t i o n  i n  i n h a b i t a n t s  would depend on t he  t ype  o f  l a n d  

occupied and t h e  a l t e r a t i o n  of su r round ing  lands  as a r e s u l t  of m o i s t u r e  

re leases  f r om t h e  c o o l i n g  f a c i l i t i e s .  Releases o f  m o i s t u r e  c o u l d  inc rease  

t o t a l  popu la t i ons  by c r e a t i o n  of a d d i t i o n a l  h a b i t a t  and wa te r i ng  s i t e s  

which would more than  compensate f o r  t h e  l o s s  of l a n d  occupied by t h e  c o o l i n g  

f a c i l i t i e s .  However, t h e  new p o p u l a t i o n s  would c o n s i s t  of d i f f e r e n t  spec ies 

than t h e  o r i g i n a l  i n h a b i t a n t s .  

Na tu ra l  Vegeta t ion  

The n a t u r a l  v e g e t a t i o n  o f  t h e  Hanford Rese rva t i on  i s  c l a s s i f i e d  as 

shrub-steppe (Daubenmire, 1970).  The shrub component i s  c h a r a c t e r i s t i c a l l y  



dominated by  b i g  sagebrush and t h e  u n d e r s t o r y  i s  co~iiposed o f  many herbaceous 

spec ies ,  e s p e c i a l l y  grasses,  t he  most common o f  which a r e  b luebunch wheat- 

g rass ,  Sandberg b luegrass ,  and chea tg rass .  

The u n d i s t u r b e d  v e g e t a t i o n  mosaic can be subd iv ided  i n t o  t h r e e  ma jo r  

v e g e t a t i o n  t ypes  on t h e  b a s i s  o f  shrub spec ies  i n  t h e  o v e r s t o r y  and t h e  

dominant herbaceous spec ies  i n  t h e  unde rs to r y .  The b i g  sagebrush/bluebunch 

wheatgrass v e g e t a t i o n  t y p e  i s  c o n f i n e d  t o  t h e  Ra t t l esnake  H i l l s  and i s  en- 

t i r e l y  l o c a t e d  w i t h i n  t h e  boundar ies of t h e  A r i d  Lands Ecology Reserve (ALE) 

The b i g  sagebrush lan te lope  b i  t t e r b r u s h l c h e a t g r a s s  v e g e t a t i o n  t y p e  occupies 

a  t r i a n g u l a r  shaped a rea  ex tend ing  from t h e  100 F r e a c t o r  a rea  t o  t h e  Horn 

Rapids bend of  t h e  Yakima R i v e r  ( F i g u r e  3 ) .  The v e g e t a t i o n  t y p e  occupy ing 

t h e  remainder  o f  t h e  Hanford Rese rva t i on  i s  c l a s s i f i e d  as t h e  b i g  sagebrush1 

cheatgrass.  

The t h r e e  v e g e t a t i o n  t ypes  o f  most concern t o  t h e  c o n s t r u c t i o n  and 

o p e r a t i o n  o f  t h e  f a c i l i t i e s  assoc ia ted  w i t h  an HNEC a r e  t h e  b i g  sagebrush- 

an te l ope  b i t t e r b r u s h l c h e a t g r a s s  and b i g  sagebrush/cheatgrass t ypes ,  and t h e  

r i p a r i a n  p l a n t  communit ies assoc ia ted  w i t h  t h e  Col umbia R i v e r  shore1 i n e  and 

i s l a n d s .  A l though  these l a t t e r  communit ies occupy sma l l  acreages as com- 

pared t o  o t h e r  communit ies,  t hey  a r e  e s p e c i a l l y  i m p o r t a n t  t o  w i l  d l  i f e  

p o p u l a t i o n s  o f  mule deer,  Chinese r i ng -necked  pheasants,  C a l i f o r n i a  q u a i l ,  

and t o  n e s t i n g  p o p u l a t i o n s  o f  t h e  Canada goose. 

S ~ e c i a l  B i o l o a i c a l  H a b i t a t s  

Many k i n d s  o f  s p e c i a l  h a b i t a t s  a r e  recogn ized .  One o f  these i s  an 

e x t e n s i v e  area o f  sand dunes l o c a t e d  n o r t h  and e a s t  o f  t h e  Washington P u b l i c  

Power Supply  System's  Hanford 1,  2, and 4 power s t a t i o n s .  T y p i c a l  o f  o t h e r s  

a r e  a  g e o l o g i c a l  f o r m a t i o n  o f  knob and k e t t l e  topography l o c a t e d  near  t h e  

N-Reactor ( F i g u r e  3 ) ;  a  s e r i e s  o f  t a l l ,  s t eep -wa l l ed  b l u f f s  a l ong  t h e  e a s t e r n  

shore o f  t h e  Columbia R i v e r  known as "Wh i te  B l u f f s " ;  and a  s e r i e s  o f  b a s a l t i c  

c l i f f s  assoc ia ted  w i t h  Gable Mountain and Gable Bu t t e ,  c e n t r a l l y  l o c a t e d  i n  

t h e  r e s e r v a t i o n  area.  

Wh i te  B l u f f s :  The c l i f f  faces  o f  these  b l u f f s  p r o v i d e  a n c e s t r a l  nes t -  

i n g  s i t e s  f o r  thousands o f  c l i f f  swal lows. These b i r d s  a r e  p resen t  f o r  a  



FIGURE 3: Hanford Reserva t ion  



few weeks in summer, raise  the i r  young, then migrate to neotropical regions 

with the onset of a u t u m n  weather. The birds forage on adult  flying insects 

tha t  are  produced in the aquatic enviror~ment of the Columbia River. Cracks 

in the bluff face provide nesting locations for s ta r l ings  and feral  rock 

doves. The c l i f f  faces are  erodible and provide only a few ledges deep 

enough t o  provide nest s i t e s  for  pra i r ie  falcons. If nuclear f a c i l i t i e s  are 

n o t  bu i l t  above these c l i f f s ,  there i s  no reason t o  expect tha t  the construc- 

tion and operation of nucl ear energy fac i l  i t i e s  a t  Hanford would deleteriously 

af fec t  the bird populations dependent upon the White Bluffs as nesting habitat .  

However, construction of f a c i l i t i e s  above the c l i f f s  could resul t  in water 

releases to  the ground and destruction of the nesting s i t e s  by landslides. 

Gable Mountain and Gable Butte: The basalt  c l i f f s  are  remote and 

inaccessible a n d  provide ledges which are used for  nesting by the pra i r ie  

falcon ( a t  l e a s t  one active nest i s  known from Gable Butte),  red-tai l  ed 

hawk, and great horned owl. The talus slopes provide habitat  for  rock 

wrens and canyon wrens. There i s  no reason to expect that the construction 

and operation of a nuclear energy f a c i l i t y  a t  Hanford would deleteriously 

a f fec t  the breeding bird population dependent u p o n  Gabl c Mountain and Gabl e 

Butte as nesting habitat .  

Nan-made Habitats: Deciduous t rees  planted for  shade and/or f r u i t  years 

ago have survived without human attention for  periods as long as 35 years. 

Today, these trees provide nest s i t e s  for  certain birds t h a t  otherwise could 

n o t  be associated with the t reeless  vegetation of the Hanford Reservation, i . e . ,  

Swainson's hawk, red-tailed hswk, sparrow hawk, great-horned owl, raven, magpie, 

great blue heron, and black-crowned night heron. Many of the t rees  now sup- 

porting nests are senescent. Because these trees d o  n o t  establish young trees  

from seeds, i t  i s  only a matter of time until they disappear from the Reserva- 

t ion.  With the demise of t r ees ,  birds will have t o  seek nest s i t e s  elsewhere. 

The planting of t rees  around nuclear energy f a c i l i t i e s  can be expected t o  

enhance the nestiog potential of tree-nesting avifauna. 

Aqueous eff luents  from chemical processing f a c i l i t i e s  and i r r igat ion 

canals have created ponds of various ages o n  the Hanford Reservation. Other 



ponds l o c a t e d  e a s t  o f  t he  Col umbia R i v e r  have been c r e a t e d  f r om seepage and 

waste waters  f rom i r r i g a t i o n  cana l s  on t h e  Wahluke s lope .  These ponds a r e  

l e s s  than t e n  years  o l d  and a r e  expected t o  p e r s i s t  f o r  an i n d e f i n i t e  p e r i o d  

o f  t ime.  The v e g e t a t i o n  assoc ia ted  w i t h  pond and s h o r e l i n e  environments 

p r o v i d e  h a b i t a t  a t t r a c t i v e  t o  a wide spectrum o f  b i r d s  ( F i t z n e r  and R ickard ,  

1975).  The b i o l o g i c a l  problems and b e n e f i t s  assoc ia ted  w i t h  open ponds can 

be expected i f  these  a r e  contemplated f o r  HNEC f a c i l i t i e s .  

Another k i n d  o f  man-made h a b i t a t  p resen t  on t h e  Hanford Reserva t ion  i s  

abandoned a g r i c u l t u r a l  f i e l d s .  For t h e  most p a r t ,  these a r e  l o c a t e d  near  t h e  

Columbia R i ve r  ad jacen t  t o  t h e  fo rmer  t owns i t es  o f  Hanford and White B l u f f s .  

A f t e r  30 yea rs  o f  abandonment, these f i e l d s  suppo r t  s e l f - s u s t a i n i n g  swards 

of annual p l a n t s ,  e s p e c i a l l y  chea tg rass .  These a n n ~ ~ a l  swards have r e s i s t e d  

n a t u r a l  i n v a s i o n  by n a t i v e  pe renn ia l  spec ies f o r  more than 30 years .  

Sand Dunes: Sand dunes occupy severa l  thousand acres o f  l a n d  on t h e  

western shore o f  t h e  Columbia R i v e r  i n  Benton County. For t he  most p a r t ,  t h e  

dunes a r e  n o t  occupied by p l a n t s ;  however, a  few spec ies can become e s t a b l i s h e d  

on t h e  n u t r i e n t - d e f i c i e n t  and wind-mobi le dune sands (Langham, 1970). The 

dune a rea  i s  a lmos t  i n a c c e s s i b l e  t o  conven t i ona l  v e h i c l e s  and p rov ides  a  

sanc tuary  area f o r  mule deer  d u r i n g  t h e  s p r i n g  fawn ing  season (Hedlund 

e t  a l . ,  1975).  

R i v e r  I s l a n d s :  The i s l a n d s  i n  t h e  Columbia R i v e r  l o c a t e d  between t h e  

n o r t h e r n  boundary o f  t h e  Hanford Reserva t ion  and t h e  C i t y  o f  R ich land  p r o v i d e  

n e s t i n g  h a b i t a t  f o r  a  smal l  p o p u l a t i o n  o f  r e s i d e n t  Canada geese. The n e s t i n g  

h i s t o r y  o f  t h i s  p o p u l a t i o n  has been s t u d i e d  (Hanson and Eberhardt ,  1971). The 

i s l a n d s  p r o v i d e  c r i t i c a l  h a b i t a t  necessary f o r  t h e  susta inment  o f  t he  Canada 

goose popu la t i on .  

Knob and K e t t l e s :  Unusual topography occurs  on t h e  western bank o f  t h e  

Columbia R i v e r  near  t he  N-Reactor. The o r i g i n  o f  knob and k e t t l e  topography 

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

v e g e t a t i o n  and animal popu la t i ons  o f  t h i s  a rea  has been recorded (Rickard,  

1975, and Hedl und e t  a1 . , 1975).  



Rock Ou tc rop :  Rock o u t c r o p  p l a n t  communi t ies  a r e  p a r t i c u l a r l y  w e l l  d e v e l -  

oped a l o n g  t h e  c r e s t  o f  t h e  R a t t l e s n a k e  H i l l s  l o c a t e d  w i t h i n  t h e  A r i d  Lands 

Eco logy  (ALE) Reserve.  The communi t ies  occupy r e 1  a t i v e l y  1 i t t l e  acreage b u t  

s u p p o r t  p l a n t s  t h a t  a r e  n o t  f o u n d  e l sewhere  on t h e  Hanford R e s e r v a t i o n .  Two 

s p e c i e s  f o u n d  i n  t h e  R a t t l e s n a k e  H i l l s  a r e  on t h e  S m i t h s o n i a n  l i s t  o f  endangered 

s p e c i e s ,  Ba lsamorh iza  rosea  and Er iogonum thymoides.  Because most  o f  t h e  

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

Reserve, t h e  c o n s t r u c t i o n  and o p e r a t i o n  o f  HNEC f a c i l i t i e s  wou ld  n o t  be 

expec ted  t o  d e l e t e r i o u s l y  a f f e c t  t h e  s t a t u s  o f  t h e s e  communi t ies .  

Grave l  Bars : Grave l  ba rs  a r e  c h a r a c t e r i s t i c a l  l y  found  a1 ong f a s t - f l  owi ng 

streams and r i v e r s .  The c o a r s e  r o o t i n g  s u b s t r a t e  p r o v i d e d  by  g r a v e l  and cobb les  

i n  a d d i t i o n  t o  i n u n d a t i o n  by  seasonal  f l o o d i n g  makes g r a v e l  b a r s  d i f f i c u l t  

h a b i t a t s  f o r  p l a n t  c o l o n i z a t i o n .  N e v e r t h e l e s s ,  some s p e c i a l i z e d  p l a n t  s p e c i e s  

can i n v a d e  water-washed g r a v e l  ba rs  and m a i n t a i n  p o p u l a t i o n s  f o r  y e a r s .  

Grave l  b a r s  a1 ong t h e  Col u ~ n b i a  R i v e r  s u p p o r t  many t y p e s  o f  herbaceous p l  a n t s .  

However, t h e r e  have been no e c o l o g i c a l l y  d e s c r i p t i v e  s t u d i e s  made o f  t h e s e  

communi t ies .  

P r i m a r y  P r o d u c t i v i t y  

Shrub-s teppe p l a n t  communi t ies  a r e  more p r o d u c t i v e  t h a n  d e s e r t  p l a n t  

communi t ies  b u t  l e s s  so t h a n  c e r t a i n  g r a s s  and f o r e s t  communi t ies  (Rod in  

and B a z i l o v i  t c h ,  1975) .  S t u d i e s  conducted on t h e  A r i d  Lands Eco logy  Reserve 

i n  s tands  o f  t h e  sagebrush-b luebunch wheatgrass i n  c o n j u n c t i o n  w i t h  t h e  

U n i t e d  S t a t e s '  c o n t r i b u t i o n  t o  t h e  I n t e r n a t i o n a l  B i o l o g i c a l  Program Grass- 
2 l a n d  Biome p r o j e c t  show t h a t  b e s t  annual  p r o d u c t i o n  i s  l e s s  t h a n  100 g/m / 

y e a r .  

W i l d l i f e  P o p u l a t i o n s  

Mu1 e  Deer 

The mu le  d e e r  i s  t h e  o n l y  b i g  game mammal on t h e  Hanford R e s e r v a t i o n .  

A l t h o u g h  t h e s e  a n i m a l s  roam o v e r  t h e  e n t i r e  R e s e r v a t i o n ,  t h e  m a j o r  popu- 

l a t i o n  c o n c e n t r a t i o n  i s  a l o n g  t h e  Columbia R i v e r .  The deer  p o p u l a t i o n  h e r e  

i s  a t  l e a s t  one hundred an ima ls  (Hedlund, 1975) .  C r i t i c a l  f a w n i n g  a reas  a r e  



t h e  i s l a n d s  i n  t h e  Coluw~bia  R i v e r  and t h e  remote  p o r t i o n s  o f  t h e  sand dunes. 

Fawn t a g g i n g  has been conducted f o r  seven c o n s e c u t i v e  y e a r s .  An imals  tagged 

on t h e  H a n f o r d  R e s e r v a t i o n  have been k i l l e d  by h u n t e r s  7 0  m i l e s  f r o m  t h e i r  

i n i t i a l  c a p t u r e  p o i n t s  (Hedl  und, 1 9 7 5 ) .  

The c o n s t r u c t i o n  o f  HNEC f a c i l i t i e s  can a f f e c t  t h e  d a i l y  and seasonal  

p a t t e r n s  o f  movement o f  mu le  deer  on t h e  Han fo rd  R e s e r v a t i o n .  T a l l ,  c h a i n -  

1  i n k  f e n c e s  a r e  e f f e c t i v e  b a r r i e r s  t o  mule  deer  niovenients as a r e  w ide ,  deep 

c o n c r e t e - w a l l e d  i r r i g a t i o n  c a n a l s .  Some d e e r  m o r t a l i t y  can be expec ted  f r o m  

i n c r e a s e d  au ton iob i l e  t r a f f i c .  

A1 though h u n t i n g  has n o t  been p e r m i t t e d  on t h e  Han fo rd  R e s e r v a t i o n ,  

an ima ls  produced t h e r e  p r o v i d e  game f o r  h u n t e r s  on b o r d e r i n g  l a n d s .  The 

main  human v a l u e  o f  t h e  mu le  d e e r  h e r e  on t h e  R e s e r v a t i o n  i s  t h e  e s t h e t i c  

appeal  o f  s i g h t i n g  t h e s e  a n i m a l s  w i l d  i n  t h e i r  n a t u r a l  h a b i t a t .  

Canada Goose 

N e s t i n g  p o p u l a t i o n s  o f  Canada geese have been s t u d i e d  f o r  many y e a r s  

(Hanson and E b e r h a r d t ,  1971 ) .  Over t h e  y e a r s  o f  s t u d y ,  t h e  number o f  n e s t s  

has d e c l i n e d  ( F i g u r e  4 ) .  The d e c l i n e  i s  a t t r i b u t e d  t o  p r e d a t i o n ,  chaug ing  

v e g e t a t i o n  s t r u c t u r e  on t h e  i s l a n d s ,  and human i n t e r f e r e n c e  c r e a t e d  by 

open ing  t h e  l o w e r  s e c t i o n  of t h e  Han fo rd  R e s e r v a t i o n  t o  p u b l i c  r e c r e a t i o n .  

M i g r a n t  f l o c k s  o f  Canada geese have h i s t o r i c a l l y  used t h e  Columbia  

R i v e r  as a  r e s t i n g  s t o p  d u r i n g  s p r i n g  and f a l l  m i g r a t i o n .  These geese 

make f o r a g i n g  f l  i g h t s  t o  nearby  a g r i c u l  t u r a l  f i e l d s  and range lands  t h a t  

s u p p o r t  new ly  ge rm ina ted  s tands  o f  c h e a t g r a s s .  Department o f  I n t e r i o r  

W i l d l i f e  r e f u g e s  l o c a t e d  i n  F r a n k l i n  and W a l l a  W a l l a  C o u n t i e s  a l s o  a t t r a c t  

m i g r a n t  Canada geese as w e l l  as o t h e r  w a t e r f o w l  s p e c i e s .  

Up land Game B i r d s  

Chukar p a r t r i d g e s  a r e  i m p o r t a n t  game b i r d s  i n  s teppe  v e g e t a t i o n  o f  

e a s t e r n  Washington.  These b i r d s  were i n t r o d u c e d  t o  N o r t h  America f r o m  

E u r a s i a  t o  p r o v i d e  b i r d  h u n t i n g  f o r  sportsmen. They a r e  e s p e c i a l l y  p l e n t i -  

f u l  i n  t h e  R a t t l e s n a k e  H i l l s  and Saddle  Moun ta ins ,  a1 though  t h e r e  a r e  a l s o  

a  few coveys i n  t h e  Gable Vlountain and Gable  B u t t e  a r e a s .  
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FIGURE 4: Number o f  Canada Goose Nests on Hanford 
Reserva t ion  I s 1  ands 1953-1 975 

C a l i f o r n i a  q u a i l  and Chinese r ing-necked  pheasants a r e  m o s t l y  c o n f i n e d  

t o  t h e  deciduous shrub v e g e t a t i o n  assoc ia ted  w i t h  t h e  s h o r e l i n e  o f  t h e  

Columbia R i v e r .  L i k e  t he  chukar p a r t r i d g e ,  t h e  pheasant i s  an i n t r o d u c e d  

spec ies .  The C a l i f o r n i a  q u a i l  was i n t r o d u c e d  t o  Washington f r om i t s  n a t i v e  

range i n  Cal i f o r n i a .  

The sagegrouse i s  scarce on t h e  Hanford Reserva t ion .  A few b i r d s  a r e  

found on t h e  ALE Reserve where t hey  a r e  p r o t e c t e d  f r om hun t i ng .  

The mourning dove i s  a  common, summer r e s i d e n t  o f  t h e  Hanford Reser- 

v a t i o n ,  n e s t i n g  wherever wate r  and weed seeds a r e  a v a i l a b l e .  B i r d s  p ro -  

duced on t h e  Reserva t ion  l eave  i n  t h e  f a l l  and m i g r a t e  south.  Hunters  

h a r v e s t  l a r g e  numbers o f  doves d u r i n g  t h i s  m i g r a t i o n  p e r i o d .  



Small Game Mammals 

The i m p o r t a n t  smal l  game niamnals of t h e  Hanford Reserva t ion  a r e  c o t t o n -  

t a i l  r a b b i t s  and b l a c k - t a i l e d  hares. Hares a r e  d i s t r i b u t e d  th roughout  t he  

steppe v e g e t a t i o n  areas w h i l e  c o t t o n t a i l s  a r e  found  i n  l o c a l  concen t ra t i ons  

where f ood  and cover  a r e  a v a i l a b l e .  

B l  a c k - t a i l  ed hares were s t u d i e d  as b i o l o g i c a l  i n d i c a t o r s  o f  r a d i o -  

i o d i n e  i n  t he  environnient (Hanson, 1962) and as a  b i o l o g i c a l  agent  f o r  t he  

d i s p e r s a l  o f  r a d i o n u c l  i d e s  i n  waste management areas ( 0 '  F a r r e l l  and G i  1  b e r t ,  

1975).  

P reda to ry  Mammal s  

The most i m p o r t a n t  mammal i a n  p reda to rs  on t h e  Hanford Reserva t ion  a r e  

t h e  coyote and badger.  L i t t l e  i s  known about t h e  p o p u l a t i o n  dynamics o f  

e i t h e r ;  however, r ecen t  s t u d i e s  u s i n g  r a d i o t r a c k i n g  techniques show t h a t  

coyotes can wander many m i l e s .  

Bobcats a r e  p resen t  on t h e  Reserva t ion  b u t  i n  low numbers. Other  

p reda to rs  a r e  t h e  raccoon, skunk, mink, and weasel. These animals  a r e  

m o s t l y  c o n f i n e d  t o  r i p a r i a n  h a b i t a t s  assoc ia ted  w i t h  t h e  Columbia R i ve r .  

Other Mamnal s  

Muskrats  and beaver a r e  p resen t  i n  t h e  Columbia R i ve r .  Muskrats  occur  

i n  ponds and d i t c h e s  e l  sewhere on t h e  Reserva t ion  (R i cka rd  e t  a1 . , 1975).  

The most abundant smal l  mammals a r e  roden ts ,  e s p e c i a l l y  t he  Grea t  Bas in  

pocke t  mouse, deer  mouse, and t h e  Townsend ground s q u i r r e l .  The p o p u l a t i o n  

dynamics o f  t h e  pocke t  mouse has r e c e i v e d  t h e  most s tudy  ( 0 '  F a r r e l l  e t  a1 . , 
1975).  

Consumer P r o d u c t i  v i  t v  

Shrub-steppe v e g e t a t i o n  h i s t o r i c a l l y  d i d  n o t  suppo r t  l a r g e  he rb i vo res  

such as b i son  and an te lope .  I ns tead ,  smal l  mammals l i k e  t he  Grea t  Bas in  

pocket  mouse and t h e  Townsend ground s q u i r r e l  a r e  t h e  abundant v e r t e b r a t e  

he rb i vo res .  Popu la t i on  dynamics o f  pocke t  mice have been i n t e n s i v e l y  

s t u d i e d  ( O ' F a r r e l l  e t  a l . ,  1975; Schre iber ,  1974).  



The most d i r e c t  use o f  steppe v e g e t a t i o n  as a  f ood  source t o  man i s  

c a t t l e  g raz ing .  C a t t l e  g r a z i n g  s t u d i e s  on t h e  ALE Reserve show t h a t  one 

a c r e  of sagebrush-bl  uebunch wheatgrass p a s t u r e  can produce o n l y  about  20 

pounds o f  c a t t l e  l i v e w e i g h t  per  yea r  w i t h o u t  damaging f u t u r e  community 

p roduc t i on .  

W i l  d l  i f e  as a  Rec rea t i ona l  Resource 

Tagging s t u d i e s  o f  mule deer  show t h a t  mule deer  produced as fawns on 

t h e  Hanford Rese rva t i on  a r e  k i l l e d  by hun te rs  when t hey  l eave  t h e  rese rva -  

t i o n  (Hedl und, 1975).  Several  hundred Canada geese a r e  produced each yea r  

from t h e  n e s t i n g  popu la t i ons  and some o f  these  a r e  k i l l e d  as t hey  l e a v e  t h e  

p r o t e c t i o n  o f  t h e  r e s e r v a t i o n  (Hanson and Eberhard t  , 1970) . Chukar par -  

t r i d g e s  r e g u l a r l y  n e s t  and produce young on t h e  ALE Reserve. Some of these 

a re  p robab ly  k i l l e d  on t h e  Washington S t a t e  Depar tment 's  Ra t t l esnake  Hi1 1s 

W i l d l i f e  Area and p r i v a t e  lands  a d j o i n i n g  t h e  reserve .  

Coyotes a r e  a  permanent c o n s t i t u e n t  o f  t h e  w i l d l i f e  resource  o f  t h e  

Hanford Rese rva t i on  and young a r e  r e a r e d  on t h e  Reserva t ion .  Some o f  these  

animals p robab l y  l e a v e  t h e  Reserva t ion  where they  a r e  ava i  l ab1  e  f o r  p reda to r  

h u n t i n g  o r  t hey  may a l s o  be regarded as pes t s  by l i v e s t o c k  r a i s e r s .  

The Hanford Reserva t ion  serves as a  n e s t i n g  r e f u g e  f o r  b i r d s  t h a t  a r e  

d im in i shed  t h roughou t  t h e  western s t a t e s  as t h e i r  a n c e s t r a l  h a b i t a t s  a r e  

usurped by man-imposed l a n d  uses. These b i r d s  - bur row ing  owl,  l o n g - b i l l e d  

cur lew,  g r e a t  horned owl , Swai nson ' s  hawk, r e d - t a i  1  ed hawk, and p r a r i  e  

f a l c o n  - a l l  c o n t r i b u t e  t o  enjoyment o f  people who l i k e  t o  watch b i r d s .  

Food Webs 

Diagrammatic r e p r e s e n t a t i o n s  o f  f ood  webs i n  t y p i c a l  t e r r e s t r i a l  and 

waste pond h a b i t a t s  a r e  shown i n  F igu res  5  and 6 .  
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METEOROLOGY 

Any e v a l u a t i o n  o f  t h e  impact  o f  h e a t  s i n k  management a l t e r n a t i v e s  on 

t h e  env i ronment  must cons ide r  t h e  c l i m a t e  o f  t he  r e g i o n  under c o n s i d e r a t i o n .  

Thus i t  i s  a p p r o p r i a t e  t o  desc r i be  t h e  c l i n i a t e  o f  t h e  Hanford area i n  some 

d e t a i l  . 

General C l  i ma t e  

The b a s i c  re fe rence  on Hanford c l i m a t e  i s  t h e  Cl imatography of  t h e  

Hanford Area (Stone, Jenne, and Thorp, 1972).  Temperature and p r e c i  p i  - 
t a t i o n  da ta  i n  t h i s  work i n d i c a t e  t h a t  t h e  Hanford a rea  borders  between a  

steppe (BS) and d e s e r t  (BW) c l i m a t e  u s i n g  t he  Koppen c l a s s i f i c a t i o n  scheme 

(Pe t te rssen ,  1958).  T h i s  c l a s s i f i c a t i o n  i s  con f i rmed by t h e  v e g e t a t i o n  

types  which occupy most o f  t h e  Hanford Reserva t ion .  

Meteor01 o g i c a l  obse rva t i ons  have been made a t  numerous 1  o c a t i o n s  i n  

t h e  Hanford v i c i n i t y ,  b u t  t h e  o n l y  e x t e n s i v e  reco rds  f o r  a  s i n g l e  l o c a t i o n  

a re  those f o r  t h e  Hanford M e t e r o l o g i c a l  S t a t i o n  (HMS). The HMS i s  l o c a t e d  

on a  p l a t e a u  a t  about  750 f t  above mean sea l e v e l  and 300 f t  above t h e  

Columbia R i ve r ,  which f l o w s  th rough t h e  Reserva t ion  f rom t h e  no r thwes t  

t o  t h e  sou theas t .  There a r e  severa l  s i g n i f i c a n t  topograph ic  f e a t u r e s  w i t h i n  

20 m i l e s  o f  t h e  HMS which a f f e c t  aspects  o f  t h e  Hanford c l i m a t o l o g y .  

P r i o r  t o  t h e  es tab l i shmen t  o f  t he  HMS i n  Dece~iiber 1944, me teo ro log i ca l  

measurements were made by U.S. Weather Bureau c o o p e r a t i v e  observers  between 

1912 and 1943, and by t h e  U.S. weather Bureau i n  R i ch land  f o r  a  s h o r t  p e r i o d  

a t  t h e  end of  1943 and beg inn ing  o f  1944. 

The c l i m a t o l o g i c a l  da ta  from these  sources a r e  summarized i n  Table 3. 

T h i s  summary g i v e s  bo th  month ly  and annual s t a t i s t i c s  f o r a  l a r g e  number of  

c l i m a t o l o g i c a l  v a r i a b l e s  and i n c l u d e s  extreme va lues  as w e l l  as mean va lues .  
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I n  a d d i t i o n  t o  t h e  month-to-i i ionth v a r i a t i o n  i n  t h e  c l i m a t o l o g i c a l  

s t a t i s t i c s  p resen ted  i n  Tab le  3, t h e r e  a r e  d i s t i n c t  d a i l y  c y c l e s  which a r e  

superimposed on t h e  seasonal v a r i a t i o n .  These d a i l y  c y c l e s  a r e  most e v i -  

den t  i n  temperature,  hum id i t y ,  and w ind  speed. The d a i l y  temperature c y c l e  

a t  Han fo rd  ranges f r o m  about  13°F i n  December t o  30°F i n  J u l y  and August.  

The d a i l y  c y c l e  o f  r e l a t i v e  h u m i d i t y  i s  i n v e r s e l y  r e l a t e d  t o  t h e  tem- 

p e r a t u r e  c y c l e ;  t h a t  i s ,  when t h e  tempera tu re  decreases, t h e  h u m i d i t y  

inc reases .  Converse ly ,  when t h e  tempera tu re  inc reases ,  t h e  r e l a t i v e  h u m i d i t y  

decreases. The d a i l y  r e l a t i v e  h u m i d i t y  v a r i a t i o n  a t  Hanford i s  abou t  25% 

th roughou t  most o f  t h e  y e a r .  However, i t  decreases t o  abou t  15% i n  December 

and January.  

The d a i l y  wind speed c y c l e  has a  minimum d u r i n g  t h e  morning hours and 

a  maximum near  sunset .  I t  i s  most pronounced d u r i n g  t h e  summer and a lmos t  

i m p e r c e p t i b l e  d u r i n g  t h e  months o f  December and January .  F i gu res  7 and 8 

show these  d a i l y  c y c l e s  f o r  t h e  months o f  January  and J u l y  r e s p e c t i v e l y .  
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FIGURE 7 :  D a i l y  C l i m a t o l o g i c a l  Cyc les - January  
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FIGURE 8: D a i l y  C l i m a t o l o g i c a l .  C y c l e s  - J u l y  

The mos t  f r e q u e n t  r e s t r i c t i o n  t o  v i s i b i l i t y  i n  t h e  H a n f o r d  a r e a  i s  

f o g  wh ich  o c c u r s  on an ave rage  of 38 days p e r  y e a r .  On 24 o f  t h e s e  days  

t h e  v i s i b i l i t y  i s  r e s t r i c t e d  t o  l e s s  t h a n  1 / 2  m i l e .  Fog i s  h i g h l y  seasona l ,  

a l t h o u g h  i t  has o c c u r r e d  i n  e v e r y  month.  More t h a n  95% o f  t h e  o c c u r r e n c e s  

a r e  f rom November t h r o u g h  Februa ry .  If t h e  months o f  O c t o b e r  and March 

a r e  i n c l u d e d  t h i s  p e r c e n t a g e  i n c r e a s e s  t o  more t h a n  99.5%. 

H a n f o r d  f o g s  a r e  g e n e r a l  l y  a s s o c i a t e d  w i t h  1  ow w i n d  speed c o n d i t i o n s .  

More t h a n  70% o f  t h e  h o u r s  o f  fog  o c c u r  when t h e  w ind  speed i s  l e s s  t h a n  

3.5 mph, and t h e  ave rage  w ind  speed d u r i n g  f o g  i s  2 .5  mph. T a b l e  4 g i v e s  

d e t a i l e d  s t a t i s t i c s  on t h e  hours  and d u r a t i o n  o f  b o t h  t o t a l  and dense f o g  

by months.  I t  s h o u l d  be n o t e d  t h a t  January  1976 s e t  a  r e c o r d  f o r  most  h o u r s  

o f  f o g  i n  a  s i n g l e  month, 257. D u r i n g  t h a t  month fog was obse rved  on a  t o t a l  

o f  20 days,  i n c l u d i n g  t h e  l a s t  16  days of t h e  month .  



TABLE 4:  T o t a l  D u r a t i o f f a n d  Maximum P e r s i s t e n c e  of  Fog 
T a b u l a t e d  i n  Hours  f o r  t h e  P e r i o d  1945-1970 

AU FOG A V G  TOTAL 
N I Z  0-6 h?lLES) DURATION 

JAN 6 8 3  
f i B  3 6 4  
hi4 R 4.4 
P P R  (13 
/:A Y a 3  
JC2E I 
JCLY I 
AUC I 
S i P T  (13 
CCT 7.6 
tiw 55.4 
DEC 105.4 

Y nu 
DENSE FOG 

N I Z  114 b:l OR LESS) 

!API 
I T S  
/!A R 
APR 
h'A Y 
J L I X  
JLLY 
AL1G 
SEPT 
K T  
F; rlv 
G!i 

Y 

kNX TOTAL M I N  TOTAL AVC DURATION PER 
OURATIGI Y U ~  DURATION YEAR DAY OF OCCURRD~CE MAX. PERSISTENCE') ---- YEAR - 

1955 
1963 
1969 
1950 
1958 
1 W 8  
1966 
1959 
1957 
1%2 
1963 
1 W 7  

1 Y 7 d 8  

TOTAL DUXATION DENUTES TOTAL NUMBER OF H W R S  A r l D  TENTHS OF HOURS I N  W H I C H  FCC I S  OBSERVED. 

DENOTES LESS THAN a05 HOUR 

DENOTES THE GRG\TEST NV8%BER OF HOURS I N  A S U S W  

DENOTES M E  L U S T  NU',!BE3 OF HCURS I N  A S U S C N  

h i 4 X I M U i i I  PERSISTENCE CF DENSE F O C  I S  BASED 04 THE PERIOD 1 8 3 - 7 0  

The c l i m a t o l o g i c a l  d a t a  f o r  t h e  HMS a r e  g e n e r a l l y  assumed t o  be r e p r e -  

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

a r e  known t o  e x i s t .  I m p o r t a n t  v a r i a t i o n s  a r e  t h o s e  a s s o c i a t e d  w i t h  t h e  

Columbia R i v e r  and t h e  m a j o r  t o p o g r a p h i c  f e a t u r e s  w h i c h  form t h e  s i d e s  o f  

t h e  b a s i n .  D i f f e r e n c e s  between t h e  n o r t h e r n  and s o u t h e r n  p o r t i o n s  o f  t h e  

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

and w ind .  



D i f f u s i o n  C l ima to logy  

The ma jo r  impac t  o f  an HNEC on t h e  atmosphere w i l l  come as a  r e s u l t  o f  

t he  r e l e a s e  o f  waste hea t .  The e x t e n t  o f  t h e  impact  w i l l  be f u r t h e r  r e l a t e d  

t o  t h e  a b i l i t y  o f  t h e  atmosphere t o  d i s p e r s e  t he  hea t .  The p r i m a r y  f a c t o r s  

which govern t h e  d i s p e r s i o n  o r  d i f f u s i o n  o f  t he  waste h e a t  a r e  atmospher ic  

s t a b i l i t y  and t h e  wind. The s t r o n g e r  t h e  wind o r  l e s s  s t a b l e  t h e  atmosphere 

t he  more r a p i d  t h e  d i s p e r s i o n  o f  t he  hea t .  

Resu l t s  o f  numerous atmospheric d i f f u s i o n  exper iments  a t  Hanford i n d i -  

c a t e  t h a t  f o u r  c a t e g o r i e s  adequate ly  d e s c r i b e  atmospheric s t a b i  1  i ty v a r i a -  

t i o n s  f o r  t h e  purpose o f  t h e  d i f f u s i o n  model ing. F i g u r e  9 shows wind roses  

f o r  Hanford f o r  each o f  these s t a b i l i t y  c a t e g o r i e s  and f o r  a l l  c a t e g o r i e s  

combined. These wind roses  c l e a r l y  show t h a t  t he  p r e v a i l i n g  wind d i r e c t i o n  

a t  Hanford i s  f r om the  west -nor thwest  and nor thwes t .  

I f  the  Hanford a rea  were t h e  Grea t  P l a i n s  w i t h  no s i g n i f i c a n t  topo-  

g raph i c  f e a t u r e s ,  t h e  ma jo r  impact o f  an HNEC would be expected t o  occu r  t o  

t h e  eas t - sou theas t  and southeast .  However, t h e  i n f  1  uence o f  t h e  topograph ic  

f e a t u r e s  i n  t h e  Hanford area make t h i s  a  v e r y  tenuous assumption. A i r  f l o w  

measurements made over  t he  Reserva t ion  i n  t he  p a s t  few yea rs  i n d i c a t e  t h e r e  

a r e  f r e q u e n t  1  oca l  c i r c u l a t i o n  p a t t e r n s  which a r e  n o t  adequate ly  desc r i bed  

by t h e  wind d i r e c t i o n  a t  t h e  HMS. Evidence o f  these l o c a l  c i r c u l a t i o n s  i s  

seen i n  F i g u r e  10 which shows wind roses  a t  severa l  l o c a t i o n s  on and su r -  

round ing  t h e  Hanford Reserva t ion .  I n  some cases these c i r c u l a t i o n s  would 

a c t  t o  i nc rease  t h e  r a t e  a t  which t h e  waste h e a t  i s  d ispersed ,  and i n  o t h e r  

cases t hey  would have t h e  oppos i t e  e f f e c t .  F i gu res  I 1  and 12 f u r t h e r  demon- 

s t r a t e  t h e  d i f f e r e n c e s  i n  wind which can be observed a t  two p laces  i n  r e l a -  

t i v e l y  c l o s e  p romimi ty .  The p h y s i c a l  sepa ra t i on  between t h e  FFTF and t h e  

WNP-2 s i t e s  i s  about  2  m i l es ,  w i t h  t h e  FFTF t o  t h e  west of WNP-2. The l a r g e  

f requency o f  winds f rom south-southwest th rough  west a t  t h e  FFTF can be 

a t t r i b u t e d  t o  1 oca l  c i r c u l a t i o n s  r e 1  a t e d  t o  Ra t t l esnake  Mounta in  o r  t h e  

west  edge o f  t h e  Hanford Reserva t ion  which do n o t  a f f e c t  WNP-2. 
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FIGURE 9: Wind Roses as a  F u n c t i o n  of S t a b i l i t y  and Wind Speed a t  HMS Based 
on Winds a t  200 F t  and A i r  Temperature  S t a b i l i t y  D e f i n e d  Between 
3 F t  and 200 F t  f o r  1955 t h r o u g h  1970 (The p o i n t s  o f  t h e  r o s e  
r e p r e s e n t  t h e  d i r e c t i o n s  fro111 w h i c h  t h e  winds come.) 



F I G U R E  10: S u r f a c e  Wind Roses f o r  Var ious  L o c a t i o n s  on and Sur round ing  
t h e  Han fo rd  S i t e  (The p o i n t s  o f  t h e  r o s e  r e p r e s e n t  t h e  
d i r e c t i o n  f r o m  which t h e  winds come.) 
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FIGURE 11: Wind Rose f o r  t h e  FFTF FIGURE 12: Wind Rose f o r  t h e  WNP-2 

S i t e  ( A t  13 ft, January S i t e  ( A t  23 ft, A p r i l  
1, 1971 - J u l y  1, 1973) 1972 - March 1973) 

A d e t a i l e d  e v a l u a t i o n  of  t h e  t r a n s p o r t  and d i f f u s i o n  o f  thermal e f f l u -  

en t s  f rom a HNEC would be a complex and r e l a t i v e l y  expensive process as a 

r e s u l t  of t h e  l o c a l  c i r c u l a t i o n s  r e f e r r e d  t o  above. Therefore a r e l a t i v e l y  

s imp le  d i s p e r s i o n  model which uses HMS wind and s t a b i l i t y  da ta  and assumes 

s t r a i g h t  l i n e  t r a n s p o r t  has been used t o  examine t he  impact  o f  v a r i o u s  HNEC 

heat  s i n k  management a l t e r n a t i v e s  on fog and hum id i t y .  The r e s u l t s  of t h i s  

e v a l u a t i o n  a r e  d iscussed  l a t e r .  



THE HEAT SINK ALTERNATIVES 

S tudy  o f  t h e  p h y s i c a l  c h a r a c t e r i s t i c s  o f  t h e  Hanford P r o j e c t  r e v e a l s  

t h a t  t h e r e  a r e  f i v e  p o s s i b l e  methods f o r  r e l e a s i n g  l a r g e  q u a n t i t i e s  o f  was te  

h e a t  t o  t h e  env i ronment :  

1 .  Once- through c o o l i n g  u s i n g  Columbia R i v e r  w a t e r ,  

2. C o o l i n g  ponds, 

3. Wet c o o l i n g  towers ,  

4. D r y  c o o l i n g  towers ,  and 

5. Wet-dry c o o l i n g  towers .  

D e f i n i t e  p h y s i c a l  and a d m i n i s t r a t i v e  l i m i t s  e x i s t  f o r  some o f  t h e s e  

c o o l  i n g  methods (e .g . ,  maximum p e r ~ l i i s s i b l e  h e a t  r e l e a s e s  t o  t h e  Columbia 

R i v e r )  and may e x i s t  f o r  a l l  methods i f  t h e r e  a r e  s t r i n g e n t  a tmospher i c  

1  i m i t a t i o n s .  Consequent ly ,  t h e  f i r s t  s t e p  i n  a n a l y z i n g  t h e s e  a1 t e r n a t i v e s  

i s  t o  d e t e r m i n e  t h e  l i m i t a t i o n s  on each c o o l i n g  method. The second s t e p  

t h e n  i s  t o  s e l e c t  and d e s c r i b e  t h e  s e v e r a l  a l t e r n a t i v e  cases f o r  t h e  HNEC 

c o o l i n g  systems. These case d e s c r i p t i o n s  t h e n  become t h e  bases f o r  t h e  

f i n a l  compar ison of t h e  a l t e r n a t i v e s  t o  d e t e r m i n e  t h e  b e s t  c o o l i n g  methods. 

PHYSICAL LIMITATIONS ON COOLING METHODS 

O p e r a t i o n  o f  t w e n t y  power r e a c t o r s  would r e q u i r e  r e l e a s e  o f  abou t  

50,000 M W t  t o  t h e  env i ronment .  The t h r e e  g e n e r a l  c h o i c e s  f o r  r e l e a s e  o f  

t h a t  h e a t  a r e :  t o  t h e  Columbia R i 8 ~ e r ,  t o  t h e  atmosphere by  use  o f  c o o l i n g  

ponds, o r  t o  t h e  atmosphere by use  o f  c o o l i n g  towers .  

The amount o f  h e a t  t h a t  can be r e l e a s e d  f o r  each o f  t h e s e  methods i s  

l i m i t e d  by a d m i n i s t r a t i v e  r e s t r i c t i o n s  on  t h e  h e a t  r e l e a s e s  t o  t h e  Columbia 

R i v e r ,  t h e  a v a i l a b i l i t y  o f  c o o l i n g  pond l a n d ,  o r  by  t h e  e f f e c t s  on t h e  

atmosphere.  T h i s  s e c t i o n  examines each o f  t h e s e  modes t o  d e t e r m i n e  t h e  

o b v i o u s  l i m i t a t i o n s  on t h e  amount o f  h e a t  t h a t  can be d i s p o s e d  o f  by use 

o f  t h e s e  methods.  



Heat Releases t o  t h e  Columbia R i v e r  

The maximum p e r m i s s i b l e  hea t  r e l e a s e  t o  t h e  Col umbia R i ve r  near Hanford 

as e s t a b l  i shed  by t h e  Washington S t a t e  Water Qua1 i ty  Standards i s  de f ined  

by t h e  formula:  

where A t  i s  t h e  p e r m i s s i b l e  average d a i l y  tempera tu re  r i s e  and T  i s  t h e  

r i v e r  temperature a f t e r  a1 1  hea t  a d d i t i o n s .  No hea t  r e l eases  a r e  p e r m i t t e d  

t h a t  would i nc rease  t h e  r i v e r  temperature above 68°F (20°C). I n  a d d i t i o n ,  

hea t  r e l eases  must comply w i t h  t h e  p r o v i s i o n s  o f  Pub1 i c  Law 92-500 which 

r e q u i r e  t h a t  no re l eases  be made a f t e r  1983 o r  r e l e a s e s  be made such t h a t  

t hey  assure a  balanced, ind igenous p o p u l a t i o n  o f  s h e l l f i s h ,  f i s h ,  and 

w i l d 1  i f e .  

Dur ing  t h e  w i n t e r  months. when maximum g e n e r a t i o n  i s  d e s i r a b l e ,  t h e  

average d a i l y  r i v e r  f l o w  a t  Hanford v a r i e s  f r om 36,000 t o  ove r  100,000 c f s .  

From 1960 t o  1974, t h e  minimum seven-day runn ing  mean f l o w  r a t e  v a r i e d  f rom 

54,000 t o  103,000 c f s  and averaged 70,000 c f s .  The minimum f low occur red  

o n l y  i n  August o r  September. A t  minimum r i v e r  temperature when about  a  5°F 

A t  i s  p e r m i s s i b l e  and t;e r i v e r  f l o w  o f t e n  i s  c l o s e  t o  t h e  minimum, t h e  

maximum p e r m i s s i b l e  h e a t  r e l e a s e  would be about  24,000 M W t  a t  70,000 c f s .  

T h i s  corresponds t o  12,000 MWe (10 r e a c t o r s ) .  A t  54,000 c f s  f low,  t h e  pe r -  

m i s s i b l e  h e a t  r e l e a s e  i s  about  19,000 MWe, cor respond ing  t o  e i g h t  r e a c t o r s .  

The minimum r e q u i r e d  f l o w  a t  36,000 c f s  i n  t h e  Hanford reach  was es tab-  

l i s h e d  when n i n e  p r o d u c t i o n  r e a c t o r s  were o p e r a t i n g  a t  Hanford w i t h  once- 

th rough  c o o l i n g .  S ince o n l y  one p r o d u c t i o n  r e a c t o r  now i s  ope ra t i ng ,  t h i s  

minimum r e q u i r e d  f l o w  shou ld  be reeva lua ted  w i t h  c o n s i d e r a t i o n  o f  t h e  f u t u r e  

c o n s t r u c t i o n  of an HNEC, c u r r e n t  knowledge o f  e f f e c t s  o f  hea t  r e l eases  on 

t h e  Columbia R i ve r  a q u a t i c  eco logy,  and t h e  e f f e c t s  o f  t h e  a d d i t i o n a l  s t o rage  

r e s e r v o i r s  and h y d r o e l e c t r i c  c a p a b i l i t y  i n  comparison t o  t h e  t i m e  when t h e  

mini~nurn f l o w  requ i rement  was e s t a b l  i shed. Es tab l  i shment o f  d i f f e r e n t  

minimum and average f l o w s  would a f f e c t  t h e  number o f  power p l a n t s  t h a t  cou ld  

have once-throug h  c o o l  i ng . 



Dur ing  August and September, t h e  r i v e r  temperatures a r e  h i g h e r  (>50°F) 

so t h a t  t h e  maximum p e r m i s s i b l e  hea t  r e 1  ease genera l  l y  i s  1  ess.  As an 

example, i n  August, when t h e  minimum f l o w  r a t e  i s  expected t o  be about  70,000 

c f s  and t h e  r i v e r  tempera tu re  i s  a t  65"F, t h e  p e r m i s s i b l e  A t  i s  abou t  2.Z°F, 

co r respond ing  t o  a  maximum p e r m i s s i b l  e  hea t  r e l e a s e  of 10,000 MWt o r  a  gen- 

e r a t i o n  of 5,000 MWe ( 4  r e a c t o r s ) .  I n  a c t u a l  i t y ,  t h e  number o f  r e a c t o r s  

t h a t  c o u l d  be opera ted  i n  t h e  summer i n  compl iance w i t h  these  s tandards  

p robab l y  would  be lower  t han  shown here because of r i v e r  h e a t i n g  by o t h e r  

i n d u s t r i e s  and by n a t u r e .  

The amount o f  h e a t  t h a t  can be r e l e a s e d  t o  t h e  Colun~bia  R i v e r  w i t h o u t  

a  s i g n i f i c a n t  e f f e c t  on t h e  a q u a t i c  l i f e  i s  n o t  known. H i s t o r i c a l  d a t a  

i n d i c a t e  t h a t  as much as an annual average of 23,000 M W t  has en te red  t h e  

r i v e r  f r om  a1 1  causes between P r i e s t  Rapids and t h e  C i t y  o f  R i ch l and  

w i t h o u t  ev idence o f  a  s i g n i f i c a n t  e f f e c t  on t h e  a q u a t i c  l i f e  (Jaske and 

Synoground, 1970) .  T h i s  occu r red  i n  1965 when most o f  t h e  Hanfo rd  produc-  

t i o n  r e a c t o r s  were o p e r a t i n g .  

The re fo re ,  i t  appears t h a t  up t o  t e n  r e a c t o r s  c o u l d  ope ra te  w i t h  once- 

th rough  c o o l i n g  d u r i n g  t h e  w i n t e r  months, b u t  many of these  r e a c t o r s  would 

have t o  be shu t  down d u r i n g  t h e  August t o  October  p e r i o d  when t h e  r i v e r  

temperatures a r e  h i gh .  Du r i ng  some yea rs  when t h e  r i v e r  temperatures 

reach  68°F (20°C), a l l  r e a c t o r s  would have t o  be shu t  down d u r i n g  t h e  h i g h  

tempera tu re  p e r i o d .  

Heat Releases t o  Coo l i ng  Ponds 

The p o s s i b l e  h e a t  r e l e a s e s  f r om c o o l i n g  ponds i s  determined p r i m a r i l y  

by t h e  l a n d  a rea  a v a i l a b l e  f o r  ponds. A t  Hanford about 2.5 ac res  o f  pond 

a r e  needed pe r  MWe of g e n e r a t i n g  c a p a c i t y  i n  o r d e r  t o  have condenser i n l e t  
ter r~peratures near  t h e  temperatures o f  t h e  Columbia R i v e r  d u r i n g  t h e  p e r i o d  

f r om August t o  February  (Jaske, 1971 ) .  A s m a l l e r  pond area pe r  MWe would 

r e s u l t  i n  h i g h e r  condenser i n l e t  temperatures,  a  lower  power p l a n t  thermal  

e f f i c i e n c y ,  a  h i g h e r  power p l a n t  c a p i t a l  c o s t ,  and a  h i g h e r  annual f u e l  

c o s t .  



A survey o f  a v a i l a b l e  c o o l i n g  pond s i t e s  i d e n t i f i e d  t h e  ponds t h a t  

p robab l y  cou ld  be b u i l t  w i t h o u t  ma jo r  e f f e c t s  on t h e  Hanford Reserva t ion  

wate r  t a b l e  o r  ma jo r  expend i tu res  such as pond 1  i n i n g  (Tab le  5 ) .  (Const ruc-  

t i o n  o f  s l u r r y  t renches  o r  i n t e r c e p t  d i t c h e s  m i g h t  be necessary i n  some 

cases t o  p reven t  d e t r i m e n t a l  water  tab1 e  e f f e c t s .  ) 

I n  a d d i t i o n ,  severa l  ponds n i igh t  be b u i l  t w i t h  1  i n e r s  t o  p reven t  wa te r  

t a b l e  e f f e c t s  (F igu re  13 and Table 6 ) .  Most o f  these 1  i n e d  ponds a r e  sou th  

o f  t h e  200 Areas and a r e  n o t  c l o s e  t o  t he  s e l e c t e d  HNEC power p l a n t  s i t e s ,  

b u t  t hey  m i g h t  be opera ted  as a  s i n g l e  system connected by cana ls  t o  p r o v i d e  

a  l a r g e  c i r c u l a r  f l o w  o f  c o o l i n g  wate r .  

These da ta  i n d i c a t e  t h a t  t h e  maximum c a p a c i t y  f o r  c o o l i n g  ponds would 

be about  16,000 MWe (1 3 r e a c t o r s ,  maximum). 

Heat Releases f r om Cool i n a  Towers 

Heat r e l e a s e s  a t  c o o l i n g  towers g e n e r a l l y  a r e  l i m i t e d  by t h e  maximum 

p e r m i s s i b l e  atniospheric e f f e c t s  due t o  hea t  and m o i s t u r e  re leases .  The 

normal amount o f  wa te r  l o s s  by evapo ra t i on  i s  about  30 c f s  f o r  a  1250 MWe 

power p l a n t  o r  about  1200 c f s  f o r  40 Hanford r e a c t o r s .  A l though t h i s  i s  a  

l a r g e  amount o f  water ,  i t  rep resen ts  o n l y  one pe rcen t  o f  t h e  annual average 

f l o w  o f  t h e  Columbia R i v e r .  Removal o f  t h a t  amount f r om t h e  r i v e r  p robab l y  

would have an i n s i g n i f i c a n t  impact  on t h e  r i v e r  as l ong  as i t  i s  removed by 

use o f  i n t a k e  pump s t r u c t u r e s  designed f o r  minimum impact.  

A n a l y s i s  o f  fog and h u m i d i t y  e f f e c t s  i n d i c a t e s  t h a t  t h e  atmospher ic  

e f f ec t s  f o r  c o o l i n g  towers a t  Hanford w i l l  n o t  l i m i t  t h e  t o t a l  hea t  r e l eases  

f r om ove r  20 r e a c t o r  p l a n t s  i f  t h e  types f o r  t h e  towers a r e  c o r r e c t l y  

se lec ted .  However, t h e r e  may be a  n o t i c e a b l e  i nc rease  i n  f o g  on t h e  Hanford 

Reserva t ion .  T h i s  i s  d{scussed i n  g r e a t e r  d e t a i l  l a t e r  i n  t h e  atmospher ic  

a n a l y s i s  f o r  t h e  severa l  a l t e r n a t i v e s .  

A t  Hanford, coo l  i n g  towers must have mechanical  d r a f t .  Dur ing  h i g h  

temperature,  l ow  hum id i t y ,  summer c o n d i t i o n s ,  n a t u r a l  d r a f t  towers do n o t  



TABLE 5 :  U n l i n e d  HNEC C o o l i n g  Ponds 

Pond 
Pond 
S i t e  

E l e v a t i o n  Pond Area 
( f t)  ( a c r e s )  

Capac i t y  
(MWe 

Wahluke West 

Wa h l  uke E a s t  

Wh i te  B l u f f s  

R i v e r l a n d  

TOTAL 

TABLE 6 :  L i n e d  HNEC C o o l i n g  Ponds 

Pond 
S i t e  

Pond 
E l e v a t i o n  

Pond Area 
( a c r e s )  

Capac i ty 
( MWe) 

Gable Moun ta in  

300 Area 

300 Area Nor thwes t  

Horn Rapids 

Cold  Creek 

TOTAL 20,000 



FIGURE 13:  P o t e n t i a l  R e a c t o r  Cool i ng Ponds 
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g e n e r a t e  s u f f i c i e n t  a i r  f l o w  f o r  s a t i s f a c t o r y  o p e r a t i o n  w i t h o u t  a  l a r g e  

i n c r e a s e  i n  t h e  condenser  c o o l i n g  w a t e r  t e m p e r a t u r e .  

SELECTION OF THE COOLING METHOD CASES 

Twenty cases were compared t o  d e t e r m i n e  t h e  b e s t  h e a t  d i s p o s a l  methods 

f o r  an HNEC. These cases covered  v a r i o u s  c o m b i n a t i o n s  o f  t h e  a v a i l a b l e  

c o o l i n g  methods and r e a c t o r  s i t e s ,  p l u s  b o t h  20 and 40 r e a c t o r  HNECs. 

S e l e c t i o n  o f  t h e  cases f o r  a n a l y s i s  was based on s e v e r a l  g e n e r a l  r u l e s  con-  

c e r n i n g  t h e  economic and e n v i r o n m e n t a l  c o s t s  o f  c o o l  i ng systems: 

1 .  Once- through systems have t h e  l o w e s t  economic c o s t s .  

2. U n l i n e d  c o o l i n g  ponds and wet  t o w e r s  have i n t e r m e d i a t e  economic 
c o s t s .  

3. Dry  towers  and l i n e d  c o o l i n g  ponds have t h e  h i g h e s t  economic 
c o s t s  . 

4. Once- through c o o l i n g  has t h e  l a r g e s t  e f f e c t s  on a q u a t i c  eco logy .  

5. Pond c o o l i n g  has t h e  l a r g e s t  e f f e c t s  on t e r r e s t r i a l  e c o l o g y .  

6. C o o l i n g  pond o p e r a t i o n  r e s u l t s  i n  maximum f o g  f o r m a t i o n .  

7 .  I n c r e a s i n g  t h e  e l e v a t i o n  of  t h e  m o i s t u r e  r e l e a s e  reduces  t h e  
o c c u r r e n c e  of  ground fog. 

E l e v e n  cases t h e n  were s e l e c t e d  f o r  t h e  a n a l y s i s  o f  t h e  20 r e a c t o r  HNEC 

( T a b l e  7 ) ?  F i g u r e  14  shows t h e  HNEC p l a n t  s i t e s .  E i g h t  o f  t h e s e  cases were 

des igned  t o  d e s c r i b e  ex t reme cases f o r  s p e c i f i c  e n v i r o n m e n t a l  o r  economic 

e f f e c t s  as f o l l o w s :  

Cases I t o  I V  Maximum m o i s t u r e  r e l e a s e s  t o  t h e  atmosphere 

Case X I  H i g h e s t  c o n s t r u c t i o n  and o p e r a t i n g  c o s t s  

IYaximum r e l e a s e  of d r y  h e a t  

Zero  w a t e r  u s e  

Cases Yi & ViI Maximum l a n d  use 

* I n  a l l  cases i t  was assumed t h a t  t h e  t h r e e  p lanned r e a c t o r s  a t  t h e  WPPSS 
s i t e  w i l l  have s h o r t  w e t  towers .  A  f o u r t h  r e a c t o r  a t  t h a t  s i t e  would  have 
e i t h e r  a  s h o r t  w e t  tower  o r  a  d r y  t o w e r .  



TABLE 7: HNEC Heat Sink A l t e r n a t i v e s  Ana lys i s  Cases - 20 Reactors 

Case 
Case Flo. C h a r a c t e r i s t i c s  

I  

I I  
111 

I v 
v 

v I 
Y I I  

V I I I  

Wet Tower 

Wet Tower 

Wet Tower 

Wet Tower 

Wet-Dry Tower 

P a r t i a l  Once-thru 

P a r t i a l  Once-thru 

P a r t i a l  Once- thru  

He1 p e r  

F u l l  Once-thru 

D r y  Tower 

Number Reactors  a t  S p e c i f i e d  S i t e s  

Closed 
Wet-Dry Once- t h r u  Cyc le  H e l p e r  

Wet Towers Dry  Towers Towers Cool i n g  Ponds Towers 

4 @ 1,2,3,4,&5 

4 @ 1,5,11,13&14 

Cool i ng 
Tower 
H e i g h t *  

7 5 

75 

75*, 500 

75*, 500 

* 
On ly  wet towers  a t  s i t e  1 a r e  75 f t .  i n  h e i g h t .  



F I G U R E  14: HlVEC P l a n t  S i t e s  
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Case I X  & X Maximum wate r  use 

Cases I 1  & I V  H igh e l e v a t i o n s  f o r  m o i s t u r e  r e l e a s e s  

The he lpe r  case I X  was d e f i n e d  as once- through c o o l i n g  w i t h  a  t a l l  wet 

c o o l i n g  tower  o f  t h e  same des ign  as i s  used f o r  c l o s e d  c y c l e  wet  towers.  

These towers would t r a n s f e r  72% o f  t h e  waste h e a t  t o  t h e  atmosphere. They 

c o u l d  be bypassed d u r i n g  w i n t e r  c o n d i t i o n s  as necessary t o  o b t a i n  optimum 

r i v e r  temperatures.  

Case V was added t o  cove r  t h e  p o s s i b i l i t y  t h a t  use o f  o n l y  wet  c o o l i n g  

towers would cause an excess ive  f o g  f o r m a t i o n .  For  t h a t  case, use of 50% 

d r y  c o o l i n g  was assumed t o  i l l u s t r a t e  t he  c o s t s  and e f f e c t s  o f  we t -d r y  

towers.  The o t h e r  cases a r e  t y p i c a l  comb ina t ions  o f  c o o l i n g  systems. 

I n  a d d i t i o n  t o  t h e  11 cases f o r  t he  20 r e a c t o r  HNEC, n i n e  were a l s o  

developed f o r  t h e  40 r e a c t o r  HNEC (Tab le  8 ) .  These cases a r e  e s s e n t i a l l y  

t he  same as t h e  cases f o r  t h e  20 r e a c t o r  HNEC. 

No cases were i n c l u d e d  f o r  l i n e d  c o o l i n g  ponds i n  t h e  sou thern  p o r t i o n  

of t h e  p r o j e c t  because o f  excess ive  economic and env i ronmenta l  c o s t s  .in cornpar- 

i s o n  t o  wet c o o l i n g  towers.  The economic c o s t  would be much h i g h e r  t han  f o r  

t h e  wet towers because o f  t he  requ i rement  o f  e s s e n t i a l l y  ze ro  leakage t o  

p reven t  d e t r i m e n t a l  e f f e c t s  on t h e  wate r  t a b l e .  The env i ronmenta l  e f f e c t s -  a r e  

a l s o  expected t o  be l a r g e r  than  f o r  wet  towers because o f  (1 ) more l a n d  

use, ( 2 )  more wate r  evapo ra t i on  i n  t h e  summer caus ing  a  l a r g e r  i nc rease  i n  

r e l a t i v e  h u m i d i t y  i n  R ich land ,  and ( 3 )  i nc reases  o f  ground f o g  i n  t he  w i n t e r  

i n  R i ch l and  because t h e  source o f  m o i s t u r e  i s  a t  ground l e v e l .  

DESCRIPTION OF HEAT SINK ALTERNATIVES 

Sel e c t i o n  o f  Cost and Env i ronmenta l  I n t e r a c t i o n  Parameters 

There a r e  24 genera l  c o s t  and env i ronmenta l  i n t e r a c t i o n  f a c t o r s  t h a t  

shou ld  be cons ide red  i n  a  cos t - bene f i  t comparison (Tab le  9 ) .  Each o f  these 

i s  s t u d i e d  t o  de te rmine  i f  a  s i g n i f i c a n t  impac t  may r e s u l t  and i f  a  



aJ 0 
x i -  I El 



TABLE 9: General Eva lua t ion  

H N E C  Cooling System Environmental I n t e r a c t i o n  Parameters  

Parameter  

C a p i t a l  Cos ts  

S i g n i f i c a n t ?  

Yes 

Reason 

La rge  c o s t  d i f f e r e n c e s  between 
a1 t e r n a  ti ves 

O p e r a t i n g  Cos ts  Yes L a r g e  c o s t  d i f f e r e n c e s  between 
a1 t e r n a t i v e s  

Fue l  Cos ts  Yes La rge  c o s t  d i f f e r e n c e s  between 
a1 t e r n a t i v e s  

Human D i sp l acemen t  

Land Use 

No 

Yes 

No permanent  r e s i d e n t s  a t  s i t e s  

Reduc t i on  o f  r e c r e a t i o n a l  and 
w i l d l i f e  use 

A g r i c u l t u r a l  E f f e c t s  

Water  Use 

Water Qua1 i ty 

Yes 

Yes 

Yes 

P o t e n t i a l  changes i n  me teo ro l  ogy 

La rge  w a t e r  uses necessa ry  

Releases o f  c h m i c a l s  i n  b low- 
down st reams 

No i se  No n o i s e  e f f e c t s  e x p e c t e d  o f f  
p r o j e c t  

Odors 

Employment 

No g e n e r a t i o n  o f  odo rs  e x p e c t e d  

P r o b a b l y  t r i v i a l  d i f f e r e n c e  i n  
o p e r a t i n g  and c o n s t r u c t i o n  
e n p l  oyment i n  compar ison  t o  t o t a l  
l a b a r  f o r c e  

Taxes Secondary e f f e c t .  O i  f f e r e n c e s  i n  
t a x e s  expec ted  t o  be sma l l  

S o c i a l  A t t i t u d e s  S o c i e t a l  r e a c t i o n  t o  changes i n  
m e t e o r o l  ogy 

Yes 

N a v i g a t i o n  

A q u a t i c  B i o l o g y  

T e r r e s t r i a l  B i o l o g y  

Meteor01 ogy 

R z d i a t i o n  Doses 

Fue l  Shipments 

No 

Yes 

Yes 

Yes 

No 

No 

No e f f e c t  on n a v i g a t i o n  e x p e c t e d  

E f f e c t s  o f  r i v e r  w a t e r  use  . 
E f f e c t s  o f  l a n d  u s e  

E f f e c t s  o f  h e a t  and lwater r e l e a s e s  

No d i f f e r e n c e  between a l t e r n a t i v e s  

I n s i g n i f i c a n t  d i f f e r e n c e  between 
a l t e r n a t i v e s  

Waste D i s p o s a l  

E s t h e t i c s  

R e c r e a t i o n  

H i s t o r i c a l  

A r c h a e o l o g i c a l  

Yes 

Yes 

Yes 

N 0 

P o s s i b l y  

Same as w a t e r  qua1 i t y  

C o o l i n g  t o w e r  piurnes 

Loss o f  r e c r e a t i ~ n a l  l ands  

No i m p o r t a n t  h i s t o r i c a l  s i t e s  

A d d i t i o n a l  i n f o r - l a t i o n  may be 
o b t a i n e d  f r o m  :i s c c v e r y  o r  
e x c a v a t i o n  o f  a r s n a e a l o g i  c a l  
s i t e s  



d e t a i l e d  e v a l u a t i o n  should be made. I f  a  d e t a i l e d  e v a l u a t i o n  appears 

d e s i r a b l e ,  each f a c t o r  i s  eva lua ted  i n  dep th  f o r  each o f  t h e  a l t e r n a t i v e s  

f o r  t h e  system be ing  cons idered.  

A genera l  e v a l u a t i o n  o f  each o f  t h e  24 parameters i s  p resen ted  i n  

Table 9. I n c l u d e d  a r e  t h e  reasons why these parameters a r e  cons ide red  s i g -  

n i f i c a n t  o r  i n s i g n i f i c a n t  f o r  a  comparison o f  HNEC c o o l i n g  system a l t e r n a -  

t i v e s .  T h i s  genera l  e v a l u a t i o n  showed t h a t  15 o f  these  parameters shou ld  

be cons idered  i n  g r e a t e r  d e t a i l  d u r i n g  t he  e v a l u a t i o n s .  However, t h r e e  o f  

these a r e  d u p l i c a t e s  and one cannot  be eva lua ted  a t  t h i s  t ime,  t he reby  

reduc ing  t h e  t o t a l  t o  11. The f o u r  t h a t  can be e l i m i n a t e d  a r e  as f o l l o w s :  

Waste D isposa l  - The o n l y  waste d i s p o s a l  o f  impor tance i s  chemica l  
r e l eases  i n  blowdown streams. T h i s  can be eva lua ted  
as water  qua1 i ty  and a q u a t i c  b i o l o g y  e f f e c t s .  

E s t h e t i c s  - The e s t h e t i c  e f f e c t s  a r e  p r i m a r i l y  due t o  c o o l i n g  
tower  plumes and can be eva lua ted  as p a r t  o f  t h e  
genera l  s o c i a l  a t t i t u d e  parameter.  

Rec rea t i on  - The o n l y  r e c r e a t i o n a l  e f f e c t  p robab l y  i s  l o s s  o f  
lands  on t h e  Wahluke Slope f o r  r e c r e a t i o n .  T h i s  i s  
p a r t  of  t h e  l a n d  use e v a l u a t i o n .  

A rchaeo log i ca l  - There i s  no way t o  t e l l  ahead o f  t ime  i f  new archaeo- 
l o g i c a l  s i t e s  w i l l  be d i scove red  o r  i f  c o n s t r u c t i o n  
o f  power p l a n t s  w i l l  r e s u l t  i n  excava t i on  o f  known 
s i t e s .  More than 100 s i t e s  have been i d e n t i f 0 i e d  t o  
da te .  

The 11 env i ronmenta l  e f f e c t  parameters t h a t  were eva lua ted  i n  t h e  c o o l -  

i n g  system comparison a re :  

C a p i t a l  Costs 

Opera ti ng Costs 

Fuel  Costs 

Land Use 

Water Use 

Aquat i c  B i o l o g y  

T e r r e s t r i a l  B i o l o g y  

Meteor01 ogy 

A g r i c u l t u r a l  E f f e c t s  

Soc ia l  A t t i t u d e s  

Water Qua1 i ty  



Development of Spec i f i c  In te rac t ion  Parameters 

Capital Costs 

The base r e a c t o r  p lan t  c a p i t a l  c o s t s  f o r  t h i s  a n a l y s i s  were based on 

the  est imated c o s t s  in  the  environmental s tatements f o r  f i v e  four -un i t  

nuclear  power p lan t s  c u r r e n t l y  under cons t ruct ion  o r  proposed by p r i v a t e  

u t i  1 i  t i e s  (Barton,  Hartsvi 11 e ,  North Anna, Shearon Har r i s ,  and Vogtle) .  

The const ruct ion  c o s t s  f o r  the  f i v e  example four -un i t  nuclear  power p lan t s  

a r e  given in Table 10. 

TABLE 10: Typical Four-Uni t Nuclear Power Plant  Capital Costs 

N o r t h  Shearon 
B a r t o n  H a r t s v i  1 l e  Anna H a r r i s  V o q t l e  

T o t a l  Power ( W e )  4836 4980 3854 3603 4636 

C o n s t r u c t i o n  Cost  

( $  X lo6)  3059 21 50 1033 1058 2196 

($/kW) 633 432 268 294 474 

S t a r t u p  Dates 

U n i t  1 9 /83 1 2 /80 12/74 10/79 4/80 

U n i t  2 9 /84  6/81 7 /75 10/80 4 /81 

U n i t  3 9 /85 12/81 3/77 10/81 4/82 

U n i t  4 9 /86  6/82 3 /78 3/82 4/83 

C o o l i n g  System N a t u r a l  N a t u r a l  13,OCO N a t u r a l  d r a f t  N a t u r a l -  
d r a f t  d r a f t  ac re  tc9wers  p l u s  d r a f t  
towers  towers  l a k e  4000 a c r e  l a k e  t w e r s  

Corre la t ion  of the  cons t ruct ion  c o s t s  f o r  these  p lan t s  shows an 

average c o s t  e sca la t ion  of ten percent  per yea r  and a cons t ruct ion  c o s t  of 

about $290/kW f o r  s t a r t u p  of the  f i r s t  u n i t  l a t e  in  1975. (The Shearon 

Harris  c o s t s  were not included in  the  c o r r e l a t i o n  because they appear t o  be 

anomalously low -- see Figure 15 . )  The r e s u l t a n t  t o t a l  c a p i t a l  c o s t  f o r  a  

5,000 MWe c l u s t e r  s t a r t i n g  operat ion of the  f i r s t  r e a c t o r  on January 1 ,  1976, 

would be about $1.5 b i l l i o n .  

Although const ruct ion  c o s t s  f o r  nuclear  power p lan t s  have esca la ted  

rap id ly  s ince  the o r i g i n a l  e s t ima tes ,  and f u t u r e  c o s t s  w i  11 probably escal  a t e  

a t  a  s i m i l a r  r a t e ,  use of these  c o s t s  i s  not  expected t o  a f f e c t  the 
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FIGURE 15:  Cos t  C o r r e l a t i o n  f o r  F o u r - U n i t  Nuc lea r  Power S t a t i o n s  

c o n c l u s i o n s  o f  t h i s  document. The r e l a t i o n s h i p  between t h e  economic and 

e n v i r o n m e n t a l  c o s t s  s h o u l d  rema in  t h e  same because t h e  e n v i r o n m e n t a l  v a l u e s  

presumably  w i l l  e s c a l a t e  a t  t h e  same r a t e  as f o r  t h e  economic c o s t s .  

A1 though t h e  power p l a n t s  c o r r e l a t e d  on F i g u r e  15  have somewhat d i f f e r -  

e n t  t y p e s  o f  c o o l i n g  systems, t h e  g e n e r a l  c o r r e l a t i o n  o f  t h a t  f i g u r e  s t i l l  

appears v a l i d .  Four  o f  t h e  f i v e  have n a t u r a l  d r a f t  t owers  and t h e  c o s t  o f  

t h e  N o r t h  Anna l a k e  i s  s i m i l a r  t o  t h e  c o s t  o f  c o o l i n g  towers  f o r  t h a t  p l a n t .  

The c a p i t a l  c o s t  d a t a  f o r  t h e  f o u r - u n i  t s t a t i o n s  ($290/kl!le) i s  f o r  n a t u r a l  

d r a f t  t owers .  S i n c e  a  mechanica l  d r a f t  t ower  c o s t s  a b o u t  $2/kWe l e s s  t h a n  

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

mechanica l  d r a f t  t owers  i s  e s t i m a t e d  t o  be $288/kWe. S i m i l a r l y ,  based on 



information in the l i t e r a t u r e  and the construction conditions a t  Hanford, 

the capital  costs for other cooling modes were estimated to  be: 

Once-through $2751 kWe 

Unl i  ned cool i  n g  ponds 2851 kWe 

He1 per cool ing towers 3001 kWe 

Lined cool ing ponds 31 61 kWe 

Unl i  ned he1 per cool i  n g  ponds 2951 kWe 

Lined helper cooling ponds 3261 kWe 

Dry cool ing towers 3301 kWe 

These uni t  capital  costs include the e f fec ts  of differences in the 

thermal power level of the reactors because of differences in the condenser 

cooling water temperatures. The assumed thermal eff ic iencies  and reactor 

thermal power 1 eve1 s are shown in Tab1 e 1 1  . 

T A B L E  1 1 :  Power Plant Efficiencies 

1250 MWe 

Cool inq Mode 

Once-through 

Ponds 

Wet Towers 

Dry Towers 

Net Thermal 
Efficiency ( % )  

Reactor Thermal 
Power Level ( M W t )  

In those cases where t a l l  fan-assisted mechanical draf t  cooling towers 

are  used, a separate tower system i s  assumed to  be constructed for  each 

reactor.  The additional shell cost i s  expected to add about 20 percent to  

the tower construction cost ,  resul t i n s  in a total  plant capital  cost of 

$2901 kWe . 

Operations and Maintenance Costs 

The operation and maintenance ( O & M )  costs for  a power plant can be 

considered to have two components: ( 1 )  the cooling system costs and ( 2 )  a l l  

other costs.  All other costs  can be treated as a constant when cooling 

system a1 ternatives are compared. 



The c o o l i n g  system O & M  c o s t s  v a r y  between a l t e r n a t i v e s  p r i m a r i l y  

because o f  d i f f e r e n c e s  i n  equipment and maintenance c o s t s .  T y p i c a l  power 

r equ i r emen ts  and c o s t s  assumed f o r  t h e  v a r i o u s  a1 t e r n a t i v e s  a r e  g i v e n  i n  

Tab le  12. 

TABLE 12: T y p i c a l  O&M Costs 

Coo l i ng  System Power Requirement (MW) O&M Cost (Mi 1  1  s /  kwh) 

Once- t h rough  5.0 2.0 (Base) 

Mechanical  D r a f t  Tower 
(we t )  

15.1 

Mechanical  D r a f t  Tower 
( d r y  

27.8 

Ponds 6.8 

The d i f f e r e n c e  i n  power requ i rements  f o r  t h e  v a r i o u s  a l t e r n a t i v e s  was 

cons ide red  d u r i n g  d e t e r m i n a t i o n  o f  t h e  n e t  thermal  e f f i c i e n c i e s ,  t h e  power 

p l a n t  thermal  power 1  eve1 s,  and t h e  g ross  e l e c t r i c i t y  gene ra t i ons .  

Fuel  Costs  and Pl  a n t  Fac to r s  

The f u e l  c o s t  was assumed t o  be 1.32 m i l  1  s/kWht ( i  . e . ,  t y p i c a l  C Y  1976 

c o s t s ) .  The p l a n t  f a c t o r  was assumed t o  be 70 p e r c e n t  o f  a1 1  a1 t e r n a t i v e s .  

HNEC Land Areas 

A su rvey  o f  f i v e  n u c l e a r  power p l a n t  c l u s t e r s  c o n t a i n i n g  f o u r  r e a c t o r s  

(Ba r t on ,  H a r t s v i l  l e y  N o r t h  Anna, Shearon H a r r i s ,  and V o g t l e )  r e v e a l e d  t h a t  

t h e  main p l a n t  systems, i n c l u d i n g  c o o l i n g  towers,  occupy abou t  300 ac res .  

The t o t a l  s i t e  areas v a r i e d  f r om 1,000 t o  19,000 ac res ,  most o f  wh ich  was 

unoccupied o r  occupied by c o o l i n g  ponds. Use o f  once- through c o o l i n g  (on  

l a k e s )  appears t o  r e q u i r e  about  t h e  same amount o f  l a n d  as use o f  c o o l i n g  

towers.  However, t h i s  c o n c l u s i o n  p robab l y  r e s u l t s  more f r om t h e  use o f  

a v a i l a b l e  l a n d  areas than  f r om an a t t e m p t  t o  use a  minimum amount o f  l and .  

Because 1 a rge  1  ow-cost 1  and areas a r e  ava i  1  a b l e  a t  Hanford , a1 1  f o u r -  

r e a c t o r  p l a n t  s i t e s  a r e  assumed t o  occupy one square m i l e  ( excep t  f o r  coo l  i n g  

pond cases) ,  regard1  ess o f  t h e  t ype  o f  c o o l i n g  system used. T h i s  a1 1  ows 



ample room f o r  a1 1  f a c i l i t i e s  ( r e a c t o r s ,  cooling towers, s u b s t a t i o n s ,  e t c .  ) a t  

opt im~~m l o c a t i o n s  f o r  economic and opera t ional  reasons.  Because of t h e  low 

land c o s t s  a t  Hanford, a t tempts  t o  de f ine  t h e  exact  land a reas  required f o r  

s p e c i f i c  cooling systems would be f u t i l e  because d i f f e r e n c e s  i n  cons t ruc t ion  

cos t s  a s  t h e  land a reas  a r e  minimized probably would be much l a r g e r  than t h e  

change in land va lues .  

Material Use 

The primary m a t e r i a l s  used i n  cooling systems a r e  concre te  and s t e e l .  

Much smal ler  q u a n t i t i e s  of o the r  ma te r i a l s  a r e  gene ra l ly  used. A survey of 

t h e  1 i  t e r a t u r e  and d i scuss ions  with u t i l  i  t i e s  and cooling tower vendors ind i -  

c a t e s  t h a t  typ ica l  q u a n t i t i e s  of m a t e r i a l s  f o r  the  var ious  types of cool ing 

systems a r e  a s  shown i n  Table 13. 

T A B L E  13: Cooling System Mater ia ls  

Cool i  ng Sys tem Material per 1,250 MWe Reactor 

Once-through 

Unl ined cool ing ponds 

Short  mechanical d r a f t  
cool i  ng towers 

Tal l  mechanical d r a f t  
cool i  ng towers 

Dry cool i  ng towers 

Concrete 
(cubic  ya rds )  

S tee l  
( tons  ) 

Water Ut i l  i z a t i o n  

A 1  1 water used i n  t h e  cooling systems i s  obtained from t h e  Columbia 

River and then evaporated o r  returned t o  t h e  r i v e r .  The quan t i ty  depends 

on t h e  time of year  and t h e  f i n a l  opt imiza t ion  of t h e  p lan t  designs.  Based 

on c u r r e n t  i n d u s t r i a l  p r a c t i c e s  and Hanford meteorological  cond i t ions ,  t he  

water u t i l i z a t i o n  per r e a c t o r  i s  a s  shown i n  Table 14. 



TABLE 14: Water Use f o r  Va r i ous  Coo l i ng  Systems 

Evapo ra t i on  
Cool i n g  I n t a k e  f r om Rate* D ischarge  t o  
Sys tem R i v e r  ( c f s )  ( c f s  R i v e r  ( c f s )  

Once-through 1,500 

He1 p e r  towers 1,500 

Cool i n g  ponds 6 0  

Wet towers 40 

Dry. towers 0  

* F u l l  power o p e r a t i o n .  

**Not determined.  Evapo ra t i on  w i l l  occur  downstream o f  t h e  r e a c t o r  p l  a n t .  
The amount w i l l  depend on t he  number o f  r e a c t o r s  w i t h  once- through c o o l -  
i n g  and whether  a  s u r f a c e  o r  submerged d i scha rge  i s  used, b u t  i t  i s  
expected t o  be s m a l l e r  than f o r  c l osed  c y c l e  systems. 

Chemical Re1 eases 

The two t ypes  o f  chemical  r e l e a s e s  f r om c o o l i n g  systems a r e  t h e  d r i f t  

from wet c o o l i n g  towers and t h e  b i o c i d e s  and c o r r o s i o n  i n h i b i t o r s  i n  t h e  

blowdown s t ream f r om c l osed  c y c l e  c o o l i n g  systems. The amount o f  chemica ls  

i n  t h e  d r i f t  f r o m  t h e  wet  tower f o r  one r e a c t o r  i s  es t ima ted  t o  be abou t  

f i v e  tons  p e r  y e a r  o r  an average o f  up t o  200 I b  p e r  a c r e  p e r  y e a r  depos i t ed  

on nearby lands .  The chemica ls  i n  t h e  blowdown streams f o r  one r e a c t o r  a r e  

es t ima ted  i n  Tab le  15. 

TABLE 15: Chemical Releases f rom Wet Towers and Coo l i ng  Ponds 

Chemi c a l  Q u a n t i t y  ( t o n s l y e a r )  

Wet Towers Cool i ng Ponds 

T o t a l  d i s s o l v e d  s o l  i d s *  

Copper 

Free a v r ~ i l a b l  e  c h l o r i n e  

T o t a l  phosphorus 

* 
P r i m a r i l y  d e r i v e d  from d i s s o l v e d  s o l i d s  i n  makeup wate r  f rom t h e  r i v e r .  

5 6 



Aquat i c  Eco log i ca l  E f f e c t s  

The p o s s i b l e  impacts of power s t a t i o n s  on t h e  economica l l y  impo r tan t  

f i s h  popu la t i on ,  bo th  r e s i d e n t  and m i g r a t o r y ,  and t h e i r  suppo r t i ng  food 

base o b v i o u s l y  w i l l  be i n f l uenced  by a  number o f  des ign  fea tu res ,  i n c l u d i n g  

t h e  condenser coo l  i n g  methods (once- through o r  c l osed  c y c l e )  , 1  o c a t i o n  of  

t h e  wate r  i n t a k e  and d ischarge  s t r u c t u r e s ,  and t h e  chemical c h a r a c t e r i s t i c s  

of t h e  l i q u i d  e f f l uen t s  d ischarged  t o  t h e  r i v e r .  For  these  reasons t h e  

a n a l y s i s  of p o t e n t i a l  impacts on a q u a t i c  organisms w i l l  be based on assumed 

se t s  o f  pcwer p l a n t  c o n d i t i o n s  and a r e  s u b j e c t  t o  change o r  r e f i nemen t  

w i t h  f u r t h e r  p l a n t  development. 

Once-through Cool i n q .  Because o f  t h e  l a r g e  volume o f  wa te r  wi thdrawn 

and d i  scharged by once- through u n i t s  and t he  inc reased  temperatures o f  

t h e i r  e f f l u e n t s ,  t hey  c o u l d  have a  s i g n i f i c a n t  impact  on t he  r i v e r  b i o t a .  

These power s t a t i o n s  p robab l y  w i l l  be upstream f rom some o f  t h e  ma jo r  salnion 

spawning areas and on t h e  oppos i t e  s i d e  o f  t he  r i v e r  (F i gu res  2 and 14) .  

Ca re fu l  des ign  o f  t h e  thermal  d i scha rge  system w i l l  be r e q u i r e d  t o  (1  ) m i n i -  

mize t h e  exposure o f  t he  salmon spawning areas t o  t h e  p l a n t  e f f l u e n t s  

and ( 2 )  reduce t he  poss i  b i l  i t y  o f  c r e a t i n g  a  thermal  b l ock  t o  t he  upstream 

movement o f  anadromous f i s h .  The movement o f  ch inook salmon and s t e e l  head 

t r o u t  and p o s s i b l y  o t h e r  salmon i s  a long  t he  n o r t h  shore i n  t he  Hanford 

reach o f  t he  r i v e r ;  and t h e r e  i s  a  c l e a r  avoidance response by these  f i s h  

t o  heated e f f l u e n t  d ischarged  a long  t h e  shore, b u t  n o t  t o  t h e  main cen te r -  

channel o u t f a l l s .  S h o r e l i n e  zones r e c e i v i n g  heated water  a l s o  produced 

mor ta l  i t i e s  t o  j u v e n i l e  salmon d r i f t e d  s l o w l y  through these  areas (Becker 

and Coutant,  1970).  Passage o f  young salmon th rough t h e  mid-channel thermal  

d ischarges  produced no m o r t a l  i t i  es. 

The most c r i t i c a l  p e r i o d  f o r  p o s s i b l e  thermal  e f f e c t s  on t h e  l o c a l  

r ace  o f  salmon i s  d u r i n g  t h e  f i r s t  t h r e e  weeks i n  October a t  t h e  s t a r t  o f  

spawning and c o n t i n u i n g  f o r  about one month t h e r e a f t e r .  R i v e r  temperatures 

a t  t h i s  t i w e  average about  60°F ( range  56 t o  65°F) (Watson, 1970).  An 

i nc rease  above these  temperatures may produce a  d e l a y  i n  spawning and 

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



spawn. The recommended optimum tempera tu res  f o r  c e r t a i n  s tages  o f  t h e  

salmon 1  i f e  c y c l e  a r e  as f o l l o w s  (EPA, e t  a l . ,  1971) :  

M i g r a t i o n  r o u t e s  45-60°F ( 7 . 2  t o  15.6"C) 

Spawni ng r o u t e  45-55°F ( 7 . 2  t o  12.8OC) 

R e a r i n g  a reas  50-60°F ( 1 0  t o  15.6"C) 

Temperatures of  t h e  Col u ~ n b i a  h i s t o r i c a l  l y  have exceeded t h e  d e s i r e d  

tempera tu re  ranges,  p a r t i c u l a r l y  f o r  m i g r a t i o n  and spawning. I n  l a b o r a t o r y  

s t u d i e s  c h i n o o k  salmon eggs were spawned i n  October  a t  a  base r i v e r  tempera- 

t u r e  o f  56°F and i n c u b a t e d  a t  2OF inc rements  above t h e  r i v e r  ambient .  These 

t e s t s  showed i n c r e a s e d  embryonic and l a r v a l  m o r t a l i t i e s  a t  tempera tu res  

g r e a t e r  t h a n  4°F above t h a t  o f  t h e  r i v e r  as  shown i n  T a b l e  16 and F i g u r e  16 

(Naka tan i  , 1969) .  Thermal a d d i t i o n s  t o  salmon eggs t h a t  s t a r t e d  i n c u b a t i o n  

i n  l a t e  Novernber and December, when r i v e r  tempera tu res  were 54 t o  48"F, 

r e s u l t e d  i n  a  much l o w e r  i n c r e a s e  i n  m o r t a l i t y .  The f i s h  ha tched  f r o m  these  

spawns had a  much b e t t e r  g rowth  r a t e  when m a i n t a i n e d  a t  up t o  12OF above 

ambient  r i v e r  tempera tu res .  Warming t h e  r i v e r  d u r i n g  t h e  w i n t e r  may be 

b e n e f i c i a l  t o  embryonic  and e a r l y  1  a r v a l  development.  

I n  t h e  p a s t ,  t h e  salmon spawning a reas  downstream f r o m  t h e  proposed 

once- through c o o l e d  power p l a n t s  r e c e i v e d  t h e  hea ted  e f f l u e n t s  f r o m  up t o  

n i n e  p l u t o n i u m  p r o d u c t i o n  r e a c t o r s  w i t h  no observed changes i n  t h e  l o c a l  

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

(Watson, 1970) .  The tempera tu res  o f  these  e f f l u e n t s  were i n  "excess o f  

185°F" (Derou in ,  1972) .  The volume o f  e f f l u e n t  d i s c h a r g e  f rom t h e s e  r e a c t o r s  

i s  c l a s s i f i e d ,  b u t  d i d  i n c l u d e  1256 c f s  d i s c h a r g e  a t  an average A t  o f  a b o u t  

34°F f r o m  t h e  Washington P u b l i c  Power Supp ly  System (WPPSS) steam p l a n t  a t  

100-N Area. The f a c t  t h a t  t h e s e  p a s t  heated d i s c h a r g e s  have produced no 

measurab le  changes i n  t h e  r i v e r  ecosystem l e n d s  s u p p o r t  t o  t h e  f e a s i b i l i t y  

of  e s t a b l  i s h i  ng a  1  i m i  t e d  number o f  once- through c o o l e d  p l a n t s  a1 ong t h e  

Columbia i n  t h e  i n t e r e s t  o f  a  ba lanced env i ronmenta l  impac t .  

Recent  r e s e a r c h  on t h e  e c o l o g i c a l  e f f e c t s  o f  t h e  WPPSS Hanford-N steam 

p l a n t  p r o v i d e s  a  b a s i s  f o r  e s t i m a t i n g  p o s s i b l e  changes t h a t  may be expected 

f o r  once- th rough  c o o l i n g .  Some o f  t h e  observed b i o l o g i c a l  e f f e c t s  a r e :  



TABLE 16: M o r t a l i t y  and Growth o f  Young Chinook Salmon Reared 
Under E leva ted  R i v e r  Temperatures 

Date Spawned 10/30/66 11/14/66 11/23/66 12/8/66 

Date Termi nated 4/24/67 5/9/67 5/ 18/67 6/2/67 

I n i t i a l  Base Temp. 

O F  56 54 53 48 

Temperature % Inor- Mean % Mor- Mean % Mor- Mean % h r -  Mean 
L o t  C o n d i t i o n  t a l i t y  wt,g t a l i t y  wt,g t a l i t y  wt,g t a l i t y  wt,g 

1 Con t ro l  (a )  4.6 0.95 10 0.63 5.5 0.64 4.8 0.63 

( a l O ~ i n i l a r  t o  temperature a t  P r i e s t  Rapids Dam 

FIGURE 16: 

0 + 2  + A  +6 +8 +10 +12 

INCREASE IN REARING TEMPERATURE A B W E  RIVER TEMPERATURE 

Salmon Embryonic and L a r v a l  M o r t a l  i t i e s  



1 .  Passage of  phy top lankson  t h r o u g h  t h e  c o o l i n g  system reduced 
p r i m a r y  p r o d u c t i v i t y  w i t h i n  t h e  system. No decrease i n  p r i m a r y  
p r o d u c t i v i t y  downstream o f  t h e  p l a n t  d i s c h a r g e  c o u l d  be measured. 

2. About h a l f  o f  t h e  zoop lank ton  were k i l l e d  i n  passage t h r o u g h  
t h e  c o o l i n g  system. 

3 .  B e n t h i c  organ ism p r o d u c t i o n  i n  areas r e c e i v i n g  warm e f f l u e n t s  
was i n c r e a s e d  and remained a c t i v e  l o n g e r  i n t o  t h e  w i n t e r .  

4. There was no f i s h  s u r v i v a l  a f t e r  passage t h r o u g h  t h e  c o o l i n g  
sys tem. 

P a r t i c u l a r  c a r e  must  be g i v e n  t o  t h e  d e s i g n  of t h e  w a t e r  i n t a k e s  t o  

reduce f i s h  l o s s  from impingement and e n t r a i n m e n t .  S t u d i e s  o f  t h e  s h o r e l i n e  

wa te r  i n t a k e  a t  t h e  WPPSS steam p l a n t  (Page, e t  a l . ,  1975; Gray, e t  a1 , 1975) 

show t h a t  up t o  18 p e r c e n t  of t h e  j u v e n i l e  salmon produced between t h e  i n t a k e  

and P r i e s t  Rapids Dam a r e  l o s t  t h r o u g h  impingement; and up t o  9  p e r c e n t  a r e  

k i  11 ed by passage t h r o u g h  t h e  c o o l  i ng system. If p r o p o r t i o n a l  l y  s i m i  1  a r  

l o s s e s ,  based e n t i r e l y  on w a t e r  i n t a k e  volume, a r e  p r o j e c t e d  f o r  s i x  once- 

t h r o u g h  c o o l e d  p l a n t s ,  most o f  t h e  salmon p r o d u c t i o n  between P r i e s t  Rapids 

and t h e  power p l a n t s  would be d e s t r o y e d .  T h i s  c o u l d  be as much as 35 p e r -  

c e n t  of t h e  t o t a l  salmon p r o d u c t i o n  i n  t h e  Hanford s e c t i o n  o f  t h e  r i v e r .  

Resource l o s s  of  t h i s  magni tude c o u l d  n o t  be accepted w i t h o u t  good j u s t i -  

f i c a t i o n .  The i n t a k e  s t r u c t u r e s  f o r  once- th rough  systems s h o u l d  remove 

w a t e r  o n l y  from t h e  c e n t r a l  p o r t i o n  o f  t h e  r i v e r  o r  o t h e r  l o c a t i o n s  w i t h  

l o w  j u v e n i l e  salmon p o p u l a t i o n s .  

I f  s i x  r e a c t o r s  have once- through c o o l i n g ,  a p p r o x i m a t e l y  1 0  p e r c e n t  o f  

t h e  z o o p l a n k t o n  and d r i f t  organisms pass iog  t h e  p l a n t  i n t a k e s  would  be 

d e s t r o y e d  o r  l o s t  t o  t h e  r i v e r .  No s i g n i f i c a n t  changes i n  p h y t o p l a n k t o n  

p r o d u c t i o n  a r e  expec ted  and t h e r e  may be some v e r y  l o c a l i z e d  enhancement o f  

b e n t h i c  p r o d u c t i v i t y  i n  t h e  w i n t e r .  

O p e r a t i o n  o f  more than  t e n  r e a c t o r s  w i t h  once- through c o o l i n g  p r o b a b l y  

i s  unaccep tab le  f r o m  an e c o l o g i c a l  s t a n d p o i n t .  A t  minimum r i v e r  f l o w s  over  

ha1 f t h e  e n t i r e  r i v e r  would  be d i v e r t e d  t h r o u g h  t h e  power p l a n t  c o o l i n g  

systems. T h i s  would  1  ) expose o v e r  h a l f  t h e  e n t i r e  p o p u l a t i o n s  o f  p l a n k t o n i c  

and d r i f t  o rgan isms and some l a r v a l  f i s h  t o  t h e  chemica l  and mechanica l  

s t r e s s  o f  passage t h r o u g h  p l a n t  c o o l i n g  systems, and s u b j e c t  t h e  e n t r a i n e d  

organisms t o  a  tempera tu re  r i s e  o f  25°F o r  g r e a t e r ;  2 )  p o s s i b l y  o v e r h e a t  



the  r i v e r  water  l o c a l l y  by r e c y c l i n g  t h e  e f f l u e n t s  f rom one c l u s t e r  o f  p l a n t s  

th rough t h e  c l  u s t e r  immed ia te ly  downstream; and 3 )  c r e a t e  near-shore inc reases  

i n  temperature t h a t  may impede f i s h  m i g r a t i o n .  

Wet Coo l i ng  Towers. T o t a l  water  i n t a k e  and blowdown f o r  40 c o o l i n g  

towers i s  1600 and 400 c f s ,  r e s p e c t i v e l y ;  and t h e  A t  o f  t h e  blowdown i s  

12°F. Less than  f i v e  pe rcen t  o f  t he  minimum r i v e r  f l o w  would be used f o r  

coo l  i ng . 

No measurable a q u a t i c  impacts  a r e  env i s i oned  f o r  t h i s  case. O f f  -s hore 

wate r  i n t a k e  and b l  owdown d ischarges should be cons idered t o  reduce impinge- 

ment-ent ra inment  o f  r i v e r  organisms i n  t h e  c o o l i n g  wate r  system and t o  

reduce exposure o f  t h e  s h o r e l i n e  areas t o  u n d i l u t e d  blowdown d ischarge .  The 

p r o v i s i o n s  o f  P u b l i c  Law 92-500 p robab ly  can be met w i t h o u t  blowdown t r e a t -  

ment. The cases w i t h  l e s s  than  40 towers would have p r o p o r t i o n a t e l y  s m a l l e r  

impacts .  

Coo l ing  Ponds. Wi th  p roper  management ponds c o u l d  be b e n e f i c i a l  f o r  

r e c r e a t i o n a l  f i s h i n g  o r  aquacul t u r e .  Very i n t e n s i v e  aquacu l t u re  o f  f i s h  

produces annual y i e l d s  up t o  1,500 t o n s l a c r e  (Bardach, 1968).  Less i n t e n s i v e  

management (no supplemental f eed ing  ; some f e r t i l  i z a t i o n )  more a p p r o p r i a t e  t o  

t h e  cool  i n g  pond s i z e  and use would produce about  100 t o  200 1  b l a c r e l y r .  

Care would be necessary t o  p reven t  t h e  i n t r o d u c t i o n  o f  r a d i o n u c l i d e s  i n t o  

t h e  c o o l i n g  ponds i f  s p o r t  f i s h  o r  aquacu l t u re  i s  in tended.  

The c r e a t i o n  o f  c o o l i n g  ponds may p r o v i d e  new h a b i t a t  f o r  nu isance 

a lgae  and f i s h  d isease  organisms. P r e d i c t i o n  o f  t h e  degree o f  these 

undes i rab le  e f f e c t s  i s  d i f f i c u l t .  Much depends upon t h e  k i n d s  o f  b i o t a  

t h a t  a r e  e s t a b l i s h e d  i n  these ponds and t h e  i n t e n s i t y  o f  management. They 

a r e  n o t  viewed a t  t h i s  t i m e  as sources o f  u n c o n t r o l l a b l e  problems. The 

necessary c o o l i n g  ponds f o r  12 r e a c t o r s  w i l l  c r e a t e  abou t  40,000 acres o f  

new su r face  wate r .  

The makeup and blowdown wate r  f o r  t h e  wo rs t  case o f  12 r e a c t o r s  u s i n g  

ponds i s  o n l y  720 and 180 c f s ,  r e s p e c t i v e l y .  No measurable e f f e c t s  on t h e  

r i v e r  a q u a t i c  l i f e  would be expected f rom use o f  t h a t  wa te r .  



Aqua t i c  E f f e c t s  o f  S p e c i f i c  HNEC Cases. For cases I th rough  V ,  X I ,  

X I1  t h rough  X V I  and X X  (wet  towers,  we t -d ry  towers,  d r y  towers ) ,  t h e  

expected impacts  f r o m  t h e  w i thdrawa l  o f  r i v e r  wa te r  and t h e  d i scha rge  o f  

tower  b l  owdown w i  11 be s l  i g h t  and p robab l y  impercep tab l  e. 

Case V I  (once-through, wet towers,  c o o l i n g  ponds) may have an adverse 

e f f e c t  on t h e  r i v e r  organisms, p a r t i c u l a r l y  t h e  salmon and t r o u t ,  d u r i n g  t h e  

l a t e  summer and e a r l y  f a 1  1 (August th rough  October ) .  Approx imate ly  25 pe r -  

c e n t  o f  t h e  ni ini~nuni r i v e r  f l o w  o f  36,000 c f s  would be heated t o  a  temperature 

o f  25°F above a ~ i i b i e n t .  A t  t h i s  mini~num r i v e r  f l o w  t h e  temperature o f  t h e  

r i v e r  would be r a i s e d  approx imate ly  6°F a f t e r  complete m i x i n g  w i t h  t h e  

heated condenser d ischarge .  For a  f i f t e e n - y e a r  minimum seven-day average 

r i v e r  d i scha rge  o f  54,500 c f s ,  t he  r i v e r  temperature would be i nc reased  

about  4°F above ambient.  S ince r i v e r  temperatures a t  t h i s  t ime  o f  yea r  

n o r m a l l y  approach t h e  upper thermal to1 erance 1 i m i t s  o f  salmon and t r o u t ,  

t he  a d d i t i o n  o f  hea t  would be expected t o  have an adverse e f f e c t  on these  

f i s h e s .  Chinook salmon eggs and l a r v a e  exposed 7n October t o  4°F above a 

s t a r t i n g  i n c u b a t i o n  temperature o f  56°F i n  l a b o r a t o r y  s t u d i e s  shows an 

inc reased  m o r t a l i t y  ( F i g u r e  1 2 ) .  The Columbia R i v e r  thermal  maximum o f  68°F 

should n o t  be exceeded by t h e  d ischarge  o f  heated e f f l u e n t s  i f  t h e  anadromous 

salmonoids i d  t h e  r i v e r  a r e  t o  be p ro tec ted ;  and as i n d i c a t e d  i n  t h e  p re -  

v i o u s l y  c i t e d  l a b o r a t o r y  s tudy  on ch inook salmon, t h i s  tempera tu re  may 

seasona l l y  be t oo  h i g h  f o r  t h e  w e l l - b e i n g  o f  these f i s h .  

Case V I I  (once-through, wet towers,  c o o l i n g  ponds) w i l l  w i t h d ~ a w  42 

pe rcen t  o f  t h e  minimum r i v e r  f l o w  o f  36,000 c f s  and about  28 pe rcen t  o f  t h e  

15-year,  seven-day minimum. The d i scha rge  f r om t h i s  complex w i l l  r a i s e  t h e  

r i v e r  tempera tu re  approx imate ly  7°F a f t e r  complete m i x i n g .  Both t h e  h i g h e r  

volume of r i v e r  wa te r  w i thdrawa l  and t h e  i nc rease  i n  r i v e r  temperature due 

t o  t h e  e f f l u e n t  d ischarge  would be seasona l l y  o f  env i ronmenta l  concern. The 

assumed c o o l i n g  modes f o r  these cases a r e  accep tab le  o n l y  d u r i n g  p e r i o d s  o f  

h i g h  r i v e r  f l o w  and low ambient r i v e r  temperature.  

I n  cases V I I I ,  I X ,  X, X V I I ,  X V I I I ,  and X I X  (once-through, wet towers,  

he lpe r  towers ) ,  70 t o  150 pe rcen t  o f  t h e  minimum r i v e r  f l o w  and 40 t o  100 



p e r c e n t  o f  t h e  15-year ,  seven-day minimum f l o w  w i l l  be wi thdrawn.  E f f l u e n t  

d ischarges  w i l l  i n c r e a s e  r i v e r  temperatures from 7°F t o  25°F. Bo th  t h e  h i g h  

volume o f  wa te r  wi thdrawn and t h e  l a r g e  i nc rease  i n  r i v e r  temperatures make 

these  cases e c o l o g i c a l  l y  unacceptab l  e. 

T e r r e s t r i a l  E c o l o g i c a l  Impacts 

C o n s t r u c t i o n  o f  power p l a n t s  r e s u l t s  i n  occupancy o f  l a n d  by s t r u c t u r e s ,  

c o n s t r u c t i o n  o f  b a r r i e r s  such as fences  and cana ls ,  and c o n s t r u c t i o n  of 

t r ansm iss i on  1  i n e s .  T h i s  a1 t e r a t i o n  o f  h a b i t a t  i n t e r f e r e s  w i t h  w i l d l i f e  

movement and causes o t h e r  e c o l o g i c a l  impac ts .  

Impacts o f  S t r u c t u r e s  Upon W i l d l i f e .  A e r i a l  o b s t r u c t i o n s  can be hazard-  

ous t o  b i r d s ,  p a r t i c u l a r l y  i f  towers and w i r e s  a r e  l o c a t e d  on p rominen t  

p o i n t s  a l ong  ma jo r  b i r d  m i g r a t i o n  r o u t e s .  Wires and towers a r e  e s p e c i a l  l y  

hazardous d u r i n g  weather  c o n d i t i o n s  t h a t  i m p a i r  v i s i  b i l  i t y .  M o r t a l i t y  i s  

caused by c o l l  i s i o n  w i t h  t h e  o b s t r u c t i o n .  Sometimes, r a p t o r i a l  b i r d s  t h a t  

h a b i t u a l l y  p r e f e r  t o  perch  on t h e  t a l l e s t  s t r u c t u r e s  a r e  e l e c t r o c u t e d  by 

s h o r t  c i r c u i t i n g  e l e c t r i c a l  t r ansm iss i on  l i n e s .  

Ground o b s t r u c t i o n s  t h a t  i n t e r f e r e  w i t h  t he  normal movement of an ima ls  

a r e  fences, cana ls ,  and d i t c h e s .  Chain-1 i n k  fences s i x  o r  more f e e t  t a l l  

p r o v i d e  e f f e c t i v e  b a r r i e r s  t o  mule deer  b u t  do n o t  a f f e c t  smal l  mammals. 

Medium s i z e d  mammals o f t e n  c ross  fences by bur row ing .  

Canals w i t h  conc re te  w a l l s  a r e  e f f i c i e n t  b a r r i e r s  t o  a lmos t  a l l  l a n d  

an ima ls .  Canals cou ld  s e r i o u s l y  a f f e c t  t h e  l o c a l  movement o f  mule deer  by 

c o n f i n i n g  t h e  p o p u l a t i o n  between t h e  canal  and t h e  Columbia R i v e r .  Mule 

deer a r e  good swimmers and t hey  o f t e n  swim t h e  Columbia R i ve r ;  however, 

t h e y  would n o t  be a b l e  t o  c l i m b  s teep l y - s l oped  w a l l s  of a  c o n c r e t e - l i n e d  

cana l .  

Open d i t c h e s  w i t h  s teep  w a l l s  a  f o o t  o r  more i n  dep th  and a  f o o t  o r  

more wide can o b s t r u c t  t h e  movement of Grea t  Bas in  pocke t  mice and cause 

m o r t a l i t y .  Such d i t c h e s  a r e  d e s t r u c t i v e  t o  o t h e r  an ima ls ,  such as l i z a r d s ,  

snakes, and shrews. 



H a b i t a t  Changes A s s o c i a t e d  w i t h  t h e  Development o f  C o o l i n q  Lakes.  

Pronounced changes i n  p l a n t  communi t ies  o c c u r  when a r i d  l a n d  i s  i n u n d a t e d  

w i t h  w a t e r  t o  f o r m  l a k e s  and ponds.  Waste ponds on t h e  H a n f o r d  R e s e r v a t i o n  

had w e l l - d e v e l o p e d  s h o r e l i n e  p l a n t  commun i t i es  a f t e r  20 y e a r s .  V e g e t a t i o n  

zones c o n s i s t  o f  a q u a t i c  emergent  s p e c i e s :  c a t t a i l  and r e e d s .  Pe rmanen t l y  

m o i s t  s o i l s  s u p p o r t  r a n k  g rowths  o f  g rasses ,  e s p e c i a l l y  r e e d  c a n a r y  g r a s s ,  

b a r n y a r d  g r a s s ,  r a b b i t f o o t  g r a s s ,  and f o r b e s ,  e s p e c i a l l y  R u s s i a n  knapweed, 

g o l d e n r o d ,  and cudweed. The mos t  a g g r e s s i v e  t r e e  s p e c i e s  i s  t h e  peach l e a f  

w i l l  ow. 

A q u a t i c  emergent  v e g e t a t i o n  p r o v i d e s  n e s t i n g  s i t e s  and c o v e r  f o r  t h e  

red -w inged  and ye l l ow-headed  b l a c k b i r d ,  p i e d - b i l l e d  grebe,  Amer ican c o o t ,  

and r u d d y  d u c k .  Seeds o f  a q u a t i c  emergent  p l a n t s  p r o v i d e  f o o d  f o r  many 

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

s i t e s  f o r  t h e  b l  a c k - b i  1  l e d  magpie,  Swa inson ' s  hawk, r e d - t a i l  ed hawk, spa r row 

hawk, g r e a t  horned owl , n o r t h e r n  o r i o l e ,  and common fl i c k e r .  Many s p e c i e s  

o f  s o n g b i r d s  f o r a g e  upon i n s e c t s  and seeds a s s o c i a t e d  w i t h  s h o r e l i n e  vege- 

t a t i o n  ( F i  t z n e r  and R i  c k a r d ,  1974) .  

I t  i s  c l e a r  t h a t  t h e  deve lopment  o f  ponds and a s s o c i a t e d  v e g e t a t i o n a l  

changes w o u l d  b e  b e n e f i c i a l  t o  a v i f a u n a  and a l s o  f o r  c e r t a i n  p o p u l a t i o n s  

o f  m a m a l s ,  e s p e c i a l l y  musk ra t ,  mink ,  meadow mouse, raccoon,  skunk,  and 

mu le  d e e r .  

The a n i m a l s  t h a t  would be mos t  d e l e t e r i o u s l y  a f f e c t e d  a r e  t h e  s p e c i e s  

t h a t  a r e  adap ted  t o  t h e  d r y  s o i l s  and sh rub -s teppe  p l a n t  commun i t i es .  The 

a n c e s t r a l  r a n g e  o f  t h e  G r e a t  B a s i n  p o c k e t  mouse, g rasshopper  mouse, b l a c k -  

t a i l e d  h a r e ,  s i d e - b l o t c h e d  1  i z a r d ,  gopher  snake, b u r r o w i n g  owl , and l o n g -  

b i l l e d  c u r l e w  would  be usurped.  These k i n d s  o f  a n i m a l s  wou ld  n o t  f i n d  t h e  

ponds and a d j a c e n t  h a b i t a t s  a c c e p t a b l e  and would  have t o  compete f o r  space 

w i t h  e s t a b l i s h e d  p o p u l a t i o n s  i n  t h e  a d j a c e n t  unmod i f i ed  s h r u b - s t e p p e  h a b i -  

t a t s  o r  p e r i s h .  

Maximal  p o p u l a t i o n s  o f  G r e a t  B a s i n  p o c k e t  m i c e  i n  s h r u b - s t e p p e  vege- 

t a t i o n  were  e s t i m a t e d  a t  a b o u t  120 p e r  h e c t a r e  ( 2 . 2  a c r e s )  ( 0 '  F a r r e l l  , e t  



a1 . , 1975).  I t  can be es t ima ted  t h a t  u s u r p a t i o n  of 40,000 ac res  of s teppe 

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

pocke t  mice,  However, t h e r e  would s t i l l  be much h a b i t a t  a v a i l a b l e  t o  sus- 

t a i n  a  l a r g e  p o p u l a t i o n  of m ice .  

Other  an-imals t h a t  would need t o  f i n d  n e s t i n g  h a b i t a t  e lsewhere a r e  

t h e  l o n g - b i  1  l e d  c u r l e w  and t h e  bur row ing  owl .  The problems o f  an ima ls  

adapted t o  shrub-s teppe h a b i t a t s  a r e  n o t  l i m i t e d  t o  t h e  c o n s t r u c t i o n  o f  a  

n u c l e a r  energy c e n t e r  a t  Hanford,  b u t  a r e  compounded by changing l a n d  use  

p a t t e r n s ,  e s p e c i a l l y  conve rs i on  o f  s teppe v e g e t a t i o n  t o  farm land .  New 

farms d e s t r o y  v a s t  acreages of s u i t a b l e  s teppe h a b i t a t  each yea r .  

The t o t a l  l o s s  o f  a n c e s t r a l  shrub-s teppe h a b i t a t  acreage i s  recogn ized  

as a  d i s t i n c t  p o s s i b i l i t y  un less  measures a r e  taken  t o  p reserve  rep resen ta -  

t i v e  ac res .  To p r o t e c t  and p r o v i d e  a  p l a c e  t o  s t u d y  t h e  e c o l o g i c a l  s t r u c t u r e  

and f u n c t i o n  o f  r e p r e s e n t a t i v e  shrub-s teppe ecosystems, a  75,000 a c r e  t r a c t  

o f  l a n d  r e p r e s e n t a t i v e  o f  severa l  d i f f e r e n t  k i n d s  o f  shrub-s teppe eco- 

systems has been e s t a b l i s h e d  a long  t h e  wes te rn  boundary o f  t h e  Hanford 

Rese rva t i on  and i s  known as t h e  A r i d  Lands Ecology (ALE) Reserve. The 

r e s e r v e  i s  managed f o r  ERDA by  B a t t e l l  e-Nor thwest .  A1 1  v e g e t a t i o n  t ypes  

expected t o  be a f f e c t e d  by t h e  c o n s t r u c t i o n  of HNEC f a c i l i t i e s  a r e  r ep re -  

sented on t h e  reserve ,  excep t  f o r  Columbia R i v e r  r i p a r i a n  communit ies and 

c e r t a i n  speci.a.1 . . b i o l a g i c a l  . .habi tats,  .such as  .sand-.dunes and ...r_.i ve r - ine  b l u f f s .  

H a b i t a t  Changes Expected from Fenced E x c l u s i o n  Areas. T a l l  cha in -  

l i n k  fences a r e  expected t o  i n t e r f e r e  w i t h  t h e  normal movement p a t t e r n s  o f  

mule deer .  Other  mammals can cope w i t h  c h a i n - l i n k  fences as b a r r i e r s  by 

bur row ing  beneath t h e  bot tom w i r e .  C h a i n - l i n k  fences would n o t  p r o v i d e  

a  b a r r i e r  t o  r e p t i l e s  o r  b i r d s .  

S i t e  Occupat ion by B u i l d i n g s ,  Pa rk i ng  L o t s ,  E tc .  The l and  occupied 

by b u i l d i n g s ,  p a r k i n g  l o t s ,  e t c .  i s  n o t  a v a i l a b l e  as w i l d l i f e  h a b i t a t  and 

w i l l  be l o s t  t o  b i o l o g i c a l  p r o d u c t i v i t y  f o r  an i n d e f i n i t e  t ime ,  p e r i o d .  



Summarized E f f ec t s  o f  T e r r e s t r i a l  Changes. A  sunlmary o f  t h e  e f f e c t s  

of HNEC f a c i l i t i e s  on t h e  t e r r e s t r i a l  eco logy  i s  as f o l l o w s  as g i v e n  i n  

Tab le  17. 

TABLE 17: Summary of Costs  and B e n e f i t s  Re la ted  t o  T e r r e s t r i a l  Eco logy 

BENEFITS COSTS 

Ponds and Lakes 

Improved h a b i t a t  f o r  w a t e r f o w l  and Reduc t i on  of  h a b i t a t  acreage f o r  
a v i f a u n a  adapted t o  t r e e  communi t ies .  t y p i c a l  shrub-s teppe p l a n t s  and 
Improved h a b i t a t  f o r  beaver ,  musk ra t ,  an ima ls  . 
mink ,  raccoon,  and skunk. 

Cha in -L ink  Fences 

None 

None 

None 

None 

Open D i t c h e s  

A e r i  a1 O b s t r u c t i o n s  
(Wi res  & Towers) 

D i s r u p t  normal t r a v e l s  o f  mu le  
dee r .  

D i s r u p t  normal t r a v e l s  o f  s ~ a l l  
mamnal s  and r e p t i l e s .  

I n t e r f e r e n c e  w i t h  m i g r a t i n g  b i r d s .  

E a r t h  Excava t i on  and C o n s t r u c t i o n  

Temporary n o i s e  and d u s t ,  r e d u c t i o n  
of h a b i t a t  acreage f o r  t y p i c a l  shrub-  
s teppe  p l a n t s  and an ima ls .  

Meteor01 o g i c a l  Impacts  

The ma jo r  hea t  r e l e a s e s  and atmospher ic  e f f e c t s  o f  energy c e n t e r s  a r e  

assoc ia ted  d i r e c t l y  w i t h  power gene ra t i on .  Atmospher ic e f f e c t s  o f  hea t  

r e j e c t i o n  f r om  n u c l e a r  energy c e n t e r s  (NRC, 1976) have been p o s t u l a t e d  on 

t h e  b a s i s  o f  t heo ry ,  models, ana logy and s p e c u l a t i o n .  U n f o r t u n a t e l y  some 

o f  t h e  more s p e c t a c u l a r  e f f ec t s  a r e  p r i m a r i l y  t h e  r e s u l t  o f  t h e  l a s t  two 

processes.  T y p i c a l  e f f e c t s  i n c l u d e :  i nc reases  i n  h u m i d i t y ,  c l o u d i n e s s  and 

fog, ground shadowing, enhancement o f  p r e c i p i t a t i o n  and m o d i f i c a t i o n  o f  

p r e c i p i t a t i o n  p a t t e r n s ,  t r i g g e r i n g  of  more severe weather  t ypes  such as 

thunders torms,  and t h e  c o n c e n t r a t i o n  o f  v o r t i c i  t y  r e s u l  t i n g  i n  t h e  f o rmu la -  

t i o n  of l a r g e  d u s t  d e v i l s .  



The spec i f i c  atmospheric e f f e c t s  which might be associated with a 

par t i cu la r  energy center are  generally re la ted t o  the  form of heat re jec t ion ,  

the f lux densi ty  and area of heat r e j ec t i on ,  and the cl imate of the energy 

center  s i t e .  For exarr~ple, fog and humidity increases a r e  associated with 

1 ow-1 eve1 wet cool i  ng systems, and the more specular e f f ec t s  a r e  postulated 

f o r  c lose ly  spaced cooling systems with a high energy f lux .  

Rational evaluation of the s ignif icance of any e f f e c t  of heat r e j ec t i on  

requires  t h a t  the extent  and timing of the e f f e c t  can be estimated quanti- 

t a t i v e l y ,  and t h a t  s ignif icance be defined i n  meaningful terms. Each of 

the  e f f e c t s  postulated in  the  Nuclear Energy Center S i t e  Survey ( N R C ,  1976) 

repor t  has been considered in  a cursory manner t o  screen out improbable 

impacts and those which cannot be adequately evaluated a t  t h i s  time. 

Concentration of v o r t i c i t y  has been re la ted  to  high density of the 

rejected heat and r e l a t i ve ly  large  a reas .  This was a major concern f o r  the  

energy centers  considered in the Nuclear Energy Center S i t e  Survey where the 
2 f lux  density was about 0 .5  kW/m . The f lux  densi ty  f o r  the HNEC would be 

2 between 0.1 and 0 .3  kW/m . In addi t ion,  the re  a r e  no simple methods f o r  

quantifying the frequency, magnitude o r  e f f e c t  of vor t ices  which might be 

generated. As a resul t ,  deta i  1 ed consideration of vor t i c i  t y  concentration 

has been postponed un t i l  be t t e r  tool s  a r e  developed. 

Theory and numerical models e x i s t  which can provide ins igh t  in to  modi- 

f i c a t i on  of p rec ip i ta t ion  pat terns  and the t r igger ing  of storms. As fu r the r  
research i s  cor~~pleted,  r e s u l t s  wil l  be applied t o  the  H N E C .  However, 
recently publicized problems in  the National Hail Research Experiment 
(Science, 1976) r a i s e  questions about the re1 iabi  1 i t y  of quan t i t a t ive  

est imates in t h i s  a rea .  

The only atmospheric e f f e c t s  amenable t o  evaluation a t  t h i s  time a r e  

associated with the  addition of moisture to  atmosphere. In t h i s  case the 

evaluation i s  only semi-quanti tat ive.  Thus, the e f f e c t  of cooling systems 

on fog and humidity a r e  the atmospheric impacts used in se lect ion of an 

overall  H N E C  heat sink management plan.  



S p e c i f i c  c r i t e r i a  have been i d e n t i f i e d  t o  de te rmine  t h e  s i g n i f i c a n c e  

o f  changes i n  t h e  m e t e o r o l o g i c a l  c o n d i t i o n s .  These i n c l u d e :  a  s t a t i s t i c a l l y  

s i g n i f i c a n t  change i n  a  m e t e o r o l o g i c a l  v a r i a b l e ,  s u b s t a n t i a l  adverse economic 

impac t  of a  p o s t u l a t e d  change, i n i t i a t i o n  of an adverse e c o l o g i c a l  change, 

and adverse p u b l i c  r e a c t i o n .  These genera l  c r i t e r i a  p r o v i d e  gu idance on 

t h e  d e t a i l  r e q u i r e d  i n  s p e c i f i c a t i o n  of a  p o s t u l a t e d  impact.  

I n  most c o o l i n g  system e v a l u a t i o n s  f o g  i s  cons idered  e i t h e r  q u a l i t a -  

t i v e l y  o r  i n  terms o f  a d d i t i o n a l  hours  of fog. The impac t  o f  an a d d i t i o n a l  

hour  o f  f o g  i s  i nde te rm ina te .  I f  t h e  v i s i b i l i t y  d u r i n g  t h a t  hour  i s  s i x  

m i l e s ,  t h e  impac t  may be n e g l i g i b l e  o r ,  a t  most, p s y c h o l o g i c a l .  I f ,  on 

t h e  o t h e r  hand, t h e  v i s i b i l i t y  i s  one-e igh th  m i l e  o r  l e s s ,  t h e  impac t  can 

be eva lua ted  i n  economic terms by c o n s i d e r i n g  i t s  e f f e c t  on t r a n s p o r t a t i o n  

and o t h e r  a c t i v i t i e s  which r e q u i r e  g r e a t e r  v i s i b i l i t y .  I n  terms o f  t h e  

impac t  on t h e  p u b l i c ,  t h e  use o f  hours  o f  a  g i v e n  v i s i b i l i t y  r a t h e r  t h a n  

hours  o f  f o g  i s  niuch more mean ing fu l .  

S ince t h e  impac t  o f  f ogg ing  had t o  be es t ima ted  i n  terms o f  hours  o f  

s p e c i f i e d  v i  s i  b i l  i ty,  a  mu1 t i p l e - s o u r c e  d i f f u s i o n  model was developed i n  

which m o i s t u r e  r e l eases  f r om a  v a r i e t y  o f  c o o l i n g  systems c o u l d  be s imu la ted .  

The l a r g e  numbers o f  p o s s i b l e  c o o l i n g  systems and r e a c t o r  c l u s t e r  l o c a t i o n s  

were a l s o  cons idered  i n  t h e  model development; i . e . ,  t h e  model had t o  be 

economical as w e l l  as f l e x i b l e .  The model and i t s  use a r e '  d e s c r i b e d  i n  

d e t a i l  (Ramsdel l ,  1976) .  The model i s  c u r r e n t l y  equipped t o  t r e a t  m o i s t u r e  

r e l eases  from t h e  f o l l o w i n g  c o o l i n g  systems i n  a  r ud imen ta r y  f ash ion :  

once- through 

once- through w i t h  h e l p e r  ponds 

once- through w i t h  h e l p e r  towers 

c o o l  i n g  ponds 

mechanica l  d r a f t  coo l  i n g  towers 

n a t u r a l  d r a f t  coo l  i n g  towers 

we t -d r y  c o o l i n g  towers 



Comparison o f  t h e  r e s u l t s  w i t h  t h e  r e s u l t s  o f  o t h e r  l e s s  s o p h i s t i c a t e d  

models and a c t u a l  f o g  obse rva t i ons  i n d i c a t e s  t h a t  t h e  model i s  c o n s e r v a t i v e .  

Tha t  i s ,  i t  tends t o  p r e d i c t  a  g r e a t e r  impac t  than  would be r e a l i s t i c a l l y  

expected i f  a  more d e t a i l e d  t r ea tmen t  had been under taken.  

More than  50 d i f f e r e n t  cases, r ang ing  f r om a  s i n g l e  f o u r  r e a c t o r  c l u s t e r  

near  t h e  sou th  s i d e  o f  t h e  r e s e r v a t i o n  t o  a  f u l l  40 r e a c t o r  energy c e n t e r ,  

have been examined t o  e v a l u a t e  t h e  e f f e c t s  o f  energy c e n t e r  s i z e ,  c l u s t e r  

l o c a t i o n s  and c o o l i n g  system mix  on  f o g  and h u m i d i t y .  As expected, t h e  

i n i t i a l  t e s t  cases i n d i c a t e d  t h a t  t h e  most f r e q u e n t l y  impacted areas o u t -  

s i d e  t h e  energy c e n t e r  would be t h e  T r i - C i  ty area of R ich land ,  Kennewick, 

and Pasco and t h e  r e g i o n  e a s t  o f  t h e  Columbia R i v e r  and n o r t h  o f  Pasco. 

A  p a r t i a l  compi l  a t i o n  of t h e  r e s u l t s  of t h e  t e s t s  conducted t o  e v a l u a t e  

t h e  impact  o f  v a r i o u s  h e a t  s i n k  management o p t i o n s  on f o g  i s  presented i n  

Tables 18 and 19. The range  o f  hours  o f  impac t  i n  Tab le  18 f o r  b o t h  t h e  

20 and 40 r e a c t o r  energy cen te r s  r e f l e c t s   difference,^ p r i m a r i l y  caused by 

changes i n  c o o l i n g  system mixes; d i f f e r e n c e s  due t o  c l u s t e r  l o c a t i o n  a r e  

secondary. The g r e a t e s t  impac t  was p r e d i c t e d  f o r  those  cases w i t h  e x t e n s i v e  

use o f  c o o l i n g  ponds and once-through c o o l i n g  w i t h  h e l p e r  ponds. Lesser  

impact  was p r e d i c t e d  f o r  mechanical  d r a f t  c o o l i n g  towers and once- through 

c o o l i n g  w i t h  mechanical  d r a f t  h e l p e r  c o o l i n g  towers,  and t h e  l e a s t  impact  

was p r e d i c t e d  f o r  t a l l  c o o l i n g  towers and unass i s t ed  once- through c o o l i n g .  

It should  be no ted  t h a t  where t h e  p r e d i c t e d  i n c r e a s e  o f  t o t a l  hours o f  f o g  

i s  l e s s  than  40 hours,  t h e  p r e d i c t e d  i nc rease  o f  hours o f  v i s i b i l i t y  l e s s  

than  one-ha l f  m i l e  exceeds t h e  i nc rease  o f  t o t a l  hours  o f  fog .  

Three cases w i t h  we t -d ry  mechanica l  d r a f t  coo l  i n g  towers were examined 

f o r  b o t h  t h e  20 and 40 r e a c t o r  energy cen te r s .  A l l  b u t  f o u r  r e a c t o r s  were 

assumed t o  use t h e  wet -d ry  c o o l i n g  systems. I n  these  cases t h e  f r a c t i o n  

o f  wet  c o o l i n g  v a r i e d  f rom 75% t o  25%. The r e s u l t s  a r e  g i v e n  i n  Tab le  19 

a l ong  w i t h  t h e  s i n g l e  f o u r - u n i t  c l u s t e r  (0% wet)  and f u l l  mechanical  d r a f t  

coo l  i n g  tower  (100% wet )  r e s u l  t s .  These r e s u l t s  i n d i c a t e  t h e  fogging 

impac t  o f  we t -d r y  coo l  i n q  system hea t  r e j e c t i o n  a t  Hanford inc reases  

app rox ima te l y  l i n e a r l y  w i t h  t h e  wet f r a c t i o n  f o r  b o t h  t h e  20 and 40 r e a c t o r  

cen te r s .  



TABLE 18: Inc reased  Hours o f  Fog and V i s i b i l i t y  Less than  One-Half M i l e  
i n  t h e  T r i - C i  t i e s  due t o  an HNEC Using Evapo ra t i ve  Coo l i ng  

I nc rease  i n  
I nc rease  i n  V i s i b i l i t y  

Case E L -  <1/2 mi .  

4  Reactor  e l  u s t e r  w i t h  15 
Mechanical  D r a f t  Cool i n g  
Towers 

20 Reactor  Energy Cente r  34-250 39-1 62 

40 Reactor  Energy Center 90- 288 71-184 

TABLE 19: A d d i t i o n a l  Hours o f  Fog i n  t h e  T r i - C i t i e s  f o r  Energy Centers 
Us ing  Wet-Dry Mechanical D r a f t  Cool i ng Towers*, 

Wet Cool i ng 20 Reactor  40 Reactor  
F r a c t i o n  Cente r  Cente r  

V i s i b i l i t y  V i s i b i l  i t y  
A l l  Fog <1/2 m i .  A1 1 Fog <1/2 m i .  

* 
One f o u r  r e a c t o r  c l u s t e r  i s  assumed t o  use convent iona l  mechanical  d r a f t  

c o o l i n g  towers i n  each case. 



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

o f  f o g  and hours  o f  l e s s  t h a n  o n e - h a l f  m i l e  v i s i b i l i t y  can be assessed 

r e l a t i v e l y  e a s i l y  u s i n g  t e c h n i q u e s  f o r  compar ison o f  mean v a l u e s .  The 

r e s u l t s  o f  t h i s  c o m p u t a t i o n  a r e  g i v e n  i n  T a b l e  20 as a  f u n c t i o n  o f  t h e  y e a r s  

o f  o b s e r v a t i o n  f o l l o w i n g  c o m p l e t i o n  o f  t h e  energy  c e n t e r .  An assumed l o g  

normal  d i s t r i b u t i o n  and H a n f o r d  f o g  and v i s i b i l i t y  s t a t i s t i c s  were used.  

The minimum s i g n i f i c a n t  i n c r e a s e s  i n  t h e  t a b l e  decrease w i t h  i n c r e a s i n g  

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

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

TABLE 20: Minimum S t a t i s t i c a l l y  S i g n i f i c a n t  I n c r e a s e  i n  Hours o f  Fog and 
V i s i b i l i t y  Less  t h a n  One-Hal f  M i l e  a t  t h e  95% S i g n i f i c a n c e  
Leve l  f o r  Han fo rd  

Years o f  
O b s e r v a t i o n  

Change i n  Hours 
o f  Foa 

Change i n  Hours 
o f  V i s i b i l i t y  

( < 1 / 2  m i . )  

S i n c e  t h e  l i f e  o f  a  r e a c t o r  i s  g e n e r a l l y  assumed t o  be 30 t o  40 y e a r s ,  

minimum d e t e c t a b l e  i n c r e a s e s  w i l l  be  assumed t o  be t h e  v a l u e s  g i v e n  f o r  36 

y e a r s  of o b s e r v a t i o n .  Comparison of t h e s e  v a l u e s  w i t h  p r e d i c t e d  i m p a c t s  

g i v e n  i n  T a b l e s  18 and 1 9  shows t h a t  t h e  u s e  o f  e v a p o r a t i v e  c o o l i n g  systems 

may l e a d  t o  s t a t i s t i c a l l y  s i g n i f i c a n t  i m p a c t s  on f o g  and v i s i b i l i t y .  

The f r e q u e n c y  o f  o c c u r r e n c e  o f  f i v e  v i s i b i l i t y  c a t e g o r i e s  has been 

e s t i m a t e d  f o r  t h e  v a r i o u s  c o o l i n g  sys tem c o m b i n a t i o n s  as an i n i t i a l  s t e p  

i n  e v a l u a t i o n  o f  t h e  economic i m p a c t  o f  m o i s t u r e  r e l e a s e s  . T a b l e  21 g i v e s  

t h e s e  e s t i m a t e s  f o r  c u r r e n t  c o n d i t i o n s  and t h r e e  cases i n  w h i c h  e x c l u s i v e  

use o f  mechan ica l  d r a f t  c o o l i n g  towers  was assumed. The v i s i b i l i t y  c a t e -  

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



TABLE 21: P r e d i c t e d  Impact o f  Development o f  Nuclear  Energy Center  
Us ing  Mechanical  D r a f t  Cool i n g  Towers on Fog and V i s i b i l  i t y  
i n  t h e  T r i - C i t i e s  

Hours o f  V i s i b i l i t y  
Number o f  To ta l  Hours Less Than S t a t e d  D is tances  
Reactors  o f  Fog (mi1 es)  

convenience as w e l l  as t o  changes which can be eva lua ted  i n  economic terms. 

An example o f  t h e  r e l a t i o n s h i p  between these c a t e g o r i e s  and t h e  t r a n s p o r t a -  

t i o n  i n d u s t r y  i s  g i v e n  below. 

Reduct ion o f  p r e v a i l i n g  v i s - i b i l  i t y  t o  l e s s  than  t h r e e  m i l e s  changes 

t h e  r u l e s  govern ing  a i r p l a n e  f l i g h t  f r om v i s u a l  r u l e s  t o  i n s t r u m e n t  r u l e s .  

T h i s  has t he  e f f e c t  o f  c l o s i n g  a i r p o r t s  t o  most p r i v a t e  p i l o t s ,  those  who 

a r e  n o t  q u a l i f i e d  t o  conduct  i n s t r u m e n t  f l i g h t .  I n  a d d i t i o n  t o  be ing  i ncon -  

v e n i e n t  t o  a f f e c t e d  p i l o t s  t h i s  has a  c a l c u l a b l e  economic e f f e c t  on l o c a l  

a i r p o r t  and f l i g h t  s e r v i c e  ope ra to r s .  F u r t h e r  r e d u c t i o n  o f  v i s i b i l i t y  i n  

t h e  T r i - C i t i e s  t o  l e s s  t han  one m i l e  e f f e c t i v e l y  c l o s e s  t h e  R ich land  a i r -  

p o r t  t o  a l l  t r a f f i c ,  i n c l u d i n g  t he  l o c a l  commuter a i r l i n e ,  Execua i r .  When 

v i s i b i l i t y  becomes l e s s  than  one -ha l f  m i l e ,  a l l  a i r  t r a f f i c  t o  and f rom 

l o c a l  a i r p o r t s  i s  h a l t e d .  Sur face  t r a n s p o r t a t i o n  i s  impacted as t h e  v i s i -  

b i l i t y  f a l l s  below one-e igh th  o f  a  m i l e .  F i n a l l y  when t h e  v i s i b i l i t y  f a1  1s 

below one -s i x teen th  m i l e ,  su r f ace  t r a f f i c  may be s e r i o u s l y  impeded. The 

impac t  of  reduced v i s i  b i  1  i t y  on su r f ace  t r a f f i c  can range f rom de lays  t o  

an i nc rease  i n  t r a f f i c  acc iden t s .  

These r e s u l t s  were ob ta i ned  u s i n g  s imp le  atmospher ic  models i n  an 

a t t emp t  t o  o p t i m i z e  hea t  s i n k  management i n  a  conceptual  HNEC. The models 

a re  c o n s e r v a t i v e  i n  t h a t  t hey  a r e  b iased  toward o v e r p r e d i c t i o n  o f  t h e  

impact  o f  c o o l i n g  system e f f l u e n t s  on h u m i d i t y  and f og .  Thus t he  models 



a r e  s c r e e n i n g  t o o l s  t o  be used t o  i d e n t i f y  s u b j e c t s  f o r  f u r t h e r ,  more 

r e a l i s t i c  e x a m i n a t i o n .  W i t h i n  t h i s  c o n t e x t  t h e  f o l l o w i n g  c o n c l u s i o n s  

have been reached:  

1 )  The e v a l u a t i o n  o f  any  a t m o s p h e r i c  i m p a c t  p o s t u l a t e d  f o r  h e a t  
d i s s i p a t i o n  must  be conduc ted  i n  q u a n t i t a t i v e  t e r ~ i i s  wh ich  can 
be used t o  d e t e r m i n e  t h e  s i g n i f i c a n c e  o f  t h e  impac t .  

2 )  O f  t h e  p o t e n t i a l  a t m o s p h e r i c  i m p a c t s  o f  l a r g e  h e a t  r e l e a s e s  
f r o m  energy  c e n t e r s ,  t h e  one mos t  amenable t o  q u a n t i t a t i v e  
e v a l u a t i o n  i n  meaningfu l  t e rms  a t  t h i s  t i m e  i s  t h e  i n c r e a s e  
i n  f o g .  

3 )  A  p o s t u l a t e d  i n c r e a s e  i n  f r e q u e n c y  o f  f o g  c a n  be t r a n s l a t e d  
i n t o  te rms o f  v i s i b i l i t y  and b o t h  can  be e v a l u a t e d  s t a t i s t i -  
c a l  l y .  

4 )  The t r a n s l a t i o n  o f  a  i n c r e a s e  i n  f o g  t o  v i s i b i l i t y  te rms 
p e r m i t s  economic e v a l u a t i o n  o f  t h e  impac t .  

5 )  The p r e d i c t e d  i m p a c t  o f  t h e  HNEC on fog  and v i s i b i l i t y  i s  
s t a t i s t i c a l l y  s i g n i f i c a n t  whether  t h e  energy  c e n t e r  c o n s i s t s  
o f  20 o r  40 u n i t s .  

Those h e a t  s i n k  management o p t i o n s  w h i c h  cause p r e d i c t e d  impac ts  n e a r  

t h e  l o w  end o f  t h e  ranges  g i v e n  i n  T a b l e  1 8  a r e  l e a s t  l i k e l y  t o  p roduce  

s i g n i f i c a n t  i m p a c t  when examined i n  more d e t a i l .  These systems a r e  p r i -  

m a r i l y  t a l l  c o o l  i n g  towers ,  whe the r  n a t u r a l  o r  mechan ica l  d r a f t ,  and u n a s s i s -  

t e d  once - th rough  sys tems.  Compar ison o f  t h e  p r e d i c t i o n s  i n  T a b l e  1 9  w i t h  

t h e  r e s u l t s  i n  T a b l e  20 i n d i c a t e  t h a t  e x t e n s i v e  u s e  o f  w e t - d r y  o r  d r y ,  l o w  

~ i l e c h a n i c a l  d r a f t  c o o l i n g  t o w e r s  may reduce  t h e  p r o b a b i l i t y  o f  f o g g i n g  

i m p a c t  t o  a  l e v e l  c o n s i s t e n t  w i t h  t h e  l o w e r  ends of t h e  i m p a c t  ranges  

g i v e n  i n  T a b l e  18. It s h o u l d  be n o t e d  t h a t  t h e  s i n g l e  f o u r - r e a c t o r  c l u s t e r  

i s  i d e n t i f i e d  as  h a v i n g  a  p o t e n t i a l  f o r  reduced  v i s i b i l i t y  d u r i n g  f o g ,  

a l t h o u g h  t h e  i m p a c t  on t o t a l  hou rs  o f  f o g  i s  n o t  s i g n i f i c a n t .  

Compar ison o f  A1 t e r n a t i v e s  

The e n v i r o n m e n t a l  i n t e r a c t i o n  pa ramete rs  o f  i n t e r e s t  t o  t h e  conipar ison 

o f  t h e  h e a t  s i n k  a l t e r n a t i v e s  and t h e  e v a l u a t i o n  o f  t h o s e  pa ramete rs  a r e  

summarized i n  Tab le  22 f o r  t h e  20 r e a c t o r  HNEC and i n  T a b l e  23 f o r  t h e  4 0  

r e a c t o r  HNEC. 



TABLE 22: Summary Comparison o f  20 Reactor Heat S ink  A l t e r n a t l v e s  

Case 

Case D e s c r i p t i o n  

I. 11 

Short  Wet 
Towers 

111, I V  

T a l l  Wet 
Towers 

v VI VI I  VI I  I  

Wet Dry S ix  Ten Ten 
Towers Once-through Once-through Once-through 

and Ponds and Ponds and Towers 

I X 

He1 per  
Towers 

K X I  

Six teen  D~Y 
Once-through Towws 

Net Annual Generat ion (10' kwh; 
6 

C a p i t a l  Cost ( $  x 10 ) 
6 Annual Fuel Cost ( $  x 10 ) 

6 Annual 08M Cost ( $  x 10 ) 

E l e c t r i c i t y  Cost ( m i l  ls/kWh) 

Resource U t i l i z a t i o n  

Land (Acres)  

M a t e r i a l  

Concrete (ya rds )  

S tee l  ( t o n s )  

V Ma t e r  
P Withdrawals ( c f s )  

Evaporat ion ( c f s )  

Discharge t o  R ive r  ( c f s )  

Chen~ical Releases ( t o n s i y r )  

To A i r  (and then t o  l and)  

To Water TDS 

T o t a l  Cu 

C1 2 
P 

*Does n o t  i n c l u d e  evapora t ion  f r a n  r i v e r .  
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TABLE 23: Suminary Conlparison of 40 Reactor Heat S ink  A1 t e r n a t i v e s  

Case 

Case D e s c r i p t i o n  

X I I ,  X I 1 1  

Shor t .  Wet 
Towers 

3.066 

14.400 

1 ,264 

644 

13.3 

X I V ,  x v  -- 

T a l l .  Wet 
Towers 

3.066 

14.500 

1.264 

644 

13.3 

X V I  

Wet-Dry 
Towers 

3.066 

15,500 

1,304 

674 

14.0 

6.400 

1.460.000 

271,000 

900 

600 

300 

100 

14,000 

150 

7 0 

150 

X V I  I 

P a r t i a l  
Once-throuqh 

3.066 

13,900 

1 ,238 

622 

12.9 

X V I  I I 

He1 per 

X I X  .- 

F u l l  
Once-throuqh 

3.066 

13.800 

1,232 

61 6 

12.8 

X X  

Dry 
Tower 

3.066 

16.400 

1.344 

699 

14.1 

Net Anrlual Genera t i o n  ( l d '  kwh) 
6 

C d p l t d l  Cost ( $  X 10 ) 
6 

Anliual Ftrel Cost ( $  x 10 ) 
6 

Alinual O&M Cost ( $  x 10 ) 

E l e c t r ~ c i  t y  Cost (111i11s/kWh) 

I<esource U t i l i z a t i o n  

Ldnd (Ac res )  

M a t e r i a l  

Concrete ( ya rds )  

S tee l  ( t o n s )  

Wd t e r  

W i  thdrawdls  ( c f s )  

E v d p o r a t ~ o n  ( c f s )  

Discharge t o  R i v e r  ( c f s )  

C t l c ~ ~ ~ i c d l  Re1 eases ( t ~ n s / ~ r )  

To A i r  (and th r r i  t o  l and )  

To Water TOS 

T o t a l  Cu 

C12 
P 

*Iloes no t  i n c l u d e  evapord t i on  from the r i v e r .  



TABLE 23: (Continued) 

Case 

Aquat ic  B i o l o g y  C f f e c t s  

T e r r e s t r i a l  B io logy  E f f e c t s  

Meteorology E f f e c t s  

Cool i r ~ g  Sys ten1 Plumes 

Increased Ground Fog i n  the 
T r i - C i t i e s  (Hours 8 percent 
increase w i t h  ,:1/2 m i l e  
v i s i b i l i t y )  

Increased Hurtridity i n  the 
T r i - C i t i e s  

P r e c i p i t a t i o n  near Hanford 
P r o j e c t  

A g r i c u l t u r a l  E f f e c t s  

S o c i e t a l  E f f e c t s  

X I I ,  XI11 X I V .  xv  X V I  X V I  I X V I  I I X I  X X X 

- I n s i g n i f i c a n t  E f fec ts  -----) Majgr  da~naqe t o  aqua t i c  l i f e  because o f  l a r g e  No 
p o r t i o n  o f  r i v e r  pumped through condensers E f f e c t s  
and l a r g e  increase i n  average r i v e r  tempera- 
t u r e  d u r i n g  h i g h  r i v e r  temperature c o n d i t i o n s .  

t- I n s i g n i f i c a n t  E f f e c t s  i 

Ten l a r g e  low- Nine l a r g e  h igh-  Ten low- Four l a r g e  S i x  l a r g e  One l a r g e  One l a r g e  
l e v e l  plume l e v e l  8 one l a r g e  l e v e l  plume systems. plume low-1 eve1 1  ow-level 

sys te~ns low- leve l  plume plume More fog on systems. plume system. plume system. 
systems systems Columbia R ive r .  More fog on 

Columbia R i v e r .  

111 h rs .  55 h r s  55 h r s  18 h rs .  42 h rs .  N e g l i g i b l e  No 
( 99%) (49%) (49%) (16%) (36%) Increase Change 

Probably  an i n s i g n i f i c a n t  e f f e c t .  Probably  an i n s i g n i f -  Same as f o r  N e g l i g i b l e  No 
At h i g h  temperatures (;85'F) the  i c a n t  e f f e c t .  At  h i g h  Case X I I .  Change Change 
r e l a t i v e  humid i t y  w i l l  be increased temperature ( 4 5 ' F )  the  
up t o  6% f o r  l e s s  than 50 hours r e l a t i v e  t ~ u m i d i t y  w i l l  be 
per year .  increased up t o  3% f o r  l e s s  

than 50 hours pe r  year .  

May be a  sr r~al l  increase i n  the f a l l ,  w i n t e r  and sp r ing .  Probably i n s i g n i f i c a n t  N e g l i g i b l e  No 
increase i n  the  summer m n t h s .  Chance , Change 

P r o b a l ~ l y  a  n e g l i g i b l e  e f f e c t .  There may be a  decrease i n  s o l a r  r a d i a t i o n  i n  the  N e g l i g i b l e  No 
sp r ing .  Change Change 

Aes the t i c  e f f e c t s  o f  f o g  plumes. Increase i n  inconvenience and acc iden ts  because of foggy None 
d r i v i n g  c o n d i t i o n s  and increased shutdown o f  a i r p o r t s .  



Severa l  s i m p l i f y i n g  assumptions were used d u r i n g  t h e  p r e p a r a t i o n  o f  

t hese  t a b l e s .  The p r ima ry  ones a r e  as f o l l o w s :  

1 .  A1 1  economic c o s t s  a r e  f o r  1975 d o l l a r s  o r  c o m p l e t i o n  of t h e  
c o n s t r u c t i o n  i n  1975. 

2. The economic c o s t s  f o r  a  s p e c i f i c  t y p e  o f  h e a t  s i n k  a r e  i n d e -  
pendent o f  t h e  p l a n t  l o c a t i o n  ( w i t h  t h e  r e s t r i c t i o n  t h a t  once- 
t h rough  and h e l p e r  systems must be l o c a t e d  on t h e  banks o f  t h e  
Col umbi a  Ri  ve r  ) . 

3. The Hanfo rd  Rese rva t i on  w i l l  c o n t i n u e  under  U.S. Government o r  
i n d u s t r i a l  c o n t r o l  and t h e r e  can be no d isp lacement  of persons 
w i t h  homesi tes on those  l a n d s .  

4.  The r a t e  o f  r e t u r n  on c a p i t a l  i s  15%. 

5. He1 p e r  c o o l i n g  towers would be t h e  same s i z e  as c l  osed-cyc le  
c o o l i n g  towers  and would t r a n s f e r  72% o f  t h e  waste h e a t  t o  t h e  
atmosphere. 

6. The i n t a k e  and d i scha rge  s t r u c t u r e s  on t h e  Columbia R i v e r  a r e  
l o c a t e d  and des igned t o  produce minimum impac t  on t h e  a q u a t i c  
l i f e .  

A n a l y s i s  o f  t h e  i n f o r m a t i o n  developed concern ing  t h e  a l t e r n a t i v e s  l eads  

t o  seve ra l  i m p o r t a n t  conc lus i ons  conce rn i ng  t h e  economic and env i ronmenta l  

e f f e c t s :  

1 .  The d i f f e r e n c e s  i n  economic c o s t s  f o r  systems u s i n g  once- through,  
pond o r  we t  tower  c o o l i n g  a r e  r e l a t i v e l y  sma l l  ( l e s s  t han  5%) .  
However, these  c o s t  d i f f e r e n c e s  a r e  r e a l  because o f  i n h e r e n t  
d i f f e r e n c e s  i n  des ign .  Dry  c o o l i n g  towers cause 10  t o  15% h i g h e r  
power c o s t s  t han  f o r  wet  c o o l i n g  systems. 

2. The d i f f e r e n c e s  i n  m a t e r i a l  usage g e n e r a l l y  a r e  i n s i g n i f i c a n t  
f o r  c o o l i n g  tower  systems excep t  f o r  t h e  i n c r e a s e  i n  s t e e l  
consumption f o r  d r y  coo l  i n g  systems. 

3.  Closed c y c l e  c o o l i n g  systems have an i n s i g n i f i c a n t  a q u a t i c  
eco logy  e f f e c t .  

4. Once-through c o o l i n g  systems p robab l y  w i l l  have a  ma jo r  e f f e c t  
on t h e  a q u a t i c  l i f e  i f  ove r  10  r e a c t o r s  have such c o o l i n g  systems 
and t h e  average r i v e r  f l o w  r a t e  i s  below 54,000 c f s .  

5. Because o f  t h e  p rev i ous  l a n d  d i s t u r b a n c e  and l a r g e  amount o f  
d e s e r t  l and  a v a i l a b l e ,  t h e  env i ronmenta l  e f f e c t s  o f  l a n d  use a r e  
i n s i g n i f i c a n t  excep t  t h a t  c r e a t i o n  o f  ponds c o u l d  improve a q u a t i c  
h a b i t a t .  P r o j e c t  ALE w i l l  c o n t i n u e  t o  p r o v i d e  an u n d i s t u r b e d  
l a r g e  d e s e r t  r esea rch  area.  



6. Coo l i ng  ponds and s h o r t  we t  c o o l i n g  towers c o u l d  cause a  n o t i c e a b l e  
i nc rease  i n  ground f o g  f o r m a t i o n  a t  nearby c i t i e s  and highways and 
on t he  Hanford Reserva t ion .  

7 .  T a l l  wet c o o l i n g  towers  (500 f e e t  t a l l  ) p robab l y  would n o t  cause 
a  n o t i c e a b l e  change i n  ground f o g  f o r m a t i o n  a t  nearby c i t i e s  and 
highways f o r  c o n s t r u c t i o n  o f  up t o  20 r e a c t o r s .  

Based on t h e  above i n f o rma t i on ,  i t  i s  conc luded t h a t  the  b e s t  hea t  s i n k  

management system f o r  an HNEC i s  a  m i x t u r e  o f  once- through and t a l l  wet  tower  

systsn; c o n t a i n i n g  up t o  10 once- through systems. T a l l  c o o l i n g  towers appear 

more d e s i r a b l e  t han  c o o l i n g  ponds o r  s h o r t  c o o l i n g  towers because o f  equal 

economic c o s t s  and a  much s m a l l e r  impac t  due t o  ground f o g  f o r m a t i o n .  Selec-  

t i o n  o f  t h e  number o f  once- through systems w i l l  depend on f u t u r e  d e c i s i o n s  

concern ing  t h e  minimum f l o w  r a t e s  i n  t h e  Columbia R i v e r  d u r i n g  t h e  f a l l  and 

w i n t e r  pe r i ods .  The suggested c o n s t r u c t i o n  o f  up t o  10 once- through systems 

i s  based on t h e  assumption t h a t  t h e  minimum f l o w  r a t e  w i l l  n o t  decrease 

below t h e  r x e n t  f i f t e e n - y e a r  minimum, seven-day r u n n i n g  average o f  54,000 

c f s  and t h a t  enough r e a c t o r s  w i l l  be b u i l t  i n  t h e  P a c i f i c  Nor thwest  so t h a t  

most,  if n o t  a l l ,  of t h e  r e a c t o r s  w i t h  once- through c o o l i n g  can be shu t  

down f o r  t h e i r  annual r e f u e l i n g  outage d u r i n g  t h e  h i g h  r i v e r  tempera tu re  

months o f  August, September, and October .  W i t h  p rope r  c o n s t r u c t i o n  and 

o p e r a t i o n  o f  t h e  once- through c o o l i n g  systems t o  i n s u r e  t h e r e  i s  m in ima l  

e f f e c t  on spawning salmon, a d d i t i o n  o f  hea t  t o  t h e  r i v e r  d u r i n g  t h e  c o l d e r  

w i n t e r  months may be b e n e f i c i a l  t o  t h e  salmon p o p u l a t i o n  by i n c r e a s i n g  t h e  

growth r a t e  o f  t h e  young salmon. 

Because o f  u n c e r t a i n t i e s  i n  bo th  t h e  m e t e o r o l o g i c a l  and a q u a t i c  b i o l o g y  

analyses,  a  c a u t i o u s  approach should  be used i n  schedu l i ng  t h e  c o n s t r u c t i o n  

o f  t h e  HNEC r e a c t o r s .  One s t r a t e g y  m i g h t  be t o  d e f e r  c o n s t r u c t i o n  o f  t h e  

once- through coo led  r e a c t o r s  u n t i l  a f t e r  enough r e a c t o r s  w i t h  c o o l i n g  towers 

a r e  c o n s t r u c t e d  so t h a t  t he  once- through r e a c t o r s  c o u l d  be shu t  down d u r i n g  

August t o  October  w i t h o u t  caus ing  an e l e c t r i c i t y  o r  outage personnel  s h o r t -  

age. S i m i l a r l y ,  t h e  wet  c o o l i n g  towers c o u l d  be des igned such t h a t  d r y  

c o o l i n g  hea t  exchangers c o u l d  be added if excess i ve  f o g  f o r m a t i o n  occurs .  



I n  t h e  meantime, two impor tan t  research  s t u d i e s  should be made. Addi-  

t i o n a l  aqua t i c  ecology s t u d i e s  should determine t h e  b e n e f i t s  and c o s t s  t h a t  

would r e s u l t  f rom hea t i ng  t h e  Columbia R i v e r  d u r i n g  t h e  va r i ous  seasons o f  

t he  year .  It i s  p o s s i b l e  t h a t  by p roper  heat  a d d i t i o n s ,  t h e  t o t a l  aqua t i c  

ecology c o u l d  be improved. These s t u d i e s  should i n c l u d e  a  more accura te  

de te rm ina t i on  o f  t h e  hydro-thermal reg ions  near t he  i n t a k e s  and d ischarges 

f o r  once-through coo l  i ng . 
Meteor01 o g i c a l  research  should develop improved methods f o r  e s t i m a t i  ng 

t h e  e f f e c t  o f  c o o l i n g  tower ope ra t i on  on f o g  fo rma t i on  and o t h e r  meteorolog- 

i c a l  events near  an HNEC. U n t i l  b e t t e r  a n a l y t i c a l  methods a r e  a v a i l a b l e ,  i t  

may be d i f f i c u l t  t o  s e l e c t  t he  bes t  c o o l i n g  systems and convince t h e  surround- 

i n g  popu la t i ons  t h a t  t he  HNEC i s  n o t  causing s i g n i f i c a n t  adverse e f f e c t s .  
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TERRESTRIAL ECOLOGY SPECIES 

IMPORTANT VASCULAR PLANTS OF THE SAGEBRUSH-BITTERBRUSH/CHEATGRASS COM!v1UNITY 

Common Name 

B i g  sagebrush 
t t ~ n t e l  ope b i  t t e r b r u s h  

Nauseosus r a b b i  t b r u s h  
Ye1 1 ow r a b b i  t b r u s h  
Sp iny  hopsage 
Snow er iogonum 
P r i c k l y  pear cac tus  

Sandberg b l  uegrass 
TNeedl e-and- thread grass 

Th i cksp i ke  wheatgrass 
I n d i a n  r i c e g r a s s  

Pal e evening p r i r i r o s e  
Carey ba l  samroot 
Long1 eaf ph lox  
S c u r f  pea 
Yarrow 
Sego l i l y  
C l u s t e r  1 i l y  
T u r p e n t i  ne p a r s l e y  
Sand dock 

*Spr ing  draba 
*Jagged chickweed 

Tansy mustard 
*Tumbl eweed 
*Tumbl e mustard 

'*Cheatgrass 
S ixweek 's  fescue  
M i c r o s t e r i s  
Phazel i a  
Pol  emonium 
P l  e c t r i  t i s  
Bursage 

PERENNIAL GRASSES 

PERENNIAL FORBS 

ANNUALS 

S c i e n t i f i c  Name 

A r t e m i s i a  t r i d e n t a t a  
Pu rsh ia  t r i d e n t a t a  
Chrysothamnus nauseosus 
Chrysothamnus v i  s c i  d i  fl orus  
Gray ia  s p i  nosa 
Eriogonum niveum 
Opunt ia  po lyacan tha  

Poa sandbe rg i i  - 
S t i p a  comata 
Agropyron dasystachyum 
Oryzops i  s hymenoi des 

Oenothera pa1 1 i d a  
Bal sarnorhi za careyana 
Phlox 1 onq i  f o l  i a  
Psora l  ea 1 anceol  a t a  
A c h i l l e a  m i l l i f o l i u m  
Cal ocho r t us  macrocarpus 
B rod i  aea doual a s i  i 
cymopterus t e r e b i  n t h i  nus 
- - 

Rumex venosus 

Draba verna -- 
Hol os t e u ~ n  umbel 1 a turn 
Descu ra i n i a  p i n n a t a  
S a l s o l a  k a l i  
Sisymbrium a1 t i s s imum 
B ~ O ~ I J S  t ec to rum 
Festuca o c t o f l  o r a  
Y i c r o s t e r i s  q r a c i l i s  
Phacel i a  1 i n e a r i s  
Polemonium m ic ran tha  
P l  e c t r i  t i s  macrocera 
F r a n s e r i  a acan th i ca rpa  

" l i e n  spec ies  
' Impor tan t  .L 1 i ves tock  f o rage  
l t l m p o r t a n t  w i  l d l i f e  forage 



BIRDS UTILIZING POND HABITATS 

( M o d i f i e d  f rom F i  t z n e r  and Rickard,  1975) 

ORDER PODICIPEDIFORMES 

Fami l y  Podi c i  pedidae 

Horned Grebe 
Eared Grebe 
Western Grebe 
Pied-  b i  1 1 ed Grebe 

ORDER CICONIIFORMES 

Fami l y  A rde i  dae 

Grea t  B lue  Heron 
B l  ac k-crowned N i g h t  Heron 
American B i t t e r n  

ORDER ANSERIFORMES 

Fami ly  Ana t idae  

Whist1 i n g  Swan 
Canada Goose 
Ma1 1 a r d  
Gadwall 
P i  n t a i  1 
Green-wi nged Teal 
B l  ue-wi nged Teal 
Cinnamon Teal 
American Wigeon 
Shoveler  
Red head 
Ring-necked Duck 
Canvasback 
Grea te r  Scaup 
Lesser  Scaup 
Co~nmon Go1 deneye 
Barrows Go1 deneye 
Buff1 ehead 
O l d  Squaw 
Ruddy Duck 
Hooded Merganser 
Common Merganser 

Podiceps a u r i  t u s  
Podiceps casp icus  
Aechmophorus o c c i d e n t a l i s  
Podilymbus podiceps 

Ardea he rod ias  
N y c t i c o r a x  n y c t i c o r a x  
Botaurus 1 e n t i  g inosus 

01 o r  c o l  umbianus 
Branta canadensis 
Anas p l  a tyrhynchos 
Anas s t r e p e r a  
Anas acu ta  -- 
Anas crecca  c a r o l  i nensi  s 
Anas d i s c o r s  
Anas cyanoptera 
Anas ameri cana 
Anas c l  v ~ e a  t a  
Aythya americana 
Aythya c o l  1 a r i  s 
Aythya va l  i s i n e r i a  
Aythya mar i  1 a 
Avthva a f f i n i s  - 
Bucephal a c l  angul a 
Bucephal a i s l  and ica  
Bucephal a a1 be01 a 
C l  anaul  a hvemal i s 
Oxyura jama icens is  
L o ~ h o d v t e s  c u c u l l a t u s  



ORDER GRUIFORMES 

Fami l y  G r u i  dae 

S a n d h i l l  Crane 

Fami l y  Ral 1 i dae 

Sora 
Amer ican Coot 

Grus canadens is  

Porzana c a r o l  i na 
Fu l  i c a  amer icana 

ORDER CHARADRIIFORMES 

F a m i l y  C h a r a d r i i d a e  

K i  11 d e e r  

Fami 1 y Sco l  opac i dae 

Common Sn ipe  
Long-b i  11 ed  C u r l  ew 
S p o t t e d  Sandpi  p e r  
G r e a t e r  Ye1 1 owl  egs 
L e s s e r  Ye1 1 owl egs 
P e c t o r a l  Sandp i  p e r  
L e a s t  Sandpi  p e r  
Dun1 i n 
L o n g - b i l  1 ed D o w i t c h e r  
Western  Sandpi p e r  
Sander1 i n g  

F a m i l y  R e c u r v i r o s t r i d a e  

Amer ican Avoce t  

F a m i l y  P h a l a r o p o d i d a e  

W i  1  s o n ' s  Pha la rope  
N o r t h e r n  Pha la rope  

F a m i l y  L a r i d a e  

Cal i f o r n i a  G u l l  
R i  n g - b i  1 1 ed G u l l  
B o n a p a r t e '  s  G u l l  

ORDER CORACIIFORMES 

F a m i l y  A l c e d i n i d a e  

Be1 t e d  K i  n g f i  s h e r  

C h a r a d r i  us v o c i  f e r u s  

C a p e l l a  g a l l i n a q o  
Numeni us amer icanus 
A c t i  t i s  macul a r i a  
T r i n g a  f l a v i p e s  
Totanus fl a v i ~ e s  
Cal  i d r i  s  me1 a n o t o s  
Cal i d r i s  m i n u t i l l a  
E r o l  i a a1 p i  na 
Limnodromus sco lopaceus  
E r c u n e t e s  m a u r i  
C r o c e t h i a  a1 ba 

R e c u r v i r o s t r a  amer icana 

Steaanopus t r i c o l o r  
L o b i  pes 1 o b a t u s  

La rus  c a l  i f o r n i c u s  
L a r u s  d e l  awarens i  s  
La rus  p h i  1 ade l  p h i  a 

Megacery l  e a1 cyon 



BIRDS OF PREY 

ORDER FALCONIFCIRMES 

Fami l y  Acc i  p i  t r i d a e  

Sharp-shinned Hawk 
Red - ta i l ed  Hawk 
Swainson's Hawk 
Golden Eagle 
Marsh Hawk 

Fami ly  Fa lcon idae  

Sparrow Hawk 

Acci  p i  t e r  s t r i a t u s  
Buteo jamaicens is  
Buteo swainsoni 
A g u i l a  - ~ ch rysaetos  
C i r cus  cyaneus 

ORDER STRIGIFORMES 

Fami ly  S t r i g i d a e  

Great  Horned O w l  
Burrowing O w l  

UPLAND GAME BIRDS 

ORDER GALLIFORMES 

Fami ly  Phasianidae 

Cal i f o r n i a  Quai  1  
R i  ng-nec ked Pheasant 
Chukar 

ORDER COLLIMBI FORMES 

Fami 1 y Col umbi dae 

Rock Dove 
Mourning Dove 

Bubo v i r g i  n ianus 
Speotyto cun i  c u l  a r i a  

Lophor tyx c a l  i f o r n i c u s  
Phasianus c o l c h i c u s  
A1 e c t o r i  s  chukar  

Columba l i v i a  
Zenaida macroura 



BIRDS ASSOCIATED WITH TREES AND OTHER R I P A R I A N  
VEGETATION AROUND WASTE PONDS 

ORDER PIDIFORMES 

Fami ly  P i c i d a e  

Red-shaf ted F l  i c k e r  
Lewis '  Woodpecker 
H a i r y  Woodpecker 
Downy Woodpecker 

ORDER PASSERIFORMES 

Fami l y  Tyrannidae 

Eas te rn  K i  ngb i  r d  
Western K i n g b i r d  
Ash- th roa ted  F l y c a t c h e r  
Say 's  Phoebe 
Western Wood Peewee 

Fami l y  A1 audidae 

Horned Lark  

Fami 1 y Co rv i  dae 

B l a c k - b i l  l e d  Magpie 
Common Raven 
Common Crow 

Fami ly  S i  t t i d a e  

Red-breasted Nutha tch  

Fami ly  T r o g l o d y t i d a e  

Win te r  Wren 
Long-bi  11 ed Marsh Wren 
Canon Wren 

Fami ly  Mimidae 

Mockingbi  r d  
Sage Thrasher  

Colaptes au ra tus  
Asyndesmus 1 ewi s 
Dendrocopos v i l l o s u s  
Dendrocopos pu bescens 

Tyrannus tyrannus 
Tyrannus v e r t i c a l i s  
Mviarchus c i  nerascens 
Sayorn i  s saya 
Gontopus s o r d i d u l  us 

Eremophi l a  a1 p e s t r i s  

P i ca  p i c a  
Corvus corax  
Corvus brachyrhynchos 

S i  t t a  canadensi s 

T rog lody tes  t r o g l o d y t e s  
Telmatodytes p a l u s t r i s  
Catherpes mexicanus 

Mimus p o l y g l  o t t o s  
O r e o s c o ~ t e s  montanus 



ORDER PASSERIFCIRMES (Cont . ) 
Fami l y  Turd idae  

Robin 
Va r i ed  Thrush 
He rm i t  Thrush 
Western B l  uebi  r d  
Townsend ' s Sol i t a i  r e  

Fami 1 y Sy l  v i  i dae 

Go1 den-crowned K i  n g l  e t  
Ruby-crowned K i  ng l  e t  

Fami ly  M o t a c i l l i d a e  

Na te r  P i  p i t  

Fami ly  L a n i i d a e  

Loggerhead S h r i k e  

Fami ly  S t u r n i d a e  

Fami 1 y V i  reon  i dae 

H u t t o n  ' s V i r e o  
Red-eyed V i reo  
Warbl i ng V i reo  

Fami l y  Paru l  i d a e  

Orange-crowned Warbl e r  
Nashvi 11 e Warbler 
Ye1 1 ow Warb ler  
Ye1 1 ow-rumped Warb ler  
Townsend's Warb ler  
MacGi 11 i vray  ' s Warbl e r  
W i  1 son ' s Warbl e r  

Turdus m i a r a t o r i u s  
Ixo reus  naev i  us 
Hvl  o c i c h l  a a u t t a t a  . ~ ., ~ 

S i a l  i a  mexicana 
Myadestes townsendi 

Regul us sa t rapa  
Regul us ca lendu la  

Anthus s p i  no1 e t t a  

Lan i  us 1 udov ic ianus  

Sturnus v u l  g a r i  s 

V i r eo  h u t t o n i  
V i r eo  01 i vaceus 
V i reo  j i 1  vus 

Vermi vora  c e l  a t a  
Vermi vora  r u f  i c a ~ i  1 1 a 
Dendroica pe tech ia  

Opororn is  t o 1  m i e i  
W i l son ia  ~ u s i l l a  

Fami 1 y P l  o c e i  dae 

House Sparrow Passer domest icus 



ORDER PASSERIFORMES (Cont. ) 

Fami ly  I c t e r i d a e  

Western Meadowlark 
Ye1 1 ow-headed B l a c k b i r d  
Red-wi nged B l  ackb i  r d  
No r the rn  O r i o l e  
Brewer 's  B l a c k b i r d  
Brown-headed Cowbird 

Fami ly  Thraupidae 

Western Tanager 

Fami ly  F r i n g i l l i d a e  

House F inch  
American G o l d f i n c h  
Rufous-sided Towhee 
Savannah Sparrow 
La rk  Sparrow 
Sage Sparrow 
Darkeyed Junco 
Tree Sparrow 
White-crowned Sparrow 
Golden-crowned Sparrow 
Swamp Sparrow 
Song Sparrow 

S tu rne l  1 a neql e c t a  
Xanthocephalus x a n t h o c e ~ h a l u s  
Age1 a i  us phoeniceus 
I c t e r u s  g a l  bu l  a 
Euphaqus cyanocephal us 
Mol o t h r u s  a t e r  

P i ranga  1 udov ic iana  

Carpodacus mexicanus 
Spi  nus tri s t i  s 
P i  p i  l o  e r y t h r o p h t h a l  mus 
Passercul  us sandwic hens 
Chondestes grammacus 
Amphi s p i  za be1 1 i 
Junco hvemal is  

.I- 

Spi ze l  1 a arborea 
Z o n o t r i c h i a  1 eucophrys 
Z o n o t r i c h i a  a t r i c a p i  11 a 
Melospiza georg iana 
Me1 osp i  za melod ia 

BIRDS THAT FEED ON FLYING INSECTS 

ORDEZ CAPRIMULGIFORMES 

Fami 1 y Caprimul g idae  

Common Nighthawk 

ORDER PASSERIFORMES 

Fami ly  H i r u n d i n i d a e  

Barn Swallow 
C l  i f f Swal 1 ow 

Chordei  1 es minor  

H i  rundo r u s t i c a  
Pe t roche l i don  py r rbono ta  



MAMMALS 

Great Basin Pocket Mouse 
Deer Mouse 
Harvest  Mouse 
House Mouse 
Grasshopper Mouse 
Sagebrush Vole 
C o t t o n t a i l  
B l a c k t a i l e d  Hare 
Mule Deer 

Townsend Ground S q u i r r e l  
Pocket Gopher 

Cyote 
Bobcat 
Badger 
Raccoon 

Beaver 
Muskrat 
Mink 
Weasel 
Skunk 

P a c i f i c  Rat t lesnake 
Gopher Snake 

Side-bl  o t c  hed L i z a r d  
Fence L i z a r d  
Horned L i  zard 

Ca t t a i  1 
Reed Canary Grass 
Rabbi t f o o t  Grass 
Cudweed 
Bul rush  
W i  regrass  
Peach1 e a f  W i  11 ow 
Barnyard Grass 
Russian Knapweed 
Wi ld  Onion 

SNAKES AND LIZARDS 

Peroqnathus parvus  
Peromyscus manicul  a tus  
Rei throdon tomys mega 1 o t i  s 
Mus musculus - 
O n y c r n u c o g a s  t e r  

Spermophi 1 i s townsendi i 
Thomomys t a l p o i d e s  

Cani s 1 a t rans  
Lvnx r u f u s  
L- 

Taxidea taxus 
Procvon lator 
Castor canadensis 
Ondatra z i  b e t h i c a  
Mus t e l  a v i  son 
Mustela f r e n a t a  ~ 

Meph i t i s  m e p h i t i s  

C ro ta lus  v i r i d i s  
P i  t uoph i  s me1 an01 eucus 

Uta s tansbur iana 
Sceloporus grac iosus  
Phrynosoma d o u g l a s i i  

VASCULAR PLANTS OF MOIST HABITATS 

Typha 1 a t i f o l  i a  
P h a l a r i  s arundinacea 
Polypogon monspie lensis  
Onaphalium margar i tacea 
Sci rpus 
E l  eoc h a r i  s 
S a l i x  amyqdaloides - . -  - - 

Echinochloa c r u s - g a l l  - i 
Centurea reDens 
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