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INTRODUCTION 

It i s  use fu l  t o  rev iew the  h i s t o r y  o f  t he  Nuclear Energy Center (NEC) 

concept t o  p lace  t h e  present  s tudy i n  perspect ive.  The concept appears t o  

have been conceived about 20 o r  25 years ago. The bas is  f o r  t h e  concept a t  

t h a t  t ime was t o  combine t h e  f u e l  c y c l e  f a c i l i t i e s  w i t h  t h e  product ion  of 

e l e c t r i c  power. F l  e x i b i l  i t y  i n  t h e  f u e l  c y c l e  and c e r t a i n  economic advantages 

were pro jec ted .  Th is  type o f  s i t i n g  model d i d  no t  present  advantages t o  t h e  

u t i l i t i e s  and t h e  t i m i n g  f o r  development o f  t h e  f u e l  c y c l e  d i f f e r e d  from t h a t  

f o r  generat ion o f  e l e c t r i c  power. Pe r iod i ca l  l y  the  concept was considered 

as u t i l i t i e s  and o thers  thought i n  terms o f  s i t i n g  several  o r  more nuclear  

p l a n t s  a t  one l o c a t i o n .  The f i r s t  major cons ide ra t i on  o f  NECs came as a  

r e s u l t  o f  P r o j e c t  Independence. The impetus here was t o  determine how q u i c k l y  

nuc lear  p l a n t s  cou ld  be b u i l t  i n  o rde r  t o  he lp  f r e e  ourselves from dependence 

upon fo re ign  petroleum supp l ies .  The s tud ies  t h a t  were made a t  t h a t  t ime 

speculated on how r a p i d l y  nuc lear  p l a n t s  cou ld  be b u i l t  a t  a  s i n g l e  l o c a t i o n  

and made a  p r e l i m i n a r y  assesstrent o f  what the  major problems might  be. (1 

P r o j e c t  Independence s tud ies ,  which were made i n  l a t e  1973 and e a r l y  1974,. - 

d i d  n o t  t r e a t  any o f  the  p ro jec ted  problems i n  depth. Those which were 

t-hought t o  present  p o t e n t i a l  b a r r i e r s  t o  t h e  s i t i n g  o f  a  l a r g e  number of 

nuc lear  p l a n t s  a t  a  s i n g l e  l o c a t i o n  inc luded meteorological  e f f e c t s  from 

massive heat releases, coping w i t h  the  ove ra l l ' hea t  s i n k  management problem, , 

r e l i a b i l i t y  and capac i ty  o f  e l e c t r i c a l  t ransmiss ion systems f rom i s o l a t e d  

centers t o  l o a d  centers,  and i n s t i t u t i o n a l  problems a r i s i n g  f rom a  new mode . 
o f  s i t i n g  e l e c t r i c a l  generat ing f a c i l i t i e s .  As t h e  emphasis on P r o j e c t  

Independence decreased, so d i d  t h e  i n t e r e s t  i n  NECs. 

The nex t  major emphasis on NECs came as a  r e s u l t  o f  t he  Energy Reorgani- 

z a t i o n  Ac t  o f  1974, which requ i red  t h e  Nuclear Regulatory Commission (NRC) t o  

make a  nuclear  energy center  s i t e  survey. This  s tudy was made i n  1975 and 

pub l ished i n  January 1976. There were several  f a c t o r s  which prov ided the  

(1 )  Eva lua t ion  of Nuclear Energy Centers, WASH 1288, U. S .  Atomic Energy 
Commi ss i on, January 1974. 

(2 )  Nuclear Energy center  S i t e  Survey - 1975, NUREG-0001 -ES, Nuclear Regulatory 
Commission, January 1976. 



impetus f o r  t h i s  study, i n c l u d i n g  some res idua l  aspects o f  P r o j e c t  Independence, 

a  growing concern about nuc lear  safeguards and shipment o f  r a d i o a c t i v e  wastes, 

and t h e  p o s s i b i l i t y  o f  f a c i l i t a t i n g  the  s i t i n g  o f  nuc lear  f a c i l i t i e s ,  i n c l u d i n g  

reac to rs  and f u e l  c y c l e  f a c i l i t i e s .  It was t h e  conclus ion o f  t h i s  study t h a t  

NECs w i l l  probably evolve i n  t h e  course o f  nuc lear  i n d u s t r y  development, t h a t  

NECs con ta in ing  10-20 reac to rs  can be f e a s i b l e  and p r a c t i c a l ,  and t h a t  from a  

sa feguards / rad ioac t ive  waste shipment p o i n t  o f  view the re  i s  no pressing need 

t o  move i n  the  d i r e c t i o n  o f  t h e  NEC concept. 

More r e c e n t l y  t h e  p u b l i c ' s  concern about nuc lear  power, d i f f i c u l t y  i n  

o b t a i n i n g  s i t e s  f o r  nuc lear  p lan ts ,  t he  f a c t  t h a t  e x i s t i n g  s i t e p  a r e  a l ready 

planned w i t h  up t o  f o u r  nuc lear  reac tors ,  t h e  tendency toward more reg iona l  

p lann ing  o f  e l e c t r i c  generat ing f a c i  1 i t i e s ,  and o the r  f a c t o r s  have prov ided 

a  cont inued basis  f o r  s tudy ing  the  NEC concept. One o f  t h e  ongoing s tud ies  

o f  NECs i s  being performed by B a t t e l l e  P a c i f i c  Northwest Laboratory under 

sponsorship o f  t h e  Energy Research and Development Admin i s t ra t i on  (ERDA) . 
The B a t t e l l e  study focuses on Hanford as a  nuclear  energy center .  The 

o b j e c t i v e  of the study i s  t o  develop an improved understanding of t h e  NEC 

concept, i t s  advantages and disadvantages, and t o  i d e n t i f y  research and 

development needed t o  eva lua te  t h e  concept. A prev ious r e p o r t  on the Hanford 

Nuclear Energy Center (HNEC) concept was issued i n  mid-1975. ( 3 )  Th is  r e p o r t  

summarizes the  s ta tus  o f  t h e  HNEC concept t o  the  present  and the  s tud ies  made 

i n  support  o f  t h e  concept d u r i n g  t h e  pas t  year .  Since t h e  HNEC concept i s  

based on incomplete s tud ies ,  changes i n  t h e  concept can be expected as t h e  

t e c h n i c a l ,  socioeconomic, and i n s t i t u t i o n a l  problems a r e  i nves t i ga ted  i n  

g r e a t e r  d e t a i l .  1 ' 

( 3 )  BNWL-B-458, The Hanford Nuclear Energy Center - An I n t e r i m  Conceptual 
Study, October 1975. 



SUMMARY 

A conceptual l ayou t  o f  a  anf ford Nuclear Energy Center comprised o f  20 

and 40 reactors  w i t h  associated fuel cyc le  f a c i l i t i e s  has been developed 

(Fig. 1 )  based on l i m i t e d  technical  studies. During the  past year these 

studies have emphasized meteorological e f f ec t s  and heat s ink  management 

aspects o f  an HNEC, s t a t i o n  e l e c t r i c  power, and socioeconomic impacts. The 

studies t o  date have no t  revealed any insurmountable technical  o r  socio- 

economic problems, but  areas of major uncer ta in ty  continue t o  r e l a t e  to :  

1. Changes i n  meteorological condi t ions caused by la rge  heat releases, 

p a r t i c u l a r l y  those re l a ted  t o  fogjhumidi t y  , r a i n l h a i l  , ice,  and 

wind generation. 

2. Devising a heat s ink  management p lan which r e s u l t s  i n  an acceptable 

balance among environmental e f fec ts ,  economics, and resource (1 and, 

a i r ,  and water) u t i l i z a t i o n  compared t o  dispersed s i t i n g .  

O f  t he  f ou r  meteorological aspects which must be analyzed -- changes i n  

foglhumidity, r a i n l h a i l  , ice, and wind -- on ly  the  fog lhumid i ty  aspect has 

been invest igated f o r  an HNEC. (Adequate ana l y t i ca l  t o o l s  and support ing 

data f o r  the  others are  no t  present ly  avai lable.)  This work ind icates t h a t  

extensive use o f  coo l ing ponds and mechanical d r a f t  t o w e r e w i l l  be unacceptable 

because of increased ground-1 e'vel fog and/or decreased v i  s i  b i l  i ty (though 

c r i t e r i a  a re  no t  ava i l ab le  t o  judge t h i s  w i t h  c e r t a i n t y ) .  Once-through coo l ing 

( t o  the extent  i t  can be used) and t a l l  mechanical d r a f t  towers appear t o  

a l l e v i a t e  the ground-level fog  s i t ua t i on .  The c loud cover aspects o f  t a l l  

towers have no t  been examined. Dry o r  wet ldry  coo l ing systems would probably 

be acceptable from both ground l e v e l  fog and c loud cover aspects, but  such 

systems would increase power generation costs 1-2 mills/kW-hr. 

With these l i m i t e d  data and considering power generation economics, 

resource u t i l i z a t i o n  and environmental factors,  the fo l low ing  heat r e j e c t i o n  

systems f o r  20- and 40-reactor HNECs were t e n t a t i v e l y  selected f o r  f u r t he r  

evaluation: 

*Several types o f  cool i ng  towers a re  considered f o r  an HNEC. They inc lude 
mechanical d r a f t  towers ( t y p i c a l l y  less than 100 f e e t  h igh),  natura l  d r a f t  
towers ( t y p i c a l l y  several hundred f e e t  high), and t a l l  mechanical d ra f t  
towers ( t y p i c a l l y  several hundred f e e t  h igh bu t  i n  which the d r a f t  i s  fan 
assisted).  



FIGURE 1. Conceptual layout of Hanford as a nuclear energy cenier. 
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20-Reactor HNEC 

6  reac to rs  w i t h  once-through c o o l i n g  . . 
10 reac to rs  w i t h  t a l l  mechanical d r a f t  coo l i ng  towers . < 

4  reac to rs  w i t h  mechanical d r a f t  towers . . . . 
(assumed t o  be the  WPPSS s i t e )  

: :  

40-Reactor HNEC . . 

10 reac to rs  w i t h  once-through c o o l i n g  
% _  . .. . . 

26 reac to rs  w i t h  t a l l  mechanical d r a f t  cool  i n g  towers . .. 
4  ' reactors w i t h  mechanical d r a f t  towers . '- P i  

(assumed t o  be the  WPPSS s i t e )  . , : t  

I t  must be emphasized t h a t  t h i s  mix o f  c o o l i n g  systems may change as 

a d d i t i o n a l  meteoro logical  data on heat  re leases (and o the r  data, i n c l u d i n g  ' . ' '  

e x i s t i n g  r e g u l a t i o n s )  a r e  considered. There i s  l i t t l e  i n d i c a t i o n  t h a t  t h i s  

amount o f  once-through cool  i n g  i s  p r e s e n t l y  acceptable t o  r e g u l a t o r y  - bodi.es. ,.! 

But f o r  balanced environmental e f f e c t s  an HNEC may r e q u i r e  t h a t  once-through . .  . 

c o o l i n g  be used. I n  t u r n  t h i s  might  r e q u i r e  t h a t  minimum r i v e r - f l o w s  be .. -, 

increased f rom about 36,000 c f s  t o  54,000 c f s ,  and t h a t  once-through ,cooled . . 

r eac to rs  be shut  down f o r  r e f u e l  i n g  f o r '  p a r t  o r  a l l  o f  t h e  p e r i o d  from . .. 

September 1  t o . 0 c t o b e r  15, which i s  t he  longest  p e r i o d  o f  t ime r i v e r  tempera- 

t u r e s  exceed 68°F. Salmon spawning i s  impaired above t h i s  temperature and . ,  

$he environmental impact on them would be unacceptable. A f u r t h e r  cons idera t ion  

i s . w h e t h e r  s u f f i c i e n t  manpower would be a v a i l a b l e  t o  main ta in  t h i s  many react,ors 

shut .  down a t  one t ime.  Increas ing  the  minimum f low,  w h i l e  .poss ib le ,  would. , 

-reduce t h e  f l e x i b i l i t y  o f  t he  Columbia R iver  t o  cope w i t h  changing .water and 

power demands. Fur ther  study o f  these r a m i f i c a t i o n s  i s  requ i red .  

Previous s t u d i e s ( 4 )  on t ransmiss ion o f  e l e c t r i c  power f rom an HNEC showed 

t h a t  500 kV s i n g l e  o r  double c i r c u i t  type o f  t ransmiss ion was acceptable f o r .  

a t  l e a s t  23,000 MWe. Add i t i ona l  s tud ies  o f  t h e  HNEC s t a t i o n  s e r v i c e  power ., 

supply requirements show t h a t  w i t h  a  poss ib le  connected s t a t i o n  l o a d  of 1.200- 

1500 MWe (about 75 MWe per  r e a c t o r ) ,  t h e  probabi 1  i t y  o f  t h e  maximum exceeding 

360 MWe was negl i g i  b l  e. Thus, s a t i s f a c t o r y  a1 t e r n a t e  sources o f  e l e c t r i c a l  

powern dr.e a v a i l a b l e  .from e i t h e r  230 o r  500 kV systems a t  Hanford. 

( 4 )  BNWL-B-426, E l e c t r i c  Power Transmission For An HNEC, May 2, 1975. 



Eva luat ion  o f  c o n s t r u c t i o n  worker requirements fo r  bo th  a  20-and 40- 

r e a c t o r  HNEC suggests t h a t  t he  bu i l dup  o f  reac to rs  be more gradual than t h a t  

assumed i n  t h i s  study, e.g., a  20-reactor  HNEC by about 1998 o r  a  40-reactor  

HNEC by about 2008. I n  bo th  cases 12,000 cons t ruc t i on  workers would be 

requ i red .  The peak would be mainta ined f o r  about n ine  years i n  t h e  40-reactor 

case, and would o n l y  be reached . in  t h e  20-reactor  case. T h i s , l a r g e  swing i n  

employment would be d i f f i c u l t  f o r  any area t o  accommodate. I n  another case, 

i n  which t h e  employment was l i m i t e d  t o  4,500 workers, a  20-reactor  HNEC was 

achieved by about 2008. A more optimum case prsbably.lies between these 

extremes. 
8 .  

An area of p o t e n t i a l  t echn ica l  u n c e r t a i n t y  which i s  being explored in 

grea te r  d e t a i l  a r i s e s  a t  one p o i n t  i n  which nuclear  systems d i f f e r  from f o s s i l  

o r  hydro systems, i . e . ,  under p rescr ibed s i t u a t i o n s  i t  i s  mandatory t o  shut  

down nuc lear  p lan ts ,  f o r  example, f o l l o w i n g  an earthquake y rea te r  than an ' 

SSE ( s a f e  shutdown earthquake). The l a r g e  commitment o f  generat ing capac i t y  

t o  an NEC cou ld  exceed a  r e g i o n ' s  reserve  capac i ty ,  making the  system vulnerable 

t o  a  s i n g l e  (a1 b e i t  improbable) earthquake. Whi le the  p r o b a b i l i t y  o f  t he  event 

may be smal l ,  t h e  consequences may be great .  To reduce the  r i s k  ( t h e  product 

o t  probabi  1  i t y  and consequences) t o  an acceptabl e  1  eve1 may requ i  re development 

of new seismic e v a l u a t i o n  techniques t o  p i n p o i n t  t h e  probabi1i t .y more accura te ly  

o r  acceptance o f  h igher  SSE design c r i t e r i a  f o r  NLC p lan ts .  The a d d i t i o n  u f  

more reserves i n  t h e  reg ion  would reduce t h e  consequences. 

Current  NEC s tud ies  a r e  hampered by a  l a c k  o f  sa fe ty  and environmental 

c r i t e r i a  f o r  s i t i n g  many reac to rs  i n  c l o s e  p rox im i t y .  Studies tend t o  be 

guided by  present  p r a c t i c e s  f o r  s i t i n g  dispersed p lan ts ,  'and thus may e i t h e r  

o v e r s t a t e  o r  understate t h e  d i f f i c u l t i e s  i n  l i c e n s i n g  NECs, which remains a  

major  unknown. One o f  t h e  ongoing HNEC a c t i v i t i e s  i s  t o  develop bases f o r  s i t i n g  

c r i t e r i a  f o r  NECs. Those r e l a t i n g  t o  s a f e t y  o f  t h c  p u b l i c  and r e l i a b i l i t y  ' .  

o f  e l e c t r i c  se rv i ce  a r e  being s tud ied  i n i t i a l l y .  



In apreced ing  r epo r t (3 )  of Hanford a s  a nuclear energy center ,  the  scope . . . 

. and, buildup: of a 40-reactor HNEC was described. S i t e s  f o r  ten c l u s t e r s  07: 
four reactors  each were t en t a t i ve ly ' s e l ec t ed  on t he  Hanford rese rva t ion .  . . " .  : . ,  

- . (Fig.  1 ) .  I t  was assumed t h a t  a l l  reactors  in the  Paci f ic  Northwest' beginning '.: 

commercial operation a f t e r  1985 would be b u i l t  a t  Hanf0r.d.: This led to . ' the  , .  . 
. . . . 

. .  ., . - .  
construction of one o r  two reactors  per year un t i l  2008 (Table 1 ) .  . . 

. . 

I t  was fu r t he r  assumed t h a t  a l l  spent fuel and reactor-generated wastes 

from LWRs i n  the  remainder of the  Western Systems Coordinating Council area 
, . 

. . 
(WSCC) would be shipped t o  Hanford f o r  reprocessing and waste managemerit. Thus, 

, .  
i.. 

an '  LWR fuel  reprocessing plant  of ,1500 MT/yr s i z e  would be required in 1988, 
*_ I . . . 

and an LMFBR reprocessing plant  in  about 2000. Also, in  1988 a mixed oxide 

fuel f abr ica t ion  plant  would be required with the  assumption t h a t  a1 1 recovered 

plutonium would be 'used i n  H N E C  LWRs o r  LMFBRs. I t s  s i z e  would increase' from 
: ) .  , 

140 t o  300 MT/yr as  the  HNEC b u i l t  up. 
, ! .  

The f i r s t  LMFBR a t  H N E C  was assumed t o  begin commercial operation in  .... s t  . . 
3 . .  

1993. A1 1 WSCC LMFBRs were assumed t o  be constructed a t  H N E C ,  r e s u l t i n g  in . . .: ! ,  

16 LWRs and 24 LMFBRs in the  completed 40-reactor reactor  development. The . !  . , . . . . .. 
LMFBRs were assumed t o  have a l a rger  e l e c t r i c a l  output (1500 MWe) compared 

. ! , : . ?' 

t o  LWRs (1250 MWe) f o r  the  same thermal ra t ing .  . . 

An e l e c t r i c a l  transmission system capable of t ransmit t ing 23,000 MWe . I ', . 8 

, & 

from an HNEC t o  load centers  was se lected.  The system consisted of overhead . . 

A C ,  single and double c i r c u i t  500 kV transmission 1 ines.  This capacity 

would be adequate un t i l  about 1997-98. An estimated 50,000 MWe could ,be , 
. . 

t ransmitted t o  load centers  with an 1100 kV system u t i l i z i n g  ava i lab le  cross-  
4 mountain r i gh t s  of way (with widening in some places)  , assuming successful . * 

. ... development and public acceptance of t h a t  'technology and s a t i s f ac to ry  re-  . . 

l ' iabi 1 i t y .  
. .:. 

I t  i s  t h i s  basic descr ip t ion of an HNEC t h a t  i s  used in  the analyses 

t h a t  follow. In addit ion, ,  a 20-reactor . . case has been added t o  t he  evaluation 

of an H N E C .  These plants  could be added a s  the  f i r s t  20 l i s t e d  i n  Table 1 ,  

o r  as every other one. The f i v e  c lu s t e r s  se lected f o r  the  20-reactor case . . ' .  ' 



TABLE 1.  Assumed Reactor P l a n t  ~ d d i t i o n s  a t  HNEC 

(Megawatts) 

L W R ( ~ )  L M F B R ( ~ )  TOTAL 
CY Inc rementa l  Cumulat ive Inc rementa l  Cumulat ive Incrementa l ,  . Cumulat ive 

( a )  LWR s i z e s  a r e  assumed t o  be 1250 MWe and LMFBRs a r e  assumed t o  be 1500 MWE s i ze .  
( b )  WNP-2, Washington Publ i c  Power Supply System 
( c )  ,WNP-1, Washington P u b l i c  Power Supply System 
( d )  WNP-4, Washington Publ i c  Power Supply System 



a r e  shown i n  F i g .  1, and a r e  a1 1  sou th  of  t h e  Co1.umbia R i v e r .  T h i s .  s e l e c t i o n  

was -made on t h e  b a s i s  t h a t  ( 1 )  t h e r e  i s  more i n f o r m a t i o n  a v a i l a b l e  on that. .. . 

p o r t i o n  p f  t h e  Hanford Reservat ion,  and ( 2 )  t h e  t r ansm iss ion  system stud ied,  - : 
. . t hus  f a r  i nco rpo ra tes  those s i t e s .  

. I 

- I n  t h e  e a r l i e r  r e p o r t  on Hanford as a  nuc lea r  energy c e n t e r  t h e r e  were 

severa l  ma jo r  conc lus ions .  F i r s t ,  t h e r e  a r e  adequate s i t e s  f o r  a  l a r g e  (40- 

r e a c t o r )  ' nuc lea r  complex a t  Hanford. Second, an e l e c t r i c a l  t r ansm iss ion '  

system which w i l l  meet a1 1  t h e  WSCC and BPA c r i t e r i a  f o r  r e1  i a b i  1  i t y  r e s u l t i !  

i n  an economic p e n a l t y  o f  about 1  m i l  l /kW-hr compared t o  d ispersed  r e a c t o r  

s i t i n g  i n  t h e  PNW. Th i rd ,  p o t e n t i a l l y  ma jo r  me teo ro log i ca l  and environmental  

impacts c o u l d  r e s u l t  f rom t h e  massive re l eases  o f  hea t  and m o i s t u r e  from a n . "  

HNEC. . Acceptable impacts can p robab ly  be achieved through use o f  a  v a r i e t y  
' 

o f  coo l  i n g  methods which wi 11 d i s t r i b u t e  t h e  environmental  e f f e c t s  t o  both:::. 

t h e  atmosphere and t h e  Columbia R i v e r .  An o v e r a l l  heat '  s i n k  management. p l a n  : 

must achteve .an .acceptabl  e  ba lance among economics , env i  ronmental  effects:.; 

and resource  u t i l i z a t i o n .  These conc lus ions  a r e  unchanged by more recen f  
. . s t ud ies .  i I 

. . .  I :  

Us ing c r i t e r i a  s e t  f o r t h  i n  r e f e r e n c e  3 and da ta  developed d u r i n g  c u r r e n t  

s tud ies ,  t h e  f o l l o w i n g  t e n t a t i v e  hea t  s i n k  management p l a n  was developed f o r  

20- and 40 - reac to r  HNECs: 

20-Reactor HNEC 

6 r e a c t o r s  w i t h  once-through c o o l i n g  
10 r e a c t o r s  w i t h  t a l l  mechanical d r a f t  coo ' l i ng  towers 

4  r e a c t o r s  w i t h  mechanical d r a f t  c o o l i n g  towers , .  . 

(assumed t o  be t h e  WPPSS s i t e )  

40-Reactor HNEC 

10 r e a c t o r s  w i t h  once-through c o o l i n g  $ ,  

26 r e a c t o r s  w i t h  t a l l  mechanical  d r a f t  c o o l i n g  towers 
4  r e a c t o r s  w i t h  mechanical d r a f t  c o o l i n g  towers 

(assumed t o  bg t h e  WPPSS s i t e )  

A l l o c a t i o n  o f  t h e  severa l  c o o l i n g  methods t o ' e a c h  o f  t h e  r e a c t o r  c l u s t e r s  
. . 

has n o t  been made. 



It i s  app rop r ia te  t o  no te  several  f a c t o r s  t h a t  a r e  n o t  a  p a r t  o f . t h e  scope 

o f  t h e  HNEC study: an economic comparison between HNEC and dispersed s i t e s  i n  

t h e  P a c i f i c  Northwest (PNw) ; and a  comparison o f  safeguards and t r a n s p o r t a t i o n  

o f  r a d i o a c t i v e  wastes between HNEC and d ispersed s i t e s  . In format ion  on these 

f a c t o r s  f o r  NECs i s  g iven i n  re fe rence 2. 
. .  . 

It has beepassumed t h a t  HNEC p l a n t s  would be owned and operated by 
, . 

( ' _ .  

investor-owned , . 7 . ,  .., . and pub1 i c  u t i l i t i e s  i n  t h e  PNW. If needed, some type o f .  . ..,.._.. 

c o o r d i n a t i n g  -. .) - body, perhaps s i m i l a r  t o  t h e  PNUCC, cou ld  prov ide  a  f o c a l  . .' : .. I ': ...,. "; . . . .  , 

f o r  . t h e  ., .  . co 'ord inat ing a c t i v i t y  a t  an HNEC. 
r , .  . .  . . . ., . 

F i n a l l y ,  because of several  unique o r  almost unique c h a r a c t e r i s t i c s  of- 

Hanford, compared t o  o the r  NECs being s tud ied ,  i n c l u d i n g  i t s  s i ze ,  nuclear  f 

o r i e n t a t i o n ,  a v a i l a b i l i t y  o f  water, e tc . ,  care  should be taken i n  e x t r a p o l a t i n g  

t h e  f i n d i n g s  about Hanford as an NEC t o  o ther  s i t e s .  Each o f  t he  r e a c t o r  

c l u s t e r s  a t  an HNEC cou ld  be spaced several  m i l es  apar t ,  which may be a t y p i c a l  

of most NEC s i t e s .  Thus, a  problem may n o t  e x i s t  a t  Hanford by v i r t u e  ~f 

i t s  l a r g e  land area, whereas i t  might  a t  a  smal le r  s i t e .  Where a  problem does 

e x i s t  a t  Hanford, t he  problem might  be more severe a t  a  smal le r  s i t e  f o r  

s i m i l a r  numbers o f  r e a c t o r  p lan ts .  

SUMMARY OF RECENT TECHNICAL STUDIES 

S i g n i f i c a n t  s tud ies  i n  support o f  t he  HNEC concept du r ing  the  past  year  

were made i n  t h e  f o l l o w i n g  areas: 

( 5 )  Heat Sink Management, 

i Meteor01 ogy ( 6 )  

S i t i n g  Se lec t i on  

Socioeconomic Factors 
( 7 )  Safet.y Anal.ysis 

S t a t i o n  E l e c t r i c  Power Serv ice ( 8) 

(5) BNWL-2003, Se lec t i on  O f  Heat Disposal Methods Fnr A Hanford Nuclear 
Energy Center, J. R. Young, e t  a l . ,  June 1976. 

(6 )  BNWL-2058, Impact O f  An HNEC On Ground Level Fuy A I I ~  HUIII-id-i Ly , 
J. V.  Ramsdell, September 1976. 

(7 )  BNWL-2077, Safe ty  Concerns S p e c i f i c  To HNEC, R.  G. Clark,  To Be 
Pub1 ished. 

(8) BNWL-2076, S t a t i o n  Serv ice Power Supply For An HNEC, R. L .  Richardson 
and W. J. Dowis, December 1976. 



The r e s u l t s  o f  these s tud ies  a r e  summarized i n  t he  fo l l ow ing .  sec t ions .  . ;  

The s tud ies  t h a t  a r e  undertaken a r e  governed by two needs:, t o  seek 

adequate s o l u t i o n s  i n  problem areas t h a t  have been i d e n t i f i e d . ~ i n  prev ious - 

.s tudies,  and t o  i d e n t i f y . p o t e n t i a 1  problem areas t h a t  NECs may face. The .. .  

l a t t e r  e f f o r t  a r i s e s  because the re  a r e  no c r i t e r i a  f o r  s i t i n g  o r  l i c e n s i n g  - 

NECs. With t h e  g rea te r  concent ra t ion  o f - n u c l e a r  f a c i l i t i e s  i n . a n  N E C , . i t  :. . 
i s  l i k e l y  t h a t  d i f f e r e n t  c r i t e r i a  and/or standards w i l l  govern  t h e i r  s i t i n g .  

as compared t o  present  d ispersed s i t i n g .  . .  . .  . 

A  d i f - f i c u l t y  i n  eva lua t i ng  t h e  NEC concept i n . a  s p e c i f i c t s e t t i n g  a r i s e s .  

from t h e  l a c k  o f  adequate c a l c u l a t i o n a l  models and s i t e  s p e c i f i c  data t o . u s e  

i n  models. This  i s  e s p e c i a l l y  t r u e  i n ' t h e  meteoro log ica l  e f f e c t s  area, which 

impacts d i r e c t l y  on t h e  heat s i n k  management aspects o f . a n  NEC. 

One o f  t h e  poss ib le  l i m i t a t i o n s  t o  t h e  s i z e  o f  an NEC i s  t h e  a b i l i t y  t o  

dispose o f  t h e  r e j e c t  waste heat i n  an acceptable way. An acceptable way ... 
imp l i es  t h a t  i t  be env i ronmenta l l y  and economical ly sound, as w e l l  'as con:',- 

serv ing  o f  .resources ( land,  water, ma te r i a l s ,  e t c . ) .  One o f  t he  major tech-  

n i c a l  s tud ies  i n  support o f  t h e  HNEC concept i s  an ana lys i s  o f  t h e  hea t ' s i nk '  

management o p t  ions.. 
. . . . 

A major i n p u t  t o  t h e  heat s i n k  management s tud ies  i s  t he  ana lys i s  o f '  

meteoro logical  e f f e c t s  a r i s i n g  f rom t h e  waste. heat.  .This c o n s t i t u t e d  a  

second major s tudy o f  t h e  HNEC concept. It was l i m i t e d ,  however, t o  an ' 

ana l ys i s  of ground l e v e l  f og  and humid i ty  changes due t o  an HNEC. 
. . 

The t h i r d  study i s  a  p r e l  im inary  eva lua t i on  of, seismic cons idera t ions  

f o r  an NEC. 

The f o u r t h  study i s  a  p r e l i m i n a r y  eva lua t i on  o f  soc~oeconomic impacts 

f o r  an HNEC i n  which t h e  s i z e  o f  c o n s t r u c t i o n  work f o r c e  i s  considered. .  . . 

The f i f t h  s tudy i s  aimed a t  developing c r i t e r i a  and/or standards f o r  an 

NEC. I n i t i a l l y  two aspects a r e  being examined--safety o f  t he  p u b l i c  and 

re1 i a b i l  l t y  o f  e l e c t r i c  serv lce .  

The s i x t h  s tudy grows ou t  o f  t he  l a t t e r ,  and i s  a-detai1,ed study'  of 

s t a t i o n  e l e c t r i c  power se rv i ce  f o r  an HNEC. A number o f  t o p i c a l  s tud ies  s i m i l a r  . 
t o  t h e  s t a t i o n  e l e c t r i c  power s tudy w i l l  be requ i red .  t o  . . support t h e  c r i t e r i a ; /  

standards eva 1  ua t ' ion. 

11 



HEAT SINK MANAGEMENT 

The env i ronmenta l  ' impacts sus ta i ned  tiy an NEC may be s i g n i f i c a n t l y  

l a r g e r  than  t h a t  sus ta ined  i n  a  s i n g l e  d ispersed  s i t e ,  though s t u d i e s  (2) 

i n d i c a t e  t h a t  t h e  t o t a l  env i  ronmental  e f f e c t s  c o u l d  be l e s s  f o r  an NEC 

t han  t h e  aggregate of  an equal number of  d ispersed  r e a c t o r  p l a n t s .  As w i t h  

d i spe rsed  p lan t s ,  t h e r e  w i l l  be a  t r a d e o f f  among env i ronmenta l  e f f e c t s ,  p l a n t  

cos t s ,  and resource  u t i l i z a t i o n  f o r  an NEC, and t h e  problem i s  t o  dev ise  an 

accep tab le  ba lance among them. As a  1  i ' m i t  i s  reached f o r  any o f  these fac ' tors  

(e..g., env i ronmenta l  e f f e c t s )  t h e  o the rs  (e.g., p l a n t  c o s t )  assume an . increas-  

i n g ,  burden. When a1 1  o f  them reach unacceptable l e v e l s ,  t h a t  w i l l  . d e f i i ~ e  t h e  

i i \ t i ~ . i n l u ~ ~ ~  5 i ~ t l  U T  L l ~ e  NEC i I I  Lrumll~s uf  11u111ber o f  r e a c t o r s  ; o r  area .* 

I f  t h e  HNEC (OF any NEC) evolved on t h e  b a s i s  o f  a  few r e a c t o r s  at. a  

t i m e  as opposed t o  be ing  des ignated as a  20- o r  40- reac to r  NEC, as i n  t h i s  

s tudy,  t h e  o p t i m i z a t i o n  process would be s imp le r .  Moni t o r i  II~J pr.uyrdlns would 

i n d i c a t e  changing env i ronmenta l  e f f e c t s ;  c u r r e n t  economics would p e r m i t  more 

r e a l i s t i c  choices of  hea t  s i n k  op t i ons ;  and competing uses f o r  a v a i l a b l e  

resources  cou ld  be more a c c u r a t e l y  assessed. Whi le  t h e  e v o l u t i o n a r y  process 

i s  l i k e l y  f o r  NECs, sdme t ype  o f  a n a l y s i s  s i m i l a r  t o  t h a t  presented i n  r e f e r -  

ence 5 and summarized here  w i l l  p robab ly  be r e q u i r e d  f o r  t h e  heat  s i n k  op t i ons  

f o r  t h e  env i ronmenta l  r e p o r t s  and s a f e t y  a n a l y s i s  r e p o r t s .  

I n  t h e  case of an HN.EC, i t  should be no ted  t h a t  t h e  l a r g e  l a n d  area a t  

. Hanford (.L 670 square m i l e s )  has . e f f e c t i v e l y  e l  im ina ted  t h e  ' c o n s t r a i n t  on 

l a n d  resource  a v a i l a b i l i t y ,  and t h e  s i z e  o f  t h e  Columbia R i v e r  has eased t h e  

prob iem o f  water  resource  a v a i l a b i l  i t y .  Thus, i n  t h e  HNEC s tudy  t h e  balance 

i s  m o s t l y  between economics and env i ronmenta l  cons ide ra t i ons .  One would 

e x p e t t  t h e  resource  u t i l i z a t i o n  aspec t  t o  'become more impo r tan t  w i t h  t ime, 

however. 

A 20- reac to r  HNEC would r e l e a s e  about 50,000 MWt o f  waste heat ;  a  40- 

r e a c t o r  HNEC would r e l e a s e  about  100,000 MWt .  Th i s  i s  a  much l a r g e r  and 

concent ra ted  d ischarge  o f  hea t  than  has occur red  f r om o t h e r  i n d u s t r i a l  

f a c i l i t i e s ,  Spec ia l  analyses a r e  r e q u i r e d  t o  determine i t s  e f f e c t s .  

* 
There a r e  o t h e r  f a c t o r s  which c o u l d  l i m i t  t h e  s i z e  b e f o r e  any o f  t h e  above 
f ac to r s .wou ld .  Inadequate r e l i a b i l i t y  i n  t h e ' . e l e c t r i c a l  system m igh t  be one 

f a c t o r ,  f o r  i ns tance .  



Normal ly  waste heat  i s  r e l eased  t o  nearby wate r  bodies o r  d i r e c t l y  t o  
, .., . .  . C . . : .  . . . .  . 

t h e  atmosphere by use o f  c o o l i n g  ponds o r  wet c o o l i n g  towers.  Whatever. . . .  . . . 
process i s  used ' i n c u r s  some env i ronmenta l  e f f e c t .  Cool i n g  wate r  w i  thdcawa'l s  ' 

and re l eases  t o  water  bodies can a f f e c t  a q u a t i c  l i f e  th rough  mechanical . % 

. . 
ab ras ion  i n  pumps and heat  exchange systems o r  through changes i n  water  

temperatures o r  chemical  composi t ion.  Const ruct ion. '  o f  l a r g e  coo l  i n g  ponds' 

can impact  t e r . r e s t r i a 1  l i f e  by r e d u c t i o n  o f  h a b i t a t .  T rans fe r  o f  t h e  hea t .  ' 

t o  t h e  atmosphere e i t h e r  f rom ponds o r  f r om c o o l i n g  towers may - increase fog, 

c r e a t e  c l oud  shadowing, 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 h e  w i n t e r .  Release o f  blowdown streams c o n t a i n i n g  h i g h  concen t ra t i ons  of. '  

d i s s o l v e d  s a l t s ,  b i oc i des ,  and c o r r o s i o n  i n h i b i t o r s  may adverse ly  a f f e c t  , ' '  

. . 
aqua t i c  l i f e  i n  nearby wate r  bodies.  

* : 

The a n a l y s i s  of env i ronmenta l  e f f e c t s  i s  'hampered by inadequate c a l  cu la -  

t i o n a l  t o o l s  and suppo r t i ng  da ta  f o r  massive hea t  r e l eases .  As descr ibed  i n  

t h e  f o l l  owing s e c t i o n  on Meteorology, t h e  e f f e c t s  o f  atmospheric heat  ' r e 1  eases 

of  t h i s  magnitude migh t  r e s u l t  i n  changes i n  ( a )  fog,  hum id i t y ,  and c l b u d -  

cover,  ( b )  p r e c i p i t a t i o n ,  i n c l u d i n g  h a i l ,  and ( c )  wind. I n  t h i s  hea t . , s ink : ; ' -  

management a n a l y s i s  o n l y  changes i n  f o g  ( f requency  and v i s i b i l i t y ) . a n d : ' ' ; . .  - . .  

hum id i t y  have been cons idered.  ' I t  i s  p o s s i b l e  t h a t  c o n s i d e r a t i o n  o f  t h e  : . 

o t h e r  f ac to r s  (which w i l l  be done a s  a d d i t i o n a l  a n a l y t i c a l  t o o l s  a r e  developed) 

w i l l  change t h e  p resen t  heat  s i n k  management p l an .  
. . 

Another f a c t o r  which compl i ca tes  t h e  hea t  s i n k  manageme'nt' ana1ysi:' i.s 

t h e  va r i ous  s t a t e  and f e d e r a l  r e g u l a t i o n s  govern ing hea t  re leases .  These' -. 

r e g u l a t i o n s  were prepared f r om a  p e r s p e c t i v e  o f  d ispersed  s i t i n g  o f  power' ' . " '  

p l a n t s .  I n  yerlermdl they o p t  rot- hea t  r e l eases  d i r e c t l y  t o  t h c  atmosphere '. 

( v i a  c o o l i n g  towers)  r a t h e r  than d i r e c t l y  t o  water  bodies ( v i a  once-through 

c o o l i n g ) .  I n  t h e  i n t e r e s t  o f  a  balanced env i ronmenta l  impact,  b o t h  atmospheric 

land wate r  body re l eases  may be r e q u i r e d .  Such an approach may be p e r m i t t e d .  

under t h e  p r o v i s i o n s  o f  P u b l i c  Law 92-500 concern ing re l eases  of  hea t .  This, 

law r e q u i r e s  t h a t  by 1983 ( 1 )  t h e  r e l e a s e  o f  hea t  be made i n  accordance . . w i t h  
t h e  a p p l 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  technology economica l ly  ach ievab le ,  

and ( 2 )  t h e  e l  i m i n a t i o n  o f  heat ,  d ischarges  when techno1 o g i c a l  ly and &cohomica1 ly 

ach ievab le .  Fu r the r ,  i n  t h e  case o f  waste hea t  d ischarges a wa iver  i s  p e r m i s s i b l e  . . 



whenever i t  can be demonstrated t h a t  r e l e a s e  w i l l  ensure t h e  protect ' ion 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 e  body o f  wa te r  i nvo l ved .  The e f f e c t  o f  P u b l i c  Law 

92-500 on NECs remains an unknown, however. 

A second ma jo r  c o n s i d e r a t i o n  ( i n  a d d i t i o n  t o  environmental  e f f e c t s )  i s  

resource  u t i l i z a t i o n ,  p r i m a r i l y  water,  land,  and a i r  (qua1 i t y ) .  S ince t h e  

l i f e  . .  . ,span o f  an NEC i s  80-100 years  (a  l i k e l y  b u i l d u p  over  about 40 years  

w i t h  p l a n t  1  i f e t i m e s  o f  40 yea rs ) ,  thought  must be g i ven  t o  t h e  competing . . . 

needs f o r  these  t h r e e  resources w e l l  i n t o  t h e  f u t u r e  a t .  t h e  l o c a t i o n  o f  an 

NEC. Coo l i ng  systems which consumpt ' ively use smal l  a~iiounts o f  water ,  occupy 

smal l  l a n d  arcas, and d o n ' t  p l a c e  an unscccptab l  c  hum id i t y  tcmpcraturc ,  .or  

p o l l u t a n t . b u r d e n  on t h e  atmosphere, would t end  t o  be favored .  

The t h i r d  ma jo r  c o n s i d e r a t i o n  f o r  heat  r e j e c t i o n  systems i,s economics,.~ 

It i s  a t  t h i s  p o j n t  t h a t  ma jo r  in roads  migh t  be made i n t o  t h e  p r o j e c t e d  cos t . .  

advantages o f  NECs. . I f  t h e  env i ronmenta l  and resource  u t i l i z a t i o n  requi rements 

demand a commitment t o  d ry -coo l  i n g  ( o r  we t -d ry  coo l  i n g )  f o r  s u b s t a n t i a l  numbers 

o f  p l a n t s . f o r  pe r i ods  o f  time,, then p r o j e c t e d  c o s t  advantages f o r  NECs cou1.d. 

f a s t  d isappear .  

. . 

The o v e r a l l  burpose o f  t h e  HNEC heat s i n k  management study was t o  i d e n t i f y  

t h e  waste heat  d i sposa l  method which gave t h e  b e s t  ba lance among env i ronmenta l  

e f f e c t s ,  resource  u t i l  i z a t i o n ,  and economics. The general .  c r i t e r i a  a p p l i e d  

were: ( 1  ) t h e r e  should be an accep tab le  1 eve1 . 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 ) ;  ( 2 )  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 l  ; and ( 3 )  economic cos t s  should be as l o w  as poss ib l e .  

F i v e  heat  r e j e c t i o n  systems were eva lua ted  f o r  t r a n s f e r r i n g  t h e  waste 

hea 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 v e r  water ,  ( 2 )  c o o l i n g  ponds, ( 3 )  wet coot i n g  towers,  ( 4 )  wet-dry  c o o l i n g  

towers,  and ( 5 )  d r y  c o o l i n g  towers.  

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

i n  e v a l u a t i n g  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  an e l e c t r i c  power genera t ing  

system. Each o f  t hese  parameters must be eva lua ted  f o r  each o f  t h e  a l t e r n a t i v e  

hea t  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  parameters . 



f o r  each, method i s  compared t o  t h e  sums f o r  t h e  o t h e r  a1 t ~ r n a t ' i ~ e i  ' t o  . . 
. . 

determine t h e  most d e s i r a b l e  a1 t e r n a t i v e s  . The en\ij ronmenta.1 ef fects"  f o r  
. . 

once-through coo l  i r i g  a re '  mos t l y  a q u a t i c  i n  na tu re ,  whi 1  e  f o r  d ry -coo l  ed 

systems they  a r e  a lmos t  e n t i r e l y  sus ta i ned  i n  t h e  atmosphere:"   he ' o t h e r '  ' , 

. . . . .  

t h r e e  systems a r e  combinat ions o f  bo th .  
. ._  

The most impo r tan t  env i ronmenta l  e f f e c t s  i d e n t i f i e d  t o  da te  f o r  t h e  

var'ious HNEC c o o l i n g  systems'are 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  w i t h  once-through'  c o o l i n g  and c r e a t i o n  o f  more f o g  and h ighe r  r e l a t i v e '  

humid i t y  as a  r e s u l t  o f  mo i s tu re  re leases  i n t o  t h e  atmosphere f r o m c o o 1  i n g "  '' 
ponds and mechani ta l  d r a f t  wet towers.  A t  p resen t  o i l y  genera l  ' es t ima tes  of 
t h e  i n c r e a s e s . o f  f o g  and hum id i t y  inc reases  can be made. ,Fur ther , ,  no q u a n t i -  

t a t i v e  e v a l u a t i o n  has been made f o r  changes i n  meteorol .ogica1 events .  such ..as. 

i c i n g ,  r a i n ,  and wind.  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 ec t s  o f  wet c o o l i n g  tower o p e r a t i o n  a r e  necessary t o  assure t h a t  excess ive 

adverse e f f e c t s  do not' occur .  . . 

From a  resource  u t i l i z a t i o n  p o i n t  o f  view, t h e  b i g g e s t  e f f e c t s  o c c u r ' w i t h  

t h e  wet towers. (wa te r  Use) and coo l  i n g  ponds ( l a n d  use) ,  and . the ' l eas t  e f f e c t  
% .  . 

f o r  once-through c o o l i n g  and p robab ly  d r y  tow'ers. 

I n  genera l  , t h e  e l k c t r i c i  t y  gene ra t i on  c o s t i  a r e  lowes t  f b r  o n c e ~ t h r o u ~ h  

coo l  i n g  , about  4% h i g h e r  f o r  ponds and wet  coo l  i n g  towers,  a n d  about  10: t o  '1 5% 
. . 

h i ghe r  f o r  d r y  systeins.' The cos t s  f o r  wet-'dry systems a r e  Trom 5 to. .15% 

h ighe r  depending 'on t h e  p o r t i o n  o f  t h e  hea 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. 

Based on s t u d i e s  t o  date,  t h e  p resen t  "optimum" hea t  d isposa l  method .. 

f o r  an HNEC i s  a  combinat ion o f  once-through c o o l i n g  and wet tower  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 coo l  i n g  wi1.l depend 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 

about  s i x  ' r e a c t o r s  f o r  a  20- reac to r  HNEC and t e n  reac to rs '  for a  40- reac to r  

HNEC based on Columbia R i v e r  luw f l u w  r -a le  uT 54,000 c Ts .* The remainder 

*The minimum f l o w  i n  t h e  Hanford reach o f  t h e  Columbia R i v e r  i s  p r e s e n t l y  
35,000 c f s ,  as s e t  by t h e  l i c e n s e  f o r  P r i e s t  Rapids Dam. A  h ighe r  minimum 
f l o w  i s  p o s s i b l e .  Changing t h e  minimum f l o w s  would have severa l  e f f e c t s  
which would have t o  be analyzed. These i n c l u d e  a1 t e r i n g  t h e  power p roduc t i on  
p r o f i l e  i n  t h e  PNW system and t h e  planned f u t u r e  use o f  Columbia R i v e r  f l ow 
f o r  peak ing purposes. 



( a p a r t  f rom the  WPPSS reac to rs  which have mechanical d r a f t  wet towers) 

would be cooled by t a l l  mechanical d r a f t  wet towers. This  combination would 

avo id  s i g n i f i c a n t  increases i n  f og  fo rmat ion  du r ing  t h e  w i n t e r  months and 

r e l a t i v e  humid i ty  increases i n  t he  summer. Although t a l l  mechanical d r a f t  

towers have not  been operated i n  t h e  Un i ted  States, they have been i n  

Europe. 

The impacts due t o  fog  fo rmat ion  and humid i ty  increases a re  e s s e n t i a l l y  

independent o f  t h e  l o c a t i o n s  o f  t a l l  mechanical d r a f t  towers on the  Hanford 

Reservat ion.  Consequently, l o c a t i o n s  would probably be based on o ther  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  water supply, and economic cos ts .  

Once-through c o o l i n g  probably w i l l  n o t  be pe rm iss ib le  dur ing  t h e  l a t e  

summer i n  some years because the  r i v e r  temperature a t  Hanford exceeds 68"F, 

temperatures de t r imenta l  t o  salmon. Scheduling the  annual r e f u e l i n g  outages 

f o r  once-through cooled reac to rs  du r ing  t h a t  t ime cou ld  avo id  economic pena l t i es .  

The number o f  reac to rs  w i t h  once-through c o o l i n g  may a l s o  be func t i ons  o f  the  

amount o f  generat ing c a p a c i t y  which can be shut  down a t  one t ime and the  number 

o f  personnel a v a i l a b l e  f o r  outage operat ions.  These aspects have n o t  been 

examined. 

Future  heat s i n k  management s tud ies  w i l l  i nco rpo ra te  t h e  f i n d i n q s  o f  

a d d i t i o n a l  meteoro logical  and environmental i n v e s t i g a t i o n s .  S i g n i f i c a n t  

p o t e n t i a l  problems e x i s t  f o r  t he  heat s i n k  p lan  p resen t l y  se lected,  and 

mod i f i ca t i ons  t o  i t  a r e  l i k e l y .  The a c c e p t a b i l i t y  o f  a  g iven p lan  can 

probably be determined o n l y  by a t tempt ing  t o  l i c e n s e  an HNEC. 

MFTFOROLOGY 

The pos tu la ted  atmospheric e f f e c t s  o f  heat  r e j e c t i o n  from nuc lear  energy 

centers  i nc lude  increases i n  humidi ty ,  c loudiness and fog, 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  pa t te rns ,  t r i g g e r i n g  o f  more 

severe weather types such as thunderstorms, and the  concentrat i 'on o f  v o r t i c i t y  

r e s u l t i n g  i n  t he  fo rmu la t i on  o f  l a r g e  dus t  d e v i l s .  ( 3  

The s p e c i f i c  atmospheric e f fec ts*wh ich  might  be associated w i t h  a  

p a r t i c u l a r  energy center  a r e  genera l l y  r e l a t e d  t o  t h e  form of heat r e j e c t i o n ,  

*The atmospheric e f f e c t s  r e s u l t i n g  f rom c l u s t e r s  o f  thermal1 power s t a t i o n s  i s  
be ing  s tud ied  i n  d e t a i l  under an ERDA program managed by Oak Ridge Nat ional  
Labora tory  (ORNL). The program i s  planned t o  cont inue u n t i l  1980. It i s  expected 
t h a t  t h e  ORNL program w i l l  p rov ide  a n a l y t i c a l  methods and data s u f f i c i e n t  f o r  
t h e  p repa ra t i on  o f  t h e  meteoro log ica l  p o r t i o n s  o f  environmental repo r t s  f o r  
l a r g e  c l u s t e r s  of  thermal p lan ts ,  i n c l u d i n g  t h e  NEC case. 



t h e  f l u x  d e n s i t y  and area o f  hea t  r e j e c t i o n ,  and t h e  c l  iniate.. 'of t he  ,energy .-;.: 

c e n t e r  s i t e .  For example, fog and hum id i t y  inc reases  a r e  assoc ia ted  w:i.th ; ..; 

l ow l e v e l  wet c o o l i n g  systems, and t h e  more spec tacu la r  e f f e c t s  a r e  pos tu l a ted  

f o r  c l o s e l y  spaced c o o l i n g  systems w i t h  a  h i g h  energy f l u x .  

The nuc lea r  energy c e n t e r  be ing  eva lua ted  f o r  Hanford (HNEC) c o n s i s t s  o f  

2.0 t o  40 power p l a n t s  w i t h  assoc ia ted  s w i t c h i n g  and t r ansm iss ion  f a c i l  i t i e s ,  

a  f u e l  f a b r i c a t i o n  p l a n t ,  two f u e l  reprocess ing  p lants ,  and a  .waste s to rage  ,.:; 

f a c i l i t y ,  as descr ibed  e a r l i e r .  P r e l i m i n a r y  s i t e  e v a l u a t i o n  i n d i c a t e s . t h a t  

t h e  t o t a l  area covered by t h e  .energy c e n t e r  w i  11 be between 100 and .300.;square 

m i l e s  w i t h  t h e  l a r g e r  va lue  r e p r e s e n t i n g  t h e  f u l l  40 - reac to r  case. Tbese.values 

a r e  i n  c o n t r a s t  t o  t h e  75  square m i l e s  assumed f o r  40- reac to r  nuc lea r  energy 
( 2 )  . . cen te r s  i n  t h e  Nuclear  . Energy . Center  Spec ia l  Study (NECSS). 

. . , . . :  

A  p r e l i m i n a r y  s tudy  o f  hea t  s i n k  management f o r  t h e  H N E C ( ~ )  has i n d i c a t e d  

t h a t  a  v a r i e t y  o f  c o o l i n g  systems a r e  p o t e n t i a l l y ' s u i t a b l e  f o r  hand1ing.the. 

hea t  d i s s i p a t i o n  f r om an eng ineer ing  s tandpo in t  . The s e l e c t i o n  o f  . the  coo,l.ing 

system mix t o  be assumed i n  e v a l u a t i o n  o f .  t h e  HNEC concept has been . a ,  matter,-!... 

o f  s tudy  a l ong  . . w i t h  s e l e c t i o n  o f  s p e c i f i c , l o c a t i o n s  f o r  t h e  c l u s t e r s ,  

An a t t emp t  has been made t o  r e s o l  ve: b o t h  ques t ions  t h rough .  t -he development 

of a  comprehensive hea t  s i n k  management p l a n  w h i c h  would r e s u l t  i n  , t h e  most: 

favorable.  ba lance between resource  u t i l  i z a t i o n , .  economics,. and environmental  

e f f e c t s .  . . . . , ,  .,: I . . a ' .  . 

. .., 

Ra t i ona l  e v a l u a t i o n  o f  t h e  s i g n i f i c a n c e  o f  any e f f e c t  o f  hea t  r e j e c t i o n  

r e q u i r e s  t h a t  t h e  e x t e n t  a n d ' t i m i r i g  o f  t h e ' e f f e c t  be es t imated  q u a n t i t a t i v e l j l ,  

and t h a t  s i g n i f i c a n c e  he defined i n  meaningfu l  terms. Each 'of  t h e  e f f e c t s  

p o s t u l a t e d  i n  t h e  NECSS") has been cons idered  i n  a  cu rso ry  manner t o  screen 

o u t  improbable impacts and those  which cannot b e  adequate ly  e v a l u a t e d ' a t  t h i s  
. ' t ime .  . . 

Concent ra t ion  o f  v o r t i c i t y  has been r e l a t e d  t o  h i g h  d e n s i t y  o f  t h e  

r e j e c t e d  hea t  and r e l a t i v e l y  l a r g e  areas.  Th i s  was a  major  concern f o r  t he  

energy cen te rs  cons idered  i n  t h e  NECSS where t h e  f l u x  d e n s i t y  was abuut 
2  2 0.5 kW/m . The f l u x  d e n s i t y  f o r  t h e  HNEC would be between 0.1 and 0.3 kW/m . 

I n  a d d i t i o n ,  t h e r e  a r e  no s imp le  methods f o r  q u a n t i f y i n g  t h e  frequency, 



magnitude, o r  e f f e c t  o f  v o r t i c e s  which n i ight  be generated; As a  r e s u l t ,  

d e t a i l e d  c o n s i d e r a t i o n  o f  v o r t - i c i t y  concen t ra t i on  has been' postponed u n t i l  .: 

b e t t e r  ' t o o l s  a r e  developed. 

W i th  respec t  t o  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  and t h e  t r i g g e r i n g  

o f  storms, t h e o r e t i c a l  and numer ica l  models a r e  be ing  developed t o  p r o v i d e  

i n s i g h t  i n t o  these  e f fec ts ' .  .Severa l  i n v e s t i g a t o r s  a r e  c u r r e n t l y  

pu rsu ing  t h i s  avenue o f  research .  As r e s u l t s  a r e  achieved they  w i l l  be 

a p p l i e d  t o  HNEC, a l t hough  r e c e n t l y  p u b l i c i z e d  problems i n  t h e  Na t i ona l  H a i l  

Research ~ x ~ e r i m e n t ( ' )  r a i s e  ques t ions  about t h e  r e 1  i a b i l  i t y  o f  q u a n t i t a t i v e  

es t ima tes  f o r  these  e f f e c t s .  

Thc o n l y  atmospheric c f f c c t s  wh ich  a r c  amenable t o  t rea tment  a t  t h i s  

t i m e  a r e  those  assoc ia ted  w i t h  t h e  a d d i t i o n  o f  m o i s t u r e  t o  atmospherc. Evcn 

i n  t h i s  case t h e  t r ea tmen t  i s  s e m i q u a n t i t a t i v e  a t  bes t .  Thus, t h e  e f f ec t  

o f  c o o l i n g  systems on f o g  (and t o  a  l e s s e r  e x t e n t  h u m i d i t y )  became t h e  

atmospher ic  measure o f  hea t  r e j e c t i o n  impact used i n  t h e  i n i t i a l  s e l e c t i o n  

o f  an o v e r a l l  HNEC heat  s i n k  management p lan .  

A t  t h e  o u t s e t  o f  t h e  eva lua t i on '  i t  was assumed t h a t  t he  a d d i t i o n  of 

hea t  and mo i s tu re  were.not, i n  themselves, s i g n i f i c a n t  impacts .  S i m i l a r l y ,  

i t  was assumed t h a t  a  p o s t u l a t e d  smal l  change i n  any n a t u r a l l y  o c c u r r i n g  

atmospher ic  phenomenon would n o t  be s i g n i f i c a n t .  Rather., s i gn i f i . cance .mus t  

be achieved by meet ing  some s p e c i f i c  c r i t e r i a .  Four c r i t e r i a  have been . . 

I d e i l t l f i e d .  'l'hese inc ' lude :  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  

me teo ro log i ca l  v a r i a b l e ,  s u b s t a n t i a l  adverse economic impact  o f  a  p o s t u l a t e d  

change, i n i t i a t i o n  o f  an adverse environmental .change, and adverse p u b l i c  

r e a c t i o n .  C r i t e r i a  o t h e r  than  t h a t  o f  s t a t i s t i c a l  s i g n i f i c a n c e  a r e  n o t  

s a t i s f a c t o r i l y  de f ined ,  b u t  the.y p r o v i d e  quidance on the  detail r e q u i r e d  

i n  s p e c i f i c a t i o n  o f  a  p o s t u l a t e d  impact.  The env i ronmenta l  aspects  w i l l  be 

d iscussed  i n i t i a l l y ,  f o l l owed '  by t h e  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  r e s u l t s ,  

and some b r i e f  comments on economics. 

The approaches used i n  t h e  e v a l u a t i o n  can be i l l u s t r a t e d  us ing  f o g  as 

an example. , I n  most coo l  i n g  system eval  u a t i o n s  fog. i s  cons idered  e i t h e r  

. . 

( 9 )  "Hai 1  Suppression Up I n  The A i r , "  Sc'ience 191, 932 (1976).  



i 

q u a l i t a t i v e l y  o r  i n . t e r m s  of a d d i t i o n a l  hours o f  f o g .  The e f f e c t  of 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  6 m i l e s ,  t h e  e f f ec t  may be n e g l i g i b l e  o r  a t  most psycho log i ca l .  - .  : '  

.If, 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  1 /8  m i l e  o r  l e s s  t h e  e f f e c t  can : 

be eva lua ted  i n  economic terms by cons ide r i ng  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 .  . . 

W i th  t h e  c r i t e r i o n  t h a t  t he  e f f e c t  of  fogging had t o  be es t imated  im'  !" 

terms o f  hours o f  s p e c i f i e d  v i s i b i l i t y  a  m u l t i p l e - s o u r c e  d i f f u s i o n  mod.el. .. 

was developed i n  wh ich  m o i s t u r e  re l eases  from 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  number 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  p laced  a  f u r t h e r  c o n s t r a i n t  on model developmen:t, 

i .e . ,  t h e m o d e l  had t o  beeconomica l  as w e l l  as f l e x i b l e .  ~ h e " , ~ a t t e l l e  - ': 

Atmospheric ~ a g e m e n t  model (BATMAN) was used. I t  i s  descri.bed i n .  r e fe rence  - 
6. . . .,  . I .  

It i s  impo r tan t  t o  p o i n t  o u t  a  d i f f e r e n c e  i n  t h e  d e f i n i t i o n  o f  f o b  . 

between c l  i m a t o l o g i c a l  da ta  and model p r e d i c t i o n s .  . I n   climatological' data : 
f o g  i s  a  s p e c i f i c  form o f  v i s i b i l i t y  r e s t r i c t i o n  which o c c u r s ' a t  h i g h  ' 

' 

r e 1  a t i  ve h u m i d i t i e s .  I n  model s  f o g  i s  assumed when th.e .atmosphere becomes 

sa tu ra ted .  The ' two d e f i n i t i o n s  a r e  n o t  e q u i v a l e n t .  
. . . '  

A  second impo r tan t  ' p o i n t  i s  t h e  f a c t  t h a t  t h e  i nc rease  i n  h o u r s ' o f  . . . .  . 

reduced v i s i b i l i t y  may be g r e a t e r  than  t h e  i nc rease  i n  t o t a l  hours o f  fog. 
' 

It i s  p o s s ' i b l e  t h a t  an i n s i g n i f i c a n t  . . i n c rease  i n  t h e  t o t a l  number o f  hours-  
. . 

o f  f o g  may p r o d i c e  a  s i g n i f i c a n t  impact  when v i s i b i l i t y  i s  cons idered.  

On a  month ly  bas i s  r e l a t i v e  h u m i d i t i e s  a t  Hanford range f rom a low of 

30.5% i n  J u l y  t o  a  h i g h  o f  80.8% i n  December. H igh  h u m i d i t i e s  (>go%) occur  

l e s s  than 1% o f  t h e  t i m e  i n  t h e  summer, about 9% o f  t h e  t i m e  i n  t h e  f a l l ,  

a lmost  31% o f  t h e  t i m e  i n  t h e  w i n t e r ,  and s l i g h t l y  more t han  3% o f  t h e  t ime  

i n  t h e  s p r i n g .  These s t a t i s t i c s  a r e  r e f l e c t e d  i n  t h e  occurrence o f  fog .  O f  

t h e  annual average o t  218 hours o f  fog,  95% occurs f rom November th rough 

February. Th i s  percentage inc reases  t o  99.7% when t h e  months o'f Octoher 
. .  . .  . . 

and March a r e  i nc l uded .  On t h e  average, v i s i b i l i t y  i s  l e s s  than 1/2 m i l e  
. . f o r  101 hours p e r  yea r .  . 

' .  > . . . . 



' 

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

fog .  Close examinat ion o f  r e c e n t  records  does n o t  i n d i c a t e  a  change f o l l o w i n g  

d e a c t i v a t i o n  o f  t h e  p l u ton ium p r o d u c t i o n  r e a c t o r s  a t  Hanford; i n  t h e  -1960s. I n  

f ac t ,  January 1976 s e t  a  r e c o r d  f o r  t h e  most hours o f  f o g  i n  a  s i n g l e  month, 

257 hours.  

More than 50 cases, r ang ing  f rom a  s i n g l e  4 - reac to 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 - reac to r  energy cen te r ,  have been 

examined t o  eva lua te  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 hum id i t y .  The i n i t i a l  t e s t  cases i n d i c a t e d  t h e  

expected r e s u l t  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  Hanford 

Rese rva t i on  would be t h e  T r i - C i t i e s  and t h e  r e g i o n  eas 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  c o m p i l a t i o n  o f  t h e  r e s u l t s  o f  t h e  analyses conducted t o  

e v a l u a t e  t h e  e f f e c t  o f  va r i ous  h e i t  s i n k  management o p t i o n s  on f o g i s  

p resen ted  i n  Tables I 1  and 111. The. i nc rease  i n  t h e  range o f  hours o f ,  f o g  

(Tab le  11) f o r  b o t h  t h e  20- and 40 - reac to r  energy cen te rs  r e f l e c t s  d i f f e r e n c e s  

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  e f f e c t  was p r e d i c t e d  f o r  those 

cases w i t h  ex tens i ve  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  he lpe r  

ponds. Lesser  e f f e c t s  were p r e d i c t e d  f o r  mechanical d r a f t  coo l  i n g  towers 

and once-through coo l  i n g  w i t h  mechanical d r a f t  he1 per  coo l  i n g  towers,  and 

t h e  l e a s t  e f f e c t  was p r e d i c t e d  f o r  n a t u r a l  d r a f t  c o o l i n g  towers and (unass is ted)  

once-through c o o l i n g .  It shou ld  be no ted  t h a t  whenever t h e  p r e d i c t e d  inc rease  

of  t o t a l  hours of  fog 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  of  l e s s  than  112 m i  1 e exceeds t h e  inc rease o f  t o t a l  h o ~ i r s  'nf  

Tog. 

Three cases w i t h  w e t l d r y  mechanical d r a f t  c o o l i n g  towers were examined 

f o r  b o t h  t h e  20- and 40- reac to r  energy cen te rs  (Tab le  111).  The f r a c t i o n  o f  

wet c o o l i n g  v a r i e s  f rom 100% t o  25%. These r e s u l t s  i n d i c a t e  t h e  fogging e f f e c t  

o f  w e t l d r y  c o o l i n g  system hea t  r e j e c t i o n  a t  Hanford inc reases  approx imate ly  

1  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- reac to r  cen te rs .  
' 

The need f o r  c o n s i d e r i n g  t h e  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  model 

c a l c u l a t i o n s  i s  because o f  t h e  l a r g e  n a t u r a l  v a r i a t i o n s  which occur ,  as 



. . . .  
TABLE 11. Frequency o f  f o g  and changes i n  v i s i b i l i t y  i n  t h e  ' ~ r . i ~ ~ i d i e s . ; . ; -  : i 

due t o  an HNEC us ing  evapo ra t i ve , coo l i ng .  . . . .  . f .  . . . . ., . .. 

. . . . .  > 
. , ,:. Increase 

. Increase ; i n  t o t a l  hours 
i n  t o t a l  hours o f  v i s i b i l i t y  

- , . . Case o f  f o g  < 112 m i l e  . . 

. . . .  . . 

4 - reac tor  c l u s t e r  . 
w i t h  mechanical d r a f t  ' , '  

cool  i ng tower 15 . . 
2 8 

Z' . . 

20-ceac.tor energy I .  

, cen te r  34- 250 39-162 . ' 

. \. . ,  - . . 

40,-reactor energy . . . , . ( . .  . 

cen te r  ! .  90-288 71-184 . . 
,, . . . 

. . . . . .  TABLE IN: . Pred ic ted  inc rease i n  hours o f  f og  i n  t h e  T r i - C i t i e s  . 
.. , for  energy, cen ters  us ing  w e t l d r y  mechanical d r a f t .  cooJ-ing. .. . ?  . : - , ,  :.;... 

towers. 
. . .  < .  , 

. . S 
' _ /  .. 

. . . . .  . . . . .  . . .  . . .4 ." : . . . . . . . .  . . .  
Wet ~0.01 i ng 20-Reactor 40-Reactor 

.. 
. . 

. . . i  f 

Frac t ion '  . Center ' Center 
V i s i b i l i t y  V i  s i  b i  1 i t y . ,  . 

' Fog (hours )  < 1 / 2 m i .  (hours)  Fog (hours ) ,  < 1 ; / 2 m i .  (hours)  
. . .  

. . . . . .  
, . . . I . . ,  

* Hours of f o g  f o r .  a s i n g l e  4 - reac to r  c l u s t e r  us ing  convent ional  mechanical... . 
d r a f t  wet cool i ng towers .. 

, . 
. . 

. . 



p r e v i o u s l y  descr ibed.  A  smal l  p r e d i c t e d  change may t ake  many years  t o  v e r i f y  

s t a t i s t i c a l l y .  Fu r t he r ,  i t  should be remembered t h a t  ( a )  t h e  model p r e d i c t i o n s  

a r e  conse rva t i ve ,  and ( b )  t h e  r e s u l t s  a r e  p r e d i c t e d  f o r  t h e  T r i - C i t i e s  area 

and n o t  t he 'Han fo rd  Reserva t ion  i t s e l f .  Thus, t h e  de te rm ina t i on  t h a t  a  p r e d i c t e d  
' 

change i s  s i g n i f i c a n t  o n l y  i n d i c a t e s  t h a t  f u r t h e r  exami'nation o f  t h e . e f f e c t  i s  

warranted.  A  subsequent e v a l u a t i o n  o f  an e f f e c t  w i t h  more r e a l i s t i c , m o d e l s  

and assumptions may w e l l  show t h a t  a  change. i s  n o t  s i g n i f i c a n t .  . .  . . . 

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 nc rease  i n  t o t a l  hours 

o f  f o g  and hours .of v i s i b i l i t y  l e s s  than  112 m i l e  can be assessed r e l a t i v e l y  

e a s i l y  u s i n g  techniques f o r  comparison o f  mean va lues.  An a p p r o p r i a t e  n u l l  

hypo thes is  f o r  t h e  e v a l u a t i o n  o f  t h e  i nc rease  i n  t o t a l  hours o f  f o g  i s  t h a t  

t h e  d i f f e r e n c e  i n  hours o f  f o g  b e f o r e  t h e  s t a r t  and a f t e r  t h e  comple t ion  o f  

t h e  energy c e n t e r  i s  zero.  A s i m i l a r  hypo thes is  can be s t a t e d  f o r  t h e  

i n c r e a s e  i n  f requency o f  v i s i b i l i t i e s  l e s s  than  112 m i l e .  

The r e s u l t s  of such a  s t a t i s t i c a l  a n a l y s i s  a r e  g i v e n  i n  Table I V  as a  

f u n c t i o n  o f  the. number o f  years  obse rva t i on  f o l l o w i n g  comple t ion  o f  t h e  . . .  ' .  

energy cen te r ;  a  l o g  normal d i s t r i b u t i o n  w i t h    an ford f o g  and, v i s i b i l  ity 

s t a t i s t i c s  has been assumed. The minimum s i g n i f i c a n t  increases 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  obse rva t i on  p e r i o d ,  and approach l i m i t i n g  va lues 
. a .  

which a r e  a  f u n c t i o n  o f  t h e  p re -cen te 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  

records .  .Comparison o f  these  va lues w i t h '  p r e d i c t e d -  e f f e c t s  g i v e n  i n  Tables 

I 1  and I11 shows t h a t  t h e  use o f  evapo ra t i ve  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  impacts on f o g  and v i s i b i l i t y .  

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

has been i n i t i a t e d .  As an i n i t i a l  s t e p  t h e  e f f e c t  o f  m o i s t u r e  on t h e  

f requency  o f  f i v e  v i s i b i l i t y  ca tego r i es  ( f r o m  3 m i l e s  t o  1/16 m i l e )  has 

been es t imated  f o r  t h e  va r i ous  c o o l i n g  system combinat ions.  Table V g i ves  
, \ 

these  es t imates  f o r  c u r r e n t  c o n d i t i o n s  and t h e  t h r e e  cases i n  which e x c l u s i v e  

use o f  mechanical 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  ca tego r i es  chosen a r e  d i r e c t l y  r e l a t a b l e  t o  a c t i v i t i e s  

wh ich  a r e  impo r tan t  t o  p u b l i c  convenience as w e l l  as t o  changes which can be 

eva lua ted  i n  economi'c terms. For example, r e d u c t i o n . . o f  p r e v a i l i n g  v i s i b i l  i ty  

t o  l e s s  than  3 m i l e s  changes t h e  r u l e s  govern ing  f l ' i g h t  f rom v i s u a l  r u l e s  t o  



TABLE I V .  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  increase i n  hours o f  fog 
and v i s i b i l i t y  l ess  than 112 'mi le  a t ,  the  9 5 b i g n i f i c a n t  ' ' .. . . . . .  . 

l e v e l  f o r  HNEC. .. -., .. . : 

Annual Increase ' .', 

Annual Increase i n  Hours o f  V i s i b i . l , i t y .  
Years . i n  Hours o f  Fog f o r  o f  1/2 M i l e  f o r  

o f  observa t ion  S t a t i s t i c a l  S ign i f i cance  S t a t i s t i c a l  S l ign i f  icance 

. . ~  . . .  . 

TABLE V.  .Predic ted e f f e c t  of.  development o f  a  nuclear  energy center  
us ing  mechanical d r a f t  c o o l i n g  towers o n . f o g  and v i s i b i l i t y  
i n  t he  T r i -C i ' t i es .  

Number 
o f  Reactors 

To ta l  Hours 
o f  Fog 

Hours o f  V i s i b i l i t y .  
.< 3 <I <1/2 <1/8 <1/16' - - -- - 

(miles)  , ' . . . 



.. ', : . "  n : ?  
' : * .  

i n s t r umen t  r u l e s .  T h i s  has t h e  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 P i l b t s  nb:t 

q u a l i f i e d  t o  conduct  i ns t rumen t  f l i g h t s .  I n  a d d i t i o n  t o  be ing  an. inconvenience 

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 he  T r i - C i t i e s  

t o  .leks. t han  1  m i l e  e f f e c t i v e l y  c l oses  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 .  

When v i s i b i l i t y  becomes l e s s  than  112 m i l e ,  a l l  a i r  t r a f f i c  t o  and f rom 

~ r i l ~ i t i e s  a i r p o r t s  i s  hal ted..  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 1 /8  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 a l l s  below 

1/16 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 impact o f  reduced 

v i s i b i l i t y  on s u r f a c e  t r a f f i c  can range f rom delays t o  an i nc rease  i n  t r a f f i c  

acc iden t s .  ' 

I n  summary, t h e  r e s u l t s  o f  HNEC meteorology s tud ies  t o  da te  use s imp le  

atmospher ic  models which a r e  conse rva t i ve  i n  t h e  sense t h a t  they  a r e  b iased  

toward .over  p r e d i c t i o n  o f  t h e  e f f e c t  o f  c o o l i n g  system e f f l u e n t s  on hum id i t y  

and fog .  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  conc lus ions  have been reached: 

1 .  The e v a l u a t i o n  o f  any atmospheric impact  p o s t u l a t e d  f o r  heat  

d i s s i p a t i o n  must be 'conducted i+quant'i ta t i : ve  -terms . , which can '. : 

be use'd t o  determine t'he s i  g n i f  i c a i c e  o f  t h e  e f f e c t .  , 

2. 07' t h e  p u l e r ~ l i s r l  atmosphcr-ic e f f e c t s  n f  l a r g e  heat ~ ~ I P ~ Z P S  

. f rom energy cen te rs ,  t h e  one ~ n v s t  amenable t o  q u a n t i t a t i v e  
' I 

e v a l u a t i o n  i n  meaningfu l  terms i s  t h e  i nc rease  i r ~  Tug. . ,. 

3. A postu l .a ted i nc rease  i n  f requency o f  f o g  can be t r a n s l a t e d  ; 

i n t o  terms,of v i s , i b i l i t y  and bo th  can be eva lua ted  s t a t i s t i c a l l y .  

4. T h e , t r a n s l a t i o n  o f  an i nc rease  i n  f o g  t o  v i s i b i l i t y  terms pe rm i t s  

economic e v a l u a t i o n  o f  t h e  e f f e c t .  
I .  i 

5. The p r e d i c t e d  e f f e c t  o f  t h e  HNEC on f o g  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 cen te r  c o n s i s t s  

o f  20 o r  40 u n i t s .  

6. Those hea t  s i n k  management o p t i o n s  which r e s u l t  i n  p r e d i c t e d  e f fec ts  

near  t h e  low end o f  t h e  ranges (Tab le  11) a r e  l e a s t  l i k e l y  t o  produce 

s i g n i f i c a n t  impact  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 whether n a t u r a l  o r  mechanical d r a f t  

and once-through c o o l i n g  systems. 



7.  Ex tens ive  use of  w e t l d r y  o r  d r y  mechanical d r a f t  c o o l i n g  towers 

may reduce t h e  p r o b a b i l i t y  o f  f ogg ing  impact 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  lower  ends o f  t h e  ranges g i ven  i n  Table 11. I t  should b e ,  

no ted  t h a t  t h e  s i n g l e  4 - reac to r  c l u s t e r  i s  i d e n t i f i e d  as hav ing a  :i 

p o t e n t i a l l y  s i g n i f i c a n t  impact  on v i s i b i l i t y ,  a l t hough  t h e  i m p a c t .  :. 

on t o t a l  hours o f  fog i s  n o t  s i g n i f i c a n t .  . . 

SITE SELECTION 

As s t a t e d  i n  B N W L - B - ~ ~ ~ ' ~ )  t e n  4 - c l  u s t e r  s i t e s  comprised t h e  40-reactor ,  

base case used i n  subsequent analyses of  t h e  HNEC; The i n i t i a l  s e l e c t i o n  o f  

s i t e s  was based on t h e  f o l l o w i n g  c r i t e r i a :  

1. The s i t e s  should be s e l e c t e d  t o  p e r m i t  t h e  most f l e x i b l e  use o f  

. a l t e r n a t i v e  c o o l i n g  methods, e.g., wet towers,  w e t l d r y  towers., 

ponds, canals,  once-through coo l i ng ,  and combinat ions o f  these; 

2. The s i t e s  s h b u l d b e  spread o u t  t o  m in im ize  ' ( a )  t h e  p r o b a b i l i t y  .of  
' 

a  s i n g l e  n a t u r a l  event  r e s u l t i n g  i n  . loss ' o f  a  . s i g n i f i c a n t  number 
" 

: . of  r eac to r s ,  sw i tchyards ,  o r  t r ansm iss ion  c a p a b i l i t i e s ,  ( b )  i n t e r - - ' .  
? 

a c t i o n  of thermal plumes, and ( c ) .  r a d i a t i o n  dose t o  c o n s t r u c t i o n  ' . 
. .. 

workers and o p e r a t i n g  personnel ; 

3.' The s i t e s  should b e ' l o c a t e d  above t h e  highest.  c r e d i b l e  f l o o d  leve l ,  
. . . . . . 

o f  t h e  Columbia R i ve r ;  . , 

4. For  in .dus t r ia1  b e n e f i t s  (e.g., th,e use o f  i n d u s t r i a l  hea t )  t h e  s i t e s  

should be l o c a t e d  c l o s e  t o  p o t e n t i a l  i n d u s t r i a l  s i t e s  (assumed.to be 

near  t h e  edge o f  t h e  Hanford Reserva t ion)  ; 

5. The s i t e s  should a v o i d  areas on. t h e  Hanford Reserva t ion  commit ted 

t o  h i ghe r  p r i o r i t y  uses;. 

6. The s i t e s  should be exc luded from areas where f a u l t s  a r e  i d e n t i f i e d  
. . 

o r  pos tu la ted ,  a t  l e a s t  u n t i l  a p p r o p r i a t e  g e o l o g i c a l  and geophys ica l  

s t u d i e s  ' i n d i c a t e  s i t e  s u i t a b i l i t y ;  

7. The s i t e s  shou ld  r e s u l t  i n  minimum d i s r u p t i o n  o f  a r i d  lands.;. 

8. The s i ' t es  should make use o f  e x i s t i n g  t r ansm iss ion  c o r r i d o r s .  



F u r t h e r  i n v e s t i g a t i o n  o f  t h e  t e n  s i t e s  has i n d i  ca ted  t h a t  t h e  e a s t e r n -  

most s i t e  n o r t h  o f  t h e  Columbia R i v e r  m igh t  be s u b j e c t  t o  s o i l ' l i q u e f a c t i o n  

dur i 'ng an -  earthquake. Fo r tuna te l y ,  many a1 t e r n a t i v e  s i t e s  e x i s t  on t h e  

Hanfo rd  Reservat ion,  and me teo ro log i ca l  s t u d i e s  show t h a t  cons iderat i l  e  

f l e x i b i l i t y  e x i s t s  i n  s e l e c t i n g  s i t e  l o c a t i o n s  i f  c o o l i n g  towers a r e  used. 

W i th  t h e  advent  o f  a  20- reac to r  HNEC case, f i v e  s i t e s  south ' o f  t h e  r i v e r  

were s e l e c t e d  ( F i g u r e  1  ) .  The p r ima ry  reasons f o r  s e l e c t i n g  these s i t e s  were 

( 1  ) more i s  known about  t h e  g e o l o g i c a l / h y d r o l o g i c a l  c o n d i t i o n s  s o u t h  ' o f  t h e  

Columbia R iver ,  ( 2 )  t h e  d i s t a n c e  between t h e  s i t e s  and s i t e s  cha rac te r i zed  by 

p o s s i b l e  f a u l t s ,  such as Saddle Mountain:and t i i e  Ra t t lesnake  'Hi 11 s  , i s  g r e a t e s t ,  

and ( 3 )  p r o x i m i t y  o f  t r ansm iss ion  systems. . . 

One o f  t h e  ma jo r  e f f o r t s  i n  t h e  area o f  s i t e  s e l e c t i o n  i s  t h e  d e l i n e a t i o n  

o f  se ismic  r i s k  c h a r a c t e r i s t i c s  f o r  l a r g e  areas l i k e  Hanford.  Earthquakes 

a r e  one phenomenon t h a t  c o u l d  adve rse l y  a f f e c t  a  s i z a b l e  percentage and 

p o t e n t i a l l y  a l l  o f  t h e  r e a c t o r s  a t  an NEC. Al though t h e r e  i s  o n l y  a  ve ry  

sma l l  p r o b a b i l i t y  t h a t  an earthquake a t  an NEC 10,cation would exceed t h e  

SSE ( s a f e  shutdown ear thquake) ,  i f  one d i d  occur  i t  would r e q u i r e  a l l  p l a n t s  

t o  be s h u t  down f o r  i n s p e c t i o n .  Such an occurrence cou ld  i m p a i r  a  r e g i o n ' s  

a b i l i t y  t o  meet t h e  e l e c t r i c a l  demand. For  ins tance ,  a  r e g i o n  such as t h e  

PNW m igh t  have gene ra t i ng  reserves  o f  15-25% o f  demand. The reserves a r e  

used t o  cover  scheduled outages o f  o t h e r  p l a n t s ,  unexpected l o a d  demands, 

and unscheduled outages o f  p l a n t s .  E l e c t r i c a l  u t i  l i t ~ e s  t y p ~ c a l l y  r e f r a i n  

from c o n c e n t r a t i n g  i n  excess o f  about  15% o f  t h e i r  system genera t ing  c a p a c i t y  

i n  one s t a t i o n ,  because exper ience has shown t h a t  i t  i s  p o s s i b l e  t o  l o s e  t h e  

e n t i r e  s t a t i o n  t o  t h e  g r i d  ( o f t e n  because o t  t r ansm iss ion  f a u l t s ,  b u t  f o r  
o t h e r  reasons t o o ) .  Should t h e  gene ra t i ng  c a p a c i t y  a t  a  s i n g l e  l o c a t i o n  

approach o r  exceed t h e  r e g i o n ' s  reserve ,  as c o u l d  occur  under t he  assurnptior~s 

made f o r  t h e  HNEC s tudy  ( F i g u r e  2 ) ,  t h e  p o s s i b i l i t y  o f  i n s u f f i c i e n t  reserves  

c o u l d  e x i s t .  The g e n e r a t i o n l r e s e r v e  s i t u a t i o n  i n  t h e  PNW mav he un ique w i t h  

i t s  l a r g e  dams. For  i ns tance ,  t h e  gene ra t i ng  c a p a c i t y  o f  Grand Coulee Dam 

i s  about  15% o f  t h e  PNW i n s t a l l e d  capac i t y ,  and may reach  18% f o r  pe r i ods  

d u r i n g  t h e  n e x t  few years.  The combina t ion  o f  Grand Coulee and Ch ie f  Joseph 

dams reaches 22% of t h e  i n s t a l l e d  c a p a c i t y .  Large concen t ra t i ons  ofcpower a r e  

n o t  new i~ the  PNW. I n  p a r t ,  t h i s  has been accep tab le  because t h e  PNW has a  





reg iona l  t ransmiss ion  g r i d  which i s  more f l e x i b l e  . and . o f  g rea te r  capac i ty  
. . 

than t h a t , f o u n d  i n  most regions.  

What i s  new w i t h  t h e  a d d i t i o n  o f . n u c l e a r  u n i t s  i s  t h a t  t he re  e x i s t  

s i t u a t i o n s  which r e q u i r e  nuc lear  generat ing capac i t y  t o  be shut  down promptly 

f o r  s a f e t y  i nspec t i on .  An analogous s i t u a t i o n  does n o t  e x i s t  f o r  o ther  e lec-  

t r i c a l  genera t ing  systems, e.g., hydro and f o s s i l .  These s i t u a t i o n s  a r i s e  
" . ,  

whenever t h e  i n t e g r i ' t y  o f  t h e  nuc lea r  system may have been compromised, e.g . , 
earthquakes g rea te r  than the  SSE. There a re  a  number o f  poss ib le  op t ions  

a  reg ion  would have should i t  op t  f o r  concent ra t ing  on l a r g e  blocks: of 

genera t ing  c a p a c i t y ' i n  one.or  a  few loca t ions ,  [e.g., a reg ion  cuuld ( d )  t ~ v e  

a l l  t he  reac to rs  designed f o r  more s t r i n g e n t  cond i t i ons ,  e.g., a  h igher  SSE, 

( b )  i n s t a l l  a d d i t i o n a l  reserve  capac i ty ,  d r  ( c )  devise a p lan  f o r  shedding 

loads so t h a t  h ighe r  p r i o r i t y  demands would be susta,ined'j. For, t he  HNEC study 

we have t e n t a t i v e l y  assumed t h a t  t h e  r i s k *  of n o t  meeting the  r e g i o n ' s  

e l e c t r i c a l  demand should be t h e  same as f o r  dispersed p lants.** . .  ' 
- 

' One way t o  ensure t h e  r i s k  i s  t h e  same f o r  t he  HNEC and dispersed cases 

i s  t o  reduce t h e  p r o b a b i l i t y  o f  a  d i s a b l i n g  event occur r ing ,  i n  t h i s  case an 

earthquake g rea te r  than the  SSE. Nothing can be done about;an earthquake 

pe r  se, b u t  an improved understanding o f  cond i t i ons  a t  "an HNEC ( o r  any NEC) 

cou ld  reduce t h e  probabi 1  i t y  o f  t h c  SSE bein4 exceided . "  Tb!.r~,,, HNFC seismic. . 

eva lua t ions  have been, d i r e c t e d  toward th i .s  .end. 

There are  a t  l c d s t  two bas ic  approaches t o  t h e  prohlern. F i r s t ,  i t  i s  

necessary t o  i d e n t i f y  o r  de tec t  f a u l t s  and associated s t ruc tu res  which can 

generate earthquakes. Second, i t .  i s  necessary t o  understand the  geologic  

processes and t e c t o n i c  fo rces  which have shaped t h e  area t o  determine whether 

they a r e  s t i l l  a c t i v e ,  and if so t o  determine event frequencies. These , 

* Risk i s  def ined as p r o b a b i l i t y  o f  occurrence times consequence. If the  
consequence o f  an HNEC i n t e r r u p t i o n  i n , g e n e r a t i n g  c a p a b i l i t y  i s  g rea ter  
than an i n t e r r u p t i o n  a t  one o r  more d ispersed s i t e s ,  Ltier~ tire pr -abab i l i t y  
of an i n t e r r u p t i o n  must be correspondingly  l e s s  i n  order  t h a t  t h e  o v e r a l l  
r i s k  remain constant .  

** The Cnnrdinat ion Agreement i n  t h e  PNW requ i res  reserve  capac i ty  a t  a  
l e v e l  t o  p r o t e c t  aga ins t  the p r o b a b i l i t y  o f  load l o s s  n o t  t o  exceed 
more than one day i n  twenty years .  (Ref. PNUCC West Group Forecast 
o f  Power Loads and Resources, March 1, 1976.) 



processes and st resses a r e  recognized as reg iona l  i n  scope, b u t  i t  i s  necessary 

t o  understand them i n  order  t o  determine t h e  s i g n i f i c a n c e  o f  t he  l o c a l .  fea tures  

and adequately assess t h e  l e v e l  of seismic r i s k  on a  l o c a l  scale.  , , 

Seismic eva lua t ions  i n  t he  Columbia Basin a r e  severely  hampered by . ' the-  

presence o f  r e l a t i v e l y  young g l a c i o f l u v i a l  and a l l u v i a l  sediments..  I n  
. . 

add i t i on ,  t he  Columbia Basin b a s a l t  f lows which mask a l l  fea tures  i n  t he  

under ly ing  bedrock a r e  d i f f i c u l t  t o  i d e n t i f y  and t o  map, p a r t i c u l a r l y  i n  

areas o f  poor exposure. Although i n  the  Columbia Basin the  sur face geologic  

features i n c l u d i n g  t h e  s t r u c t u r e s  a r e  w e l l  known, t h e  fea tures  a t  depth where 

earthquakes a re  most 1  i k e l y  t o  o r i g i n a t e  a r e  very poo r l y  known, and a r e  even 

l ess  w e l l  understood. The t e c t o n i c  processes which a r e  respons ib le  f o r  t he  

development o f  t h e  a r e a . a r e  a l s o  unknown, a l though hypothesized i n  p a r t .  

Basining, f o l d i n g ,  and f a u l t i n g  have occurred, and i t  i s  l i k e l y  t h a t  these 

processes a r e  cont inu ing .  

A  c r e d i b l e  ana lys i s . . o f  t he  seismic r i s k  f o r  an HNEC ( o r  any NEC). w i ' l l  

r equ i , re  conduct ing ex tens ive  geo log ica l  and geophysical i n v e s t i g a t i o n s  t o  

i d e n t i f y  reg iona l  concerns. These i n v e s t i g a t i o n s  w i  11 probably r e q u i r e  a  

commitment beyond those which have been made t o  d a t e '  i n  s i t i n g  i n d i v i d u a l  

nuc lear  f a c i l i t i e s .  

A  broad spectrum o f  advanced geologic  and geophysical techniques w i l l :  
. . .  . . 

be requ i red  t o  p rov ide  the  necessary data. I n  a d d t t i o n  t o  conduct ing f i e l d  

surveys and s tud ies  u t i l i z i n g  a v a i l a b l e  geo log ica l  and geophysical techniques, 

i n v e s t i g a t i o n s  f o r  t he  HNEC should i nc lude  s tud ies  t o  advance the '  s t a t e  o f '  t he '  

a r t .  Appropr ia te  techniques would i nc lude :  

Geologic Mapping - Advanced techniques f o r  accu ra te l y  mapping l a r g e  

l a r g e  areas and f o r  v e r i f y i n g  and i n t e g r a t i n g  data obta ined by o the r  
. . 

geophyslca 1  methods. 

Remote sens ing  - S a t e l l i t e  and' a e r i a l  imagery prov ide  unique data 

fo r  i d e n t i f i c a t i o n  and ana lys i s  o f  geoi og ic  s t r u c t u r e s  and f a u l t  

pa t te rns .  Provides guidance f o r  d e t a i l e d  ground-based s tud ies .  

Geomagnetic and G r a v i t y  Surveys - Techniques u t i  1  i z i  ng h igh  dens i t y  

aeromagnetic and g r a v i t y  data f o r  f a u l t  d e t e c t i o n  and subsurface mapping. 



Pass ive  Seismic - Development and imp1 ementat ion o f  experi.menta1: and .,.. 

a n a l y t i c a l  techniques f o r  s e i  smic and s t r u c t u r a l :  analyses, :. I.! : .:.-? :.,! 

Measurement o f  Tec ton i c  Processes - Accurate measurements o f 'd i s tance5- " " ;  

and e l e v a t i o n  t o  e s t i m a t e  r a t e s  o f  c r u s t a l  movement. 
. . 

Land-Based Seismic ~ e f l e c t i o n  ~ e t h o d ' -  D e t a i l e d  s t u d i e s  o f  f a u l t s ,  

s t r a t i g r a p h i c . b o u n d a r i e s  and o t h e r  geo log i c  f e a t u r e s  w i l l  depend o n '  ' . * .  

devel  opment o f  advanced survey '  techniques.  . . 

Seismic R e f l e c t i o n  P r o f i l i n g  i n  I n l a n d  Waterways - ~ e c h n i ~ u e s  f o r  . . 
. 

adap t i ng  mar ine  se ismic  subbottom , p r o f i l  i n g  techniques f o r  .. . use i n  
. . . . . 

sha l l ow  , i n l a n d  waterways. . . . Elec t romagnet i c  E x p l o r a t i o n  Methods - E lec t romagnet i c  methods. ( S n ~ 1  Udlng 

t h e o r e t i c a l  s t u d i e s )  us i ng  . a .  wide range o f  .wavelengths t o  probe. deep.. .: 

geo log i c  s t r u c t u r e .  

Deep S t r a t j g r a p h i c -  C o r r e l a t i o n  - D r i l l  i .ng o f  e x p l o r a t o r y  hu les  .irr key 

areas and the.development o f  i . n - s i t u  geophys ica l  l o g g i n g  and d r i l l  co re  

a n a l y s i s  techniques.  . . 
i '  _ 1  

, 
C h a r a c t e r i z a t i o n  o f  sediment; - ~ e t e r h i n a t i o n  o? phys i ca l '  and chemical 

c h a r a c t e r i s t i c s  o f  geo log i c  m a t e r i a l s .  

Age Da t i ng  - ~ e v e l ' o ~ m e n t  and a p p l i c a t i o ' n  o f  geo log i c  and h y d r o l o g i c  age 

dat  i n 9  t o r h n i q u e r ,  i n r l ~ ~ h i n g  phys i ca l  and p a l  e o n t o l o ~ i c a l  techniques.  
. . 

Regional  ~ e c t o n i ;  and S t r u c t u r a l  ~ o d e l  s  - ~ e v e l o p m e n t  ?f mqdel s t o  
. . 

s tudy,  descr ibe ,  and p r e d i c t  l a r g e - s c a l e  c r u s t a l  p l a n t  . . movements . . and 

r e g i o n a l  and local f a u l t i n q  and' f o l d i n q .  
. . . . 

A q u i f e r  T e s t i n g  - Advanced technique; f o r ' a c c u r a t e l y  ina1,yzing c o h l e x  
, i ' i 

mul t i d imens iona l  a q u i f e r  systems. . :  . 

Hyd ro log i c  Model ing - Models t o  ana lyze  . . complex h y d r o l o g i c  systems. 
' I . . 

The f o rego ing  g e o l o g i c a l  and geophys i c a  1 techniques a r e  b a s i  c a l  ly , those 

wh ich  a r e  needed f o r  s i t i n g  any n u c l e a r  f a c i 1 . i . t ~ .  -;Advances i n  t h e  s t a t e  o f  

t h e  a r t  which a r e  needed f o r  s i t i n g  a  nuc lea r  energy c e n t e r  w i l l  also meet ., .% 

. . . I . ;  

t h e  i n c r e a s i n g l y  s t r i n g e n t   requirement,^ f b r c j e o l o g i e  i n v e s t i g a t i o , i s  f o r  t h e  
. . 



s i t i n g  o f  d i spe rsed  nuc lea r  p l a n t s .  The geo log i c  i n v e s t i g a t i o n s  f o r  nuc lear  

energy cen te rs  should be comprehensive enough t o  a s s u r e . t h a t  subsequent 

geo log i c  s t u d i e s  w i  11 n o t  revea'l  s i g n i f i c a n t  hazards t h a t  were not .  i d e n t i f i e d  

i n  t h e  i n i t i a l  s i t i n g  s tud ie2 .  

HNEC SOCIOECONOMIC IMPACTS 

Because t hey  a r e  l a r g e  s c a l e  b o t h  i n  terms o f  c o n s t r u c t i o n  workers  and 

do1 1  a r s  o? investment ,  NECs have t h e  p o t e n t i a l  f o r  cons ide rab le  a1 t e r a t i o n  

o f  any ar 'ea's economy and l i f e  s t y l e s .  The c o n s t r u c t i o n  phases o f  a nuc lea r  

c e n t e r  r ep resen t  t h e  g r e a t e s t  problem, f a c i l i t y  o p e r a t i o n  phases a r e  more o f  

a  r o u t i n e  and long- te rm a d d i t i o n  t o  t h e  area 's :  economic base and j o b  s t a b i l i t y . .  

On t h e  f a v o r a b l e  s i d e  o f  an NEC w i l l  be t h e  a d d i t i o n a l  ~ o b s  and d o l l a r s  

o f  wages ' generated, t h e  commercial i x p e n d i  t u r e s  and r e s u l  t i - n g  sa les  taxes 

these  wages represen t ,  p l u s  misce l laneous  and p r o p e r t y  taxes a t t r i b u t a b l e  

t o  c o n s t r u c t i o n  and suppo r t i ng  workers moving i n t o  t h e  p r o j e c t '  area. I n  

a d d i t i o n  t o  t h e  economic b e n e f i t s  a t t r i b u t a b l e  t o  workers,  t h e r e  are,  of  

course, s u b s t a n t i a l  s t a t e  revenues i n  t h e  use taxes on purchases o f  m a t e r i a l s  
,. . 

go ing  i n t o  t h e  c o n s t r u c t i o n  p r o j e c t .  
:,. ' . . 

The problems c rea ted  by an  NEC a r e  t h e  a d d i t i o n a l  1oad ings .p laced  on t h e  

i n f r a s t r u c t u r e  sec to r s  o f  t h e  area and t h e  costs .  assoc ia ted  w i t h  t h e i r  expansion. 

These s e c t o r s '  i n c l u d e  such pub1 i c  se rv i ces  as school systems, mun i c i pa l  employ- 

m e n t , m u n i c i p a l  se rv i ces ,  h e a l t h  and medica l  care,  t r a n s p o r t a t i ~ n  f a c i l i t i e s .  

e t c .  .   here a r e  o t h e r  problems which deal  w i t h  qua1 i ty  o f  1  i f e .  

F i gu re  3 p resen ts  t h e  genera l  research '  approach f o r  e v a l u a t i n g  t h e  pub1 i c  

s e r v i c e  b e l a t e d  problems. The impacts  s t a r t  . w i t h  c o n s t r u c t i o n  employment 

r e c r u i t m e n t  s i n c e  few communit ies. (and c e r t a i n l y ,  n o t  t h e  Hanford a rea)  can 

r o u t i n e l y  p r o v i d e  t h e  l a r g e  number of  b u i l d i n g  c r a f t  workers r e q u i r e d  i n  t h e  

c o n s t r u c t i o n  o f  an NEC. Therefore,  f o r  most o f  these  workers,  a long  w i t h  t h e  

ma jo r  p a r t  o f  t he  suppo r t i ng  workers they  generate,  must be r e c r u i t e d  from 

o u t s i d e  t h e  a r e a . '  Some o f  these new w~rkers w i l l  p robab ly  cnmm~rt.~ t n  t h e i r  

new jobs  f r om t h e i r  p resen t  res idence  b u t  most o f  them w i l l  have t o  m i g r a t e  
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in to  the  area and subsequently choose t o  res ide  a t  one of the.seve.ra1 . . .  ;. . ! ,  ... , , v  :, 
communities within reasonable driving range. . . . . . . , ,: . . .i'. '."' . . ,  

Typically, a 6-year period i s  involved in the  construction of a ' s i ng l e  ,., 

reactor  which peaks in t h e  neighborhood of 1500 .workers f o r  about half of 

the  construction period. Table VI 'presents a typical  work force  profilie.by 
. . .  

. + 

- qua r t e i i . o f  the  6-year construction period.  . . :  . '. , * 

' . * .  . * b. . 

. . TABLE VI . . Typical construction work force  . . . . . . . .  

. . . .  . . over a 6-y.ear constr.uc,tion schedule . . !  . : ,  

. .  , ... . , .: 

Time:(in months) . .  Number of Construction Workers . .. . 



With the cumulation of a typical 'nuclear reactor center construction schedule 

dependent upon the load forecasts for  the area,  t h i i  worker peak5could r i i e  

as high as  12,000 constructiyn workers for  a considerable period of years for 

a 40-reactor construction schedule ( 3 7  reactors plus WNP 1 ,  2 ,  and 4 ) .  Figure 

4 presents estimates of the cumulative work force as construction gets under 

way in accordance with the schedule shown in Table I.. The figure also represents 

a hypothetical case wherein the construction work force i s  limited to  a maximum 

of 4500 workers (about tha t  required fo r  WNP 1 ,  2 ,  and 4 construction) in order 

tha t  the economy' of Hanford would not be so di.storted as by a' ful l -scale  

nuclear construction schedule. Under such constraints only 20 reactors 

would be constructed over the 30 year period. 'I'he numbers in rh'e chart..  
represent the cumulative number of reactors operative a t  that  point in t i m e .  

Typically, about 20-25% of the new construction workers would be single 

persons. The remaining 75% of the migrating workers would have 2+ family 
- members per job holder. The problein i s  compounded by the uncertaint'ies o f  

estimating numbers of supporting workers plus trade service jobs required 

to  accommodate the d i rec t  construction workers. The energy industry sector 

normally has an employment multiplier of about 2.3 as based on established 

national input/output tables .  However, the construction industry, because 

of i t s  temporary nature, has a mu1 t ip1 i e r  .of only about 0.5. 
, . 

On t h i s  basis then, i t  i s  estimated tha t  a peaking reactor work force of 

1500 construction worlccrs would generate another 700 t n  Rnn wppnrting workers ,  

Further, considering the proportion between s ingle  and married construction 

workers plus the i r  supporting workers i t  can be estimated tha t  construction 

of one reactor can r e su l t  in a peak of about 5500 new persons residing some- 

where in the construction area.  For working convenience, i t  i s  assumed that  

the multiplier fo r  basic construction workers to  population i s  about 3.6. 

This population coeff ic ient  allows for  single workers, both construction and 

indirect ,  family s lze,  and drirect-indirect multipliers.  

Based on the assumed energy forecast in Table 1 ,  construction of a 20- 

or 40-reactor HNEC would s t a r t  in 1982 and peak about a dozen years l a t e r  a t  

a ' l eve l  of nearly 12,000 construction workers. If no other construction was 

scheduled, the peak of 12,000 workers would hold for  about nine years for  
. d  
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t h e  40- reac to r  case and f o r  about  one yea r  f o r  t h e  20- reac to r  case, and 

d e c l i n e  t o  0  w i t h i n  ano ther  s i x  years .  I n  e i t h e r  case t h i s  j o b  l o s s  o f  

12,000 workers would be v e r y  d i f f i c u l t  f o r  any area t o  l i v e  w i t h .  

The 12,000 workers  rep resen t  popu la t i ons  o f  a t  1  eas t  43,000 ( i n c l u d i n g  

s u p p o r t i n g  and i n d i r e c t  workers)  as p o t e n t i a l  ou t -m ig ran ts  upon comple t ion  

o f  t h e  a r e a ' s  n u c l e a r  f a c i , l i t i e s .  Th i s  p o t e n t i a l  * a  drop o f  some 12,000 j o b s  

and 43,000 persons over  a  s i x  yea r  p e r i o d  c o u l d  be devas ta t i ng  t o  an economy 

un less  t h e  a r e a ' s  " n a t u r a l "  growth, i n c l u d i n g  f a c i l i t y  opera t ions ,  was l a r g e  

enough t o  m i t i g a t e  these  adverse economic impacts.  

Typ ica l  l y ,  w i t h  a  p r o j e c t ' s  complet ion,  ' c o n s t r u c t i o n  workers move on 

t o  new p r o j e c t s  hut some may choose t o  f i n d  j o b s  and remain ; i n  t h e  area. 

It i s  n o t  necessary, t h e r e f o r e ,  f o r  t h e  community t o  generate c o n s t r u c t i o n  

j o b s  f o r  . t h e  peak 12,000 nuc l  ear  c e n t e r  p r o j e c t  workers b u t  r a t h e r  t o  develop 
about  an equal number o f  j obs  f o r  t h e  a r e a ' s  to ta l . ' ,work  f o r c e  and p o p u l a t i o n  . 

. . 

t o  remain about  t h e  same as d u r i n g  t h e  nuc lear . : cen te r  c o n s t r u c t i o n  peak. T ~ u < ,  

t h e  r e a l  c r u x  l i e s  i n  t h e  t i m i n g  and whether o r  n o t  o t h e r  j o b  o p p o r t u n i t i e s  

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

worker  l o s s  w i t h o u t  t h e r e  be ing  excess i n f r a s t r u c t u r e  c a p a c i t y  ove r  a  l ong  . 

p e r i n d  o f  . t i m e .  
. . 

, . .. 
Wh i le  t h e  f o reseeab le  prob1e111'wuul.d be lessened a s  t h e  a r e a ' s  economy . :.' 

becomes more mature and s e l f - s u f f i c i e n t  as t r a d e - s e r v i c e  and o t h e r  suppvr-Li rly 

a c t i v i t i e s .  t ake  over ,  p l u s  t h e  '100-200 o p e r a t i o n a l  workers pe r  r e a c t o r ,  e t c . ,  ' :  . . - 
t h e r e  woul'd s t i l l  'have t o  be Subs tan t i a l  i nc reases  in' t h e  a r e a ' s  "normal " 
economic base t o  o f f s e t  a  .12,000 c o n s t r u c t i o n  worker  j o b  l o s s .  

Among o t h e r  problems t o  be faced i n  t h i . s ' t r a n s i t i o n  p e r i o d  would be t h e  

d e c l i n e  i n  wages, income l o s s ,  pub1 i c  revenue dec l  i nes ,  inc reased  unemployment 

payments f o r  those  c o n s t r u c t i o n .  workers  who chose t o  remain unemployed i r l  the 

area, increased w e l f a r e  cos t s ,  e t c .  An e q u a l l y  severe problem would be t h e  

inves tment  cos t s  i n  t h e  excess c a p a c i t y  i n  mun i c i pa l  se rv i ces  which would 

remain unused u n t i l  n a t u r a l  growth reaches these  c a p a c i t y  l e v e l s .  The 

p u b l i c ' s  investment  i n  t hese  i n f r a s t r u c t u r e s  can be cons iderab le .  



, . : > ..; 
An a1 t e r n a t i v e  t o  t h i s  p.rob'lem and a' re'asonable means , t o  .mi t i g a t e  ..th'e.::;::. 

shor t - term c o n s t r u c t i o i  impact cou ld  be planned' schedul ing 6 f  'nuclear f a c i l i t y  

c o n s t r u c t i o n  t o  s t a b i l i z e  cons t ruc t i on  employment a t  an acceptable l e v e l  over 

a  p e r i o d  o f  years cons i s ten t  w i t h  t h e  a rea ' s  e x i s t i n g  l a b o r  f o r c e  s i z e  and 

normal development p o t e n t i a l .  I n  t h e  l i g h t .  o f  Hanford 'c'ur'rent co.nstruct ion 

experience where worker t o t a l s  w i l l  peak a t  about 4500 ( f o r  WNP 1, 2, and { ) ,  

t h i s  case was se lec ted  as being a t  t he  oppos i te  end o f , t h e  spectrum. The . . 
lower curves i n  F igure  4  present worker l e v e l  and nuc lear  r e a c t o r  cons t ruc t i on  

f o r  t h i s  case. .Under t h e  4500 worker l i m i t a t i o n  about 20 p l a n t s  cou ld  be 

constructed over a 27 year  per iod.  There ,are many? o the r  cases which cou ld  

be examined. For in.stance, . . .  as t h e  a rea ' s  economy expands and becomes more 

d i v e r s i f i e d ,  the  cons t ruc t i on  worker '  t o t a l  m ight  be increased from 4500 t o  

6000. .. . 

It i s  use fu l  t o  examine some o f  t h e  socia.1 impact 'st ' in terms o f  the  

economic consequences associated w i t h  a  t y p i c a l  r e a c t o r  p r o j e c t .  Tab1 e  V I  I.. 

presents est imates o f  economic b e n e f i t  per  r e a c t o r .  When mu1 t i  pl i ed by t h e  

f i n a l  number o f  those i n  an NEC, t h e i r  t o t a l s  become even more impressive. 

Most o f  t h e  i n f r a s t r u c t u r e  costs have t o  be p u t  i n  p lace  far. i n  advance o f  

t a x  revenue generat ion.  Under present  cond i t i ons ,  there  is,,no way f o r  

requ i red  pub1 i c  expenditures t o  be prov ided du r ing  the  constr ,uct ion ' p r o j e c t .  

Governing bodies a n d : u t i l i t i e s  a r e  becomingmore,awar.e o f -  these unfunded 

cos ts .  It i s  plan,ned t o  examine t h e  magnitude o f  these cos ts  i n  f u tu re  

s tud ies .  

STATION ELECTRIC..POWER SERVICE -.=-- , . . . . . 

The t ransmiss ion of e l e c t r i c  power from an HNEC i s  b r i e f l y  described 

i n  t he  s e c t i o n  t i t l e d  " I n t e r i m  Desc r ip t i on  of t h e  HNEC-Concept", and i n  

g rea te r  d e t a i l  i n  BNWL-B-426 E l e c t r i c  Power Transmission For A Hanford 

Nuclear Energy Center, September 1975. A second phase o f  the  t ransmiss ion 

study was undertaken t o  examine t h e  requirements f o r  s t a t i o n  s e r v i c e  t o  an 

HNEC. 



TABLE VII. . Secondary e.conomic impacts associated w i t h  cons-truction a n d -  
, operation of a typical  nuclear reactor  .in Washington . . . _  - 

. . . - .  

Per 
, Construction Item Reactor . 

' construction Wages 
. .  . 

~ n d i  rect Wages 

Commercial Receipts 
. . 

Cdnitruction ~ o k k e r s  
. . 

1ndi r e c t  workers 

Coiistruction  ater rial s 

Tax Revenues 

Retail Sales 

Use (construct  ion) 

, I  , '  
. . 

I 8 ,  

. . Operation Annua 1 . > , ~ 

' ' Operational Wages " 

1ndi r e c t  Wages 

. ,. , 

flperatinnal Wages .450,000: . , 

. .. . , . , Indlrect  Wages . % 580,000 . . ( ;  , 

2 50,000 . . Operational Materials 

Tax Revenues 
,. . 

Retail Sales - Workers 23,00.0, '  ' . . ; :  . : 

Ketai 1 Sal e s  .- Fac1.l i ty  Purqhd~t5 .12,500 - 
Property , . .  16 ,000,000~ . . . ,  

Gross 'Sales (Revenue) . u . . . . . 3 , 3 0 0 , 0 0 0  . .: . 
b 

. . 

a I f  investor-owned 

I f  public operated 



Designs have been developed i n  the  U.S.,for s t a t i o n  e l e c t r i c  power 

se rv i ce  systems f o r  4 - u n i t  nuc lear  p lan ts .  Some o f  these designs have beer1 

approved by the  Nuclear Regulatory Conllnission (NRC) as coa~p ly ing  w i t h  sa fe ty  

regu la t i ons ,  and have been accepted by u t i l i t i e s  as p rov id ing  f o r  an adequate 

l e v e l  o f  opera t ing  r e l i a b i l i t y  and f l e x i b i l i t y .  ,No, -study has been made o f  

t he  requirements f o r  s t a t i o n  . s e r v i c e  . f o r  a  nucl 'ear energy center .  The r e q u i r e -  

ments have been examined , i n  a  con tex t  o f i a n  HNEC o f  20. u n i t s  w i t h  a  n e t  

capac i t y  o f  24 g igawat ts  (24,000 MW). The a n t i c i p a t e d  r a t e  o f  load growth 

i s  such t h a t  an HNEC cou ld  have a  ; . total  generat ing capac;ity . o f  24 GW by the  

year  2000. The scope of t he  s t u d y ' i n c l u d e d  the  s t a t i o n  se rv i ce  t ransmiss ion 

system from i t s  o f f s i t e  o r i g i n .  i n  the .  bu l  k  power network t o  the  s t a t i o n  
' 

se rv i ce  buses i n  t h e  p l a n t .  The i n t e r n a l  redundant scstems extending from 

those buses t o  the  s t a t i o n  loads would n o t  be expected t o  d i f f e r  because o f  

t he  number of generat ing u n i t s  i n  one complex. .-.. 
. .  . . . ,  , , 

. . 
An HNEC i n  t h e  year  2000 can be envisaged as f i v e  groups o f  generat ing 

u n i t s  w i t h  th ree  t o  . f ive'runit .s, .  . i n  each group, served by th ree  500 kV swi tch ing  

s t a t i o n s  (Ashe, ~ a b l e ' M d u n t a i n ,  a i x l ~ a n f o r d  .(. i n  F igure  1 ) .  The power source 
. . 

f o r  the  s t a t i o n  se rv i ce  ! ., c i r c u i t s  cou ld  be, the  500 o r  230 kV systems o r  the 
. .  , 

24 kV generator  bus (F igure  5 ) .  The bu l k  ppwer system f o r  t h e  Northwest 

Power Pool. i s ;  500'::k~. , A 230 kV system t raverses  the  Hanford area; i t  w i l l  , 

be in terconnected w i t h  the  500 kV system a t  vantage and Grand Coulee t o  t h e  

n o r t h  and a t  McNary t o  t h e  south o f  t h e  Hanford 'peservat ion. The 24 kV 

system, w i t h  a  swi tch  t o  i s o l a t e  the  generator,  has both f u n c t i o n a l  and 

economic m e r i t .  It was adopted i n  t h i s  study f o r  t he  "normal" power source 

i n a l l  cases :examined. I t  i s  equa l l y  a t t r a c t i v e  f o r  di,spersed p-lantn or  , 

... .. i ' .  . 
~ ~ ~ ' ~ l a h t s . .  , . . 

The main task  of t h e  study, there fore ,  was?-to 'sel lect t he  "a1 te rna te "  

s t a t i o n  se rv i ce  supply: system fo ' r  mu1 t i p l e  p l a n t s  i n  the  HNEC s i t u a t i o n .  

The assumed grouping o f  plant 's i s  such that: ' the.  p'rohlems o f  s e l e c t i n g  an 

" a l t e r n a t e "  o f f s i t e  s t a t i o n  s e r v i c e  supply a r e  s i m i l a r  t o  those of th ree-  

and fou r -un ' i  t s t a t i o n s  no\j be ing  dksighed;  n ine  o f  s u c h  groupi  &< were 
. . .  

reviewed fo r  t h i s  study. , The novel problem o f  a  20:init s t a t i o n  i s  t o  

est imate co inc iden ta l  peak loads.on a  system supply ing a l l  a l t e r n a t e  
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EXAMPLE OF 500 kV - 230 kV 

SYSTEM l NTERCONNECTI ON . . . . . . - 
THROUGH AUTOTRANSFORMER 

\ 
. .  , . " .  . 

TY PI'CAL 
FOR ONE U N l  T 

PARTIAL DIAGRAM SHOWING PWSSlBLt  
CONNECTION POINTS BETWEEN GRl D 
AND STAT1 ON SERVICE C I RCU I TS: 

. ,  . 

0 GENERATOR ;. * , 

1 3 ,  TRANSFORMER, 

500 kV SWITCHYARD 

A ALTERNATE C I R C U I T  - CONCEPT A (230 kV SYSTEM) . . . 

.B ACTERNATE C l RCU I T - CONCEPT D (500 kV 5Y.S !EM) 

FIGURE 5. HNEC Transmission Systems and Typ i ca l  P o i n t s  o f .Power- .  

. .  . 
Supply f o r  " O f f s i t e "  S t a t i o n  Se rv i ce  C i r c u i t s .  



s t a t i o n  s e r v i c e  c i r c u i t s  i n  common under normal and abnormal c o n d i t i o n s .  . . . . . . . . . . . . .  NRC's . .  . . , . . ? .  .:., ..;!.:: . . .  ' ! ' ;  

r e s t r a i n t s  on t h e  o p e r a t i e n  of a gene ra t i ng  s t i t i o n  when e i t h e r  ,. -, . . o f  . i t s  :. .... normal 
. .:I. . . . . .  . . :  

o r  a1 t e r n a t e  s t a t i o n  s e r v i c e  c i r c u i t s  i s  no't .. avai labl ,e, , ,  .": . and t h e . ' l o w '  C h.i . . .  s t o r i c , a l  
, !., ' 

f a i l u r e  r a t e s  0.f equipment i n  t h e  normal supply c i ' r c u i  t s  a c t  t o  m in im ize  t h d  

t imes when t h e  l o a d  must be t rans f&&ed t ~ a n  a i t e r n a t e c i r c u i t .  The i t u d y  

i n d i c a t e d  t h a t  w i t h  a p o s s i b l e  connected s t a t i o n  l o a d  o f ' 1 2 0 0  t o  1500 MWe 

(about  75 MWe p e r  r e a c t o r  t i m e i  '20 r e a c t o r s ) ,  the p r o b a b i l . i t j  d f  a  'maximum 

load  exceeding 360 MWe would be negl  ig i 'b le .  .dn  a n a l y s i s  '07 load's 'under 

abnormal as w e l l  as normal c o n d i t i o n s  found t h e  peak t o  be l e s s  than  360 PlW. 

Load f l o w  and economic da ta  presen.ted i n  r e fe rence  8 ace based .on t h i s ' f i n d i n g .  

The da ta  app l y  o n l y  i f  t,he s t , a t i on  s e r v i c e  f o r  a l : l  p l a n t s  i s  . ta 'ken f rom t h e  

230 kV. system,, des ignated Concept A, . (F i  gu:re -5 ) .  I n  C'oncept..lj .-a.1 t e r n a t e  

c i r c u i t  power i s  drawn f r om t h e  500 kV s t a t i o n  bus, and.:the ques.t ion o f  

supp ly  system c a p a c i t y  does . . . . .  n o t  a r i s e .  . . . . . . .  
, - . . 

: , + . So:.demon.strate t h e  eng ineer ing  s o l u t i o n s .  t o  a l t e r n , a t i v e .  methods of, . 
p r o v i d i n g  s t a t i o n  se rv i ce ,  c e r t a i n  assumptions were made.wi th  r e s p e c t  t o  

the .  .grouping, -spaci.ng, and. o r i e n t a t i o n  o f  t h e  generat ing.  .pl.ant units.,.  as. . 

we1 1 as t h e i r  ..posi t. ions r e l a t i v e  ..to.."the e.x is t i -ng and a n t i c i p a t e d  .main. tka.ns:, 

m i ss i on  1  i n e  rou tes .  I n  t h e  sou thern  p a r t  ,of t h e  Han:ford Re,serva.tjon,. ,where. 

nuc lea r  p l a n t s  a r e  under . . c o n s t r u c t i o n ,  t h e  p a t t e r n  a l r eady  e s t a b l i s h e d  was 
. . ,  : .  

f o l l b w e d  . . t o  a . . .  t o t a l  o f  f i v e  gene ra t i ng  u n i t s  .... (WNP 1, 2, and ,4, G u s  two .. o t h e r  ... . , . . . . .  . . . .  , .  . ".. . . 'i.? ., 

u n i t s ) .  . . . . ' I n  t h e  c e n t r a l  and n o r t h e r n  . ~ r o u p i n g s ,  i t  was assumed t h a t .  . . . .  two-, , 
. . . - ,. . 

th ree- ,  and f o u r - u n i t  s t a t i o n s  would r e s e i b l e  . . . .  t hose  o f  t h e  C$tawbp, . . .  Pa lo  . ,  
. . . . .  . : . . .  

verde, . . and A lan   arto on des igns.    he . . .  r e l a t i v e  pos i  t i ' ons '  .......... of t h e  50.0. k ~  and ,_,. , . . , . 

230 kV s w i t c h i n g  s t a t i o n s  i n v o l v e d  .assukpt ibns . which'  . a f f e c t ,  , .pot , o n l y  thq '  
. . _ ' . I  . , . . .* 

number o f  unde rg roundc ross ings  b u t  a l s o  o t h e r  des ign  f e a t u r e s  necessary t o  

separate t h e '  o f f s i  t e  s t a f f o n  s e r v i c e  c i r c u i t s .  ~ h e s e  :assumptio'ns, 'o f  'course, 

i n f l u e n c e  t h e  'comparat ive c o s t  es t imates  o f  concept 'A' and Concept' B. . ~ i n a ' i ' i ' j ,  

t h e  s tudy  aisumed t h a t  t h e  r e g i r l a t d r y  p b s ' i t i o n  now' h e l d  ;ti t h i s  t op i t  'byi NRC 

would remain s u b s t a n t i a l l y  as s e t  f o r t h  ' i n  g u i d i s  and s tandards n o w s i n  e f f e c t  
. . . . a , . , .  . i  : >! , 2 . .  . . . _  I :. 

o r  proposed. . . . ! 
. : \  , I .  . . - .. 1.. :. 

. . .  . . . .  . . . . . . . .  . .. , . !  *;;. ' * : ; "  : . . . . . . .  < .i , . .  
' . ' .  ' . , .  

Once these  assumptions and . ,  base Z n d i  t i o n s  were . .  e s t a b l i s h e d  . . . .  w i t h  r espec t  
, . , .  . : .  , . 3 .  ' 

t o  t h e  devklopm$nt . o f  . t h e  HNEC' and t h e  devk10~mei-k o f  t ransmiss ion4  f a c i  1  . . . . .  i t i e s  
. .; . . 

8 . .  
'; , 

. s 



i n  t h e  v i c i n i t y  of t h e  Hanford Reservat ion, variou's rlleans were considered o f  

p r o v i d i n g  a l t e r n a t e  c i r c u i t s  t o  serve t h e  s t a t i o n  loads o f  20 . un i t s .  .  he 
two most a t t r a c t i v e  concepts were: 

. . ., . _  . .  

A , ,  Loop c i r c u i t s  from swi tch ing  s t a t i o n s  on t h e  230 kV system, 

se rv ing  t h r e e  t o  f i v e  p l a n t s  each, w i t h  230/6.9 kV.or 13.8 kV 

(6.9 kV i s  used here as t y p i c a l  of in te rmed ia te  vo l tage)  

t ransforn iers a t  t h e  s t a t i o n  buses o f  each generat ing s t a t i o n  

u n i t .  

B. R a d i a l . c i r c u i t s  f rom a  500169 kV t ransformer,  f e d  from a  1-142 . 

breaker p o s i t i o n  on t h e  same 500 kV bus c a r r y i n g  t h e  main 

generato\- output; and Isaving i i ~ i u i  t s  t o  ' G 9 / G .  9 kV tvansfovnlel ' .~ 

a t  cach gencra t ing  s t a t i o n  u n i t .  

The techn ica l  and opera t iona l  m e r i t s  o f  Concepts A and B we're compared 

' (Table V I I I ) .  No major d i f fe rences were found w i t h  respect  t o  t he  p o t e n t i a l  

e f f e c t s  o f  the c i r c u i t  c h a r a c t e r i s t i c s ,  on generat ing p l a n t  avai  1  ab i  1  i t y  o r  

on c o n t i n u i t y  o f  s e r v i c e  t o  s a f e t y - r e l a t e d  p l a n t  loads.  S i g n i f i c a n t  d i f f e rences  

were found i n  environmental e f f e c t s ,  u n c e r t a i n t y  w i t h  regard t o  r e g u i a t o r y  

aspects, and f l e x i b i l i t y  f o r  sporadic growth. 

The est imated c a p i t a l  cos t  f o r ,  t h e  normal and 'a1 t e r n a t e  c i r c u i t  1  ines  

and equipment and g r i d  re inforcements f o r  17 a d d i t i o n a l  generat ing 'p lants a t  

HNEC i s  $78 m i l l i o n  f o r  Concept A, and $79 m i l  l i o n  f o r  Concept B. A greater  

p o r t i o n  o f  t h e  investment i n  Concept B comes e a r l y  i n  t h e  HNEC 'development; 
. . 

t h e  d iscounted present  wor th  o f  the  requ i red  c a p i t a l  investment i s  from 

10-15% g rea te r  than f o r  Concept A; 

I n  a d d i t i o n  t o  t h e  s p e c i f i c  combinations o f  Concepts, A and B, o ther  

p o s s i b l e  methods o r  combinations were considered, some i n v o l v i n g  t h r e e  

o f f s i t e  c i r c u i t s  ins tead o f  two, and one having a  separate generat ing source 

t o  p rov ide  an a l  t e r n a t e  supply f o r  a1 1  p lan ts .  A p l a n t  design w i t h  a  b i -  . 

fu rca ted  main generator  bus would p rov ide  a  good oppor tun i t y  f o r  having both 

o f f s i t e  s t a t i o n  s e r v i c e  supply c i r c u i t s  on the  generator  bus. This  combinat ion 

appears t o  be bo th  f u n c t i o n a l l y  and economi~cal ly super io r  t o  most o the r  designs; 

however, t h i s  design can o n l y  be used when the  design o f  the  major power c i k u i t s  



TABLE V I I I .  Comparison o f  c h a r a c t e r i s t i c s  o f  a l t e r n a t e  c i r c u i t  concepts - 

C h a r a c t e r i s t i c s .  Concept A (230 kV) concept B (500 kv )  
. . 

Equ'i pment exposure More UG cab le   ore apparatus 
t o  f a i l u r e  . . ., . . . . . . .  

R e s t o r a t i o n  o f  s e r v i c e  . A b i l i t y  t o  r e s t o r e  i s  : Wi th  s p a r & 5 0 0  k ~ '  
w i t h i n  72 h r  f a c i  1 i . ta t e d  by 1 oop : t rans fo rmer  ;, . ,;. . 

r e s t o r a t i o n  would. 
bd possib. i 'e: '  . . 

. . 

~ x ~ o s u r e  t o  n a t u r a l  hazards ---equal---  
.., .' I 

System s t a b i l i t y .  excurs ions  ---equal --- 

P o t e n t i a l  power sources 
i n  t h e  network 

Re lay ing  ( e l e c t r i c a l  More p r o t e c t i v e  zones --- 
separa t ion) '  sepa ra t i ng  t h e  sources : . . . .  . 

. * " .  . . . , . ' ..: . . , " 
Required system c a p a c i t y  Es t imate  i s  based . . ~ m ~ l e  c a p a c i t y  

',' on probabi  1 i ty " assured a t  n o  
added c o s t  

E f f e c t  o f  human e r r o r  . --- S l i g h t  advantage 
. .. . 

A d a p t a b i l i t y  f o r  growth. ---equal---  . . 
. .. . . : .  . . _ b  . 

Adaptabi 1 i ty  f o r  e a r l y  Had advantage --- . . 
c u r t a i  lment  o f  program 

Economics - - - rough ly  equal---  ' . .  '.. 
. ,..- ' 

Envi  ronmental e f f e c t s  Added l i n e s  i n  an'd ~ n s i ' g n i f  ican? 
. . . . n o r t h  o f  ' the . 

. . . - . _  . . ' , .  . . r e s e r v a t i o n  . .. . . 
- .  



.. . , .. . . .. 

i s  a1 ready a  b i f u r c a t e d  system and very  few have";ucti k j i t e m s .    he' '' . 
o t h e r  a l t e r n a t i v e s  were no.t a t t r a c t i v e ,  and any advantage they may have would 

n o t  war ran t  the  added cos t .  . . . . 

I n  conclus ion,  t he  s t a t i o n  power study i n d i c a t e d  t h a t  t he re  are.acceptable 

methods o f  p r o v i d i n g  s t a t i o n  se rv i ce  t o  a  20-un i t  HNEC. The choice o f  method 

would depend on t h e  environmental,  economic, socia4 , and techn ica l  s i  . .  tua,t ion . 

a t  t h e ' t i m e  t h a t '  design o f '  a' new p l a n t  i s  .committed, and on the  preference ', >. 

. .  . 
o f  t h e  respons ib le  u t i l i t i e s .  The study may be summarized as f o l l o w s :  

No ex t rao rd ina ry  engineer ing d i f f i c u l t i e s  a r e  expected i n  designing 

an HNEC's 5 l d l i u 1 . 1  iei.v-i'ce systems t h a t  w i l l  mcct a l l  u t i l i t y  and 
. . r e g u l a t o r y  requirements. 

, .  8 

The major u n c e r t a i n t y  i nvo l ved  w i t h  choosing the  230 kV system, 
, . . .  , .  . 

Concept A, i s  whether t h e  NRC would r e q u i r e  f u l l  capac i t y  i n  t he  . .. 

BPA system f o r  a l l  poss ib le  connected load.  The capac i ty  est imates 

: he re in  a r e  .based on expecta t ion  o f  peak ' loads o f  on l y  24-30% o f  
~ 

poss ib le  connected load; t h i s  expecta t ion  i s  based on a  study o f  
. . 

. t h e . p r o b a b i l i t i e s  o f  t h e  number o f  opera t ing  p l a n t s  simultaneously 

t r a n s f e r r e d  t o  the  a1 t e r n a t e  system. . . . ~ , ' 

E i t h e r  of t h e  two a l t e r n a t e  c i r c u i t  concepts, Concept A o r  B, s tud ied  
. . .  

i n  d e t a i l  would be acceptable based on s a f e t y  and & e r a b i I i t y .  . . . - 

The est imated cos ts  o f  t h e  two a l t e r n a t i v e s  a r e  roughly equal f o r  ,: .. ; 

t h e  s e t  o f  cond i t i ons  assumed i n  t h i s  study, b u t  Concept A has a  . . 
10-15% advantage i n  d iscounted p.resent worth o f  requ i red  investment. 

D i f f e r e n t  geographical arrangements o f  p l a n t s  and sw i t ch ing  s t a t i o n s  

would a f f e c t  t he  est imates, b u t  no t  t o  t he  ex ten t  t h a t  one concept 

would have a  marked economic advantage over  t he  o ther .  

The p r i n c i p a l  advantage o f  Concept A, i n  which s t a t i o n  se rv i ce  

( a l t e r n a t e  c i r c u i t )  i s  taken f rom t h e  230 kV system, i s  t h a t  t h e  

method i s  f l e x i b l e  enough t o  accommodate sporadic growth of generat ing 

s t a t i o n s  planned a t  an HMEC--that i s ,  i n  t h e  absence o f  a  f i r m  program 

f o r  complet ion o f  a  th ree-  o r  f o u r - u n i t  group o r '  f o r  a  f u l l - s c a l e  HI'IEC 

. . 



development. Th i s  concept i s  a l ready  i n  use f o r  p l a n t s  planned i n  

t h e  v i c i n i t y  o f  t h e  Ashe sw i t ch ing  s t a t i o n .  

The p r i n c i p a l  advantages of Concept By  i n  which t h e . s t a t i o n  s e r v i c e  .. 

(a1 t e r n a t e  c i r c u i t )  i s  taken f rom t h e  500 kV system, a re  t h a t  i t  - : 

does n o t  r e q u i r e  any added o f f s i t e  t ransmiss ion  l i n e  cons t ruc t i on ,  

thus i n v o l v i n g  no added environmental  e f f ec t s , .  and t h a t  t h e  i nhe ren t  
. . . a  4 . . 

capac i t y  i s  ample f o r  any l oad  combination, thus avo id ing  any un- 

c e r t a i n t y  as t o  t h e  p o s i t i o n  t h a t  may be taken by r e g u l a t o r y  agencies. 

Other s t a t i o n  s e r v i c e  supply methods o r  combinations which would meet 

ope ra t i ona l  and s a f e t y  requirements a r e  poss ib le  b u t  a t  h ighe r  ~ o s t  

and w i t h o u t  s u b s t a n t i a l  added b e n e f i t s .  

. . . . 

SAFETY AND RELIABILITY ANALYSIS 

As p r e v i o u s l y  s ta ted ,  t he  HNEC concept i s  being s tud ied  t o  develop an 

improved understanding o f  nuc lear  .energy centers,  t h e i r  advantages and' d i s -  . . 
. .. 

advantages, . . and t o  i d e n t i f y  research and development needed t o  eva lua te . t he  

concept. One aspect o f  t h e  s tudy i s  t o  determine whether t h e r e  a r e  any . added . 

o r  d i f f e r e n t  concerns f o r  t h e  s a f e t y  o f  t h e  p u b l i c  r e s u l t i n g  f rom an' HNEC 

compared t o  d ispersed s i t i n g .  The a n a l y s i s  a p p l i e s  t he  many cons idera t ions  

r e l a t i v e  t o  t h e  s 'a fety  o f  t h e  ,pub1 i c  i n  s i t i n g  and ope ra t i ng  s i n g l e  o r  m u l t i p l e  

nuc lear  u n i t s  i n  d ispersed s i t e s  t o  dn HNEC. A secomd aspect o f  t he  s tudy ' - -  

how t h e  r e l i a b i l i t y  o f  e l e c t r i c  s e r v i c e  migh t  be a f f e c t e d  by an HNEC -- w i l l '  
5 ' 

be addressed i n  a  subsequent phase o f  t h e  HNEC study.  
. . 

It i s  impor tan t  t o  recognize t h a t  t h e r e  a re  no l i c e n s i n g  o r  re1  i a b i l i t y  a .  

c r i t e r i a  governing NECs. Such c r i t e r i a  may n o t  be developed u n t i l  t h e r e  i s  

a  ser ious  e f f o r t  t o  l i c e n s e  an NEC. Thus, i n  cons ider ing  these two aspects o f  

NECS, i t  i s  sometimes necessary t o  develop t h e  bases f o r  c r i t e r i a  before 

cons ider ing  app rop r i a te  approaches o r  so l  u t i o n s  t o  p o t e n t i a l  NEC problems. " 

I n  t h e  absence o f  s p e c i f i c  c r i t e r i a ,  two general  c r i t e r i a  have been used. 

F i r s t ,  t h e r e  should be no g r e a t e r  r i s k  t o  t h e  p u b l i c  w i t h  an NEC than w i t h  

d ispersed p lan ts .  Second, t h e r e  should be no decrease i n  r e l i a b i l i t y  o f  

e l e c t r i c a l  s e r v i c e  from an NEC compared t o  d ispersed s i t i n g .  



The s a f e t y  r ev i ew  a t tempts  t o  i d e n t i f y  d i f f e r e n c e s  i n  the'  consequences 

t o  t h e  p u b l i c  r e s u l t i n g  f rom t h e  analyses o f  acc iden t s  f r om n a t u r a l ' a n d  man 

made events  t h a t  would presumably be conducted f o r  an HNEC when compared w j t h  

t h e  no rma l l y  r e q u i r e d  analyses f o r  d ispersed  s i t e s .  

I n  t h i s  development, t h e '  f o l l o w i n g  were rev iewed i n  c o n s i d e r a b l e d e t a i  1  : 

The Regu la to ry  Guides inc1,uding t h e  a p p r o p r i a t e  Work P lan  ~ e v i e w s  , t h e  Desi,gn 

C r i t e r i a  (Appendix A, 10 CFR 50), Seismology C r V t e r i a  - (Appendix A  10 'CFR l o o ) ,  

and t h k  a h i  l a b l e  ap6 rop r i a tes tanda rds .  Regarding t h e  l a s t  i tern,, namely t h e  

a p p r o p r i a t e  standards, some'were n o t  a v a i l a b l e  f o r  rev iew and these a r e  noted 

i n  r e f e r e n c e  7. 

L a s t l y ,  recommendatluns .Pr-ur~~ ACRS u i ~  s - i t i t ~ g  and s a f e t y ' t h s t  m igh t  ircpact 

s a f e t y  rev iews  f o r  an HNEC were rev iewed.  ~ n c l u d e d  i n  t h i s  were t h e  a p p r o p r i a t e  

responses from NRC. 

Du r i ng  t h e  rev iew,  i t  a1 so become apparen t '  t h a t  some new cons ide ra t i ons  

r e s u l t  a s  a  consequence o f  a  l a r g e  c o n c e n t r a t i o n  o f  e l e c f r i  c.al gene ra t i ng ' .  

c a p a c i t y  a t  any s i ' t e .  ~ h e s e '  become added: cons ide ra t i ons  t o  a  gener ic .  overv'iew 

'on s a f e t y .  
. .  . 

One such c p n s i d e r a t i o n  i s  t h e  element o f  t ime.  Normal ly  20 o r  30 years  

o f  p l a n t  1  i f e  a r e  accepted when c o n s i d e r i n q  d ispersed  r i t e s  and i f  m u l t i p l e  

s i t i n g  i s  approved, up t o  40 years i s  reasonable f o r  t h e  s i t e .  For  an energy 

c e n t e r  where upwards o f  20 l a r g e  gene ra t i ng  f a c i l i t i e s  a r e  planned, d 1i111e 

i n t e r v a l  p robab l y  g r e a t e r  than  100 years  must be cons idered.  It w i l l  p robab ly  

be a  t i m e  span o f  t h i s  amount . f rom t h e  t i m e  t h e  f i r s t  u n i t  i s  cons idered  u n t i l  

t h e  l a s t  u n i t  approaches decommissioning. ' T h i s  assumes t h a t  none o f  t h e  

o r i g i n a l  u n i t s  a r e  rep laced  a long  t h e  way. 
. . . 

A 100-year ( o r  more) t i m e  span can c r e a t e  d i f f e r e n t , ,  parameters f o r  long-  
, . 

t e rm  me teo ro log i c  e f f e c t s  o r  p o p u l a t i o n  d e n s i t y  s t u d i e s ,  f o r  example. I n  

f ac t ,  wherever t h e  f requency o f  occurrence parameter ,is , .a . f a c t o r  i t i ' a n  ace iden t  

o r  s a f e t y  anal -ys is ,  t h e  long- te rm t i m e  , cpns ide ra t i on  fo,r  an HNEC o r  any energy 

c e n t e r  may be an i n p u t  un ique  t o  t h e  analyses co t~ lp le ted  f o r  an HNEC. 

A l so  t o  be i n c l u d e d  now as f a c t o r s  a r e  s a f e t y  concerns r e s u l t i n g  f rom 

LMFBRs e v e n t u a l l y  becoming p a r t  o f  t h e  gene ra t i ng  system and f a c i l i t i e s  

s u p p o r t i n g  o t h e r  p a r t s  o f  t h e  f u e l  c y c l e  be ing  l o c a t e d  a t  t h e  HNEC. 



Another general parameter s p e c i f i c  t o  an HNEC i s  t he  r e l a t i v e l y  long 

d is tances (severa l  o r  more m i l e s )  poss ib le  between quads ( f o u r  generat ing 

s t a t i o n s ) .  This  r e s u l t s  from the  r e l a t i v e l y  l a r g e  area a v a i l a b l e  a t  HNEC 

w i t h  r e l a t i v e l y  ex tens ive  po r t i ons  o f  i t  as y e t  uncommitted t o  any o ther  

a c t i v i t y .  Thus, t he  quads may be considered as separate e n t i t i e s  because 

o f  t he  d is tance between them, i n  which 'case e x i s t i n g  guides and s i t i n g  

requirements may be app l icab le ,  a t  l e a s t  f o r  smal ler ,  20-reactor  HNECs. 

To support t h i s  observat ion,  some a d d i t i o n a l  s p e c i f i c  analyses may be 

requi red.  These may inc lude,  f o r  example, bo th  long-and shor t - te rm e f fec ts  

o f  a  s i g n i f i c a n t  acc ident  a t  an ope ra t i ng  reac to r ,  t h e  p o t e n t i a l  on an HNEC 

o f  a  ser ious  re lease f rom a c t i v i t i e s  o f  t he  nearby weapons waste management 

program, the  acceptance o f  a  long-term commitment o f  t he  Columbia R iver  as 

a  coolant ,  t h e  p o t e n t i a l  f o r  re leas ing  r a d i o a c t i v i t y  t o  t h e  Columbia R ive r  

as a  r e s u l t  o f  an acc ident  concurrent  w i t h  f l ood ing ,  secu ' r i t y  measures a t  

an HNEC, and t h e  decommissioning requirements. 

< 
Thus f a r ,  t h e r e  appears t o  be no evidence t h a t  t h e  s a f e t y  o f  t h e  p u b l i c  

w i l l  be a f f e c t e d  more by concent ra t ing  reac to rs  a t  an HNEC than d i spe rs ing  

them throughout t h e  reg ion  they would serve. This  conc lus ion  i s  s i m i l a r  t o  

o the r  conclusions reached i n  o ther  NEC s tud ies .  A t  Hanford as a t  o the r  

nuclear  energy center  s i t e s  the  s a f e t y  impact on t h e  p u b l i c  by s i t i n g  20 reac to rs  

i n  the  area w i l l  perhaps be even l e s s  than i f  d i spe rs ing  them throughout the  

region.  This  would r e s u l t  from the  g rea te r  l and  area a v a i l a b l e  a t  Hanford, 

t he  added d is tance f rom popu la t i on  centers  and the  sparseness o f  popu la t ion .  

Some design c r i t e r i a ,  r e g u l a t o r y  guides and o the r  nuc lear  standards 

rs iogr~  i ~e and 1 n c l  ude mu1 t i p l  e  s i t i n g  o f  reac to rs .  Grouping nucl  ear generat ing 

f a c i l i t i e s  i n  u n i t s  o f  f o u r  ( o r  f i v e )  has been addressed. However, l o c a t i n g  

four o r  f i v e  such groupings i n  t he  same l o c a l e  such as a t  Hanford can be 

expected t o  rece i ve  spec ia l  a t t e n t i o n  o f  r e g u l a t o r y  bodies. But, because. o f  
. .  . 

t h e  s i z e  o f  t h e  area t h a t  permi ts  several  m i l es  between quads;plus,the remote- 

ness o f  t h e  area f rom popu la t i on  centers,  no l i m i t i n g  fea tures  o r -excess i ve  

desigri requirements have been es tab l  ished t o  date. 
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