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SUMMARY AND CONCTJ1.JSIONS 

SUMMARY 

The Nuclear Energy Center  (NEC) i s  a concept f o r  s i t i n g  a l a r g e  number 

of  n u c l e a r  power p l a n t s  a t  a common loca t ion .  It appears  f e a s i b l e  t o  

u t i l i z e  t h e  ocean o r  o t h e r  l a r g e  water bodies  f o r  t h e . d i s s i p a t i o n  of t h e  

l a r g e  q u a n t i t y  of r e j e c t  h e a t  from a n  NEC. 

Once-through coo l ing  a f f o r d s  t h e  advantages of h igher  thermal e f f i -  

c i e n c i e s  .and minimal l o s s  of summer peak gene ra t ing  capac i ty  compared t o  

c losed-cyc le  systems, and t h e  problems of atmospheric h e a t  d i s s i p a t i o n  

are l a r g e l y  avoided. Depending on t h e  l and  a r e a  found necessary  f o r  

a tmospher ic  h e a t  d i s s i p a t i o n  systems, an'NEC w i t h  once-through cool ing  

could  r e q u i r e  a s u b s t a n t i a l l y  sma l l e r  l and  area .  

The main environmental impacts of once-through cool ing  a r e  e f f e c t s  

o n  ecosystem s t r u c t u r e  and func t ion  through (1)  i nc rease  i n  t h e  temperature 

o f  t h e  r e c e i v i n g  wa te r  body, and (2)  by entrainment  and impingement of  

a q u a t i c  organisms. A concept  f o r  an  NEC once-through cool ing  system is  

proposed t h a t  would minimize t h e s e  impacts by u t i l i z i n g  deeper o f f sho re  

wa te r s  than have been used h e r e t o f o r e  f o r  c o a s t a l  p l an t s .  

A concept  f o r  t h e  des ign  of an  o f f s h o r e  h e a t  d i s s i p a t i o n  system i s  

shown i n  Fig. 1 (p. 8). The i n t a k e s  a r e  l oca t ed  s u f f i c i e n t l y  f a r  from 

s h o r e  t o  avo id  t h e  shallow-water in-shore a r e a s  which a r e  cha rac t e r i zed  

by h ighe r  b i o l o g i c a l  p r o d u c t i v i t y  than t h e  o f f s h o r e  a r e a s  which a r e  

g e n e r a l l y  less product ive.  The d ischarge  i s  a tandem j e t  d i f f u s e r ,  wi th  

h igh-ve loc i ty  j e t s  f o r  good mixing of t h e  d ischarge  w i t h  ambient water.  

The jets a r e  o r i e n t e d  in t h e o f f s h o r e  d i r e c t i o n , ' s o  t h a t  t h e  r e s u l t i n g  

plume would have a cons ide rab le  o f f sho re  momentum which tends ' t o  c a r r y  

t h e  plume seaward dur ing  p e r i o d s  of low ambient cu r r en t s .  The i n t a k e  

and d i scha rge  a r e  connected t o  a purnphbuse on sho re  v i a  underground water  

condu i t s  which may b e  e i t h e r  t unne l s  o r  bur ied  p ipe l ine .  The NEC i t s e l f  

i s  set back some d i s t a n c e  from t h e  s h o r e l i n e ,  s o  t h a t  r e c r e a t i o n a l  u s e  

of  t h e  s h o r e l i n e  i s  n o t  impeded. 

A h e a t  d i s s i p a t i o n  system de,sign a l r eady  developed f o r  a power 

s t a t i o n  can be scaled-up t o  t h e  s i z e  requi red  f o r  a n  NEC module, us ing  

s c a l i n g  laws based on ~ r o u d e  s imi l i t ude .  A s  a n  example, t h e  design 
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f o r  t he  two-unit San Onofre u n i t s  2  and 3  s t a t i o n  was scaled-up t o  the  

capac i ty  f o r  an 8-unit  NEC module. Assuming t h e  same temperature r i s e  

(AT) and number of j e t s ,  t h e  NEC module d i f f u s e r  would have t h e  f i r s t  p a r t  

i n  16 m water depth,  and would extend 2650 m i n  l eng th ,  compared wi th  9 m 

water depth and 1520 m l eng th  f o r  t h e  San Onofre des ign .  The r e s u l t i n g  

plume would have t h e  same temperature d i s t r i b u t i o n ,  but  t h e  a r e a  wi th in  

each isotherm would be 3.03 t imes g r e a t e r  f o r  t h e  NEC module, and t h e  j e t  

d i scharge  v e l o c i t y  would be 1.32 times g r e a t e r .  This  a n a l y s i s  shows t h a t  

an  NEC module design of reasonable  dimensions could produce a  plume wi th  

reasonable  s u r f a c e  temperatures  and a r e a s  w i th in  isotherms.  The r e s u l t s  

a r e  based on hydrau l i c  and a n a l y t i c a l  modeling, s i n c e  no thermal d i f f u s e r s  

of t h e  proposed des ign  a r e  p r e s e n t l y  i n  opera t ion .  

The environmental e f f e c t s  of t h e  hea t  d i s s i p a t i o n  system may be 

d iv ided  i n t o  t h e  e f f e c t s  of a n  i n c r e a s e  i n  t h e  temperature of t h e  rece iv-  

i n g  water ,  and a l l  o t h e r  e f f e c t s  on a q u a t i c  l i f e .  

The undes i rab le  e f f e c t s  of h e a t ,  such a s  hea t  s t r e s s  and poss ib l e  co ld  

shock, a r e  l a r g e l y  avoided by t h e  r ap id  mixing of t h e  d ischarge  wi th  ambient 

water i n  t h e  j e t  d i f f u s e r  (Sect .  3 .0) .  The r e s u l t i n g  mixed plume i s  only 

1 t o  2OC above ambient temperature,  and is w i t h i n  t h e  n a t u r a l  range of 

c o a s t a l  water temperature changes caused by changing winds and t i d e s  (Sec t .  

2.0).  The i n d i r e c t  e f f e c t s  of a  warm plume a r e  not  w e l l  u ~ ~ d e r s t o o d ,  bu t  

may inc lude  e f f e c t s  on f i s h  migra t ion  and spawning a t  some s i t e s .  There 

is  some consensus among a q u a t i c  e c o l o g i s t s  t h a t  t h e  warming of co lde r  

waters  o f t e n  r c s u l t s  i n  an  inc rease  i n  b io logi -ca l  p roduc t iv i ty .  

The most important  and e c o l o g i c a l l y  s i g n i f i c a n t  e f f e c t s  on a q u a t i c  

b i o t a  a r e  caused by entrainment  of plankton and f i s h  eggs and l a r v a e  

( ichthyoplankton)  and impingement of smal l  f i s h  too  l a r g e  t o  pass  through 

t h e  i n t a k e  sc reens  of power p l a n t s .  A t  p r e s e n t ,  t h e r e  i s  not  s u f f i c i e n t  

d a t a  t o  determine t h e  e f f e c t s  of f i s h  l o s s e s  due t o  t h e s e  causes on f i s h  

popula t ion  dynamics. However, a  conserva t ive  e s t ima te  of f i s h  l o s s e s  due 

t o  an  8-unit  modu le ,no t inc lud ing  any compensating e f f e c t s  on popula t ion  

dynamics, f o r  a  middle-Atlantic reg ion ,  was s l i g h t l y  under 1% of t h e  

annual  comercd a 1  ca t ch  f u r   he reg ion  (Sec t .  5.3) . 
The monitor ing of r e l a t i v e  numbers of f i s h  i s  requi red  i n  t h e  v i c i n i t y  

of NRC-licensed p l a n t s .  The d a t a  normally obta ined  i n  r o u t i n e  monitor ing 



a r e  no t  s u f f i c i e n t  no r  adequate  t o  determine e f f e c t s  of  p l an t  impacts on 

popu la t ion  dynamics. Some u s e f u l  d a t a  have been obtained from San Onofre 

u n i t  1. These d a t a  show t h a t  about t h e  same number of s p e c i e s  of f i s h  

a r e  found n e a r  t h e  p l a n t  d i scha rge  a s  i n  a c o n t r o l  a r e a  about 8 km down- 

c o a s t ,  and t h a t  more f i s h  a r e  found near  t h e  d ischarge  than  i n  t h e  c o n t r o l  

a r e a ,  over  t h e  g r e a t e r  p a r t  of t h e  year  (Sect .  5.3). 

The c o s t  of a n  o f f s h o r e  system would be h igh ly  s i te-dependent ,  and 

would depend on t h e  l e n g t h  of condui t s  r equ i r ed  t o  r each  s u f f i c i e n t l y  deep 

wa te r ,  and t h e  type  of rock  o r  s o i l  a t  t h e  s i t e .  By comparison wi th  e x i s t -  

i n g  des igns ,  i t  w a s  es t imated  t h a t  a once-through NEC module a t  a favorable 

s i t e  would c o s t  less, but no t  g r e a t l y  l e s s ,  than  a closed-cycle  system. A 

once-through system may be p r e f e r r e d  f o r  some si tes even without  a d i r e c t  

c o s t  advantage,  because of advantages such a s  lower atmospheric and v i s u a l  

impacts ,  and a p o s s i b l e  r educ t ion  i n  s i t e  land a rea  requirements  (Sect .  6 .0) .  

For  water  condu i t s ,  i n  f avo rab le  rock ,  exper ience  i n d i c a t e s  t h a t  

t unne l ing  would be  cheaper t han  bur ied  p i p e l i n e  by about  t h e  c o s t  of 

i n s t a l l a t i o n  of p i p e l i n e .  However, unfavorable  cond i t i ons ,  such a s  hard 

r o c k  o r  f r a c t u r e d  o r  nonsupport ing rock,  can i n c r e a s e  t h e  c o s t  of tunnel ing  

by f a c t o r s  of  two o r  t h r e e .  Tunneling has  t h e  advantage t h a t  t h e  land 

s u r f a c e  need no t  be  d i s t u r b e d  except  f o r  t e s t  bor ings .  

CONCLUSIONS 

1. The hea t  from an  NEC can be adequately d ispersed  by use  o f , a  sub- 

merged je t  d i f f u s e r  on ly  moderately l a r g e r  and loca t ed  i n  moder- 

a t e l y  deeper  wa te r  t han  d i f f u s e r s  designed f o r  pres 'ent-generation 

power s t a t i o n s ,  A d i f f u s e r  of  t h e  type  proposed is  n o t  presently 

i.n commerci.a.l. 0pera.t ion ,  

2. The NEC o f f s h o r e  h e a t  d i s s i p a t i o n  system concept appears  t o  be 

economically compet i t ive  wi th  closed-cycle  systems. However. 

t h e  c o s t s  of o f f s h o r e  systems a r e  h ighly  site-dependent.  

3 .  Once-through systems have s e v e r a l  advantages w e r  closed-cycle  

systems: 

Atmospheric and v i s u a l  impacts can be p r a c t i c a l l y  e l imina ted .  

High thermal  e f f i c i e n c y  and n e g l i g i b l e  l o s s  of summer peak 

capac i ty  a r e  obta ined .  

The land a r e a  r equ i r ed  f o r  t h e  NEC may be s u b s t a n t i a l l y  smal le r .  
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4. Once-through systems have t h e  disadvantage of g r e a t e r  impact on 

t h e  a q u a t i c  environment. 

Under some cond i t i ons ,  a  l a r g e  volume of warm water  (only 

s l i g h t l y  above ambient temperature)  can accumulate i n  t h e  

v i c i n i t y  of t h e  d ischarge .  The e c o l o g i c a l  e f f e c t s  of 

s l i g h t l y  warm plumes a r e  n o t  w e l l  understood. However, t he  

o v e r a l l  e f f e c t  i s  not  n e c e s s a r i l y  de t r imen ta l ,  p a r t i c u l a r l y  

i n  co lde r  waters .  

Entrainment and impingement could reduce t h e  popula t ions  of 

v a r i o u s  aqua t i c  spec i e s  and a f f e c t  t h e  s t r u c t u r e  and func t ion  

of t h e  a q u a t i c  ecosystem. The most important impacts might 

be on some spec i e s  of f i s h .  The p r e d i c t i o n  of t h e s e  impacts 

on f i s h  popula t ion  dynamics is  not  p r e s e n t l y  w i t h i n  t h e  s t a t e  

of t h e  a r t .  A p r e d i c t i o n  based on conserva t ive  assumptions 

i n d i c a t e s  t h a t  t h e  e f f e c t  of an 8-unit  NEC module on important 

f i s h  s p e c i e s  popula t ions  would be about  two o rde r s  of magnitude 

l e s s  than  the  known impact of commercial f i s h i n g ,  The NEC o f f -  

shore  concept i s  expected t o  minimize t h e  e f f e c t s  of en t r a in -  

ment and impingement by l o c a t i n g  t h e  i n t a k e s  i n  r e l a t i v e l y  deep 

water  where t h e  concen t r a t ion  of a q u a t i c  l i f e  i s  r e l a t i v e l y  low. 

5. I n  s i t e  s e l e c t i o n  f o r  a  c o a s t a l  NEC, a  s i t e  unde r l a in  by rock 

f avorab le  f o r  t h e  cons t ruc t ion  of water  t unne l s  is  t o  be p r e f e r r e d .  

Tunnels do not  d i s t u r b  t h e  land s u r f a c e  nor  tfie s h o r e l i n e  and a r e  

e c ~ n m i r  i n  farmrahlp. rack .  However, bur ied  p i p e l i n e s  a r e  a l s o  

f e a s i b l e  and can be r e a d i l y  emplaced on s i t e s  unde r l a in  by uncon- 

s o l i d a t e d  sediments.  
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OFFSHORE HEAT DISSIPATION FOR NUCLEAR ENERGY CENTERS 

Howard F. Bauman 

ABSTRACT 

The t echn ica l ,  environmental,  and economic a s p e c t s  of u t i l i z -  
i n g  the  ocean o r  o t h e r  l a r g e  water bodies  f o r  t h e  d i s s i p a t i o n  
of r e j e c t  hea t  from Nuclear Energy Centers  (NECs) were i n v e s t i -  
gated. hNEC i n  concept i s  a n  aggrega te  of nuc lear  power p l a n t s  
of 10  GW(e) capac i ty  o r  g r e a t e r  on a  common s i t e .  The use  of 
once-through cool ing  f o r  l a r g e  power i n s t a l l a t i o n s  o f f e r s  
advantages inc luding  h igher  thermal e f f i c i e n c i e s ,  e s p e c i a l l y  
under summer peak-load condi t ions ,  compared t o  closed-cycle 
cool ing  systems. A disadvantage of once-through cool ing  is  
t h e  p o t e n t i a l  f o r  g r e a t e r  adverse  impacts on t h e  a q u a t i c  
environment. A concept i s  presented  f o r  minimizing t h e  impacts 
of such systems by p l ac ing  water  i n t a k e  and d ischarge  l o c a t i o n s  
r e l a t i v e l y  d i s t a n t  from shore  i n  deeper water  than has  here to-  
f o r e  been t h e  p r a c t i c e .  This  technique would avoid impacts on 
r e l a t i v e l y  b i o l o g i c a l l y  product ive  and eco log ica l ly  s e n s i t i v e  
sha l low inshore  a reas .  The NEC i t s e l f  would be  s e t  back from 
t h e  s h o r e l i n e  s o  t h a t  r e c r e a t i o n a l  u se  of t h e  shore  a r ea  would 
not  be impaired. The c h a r a c t e r i s t i c s  of a  hea t -d i s s ipa t ion  
system of t h e  s i z e  r equ i r ed  f o r  a  NEC were p red ic t ed  from t h e  
known c h a r a c t e r i s t i c s  of a  smal le r  system by applying hydrau l i c  
s c a l i n g  laws. The r e s u l t s  showed t h a t  adequate  h e a t  d i s s i p a t i o n  
can be obta ined  from NEC-sized systems loca t ed  i n  water  of 
app ropr i a t e  depth. 

Offshore i n t a k e  and d ischarge  s t r u c t u r e s  would be connected 
t o  t h e  NEC pump house on sho re  v i a  tunnels  o r  bur ied  p ipe l ines .  
Tunnels have t h e  advantage t h a t  s h o r e l i n e  and beach a r e a s  would 
not  bc  d is turbed .  The c o s t  n f  a n  o f f s h o r e  hea t -d i s s ipa t ion  
system depends on t h e  c h a r a c t e r i s t i c s  of t h e  s i t e ,  p a r t i c u l a r l y  
t h e  d i s t a n c e  t o  s u i t a b l y  deep water  and t h e  type  of s o i l  o r  rock 
i n  which water  condui t s  would be cons t ruc ted .  For a  f avo rab le  
s i t e ,  t h e  c o s t  of a n  o f f s h o r e  system i s  es t imated  t o  be l e s s  than 
t h e  c o s t  of a  closed-cycle system. 

1. INTRODUCTION 

The Nuclear Energy Center (NEC) is  a concept f o r  s i t i n g  a l a r g e  

number of nuc lear  power p l a n t s  a t  t h e  same loca t ion .  ly2 It would have 

a capac i ty  of g r e a t e r  than  10 GW(e), and wot1l.d t h e r e f o r e  r e q u i r e  t h a t ' m o r e  

than  20 GW(th) uf low-grade hea t  be d i s s i p a t e d  t n  t h e  environment. Since 

most l a k e s  and r i v e r s  do no t  have s u f f i c i e n t  h e a t  capac i ty  t o  absorb t h i s  



l a r g e  q u a n t i t y  of h e a t ,  t h e  NEC s t u d i e s  t o  d a t e  have proposed t h a t  t h e  h e a t  

b e  d i s s i p a t e d  by evapora t ive  cool ing,  t y p i c a l l y  i n  cool ing  towers. The 

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

have been cons idered  and a r e  t h e  s u b j e c t  of cont inuing  s tudy,  e.g., t h e  

METER program. 3 

On t h e  o t h e r  hand, ve ry  l a r g e  bod ie s  of water ,  mainly t h e  oceans and 

t h e  Great Lakes, may b e  considered i n f i n i t e  hea t  s i n k s  even f o r  t h e  l a r g e  

q u a n t i t i e s  of h e a t  t h a t  would b e  discharged from a n  NEC, and could be  used 

f o r  once-through cool ing .  The t echn ica l ,  economic, and environmental 

cons ide ra t ions  of once-through cool ing  f o r  NECs a r e  t h e  s u b j e c t  of t h i s  

r e p o r t .  

2. ADVANTAGES AND IMPACTS OF ONCE-THROUGH COOLING 

Once-through coo l ing  a f f o r d s  a s i g n i f i c a n t  conserva t ion  advantage i n  

t h a t  h ighe r  thermal e f f i c i e n c i e s  a r e  obtained.  Fu r the r ,  s i n c e  r e l a t i v e l y  

c o o l  water is  a v a i l a b l e  from l a r g e  water  bodies  even i n  summer, t h e r e  i s  

l i t t l e  o r  no l o s s  of summer peak gene ra t ing  capac i ty  due t o  h igh  condenser 

tempera tures  i n  h o t  weather.  This  i s  a s i g n i f i c a n t  advantage f o r  t h e  

m a j o r i t y  of U.S. u t i l i t i e s  t h a t  exper ience  a summer load  peak. 

2.1. Water Temperatures 

The temperature of water  a v a i l a b l e  a t  moderate depths  i n  l a r g e  water  

bod ie s  is  s i g n i f i c a n t l y  lower than  t h e  u s u a l  design water  temperature of 

c losed-cycle  systems. A t y p i c a l  des ign  water  temperature f o r  a wet cool ing  

tower system i s  about  32°C. For  economic reasons, most systeras are designed 

t o  meet t h e  des ign  cond i t i ons  about  95% of ope ra t ing  time, s o  t h a t  i n  h o t  

humid weather  (i .e. ,  about  5% of  ope ra t ing  hours)  t h e  condenser coo l ing  

w a t e r  temperature g e n e r a l l y  exceeds 32OC. 

Some summer water  temperatures ,  a t  t h e  s u r f a c e  and a t  moderate depths,  

f o r  t y p i c a l  l b c a t i o n s  on t h e  U.S. c o a s t s  and Great  Lakes, a r e  g iven  i n  

Table 1. These d a t a ,  taken from va r ious  power p l a n t  environmental s t a t e -  

ments, a r e  d a i l y  average  maximum summer water  temperatures  o r  c l o s e l y  

s i m i l a r  measurements, Cool wa te r  i s  a v a i l a b l e  i n  summer on t h e  P a c i f i c  

c o a s t ,  t h e  no r the rn  A t l a n t i c  c o a s t ,  and on t h e  Grea t  Lakes. The wa te r s  of 



Table 1. Summer water temperatures  a t  t y p i c a l  l o c a t i o n s  
on t h e  U.S. c o a s t s  and t h e  Great  Lakes 

Summer water temperature 
Distance ("C> 

Locat i on  of f sho re  Water deptha 
(m> Surf a c e  Subsurface (m) 

Seabrook, NH 1600 19 

A t l a n t i c ,  . N J  6000 24 

North Caro l ina  

North of Nearshore 26 2 5 
H a t  t e r a s  

South of Nearshore 28 26 
H a t t e r a s  

Pompano, FL 3000 30 2 8 

Texas, G ~ l f c o a s t  NA 30 24 30 

San Onofre, CA 3000 2 2 2 0 10 

Lake E r i e  N A 2 3 11 25 

Lake Ontar io NA 22 17 30 

a 
Depth a t  which temperature was measured. 

b ~ ~ ;  da t a  no t  a v a i l a b l e .  



t h e  s o u t h  A t l a n t i c  and Gulf c o a s t s  a r e  warmer, b u t  s t i l l  cool  r e l a t i v e  t o  

t y p i c a l  c losed-cycle  system water  temperatures.  Most of t h e  water  bodies  

are s t r a t i f i e d  t o  some e x t e n t  i n  summer, t h a t  is, t h e  s u r f a c e  l a y e r s  a r e  

warmer than  deeper l a y e r s .  Except f o r  t h e  southern  A t l a n t i c  c o a s t s ,  where 

s t r o n g  c u r r e n t s  keep t h e  wa te r s  over t h e  c o n t i n e n t a l  s h e l f  w e l l  mixed, t h e  

w a t e r  a v a i l a b l e  a t  moderate depths  is s i g n i f i c a n t l y  coo le r  than t h e  s u r f a c e  

w a t e r  f o r  most summer condi t ions .  

Na tu ra l  f l u c t u a t i o n s  i n  water  temperature on t h e  o rde r  of 5OC over 

s h o r t  t ime spans (days o r  hours)  are.common a t  most l oca t ions .  These 

f l u c t u a t i o n s  a r e  caused by movements of water  masses of d i f f e r i n g  tempera- 

t u r e s .  Common examples i nc lude  upwelling of co ld  bottom water  by wind- 

d r i v e n  c u r r e n t s ,  and t h e  t idal  movement of solar-heated water  from shall.ow 

areas. The temperature d i f f e r e n c e  of a well-mixed plume from a once- 

through coo l ing  system (over  t h e  ambient water  temperature)  should be  l e s s  

t han  t h e  short- term n a t u r a l  f l u c t u a t i o n s  i n  water  temperature observed i n  

l a r g e  w a t e r  bodies.  

2 .2 .  Atmospheric ' E f f e c t s  

For a n  NEC, t h e  most s i g n i f i c a n t  advantage of once-through cool ing  

may prove t o  be t h e  avoidance of t h e  problems of atmospheric h e a t  d i s s ipa -  

t i o n .  P t  h a s  been p o s t u l a t e d  t h a t  a l a r g e  source  of atmospheric h e a t  and 

moi s tu re  might t r i g g e r  p r e c i p i t a t i o n ,  thunderstorms and o t h e r  atmospheric 

phenomena, b u t  t h e  e x t e n t  t o  which t h i s  might occur i s  p r e s e n t l y  n o t  known. 

I n  t h e  NECSS-75 study,' i t  w a s  assumed t h a t  groups of p l a n t s  would be 

widely sepa ra t ed  [2.5 m i l e s  ( 4  km) between groups of f o u r ]  t o - a v o i d  p o s s i b l e  

atmospheric  e f f e c t s .  I f  such l a r g e  spacing i s  indeed found t o  be  necessary  

w i t h  evapora t ive  cool ing ,  an  NEC employing once-through cool ing  would have 

t h e  advantage of r e q u i r i n g  a much smaller land  area .  

The main environmental impacts of once-through cool ing  a r e  e f f e c t s  

on ecosystem s t r u c t u r e  and func t ion  due t o  a n  i n c r e a s e  i n  water temperature 

and due t o  entrainment  and impingement of a q u a t i c  organisms. A once-through 

coo l ing  system t o  b e  environmental ly  accep tab le  must be s i t e d ,  designed,  and 

ope ra t ed  t o  minimize t h e s e  impacts. To meet environmental r e g u l a t i o n s  i t  



must q u a l i f y  f o r  a FWPCA Sec t ion  316 except ion,  which r e q u i r e s  t h a t  a 

balanced indigenous popula t ion  of a q u a t i c  l i f e  be maintained. 

3. DESIGN CONSIDERATIONS FOR AN OFFSHORE HEAT 
DISSIPATION SYSTEM 

Nearly a l l  of t h e  c o a s t a l  power p l a n t s  (nuc lea r  and f o s s i l )  now 

ope ra t ing  use once-through cool ing  wi th  s h o r e l i n e  i n t a k e  and d ischarge  

systems. These systems have t h e  environmental disadvantages of d i s t u r b i n g  

t h e  s h o r e l i n e  and of withdrawing and d ischarg ing  water  from r e l a t i v e l y  

shal low a r e a s  where h e a t  d i s s i p a t i o n  is  hindered and where b i o l o g i c a l  

p r o d u c t i v i t y  tends t o  be r e l a t i v e l y  high. Seve ra l  new p l a n t s ,  such a s  

Seabrook, NH,  and San Onofre, CA ( u n i t s  2 and 3), have been designed wi th  

submerged o f f s h o r e  h e a t  d i s s i p a t i o n  systems t o  minimize impacts on t h e  

a q u a t i c  environment. 4 y 5  The cons ide ra t ions  presented h e r e  f o r  a n  o f f s h o r e  

hea t  d i s s i p a t i o n  system f o r  a n  NEC a r e  based on r ecen t  s t u d i e s  i n  thermal 

hydrau l i c s  and a q u a t i c  ecology performed f o r  va r ious  c o a s t a l  power p l a n t s  

inc luding  those  j u s t  mentioned and t h e  o f f sho re  f l o a t i n g  nuc lea r  p l a n t s  
697 ( A t l a n t i c ,  NJ) . 

Excessive temperatures  i n  t he  r ece iv ing  water  body can be avoided by 

d ischarg ing  t h e  condenser e f f l u e n t  through a j e t  o r  j e t  d i f f u s e r  system 

i n  s u f f i c i e n t l y  deep and open water .  The j e t s  e n t r a i n  coo l  bottom water s o  

t h a t  t h e  heated d ischarge  i s  d i l u t e d  r a p i d l y  by a f a c t o r  of about  8 t o  10. 

The mixed plume is then  a t  most on ly  1°C o r  2OC above ambient and d r i f t s  

a long t h e  s u r f a c e  u n t i l  i t  i s  d i s s i p a t e d .  The d i l u t e d  pluue a L  t h i s  

moderate temperature would n o t  cause  damage t o  a q u a t i c  l i f e  from e i t h e r  

excess ive  temperatures  o r  from "cold shock" ( t h e  sudden withdrawal of t h e  

h e a t  source) .  Under some cond i t i ons  l a r g e  volumes of s l i g h t l y  warmed water  

(l°C o r  l e s s  above ambient) can accumulate near  a d i scharge .  The eco log ica l  

e f f e c t s  of such warming a r e  a s  y e t  no t  w e l l  understood. Some e c o l o g i s t s  

be l i eve  t h a t  the principle e f f e c t  of warming i n  co ld  waters  is co enhance 

b i o l o g i c a l  p roduc t iv i ty  ( r e f e r  t o  Sect .  5.2). Under some cond i t i ons ,  when 

t h e  s u r f a c e  waters  a r e  s t r a t i f i e d  and apprec iab ly  warmer than  t h e  bottom 

waters ,  t h e  temperature of t h e  mixed plume from a submerged d ischarge  may 

be no g r e a t e r  than  o r  even l e s s  than  t h e  ambient s u r f a c e  temperature.  



I n  r e c e n t  s t u d i e s ,  problems o the r  than water  temperature,  pa r t i cu -  

l a r l y  impingement and en t ra inment ,  have drawn inc reas ing  a t t e n t i o n .  

Impingement is mainly t h e  t rapping  of s m a l l  f i s h  too l a r g e  t o  pass  

through t h e  openings of t h e  i n t a k e  sc reens  of a water  i n t a k e  system. Large 

f i s h  and most p e l a g i c  f i s h  gene ra l ly  swim f a s t  enough t o  escape impingement. 

A number of measures have been t r i e d  t o  reduce impingement, bu t  t h e  most 

e f f e c t i v e  may be t o  l o c a t e  t h e  i n t a k e  where concent ra t ions  of smal l  f i s h  

are r e l a t i v e l y  low. I n  gene ra l ,  t h e  deeper t he  water  and t h e  f u r t h e r  from 

shore ,  t h e  less t h e  impingement p r o b a b i l i t y .  

Entrainment i s  t h e  drawing i n  of organisms (plankton) too smal l  t o  be 

caught  on t h e  i n t a k e  sc reens .  Eggs and l a r v a  of f i s h  a r e  p l ank ton ic  and 

t h e i r  entrainment  could adve r se ly  a f f e c t  f i s h  populat ions.  In t akes ,  there-  

f o r e ,  should be l o c a t e d  away from spawning and nursery  areas, i n  o rde r  t o  

reduce  t h e  p r o b a b i l i t y  of adverse  impacts. Once aga in ,  l o c a t i o n s  i n  deeper 

wa te r  f u r t h e r  from s h o r e  a r e  gene ra l ly  most favorable .  

Genera l ly  some f r a c t i o n  of en t r a ined  organisms su rv ive  passage through 

a once-through coo l ing  system. A major stress on t h e  organisms is t h e  

i n c r e a s e  i n  water  tempera ture  (AT) i n  t h e  condenser;  t h e  time a t  e l eva t ed  

tempera ture  be fo re  be ing  r e tu rned  t o  coo le r  water  i s  a major f a c t o r  i n  

s u r v i v a l .  For a g iven  r a t e  of  h e a t  removal, t h e  water  f low requ i r ed  is  

i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  AT. This  l e a d s  t o  a t r adeo f f  i n  t he  design 

of a once-through coo l ing  systems; lower water f low a t  h igher  AT reduces 

t h e  amount of impingement and entrainment ,  b u t  i n c r e a s e s  t h e  thermal stress 

on t h o s e  organisms t h a t  a r e  en t r a ined .  A complete a n a l y s i s  of t h i s  ques t ion  
8 

(which is t h e  s u b j e c t  of cont inuing  s tudy  is beyond the  scope of t h i s  

r e p o r t ,  b u t  t h e  fo l lowing  p o i n t s  a r e  r e l e v a n t ;  

The economics of o f f s h o r e  cool ing  favor  lower flow a t  h ighe r  AT. 

T h i s  reduces t h e  s i z e  of t h e  condui t s  and reduces t h e  pumping power 

requi red .  

Plankton popu la t ions  o t h e r  than ichthyoplankton a r e  u sua l ly  i n  a 

dynamic equ i l i b r ium a t  a l e v e l  determined by a v a i l a b i l i t y  of food 

and n u t r i e n t s .  I n  t h i s  s i t u a t i o n ,  plankton which f a i l  t o  su rv ive  

passage through a cool ing  system would b e  r a p i d l y  rep laced  through 

normal reproduct ion .  Any l o s s  of ichthyoplankton is n o t  immediately 

recovered,  b u t  f i s h  popula t ions  a l s o  tend t o  be i n  a dynamic 



equi l ibr ium,  so  t h a t  l o s s  of ichthyoplankton would no t  n e c e s s a r i l y  

r e s u l t  i n  a s i g n i f i c a n t  r educ t ion  of t h e  a d u l t  f i s h  populat ion.  

Both su rv iv ing  and non-surviving plankton a r e  r e tu rned  t o  t h e  

ocean and a r e  no t  l o s t  t o  t h e  a q u a t i c  food chains.  

The above cons ide ra t ions  would support  t h e  conclusion t h a t  a high 

s u r v i v a l  r a t e  of plankton en t r a ined  i n a c o o l i n g  system is  no t  n e c e s s a r i l y  

r equ i r ed  f o r  t h e  maintenance of a  balanced indigenous a q u a t i c  populat ion.  

Very l i t t l e  i s  known about t h e  e c o l o g i c a l  and economic imp l i ca t ions  

of t h e  impacts incur red  from once-through systems. It seems l o g i c a l  t h a t  

t h e  popula t ion  and p roduc t iv i ty  of spec i e s  t h a t  a r e  a f f e c t e d  by en t r a in -  

ment o r  impingement could become depressed i n  t he  v i c i n i t y  of a once- 

through system. For wide-ranging spec i e s  t h i s  might r e s u l t  i n  a  very  

s l i g h t  depress ion  over a  very  l a r g e  reg ion  (and would probably be prac- 

t i c a l l y  impossible  t o  measure). For spec i e s  t h a t  do no t  range widely, t h e r e  

might be a n o t i c e a b l e  depress ion  l o c a l l y  whi le  o t h e r  p a r t s  of t h e  reg ion  

would be unaffected.  

Eco log i s t s  have no t  reached agreement as t o  which of t h e  va r ious  

k inds  of unavoidable adverse  impacts from human a c t i v i t i e s  should be con- 

c e n t r a t e d  i n  a few l o c a t i o n s  and which should be  d i s t r i b u t e d  as broadly 

and evenly a s  poss ib le .  Obviously, t h e  p u r s u i t  of t h e  NEC concept l e a d s  t o  

t h e  concen t r a t ion  of impacts i n  a few loca t ions .  For t h e  case  of a q u a t i c  

entrainment  and impingement, concent ra t ion  may be a n  advantage because any 

l o c a l  depress ion  i n  t h e  number of e n t r a i n a b l e  organisms would correspondingly 

reduce the  number of organisms subsequent ly en t r a ined .  I n  compensation, o t h e r  

p a r t s  of t h e  reg ion  would remain undisturbed and could supply reproduct ive  

capac i ty  f o r  entrainment-affected organisms i n  o rde r  t o  main ta in  a "balanced 

indigenous population" f o r  t h e  reg ion  a s  a whole. 

4 .  CONCEPT FOR AN OFFSHORE HEAT DISSIPATION SYSTEM 

A concept f o r  a  once-through cool ing  system f o r  an  NEC is  presented  

t o  i l l l i s t r a t e  t h e  f e a t u r e s  t h a t  could make s u c h a  system environmental ly  

a t t r a c t i v e .  The system c o n s i s t s  of submerged i n t a k e  s t r u c t u r e s  and tandem 

j e t  d i f f u s e r s  connected t o  t h e  NEC by tunne l s  o r  underwater p i p e l i n e s  a s  

shown i n  Fig. 1. The system shown is  a module t o  s e r v e  e i g h t  1200 MW(e) 
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Fig. 1 .  A conceptual t~sigin for a submerged offshore heat dissipa- 
t ion system for an NEC. 



u n i t s ,  which would be s e t  back about  1 km from t h e  shore.  A s  cons t ruc t ion  

of t h e  NEC proceeded beyond e i g h t  u n i t s ,  another  similar o f f s h o r e  module 

would be cons t ruc ted  s e v e r a l  k i lometers  d i s t a n t  a long  t h e  shore.  The e x a c t  

s i z e s ,  numbers of components, l ayou t s ,  and d i s t a n c e s  a r e  no t  c r i t i c a l  t o  

t h e  concept and a r e  intended t o  be i l l u s t r a t i v e .  

The design and l o c a t i o n  of t h e  in t ake  s t r u c t u r e s  may be t h e  most 

important element i n  t he  a c c e p t a b i l i t y  of once-through systems f o r  NECs ,  

because of  t h e  eco log ica l  importance of impingement and entrainment .  I n  

t h i s  concept ,  t h e  i n t akes  a r e  l oca t ed  a s  f a r  a s  necessary  o f f s h o r e  t o  reach  

r e l a t i v e l y  deep water.  While t h e  exac t  l o c a t i o n  and depth  of t h e  i n t a k e s  

would be s t r o n g l y  inf luenced by s i te  cond i t i ons ,  an i n t a k e  depth of 30 

meters  appears  t o  be a reasonable goa l  f o r  many sites. The i n t a k e  s t r u c t u r e s  

a r e  covered wi th  "ve loc i ty  caps" t o  reduce impingement, and t h e  openings 

are pos i t i oned  about one-third t h e  water depth above t h e  bottom t o  reduce 

impacts on bottom-dwelling f i s h .  A v e l o c i t y  cap covers  t h e  top  of an i n t a k e ,  

s o  t h a t  water  e n t e r s  from t h e  s ide .  It has  been shown t h a t  f i s h  more 

r e a d i l y  sense  and avoid a  h o r i z o n t a l  f low a c c e l e r a t i o n  a t  a  s i d e  i n t a k e  than  

a vertical a c c e l e r a t i o n  a t  a top i n l e t .  The i n t a k e s  a r e  c l u s t e r e d  s o  t h a t  

t h e  preda tory  e f f e c t  of t h e  i n t a k e  is  concent ra ted  a t  one loca t ion .  ( I f  t h e  

i n t a k e  should depress  c e r t a i n  a q u a t i c  popula t ions  i n  t h e  v i c i n i t y  of t h e  

i n t a k e ,  i t  would be  a n  advantage t o  t ake  a l l  of t h e  r equ i r ed  water  from t h e  

p o i n t  a t  which the  popula t ion  was a l r eady  depressed.) Furthermore, c l u s t e r -  

i ng  l eaves  t h e  maximum a r e a  of ocean h a b i t a t  completely undisturbed.  

4 .2 .  D i f f u s e r s  

Mul t ip le - je t  tandem d i f f u s e r s  a r e  l oca t ed  inshore  of t h e  in t akes .  

The jets a r e  o r i e n t e d  i n  t h e  o f f s h o r e  d i r e c t i o n ,  and t h e  momentum of t h e  

d ischarge  would move t h e  plume away from shore  dur ing  pe r iods  of low 

ambient cu r r en t s .  The in shore  end of t h e  d i f f u s e r  is i n  water  s u f f i c i e n t l y  

deep (about  10  m) t o  provide  ample inf low of d i l u t i o n  water .  Under c e r t a i n  

c u r r e n t  cond i t i ons ,  t h e  d i lu t ed 'p lume  may pas s  over t h e  i n t a k e  s t r u c t u r e s ,  

b u t  thermal s t r a t i f i c a t i o n  i s  expected t o  minimize r e c i r c u l a t i o n  of warmed 

water.  The tandem jet des ign  was adapted from a design proposed f o r  t h e  



P e r r y ,  Ohio, nuc lea r  s t a t i o n  and t e s t e d  i n  a hydrau l i c  model.' The design 

al.lows f r e e  acces s  f o r  d i l u t i o n  water  from t h e  s i d e s  of t h e  d i f f u s e r  t o  

m i x  w i t h  each  j:et under v a r i o u s  ambient flow condi t ions .  Under t h e  con- 

d i t i o n  of s t r o n g  along-shore c u r r e n t ,  model s t u d i e s  show t h a t  a  broad, 

well-mixed plume s t reams o f f  t h e  l e e  s i d e  of t h e  d i f f u s e r .  Under t h e  con- 

d i t i o n  of low ambient c u r r e n t ,  each j e t  r e i n f o r c e s  t h e  o f f sho re  movement 

of  t h e  plume, so t h a t  t h e  e n t i r e  plume s t reams o f f  t h e  end of t h e  d i f f u s e r  

i n  t h e  o f f s h o r e  d i r e c t i o n .  Good d i spe r s ion  of t h e  heated e f f l u e n t  was 

demonstrated under a l l  f low cond i t i ons  t e s t e d .  

A pumphouse con ta in ing  covent iona l  i n t a k e  sc reens  is  loca t ed  onshore, 

from which coo l ing  water  i s  d i s t r i b u t e d  t o  t h e  power p l a n t s  t o  be  served. 

The pumphouse and t h e  NEC c o n t r o l l e d  a r e a  a r e  s e t  back from t h e  s h o r e l i n e  

about  1 km, and t h e  r e a c t o r  bu i ld ings  a r e  s e t  back somewhat f u r t h e r  w i th in  

t h e  u s u a l  exc lus ion  area .  For a  t y p i c a l  c o a s t a l  topography, t h e  bu i ld ings  

would be below t h e  l i n e  of s i g h t  from t h e  beach ( a s  shown on Fig. I ) ,  and 

t h e  NEC would not  i n t e r f e r e  w i t h  any of t h e  usua l  r e c r e a t i o n a l  u ses  of t h e  

s h o r e l i n e .  

4.4 P l ad r  Layout 

The l a y o u t  of p l a n t s  w i t h i n  t h e  NEC is  no t  c r i t i c a l  t o  t h e  concept. 

Economics of coo l ing  water  d i s t r i b u t i o n  would favor  r e l a t i v e l y  s h o r t  

d i s t a n c e s  between t h e  pumphouse and t h e  power p l a n t s .  E i t h e r  s u r f a c e  

c a n a l s  o r  underground condu i t s  could b e  used t o  d i s t r i b u t e  t h e  cool ing  

w a t e r ,  depending on  s i t e  condi t ions .  A p o s s i b l e  a.rrangement f o r  e i g h t  

p l a n t s  se rved  from a pumphouse module could be  two groups of fou r  p l a n t s  

each  (quads) s epa ra t ed  by a d i s t a n c e  of about I km and s e t  back about 

1 km from t h e  boundary of t h e  c o n t r o l l e d  a rea .  

5. ENVIRO~fENTAL EFFECTS 

5.1 Impacts of Cons t ruc t ion  

The impacts of  c o n s t r u c t i o n  of t h e  proposed NEC o f f s h o r e  h e a t  

d i s s i p a t i o n  system depend l a r g e l y  on t h e  type of water  conduit  used. 



Where tunnel ing  i s  f e a s i b l e ,  t h e r e  i s  almost no impact on t h e  s h o r e l i n e ,  

and only  small  a r e a s  of ocean bottom a r e  d i s tu rbed  around t h e  i n t a k e  and 

d i f f u s e r  s t r u c t u r e s .  

Where p i p e l i n e  i s  i n s t a l l e d ,  a c o r r i d o r  a c r o s s  t h e  s h o r e l i n e  and 

along the  ocean bottom w i l l  be  d i s tu rbed  f o r  a per iod  of two t o  t h r e e  

years .  I t  i s  a n t i c i p a t e d  t h a t  t h e  s h o r e l i n e  would b e  r e s t o r e d  t o  approxi- 

mately i t s  o r i g i n a l  condi t ion ,  and t h a t  t h e  d i s tu rbance  of t h e  ocean 

bottom (e.g., displacement of ben th i c  organisms) would h e a l  n a t u r a l l y  i n  

a few years .  Shore l ine  r e s t o r a t i o n  is  p r a c t i c a l  i n  most l o c a t i o n s ,  bu t  

could be very  d i f f i c u l t  i n  eco log ica l ly  s e n s i t i v e  a r e a s  such a s  marshes 

o r  mangrove swamps. Hopefully,  s e n s i t i v e  a r e a s  could be avoided i n  the 

s i t e - s e l e c t i o n  process .  

A l l  i n  a l l ,  t h e  impacts of cons t ruc t ion  would be temporary and non- 

r e p e t i t i v e ,  and would not  be  expected t o  have long-term e f f e c t s  on t h e  

ecosystem. An e x c e l l e n t  d i scuss ion  of t h e  impacts of a long sho re  con- 

s t r u c t i o n ,  inc luding  the  e f f e c t s  of dredging, ma3 be found i n  Ref. 10. 

5.2 Phys i ca l  E f f e c t s  of Operat ion 

The p o s s i b l e  phys i ca l  e f f e c t s  of a once-through h e a t  d i s s i p a t i o n  

system can inc lude  bottom scour ing ,  sediment depos i t i on ,  i n t e r f e r e n c e  

wi th  l i t t o r a l  sediment t r a n s p o r t ,  and t h e  formation of a heated-water zone 

o r  thermal plume. An o f f s h o r e  system by n a t u r e  avoids  i n t e r f e r e n c e  with 

l i t t o r a l  t r a n s p o r t ,  and can be r e a d i l y  designed t o  avoid scour ing  o r  

sediment depos i t ion .  The only  important  phys i ca l  e f f e c t s  expected a r e  

a s soc i a t ed  w i t h  t h e  thermal plume. 

The c h a r a c t e r i s t i c s  of a submerged j e t  d i scharge  a r e  r a p i d  mixing of 

t he  hea ted  d ischarge  wi th  ambient water  t o  produce a mixed plume g e n e r a l l y  

l e s s  than  2°C above ambient water  temperature.  Under t h e s e  condi t ions ,  

on ly  a small f r a c t i o n  o f t h e  h e a t  ( l e s s  than  5%) is immediately t r a n s f e r r e d  

.to t h e  atmosphere; andatmospheric  e f f e c t s ,  which may inc lude  occas iona l  
11 steam fog," a r e  gene ra l ly  n e g l i g i b l e .  On-a  longer  time s c a l e  t h e  water  

body, which is i n  a dynamic equi l ibr ium wi th  t h e  atmosphere, w i l l  t r a n s f e r  

any excess  h e a t  t o  t h e  atmosphere by evapora t ion ,  conduction and r a d i a t i o n .  

This  even tua l  t r a n s f e r  of h e a t  t o  t h e  atmosphere occurs  over a l a r g e  s u r f a c e  



a t  a n  energy d e n s i t y  which i s  smal l  compared t o  n a t u r a l  p rocesses ,  and is  

t h e r e f o r e  n o t  expected t o  t r i g g e r  atmospheric e f f e c t s .  

Ana lys i s  of a Thermal Plume. A thermal  plume i s  gene ra l ly  charac te r -  

i z e d  by t h e  s u r f a c e  a r e a  and/or  volume w i t h i n  isotherms above ambient tem- 

p e r a t u r e .  Methods a r e  a v a i l a b l e  f o r  p r e d i c t i n g  t h e  e x t e n t  of a  thermal 

plume f o r  s p e c i f i c  ca ses ,  g iven  s p e c i f i c a l l y  t h e  des ign  of t h e  d i f f u s e r ,  

t h e  bottom topography, and t h e  temperature and c u r r e n t  regime of t h e  

ambient waters .  Design s t u d i e s  could t y p i c a l l y  inc lude  t h e  c o n s t r u c t i o n  

of a  h y d r a u l i c  model as w e l l  as t h e  u s e  of computer models. Since e f f o r t s  

of t h i s  magnitude a r e  h a r d l y  j u s t i f i e d  f o r  a hypo the t i ca l  system, a s impler  

approach h a s  been taken  f o r  t h i s  a n a l y s i s .  The c h a r a c t e r i s t i c s  of a  

t y p i c a l  NEC once-through h e a t  d i s s i p a t i o n  system w i l l  be p red ic t ed  by 

s c a l i n g  up a s tudy  made f o r  a n  a c t u a l  system, us ing  t h e  hydrau l i c  s c a l i n g  

laws based on Froude s i m i l i t u d e ,  a s  shown i n  Table 2. W e  would have 

p r e f e r r e d  t o  scale-up f i e l d  d a t a  r a t h e r  than  hydrau l i c  model d a t a ,  bu t  

as y e t  t h e r e  i s  n o t  a  d i f f u s e r  of t h e  proposed type  i n  opera t ion .  There 

i s ,  of  cou r se ,  a  l a r g e r  degree  of u n c e r t a i n t y  i n  s c a l i n g  up model d a t a  

t h a t  h a s  n o t  been s u b j e c t  t o  f i e l d  v e r i f i c a t i o n .  However, i t  is l i k e l y  

t h a t  a p p r o p r i a t e  f i e l d  d a t a  w i l l  become a v a i l a b l e  w i t h i n  t h e  next  few y e a r s ,  

i n  t ime t o  be  u s e f u l  i n  t h e  des ign  of d i f f u s e r s  f o r  t h e  f i r s t  gene ra t ion  

of n u c l e a r  energy c e n t e r s .  

The h e a t  d i s s i p a t i o n  system designed f o r  San Onofre, u n i t s  2 and 3 ,  

(Fig. 2)  i s  very s i m i l a r  t o  t h e  conceptual  des ign  proposed he re  f o r  an  NEC. 

The major d i f f e r e n c e  i s  i n  t h e  o r i e n t a t i o n  of t h e  j e t s ;  i n  t h e  NEC concep- 

t u a l  des ign  a l l  jets a r e  o r i e n t e d  d i r e c t l y  seaward; in t h e  San Onofre de- 

s i g n  a l t e r n a t e  jets a r e  o r i e n t e d  20" t o  e i t h e r  s i d e  of t h e  seaward d i r e c t i o n .  

(For low ambient c u r r e n t s ,  t h e  San Onofre des ign  would produce a  wider  plume, 

and t h e  NEC des ign  a narrower plume w i t h  g r e a t e r  o f f s h o r e  momentum.) 

The San Onofre des ign  w a s  t e s t e d  under a  v a r i e t y  of ambient flow con- 

d i t i o n s  i n  a  hydrau l i c  model. lo I n  t h i s  a n a l y s i s  we w i l l  apply t h e  r e s u l t s  

of t h e  model t e s t  t o  a n  assumed p ro to type  wi th  a  d ischarge  fou r  t imes 

g r e a t e r  t han  t h a t  of San Onofre,  r ep re sen t ing  an  e igh t -un i t  p ro to type  NEC 

h e a t  d i s s i p a t i o n  module. The dimensions of a n  NEC pro to type  sca l ed  up i n  

t h i s  f a s h i o n ,  compared w i t h  t h e  dimensions of t h e  San Onofre p ro to type ,  a r e  



Table 2. Hydraul ic  s c a l i n g  laws 

Quant i ty  
Sca l e  r a t i o  
pro to type  t o  

model 

Temperature d i f f e r e n c e  1.0 

Length 

Veloc i ty  

Time 

Flow 

%here2  is t h e  r a t i o  of  p ro to type  l e n g t h  t o  
~uodel  l e n g t h  f o r  an und i s to r r ed  model. 
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Fig. 2. Offshore heal: dlss lpat ior l  system designed f o r  San Onofrc 
Nuclear Generating Station Units 2 and 3.. 



given  i n  Table 3. Note t h a t  i n  t h i s  method of scale-up, t h e  flow is  sca l ed  

up d i r e c t l y ,  t h e  AT is  unchanged, and t h e  number of j e t s  a r e  unchanged. 

For a f low scale-up of four ,  t h e  l i n e a r  dimensions i n c r e a s e  by a f a c t o r  of 

1.74, a r e a  by 3.03, and t h e  j e t  v e l o c i t y  by 1..32. The r e s u l t s  ( isotherm 

p l o t s )  ob ta ined  f o r  t h e  San Onofre ca ses  may now be app l i ed  t o  t h e  NEC 

pro to type  by applying t h e  same f a c t o r s  (e.g., mul t ip ly ing  l i n e a r  dimensions 

by 1.74). 

A t y p i c a l  isotherm p l o t  s ca l ed  up f o r  t h e  NEC 8-unit  p ro to type  is 

shown i n  Fig. 3. The plume temperature is  above ambient by no more than 

10% of t h e  system temperature r i s e  (AT), i n d i c a t i n g  a j e t  d i l u t i o n  of 

g r e a t e r  than  10  i n  t h e  mixing zone. The a r e a  w i t h i n  each isotherm is  a . 

f a c t o r  of 3.03 g r e a t e r  than  t h e  comparable a r e a  f o r  a two-unit s ta t ion ' .  

The above a n a l y s i s  was car r ied '  ou t  t o  show t h a t  a reasonable  hea t  

d i s s i p a t i o n  system design f o r  a n  8-unit module could produce reasonable 

plume temperatures  and a r e a s  w i t h i n  isotherms. While i t  is i n s t r u c t i v e  

t o  s e e  how a n  e s t a b l i s h e d  des ign  f o r  a d i f f u s e r  can be s c a l e d  up t o  t he  

s i z e  r equ i r ed  f o r  a n  NEC, t h e  des ign  of l a r g e  d i f f u s e r s  f o r  an  NEC is  of 

course  no t  l i m i t e d  t o  t h e  scale-up of previous designs.  

5.3 E f f e c t s  of Operat ion on Aquatic Bio ta  

The Nuclear Regulatory Commission has  r e c e n t l y  publ ished t h e  Environ- 

mental  Statement r e l a t e d  t o  t h e  manufacture of F l o a t i n g  Nuclear Power P l a n t s  

(FNP) by Off shore  Power This  document inc ludes ,  i n  a d d i t i o n  t o  a 

d e s c r i p t i o n  of t he  a q u a t i c  ecology of t h e  A t l a n t i c  and Gulf Coasts ,  a 

comprehensive assessment of t h e  e f f e c t s  of once-through hea t -d i s s ipa t ion  

systems on a q u a t i c  b io t a .  Severa l  f i n d i n g s  from t h i s  s tudy  a r e  r e l e v a n t  

t o  t h e  NEC system concept. 

Ecologica l  e f f e c t s  a r e  caused by entrainment ,  impingement, chemical 

and b ioc ide  d ischarges ,  and temperature changes. 

The popula t ions  of t h e  s impler  l i f e  forms a r e  no t  be l ieved  t o  be 

s e n s i t i v e  t o  entrainment  l o s ses .  Because of t h e i r  s h o r t  l i f e  cyc l e s ,  l o s s e s  

are compensated f o r  by r a p i d  reproduct ion.  The a n a l y s i s  of entrainment  

e f f e c t s  was concentrated on ichthyoplankton,  s i n c e  f i s h  popula t ions  a r e  

be l i eved  t o  be  most s e n s i t i v e  t o  entrainment  l o s ses .  The l a r v a e  of many 

spec i e s  remain i n  s h e l t e r e d  waters  and would no t  be s u b j e c t  r o  entrainment  



16  

Table 3. 'D i f fuse r  scale-up t o  NEC s i z e  

San Onofre, NEC, Rat io  
2 u n i t s  8 u n i t s  

3 Flow, m Is 
Temperature rise, O C  

Number of d i f f u s e r s  

Number of p o r t s  p e r  d i f f u s e r  

P o r t  d iameter ,  m 

P o r t  a r e a ,  m 2 

Discharge v e l o c i t y ,  m / s  

Dis tance  from shore ,  m 

D i f fuse r  1, f i r s t  p o r t  

D i f fuse r  2,  f i r s t  p o r t  

Diffus'er 2, las t  p o r t  

Water depth, m 

Di f fuse r  1, f i r s t  p o r t  

D i f fuse r  2, las t  p o r t  
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Fig. 3. Kilometer scale appropriate for 8-unit NEC module superim- 
posed on San Onofre model isotherm plot (from Fig. 6.44, Ref. 10). 
Surface isotherms (in increments of 2.5% of source AT,) for special 
current sequence SP4. (Diffusers shown as straight lines; instantaneous 
current speed = 0.0 knots,) ' 



a t  a n  o f f s h o r e  in take .  The l a r v a e  of s e v e r a l  common spec i e s  a r e  found i n  

open wa te r s  and would be  s u b j e c t  t o  entrainment.  The p o t e n t i a l  changes i n  

f i s h  popu la t ions  due t o  entrainment  of eggs and l a r v a e  cannot be q u a n t i f i e d  

because  t h e  r e q u i s i t e  d a t a  on popula t ion  dynamicsa reno t  known. However, 

f o r  t h e  FNP study t h e  l o s s  of f i s h  due t o  entrainment  w a s  es t imated  based 

o n  conse rva t ive  assumptions and t h i s  l o s s  compared w i t h  t h e  commercial f i s h  

c a t c h  f o r  each  of f i v e  c o a s t a l  regions.  Based on t h i s  d a t a ,  t h e  annual  

l o s s  of f i s h  (0-1 y e a r  c l a s s )  due t o  entrainment  i n  an  8-unit  NEC module f o r  

t h e  middle A t l a n t i c  r eg ion  would be f r o m  0.2% t o  0.8% of t h e  commercial 

ca tch .  These d a t a  are based on conserva t ive  estimates of l a r v a l  densities 

and do n o t  t a k e  i n t o  account  any compensating mechanisms i n  t h e  popula t ion  

such as d e n s i t y  dependence. 

Another approach t o  e s t ima t ing  t h e  e f f e c t  of entrainment  i s  t o  

e v a l u a t e  t h e  volumes of water  involved. The . intake f ~ a :  an 8-unit mnd11l.e 

drawing from an  average  30 m deep bottom l a y e r  d a i l y  draws i n  t h e  volume 

of w a t e r  w i t h i n  a  c i r c l e  of about  600 m r ad ius .  This  is a very  smal l  

f r a c t i o n  of  t h e  water ove r  t h e  c o n t i n e n t a l  s h e l f  o f f  t h e  coas t  of a  r eg ion  

se rved  by a n  NEC. The o v e r a l l  e f f e c t  of t h e  module would b e  t o  " t h i n  out" 

t h e  p l ank ton ic  b i o t a  i n  t h e  plume streaming from t h e  v i c i n i t y  of t h e  

d i f f u s e r ; '  f o r  a t y p i c a l  d i l u t i o n  r a t i o  of 10  t o  1, and conse rva t ive ly  

assuming zero s u r v i v a l ,  t h e  d e n s i t y  of l i v e  p lanktonic  b i o t a  i n  t h e  plume 

would be  about  90% of  t h a t  i n  t h e  arnhient waters .  The l o s s  t o  t h e  ecocyotcm 

is small on a r e g i o n a l  s c a l e  and would n o t  be  expected t o  d i s t u r b  t h e  s t ruc -  

t u r a l  and f u n c t i o n a l  c h a r a c t e r i s t i c s  of b i o t i c  popula t ions  i n  t h e  v i c i n i t y  

of t h e  d ischarge .  However, some i n c r e a s e  i n  t h e  abundance of organisms 

which f eed  on d e t r i t u s  would b e  expected. 

. .Impingement of  f i s h e s  on i n t a k e  s c r e e n s ' i s  r e a d i l y  observed and 

measured i n  ope ra t ing  p l a n t s ,  b u t  i ts  e f f e c t  on f i s h e r y  popula t ions  i s  

ve ry  difficul~ C6 q u a n t i f y  and p r e d i c t .  The FNP s ta tement  concludes t h a t  

small school ing  f i s h e s  may be a n  i n t e r m i t t e n t  problem f o r  o f f sho re  i n t a k e s ,  

b u t  t h a t  t h e  f r a c t i o n  of f i s h  taken  is n o t  l i k e l y  t o  be l a r g e  enough t o  

d i s t u r b  t h e  popula t ion  balance. The b e s t  defense  a g a i n s t  impingement is  

t h e  s i t i n g  of i n t a k e s  away from l o c a t i o n s  where smal l  schooling f i s h e s  a r e  

p reva len t .  



The p r i n c i p l e  chemical and b ioc ide  d ischarges  from a once-through system 

a r e  copper, n i c k e l ,  and ch lo r ine .  Copper and n i c k e l  may be p re sen t  a s  

co r ros ion  products  from h e a t  exchanger su r f aces ;  t h e  FNP statement  concludes 

t h a t  t h e  probable concent ra t ions  would not  be l a r g e  compared t o  t h e  n a t u r a l  

concent ra t ions  i n  seawater ,  and t h a t  t o x i c  e f f e c t s  a r e  not  expected. Chlor ine  

t reatment  i s  a commonly used procedure t o  prevent  b i o l o g i c a l  fou l ing  of t h e  

h e a t  exchange su r f aces ;  a  t y p i c a l  schedule is two hours  of c h l o r i n a t i o n  per  

day. Entrained organisms do no t  su rv ive  ch lo r ina t ion .  The FNP statement  

recommends t h a t  t reatment  be c o n t r o l l e d  t o  l i m i t  t h e  r e s i d u a l  c h l o r i n e  i n  

t h e  d ischarge  t o  l e s s  than 0.1 m g l l i t e r .  Under t hese  condi t ions  e s s e n t i a l l y  

no r e s i d u a l  c h l o r i n e  appears i n  t h e  plume, because i t  is  consumed by t h e  

c h l o r i n e  demand of t h e  d i l u t i o n  water e n t e r i n g  t h e  d ischarge  j e t s .  

I n  a d d i t i o n  t o . c h l o r i n a t i o n ,  t h e  temperature of t h e  i n t a k e  and d is -  

charge condui t s  is  gene ra l ly  increased.  p e r i o d i c a l l y  t o  remove organisms 

which would o therwise  enc rus t  exposed su r f aces .  Ent ra ined  organisms do 

no t  su rv ive  h e a t  t rea tments .  Heat t rea tment  has  been shown t o  not 

apprec iab ly  increa,se  t h e  o v e r a l l  impact of a  h e a t  d i s s i p a t i o n  system. 
11 

Di rec t  temperature e f f e c t s  a r e  minimal f o r  systems employing sub- 

merged j e t  d i f f u s e r s ,  because the  d ischarge  is r a p i d l y  d i l u t e d  wi th  

ambient water .  The only h igh  temperature p o r t i o n s  of t h e  d ischarge  a r e  

w i t h i n  t h e  high v e l o c i t y  r eg ions  of t h e  j e t s ,  where f i s h  a r e  n o t  expected 

t o  r e s i d e .  The temperature of t he  mixed plume is gene ra l ly  l e s s  than  

2OC above ambient. This  temperature i n c r e a s e  is  of t h e  same o rde r  a s  

n a t u r a l  temperature changes t h a t  can be observed i n  the  c o a s t a l  ocean 

over  pe r iods  of a  few hours a s  winds and t i d e s  change (Sect .  2.0). 

Bottom temperatures  a r e  u sua l ly  unaf fec ted  o u t s i d e  the  mixing zone 

of  t he  j e t s ,  because t h e  warm plume is buoyant and remains on t h e  su r f ace .  

I n d i r e c t  e f f e c t s  of temperature a r e  more d i f f i c u l t  t o  a s s e s s .  F i s h  

a r e  known t o  e x h i b i t  temperature preference  and probably grow f a s t e r  w i t h i n  

t h e i r  p r e f e r r e d  temperature range (which d i f f e r s  by spec i e s ) .  Thus, f i s h  

o f t e n  seek  a thermal plume i n  cold waters  and avoid a  plume i n  waters  

warmer than t h e i r  p re fe r r ed  temperature.  Migrat ing f i s h  may l i n g e r  i n  a  

warm plume. Water temperature i s  known t o  a f f e c t  spawning. E f f e c t s  on 

migra t ion  and spawning may be important  f o r  some sites, bu t  a t  p re sen t  



no s a t i s f a c t o r y  d a t a  a r e  known f o r  o f f sho re  loca t ions .  The o v e r a l l  e f f e c t s  

of t h e  warming of water  by a n  NEC a r e  expected t o  be s m a l l  because t h e  

tempera ture  of t h e  mixed plume i s  only  s l i g h t l y  above ambient, and because 

t h e  area a f f e c t e d  is  small compared t o  t h e  t o t a l  water a r e a  of a c o a s t a l  

r eg ion .  

F i e l d  S tudies .  Although s h o r e l i n e  once-through systems have been 

used f o r  many yea r s ,  t h e r e  i s  v e r y , l i t t l e  experience wi.th o f f sho re  systems. 

There is  a t  p r e s e n t  no d a t a  from which t h e  e f f e c t s  of o f f s h o r e  systems on 

t h e  popu la t ion  dynamics of a q u a t i c  b i o t a  can be evaluated.  c e r t a i n '  r o u t i n e  

moni tor ing  of  a q u a t i c  popula t ions  is  r equ i r ed  f o r  NRC-licensed p l a n t s ,  bu t  

t h e  scope of r o u t i n e  environmental monitoring is no t  broad enough t o  permit 

a n a l y s i s  of popu la t ion  dynamics. 

Aquat ic  monitor ing d a t a h a v e b e e n  obta ined  from San Onofre u n i t  one. 

Much of t h e s e  d a t a  are summarized and analyzed i n  a n  NRC r e p o r t  by Adams 

e t  al.12 The 1975 f i s h  c o l l e c t i o n  d a t a  were s ing led  o u t  f o r  ana lys i s .  

Bottom n e t s  were p laced  a t  9-m depth near  t h e  o u t f a l l ,  and s i m i l a r  sampling 

w a s  conducted s imul taneous ly  a t  c o n t r o l  s t a t i o n s  about  8-km downcoast during 

a l l  f o u r  seasons of t h e  year .  A summary of t h e  r e s u l t s  is  given i n  Table 4. 

The r e s u l t s  show t h a t  t h e  number of s p e c i e s  i s  about  t h e  same i n  both t h e  

d i scha rge  and the  c o n t o l  a r e a s ,  and t h a t ,  f o r  t h r e e  of t h e  fou r  sampling 

p e r i o d s ,  more f i s h  were found nea r  t h e  d ischarge  than  i n  t h e  c o n t r o l  a r ea .  

Some p r e o p e r a t i o n a l  f i s h  sampling had been done a t  San Onofre, b u t  

t h e  d a t a  were not  cons idered  s u f f i c i e n t  f o r  a meaningful comparison of pre- 

o p e r a t i o n a l  and o p e r a t i o n a l  f i s h  populat ions.  The r e p o r t  suggested a monitor- 

i n g  program which could make a v a l i d  comparison p o s s i b l e  f o r  t h e  ope ra t ion  of 

u n i t s  2 and 3.  

I n  summary, t h e  San Onofre 1 monitor ing d a t a  i n d i c a t e s  t h a t  f i s h  

popu la t ions  inc reased  i n  t h e  v i c i n i t y  of a warm d ischarge ,  and no change 

was observed i n  t h e  number of spec ies .  There i s  n o t  s u f f i c i e n t  d a t a  t o  

e v a l u a t e  any change i n  l o c a l  f i s h  popula t ion  due t o  t h e  ope ra t ion  of a 

p l a n t ,  nor  is  t h e r e  s u f f i c i e n t  d a t a  t o  eva lua t e  t h e  e f f e c t  of a p l a n t  on 

t h e  popu la t ion  dynamics of t h e  nearby ocean. 



Table 4. F i s h  c o l l e c t e d  i n  bottom n e t s  a t  
San Onofre u n i t  1 i n  1975 

March June September December T o t a l  

Near d i scharge  

Number of f i s h  417 641 214 598 1870 

Number of s p e c i e s  20. 23 1 7  2 0 -- 
I n  c o n t r o l  a r e a  a 

Number of  f i s h  253 383 . 208 168 1012 

 umber ' of  s p e c i e s  24 2 3 19 19 -- 

a Contro l  a r e a  8 km downcoast from p l an t .  



6. ECONOMICS 

Once-through systems h i s t o r i c a l l y  have been more economical than the  

va r ious  closed-cycle a l t e r n a t i v e s .  This may o r  may not be t r u e  f o r  off -  

shore  submerged systems f o r  NECs, 

The c o s t  of an  o f f shore  system w i l l  be highly s i t e  dependent. The 

o f f shore  concept f o r  d i s s i p a t i n g  the l a r g e  amount of hea t  from an NEC 

depends upon access t o  t h e  l a r g e  amount of cool  water which i s  ava i l ab le  

a t  g r e a t e r  depths than have been u t i l i z e d  heretofore.  The length  of the  

condui ts  required  t o  reach t h i s  deeper water is  s i t e  dependent, and the  

cos t  of t h e  conduits  depends s t rongly  on t h e  type of rock o r  s o i l  a t  t h e  

site. The c o s t  of water d i s t r i b u t i o n  within the  NEC i s  a l s o  dependent 

on t h e  topography and s o i l .  While it  is therefore  not  poss ib le  t o  a t t a c h  

a p r i c e  tag  td  an o f f shore  system a s  one can t o  a cooling tower, consider- 

a b l e  is  known concerning t h e  c o s t  f a c t o r s  of offshore  systems. L e t  us 

f i r s t  examine the  c h a r a c t e r i s t i c s  of severa l  systems designed f o r  current  

p lants .  

6.1. Current Offshore System Designs 

The cost-determining character is t iCS of th ree  u f f s l ~ u ~ e  s y s t t r i i  designs 

a r e  given i n  Table 5 ,  along wi th  the  u t i l i t y ' s  e s t i n a t e  of t h e  cos t  of the  

once-through system r e l a t i v e  t o  the  cos t  of t h e  closed-cycle system con- 

s ide red  most s u i t a b l e  f o r  the  s i t e .  In  t h e  case of t h e  Perry,  OH, p l a n t ,  

t h e  closed-cycle system was t h e  a l t e r n a t i v e  chosen f o r  const ruct ion ( f o r  

i n s t i t u t i o n a l  r a t h e r  than economic reasons).  

The est imated c o s t s  of these  systems range from l e s s  than ha l f  the  

c o s t  of a closed-cycle system a t  San Onofre t o  nearly an equal cos t  a t  

Seabrook. Cost r a t i o s  a r e  based on l i f e t i m e  cos ts ,  including operat ing 

c o s t s  and p e n a l t i e s  f o e  capacl ty  losses.  

The San Ono'fre system was r e l a t i v e l y  low cost  because r e l a t i v e l y  deep 

water was c l o s e  t o  shore, t h e r e  was no p lan t  setback from t h e  shore l ine ,  

so  t h a t  onshore conduit length  was neg l ig ib le ,  and t h e  s o i l  condit ions 

w e r e  favorable  f o r  l ay ing  bur ied  pipeline.  The estimated c o s t  f o r  t h i s  

system should be r e l i a b l e  because the  u t i l i t y  has already constructed a 

s m a l l e r  of fshore  system f o r  u n i t  1 a t  t h e  same s i t e .  



Table 5. C h a r a c t e r i s t i c s  of s e v e r a l  de s igns  ' for  
o f f s h o r e  h e a t  d i s s i p a t i o n  systems 

Seabrook, NH San Onofre,  CA P e r r y ,  OH S t  Luc ie ,  FL Typ i ca l  NEC conceptua l  
2 u n i t s  Unit  2  Unit  3  2 u n i t s  Unit  2  module, 4  u n i t s  

General  
3 Flow r a t e ,  m /s 

Temperature r i s e ,  O C  

Type of m n d u i t  

I n t a k e  

Conduit 

Length, m 

Diameter, m ' 

Veloc i t y ,  m / s  

Water depth ,  m 

~ i s t a n c e  from shore ,  m 

52.0 

2 1 

Tunnel 

52.4 

11 

Pipe  

52.4 

11 

P ipe  

72.5 

16  

Tunnel 

32.6 

12  

P ipe  

Conduit 

Length, m 4570 1830 1070 760 370 2000 

Diameter, m 5.5 . 5.5 5.5 5.5 3.7 9.8 

Ve loc i t y ,  m / s  2.2 2.2 2.2 . . 3.0 3.0 3.0 

Water dep th ,  m 12.2 12.2 9.1 6.1 10.7 15  

Dis tance  from sho re ,  m 1520 1830 1070 490 500 1000 

Cost ,  r e l a t i ~ e  t o  p r e f e r r e d  
a l t e r n a t e  c l x e d - c y c l e  system b 

. . a h t  f i r s t  po r t .  

b ~ n c l u d i n g  p.resent  worth of annual  c o s t s  and c a p a c i t y  p e n a l t i e s .  



The Perry system.design was for water tunnels in a shale substrate* 

The cost of the actual tunnelling was estimated to be only 15% of the 

construction cost of the cooling system. Presumably, then the system 

could have been extended further from shore to somewhat deeper water 

without a large increase in costs. 

The Seabrook system, based on tunneling through rock, was relatively 

expensive because of the site. The site is a considerable distance from 

open ocean, and two-thirds of the tunnel distance is inshore. No doubt to 

hold down tunneling and pumping costs, rhis system was desigaed for a 

relatively large AT and low flow rate. The estimated overall cost is 

very close to that of a closed-cycle system. 

6.2. Costs of an NEC System 

The characteristics of what might be a typical NEC system module are 

given in the last column of the table. The economic optimum diameter for 

tunneling appears. to be about 10 m y  and a tunnel of this size is about 

.right for four units; therefore, the.data are given for a four-unit module 

of the system shown in Fig. 1. In length of tunxlels, the NEC module is 

very similar to the Seabrook system, and the cost of the module is probably 

in the same range. The use of one tunnel for four (rather than 2) units 

would save on both runneling and pumpl~~g custs.  I-lowever, the Pnstallation 

of intake and discharge structures in somewhat deeper water (considerably 

deeper for the intake) would increase costs moderately. The equipment 

and procedures usually employed in coastal co~lstruction work (e. g. , j ack-up 
barges) can be used in water depths up to about 35 m at m u d e ~ a t e  coat. 

Work in deeper water is feasible, but would probably jump costs to a higher 

level, and does not appear warranted for heat dissipatfon systems. 

As already mentioned, offshore system costs are likely to be very site 

dependent. It appears that, for favorable sites, the cost of an offshore 

module can be less, ISAt probably not greatly less, than the cost of a ' 

closed-cycle system. For less favorable sites, the cost could equal or 

exceed the cost of closed-cycle systems. In the latter case, the offshore 

alternative might be selected for reasons not strictly economic, such as 

lower atmospheric and visual impact, or an advantage in the site area 

required. 



6 . 3 .  Water Conduits 

Meaningful c o s t s  f o r  a  water  conduit  system must be r e f e r r e d  t o  a  

s p e c i f i c  s i t e .  However, cons iderable  gene r i c  information is a v a i l a b l e .  1 3  

I n  f avo rab le  l o c a t i o n s  f o r  each, t h e  c o s t  of buried p i p e l i n e  exceeds 

t h e  c o s t  of tunnels  by about t h e  c o s t  of i n s t a l l a t i o n  of t h e  p i p e l i n e  ( f o r  

Seabrook, p i p e l i n e  was es t imated  t o  c o s t  about 40% more than  tunne l s ) .  

I n s t a l l a t i o n  of p i p e l i n e  can be c o s t l y  where s u r f a c e  obs t ruc t ions  such a s  

roads  and r a i l r o a d s  must be c rossed ,  and r e s t o r a t i o n  c o s t s  may be high 

where r e c r e a t i o n a l  o r  w i l d l i f e  a r e a s  a r e  d i s tu rbed .  Large p i p e l i n e  s e c t i o n s  

(10 m diam) a r e  not  gene ra l ly  t r a n s p o r t a b l e ,  bu t  can be f a b r i c a t e d  on o r  

near  t h e  s i t e  and may be convenient ly moved by barge. 

Tunneling has  t h e  advantage of no t  d i s t u r b i n g  t h e  land s u r f a c e  o r  t h e  

s h o r e l i n e ,  except f o r  t e s t  boring.  Modern tunnel ing  p rac t&ce  r e q u i r e s  a  

heavy concen t r a t ion  of t e s t  boring along t h e  r o u t e ;  c l o s e l y  spaced bor ings ,  . 

altl.lough expensive,  can save money-in tunnel ing  by avoidance of bad rock. 

Most tunnels '  a r e  concre te  l i n e d ,  bu t  where rock i s  adequately s e l f  -support ing , 
about one-third t h e  c o s t  of t h e  tunne l . can  be saved i f  l i n i n g  is. not  

requi red .  The type  of rock l a r g e l y  determines t h e  economics of 

tunnel ing .  Tunneling c o s t s  i n c r e a s e  by f a c t o r s  of two o r  t h r e e  f o r  hard 

rock o r  s e c t i o n s  df f r a c t u r e d  o r  nonsupporting rock. 

Techniques f o r  tunnel ing  through unconsol idated andlor  water-saturated 

s o i l s  a r e  w i th in  t h e ' p r e s e n t  s t a t e  of t h e  a r t ,  bu t  a r e  r e l a t i v e l y  expensive. 

However, thp. ter.hnology of tunnel ing  i s  advancing r a p i d l y  and t h e  a l t e r n a -  

t i v e  of tunnel ing  r a t h e r  than l ay ing  bur ied  p i p e l i n e  should be examined f o r  

any po ten t3a l  si te.  

6.4,  Water D i s t r i b u t i o n  

The l ayou t  of an  NEC would r e q u i r e  t h a t  some of t h e  power p l a n t s  be 

loca t ed  a t  some d i s t a n c e  from t h e  pumphouse, r e q u i r i n g  water  condui t s  f o r  

d i s t r i b u t i o n .  Tunnels o r  bur ied  p i p e l i n e s  would be s u i t a b l e ,  bu t  f o r  many 

si tes open channels  could be used a t  a  cons idefable  sav ing  i n  c o s t .  Once 

t h e  shore  zone has  been crossed  with.underground condu i t s ,  t h e  u s e  of open 

condui t s  on-s i te  ,iilay be e n v i r o f i e n t s l l y  i n n o c v o i . ~ ~  and r e l a t i v e l y  inexpensive.  
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