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. INTRODUCTION . 

. . . . .  . .-.; + .  . . .  . > . . .  . ,? . , . . .  
The Energy Reorganizat ion Act  o f  1974 requ i  r e d  the  Nuclear ~ e g u l  story 

.:.  . > i  . .::.; .....'.:. : ,, :.'. . . . . . . . .  . .  
 omm mi s s i  on . . . .  (NRC) t o  mike a  n u c l e a r  energy &'t& s i  t e s u r v e y  . . . .  (NECSS) . The . . . . . . . . . . .  . . 
i " . . . . . .  . . .,<:, , ~. ' ;  !:. 

, / '  
. . ..,. ., .,.,:> . . . . . . . .  NECSS ~ ~ ~ o r t ' w a s  requ i red  . . to  i&l udk: 

, ,. l i  . . .  . . . .  ;,,< . . .  . a , - .  ... . . - . -  
1 NHC 1 s eval uatjon of t h e  resul uf a ,',a.~.i ,-jild, lbc.t& : i n d  *,. 

. . . .  i d e n t i f y  poss ib le  nuc lear  energy center  (NEC) ,-.s.i t.es , ..and . .  , . , - -. I 
I _ ' _: _ _I  . . . " .  . . . . . . .  

2. NRC' s  conclus ions and recommendations regard ing  the  f & s i  b i l  ity' sib- 
. . .  . . y ;  . . . .  ^ . . . . . . _ . . .  . , .  ... 

p k d c t i i a i  i ty . o f  . .  1  k i t i n g  . . .  t i u c i e i r  'pow& &actb&'and/or o t i d r -  elements 
% . : ; .'?, : , , . . , i i .  . . . . ,:. . * . ( l .$  .,;>';>-;-: ;,< . ,,;., 

of the  nuc lear  f u e l  c y c l e  on nuc lear  energy centers: 
. . . . . . . .  .. ' . . . . . .  . .  . ;  . . . .  I . *  . .;,. ,, . (  -: .., + . . .! , . . 3 .  

. . 
. . . . ' *  ' ,  .: .,' . . . -. " .  :.. --, ::,, 

: - ,Backgrou~nd.:,i.nf.orma$ip f o r  the  NECSS r e p o r t  'was deve1oped. i~  : a; . . . . . .  se r i es  
. . . . . .  

of tasks o u t l i n e d  i n  Reference . . .l and subsequent add i t ions .  _ . . / .  . A . . number o f  t he  
. ; . , , ' f :  

tasks were assigned t o  B a t t e l  l e t s  P a c i f i c  Northwest ~ a b o r a t o r i e s .  AS the  
. . .$. I . . .  .:_ . . . . : . . .  : . . 7 .  . . .  . '.. &. >, .,. 
s t u d y  proceeded changes w e r e ,  made i n  the  i t o p e s ' ' o f  several t i i k s  t b :  accomno- 

,.., . .' ;;.(2);.:. ThOs;..<t;;.ci ' wii ch : 
date new i !formation generated i n  ~ ~ ~ ' N E C S S  s t i dy .  . . *,;..  . . . . . . .  
pert-, ned t o - . t ~ i ~ ~ e ~ e t ~ ~ ~ a ~ P ~ c ~ s  'Gf.. NECj af-e 9:f Sted be3 ow: ;:.:.;..:j;,-. L:,::'? 

a ' . : ,: ' ,  ,; >: . . ' . , " ' "' . . :,_ . . . .  . . .  , : . ., .. i ; .  . . . . . . . .  .,-, ... t . . . . .  . . . .  .~.. . . . . . .  . ; . %, . , i ?  :o:.;;.;.s, y!:,:: 

TASK 1.1.2 SOCIOECONOMIC IMPACTS 
A . . .,, ..t :.:? ..,... ;; 1 ,,!-,: ,> f 

The scope of t h i s  task  was t o  evaluate the  typica1,socioeconomic . ..., . ? > . . . .  . . , , ,  

... problems t h a t  w i l l  ari:s:e be.c'au:ser.of'.t:~~e..~agn~.t~de o f  constPuct ion, the  

a t t r a c t i o n  o f  l a b o r  s k i l l s  and community support func t ions ,  and the  changes 
. . 

" . ' <  e i l j e c i e ~ ' i n s ' . t h e  : ~ ~ ~ ~ . l ~  kdb'r'ic. .<f.' iocjetj/:: at:-. an'. NEC..-:s.itg;l:: : : ! r , ' .  . .. I;:.,: . . .  :,.::;: . . : . . .  ..I ..?' . .  . . .  . . : .  . . . : . . . . .  . . : .. ..- - -. .- . . .  . . . . . .  . . . . c  . . .  i '  . . . .  . . . , -  . . 

.. :TASK. 2>-1. 6,,:: ENVIRONMENTAL 1-MRACT - REACTOR FAC 1LITI.ES . . . .  . . . . . . . .  . I ..: j : ; ...: . . .  . . .  . -  .. - , .. . . I %  . . . . . . . . . . . . . . . . . . .  . . . . . . .  . . - ( . .  . . -  . 
The scope o f  t h i s  &'bk was tb eva l '& ' te~ ' the"en~ i '~onmer i ta l "~  itnpdct of 

r a d i o a c t i v e  e f f l u e n t s  from NECs o f  several  geometric arrays.  

TASK 2.1.71 EMERGENCY RESPONSE CAPABILITY - REACTOR FACILITIES 

The scope o f  t h i s  task  was t o  evaluate the  e f f e c t  o f  t he  NEC on the  

requ i red  emergency response c a p a b i l i t y  f o r  r e a c t o r  f a c i l i t i e s  f o r  acc idents 

o r  t h rea ts ,  and compare i t  t o  d ispersed s i t e s .  

TASK 2.1.12 AGING OF NECs 

Eva lua t ion  of NECs w i t h  d ispersed s i t i n g  o f . r e a c t o r  p l a n t s  requ i res  

t h a t  the  e n t i r e  l i f e  c y c l e  o f  both NECs and d ispersed-s i ted  p l a n t s  be 



compared. I n  add i t i on ,  t he  e f fec t  t ha t ' each  has on the  "system" i n t o  which 

they become p a r t  should be examined. 

The scope of t h i s  task was: 1 ) t o  i d e n t i f y  areas i n  which t h e  ageing 

.aspects' o f  t he  NCCs and dispersed p l a n t s  may d i f f e r ,  and 2) t o  consider  i n  

a p re l im ina ry  way what these d t f f e rences  may e n t a i l .  
. . 

TASK 2.1.13 DRY COOLED NEC 
*-. .. - - (( . .- . . .. . -  

The purpose of t h i s  task  was t o  evaluate t h e  techn ica l ,  environmental, 

and socioeconomic fac tors  associated w i t h  cons t ruc t i on  and opera t ion  o f  a 

dry-cool ed nuclear  energy center  (DCNEC) . Dry-cooled centers were inc luded 

as a p a r t  o f  the  NECSS p r i m a r i l y  because they a l l o w  increased f l e x i b i l i t y  
1. . 

i n  s i t i n g ,  i n c l u d i n g  semi-ar id and even a r i d  areas. 

. The work performed under each o f  these tasks, as rev ised,  i s  repor ted  

i n  t h e - t e x t  which f o l l o w s  by task number. 

The t e x t  f o r  t he  r e a c t o r  sect ions o f  t h e  NECSS-75 r e p o r t ( 2 )  was 

obta ined i n  . p a r t  by e x t r a c t i n g  m a t e r i a l  and data from the  task  wr i teups 

i n  t h i s  repo r t .  

REFERENCES FOR INTRODUCTION 

1. Nuclear Energy Center S i t e  Survey, NUREG-75/018, U.S. Nuclear Regulatory 
Commission, O f f i c e  o f  Special  Studies, March 13, 1975. 

2. Nuclear Energy Center S i t e  Survey, NUREG-001 , U.S. Nuclear Regulatory 
Commission, O f f i c e  o f  Special  Studies, January 1976. 
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work performed under Task 1.1 - 2  has been repor ted  i n  a separate 

t i t l e d  " I d e n t i f i c a t i o n  and Management of Economic and Social '  

Impacts o f  Nuclear Energy Centers: A Pre l im inary  Analysis," Human A f f a i r s  
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TASK 2.1.6: 
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ENVIRONMENTAL IMPACTS - REACTOR FACILITIES 
, . i :  :.......... ,.: ... . . .  . <...(.... . :  ' . . 

. . .  .(. . . . . . . . _ . .  ~. . . . . .  i '  . . .  . . .  . , .  
, .. . . . . INTRODUCTION .,. I: ., ' . .  " . . 

.,.L . . . . . .  . . .. ., . . . .  . ?  . I  . , .  

An impo r tan t  f a c t o r  i n -  . the e v a l u a t i o n  ' o f  nuc lea r  energy cen te rs  '(NEC) 

i s  a  compav?'ison.of' the. . rad io log ica21 impacts f rom NECs w i t h  d ispersed  r e a c t d r  

p l a n t s .  To a s s i s t  t h e  U. S. Nuc lear  Regu la to ry  Commission's: (NRC) Of f i lce of  

Specia l - . .Stud ies t o  -make the: comparison ,. B a t t e l  l e ,  P a c i f i c :  ~ o r t h w e s t  : .: 

Laboratorie 's ,~ca. lculated r a d i a t i o n  doses f o r  severa l  geometr ic  arrangements 
. . .  . . .  of 40- reac to r  NECs and f o r  one su r roga te  s i t e .  

. .  ; . . , ;  ' :  . . , <  ' . .  : ,  . (  , I .  . 



NUCLEAR ENERGY CENTER SITES 

Rad ia t ion  doses were c a l c u l a t e d  f o r  several  d i f f e r e n t  arrangements of 

.4O reac to rs  w i t h i n  an NEC as w e l l  as fo r  a  surrogate s i t e .  I n  each ins tancc  

the  reac to rs  were grouped i n t o  10 four-uni t "Quads1'  (see ~ i ~ u r e s  1  a n d  2 ) .  

C i r c u l a r  a r r a y  w i t h  spacing (chord l e n g t h )  between Quads v a r i e d  f rom 

1  . t o  2 m i l e s  and . s i t e  . radius- . f rom 2 t o  6 mi les;  . . . . . . .  . . . , . . . 

*: .C i r cu la r  ..sj t e  w i t h  a l . l  '40 reactors6 a t  t he  center  w i th .  s ' i t e  rad i - i . . o f  
. . .  < , '  . -..: 3;.4 !arid :4 .. .9: l l l i les.  . - . . .. " . . 
: . .  

Rectangular. (1 i nea r ) :  a r r a y  w i t h  a1 1  10 Quads i n  .a nor th-south . I  i'ne .with.: 

.spa.ci.ng:.between Quads equal t o  spacing between s i t e  boundary t o ' . f i . r s t  :: ' : 
. . . .  Quad and v a r i e d  between 1  t o  2 mi les .  . . . .  . . . .  . . Surrogate (hypo the t i ca l  ) s i t e  w i t h  10 Quads placed, r e a l i s t i c a 1 , l y  o n  an .. 

ac tua l  l o c a t i o n  - (Kentucky Lake). 
..... 

For each of the  f i r s t  th ree  s i t i n g  arrangements doses were ca l cu la ted  

assu~ning t h a t  a l l  r eac to rs  were of one type: PWR o r  BWR. For  t h e , s u r r s g a t e  

s i t e  the  10 Quads conta ined a  t o t a l  o f  26 PWRs and 14 BWRs. 



y .  

C I RCUIAR SITE; 
DECAGONAL,ARRAY 
ORIENTED NORTH AND SOUTH 

RECTANGULAR SITE; 
LINEAR ARRAY 
OR I ENTED NORTH AND SOUTH 



. . FIGU:RE .2. ~ e n t u c k y  Lake Surrogate S i t e  Arrangement .* .. 7 



PNL used two se ts  o f  meteokology. The f i r s t  s e t  was f r o m t h e  Belafonte 

r e a c t o r  s i  t e ( l )  w i t h  t h e  wind d i r e c t i o n s  r o t a t e d  t o  match the  preva i  1  i n g  

winds i t  a  "surrogate"  (Kentucky Lake) s i te . ( ' )  With t h i s  r o t a t i o n  the  

p r e v a i l  i n g  wind and the  maximum atmospheric d i spe rs ion  fac to r  ( I  ) were 

i n  t he  sou the r l y  d i r e c t i o n  from the  re lease po in t s .  The second meteorology 

s i t e  was the  " r i v e r "  meteorology f rom WASH-1258. (3 )  External  dose . ca l cu la -  

t i o n s  were made us ing  the  r o t a t e d  Be la fon te  meteorology; ex te rna l  . doses . and 

t h y r o i d '  doses were c a l c u l a t e d  'from the"  r i ' v e r  meteor01 ogy. A d e s c r i p t i o n  

o f  t he  e n t i r e  dose c a l c u l a t i o n  scheme, i n c l u d i n g  the  r i v e r  meteorology, was 
(4) .  g iven i n  a  companion document, BNWC-B-456. 

A p l o t  o f  annual average atmospheric d i spe rs ion  f a c t o r s  ( y /Q '  ) from a  

vent re lease versus d i  stance,:(al ong the  average sec to r )  f o r  t he  rive;, s i  t e  

i s  g iven i n  F igure  3.  able 1  l i s t s  t he  r e l a t i v e  value o f  F / ~ ' i n  sectors 

o the r  than the  average, ,&ranged so t h a t  t he  maximum La lue  b f  2.5' .times the  

average l i e s  i n  the  s o i t t i e r l y  d i r e c t i o n .  . . 
i' ' .  .. . . . 

. .  
TAB LEI'^. Re1 a t i v e  ~ t m o s ~ h e ' r i c  D ispers ion  Factors : .:',- 

Versus D i  r e c t i o n  . . 
. . . . 

. . 
. $  D i  r e c t i o n  from 

. . 
F a c i l i t y  . , R e l a t i v e a ~ '  ' 

. , 
I . . 

N  0.55 . . 
. . 

NNE ' 0.60 
N  E 0.65 

. . ,  ENE 0.70 
E  0.75 
ESE 1  .O 

. .. . : ,.. - . .. : . . . . . .SE ... . .. ... .. . .. . . . .I.. 3 . . ,. 

,; SSE 1.5 
' S 2.5 (maximum) 

.. . . . . .  . 
s .  

SSW . .  . - .:. . . -:. .. J.5 
SW " '  " 

. * .  

1.3 
WSW 1.. 0  
W 0.75 

- .. . . .I ._ . .. . .. WNW ' . . . .  
0. $5 ' ! , '  NWT , . . . . 

NNW or:&). . , : 

Average 1.0 



FIGURE 3. - Atmospheric D i spe rs ion  - "R i ve r  S i t e "  
( A f t e r  F i g u r  6B-1, pp. 6B-43, 
WASH-lz5.8)(37 



. , ,~ .  .DOSE CALCULATIONS ----- 
, , 

t ; , . ~ .  FoV) t h e - f i . r s t  . ' three'  types o f  s i t e s  the  p r i n c i p a l  i ten1 ' o f  i n te res ' t  was 

how :the ex te rna l  dose t o :  the..maximal l y  ,exposed i n d i v i d u a l  v a r i e d  w i t h  r e a c t o r  

type:.(PWR o r  BWR) , ' . reac tor  spacing and s i t e  dimensions. For  the  surrogate 
s i  t e > d d i e s  were c a l c u l a t e d  f o r  $11 s i g n i f i c a n t  a i rbo rne  exposure pathways 

t o  bo th  t h e  maximum ' i nd i v idua l  a t  t h e  s i t e  boundary and the  popu la t ion  o u t  

t o  50 mi les .  
, . . . 

I 

When the  reac to rs  were o f  a l l  one type, t he  summation of the atmospheric 

d i spe rs ion  fac to rs  from each' o f  ' the 40 sources~ c o u l d  be used w i t h  the, quant i  - 
t i e s  of rad ionuc l i des  re leased from one u n i t  t o  c a l c u l a t e  doses t o  the  maxi- 

mum i n d i v i d u a l  o r  t he  populat ion.  
. . 

The Quads f o r  t he  surrogate s i t e  had d i f f e r e n t  re lease ra tes ,  depending 

on whether t h e y c o n t a i n e d  f o u r  PWRs, f o u r  BWRs o r  two of each'type o f  reac- 

t o r .  For t h i s  s i t e  a  computer program, MUSIC, was developed which per1:li t t e d  

s i t i n g  the  r e a c t b r  Quads and the  exposure persons on a g r i d  and c a l c u l a t i n g  

the d i r e c t i o n  and d is tance between each Quad and the  person exposed. The 

. d is tance i 'nfokmation was then used t o  address a  curve f i t  t o  F igure  3 arid 

then the  d i r e c t i o n  was used t o  f i n d  the  appropr ia te  r a t i o  from  a able 1. 

Once the  (T /Q ' )  was de f i ned  f o r  a  Quad, t h e  dose from t h a t  Quad was ca lcu-  

l a t e d  and s to red  both  as dose versus rad ionuc l i de  and t o t a l .  

A f t e r  dose c a l c u l a t i o n s  ' f o r  a l l  10 Quads were completed ,: the  program 

summed up' t he  t o t a l  doses f rom a l l  10 Quads f o r  each n u c l i d e  and the  grand 
' t o t a l  dose. The program a l s o . c a l c u l a t e d  the  summation of a l l  t e n  y/bl values 

t o  a s s i s t  i n  s e l e c t i o n  o f  the  prokable l o c a t i o n  o f  maximum exposure (The 
: program MUSIC i s  f u r t h e r  'described in ~ p ~ e n d i x  A. ) 

. . 



GASEOUS EFFLUENT RELEASES 1 
The ' r ad ionuc l  fdes re l eased  w i t h  t h e  gaseous e f f  1.uents from a NEC were 

3 def ined  b r  NRC and a r e  1 i sted  i n  Tab le  2'. . No rp l easps  o f  H o r  14c. were . , 

s p e c i f i e d  i n  t h i s  o r i g . i na1  l i s t .  These two nuc l  i d e s  were added l a t e r .  and. a 
3 separate dose c a l c u l a t i o n  performed (see s e c t i o n  "Doses f rom H and 1.4~'!  .. . 

f o r  f u r t h e r  d e t a i  1 ). '. . . . . 

TABLE 2. Rad ionuc l ides  Released w i t h  Gaseous E f f l u e n t s  . , .  

- a t  t h e  NEC ( C i l y r )  

Nucl i d e  

Kr-83M 
Kr -85M 
Kr-85 
Kt.-87 
Kr-88 
Kr-89 
Xe-131M 
Xe-133M 
,Xe-133 
Xe- 1 35M 
Xe-135 
Xe-137 
Xe-138 
1-1 31 
1-1 33 

BWR PWR 

Ci ly r  f o r  40 U r i i t s  

A t  Reference S i  t e ( a )  

1.8(+2) 
2.2(+3) 
1 .87 (+3) 
7.9(+2) 
1 .4 (+3) 

;:;[:;{ 
7.5(+2) 
1 .3(+5) 
8.7(+2) 
7.9(+3) 
4.4(+3) 
3.5(+3) 
2.3 
1.6 

TOTAL: . . . 

( a )  To ta l  r e l c a s c d  f r o m  14 BWRs and 26 PWRs. 



..., ... ., . . ,;DOSE CONXERSION FACTORS . ,-. 
:,:;!r:l ;; . .. ' - .. -. . . - . .. .. . 

The f a c t o r s  f o r  conver t ing  a i r  concentrat ions o f  var ious  rad ionuc l  ides 

t o  r a d i a t i o n  dose a re  1, is ted i n  Tables 3  and.4 a long w i t h  those o r i g i n a l l y  

used by NRC f o r  s i m i l a r  dose c a l c u l a t i o n s .  

TABLE 3. Comparison o f  Radiat  'o  Dose Factors f o r  ~ x t e r h a l  Exposure 
(mrem/yr per  p ~ i / m 3 )  l a y  

Tota l  Body -- Skin 

N u c l i d e .  . BNW NRC(5) ': -- BNW N R C ( ~ )  

- . . 
( a )  Exposed 24 hr/day,  365 da y r  

. .  . 
8 i  

, ' ( b )  1ncl.udes rad ia t ions  from Rb daughter 
, 

. ( c )  Includes rad ia t ion$  from 1 3 8 ~ s  daughter 

. . 

~ x c e ~ t  f o r  83M~r the re  a r e '  no s i g n i f i c a n t  d i f f e rences  between the  dose 
(a f a c t o r s  f o r  noble gases from a i r  submersion. 

A t  the  suggest ion o f  NRC personnel, PNL used the  r a d i o i o d i n e  dose fac-  

t o r s  from Regulatory Guide 1.42, REV 1, March 1 9 7 4 , ( ~ )  as shown i n  Table 4. 

The values used by the  Rad io log ica l  Assessment Branch (RAB) i n  s i m i l a r  

(a)  L a t e r  r e c a l c u l a t i o n  of the  a i r  submersion dose f a c t o r s  by PNL has reduced 
the  d i f f e r e n c e s  even f u r t h e r  except f o r  the  83MKr s k i n  dose f a c t o r .  



TABLE 4. 

Pathways 

I n h a l a t i o n ( ~ )  

~ i l  k(d) :  

Cow 

cbmpaf ison o f  , ~ h y r o i d  Dose- Convers ion   actors 
(mrem/yr p e r  p c i  /m3) 

. . . . . . . .  . * 
. . 

. . 
, 'Ad111 t. C h i l d  ' ';' . .  - 

. . . . . . .  R e g u l a ~ ~  ' NRC ( b )  : . R e g u l a t 0 . p  ,NkC,i,,) : . . .  L 

Guide a  
-. 

Nuc l i de  'Guide a 

Vegetables I -13i  49(e) . 10 . .  . - --  --- 
1-133 2.0 0.35 --- --- 

( a )  Tram Regu ld lu r  Guide 1.42, March 1 9 7 4 , ' ~ )  and used i n  t he  c a l c u l a l i u ~ ~ s  
Pertormed hy R ~ J  

(b )  L i s t e d  i n  Reference 6. Basis n o t  g iven;  m h t  i n c l u d e  50% r e d u c t ~ o n  
f o r  losses i n  p repa ra t i on  and average d i e t  i f  7.5 kg13 months 

(r) Rreath ing r a t e  3.0 m3/dey c h i l d ,  20 m3/day a d u l t .  
( d )  12 months' g raz ing  season; 1  v lday  of  cow's m i l k ,  0.7 $/day o f  g o a t ' s  

m i l k .  I 
(e)  Based on Maximum I n d i v i d u a l  consumption o f  I8 kg o f  vegetab les  over  a  

3-month per iod .  

c a l c u l a t i o n s  a r e  shown f o r  comparison. The reasons f o r  t h e  smal l  d i f f e r e n c e s  

i n  a d u l t  i n h a l a t i o n  dose f a c t o r s  o r  f o r  t h e  l a r g e  d i f f e r e n c e s  i n  a d u l t  veae- 

t a t i o n  i n g e s t i o n  dose f ac to r s  a r e  n o t  known. 
- 

I t  i s  p o s s i b l e  t h a t  t h e  NRC 
~ - 

vege ta t i on  va lues were f o r  an average a d u l t  d i e t  'and m i g h t  i n c l u d e  f a c t o r s  . . . .  

f o r  r a d i o a c t i v e ,  decay & r l d /u r - l usses  f n  home p repa ra t i on .  



EFFECT OF REACTOR SITING ON OFFSITE DOSE COMMITMENT 

The annual r a d i a t i o n  doses t o  the  t o t a l  body o f  a  maximal ly exposed 

i n d i v i d u a l  from noble gases were calc .u lated . f o r  var ious  l i n e a r  and c i r c u l a r  

s i t e  arrangements us ing  t h e ' r e l e a s e  rates,  1 i s t e d . i n  Table 2 and the  dose 

f a c t o r s  1 i s t e d  i n  Table'  3; t h e  parameters r e l a t e d  t o  s i . t e  arrangement were 

de f ined i n  F igure  1. The r e s u l t s  f o r  t he  var ious  se ts  of c a l c u l a t i o n s  are  

presented i n  Table 5  through 8. 

I n  a d d i t i o n  t o  the  to ta l -body  dos'e c a l c u l a t i o n s ,  t he  t h y r o i d  dose t o  a  

1 -y r  o l d  i n f a n t  consuming m i l k  produced a t  var ious  d is tances from a  s i n g l e  

r e a c t o r  was ca l cu la ted .  The re lease r a t e s  were 0.058 ~ i / y r  131 I and 0.051 C i  

per  year  1 3 3 ~  and, again, t he  dose f a c t d r s  used were those g iven i n  Table 4. 

I od ine  d e p l e t i o n  f a c t o r s  versus d is tances  were taken f rom Regulatory Guide 

1 . 4 2 . ' ~ )  The r e s u l t s  a re  l i s t e d  i n  Table 9. 

TABLE 5. Total-Body Dose Rates a t  Various Distances from a  S ing le  
C l u s t e r  o f  Power Reactors i n  t h e  D i r e  t i o n  o f  Maximum 
Atmospheric ~i spers ion(a)  (mremlyr) (b  5 

Number o f  Distance from Source (m i l es )  
Reactors 0.5 1 .O 2.0 3.0 4.0 5.0 7.5 

PWRs Only 

1 0.538 0.176 0.054 0.028 0.018 0.013 0.007 

, . BWRs Only 

(a )  Usincj r i v e r  s i t e  .meteorology from WASH-1258'~ '  t h i s  i s  the  souther ly  
d i r e c t i o n .  

( b )  Dose'.from submersion i n  plume of noble gases ca l cu la ted  from re lease . . 
. r a tes  i n  Table 2 and dose f a c t o r s  i n  Table 3. 



TABLE 6. , T o t a l  -Body Dose Rates f o r  Var ious S i t e .  D j m e ~ q i o n  
of a L i n e a r  A r r a y  o f  40 Power Reactor i~.~hkdi6~j i r ) ta)  

. . PWRs Only . .  BWRs Only . : . 
, Distance (D) from Case 1 Case 2 Case 3 Caw 1 Case 2 Case 3 

S i t e  Boundary(mi.),.:, . ~ u a d  Spacing Quad Spacing Quad Spacing Quad Spacing . Quad Sppcing Quad Spacing 
t o  Nearest Qued ' '-"- 5.1 m i l e  . S=1 .5  m i l es  S = 2 m i l e s  ' S = l m i l e  S=1.5 m i l e s  S=2 m i l e s  

.. . 
( A t  s i t e  Center) : , (3.41..) . ' 

* .  
, (1.80) (1 .12)  (26.0) ( 1  1.7.). &. : ;- - ' (6..?2) . 

, . , > A , . .  ,. 

( a )  $ose:~fjom;,su~,mers@ ,in plume o f  nob le  gases c a l c u l a t e d  u s i n g  re l ease  r a t e s  i n  Tab le  2 .and dose,. f a c t o t ~ ~ f . ?  :. . :  . . 

i n  Table 3. , .. 
. .. . 

I '  

TABLE 7. T o t a l - B  dy  Dose dates f o r  Var ious Dimen i ns o f  a C i r c u l a r  9 4b3 Array(a of 40 Power Reactors (mremlyr ) .  

PWRs Only BWRs Only 
Case 1 CJSC 2 Case 3 Case 1 Case 2 Case 3 

Distance(D)to Quad Spacing Quad Spacing Quad Spacing quad >pacing Quad Spacing Quad Spacing 
Nearest Quad S=1 M i l e  -- S=1 .5 M i l es  S=2 M i l es  S=1 M i l e  S=1.5Mi les  S = 2 M i l e s  

4.0 0.33 0.29 0.25 0.04 9. 79 

5.0 0.29 0.22 0.20 0.78 0.59 

7.5 0.21 0.16 0.13 0.52 0.40 

( A t  S i t e   enter)'^) (1.39) (0.70) (0.44) (7.37) (2.97) 

( a )  Or iented n o r t h  and south. 
( b )  Dose from submersion i n  plume o f  nob le  gases ca l cu la ted  us ing  re l ease  . ra tes  i n  

Table 2 and dose fac to rs  i n  Table 3. 
( c )  D is tance from s i t e  c e n t e r  t o  nearest  Quad i s  r a d i u s ( r )  o f  a r ray .  For  Case 1, 

r=1.62 mi les ;  f o r  Case 2, r=2.43 m i l es ;  f o r  Case 3, r=3.24 m i l es .  S i t e  rad ius  
.(R) equals rad ius  f r )  o f  a r r a y  p l u s  d i s tance  (D) t o  nearest  Quad. 



TABLE 8. To ta l -B  dy Dose Rates f o r  Var ious Dimensions of a C i y c u l a r  9 ~ r i a ~ ' ( a  o f  40 Power Reactors (mremlyr) ('b) ' 

S i t e  Radius (R) 
(mi les)  

2 .0 .  . . 
' 2.8 

3.0 . 
3.6 . 
4.0 
5.0 
6.0 
7.5 
8.0 

(A t  S i t e  Center) 
. - 

Case 1 
Quad Spacing. 

S=1 n i i l e  

' 2.0 13.2 
' 2.8 ---- 

3.0 3.85 
3.6 . . ---- 
4.0 1.73 

' 5.0 1.26 
6.0 ---- 
7.5 0.60 
8.0 ---- 

(At  S i t e  Center) (6.09) 

Case 2 
Quad Spacing 

5-1.5 mi les 

Case 3 
Quad Spacing 

S=2mi les  , 

PWRs ONLY 

Distance (0)  t o  Nearest Quad (m i les )  
Case 1 - Case2 - Case 3 

BWRs ONLY 

(a)  Oriented east-west; f o r  t h i s  o r i e n t a t i o n  formula i n  footnote "c" i n  
Table 7 does not  apply. 

(b)  Dose from submersion i n  plume o f  noble gases ca l cu la ted  from re lease ra tes  
i n  Table 2 and dose factors  i n  Table 3. 

TABLE 3. I n f a n t  Thy ro id  Dose Rate Versus D is tance  f rom a ' s i n g l e  
Reactor i n  t h e  Maximum (South)  Sec to r  (mremlyr)  

- D is tance . . D e p l e t i o n  Thy ro id  D se 
( m i l e s )  Fac to r  7  ate(^ 

0.5 0.967 77 

(a )  Doses were c a l c u l a t e d  u s i n g  r e l e a s e  r a t e s  o f  
131 I 

and 1331 g i ven  i n  Tab le  2 ,  dose f a c t o r s  g i ven  i n  
i a b l e '  4 and i o d i  e  d e p l e t i o n  f a c t o r s  f rom Regula- 
t o r y  Guide 1.42.15) 



SURROGATE (KENTUCKY LAKE) SITE 

. > . . . . . .  . . . 
.,, .. " : .,:, '! , ... :. . . 

. . . ' 1 .  
. . 

. .. . - - . .. . 

Dose c a l c u l a t i o n s  were perf0nye.d 'lf.or:..the maximal-ly'exposed- i n d i v i d u a l  

a t  the  s i t e  boundary o f  t he  NECSS-75 "surrogate"  Kentucky Lake s i t e  ( F i g -  

u r e  2 ) .  External  doses t o  s k i n  and t o t a l  body from a i r  submersion, and . , 

t h y r o i d  doses f r o m  i n h a l a t i o n  and i n g e s t i o n  weie c a l c u l a t e d  f o r  the i n f a n t  

and the  adu l t .  Two l o c a t i o n s  were chosen: 1 )  one on the  center  o f  the  

southern boundary ( t he  d i r e c t i o n  o f  t h e  p r e v a i l i n g  wind),  and 2 )  one on 

the  southern p a r t  o f  t he  eastern boundary where . t he  h ighes t  a i r  concen-. 

t r a t i o n s  a c t u a l l y  occur; The r e s u l t s  o f  these c a l c u l a t i o n s  a r e  summarized 

i n  Table 10. 

, 6  Ta ta l  do'ses (man-remlyr) t o  the  popu la t ion  o f  3.5 x  10 persons assumed 

t o  l i v e  w i t h i n  50 m i l e s  o f  t he  surrogate s i t e  were a l s o  ca l cu la ted  f o r  t he  

same pathways. The r e s u l t s  a r e  1  i sted i n    able '11. The average per  c a p i t a  

dose r a t e  obta ined by d i v i d i n g  t h e  t o t a l  man-rem values by t h e  to ta l .  popula- . . . 
t i o n  ' a r e  a l s o  l i ' s t e d  i n  f a b l e  11. 

TABLE 10. Maximum I n d i v i d u a l  Dose Ratcs a t  S i t c  Bounda~ : Y :  o f  Surrogate (Kentucky Lake) S i t e  (mrernlyr):(a . . 

Organ 
. . 

Sk in  

To ta l  Body 

Thyro i  d 

Thy ro i d  

Thyro id  

Thyro id  

P l  ume 

Plume 

P l  ume 

D i e t  

I n h a l a t i o n  

To ta l  

South (b )  
C h i l d  Adu l t  

~ o u t h e a s t ' ~ )  
C h i l d  Adu l t  , 

( a )  Dose r a t e s  c a l c u l a t e d  from re lease  r a t e s  i n  Table 2.and dose f a c t o r s  
i n  Tables 3 and 4. . . 

... .. ( b )  South sec to r  a t  s i t e  boundary. 
( c )  Southeast sect0.r  - h i ghes t  i / X  I a t  s i t e .  boundary. '. 

(d )  ( ) i n d i c a t e s  in te r6na l  dose.:from externa l ,  .exposure. 
. ,  . 

. . . . . . .  . . . 



TABLE 11. Dose Rates t o  t h e  Popu la t ion  a t  a  H p o t  e t i c a l  -- u Y S i t e  w i t h  40 Keactors a t  t he  Center 

Populat ion Dose Rate ( k n - r e m l y r )  

Nucl ides .. Skin Tota l  Body ~ h y r o i d ( ~ )  

Noble Gases 190 72 72 

1-131 --- --- 31 0 

- 
TOTAL 190 72 400 

Average dose Rate Per Person 
- . . (mrem/yr) 

Skin Tota l  Body ~ h y r o i d ' ~ ) '  - 
. , 

0.05 0.02 0.02. . .  
. . 

(a) Doses ca lcu lated from release ra tes  i n  Table 2 and dose fac to rs  i n  Tables 3 and 4. 

6 
(b) C i r c u l a r  s i t e  w i t h  a 5-mile rad ius w i t h  3 . 5 ~ 1 0  people w i th in .  50 'mi les.  

( c )  Inc lud ing c loud deplet ion f a c t o r  o f  0.5 and doses from d i e t  and inha la t ion .  



DOSES FROM 3~ AND 14c 
, .. . . . . .  . ' 3 .  .. . . . . .- 

. . " . . '  . _ a _ _  
' .. ~ 

, . , . 
: . . 

. . 
.I .. 

I n  a d d i t i o n  t o  t h e  r a d i a t i o n  doses p rev ious l y  discu'ssed the  NRC requested 

t h a t  PNL ca lcu la te 'doses t o  t h e  maximally exposed i n d i v i d u a l  and t o  t h e  50-mile 
- .  3  f rom re1 ease o f .  H and 4~ t o  the  - a i r  - a t  . ; t he . ,~u r roga te  NEC s i t e .  

. . 
The re l&se  r a t e s -  s p e c i f i d  by N R C  and t h e  cal tu la<ed maiihum o f f s i t e ;a i r? ' '  . . . 

concentrat ions are  g iven i n  Table 12. 

TABLE 12. Release Rates and Maximum O f f s i  t e  A i r  Concentrat ions 
' 

of 3H and 1% a t  the  40-Reactor Surrogate,NEC S i te ,  , 
(:Cf/yv) 

C l  /yr . . .%. , , 

Nucl i d e  PWR - BWR N E C ( ~ )  
-' '.3' Tb) ; ,.., .:"" 

- pCi /m . . 
. .  . . . . .  * .- . . . . . . . . . . 

( a )  Total  f rom 2G PWRs p l u s  14 BWRs 

( b )  Maximum concent ra t ion  a t  the  s i t e  boundary occurs i n  a  southeast 

d9rec' t ion from the s i t e  center .  

The d i e t a r y  assumptions used t o  c a l c u l a t e  , the  doses are  1  i s t e d  i n  

Tab1.e 13. The breath ing  r a t e  assumed f o r  ca lcu la t i .ons  o f  i n h a l a t i o n  dose 
3  6 was 20 m /day. For t o t a l  populat ion, (man-rem) dose ,' 3.5 x  10 persons were' 

assumed t o  r6s ide  w i t h i n  50 m i les  o f  t he  s i t e .  

.The dose c a l c u l a t i o n s  invo lved the  assump.tion o f  instantaneous mix ing  

of t h e  3 ~ a n d ' 1 , 4 ~  w i t h  the  s tab le  elements H and C i n  the  atmosphere 

around the  s i t e .  The concentrat ions of s tab le  e lementswere based on ave- 

rage a i r  concent ra t ions  o f  8 m l  H20/m3 a i r .  and 320 bpm C02. The r e s u l t i n g  
3  spec i f i c  a c t i v i t i e s  o f  H and 14c i n  a i r  were then assumed t o  occur i n  the  

f i r s t  p o r t i o n  o f  the  human food chain, i .e., p l a n t  ma te r ia l .  The t o t a l  

rad ionuc l  i d e  i n t a k e  by man and animals was then ca lcu la ted  on the  bas is  

o f  t he  concentrat ions i n  p lan ts .  



TABLE 13. Exposure Assumptions Used i n  c a l c u l a t i n g .  ~ a d i a t i o n  Doses . 

t o  t he  Average I n d i v i d u a l  a t  the  NEC S u r r o g a t e  S i t e  . . 
. .. - 

Food Pathway 

. . 

, ~ o n s u m p t i o n ' ( k g / y r ) ( ~ )  'Food . F r a c t i o n  Local  l y  Produced 

Lea fy  Vegetables 

' U the r  Above tiround 
Vegetables 

Potatoes 

Root Vegetables 

B e r r i e s  

Melons 

Orchard F r u i t  

Wheat 

Other  Gra in  

Mi.1 k  100 9/12 ( g r a z i n g  season) 

Beef 40 1  .O . . 

Pork 40 1  .O - 
P o u l t r y  20 1  .O 

( a )  The l e a f y  vegetab les  and m i l k  ca tego r i es  a r e  those s e l e c t e d  by t h e  NRC; 
t h e  o t h e r  c a t e g o r i e s  were d e r i v e d  from NRC d i e t  by p r o r a t i n g  200 k g l y r  
o f  f r u i t s  and o t h e r  vegetab les  i n t o  t h e  e i g h t  c a t e g o r i e s  shown and 
100 k g l y r  o f  meat i n t o  t h e  t h r e e  ca tego r i es  shown. 

Doses, c a l c u l a t e d  f o r  the  bone and t o t a l  body o f  a  maximal ly exposed 

person a t  t he  s i t e  boundary a n d . f o r . t h e  50-mile popu la t i on  are  l i s t e d  i n  ' , 

Table . l 4 .  The doses t o  o the r  i n t e r n a l  organs, such as t h y r o i d ,  l i v e r ,  k idney, 

lung and G I  t i a c t ,  were n o t  l i s t e d  i n  the  t a b l e ,  s ince  they a r e  i d e n t i c a l  t o  

those shown f o r  t h e  t o t a l  body. . . 
. . 

3 The i n d i v i d u a l  doses from H and 14c a re  about one-hal f  t o  . . two- th i rds  

o.f those .p rev ious ly  c a l c u l a t e d  by ,RAB/NRC, p r i n c i p a l l y  because o f .  the  d i f -  

fe.rences i n  the  meteorology da ta  employed. 



. . .  _ . . . . . .  : : i  - . . . .... . . 
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, 

i. ! .< JY! c . 3 - 4- ...- 
TABLE 14. 50-year Dose Coimmitment from H and-' -,C Re'leaskd 

t o  the  Atmosphere a t  t he  40 Reactor NEC Surrogate 
S i t e  

Nucl i de Pathway Total-  Body- Bone- - ( a )  

. .",>' . -  2 . 
Average I nd i v i dua l  a t  S i  t e  Boundary, mreh ' . '  

.+..:, . 

D i e t  

TOTAL 1  . 3  

D i e t -  . ' 4.1 18.0, 
- 

TOTAL 4.1 18.0 , , 

. . 
I h )  ' , .  Populat ion Wl'chln 50 Mi les,  man-rem- 

. , . . . . 
. . 

. - 
. . . . ,  ( c )  . :  . . .  

H I nha la t i on  : . - 80. ---- 
. . 

120 ---- , D i e t  -- -- 

TOTAL 200 ---- 

' , > : ,  . . 
- ! .<: ii . . .  ... 

. . . . . . . .  , . ( a )  Based . . .  on NRC ayerage d i e t s .  . . . . .  
. . . .  L .  . . .  . ' 

. 

6 . , 
; y: ,,. ; . ( b ) .  Assuming 3.,5xl0 .... - ..people 1 i v e  . w i t h i n  .50,mi l e s  o f  t h e  surrogate s i t e .  : . ,.. . . .  ! .  . . . . 

( c )  Inc ludes t r ansp i  r a t i on .  - 



D E T A I L E D  E X P L A N A T I O N . O F  MUSIC 



APPENDIX A 
,I;,.. ., : . , 

xi; I,,., , : : 

DETAILED EXPLANATION OF MUSIC 
E.'. .1 

, .- . 3 .  

A program, MUSIC, was w r i t t e n  i n  t he  Computer- Sciences c o r p o r a t i o n ' s  . , 

BASIC i n t e r a c t i v e  computer language f o r  opera t ion  on an IBM 1108 computer 

t o  f a c i  1  i t a t e  c a l c u l a t i o n '  o f  composite r a d i a t i o n  doses from mu1 t i p l e  sources 
. . 

o f  gaseous e f f l u e n t s  w i t h  i d e n t i c a l  meteorology. The program uses. an x-y 

g r i d .  coord ina te  system f o r  r e a c t o r  l o c a t i o n  and p o i n t s  o f  i n t e r e s t .  (e.g., 

maximum i n d i v i d u a l ,  s i t e  boundary, e t c ) .  , . '. . ' , ; T . ? ~ ~ ~  . .> ... .... a 
,, 

. . 
, . 

' . .input coordinates f o r  a  s p e c i f i c  p o i n t  a re  requested from the..userr %.$:. 
the>fpr'ogram which then c a l c u l a t e s  the  d is tance,  atmospheric d ispers ion '  fac tor  

I 

( Q )  a n d  dose from a1 1  sources t o  the  p o i n t  spec i f i ed .  ' The d is tance,  i s  

ca l cu la ted  from 

where : :-. 7 r. -. .' . 
>., ' . . . 

di i s  t he  d i s tance  between the  ith source loca t , ion  and the  

p o i n t  o f  exposure, 

xO,yO a re  the  x  and y  coordinates of  t he  p o i n t  o f  exposure, and 

a re ,  t he  x  and y  coordinates o f  source l o c a t i o n  i. Xi ,Yi 

 he: value o f  T;/Q' i s  then ca l cu la ted  us ing the  d is tance as an i n p u t  
. . 

value i n t o  an exponent ia l  polynomial f i t  o f  the  x/Q, g iven i n  F igure  3, 

and taken from W A S H - I ~ ~ ~ ( ~ )  f o r  a  r i v e r  s i t e .  

D i r e c t i o n  i s  then determin'ed by: 

. Yo-Yi 
8 = a rc  t a n  - 

X -X o  i 

where 

e i s  the, p r i n c i p a l  angle between the  eas t lwest  d i r e c t i o n  and the  

1  i n e  between the  p o i n t s  o  and i. 



The r e l a t i o n s h i p  o f  e t o  compass d i r e c t i o n  i s  determined from program l o g i c  

by examination of the  a lgebra i c  s igns on both AX and ~y and the  magnitude 

o f  e. The r e l a t i v e  d i spe rs ion  fac tors  l i s t e d  i n   able 1 are  then matched 

t o  t h e  compass d i r e c t i o n .  M u l t i p l i c a t i o n  of the relative~dispersion.~factor 

t imes the  average annual atmospheric d i spe rs ion  f a c t o r  calq,ulated from t h e  

dis.t.ance y i e l d s  a  value of Y/Q" which i s  speci f ic .  f o r  t he  par t icu lar ' -source,  

p o i n t  (xi ,yi ) and exposure p o i n t  (xo .yo) 

: Using t h i s  s p e c i f i c  value of Y/Qi .and the  ef f luen' t . . re lease'data (pre-  

v ious l y  i n p u t ) ,  t he  program c a l c u l a t e s  the  ex te rna l  r a d i a t i o n  doses t o  . ' 

s k l n  and t o t a l  body a t  the  p o i n t  of exposure from an i n t e r n a l  data f i . l e ,  o f  

dose fac to rs .  The ca lcu la ted  doses from each n u c l i d e  re leased are  s to red  -. 

separate ly  as i s  t h e  t o t a l  dose from a l l  nuc l ides  released. a t  t h a t  speci.fic- -. . i 

source. . . . ? ;  . ., . , ; ; , .: . t. .a3 

The program proceeds t o  t h e  next  source where the  procedure i s  repeated.. 

A f t e r  a1 1 source loc 'at lons have been addressed, t h e  accumulated dose per  

nucl  id; from a1 l sources combined i s  o u t p u t  as i s  the  t o t a l  d o s e  from a1 1  

SOUPCBS a t  t he  s i t e .  A diagram of t h e  data f l o w  f o r  t h e  program i s  given'. . 

. . . . . < 

i n  F igure  AL1.. I . :  

. . .  . 
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TASK 2.1.11 

INTRODUCTION 

One aspect i n  the  eva lua t i on  o f  d ispersed r e a c t o r  s i t i n g  and nuc lear  

energy cen te r  (NEC) s i  t i n g  i s  t h e i r  response t o  emergencies. Emergencies 

might  range from very  ser ious power p l a n t  acc idents t o  more r o u t i n e  needs 

f o r  ambulance o r  f i r e  serv ice .  For t h i s  r e p o r t  t he  emergency response 

c a p a b i l i t y  i s  p r i m a r i l y  evaluated f o r  t he  former, which i s  de f ined t o  

i nc lude  a  r a d i o l o g i c a l  r i s k  t o  the  h e a l t h  and s a f e t y  o f  a  nearby popu la t ion  
I 

dur ing  the  f i r s t  hours f o l l o w i n g  a  very  ser ious  accident .  Such an acc ident  

w i l l  r e q u i r e  t h e  evacuat ion o f  t h e  nearby popu la t ion  ( o r  a  p o r t i o n  o f  i t )  

s ince  t h i s  i s  the  most e f f e c t i v e  p r o t e c t i v e  measure f o r  t he  general p u b l i c .  (1 9 2 )  

Thus, t h e  comparative eva lua t i on  weighs h e a v i l y  on the  r e l a t i v e  a b i l i t y  o f  

t h e  two concepts t o  respond t o  emergency evacuat ions. 

There a r e  several  f a c t o r s  t h a t  can be evaluated t o  g i v e  a  measure o f  

t h i s - e f f e c t i v e n e s s .  These f a c t o r s  i nc lude :  

S i t e  Factor  - S i t e  area, popu la t i on  d i s t r i b u t i o n ,  and a v a i l a b i l i t y  o f  

spec ia l i zed  manpower a r e  aspects o f  t h i s  f a c t o r .  

Rad io log ica l  Factor  - O f f s i t e  , ,  r a d i a t i o n  mon i to r ing  c a p a b i l i t y  and 

a v a i l a b i l i t y  o f  h e a l t h  physics personnel a r e  aspects o f  t h i s  f a c t o r .  

e ~ e t e o r o l o g i c a l  Factor  - A key aspect i n  an emergency evacuat ion of 

t h e  p u b l i c  i s  p r e d i c t i n g  t h e  l i k e l y  path o f  t he  r a d i o a c t i v e  plume t h a t  

would be emi t ted  i n  t he  assumed acc ident .  This  i n  t u r n  depends h e a v i l y  

on t h e  a v a i l a b i l i t y  o f  meteoro logical  in fo rmat ion ,  codes, and s k i l l e d  

personnel.  

Related Services Factor  - F i r e  p ro tec t i on ,  dosimetry, medical, and 

ambulance serv ices  a r e  aspects o f  t h i s  f a c t o r .  

~ h b ,  comparison o f  km6rgency r e s p o n s e c a p a b i l i t y  i s  based oh 'one NEC 

con ta in ing  40. reac to rs  versus t e n  Quads o f  f o u r  reac to rs  each. I t  i s  



assumed t h a t  t he  same amount o f  funds a r e  a1,located t o  t h e  two cases f o r  

emergency response, capabi l  i ty purposes. . . .  . . ". Fur;t.her, . .:& , - the  assumption .i.s made 

t h a t  evacuation o f  t h e  pub1 i c  may be r e q u i r e d  and i s ,a prime f a c t o r  o f  c0.n- 

cern i n  t h e  assessment o f  emergency response c a p a b i l i t y  f a c t o r s .  The basic 

resources p ro jec ted  f o r  t h e  NEC a r e  estimated: t o  be a v a i l a b l e  a t  no addi-  

t i o n a l  c o s t  per  f a c i  1 i ty. No p r o j e c t i o n s  o i s a v i n g s  i s  considered. 



SUMMARY AND CONCLUSIONS 

. . .  . . .  

A surnma'ry o f ,  t h e  advantages and d isadvantages of  t h e  NEC case. when 

compared t o  t h e  d i spe rsed  case (Base Case) f o r  each o f  t h e  f o u r  genera l  

f a c t o r s  i s  1  i s t e d  i n  Tab le  1. 

TADLC 1. Advantages and Disadvantages of  t h c  NEC 

Advantages Disadvantages 

SITE RELATED FACTORS 

S i t e  Area 

~ o ~ u l a t i o n  located f a r t h e r  .from None 
reac to rs  

Populat ion dose i n  accident reduced 

Populat ion and I nd i v i dua l  Risk 

Lower t o t a l  popula t ion a t :  r i s k  ~ r e a t e r  i nd i v i dua l  r i s k  
f o r  nearby res idents  

Be t te r  in fo rmat ion  t o  pub1f;c Construct ion f o r ce  onsi t e  
Fewer requi red s i t e s  may permi t  . . . for longer per iod  o f  . 

lower popula t ion dens i t y  t ime 

Emergency Plans 

.More comprehensive p lan None 

More comprehensive p r a c t i c e  exercises 

Less t o t a l  governmental agencies 
invo lved 

More t r a i n i n g  possPbl e  

Communications 

None . None 

Manpower 

Substant ia l  numbers o f  add i t i ona l  None 
t r a i ned  emergency team members 

~ d d i  t i o n a l  heal t h  physics personnel 

Large t o t a l  operat ions fo rce  

RADIOLOGICAL FACTORS 

Event Detect ion 

None None 

( E f f l u e n t  moni tor ing and i n -p l an t  area moni tor ing ins t rumentat ion would be 
no d i f f e r e n t  i n  the  two cases) 



TABLE 1. ( con td )  :. 

. . . . . . 
. L . , . . . , (  

Advantages , Di sadva'ntages . 
. . 

RADIOLOG I CAL FACTORS (contd ) . . 

Env i rons 

Moni tor ing ins t rumentat ion 'bo th  
onsi  t e  and ' o f f s i  t e  cou'l d  pi-ovide 
b e t t e r  In format ion a t  the  NEC 

Heal th  physics personnel from o ther  
reac to rs  a t  t he  NEC could  be o f  
subs tan t ia l  a i d  i n  coping w i t h  an 
emergency 

. . 
METEOROLOGICAL 

Onsi t e  meteorological  spec ia l  i s t s  None 

Min i  cot~lputer data anal y s i  s 
,. . . , :  Improved d ~ s c r i p t . i o n  o f  plume loca-  

. . . . 
:. . . . t i o n  a t  d is tance beyond 5 m i les  

. . .. . .. , . .  . . 
. . . =  , RELATED SERVICES 

F i r e  Pro tec t ion  
. . .  Onsi t e  professio,nal i n d u s t r i a l  f i r e  None . . 

p ro tec t i on  .service 

Probable more rap id  response . .. 

~ o s i m e t r ~  Services 

Add i t i ona l  pro fess ional  personnel None 
spec ia l i z i ng  i n  environmental 

. . 
ana lys is  

Addi t iona l  ins t rumentat ion f o r  
backup ' s f  emergency events 

Rapid i n t e rna l  and externa l  occupa- 
t i o n a l  dose assessment 

MEDICAL SERVICE 

Assigned f u l l  - t ime i n d u s t r i a l  physic ians None 

Fewer t o t a l  o f f s i t e  hosp i t a l  and. 
medical personnel. invol-ved . . 

None 

AMBULANCE SERVICE 

None 

; ( I n -p l an t  ambulance serv ice would improve response f o r  operat iona l  
personnel bu t  have no e f f e c t  on general popula t ion)  



The f o u r  genera l  f a c t o r s  examined f o r  emergency response c a p a b i l i t y  

a f f e c t i n g  t h e  genera l  p u b l i c  r e s i d i n g  near power r e a c t o r  s i t e s  a r e  a l l  

found t o  f a v o r  t h e  NEC case when compared t o  t h e  d ispersed  case (an equiva-  

l e n t  number o f  r e a c t o r s  i n  d ispersed  Quad s i t e s ) .  The two cases examined 

a r e  r a t e d  equal # in  terms o f  commu.nications, ambulance se rv i ce ,  and event  o r  

a c c i d e n t  d e t e c t i o n .  There does appear t o  be some d isadvantage t o  t h e  NEC 

case in  terms o f  g r e a t e r  r i s k  f o r  i n d i v i d u a l s  r e s i d i n g  near NECs and t he  

long- te rm presence o f  a c o n s t r u c t i o n  work f o r ce .  However, t h i s  i s  n o t  con- 

s i de red  t o  be a  ma jo r  problem i n  emergency response. A l l  o t h e r  f a c t o r s  

examined show an advantage t o  t h e  NEC case. I t appears t h a t  t he  promptness 

and e f f e c t i v e n e s s  o f  t he  emergency response cou ld  be judged s i g n i f i c a n t l y  

g r e a t e r  i n  t h e  NEC case than i n  t he  d ispersed  case. 

'As p r e v i o u s l y  discussed, evacua t ion  o f  the' po.pu la t ion was s i n g l e d  o u t  

as a ' p r i m e  f a c t o r  f o r  m i t i g a t i n g  a c c i d e n t  consequences t o  t h e  p o p u l a t i o n  

r e s i d i n g  near  a  nuc lea r  s i t e .  The emergency response evacua t ion  c a p a b i l i t y  

o f  an NEC when compared t o  t h e  d ispersed  case a r e  as f o l l o w s : .  

The l a r g e r  s i t e  area o f  the.NEC tends t o  p rov ide  g r e a t e r  d i s t a n c e  t o  

t h e  p o p u l a t i o n  permi tti ng more t ime  be fo re  evacua t ion  ,' fewer numbers 

evacuated, lower  p robab le  t o t a l  dose. 

The sma l l e r  number o f  NEC s i t e s  may. p e r m i t  l o c a t i o n  i n ' a r e a s  o f  lower  popu- 

l a t i o n  d e n s i t y  p e r n ~ . i t t i n g  s u p e r i o r  evacuat ion '  i n f o r m a t i o n  d issemi t ia t ion .  

Emergency p l ans  a t  t h e  NEC may: 1  ) be more compreh&nsive, 2 )  i n c l u d e  

more ' t r a i n i n g ,  3 )  have fewer agencies i n v o l v e d  ( l essen ing  communications 

problems),  and 4 )  more' d e t a i l e d  p r a c t i c e  exerc ises  ensur ing  a  more probable 

t imel 'y  evacua t ion  o f  t h e  p u b l i c  wh.en compared t o  t e n  d ispersed  s i t e s .  

The. a v a i l a b i l i t y  o f  a d d i t i o n a l  t r a i n e d  manpower a t  t h e  NEC w i l l  tend 

t o  exped i t e  evacuat ion.  

-0 Radio1,ogical m o n i t o r i n g  systems i n  t h e  env i rons  and .add i t i ona1  h e a l t h  

phys ics  personnel a t  t h e  NEC w i l l  tend t o  p e r m i t  more r a p i d  and exac t  

d e l  i n e a t i o n  o f  t h e  area r e q u i r i n g  evacuat ion.  

Meteoro log icaq i n s t r u m e n t a t i o n  and s p e c i a l i s t  a v a i l a b i l i t y .  a t  t h e  NEC 

w i l l  tend  t o  p e r m i t  r a p i d  e v a l u a t i o n  o f  t h e  area r e q u i r i n g  i n i t i a l  evacu- 

a t i o n  and p r o v i d e  r a p i d  upda t ing  as meteoro log ica l  c o n d i t i o n s  change., 



DESCRIPTION. OF CASES 

The Base Case i s  t he  four - reac tor  c l u s t e r  (Quad), l oca ted  a t  one s i t e .  

This  i s  t he  maximum number o f  power reac to rs  c ~ ~ r r e n t l y  i n  t h e  l i c e n s i n g  

stage o r  being b u i l t  a t  t h e  s i n g l e  s i t e .  The r e l e v a n t  emergency response 

c h a r a c t e r i s t i c s  o f  t he  d ispersed Quad s i t e  were cha rac te r i zed  by examina- 

t i o n  o f  P re l im ina ry  Safety Ana lys is  Reports and F i n a l  Safety Analys is  Reports 

o r  o t h e r  emergency p lans f o r  n ine  (3-9) power r e a c t o r  s i t e s  : Har t sv i  11 e, 

Trojan, Oconee 1, 2, and 3, Turkey Po in t ,  S t .  Lucie, Browns Fer ry ,  Sequoyah, 

Dresden, and Quad C i t i e s .  The NEC i s  assumed t o  c o n s i s t  of t e n  fou r - reac to r  

c l u s t e r s  l oca ted  on a s i n g l e  s i t e .  The assumption developed f o r  t h e  Base 

Case and p ro jec ted  f o r  t h e  NEC a r e  shown i n  Table 2. 

TABLE 2. . Ass~~mpt inns  f o r  Compar is~n o f  Base Case and NEC 
, * 

, . 
, . .  I .  ' .  ~ s s u r n ~ t i  on Base case NEC 

Reactor (number ) 4 " 4 0 

, . . Capacity . .  (MWe) 4,800 48,000 . 
- ,  

, S i t e  Area (mi2) 1 . 5 +  5 7 5 

1.25 ~i t'e ~ o u n d a r ~  (mi 1 es ) 0.5 + 1.25 , . 
5 .  

420 .4,200 Operations Personnel 

Emerjency S t a f f  110 1,000 

Meteor01 ogy 

Main Tower 1 1 

A u x i l i a r y  Towers 1 20 - 24 

Rad ia t ion  Ins t rumenta t ion  

Envi rons 

A i r  Moni tors ( te lemetered)  

Onsi te' 2 2 0 

4 4 0 Wi th in  10 M i les  

Remote ( n o t  ' te lemetered)  2 20 

TLDs . 

Onsi t e  2 5 250 

O f f s i  t e  3 3 0 



COMPARISON OF CASES 

Th,e acc ident  assumption i s  made t h a t  evacuat ion o f  the  pub1 i c  may be 

requ i red  and i s  a  pr ime f a c t o r  o f  concern i n  t he  assessment o f  emergency 

response c a p a b i l i t y  f a c t o r s .  Th is  assumption must be considered when each 

fac to r  i n  t he  two cases i s  compared. 

The assumed Base Case i s  discussed i n i t i a l l y  f o r  each emergency fac to r  

and then ex t rapo la ted  i n  a  l i n e a r  f ash ion  t o  the  NEC f o r  t h i s  assessment. 

Then t h e  r e l a t i v e  advantages o r  disadvantages fo r  t h e  two cases a re  po in ted  

out .    he Quad and NEC a r e  compared, as a re  t e n  d ispersed Quads and the  NEC' 

when considered p e r t i n e n t  t o  t he  eva lua t ion .  

SITE RELATED FACTORS 

S i t e  Area 

2  The s i t e  area f o r  t h e  Base Case Quad i s  assumed t o  be 5 . m i l . e ~  . The 

d i s tance  from t h e  r e a c t o r s  t o  the  s i t e  boundaries i n  t he  r e a c t o r  s i t e s  

v a r i e d  from 0.5 t o  1.25 m i les ;  most s i t e s  had t h e  s h o r t e r  d is tance o f  

0.5 m i l e s .  The s i t e  w i t h  the  maximum d i s tance  t o  t h e  s i t e  boundary was 

t h e  Caro l ina  Power and L igh t ,  Company fou r - reac to r  complex named Shearon 

H a r r i s .  Ex t rapo la t i on  t o  the  10-Quad NEC, w i t h  a  reasonable spacing o f '  
. . 

Quads and the  spacings considered p a r t  O f  a  dedicated s i t e ,  i m p l  i e s  a  s i t e  
2  area o f  about 75 m i l e s  w i t h  1.25 m i les  the  nearest  d is tance t o  the  s i t e  

boundary f o r  any Quad. 

Emergency response e f f e c t s  r e l a t e d  t o  t h e  s i t e  area f a v o r  t he  NEC, 

s ince  some o f  t h e  reac to rs  would be as f a r  as 8 t o  10 m i l e s  from the  nearest  

popu la t ion  i n  an acc ident  s i t u a t i o n  a f f e c t i n g  t h e  popu la t i on  near t he  s i t e .  

The g rea te r  t he  d i s tance  t o  t h e  populat ion,  more t ime would be a v a i l a b l e  

f o r  emergency response ac t i ons  a t  t he  NEC. I n  some instances t h e  greater  

d i s tance  would r e q u i r e  no a c t i o n  f rom t h e  p u b l i c  s ince  d i spe rs ion  and 

depos i t i on  o f  a  re lease cou ld  reduce the  consequences. I n  any event t h e  

popu la t ion  dose cou ld  be s u b s t a n t i a l l y  reduced f o r  many o f  t h e  10 Quads 

l oca ted  a t  an NEC. 



The advantages~and disadvantages of t he  s i t e  area f o r  t h e  NEC are :  

Advantages t o  NEC 

Popu la t ion  l oca ted  f a r t h e r  f rom reac to rs  
. . . . 

Popu la t ion  dose i n  acc fdent  reduced 
' 

Disadvantage t o  NEC 
. . 

None 

P o ~ u l a t i o n  and I n d i v i d u a l  R isk  

According t o  WASH-1 400 (Rasmussen Report)  ( l o )  t h e  cumul~at ive popu la t i on  

averaged f o r  66 s i t e s  i s  11,000 a t  5 m i l es ;  49,000 a t  10 m i les ;  228,000 a t  

2U m i  les; and 800,000 a t  30 mi les .  Cu r ren t l y ,  1  i cens ing  requ i res  a low 

popu la t ion  zone around a r e a c t o r  s i t e  w i t h  more dense popu la t i on  pe rm i t t ed  

a t  a d is tance.  I n  ac tua l  p r a c t i c e  among s i t e s  examined, t he  cumulat ive 
3 popu la t i on  v a r i c s  by f a c t o r s  o f  10 a t  20 m i les .  

The t e n  dispersed. s i t e s  would a f f e c t  t en  d i f f e r e n t  popu la t i on  groups 

or;~dpproximately ten times the  popu la t i on  around an NEC. U t i l i z i n g  t e n  

d ispersed s i t e s  cou ld  r e s u l t  i n  somewhat l e s s  r i s k  t o  a much l a r g e r  

populat ion.  

Considering the  low p r o b a b i l i t y  of an acc ident  i n v o l v i n g  the  popu la t i on  

to 10 -9 ) ,  ( l o )  t he re  would be l i t t l e  o r  no advantage i n  spreading the  

r i , sk  over a l a r g e r  popu la t ion .  Considering emergency response, the smal le r  ' 

t o t a l  popu la t ion  i nvo l ved  around an NEC cou ld  be an advantage i n :  ', 1  ) p lan-  

n ing  f o r  poss ib le  evacuat ion, 2) in fo rming the  popu la t i on  o f  emergency 

procedures, and perhaps 3 )  i n v o l v i n g  the pub1 i c  i n  p r a c t i c e  emerqencv exer-  
c ises.  Since there  would be a l i m i t e d  number o f  NECs across t h e  country ,  

t he  NEC may poss ib l y  be s i t e d  i n  more remote areas of lower t o t a l  popu la t i on  

than a corresponding number of dispersed s i t e s .  

Based s o l e l y  on the  g rea te r  number of reac to rs  present,  i n d i v i d u a l  r i s k  

o r  r i s k  t o  a c r i t i c a l  popu la t ion  cou ld  be ten  t imes g rea te r  near an NEC than 

a t  a d ispersed s i t e .  Vector ana lys i s  us ing  d is tance t o  reac to r ,  t y p i c a l  

meteorology and wind speed i n d i c a t e  t h a t  the  r i s k  t o  an i n d i v i d u a l  o r  c r i t i -  

c a l  popu la t ion  (see Appendix C) near the s i t e  boundary would be much less ,  



perhaps 2.5 times greater for  an NEC than fo r  a Base Case s i t e .  Whatever the 
increased r i s k ,  i t  seems small when considering accidents w i t h  probabili t ies - 

in the to  lo-' range as suggested in WASH-1400 ( l o )  as accidents with 

population effects .  

The construction force (thousands of people) p.resent during building 
of the NEC may be considered part of the c r i t i c a l  population. The construc- 
t ion force const i tutes  a disadvantage t o  the NEC i n  terms of possible effects  
during the i n i t i a l  emergency b u t  the force would be available as manpower 
for  recovery action. Evacuation of the construction force from the s i t e  
would be rapid since the population i s  administratively organized and 
transportation will be readily available.  

The advantages and disadvantages of the NEC concerning population and 
. . .  
individual r$sk . . a r e :  . . , . . . 

. Advantages to  NEC 

. . 
Lower total  population a t  r i sk  
Possible bet ter  information to  pub1 i c  
Fewer required s i t e s  may permit lower density population 

Disadvantages to  NEC 

.' Greater individual risk'  
, . . .  . 

Construction force onsi t e  
. . 

Emergency ~l ans. 

Licensing regulations currently require formulation of comprehensive 
emergency plans for  each reactor f a c i l i t y .  The plans must be complete and 

must include a l l  necessary written agreements for  contracted services such 
as medical., ambulance, f i r e ,  and dosimetry. In addition, the .plans must 
include the agreements with county, State ,  and Federal agencies . . that  a re  
act ively involved i n  emergency response actions. These plans must contain 

a description of an organization tha t  i s  established to  cope with an emer- 
gency, including l i n e s  of authority,  and the respons ib i l i t ies  and duties of 
various emergency team members. The specif ic  plan for  an NEC, which may 

involve more segments of local government, could be complex; however, some 
single  power reactor  s i t e s  also a f f ec t  more than one s t a t e  and county i n  



each s ta te .  An advantage of the  NEC compared t o  the  d ispersed s i t e  i n  

execut ion o f  emergency plans i s  t h a t  on l y  one p lan  i s  needed compared w i t h  

ten  plans f o r  t he  equ iva lent  dispersed s i t e s .  As a r e s u l t :  

Sonie savings i ~ ~ a y  be poss ib le  i n  development o f  t h e  s p e c i f i c  plans. 

-Only one group o f  o f f s i t e  l o c a l  government and -o ther  serv ices  would 

be needed. ' ' . 

Concentra t.ed e f f o r t  i n  emergency p l  ant-ii ny , exersci scs and t r a i  n l  ng 

sessions a t ,  t h e  NEC should c l e a r l y  p rov ide  a s u b s t a n t i a l l y  super io r  ., 

'response if an acc ident  occurs. . . 

  he NEC has a subs tan t ia l  advantage over t h c  dispersed s i t e  i n  terms ' 

o f  emergency p l a n  because o f  t he  poss ib le  emergency exerc ises and t r a i n i n g  

sessions and fewer t o t a l  people and governmental agencies involved.  

Communications 

Communication channels a t  a t y p i c a l  r e a c t o r  a r e  r e l a t i v e l y  complete: 

For example, o n s l t e  p u b l i c  address systems a re  used ex tens ive l y  and comrner- 

c ia1  and leased telephone serv ices a r e  used. Many f a c i l i t i e s  a l s o  employ 

company microwave telephone se rv i ce  and short-wave r a d i o  base s t a t i o n s  a re  

used a long w i t h  po r tab le  sets.  The "beeper" o f  a radiopaging system may 

a l so  be used t o  a l e r t  key people. The NEC would have a l l  o f  these systems 

and may have s t a f f  concerned s p e c i f i c a l l y  w i t h  communications. Communica- 

t i o n s  between Quad s i t e s  a t  t h e  NEC would be necessary i n  an emergency, 

adding another l a y e r  o f  communication e f f o r t .  However, a s i g n i f i c a n t  

advantage o r  disadvantage i s  n o t  apparent f o r  t he  NEC i n  terms o f  communi- 

ca t ions on the  s i t e .  

' A .  weakness i n  communications t o  the  respons ib le  Sta te  a u t h o r i t i e s  

appeared i n  most emergency plans t h a t  were examined. ,The.telephone numbers 

o f  S ta te  o f f i c i a l s  and a l t e r n a t e s  a r e  l i s t e d  i n  a l l  plans, b u t  i f  telephone 

se rv i ce  i s  l o s t ,  no a l t e r n a t e  communication channels a re  i nd i ca ted .  

I f  a d d i t i o n a l  communications capab i l  i t y  were des i rab le ,  t h e  most l o g i -  

ca1"method t h a t  could a1 so ' increase qua1 i t y  o f  response, t ime1 iness o f  

response and redundancy i n  several o ther  areas may be a remote c o n t r o l  



center  t h a t  would be es tab l ished f o r  a l l  f a c i l i t i e s  a t  t h e  NEC. This remote 

c o n t r o l  center  would be used i n  a d d i t i o n  t o  c o n t r o l  centers requ i red  by. each 

f a c i l i t y  a t  the  s i t e  and could be loca ted a t  some p o i n t  t h a t  i s  access ib le  

t o  both f a c i l i t y  and governmental agencies (perhaps a t  a  county s h e r i f f ' s  

o f f i c e ;  s t a t e  p o l i c e ,  o r  some o the r  l o c a l  governmental o r  p r i v a t e  l o c a t i o n  

cont inuous ly  manned). Redundant communications w i t h  a1 1  p a r t i e s  concerned 

w i t h  emergencies a f f e c t i n g  o f f s i t e  a c t i o n  would be es tab l ished which cou ld  

i n c l u d e  r a d i o  l i n k s  t o  s t a t e  o f f i c i a l s .  No s i g n i f i c a n t  communications 

advantage o r  disadvantage i s  i n d i c a t e d  f o r  t he  NEC case. 

Manpower 

Based on ana lys i s  o f  emergency p lans f o r  several Quad reae to r  f a c l l i -  

t i e s ,  i t  i s  assumed t h a t  a t  a  minimum the  p l a n t  personnel l i s t e d  i n  Table 3 

would be t r a i n e d  t o  s p e c i f i c a l l y  cope w i t h  a  r a d i o l o g i c a l  emergency a t  each 

Quad s i t e .  These personnel form t h e  bas ic  pool o f  human resource emergency 

response c a p a b i l i t y .  The t o t a l  ope ra t i ng  f o r c e  a t  each Quad i s  est imated 

t o  be about 400 (about 4,000 f o r  an NEC). A l l  o f  these personnel w i l l  

r e c e i v e  some t r a i n i n g  i n  t h e  emergency p lan  as a  l i c e n s e  cond i t i on ;  they 

would then form a  pool o f  knowledgeable personnel from which a d d i t i o n a l  

support  cou ld  be drawn. 

TABLE 3. Minimum Trained P lan t  Personnel 

M i  nimum 
Personnel Number 

, P lan t  Management 
(Sr.  Operator 's  License) 

Hea l th  Physics Supervisors 2 

Heal t h  Physics Technicians 11 

Secu r i t y  Personnel 13 
P lan t  Operators and Ass is tan ts  5 6 

There i s  a  c l e a r  advantage t o  the  NEC both i n  t he  numbers o f  t r a i n e d  

emergency team members and i n  t he  q u a l i t y  o f  t he  manpower. O f f - s h i f t  sen ior  

people from the  unaf fec ted  reac to rs  would be r e a d i l y  a v a i l a b l e  t o  a s s i s t  



dur ing  t h e  emergency. However, t h e  most impor tant  segment o f  manpower from - 
o ther  reac to rs  a t  t h e  NEC would be a  cadre of q u a l i f i e d  h e a l t h  p h y s i c i s t s  

and h e a l t h  p h y s i c s  technic ian<;  they cou ld  be o f  s i g n i f i c a n t  immediate he lp  

3 
i n  coping w i t h  an emergency. With a w e l l  rehearsed emergency plan, these 

t r a i n e d  people could be expected t o  make proper eva luat ions  r a p i d l y  and 

expedi te necessary emergency ac t i ons .  

The manpower advantages,. and .d i  sadvantayes u f  a  NEC a r e  : 

Advantages t o  NEC 

- Substant ia l  numbers o f  a d d i t i o n a l  t r a i n e d  emergency team members 
, , 

Addi t i o n a l  heal t h  phys i cs personnel 

e.  Disadvantages t o  NEC 
. . None 

The process arid e t t  l uent r a d i a t i o n  mon i to r i ng  systems f u r n i s h  informa- 

t i o n  t o  operat ions personnel on r a d i a t i o n  l e v e l s  i n  t h e  p r i n c i p a l  p l a n t  
- .  

process stream (both  1 i q u i d  and gaseous systems). These moni to r ing  systems 

i n i t i a t e  opera t ion  o f  emergency systems, prov ide  i n p u t s  t o  t h e  r e a c t o r  pro-  . . 

t e c t i o n  system, and record  t h e  r a t e  o f  re lease  o f  r a d i o a c t i v e  m a t e r i a l  t o  

t h e  environs. The gaseous e f f luents  exhaust ing through stacks o r  ducts a re  

monitored cont inuous ly  w i t h  alarm and l e v e l  readout a t  t h e  c o n t r o l  center  

i n  accordance w i t h  ANSI N13.10-1974. (11) Th is  standard app l i es  s p e c i f i c a l l y  

t o  r.uutlrle operat ions;  t h e  ranges f o r  r o u t i n e  releases may n o t  be s u f f i c i e n t  

t o  measure r a t e s  o f  re lease o f  upper l i m i t  acc idents should they occur v i a  

stack releases. 

There would be no change i n  process and e f f l u e n t  mon i to r i ng  equipment 

a t  the  NEC, thus no apparent advantage i n  the  NEC over the  d ispersed Quad 

i n  terms of i n - p l a n t  r a d i a t i o n  moni to r ing  ins t rumenta t ion  f o r  event detec- 

t i o n .  I t  i s  a l s o  apparent t h a t  t h i s  ins t rumenta t ion  a t  a l l  r eac to rs  cou ld  

be improved by extending the  measurement range. 



The i n - p l a n t  area r a d i a t i o n  mon i to r i ng  system i s  destgned t o  p rov ide  

r a d i a t i o n  measurements, i n d i c a t e  t rends,  reco rd  in fo rmat ion ,  and sound 

alarms i n  areas where r a d i o a c t i v e  m a t e r i a l s  may be present,  s tored,  handled, 

o r  i n a d v e r t e n t l y  in t roduced.  These moni tors,  which a r e  i n  compl i'ance w i t h  

app l i cab le  NRC regu la t i ons ,  d e t e c t  abnormal cond i t i ons  w i t h i n  the  p l a n t  and 

f u n c t i o n  as an alarm system i n  cases o f  s p i l l a g e  o f  r a d i o a c t i v e  l i q u i d s  

and ma te r ia l s ,  p ipe  o r  tank leaks, o r  a  general spread o f  h igh - leve l  r a d i a -  

t i o n  i n t o  lower l e v e l  areas. This  system g ives  c o n t r o l  room personnel i n d i -  

c a t i o n s  o f  gamma r a d i a t i o n  l e v e l s  a t  se lec ted  l o c a t i o n s  w i t h i n  the  p l a n t  

b u i l d i n g s .  I n  a d d i t i o n ,  l o c a l  alarms a r e  prov ided t o  warn personnel o f  

subs tan t i a l  immediate changes i n  r a d i a t i o n  l e v e l s .  

The i n - p l a n t  area mon i to r ing  system a t  t h e  NEC would serve the  same' 

f unc t i ons  and. t he re  i s  no advantage o r  disadvantage i n  terms o f  emergency 

response. 

Environs 

The s ta tus  o f  f i x e d  r a d i o l o g i c a l  sampling o r  mon i to r ing  inst rumenta-  

t i o n  i n  c u r r e n t  and proposed power r e a c t o r  s i t e  envi rons i s  l e s s  c l e a r  

than f o r  i n - p l a n t  areas. A rev iew o f  s i x  power r e a c t o r  emergency plans 

(Appendix A) f o r  s ing le ,  dual,  o r  uad reac to rs  showed no u n i f o r m i t y  i n  

t y p e . o r  l o c a t i o n  of r a d i o l o g i c a l  ins t rumenta t ion .  Some power r e a c t o r  p lans 

r e l y  complete ly  on p o r t a b l e  rad ia t ion-dose measurement inst ruments and 

po r tab le  a i r  samplers t o  determine dose r a t e  and concentrat ions a f t e r  an 

emergency event occurs.. I n  several  o t h e r  cases as many as ten  f i x e d  s ta -  

t i o n s  a r e  l o c a t e d  w i t h i n ,  10 m i l e s  of t he  r e a c t o r  s i t e ,  where a  beta-gamma 

detec tor  moni tors an a i r  p a r t i c u l a t e  sample. This  i n fo rma t ion  i s  t e l  emetered 

t o  the  c e n t r a l  co.ntro1 room and a  secondary emergency center .  I n  add i t i on ,  

some power reac to rs  ma in ta in  several a i r  sampling s t a t i o n s  i n  the  envi rons 

o u t  t o  50 m i l e s  from the  r e a c t o r  c lose  t o  major popu la t i on  centers .  . A '  ' . 

number o f  reac to rs  a l s o  have a  l a r g e  number (40 t o  50) o f  T'LD (thermo- 

luminescent dosimeter) packets l oca ted  most ly  o n s i t e  t o  i n t e g r a t e  the  dose 

i n  t he  environs. Such s i t e s  main ta in  a  readout device and spare TLD packets 

f o r  emergency use. 



A reasonab le 'a~sumpt ion  was made t h a t  t h e  Quad r e a c t o r  base would have 

a t  l e a s t  h a l f  o f  t h e ' f i x e d  ins t rumenta t ion  i n  the  envi rons found i n  t h e  

survey. This number of instruments was then scaled by a  f a c t o r  o f  10 f o r  

t he  NFC w i t h  ten  Quads. ~ h e ' r c s u l t i n g  60 a i r  pa r t i cu ld . te  l i ~ o n i t o r i n g  s ta -  

t i o n s  te lemeter ing  data t o  an NEC c o n t r o i  center  i s  probably more than 

needed b u t  would c e r t a i n l y  prov ide  useful '  data du r ing  an emergency. Some 

o f  t h e  s t a t i o n s  c o ~ ~ l d  use dose ' ra te  'moni tor ing devices t o  measure the  r ~ u b l e  

gas c o n t r i b u t i o n  ins tead o f  p a r t i c u l a t e s .  The 250 TLD packets a t  an NEC a r e  

use fu l  a t  sho r t  d is tances from each Quad t o  measure t h e  i n teg ra ted  dose 

a f t e r  o r  du r ing  c loud passage.' I n  general a  more complete moni to r ing  pro-  

gram would be probable a t  t h e  NEC w i t h  a  b e t t e r  chance o f  g e t t i n g  teleme- 

te red  in fo rmat ion  t h a t  cou ld  be r e l a t e d  t o  t h e  source term du r ing  an . 

emergency. A l l  o f  t h e  s t a t i o n s  would no t  be requ i red  i n i t i a l l y ,  bu t  t h e  

te lemeter ing  network and s t a t i o n  l o c a t i o n  would have t o  consider  t h e  over- 

a1 1  NEC development, . . 

Por tab le  ins t rumenta t ion  i b  s l v r e d  fo r  emergency use i n  t h e  c o n t r o l  

center  and a t  any a l t e r n a t e  emergency c o n t r o l  centers. The po r tab le  i n s t r u -  

ments a re  used t o  determine'dose . . r a t e - l e v e l s  i n  t h e  b u i l d i n g  and env i rons .  

a f t e r  . an . em6Ggency. * The a d d i t i o n a l  . po r tab le  . inst rumentat ion.  from o t h e r  

reac tors  cou ld  prov ide  backip supp l ies  d u r i n g  a n  emergency a t  t h e  NEC. 
. . .  . 

A t  a  completed NEC-there would-be.a s i z a b l e  group o f  h e a l t h  physics 

personnel q u i c k l y  a v a i l a b l e  t o  perform environmentals mon i to r i ng  func t i ons .  

Mobi le moni to r ing  devices such ,as a 4 x. 4 inch NaI de tec to r  and readout 

device maintained fo r  emergency purposes cou ld  be used by c a r  o r  ~ m a l  1 

plane t o  more r a p i d l y  t r a c k  the  re lease.  Also, a  plane o r  he1 i c o p t e r  i s  

a v a i l a b l e  t o  many power compan.ies. 1 

The adva.ntages and disadvantages f o r  t h e  envi rons o f  an N& are-: 
. a ,  

Q Advantages 

' Mon i to r ing  ins t rumenta t ion  both ons i  t e  and o f f s i  t e  could prov ide  

b e t t e r  i n fo rma t ion  a t  t h e  NEC. 
- , . . " . .  , 

Heal th physics personnel f r o m  o t h e r  reac to rs  a t  t h e  NEC c o u l d  be 

o f  subs tan t ia l  a i d  i n  coping w i t h  an emergency. 



The emergency supply storage acea,from o the r  reac to rs  a t  an NEC 

cou ld  prov ide  r e a d i l y  a v a i l a b l e  backup po r tab le  ins t rumenta t ion  

and suppl i es . 
No s i g n i f i c a n t  advantage o r  disadvantage 

E f f l u e n t  moni to r ing  and i n - p l a n t  area moni to r ing  ins t rumenta t ion  

would be no d i f f e r e n t  fo r  t h e  two cases. 

, ,  ",, \ .  ... . . 

METEOROLOGY . . .  

: '  Each dispersed reac to r  s i t e  i s  assumed t o  c o n s i s t  o f  one Quad, and 

each s i t e  i s  served by one meteorological  system, thus meeting thedrequire. -  

ments o f  Regu1ator.y Guide 1.23. The meteorological  cos t  f o r  a dispersed 

Quad s i t e  w i t h  an expected 1 i f e  of 20 years i s  about $34,00O/year (see 

Appendix B ) .  Assuming t h a t  expenditures a t  the  NEC s i t e  would t o t a l  t he  

expendi ture a t  a l l  t he  dispersed Quad s i t e s  replaced, a more comprehensive 

meteorological  network and program cou ld  be i n s t a l  l ed .  H a l f  o f  t h e  Quads 

i n  t h e  dispersed case were assumed t o  have a main tower and an a u x i l i a r y  

tower, w h i l e  the  o the r  h a l f  w i l l  have o n l y  a main tower. C o l l e c t i v e l y ,  

these f a c i l i t i e s  represent  a t o t a l  annual ized investment o f  approximately 

$300,000 t o  $350,00O/year; t h i s  resource i s  est imated t o  adequately estab- 

l i s h ,  main ta in  and operate 20 t o  24 te lemeter ing  wind s t a t i o n s  on 100- and 

200- f t  towers and a 500- f t  base s t a t i o n  tower. I n  a d d i t i o n  t o  these f a c i l i -  

t i e s ,  i t  i s  a n t i c i p a t e d  t h a t  remote sounding methods t o  descr ibe wind 

d i r e c t i o n s  a t  h igher e levat ions  could be supported. 

These data could be fed  t o  an o n s i t e  o r  o f f s i t e  computer f a c i l i t y ,  

which could make d e t a i l e d  c a l c u l a t i o n s  o f  plume d i f f u s i o n  and t ranspor t ;  

these could be d isplayed a t  t he  emergency c o n t r o l  center .  The a d d i t i o n a l  

resources a v a i l a b l e  t o  t h e  NEC could a l s o  support f u l l - t i m e  o n s i t e  meteo- 

r o l o g i c a l  s p e c i a l i s t s  t o  prov ide  l o c a l  emergency forecasts.  Dispersed 

f a c i l i t i e s  would have t o  depend on r o u t i n e  Nat ional  Weather Services fo re -  

cas ts  which w i l l  vary i n  t h e i r  a p p l i c a b i l i t y  t o  each s i t e  and i t s  s p e c i f i c  

needs. 



, General ly,  s i n g l e  o n s i t e  micrometeorological  tower measurements a r e  

considered rep resen ta t i ve  f o r  t he  purposes of shor t - term plume d e s c r i p t i o n  

ou t  t o  d is tances o f  3  t o  5 m i les .  Th is  range, however, i s  q u a l i t a t i v e  and 

q u i t e  s e n s i t i v e  t o  s p e c i f i c  s i t e  topography and meteorological  cond i t i ons .  

Under c e r t a i n  cond i t ions ,  measurements from a  s i n g l e  tower might  app ly  on ly  

over a  few hundred yards, whereas under favorab le  cond i t i ons  t h e  d i f f u s i o n  

and t ranspor t  parameters may be t h e  same over tens o f  mi les .  Th is  i nd i ca tes  

t h a t  t h e  20 t o  24 o u t l y i n g  wind towers should a l l  be located w i t h i n  a  r a d i u s  

o f  10 m i l e s  i n  a  complex topographic s i t u a t i o n  o r  several tens o f  m i l e s  i n  

a  p l a i n .  On the  average, i t  i s  expected t h a t  20 t o  24 s t a t i o n s  would have 

Lu be d i s t r i b u t e d  w i t h l n  about 25 t o  30 m i l e s  of an NEC t o  adequate1 y 

descr lbe plume t r a n s p o r t  i n  the  event o f  an acc identa l  re lease  t o  the  a i r .  

Although i t  i s  n o t  poss ib le  t o  q u a n t i f y  t h e  response improvement, t h e  

r e a l l o c a t i o n  o f  resources w i t h  an NEC t o  p rov ide  20 t o  24 o u t l y i n g  wind 

s t a t i o n s  cou ld  s i g n i f i c a n t l y . r e d u c e  t h e  consequences o f  an acc identa l  

r ~ l ~ a s e .  This r ~ r l l l c t i o n  would not  iniprove i n  terms o f  speed, b u t  through 

improved accuracy and d e t a i l  o f  i n fo rma t ion  i n  t h e  o u t l y i n g  area ( 5  t o  

30 m i les ) .  I n  t h e  c lose  areas ( 3  t o  5 m i les ) ,  t h e  meteorological  f a c t o r s  

w i l l  no t  s i g n i f i c a n t l y  improve t ime l i ness .  Only minimal improved accuracy 

and d e t a i l  over t h a t  poss ib le  f o r  t h e  d ispersed Quads w i l l  occur. The 

improvements would be due p r i m a r i l y  t o  t h e  data handl ing and d i s p l a y  con- 

veniences and n o t  s i g n i f i c a n t l y  from t h e  presence o f  t h e  o u t l y i n g  s t a t i o n  

data . 
Although a  conc lus ive  q u a n t i t a t i v e  eva lua t ion  cou ld  n o t  be presented, . 

we expect t h a t  t h e  a d d i t i o n a l  resources a v a i l a b l e  a t  an NEC over those 

a v a i l a b l e  a t  a  dispersed Quad, would 1  i k e l y  y i e l d  the  capac i t y  t o  reduce 

consequences o f  an acc ident  30 m i les  downwind, i f  e f f e c t i v e  m i t i g a t i n g  

ac t i ons  based on t h e  improved plume desc r ip t i ons  a re  taken. O f  course, i f  

no ac t i ons  a re  taken (such as evacuation, 1  i m i t e d  access, v e n t i l a t i o n  con- 

t r o l ,  e tc .  ) ,  t he  o n l y  b e n e f i t  w i l l  be a  s i g n i f i c a n t  improvement i n  the  

i d e n t i f i c a t i o n  o f  t h e  popu la t ion  and p roper t y  a f fec ted .  Any reduc t ion  i n  

consequences would be der ived s o l e l y  from measures t o  c o n t r o l  contac t  



D w i t h  contaminated areas and medical t reatment  based upon the  improved . 

knowledge o f  t h e  popu la t ion  sec tor  and proper ty  a f fec ted .  . . 

A t  sho r te r  d is tances and on the  NEC s i t e ,  pu re l y  meteorological  con- 

s ide ra t i ons  cannot be expected t o  prov ide  any s i g n i f i c a n t  improvement i n  

c a p a b i l i t y  t h a t  can be c l e a r l y  t r a n s l a t e d  i n t o  a  probable and s i g n i f i c a n t  

reduc t ion  i n  consequences. 

The meteorological  advantages o f  an NEC are:  

Advantages 

Onsi t e  meteorological  s p e c i a l i s t s  

Minicomputer da ta  ana lys i s  

Improved d e s c r i p t i o n  o f  plume l o c a t i o n  a t  d is tances beyond 

5 m i les  

Disadvantages 

None 

RELATED SERVICES 

s ire' P ro tec t i on  

The dispersed Quad s i t e  has a  f i r e  br igade o f  p l a n t  employees- t o  

i n i t i a l l y  combat f i r e s ;  backup f i r e f i g h t i n g  i s  obta ined by c o n t r a c t  w i t h  

l o c a l  f i r e  d i s t r i c t s .  The contr 'act  se rv i ce  may be p a i d  i n  t h e  form o f  
. . 

l o c a l  taxes ( i n  one instance a  power r e a c t o r  has a  c o n t r a c t  t h a t  -speci f ies '  . ' 

$100,00O/yr o r  90% o f  the  tax  d i s t r i c t  base, whichever i s  l e s s ) .  Thus, an 

NEC c o u l d  have as much as $1 m i l l i o n  a  year a v a i l a b l e  . f o r  f i r e  serv ices.  

To a  minimum response t i t i e  one o r  more f i r e  s t a t i o n s  may be requ i red  

a t  a  l a r g e  acreage NEC. I t  has been est imated by an ERDA f a c i l i t y  f i r e  

c h i e f  t h a t  c a p i t a l  costs f o r  a  two-company s t a t i o n  a r e  about $300,000 w i t h  

another $130,000 f o r  two f i r e  t rucks .  The opera t ing  c o s t  per 12-man f i r e  

company was est imated t o  be about $300,00O/year. 

The NEC t h a t  i s  about one - th i rd  t o  one-hal f  complete would be ab le  t o  

' . support i t s  own f i r e  company. The f i r s t  response i n  i n d i v i d u a l  f a c i l i t i e s  

may s t i l l  i nvo l ve  f i r e  br igades made up o f  employees a t  t h a t  f a c i l i t y .  A . 



f i r e  department s o l e l y  respons ib le  f o r  se rv i ce  t o  a  l a r g e  f a c i l i t y  w i l l  

improve emergency response c a p a b i l i t y  f o r  those accidents i n v o l v i n g  f i r e  

and explosion. The i r  main c o n t r i b u t i o n  w i l l  be i n  f i r e f i g h t i n g  and l i f e -  

saving; w i t h  t h e i r  spec ia l i zed  t r a i n i n g  t h i s  w i l l  bc o f  pr imc importancc. 

I n  a d d i t i o n  the  l o c a t i o n  o f  t h e  s t a t i o n  o r  s t a t i o n s  w i l l  permi t  qu ick  

response and may prevent  re lease of r a d i o a c t i v e  m a t e r i a l s  t o  the  p u b l i c .  

The advantages and disadvantages o f  r e l a t e d  serv ices f o r  an NEC are:  

Advantages 

Onsi te pro fess iona l  i n d u s t r i a l  f i r e  p r o t e c t i o n  serv ices 

Probable more r a p i d  response 

U i  sadvantages 

None 

Rad ia t ion  Dosimetry Services 

The dosimetry serv ices requ i red  i n  the  r o u t i n e  opera t ion  o f  any f a c i l i t y  

inc lude:  ex terna l  dosimetry (TLD badge, f i n g e r  r i n g ,  neutron badges), 

i n te rna l .  dasl'metry (bioassay and I n  v l v o  ana.lysls) , and e r ~ v l r ~ u n ~ ~ e ~ i l d l  . ' 

moni tor ing.  These serv ices  w i l l  most l i k e l y  be cont rac ted f o r  a t  dispersed 

s i t e s .  

Discussion w i t h  a'commercial se rv i ce  i nd i ca ted  t h a t  a  c a p i t a l  i n v e s t -  

ment o f  more than. $1 m i l l i o n  i s  requ i red  t o  e s t a b l i s h  complete r o u t i n e  

r a d i a t i o n  dosimetry. This business must generate sal  es o f  about $750,00O/yr 

t o  prov ide  a  v i a b l e  minimum business w i t h  about $1.2 m i l l i on / . y r  i n  sales 

requ i red  t o  ensure backup capabi l  i ty  i n  terms o f  techn ica l  personnel . Such 

a  business could be located near a  dispersed f a c i l i t y  bu t  would w i t h  some 

assurance be found as p a r t  o f  o r  near an NEC. The t o t a l  r a d i a t i o n  dosimetry 

se rv i ce  sales volume may range from $500,000 t o  $750,000 when the  NEC i s  

f u l  l y  es tab l  ished. 

A l o c a l  dosimetry serv ices c a p a b i l i t y  would enhance evaluat ion,  

response, and recovery ,ac t ions  i n  an emergency. Personnel i n  the ' se rv i ces  

grotip may a1 so be respons ib le  i n  'emergency s i t u a t i o n s  f o r  f i e l d  survey, 

mobi le and a e r i a l  moni tor ing.  The i r  environmental l abo ra to ry  would'be a  



natural point t o  place responsi bil i ty  for  such services,  permitting the 
f a c i l i t y  s t a f f  t o  concentrate on the emergency conditions within the 
f a c i l i t y .  The dosimetry services group .may also r u n  a central service for  
cal ibrat ion,  repair  and storage of portable instruments. This would be of 
extreme value d u r i n g  a major emergency; these instruments, i n  addition to  

those stored a t  each f a c i l i t y ,  would provide a backup supply. 

The advantages and disadvantages of the radiation dosimetry services 
of an NEC are:  

Advantages 
Additional professional personnel specializing i n  environmental 
analysis 
Additional instrumentation fo r  backup of emergency events 

.. Rapid internal and external occupational dose assessment 
Disadvantages 

None 

Medical Services 

The typical power reactor s i t e  contracts w i t h  a physician fo r  routine 
medical service as needed. I n  addition, contracts a re  i n  piace for  emer- 
gency.servi.ces with medical groups and hospitals.  The NEC when complete . . 

would have suff ic ient  routine medical requirements to  use the full-t ime . .  

services of one or more industrial  physicians. Thus, the NEC may have some 
advantage .over the Quad .dispersed fac i l  i ty  . However, when consideri.ng 
ef fec ts :of  t h e  plant medical force to  actions protecting the public under 
accident conditions, i t  seems l ike ly  tha t  the medical s ta f f  a t  nearby 
hospital s ' h i  11 be of primary importance. , The most benefit deri'ved in the. 
NEC case i s  tha t  relationships and contracts for  accident medical services 
will only be:established in one area for  one large s i t e  rather than a t  10 
dispersed. s i t e s .  The industrial  physicians will be of service i'n coordi- 
nating. the. plans and relationships w i t h  the nearby ,hospi tals .  

. . 

The advantages and disadvantages of the medical services of an NEC 

are:  



. . , .  . . Advantages ' .  . . . .  . ,  " .  . ) .  

. Assigned .fu.lq.-time i n d u s t r i a l  physic ians . .,. . . .  

. . .  
:-• Fewer.tota1 o f f s i t e  hosp i ta l  and medical personnel . . involved 

. . . .  . . . . .  . . . . 
0 .  miadvantages . . t ,  t b  , . , 

,. , 

- -  . None . >. ~. . . . . .  . , ;? :: '.,. 

. . - . i  r 

Ambulanc'e Serv ice ' 

. . . .  . :. , 

,.: :'., . . . . . . .  " . - .  . " 

Tybieal  ly ,  power r -eactor  i i  t e s  h a v ~  err iergel~~y v e h l c l  es t h a t  serve as 

ambulances when needed. I n  add i t i on ,  employees t r a i n e d  i n  f i r s t  a i d  a r e  
. . .  

p a r t  of each work s h i f t .  Assuming t h a t  f i r e  p r o t e c t i o n  fo rces  provided 
1 . .  .; 

the' ambulance serv ice,  t h e  NEC may b e  b e t t e r  equipped s ince f i remen may be 

w e l l - t r a i n e d  i n  rescue and f i r s t  a i d .  The ambulance i f  requ i red  by t h e  

popu la t ion  i n  an emergency w i l l  come ' f rom o f f s i t e  sources a t  bo,th t h e  NEC 
, , 

o r  d i  spersed s i t i n g  cases. 

There i s  no d i s c e r n i b l e  advantage t o  t h e  NEC case w i t h  respect  t o  . . 

ambulance se rv i ce  and pub1 i c  emergency response. 
. . . . .  , . 

. . . . .  3 . .  . , . "  



EVALUATION OF CHANGE 1.N. R I S K  FOR NEC . 

, , . . 

The Base Case f o r  t h e  Quad dispersed s i t e  and the  changes caused'by ' , 

format ion o f  an NEC discussed i n  t h e  previous sec t i on  a r e  , q u a l i t a t i . v e l y  

examined and ranked on r e l a t i v e  m e r i t  as t o  advantage o r  disadvantage. 

The Quad Base Case i s  ranked as .zero and + (p lus )  o r  - (minus) ,assigned t o  

response c r i t e r i a  f o r  ' t he  NEC. The r e s u l t s  o f  t he  r a t i n g  a r e  shown i n  

Tab1 e 3.. 

TABLE 3. Emergency Response C a p a b i l i t y  - Power ~ e a c t o r  

Response C r i t e r i a  

S i t e  Related 

S i t e  Area 

. Populat ion 

~ n ' d i v i d u a l  o r  C r i t i c a l  Populat ion 

Emergency Plans 

Communications 

Manpower 

Radiol.ogica1 Factors 

'Event Detect ion 

Env i rons 

~ e t e o r o l  og i  c a l  

P l  ume Measurement 

Plume Evaluat ion 

Meteoro log is t  

Related Services 

Re la t i ve  C a p a b i l i t y  o f  an .NEC 
Compared. t o  Base Case 

Sum - 

F i r e  P r o t e c t i o n .  + 
Dosimetry Services + .  +++ 

. Medical + 
Ambulance 0 

+,- = AS from re ference l e v e l  o f  zero 



The f o u r ' g e n e r a l . c a t e g o r i e s  examined fo r  emergency response a f f e c t i n g  
. . . .  .~ . 

t h e  general p u b l i c  a l ' l  f a v o r  the  'NEC when compared ' t o  t h e  equ iva lent  number 

o f  dispersed Quad, . .  s i t e s  . . 
. . , . . . . . .  . . 

I n  a1 1, 15 c r i t e r i a  i n  f o u r  major ca tegor ies  were r a t e d  w i t h  th ree  

showing no , s i g n i f i c a n t  advantage o r  disadvantage f o r  t h e  NEC. One o f  15. 

sbowed,,a s i g n l f l c a n t  disadvantage and the o the r  11 items showed s i g n i f i c a n t  

advantage f o r  t h e  N t C .  Four subcategories o f  considerable emergency response 

s i g n i f i c a n c e  were favorable:  emergency plans, r a d i o l o g i c a l  ins t rumenta t ion  

i n  the  environs, meteorological  plume desc r ip t i on ,  and manpower f o r  coping 

w i t h  an emergency. ,. 

. No method o f  numerical eva luat ion  t o  q u a n t i f y  t h e  degree o f  advantage 

o f  . t h e  . NEC was found t h a t  cou ld  be considered v a l i d .  I t  appears t h a t  t h e  

promptness and e f fec t i veness  o f  t he  emergency response cou ld  be s i g n i  f - i c a n t l y  

g reater  i n  t h e  NEC case than i n  t h e  d ispersed Quad s i t e  case, w i t h  no addi-  

t i o n a l  c o s t  and poss ib l y  even i f  fewer d o l l a r s  were expended per  reac to r .  
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APPENDIX A 

SURVEY OF .RAD.IOLOGICAL EMERGENCY RESPONSE INSTRUMENTATION 
. . .  

~n eva luat ion  o f  ins t rumenta t ion  c a p a b i l i t i e s  from the emergency plans 

o f  s i x  d i f f e r e n t  r e a c t o r  f a c i l i t i e s  (3-8)  was performed i n  t h i s  program. 

Ins t rumenta t ion  i s  t y p i c a l  l y  a v a i l  ab le  a t  d i f f e r e n t  l o c a t i o n s  which w i  11 be 

designated as Onsi te ( l o c a l  o r  i n - p l a n t ) ,  Near S i t e  .(up t o  t h e  per imeter) ,  

and D i s t a n t  t o  S i t e  ( a t  remote l o c a t i o n s ) ;  t h e  types and numbers o f  i n s t r u -  

ments being used i s  g iven i n  ranges. / 

FIXED 

Fixed instruments a re  instruments t h a t  a re  permanently i n s t a l l e d  i n  a 

g iven l o c a t i o n  o r  t h a t  'cannot be e a s i l y  moved o r  s e t  up i n  t h e  f i e l d .  They 

may be remote reading, cont inuous recording,  instantaneously reading i n  

nature, o r  count ing room'type equipment. Table A.l conta ins a compi la t ion  

o f  t h e  f i x e d  inst rument  survey f o r  t h e  s i x  reac tors .  . 
' ' 

PORTABLE 

Por tab le  instruments a re  inst ruments '  which may be t ransported and used 

a t  any l o c a t i o n  where they might  be needed. I n  a d d i t i o n  t o  d i r e c t  reading 

meters t h i s  category inc ludes such th ings  as a i r  samplers and personnel 

dosimeters. Table A.2 conta ins  a compi la t ion  o f  t h e  po r tab le  inst rument  

survey f o r  t h e  s i x  reac tors .  



TABLE A.1. Survey o f  Rad io log ica l  Ins t rumenta t ion  a t  Power Reactors 
(F ixed Instruments ) 

.. . . . 
Number o f  Inst ruments.  

D i s t a n t  
Fixed Instruments Ons i t e  Near S i t e  . t o  S i t e  

Area Mbni tors ( r o u t i n e )  -. . . 20-30 . - (a )  - 
, ' r  ( i n  b u i l d i n g )  . a ' - i  , &  - . . 

. (b) A i r  Moni tors (gart3c' i i l 'a-t~ j' . 0-3 0.8Cb ) 0- 5 

A i r  Sampler ( ~ ~ ) . ~ h a r c o a l  . . 

F i  1 t e r  .. . 0-3. 0-8 0-5 

TLDs (in g r i d s  or remote 
s t a t i o n s )  0-50 

TLD Reader 

'MC Analyzer 

' .  L i q u i d  S c i n t i l l a t i o n  ' 0-1 . - ' 0-1.;: , : .! .-. ' 

. .. . , P ropor t iona l  Counter '  ' . ' .  0-1 . _.:_ . _  ,... . ! . ;  0-1: . .  . 
4 .  

Low Background Counter 0-1 - 0-2 

Counter/Scal e rs  Several - 0-2 ; .". . .... . : 

Electrometers , < .  . . - . . . .  . , . . .Several-:..,: . .; - - _  . . $  . . 

:, Who1 e Body Counter i.f; .., . . .;$.- -. - 0.-.I. \ - . . .O-1: ; . . ~  
(Body Burden . ~ n a l  . yzer  1' 

. . ;,,:i:i,; ,>;I; ;;j;< :;:-,?,;, ..-, t ,  . " .  
. .. , 

. . .  . . .  , 
. . , " . , '  

[a) Dashes ('-) :rep8i'$e;i't' n"8'known Capab i l i t y ;  t h e  ranges a r e  avera'ges 
o r  sever.dl f a c i l i t i e s  w4th etie p r o v i s i o n  t h a t  some p l a n t s  may 
have no c a p a b i l i t y  i n  one o r  more o f  these ca tegor ies .  

(b )  Tcl  emetered t o  c e n t r a l  readout  



TABLE A.2. ,S!~rvey of Rad io log ica l  Ins t rumenta t ion  a t  Power Reactors 
(Por tab le  Instruments ) 

Number o f  Instruments 
D i  s t a n t  

Por tab le  Instruments Onsi t e  Near S i t e  " , t o  S i t e  

BM Survey Meter 
. . 

3-1 2 2-3 3-9 
. . 

I o n  Chamber: Range + 5-10 R/hr 2-16 . ' 2-3 ' 2-9 

I o n  Chamber: Range + 50-100 R/hr 2-3 2-3 0 - 10 

I o n  'Chamber: Range .+ 1000 R/hr 1-2 - . (a )  0-2 

Low E Survey Meter 0-1 - - 
Tel e t e c t o r  (1 000 R/hr-13 ft  robe) 0-2 - - 
Neutron Dose Rate Survey Meter 

(Thermal and Fast)  

A1 pha Survey Meter 

Pocket Chambers and Chargers 
(Emergency, S e l f  - readi  ng , etc .  ) 

Personnel Dosimeters (F i lm  o r  TLD) 

TLDs 

Gummed Acetate Fa.11 o u t  Paper 

A i r  Sampler - Ba t te ry  o r  Gas 1 - x  3 x 

A i r  Samplers - AC - H i  Vol. x 1-3 3-1 0 

A i r  Sampler - AC - Lo Vol. - - 3 

charcoal. F i l t e r s  f o r  I - - 0 -  30 

po r tab le  Scaler + N a I  o r  GM - - 1-2 - 

Road Survey - GM - - 1 

A i rp lane Survey - Scaler  .+ N ~ I  - . . - ., 0 - 1  

Whole Body counter - - . O . - . l  . .  

(a) Dashes ( - )  represent  no known c a p a b i l i t y ;  x ' s  i n d i c a t e  c a p a b i l i t y  
b u t  w i t h  no knowledge, o f  , the q u a n t i t y -  o f  instruments. ava i l ab le ;  t he  
ranges a re  averages o f  several f a c i l i t i e s  w i t h  t h e  p r o v i s i o n  t h a t  
some p l a n t s  may have no c a p a b i l i t y  i n  one o r  more o f  these . . 
categor ies.  
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APPENDIX B , 

t 
'.i 

A COMPARISON OF METEOROLOGICAL EMERGENCY PREPAREDNESS PROGRAM (EPP ) 

CONSIDERATIONS FOR DISPERSED REACTOR SITES, 
I 

1 --- 5 .  

NUCLEAR ENERGY CENTERS AND MIXED SITES 1 
I . , 

OBJECTIVE I 
The o b j e c t i v e  o f  t h i s  i n v e s t i g a t i o n  i s  t o  compare meteorological  EPP I 

resources ,and procedures a t  dispersed four -un i  t r e a c t o r  s i t e s ,  NECs made 1 
up of 10 f o u r - u n i t  reac to r  si tes.,  and a mixed center  which i n teg ra tes  t h e  

NEC and i n t e g r a t e d  f u e l  c y c l e  f a c i l i t y .  

SCOPE 

Due p r i n c i p a l l y  t o  t ime l i m i t a t i o n s ,  t h e  FY-75 i n v e s t i g a t i o n  has been 

l i m i t e d  t o  a q u a l i t a t i v e  cons idera t ion  of r e a d i l y  a v a i l a b l e  i n fo rma t ion  and 

experience. It i s  proposed t h a t  t h e  FY-76 e f f o r t  determine t h e  f e a s i b i l i t y  

of an o b j e c t i v e  methodology t o  q u a n t i t a t i v e l y  determine t h e  change i n  dose, 

and thus r i s k ,  poss ib le  by t h e  implementat ion o f  a1 t e r n a t e  short - term 

s t r a t e g i e s  f o r  m i t i g a t i n g  consequences f o r  a g iven s i t e  s i t u a t i o n ,  and 

develop and implement t h e  methodology i f  such i s  determined f e a s i b l e  and 

necessary. A t  t h i s  t ime such methodology i s  considered necessary t o  meet 

the  above s ta ted  o b j e c t i v e  and i s  t e c h n i c a l l y  feas ib le .  

APPROACH 

The, quest ion  of t h e  change o f  r i s k  was inves t iga ted  from t h e  standpoint  

o f  determining i f  the  consequences o f  an acc ident  a t  grouped f a c i l i t i e s  

cou ld  be reduced s u f f i c i e n t l y  t o  o f f s e t  t h e  increased accident  probabi 1 i ty. 

The reduced consequences was hypothesized t o  be t h e  r e s u l t  o f  improved 

emergency response c a p a b i l i t y  f rom t h e  increased equipment and personnel 

resources t h a t  cou ld  be supported a t  t h e  grouped f a c i l i t y  by combining t h e  

resources p rev ious l y  i n  p lace a t  t h e  equ iva lent  dispersed f a c i l i t i e s .  This 



was accomplished by es t imat ing  t h e  c a p i t a l  , i n s t a l  l a t i o n ,  and opera t ing  

cos ts  f o r  t h e  dispersed f a c i l i t i e s  and t o t a l i n g  these t o  determine t h e  

resources a v a i l a b l e  t o  ded ica te  t n  t h e  meteorological  EPP i n  terms o f  a 

meteorological  measurement system and dedicated labor'. A meteorological  

EPP f o r  t h e  grouped f a c i l i t y  was then described i n  terms o f ' t h e  measure- 

ment system and labo r  t h a t  cou ld  be dedicated w i t h i n  t h e  t o t a l  resources 

ava i l ab le .  It i s  important  t o  recognize t h a t  cos ts  were approximations . . 

used s o l e l y  f o r  t h e  purpose o f  f a c i l i t a t i n g  a q u a l i t a t i v e  comparative 

eval u a t i o n  on a reasonabl e compari son basi  s  . 
I n  t h e  above process c e r t a i n  assumptions a re  necessary based more on 

judgment and expectat ions than data. These assumptions inc lude:  

1. Each dispersed f u e l  reprocessing p l a n t  (FRP) and mixed ox ide f u e l  

f a b r i c a t i o n  p l a n t  (MOX) t h a t  would h y p o t h e t i c a l l y  be replaced by 

co l l oca ted  o r  i n teg ra ted  f u e l  c y c l e  f a c i l  i t i e s  would have s u f f i c i e n t  

capac i t y  t h a t  would comply w i t h  t h e  equipment and program requirements 

o f '  NRC Regulatory ,Guide '1 .23, Onsi t e  Meteorological  Programs. Th is  

assumption i s  fundamental s ince i t  d i c t a t e s  the  cos ts  associated w i t h  

' t h e  d i  spersed f a c i  1 i ti es meteor01 o g i c a l  emergency preparedness programs. 

2. Each dispersed reac to r  s i t e  cons is t s  o f  one Quad ( fou r - reac to r  u n i t ) ,  

and t h a t  each Quad i s  served by one meteorological  system meeting the  

requirements o f  Regulatory Guide 1.23. 

3. .Because o f  complex i t ies  i n  the  t e r r a i n ,  i t  i s  o f t e n  d i f f i c u l t  ( i f  n o t  

Irr~possl b l e )  t o  locate  one mereoro1og5cal tower so t h a t  i t  can ade-. 

. . ,  . 
quate ly  represent  t h e  cond i t i ons  t h a t  w i l l  e f f e c t  plume t r a n s p o r t  from 

t h e  source t o  a p o t e n t i a l  receptor .  I t  i s  common t o  c o r r e c t  t h i s  

d e f i c i e n c y  by t h e  l o c a t i o n  o f  a second a u x i l l a r y  tower, a l though i n  

some s i t u a t i o n s  even more would be requ i red .  To r e f l e c t  t h i s  s i t u a t i o n  

i n  . t h i s  ana lys i s  i t  was judged reasonable t o  assume . t h a t  . one-hal f  of 

, t h e  d ispersed s i t e s  would r e q u i r e  such an a u x i l  l a r y  tower. 

4. It has been assumed t h a t  d ispersed FRP and MOX p l a n t s  would have t h e  

appropr ia te  o n s i t e  waste and f u e l  s torage f a c i l i t i e s  as we l l  as 



' .  

. decontamination and r e p a i r  faci .1 i t i e s .  Therefore, such f a c i l i t i e s  . . 

would n o t  represent  independent dispersed s i t e s  f o r  which o n s i t e  

meteorological  programs would be required.  I f  t h i s  were no t  the  case, 

t h i s  ana lys i s  would be conservat ive t o  the  ex tent  t h a t  t h e  resources 

t h a t  cou ld  be dedicated t o  t h e  meteorological  EPP a t  t h e  grouped. 

f a c i l i t i e s  would be underestimated. 

5. The dispersed f a c i l i t y  meteorological  EPP costs f o r  purchase, i n s t a l l a -  ' , 

t i o n . a n d  opera t ion  were based on t h e  f o l l o w i n g  est imates: 

Cap i ta l  and I n s t a l  1 a t i on ,  $K Operat i  ng , $K/yr 

Main Tower 100 2 0 

Aux i l  l a r y  5 0 12 

6. It was.assumed t h a t  t he  t o t a l  replacement t ime f o r  t he  towers and 

measuring system i s  20 years. 

The NEC i s  assumed t o  be made up o f  ten  s i t e s  each conta in ing  a fou r -  
# 

r e a c t o r  o r  Quad u n i t .  I n  keeping w i t h  previous assumptions, h a l f  o f  t h e  

Quads i n  t h e  dispersed case would have had a main and an a u x i l  l a r y  tower 

and t h e  o the r  h a l f  o n l y  a main tower. Thus, these f a c i l i t i e s  and t h e i r  

respect ive  meteor01 og ica l  EPPs c o l  1 e c t i  v e l y  represent  a t o t a l  annual i zed  

investment o f  approximately $300 t o  $350 K/yr. It i s '  est imated t h a t  t h i s  
. . 

resource would be adequate t o  es tab l i sh ,  main ta in  and operate 20 t o  24 

te lemeter ing  wind s t a t i o n s  on 100- and 200- f t  towers and a 500- f t  base 

s t a t f o n  tower t o  s a t i s f y  regu la to ry  requirements. I n  a d d i t i o n .  t o  these 

f a c i l i t i e s ,  i t  i s  a n t i c i p a t e d  t h a t  remote sounding methods t o  descr ibe 
, . 

wind . d i r e c t i o n s  . a t  h igher  e levat ions  'could be supported. 

These data cou ld  be fed  t o  an o n s i t e  o r  o f f s i t e  computer f a c i l i t y  

where d e t a i l e d  c a l c u l a t i o n s  o f  t he  plume d i f f u s i o n  and t ranspor t  cou ld .be 

made and d isp layed a t  t h e  ECC. The a d d i t i o n a l  resources a v a i l a b l e  t o  the  

NPP cou ld  a l s o  support f u l l - t i m e  o n s i t e  meteorological  s p e c i a l i s t s  t o  

prov ide  l o c a l  emergency fo recas t  serv ices.  Dispersed f a c i l i t i e s  fo recas t ing  



support would have t o  come from r o u t i n e  Nat ional  Weather Services fo recasts  

which w i l l  vary  i n  t h e i r  a p p l i c a b i l i t y  t o  these s i t e s  and t h e i r  s p e c i f i c  

needs. The j u s t i f i c a t i o n  f o r  f u l l - t i m e  fo recas t ing  a t  an NEC w i l l  l i k e l y  

be on the  bas is  o f  both emergency and r o u t i n e  opera t ing  needs. Note t h a t  

a  b e n e f i t  o f  t he  NEC i s  t h a t  resources requ i red  f o r  both t h e  cmcrgcncy and 

r o u t i n e  meteorological  requirements can be der ived from the b e n e f i t s  o f  t h e  

i n t e g r a t i o n  o f  emergency f a c i l i t i e s  alone. 

Gerrerdl l y  , sing1 c  ons i  t c  micrometeorologlcal tower measurements are 
considered rep resen ta t i ve  f o r  t h e  purposes o f  shor t - te rm plume d e s c r i p t i o n  

ou t  t o  d is tances o f  3 t o  5 mi les .  However, t h i s  range i s  q u a l i t a t i v e  and 

represents an average o f  a  range t h a t  i s  q u i t e  s e n s i t i v e  t o  s p e c i f i c  s i t e  

topography and n ieteorological  cond i t ions .  A t  some s i t e s  under c e r t a i n  con- 

d i t i o n s ,  t h e  measurements from a  s i n g l e  tower might  be rep resen ta t i ve  o n l y  

over a  few hundred yards, whereas, a t  o the rs  under favorab le  cond i t i ons  

the  d i f f u s i o n  and t ranspor t  parameters may be the  same over d is tances on 

the  order  o f  tens o f  mi les .  I n  the  s i t u a t i o n  being considered here, t h i s  

i nd i ca tes  t h a t  t h e  20 t o  24 o u t l y i n g  wind towers in iyht  a l l  Ire located 

w i t h i n  a  rad ius  on the  order  o f  i O  m i l e s  i n  a  complex topographic s i  tuati'on 

o r  several tens o f  m i l e s  i n  a  p la in .  On t h e  average, i t  i s  expected t h a t  

20 t o  24 s t a t i o n s  would have t o  be d i s t r i b u t e d  w i t h i n  about 25 t o  30 m i les  

o f  an NEC t o  adequately descr ibe plume t ranspor t  i n  the  event o f  an a c c i -  

denta l  re lease t o  the  a i r .  
- - 

The r e a l l o c a t i o n  o f  resources w i t h  an NEC so as t o  prov ide  20 t o  24 

o u t l y i n g  wind s t a t i o n s  would permi t  the  area r e q u i r i n g  evacuation t o  be more 

c l o s e l y  def ined i n  a  more t i m e l y  manner. I n  the  c lose areas, ou t  t o  3 t o  

5 mi les ,  t he  meteorological  f a c t o r s  w i l l  no t  p rov ide  s i g n i f i c a n t l y  improved 

t ime l iness  and on ly  min imal ly  improved accuracy and d e t a i l  over t h a t  poss ib le  

f o r  the  dispersed Quads. These improvements would be due p r i m a r i l y  t o  the  

data handl ing and d i sp lay  conveniences and n o t  s i g n i f i c a n t l y  from the  

presence of the  o u t l y i n g  s t a t i o n  data. 



t 

Some i n s i g h t  i n t o  t h e  magnitude o f  improvement i n  t h e  d e t a i l  and 

accuracy ' o f  t h e  plume est imates i n  t h e  5 t o  30 m i l e  d is tance range can be 

obta ined from a summary o f  s t a t i s t i c s  where est imates o f  a i r  parcel  t r a j e c -  

t o r i e s  as determined from a number o f  o u t l y i n g  s t a t i o n s  are.compared t o  

those i n f e r r e d  from measurements a t  one p o i n t .  The s t a t i s t i c s  f o r  t h e  

12 km and shor te r  d is tances represent  in ferences from t h e  16 km t o  48 km 

data presented i n  Table B. 1  . I h e  data were o i l y  obtai-ned qver  a few weeks 

around Oklahoma City. Because o f  t he  r e l a t i v e l y  simple topography, these 

values a re  p r o b a b l y . i n d i c a t i v e  o f  t h e  smal les t  improvement i n  t h e  c a p a b i l i t y  

t o  descr ibe plume p o s i t i o n  t h a t  would be r e a l i z e d  by t h e  establ ishment o f  

' o u t l y i n g  s t a t i o n s  about an NEC f a c i l i t y .  Unfor tunate ly ,  s i m i l a r  summaries 

f o r  more complex .topographic s i t u a t i o n s  a r e  n o t  a v a i l a b l e  a1 though. some . 

basic data e x i s t s .  Even w i t h  data summarized i n  t h i s  form i t  i s  n o t  pos- 

s ib l ' e  t o  q u a n t i t a t i v e l y  and d i . r e c t l y  address t h e  quest ion  o f  the  ex ten t  t o  

which the  consequences o f  an acc ident  could be m i t i g a t e d  because o f  t he  

improved accuracy and d e t a i l  i n  plume p o s i t i o n .  However, i t  i s  apparent, 
t h a t  even w i t h  a simple t e r r a i n  case and a t  d is tances o f  t he  order  o f  . . 

30 mi les,  average e r r o r s  o f  t he  order  14 km and maximum e r r o r s  o f  t h e  order  

o f  90 t o  100 km could l i k e l y  be avoided using t h e  o u t l y i n g  towers a t  an NEC. 
. . .  

~mprovehents of these magni t u d e j  could be a major f a c t o r  i n  e f f e c t i v e l y ,  

i d e n t i f y i n g  the  popu la t ion  and proper ty  a f fec ted.  

TABLE B.1. Comparison o f  Wind F ' e l d  and S ing le  S t a t i o n  1 Tra jec to ry  ~ o i n t s ( l 2  

D i  stance Downwind Mean Separation, km Maximum Separation, km 
km (mi )  0800-1 900 2000-0700 CDT 0800-1 900 2000-0700 CDT 

4 7 < l ( a )  o-4Tar 0 - 2 F  

(a)  1.nterpol ated 



An a'ddi t i o n a l  f a c t o r  i n  favor of t he  NEC i s  the  aspect of re1  i a t i i l  i t y  . . . . 

through redundancy. ' I n  the  event t h a t  the  main ons i  t e  tower were t o  f a i  1  , 
t h e  o u t l y i n g s t a t i o n  data cou ld  be used t o  descr ibe the  plume t r a n s p o r t  

a1 though w i t h  some l o s s  of in format ion.  A t  a  d ispersed Quad, a s i m i l a r  

f a i  1  urwe would reduce the  e f f e c t i  veness of the  emergency ope ra t i on  substan- 

t i a l l y m o r e .  ' 

A1 though a conc lus ive  q u a n t i t a t i v e  eva lua t i on  cou ld  n o t  be presented, 

It I s  considered reasonable t o  expect t h a t  the  a d d i t i o n a l  resources a v a i l -  

ab le  a t  an NEC, over  those a v a i l a b l e  a t  a d ispersed Quad, would l i k e l y  

r e s u l t  i n  t he  cdpdb l l l L y  t o  slgn? f i c a n t  l y  reduce the  area t o  be evacuated., 

If; no n c t i o t ~  i s  ldkcn (such as evaeuation, l - i ~ ~ ~ i  ~ d t i o n  o f  access, v e n t i  l a t i o n  

c o n t r o l ,  e t c .  ,) t h e  b e n e f i t  w i l l  be a s i g n i f i c a n t  improvement i n  t he  iden-  

t i f i c a t i o n  of the popu la t i on  and p rope r t y  t h a t  would be most a f f e c t e d ,  

r e s u l t i n g  i n  improved measures t o  c o n t r ~ l  con tac t  w i t h  cnnt.aminat,ed areas 

and medical t reatment  based upon arl i111proved know1 edge o f  t h e ,  popu la t i on  

sec tor  and p rope r t y  a f fec ted .  

THE COMBINED POWER AND FUEL CYCLE ENERGY CENTER ' 

The combined center  i s  assumed t o  be made up o f  t he  NEC discussed above 

and the  In teg ra ted  Fuel Cycle F a c i l i t y  (IFCF) discussed i n  Tasks 1.3.7 and 

2.2.4.(13) Based on the  s ta ted  assumptions, t he  i n t e g r a t i o n  o f  t he  NEC and 

the  IFCF t o  form the  combined center  doubles the  resources a v a i l a b l e  t o  the  

meteorological  EPP t o  a t o t a l  o f  $600 t o  $700 K/yr.  However, p r a c t i c a l l y  

speaking, i t  i s  judged t h a t  o n l y  a p o r t i o n  o f  t h e  a d d i t i o n a l  $300 t o  

$350 K l y r  prov ided by i n t e g r a t i o n  cou ld  be j u s t i f i e d  f o r  f u r t h e r  improvements 

t o  the  meteoro log ica l  EPP. Qua1 i t a t i v e i y ,  i t  i s  expected t h a t  the reduc t i on  

i n  dose pe r  . add i t i ona l  d o l l a r  expendi ture f o r  t h e  meteoro log ica l  EPP w i l l  

decrease r a p i d l y  above about $400 K/yr. Th i s  then t r a n s l a t e s  i n t o  e i t h e r  

a savings of $250 t o  $300 K/yr f o r  20 years ($5 t o  $6 m i l  1  i o n  t o t a l  ) f o r  

t he  combined cen te r  versus the  separate NEC and IFCF, o r  t he  a v a i l a b i l i t y  

of these funds f o r  t r a n s f e r  t o  o t h e r  components o f  the  EPP. 
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APPENDIX C 

MULTIPLE SITING AND RELATIVE RISK 

I n  cons ider ing  m u l t i p l e  s i t i n g  and i t s  e f f e c t  on t h e  r e l a t i v e  r i s k  t o  

a  c r i t i c a l  popu la t i on  the  fou r - reac to r  (Quad) s i t e  i s  taken as the  base 

case. The pos tu la ted  NEC, con ta in ing  up t o  10' Quads, may consequently be 

compared t o  the  s i n g l e  Quad Base Case. The NEC layou t '  se lected.  f o r  com- 

1.  par i son  i s  t he  Un i ted  Engineers' Case 111, Random Arrangement. The assump- 

t i o n s  used i n  t h i s  ana lys i s  were:' 

1. The p r o b a b i l i t y  o f  an acc ident  a t  an NEC i s  t h e  sum o f  t h e  probabi 1  i t i e s  

f o r  each o f  t h e  10 Quad u n i t s .  

2. There a r e  no s y n e r g i s t i c  e f f e c t s  f rom adjacent  reac to rs .  

3. The c r i t i c a l  popu la t ion  i s  l oca ted  a t  t h e  middle of t h e  no r the rn  

fence boundary. 

4. Meteorology cons i s t s  o f :  wind f rom the  south a t  1  meter per  second; 

Type D s t a b i l i t y ;  and gaussian plume. 

A t  f i r s t  i t  might  seem t h a t  t h e  r i s k  t o  a  c r i t i c a l  popu la t ion  should 

be' 10 t imes 1  arger  f o r  an NEC con ta i  n i  ng 10 Quads than.  f o r  a  s i  ngl  e  Q U ~ .  ' , 

~owe;er, t h i s  i s  n o t  t he  case s ince  t h e  r e l a t i v e  r i s k  i s  t he  product  o f  t he  

probab i l  i ty o f  an acc ident  and the  consequences associated w i t h  t h a t  acc i  - 
dent.  When cons ider ing  an atmospheric re lease,  t h e  d is tance from the  source 

t o  t h e  receptor  r a d i c a l l y  a f f e c t s  the  concent ra t ion  o f  m a t e r i a l  a t  t he  

r e c e p t o r ' s  l o c a t i o n  and, correspondingly ,  t h e  consequences o f  t he  re lease.  

To c a l c u l a t e  t h e  r e l a t i v e  r i s k  t h e  f o l l o w i n g  steps were taken. The 

downwind and crosswind d is tances  were measured' f rom t h e  s i t e  l a y o u t  drawing. 

From these measurements, which were p ropo r t i ona l  t o  t he  ac tua l  proposed 

d is tances,  a  X / Q  o r  concent ra t ion  per  u n i t  re lease was c a l c u l a t e d  a t  t he  
. . 

r e c e p t o r ' s  l o c a t i o n  us ing  the  f o l l o w i n g  fo'rmula: 



where 

a = ho r i zon ta l  d i spe rs ion  c o e f f i c i e n t ,  
Y  

a = v e r t i c a l  d i spe rs ion  c o e f f i c i e n t ,  z  - 
u = average wind speed, 

y = crosswind d is tance,  and j .  . 

h  = he ight  o f  re lease (assumed ground l e v e l  = 0) .  .-. 9.. A ,) -.. . .; 
. - 

0 - .  
. . . . .  The values f o r  o and o, were ex t rac ted  from "Meteor01 ogy and Atomic 

Y 
Energy - 1968", U. s .- AEC, and depend o n l y  on t h e  downwind d is tance (X) and . 

t h e  s t a b i l i t y  c lass .  The X/Qs were c a l c u l a t e d  f o r  two cases: 1  ) where 
;.si..; : :.;. ., 
" 

t he  wind'was always assumed t o  be b lowing from t h e  source d i r e c t l y  toward 

t h e  receptor  (X - R, Y = O), and 2)  f o r  a constant  snund wind ( X  = X ,  

Y = Y). The r e l a t i v e  r i s k  was then estfmated by normal iz ing  the  X/U values 

t o  t h e  c l o s e s t  f a c i l i t y  and summing a l l  t h e  10 f a c i l i t i e s '  c o n t r i b u t i o n s .  

If these values a r e  then related t o  t h e  Base Case o r  s i n g l e  Quad, w i t h  a 

112 m i l e  exc lus ion  boundary, t he  r e l a t i v e  r i s k s  f o r  t h e  two NEC cases a r e  

0.43 and 0.26. I f  both t h e  NEC and t h e  s i n g l e  Quad have 1.25 m i l e  exc lu-  

s ions d is tances t h e  r i s k s  f o r  the  NEC r e l a t i v e  t o  the  s i n g l e  Quad a r e  2.23 

and 1.31 f o r  t h e  two cases. D e t a i l s  o f  t he  c a l c u l a t i o n s  a r e  presented i n  

Table C . J .  

I n  l o o k i n g  a t  o ther  s t a b i l i t y  classes i t  was found t h a t  t he  maximum 

r e l a t i v e  r i s k s  f o r  equal 1.25 m i l e  exc lus ion  d is tances va r ied  from 1 .l f o r  

"A" s t a b i l i t y  t o  2.5 ' f o r  " F "  s t a b i l i t y ' .  Consequently, t h e  value o f  2.23 

f o r  "Uii  s t a b i  l i t y  seems a good compromise. I t may a l s o  be observed t h a t  

clldr~yes i r ~  wind speed, u, will change t h e  i n d i v i d u a l  X / U  values; however, 

they w i l l  have no e f f e c t  on the  r e l a t i v e  r i s k s .  

Considering the  r e l a t i v e  r i s k s  f o r  t he  NEC and s i n g l e  Quad f a c i l i t i e s ,  

i t  becomes c l e a r  t h a t  t h e  r i s k  i s  h i g h l y  dependent on t h e  exc lus ion  d i s -  

tance. I n  the  s i t u a t i o n  where an NEC has a  s i g n i f i c a n t l y  l a r g e r  exc lus ion .  

d is tance than the  s i n g l e  Quad (1.25 m i l e s  versus 0.5 m i les ) .  t h e  r i s k  from 





t h e  NEC t o  t h e  maximum i n d i v i d u a l  i s  between one - fou r t h  and one -ha l f  t h e  

r i s k  f rom the  s i n g l e  Quad u n i t .  However, w i t h  t h e  same exc lus ion  d i s t a n c e  

t h e  r i s k  f rom an NEC i s  o n l y  1.3 t o  2.2 t imes  t h e  r i s k  f rom t h e  s i n g l e  Quad. 

TABLE C.  1  . R e l a t i v e  R isk  - NEC Versus Dispersed 

R e l a t i v e  
x/ Q R isk  X I Q  . 

x 9 y  , R, X = R  X = R  X = X  
F a c i l i t y  m i l e s  m i l e s  m i l e s  Y = 0  - - - Y = O  Y = Y  

1  1.25 0  1.25 3.9E-5 1  3.9E-5 

NEC Sum 

Base 0.5 0  

Base Case 1  .25 0  

R e l a t i v e  Risk o f  'NEC 
R e l a t i v e  t o  Base Case 

X = downwind d i s t a n c e  

Y = crosswind d i s t a n c e  
2  2 1 1 2  R = ( X  + Y )  

( a )  The d i f f e r e n c e  between t h e  base cases i s  i n  t h e  d i s t a n c e  t o  t h e  s i t e  
boundary - 0.5 m i l e s  and 1.25 m i l e s .  
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TASK 7.1.12 

AGEING OF NUCLEAR ENERGY CENTERS 

INTRODUCTION 

An eva lua t i on  o f  Nuclear Energy Centers (NECs) w i t h  d ispersed s i t i n g  

o f  r e a c t o r  p l a n t s  requ i res  t h a t  t h e  e n t i r e  l i f e  c y c l e  o f  both f a c i l i t i e s  be 

compared and, i n  a d d i t i o n ,  t he  e f f e c t  o f  each on the  "system" i n t o  which 

t h e y  w i l l  grow 'should be examined. ( a )  An example o f  a  d i f f e r e n c e  i n  1  i f e  

c y c l e  can be seen i n  the  p lann ing  hor izons f o r  each. The p lann ing  hor izon 

(which would i nc lude  cons t ruc t ion ,  opera t ion ,  and decomrni s s i o n i n g j  f o r  an 

NEC cou ld  be 80 t o  100 years, almost double t h a t  f o r  a  t y p i c a l  dispersed 

s i t e .  Also, t h e  degree o f  preplanning i s  c l e a r l y  g rea te r  f o r  an NEC s i t e  

which may con ta in  up t o  10 t imes o r  more the  number o f  f a c i l i t i e s  conta ined 

i n  a  d ispersed s i t e .  An example o f  a  "system" i n t e r a c t i o n  t h a t  m igh t  be' 

d i f f e r e n t  f o r  NECs and d ispersed s i t i n g  r e l a t e s  t o  p r o v i s i o n  (amount, type, 

and l o c a t i o n )  f o r  peaking capac i ty .  

The purposes o f  t h i s  r e p o r t  a re :  1  ) t o  i d e n t i f y  areas i n  which the  

aging aspects o f  t h e  two types o f  f a c i l i t i e s  may d i f f e r ,  and 2)  t o  .consider 

i n  a  p r e l i m i n a r y  way what these d i f f e r e n c e s  may e n t a i l .  Other p a r t s  o f  t he  

NECSS-75 study w i l l  p rov ide  i n fo rma t ion  on some aging d i f f e rences .  .More 
. . 

d e t a i l e d  analyses w i l l  be requ i red  i n  o t h e r  areas be fore  d e f i n i t i v e  s t a t e -  

. ments on aging can be made. 

D i f fe rences i n  aging can be r e a d i l y  apparent i n ' s e v e r a l  areas.   he 
. e f f e c t s  o f  an NEC on i t s  envi rons -- be they eco log i ca l ,  soc io log i ca l ,  

t echn ica l , . o r  economic -- w i l l  be dynamic i n  nature, s i m i l a r  t o  dispersed 

s i t i n g .  However, the  e v o l u t i o n  o f  an NEC w i l l  be more a f f e c t e d  by i t s  

environment s ince:  1  ) i t  develops over  'a longer  pe r iod  o f  t ime, 2)  t he re  

( a )  For purposes o f  t h i s  r e p o r t ,  d i f f e r e n c e s  i n  t h e  1  i f e  cyc les  o f  NECs and 
d ispersed p l a n t s  a r e  c a l l e d  "aging" d i f f e rences .  



i s  more opportunity fo r  env'ironmental feedback, and 3 )  the local environ- 
mental e f fec t  will be greater.  Planning an NEC will involve a greater 

e f fo r t  i n i t i a l l y  as we11 as a continuing e f f o r t  as  i t  evolves. 
3 

The necessity of f l  exi bil i ty  i n  planning competes w i t h  other fac tors ,  
i . e . ,  economics. Nuclear power generation i s  capital  intensive. To achieve 

savings there will be e f for t s  toward mass production of plants,  as well as 
standardization. The need for  f l e x i b i l i t y  and the inevitable evolution of 
technology over the l i f e  of an N E C ,  i f  used to  advantage, tends to  negate 
cost saving poss ib i l i t ies .  

A number of areas have been ident i f ied which may produce aging d i f f e r -  
ences. These areas a re  l i s t ed  below and are  discussed i n  the followinq 
subsections. 

Facil i ty  Lifetime 
Forecasted Capaci ty  Factors 
Load Fol 1 owing 

Er~eryy ~ t b r a g e  
Concentration of Generati on 
Transmission 
,Generation Technology and the Nuclear Fuel Cycle 
-Regulatory Considerations 
Envi ronmt?.ntal Factors 
Heat Dissipation 
Decommissioning 

FACILITY LIFETIME 

The construction time horizon f o r  an NEC commences in approximately 
1985 to  1990 and extends as  many as 40 years. The projected l i fe t ime for  
a reactor plant i s  typically 30 to  40 years. Thus, the overall l i f e  cycle 
for  an NEC may be 80 to  100 years compared to  about half t ha t  time fo r  
dispersed units.  

Clearly, there i s  a difference i n  planning horizons and preplanning 

needs. Typically, a dispersed plant i s  constructed and operates f a i r l y  



D autonomously through most of i t s  l i f e .  An NEC can expect t o  be contin~.rslly 

analyzed, monitored, reviewed, e t c .  , as  feedback from ecological , socio- 
l og i ca l ,  technical ,  and economic considerations a r e  received. 

FORECASTED CAPACITY FACTORS 

In terms of e i t h e r  national or regional load growth r a t e s ,  an increas- 
ing portion will  be met by nuclear generation e i t he r  a s  NECs o r  dispersed. 

Figure 1 shows an example fo recas t ,  f o r  several NERC regions, of the  expected 
mix of p lants  (nuclear and o ther )  t o  meet the  predicted buildup of demand. (1 ) 
As shown, nuclear generation becomes an increasingly l a rger  share of t o t a l  
generation. In the  year 2000 from about 35 t o  70% of the  generation 
capacity f o r  several regions will  be nuclear. I t  i s  t h i s  large  growth 
t h a t  makes inquiry of the  concept of NECs feas ib le .  

As the  share of nuclear generation increases,  there  wil l  be a need f o r  
nuclear p lants  t o  change from one of base-loaded operation t o  one of base- 
load plus cycling. The degree to  which t h i s  change will  take place i s  a 
function of many f ac to r s ,  b u t  f o r  t h i s  analysis  i t  i s  necessary t o  compare 
the  cycling aspects f o r  NEC versus dispersed plants .  

Several fac to rs  a r e  important i n  t h i s  comparison. Tradi t ional ly ,  the  
average cos t s  versus u t i l i z a t i o n  a r e  considered f o r  the  various generation 
candida tes .  Due to  l a rge  capi ta l '  cos t s  and r e l a t i ve ly  low operating cost 's,  
nuclear generation has been frequently selected f o r  f i l l i n g  base load . 

requirements. Planning of fu tu re  addi t ions  to generating capacity wil l  
require  increasing consideration of cycling capab i l i ty ,  capacity f ac to r s ,  

fuel a v a i l a b i l i t y  and lead times f o r  various types of un i t s  a s  well as  the  
a v a i l a b i l i t y  of capi ta l . .  This wil l  require  design s tud ies  of fuel and 

control technology, and economic analysis  of non-base load operation. This 

potential  change i n  operating modes may a f f e c t  the  comparison of NECs and 
dispersed generation, b u t  i t  i s  not presently c l ea r  i n  what ways. There- 
fo re ,  fu r ther  study i s  needed. 
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FIGURE 1. p red ic ted  .Percent Nuclear ~ e n e r a t  o  
Capacity f o r  Several NERC Regions 11 P 

LOAD FOLLOWING 

Load f o l l o w i n g  i s  the  system's response t o  shor t - te rm v a r i a t i o n s  i n  

demand. T y p i c a l l y ,  l oad  f o l  lowing needs have been met by a  v a r i e t y  o f  

approaches, i n c l u d i n g  hydro systems, standby u n i t s ,  gas tu rb ines ,  e t c .  

The m i x  o f  nuclear  and non-nuclear generat ing capac i t y  may a f f e c t  t h e  

approach used. I t  i s  n n t  c l e a r  whpt.hpr t-he approach w i l l  d i f f e r  between 

NECs and dispersed generat ion; however, i t  must be considered. 

The problems o f  load f o l l o w i n g  i n  t h e  f u t u r e  may be lessened by several 

factors' ,  i n c l u d i n g  load management, r a t e  s t r u c t u r e  m o d i f i c a t i o n  ( t o  persuade 

consumers t o  reduce peak demands and t r a n s f e r  loads t o  of f -peak hours),  and 

improved energy storage methods. I n  e i t h e r  case t h e  e f f e c t s  w i l l  be t o  

permi t  a  l a r g e r  percentage o f  t h e  system's g'eneration capac i t y  t o  be base 

loaded. These f a c t o r s  should be evaluated i n  comparing NECs t o  d ispersed 

generat ion.  



ENERGY STORAGE , . 

As mentioned i n  the  prev ious d iscuss ion  on l o a d  fo l l ow ing ,  an a l t e r -  

n a t i v e  t o  shaping t h e  l oad  t o  reduce peaks, a l l o w i n g  more e f f i c i e n t  use of 

generat ing equipment, would be t h e  development o f  a broader range of 

economic energy storage systems. Storage systems may prov ide  advantages 

i n  a d d i t i o n  t o  t h e  a b i l i t y  t o  supply peak loads ( f o r  example. r a p i d  response 

t o  sp inn ing  reserves requirements, over load c a p a b i l i t y  and low losses i n  

normal l oad  s i t u a t i o n ,  improvement o f  t ransmiss ion  load problems by s i t i n g  

c l o s e  t o  load centers  and, poss ib ly ,  b e t t e r  system s t a b i l i t y ) .  

A t  present,  t he  o n l y  ope ra t i ng  . systems . a r e  pumped storage; b a t t e r i e s  

a r e  r e c e i v i n g  cons iderab le  a t t e n t i o n  as storage devices. Other energy 

storage concepts under cons ide ra t i on  i nc lude  hydrogen storage, compressed 

a i r  storage, f l ywhee l  , magnetohydrodynamic, and heat '  s torage systems. These 

a r e  i n  var ious  stag& o f  development. The impact O f  energy storage tech-  

nology should be s tud ied  i n  terms o f  how i t  might  impact NECs and' d ispersed 

s i t i n g .  

TRANSMISSION 

' The e ' l e c t r i c a l  t ransmiss ion  system i s  one o f  t he  key elements i n  the  . .  ' 

e va lua t i on  of NECs and d ispersed s i t i n g .  I n  terms o f  .power de l i ve red  and 

t h e  technology of d e l i v e r y ,  t he re  appears t o  be no g rea t  d i f f e rences  between 

NEC and d ispersed cases. Carefu l  cons ide ra t i on  must.be g iven t o  t ransmiss ion 

re1  i a b i l  i t y  f o r  t h e  two concepts. (') A1 so, t he re  a r e  several -advanced t ra t i s -  

miss ion  technologies which w i l l  probably become r e a l i t i e s  du r ing  the  develop- 

ment o f  an NEC case, and these need t o  be evaluated. Transmission expansion- 

f o r  i n t e g r a t i n g  NEC ou tpu t  i n t o  the  e x i s t i n g  system must be evaluated. 

These f a c t o r s  a r e  a l l  r e l e v a n t  t o  t he  aging o f  an NEC. 

Transmission R e l i a b i l i t y  

I n  terms of t ransmiss ion r e l i a b i l i t y  t he  Hanford Nuclear Energy Center 

concept meets a1 1 Western System Coordinat ing Counci 1 and Bonnevi 1 l e  Power 

Admin i s t ra t i on  c r i t e r i a  f o r  r e l i a b i l i t y  o f  t ransmiss ion systems. ( 3 )  On the  



o the r  hand, d iscussions w i t h  the  Energy Park Development group a t  Pennsyl- 

vania Power and L i g h t  i n d i c a t e  t h a t  new concepts might  no t  be as t rans -  

miss ion re1 i a b l e  i n  t he  t r a d i t i o n a l  sense. For example, present  

design u s u a l l y  dedicates a t  l e a s t  two l i n e s  t o  a  s i n g l e  u n i t  and thr-ee l o  

a  p a i r  of u n i t s .  I t  i s  d i f f i c u l t  t o  conceive of s i n g l e  u n i t s  o r  several  

u n i t s  i n  a  center ,  as e l e c t r i c a l l y  i s o l a t e d  from t h e  remainder. It i s  

expected t h a t  i t  w i l l  be t e c h n i c a l l y  f e a s i b l e  t,o develop a  t ransmiss ion 

system capable o f  d e l i v e r i n g  an energy c e n t e r ' s  c a p a c i t y  t o  l o a d  centers .  

The f o l l o w i n g  a r e  several  f a c t o r s  which need t o  be examined i n  the  con tex t  

o f  aging of NECs: 

a )  For centers  beyond approximately 100 m i l e s  from t h e  load, ac t r a n s -  

miss ion  w i l l  r e q u i r e  se r ies  capac i to r  compensation. S i g n i f i c a n t  tech-  

n.ica1 problems cou ld  occur w i t h  long, r a d i a l ,  h i g h l y  compensated t rans -  

miss inn  l i n e s ,  ( 4 )  Such problems i n d i c a t e  s o l u t i o n s  o the r  than s e r i e s  

compensation e i t h e r  by t r a d i t i o n a l  means o r  by use o f  advanced 

techno1 ogy . 
b)  T y p i c a l l y  the  minimum f a u l t  c l e a r i n g  t ime used i n  t r a n s i e n t  s t a b i l i t y  

ana lys i s  i s  3.25 cyc les  f o r  pr imary c l e a r i n g .  Recent developments (5 

i n d i c a t e  t h e  p o s s i b i l i t y  o f  reducing t h e  t o t a l  f a u l t  d u r a t i o n  by about 

1  cyc le .  

c )  It i s  assumed t h a t  an NEC w i  11 be l oca ted  somewhat remotely  from t h e  

load. As a  r e s u l t ,  losses become s i z a b l e  and should be evaluated i n  

comparison w i t h  d ispersed s i t i n g .  The cos ts  o f  l o s t  energy may r e q u i r e  

cons t ruc t i on  o f  a d d i t i o n a l  u n i t s  t o  make up t h e  losses.  

d )  For ac t ransmiss ion,  several vo l tages  may be u t i l i z e d  i n  combinations 

t o  c a r r y  the  genera t ion  from the  center .  I t  may be poss ib le  t h a t  t he  

bes t  t ransmiss ion scheme w i l l  be t o  i nc lude  networked and mixed 

vol tages.  

Advanced Transmission Technologies 

With respect  t o  advanced transmiss. ion technologies,  f a s t e r  breakers 

a re  i n d i c a t e d  w i t h i n  t h e  immediate f u t u r e ;  h igher  capac i t y  busses and h igh  

vo l tage dc t ransmiss ion a r e  w i t h i n  t h e  NEC p lann ing  hor izon.  



H i y t ~  vo l  ldye clc t ~ d s  d clef i r ~  i l e  posst b l e  r o l e  -ill NECs. I L dppeiir's l e s s  

l i k e l y  t o  r e q u i r e  as l a r g e  r igh t -o f -ways  as f o r  a  h igh  vo l tage  ac system. 

A dc system a l s o  has the  advantage o f  automatic power f l o w  c o n t r o l .  . Fur ther -  

more, t he  problem o f  s h o r t  c i r c u i t  d u t i e s  which may r e s u l t  f rom concentra- 

t i o n  o f  more than 10,000 YW a t  a  s i n g l e  s i t e  would n o t  e x i s t  w i t h  a  dc system. 

The r e l i a b i l i t y  c r i t e r i a  associated w i t h  a  dc t ransmiss ion system need 

eva lua t i on  as w e l l  as t h e  associated re1  i a b i l i t y  problems. There w i l l  be 

losses associated w i t h  dc t ransmiss ion,  i n  t h i s  case associated w i t h  the  

te rmina l  equipment. Future h igh  vo l tage  dc technology depends on t h e  a v a i l a -  

b i l i t y  o f  dc breakers and on new methods f o r  per forming dc s t a b i l i t y  analy-  

s i s .  From a  c o s t  e f f e c t i v e  v iewpo in t  a  rule-of- thumb o f ten  used i s  t h a t  

dc i s  f e a s i b l e  f o r  overhead t ransmiss ion i n  ranges o f  several hundred m i l e s  

o r  more. 

Another poss ib le  use. o f  dc might  be t o  improve t ransmiss ion.  1  i n e  

re1  i a b i  1  i t y  by u t i l  i z a t i o n  o f  underground dc f o r  several m i l e s  o u t t f r o m  

t h e  center .  Such a  concept imp l i es  the  i n t e r a c t i o n  o f  bo th  an ac and a  dc 

system i n  h y b r i d  manner. For t h i s  s i t u a t i o n ,  underground cab le  technology 

must be assessed as w e l l .  
. . 

A  second p o s s i b i l i t y  i s  t he  extension o f  present  ac t ransmiss ion tech-  

nology . f rom 500 and 765 kV t o  1100 kV o r  h igher .  The p r i n c i p a l  advantage 

f o r  t h e  increase i s  i n  t he  reduc t i on  o f  l i n e  losses.  On t h e . o t h e r  hand, 

s i g n i f i c a n t  t echn ica l  problems may a l s o  be encountered as i s  u s u a l l y  t he  

case when a  new vo l tage  l e v e l  i s  in t roduced.  The w id th  o f  r i gh t -o f -way ,as  

w e l l  as the  expected tower he igh t  may r u l e . o u t  t h e  h igher  vo l tages  on the  

bas is  o f  environmental o r  p o l i t i c a l  cons idera t ions .  Areas t h a t  need study 

a r e  t h e  e l e c t r i c  f i e l d  e f f e c t s  and t h e  a v a i l a b i l i t y  o f  t ransformers f o r  

t h i s  vo l t age  c lass .  F i n a l l y ,  t he re  may a l s o  be greater  problems i n  i n t e -  

g r a t i n g  the  t ransmiss ion i n t o  the  e x i s t i n g  system, as addressed below. 

The possi  b i  1  i ty  o f  cryogenic t ransmiss ion over  s h o r t  d is tances  should 

a l s o  be considered. Methods o f  development and c o s t i n g  cryogenic cables 

need eva lua t ion ,  i n  terms o f  t r a d e o f f s  w i t h  respect  t o  r ight-of -way,  and 



s t a b i l i t y  advantages. Since such 'a concept may be v i a b l e  f o r  sho r t  d i s -  

tances,' i t  i s  a p o s s i b i l i t y  f o r  both d ispers ing  t h e  power from t h e  center  

and f o r  r o u t i n g  i n t o  densely populated load  centers.  

Transmi ss ion  Expansion P l  anni nq 

The e v o l u t i o n  o f  an NEC may e n t a i l  a  new perspect ive  i n  t ransmission 

expansion planning. The hor izon year approach t o  t ransmission p lanning may 

not  be v i ~ l  id i r ~  curlsidur.ir~y' ltic ver.y l ony  ti ine pe r iod  associated w i t h  t h e  

development o f  an NEC. 

I f  generat ion requirements p resen t l y  p red ic ted  a r e  accepted, t h e  over-  

a l l  t ransmission system i n  the  year 2020, f o r  example, w i l l  probably bear 

l i t t l e  resemblance t o  t h a t  seen today. Simply stated,  t h e  t ransmission 

system developed from hereon, p a r t i c u l a r l y  i f  NECs a re  adopted, w i l l  be t h e  

major system and t h e  present systerr~ w i l l  be a u x i l i a r y  t o  i t. This view 

soii~ewhat il~odi Fies what i s  ~neant by i n t e g r a t i n g  new generat iqn i n t o  t h e  

present.system. 

Generating p l a n t  development u s u a l l y  invo lves  i n s t a l l a t i o n  o f  several 

u n i t s  a t  reasonable i n t e r v a l s  so t h a t  minimal economic pena l t y  i s  invo lved 

i n  t h e  i n i t i a l  cons t ruc t i on  o f  the  t o t a l  t ransmission. I n  a nuclear  energy 

center,  .however, a major problem i s  i n  developing t h e  transmis,sion such 

t h a t  i t  i s  opt imal  o r  a t  l e a s t  adequate a t  each p o i n t  i n  t ime.  S t i l l ,  t h e  

t o t a l  t ransmission would no t  be requ i red  f o r  the  f i r s t  few u n i t s .  

A t  present,  t ransmission system expansion i s  q u i t e  s i t e  s p e c i f i c .  , The 

s p e c i f i c s  f o r  NECs would be s i m i l a r  i n  t h a t  .the nature  o f  t h e  expansion 

would depend on ' t h e  d is tances t o  load centers,  t h e  under l y ~ n g  System capa- 
b i1 i t .y  i n  t h e  area, and the  r e l a t i v e  economics o f  a1 t e r n a t i v e s .  However, 

w i t h  the  extended hor izon t h e  problem i s  compounded by poss ib le  techno log ica l  

developments and by the  f a c t . t h a t  t h e  opt imal system may have l i t t l e  resem- 

blance t o  t h e  under ly ing  system. 

One poss ib le  advantage 1 i e s  i n  t h e  ab i  1 i t y  t o .  p lan  . transmission expan- 

s ion  over a much greater  t ime pe.riod, avo id ing  patchwork networks . t h a t  can 

occur. A t  t h i s . t i m e ,  each .add i t i on  o f  generat ion has imp l ied  t h a t  t h e  



D t ransmiss ion would be i n t e g r a t e d  i n t o  the  ex tan t  network. I f  used t o  advan- 

tage, the  long-term p lann ing  cou ld  have t h e  a l t e r e d  goal o f  i n t e g r a t i n g  the  . . ' 

ex tan t ' ne twork  i n t o  the  scheme f o r  t h e  u l t i m a t e  system. 

I m p l i c i t  i n  these d iscussions a r e  t h e  d i f f i c u l t i e s  w i t h  a c q u i s i t i o n  o f  

massive r igh t -o f -ways  a t  t h e  onset, t he  institutiona1.arrangements between 

p a r t i c i p a t i n g  companies which a r e  p a r t  o f  t h e  energy center ,  and d i f f i c u l -  

t i e s  w i t h  technology fo recas ts .  By comparison w i t h  d ispersed s i t i n g ,  

a c q u i s i t i o n  o f  r igh t -o f -ways  may be more d i f f i c u l t  i n  t he  f u t u r e  i f  t r a d i -  

t i o n a l  expansion i s  cont inued. These " s o f t e r "  issues may u l t i m a t e l y  be the  
hard c o n s t r a i n t s  r e l a t i v e  t o  b r i n g i n g  an NEC i n t o  operat ion.  . . 

The g rea tes t  poss ib le  f l e x i b i l i t y  must be a1 lowed f o r  t ransmiss ion 

expansion p lanning,  p a r t i  ~ u l a ' r l ' ~  i f  a major  p o r t i o n  o f  t h e  t ransmiss ion 

must be developed w i t h ' t h e  f i r s t  few u n i t s  i n  a center .  I f  such i s  t he  

case, h igh  vo l tage  dc may be more economic t o  operate below intended l e v e l s .  

A l t e r n a t i v e l y ,  p a r t s  o f  t he  under ly ing  system may be used i n i t i a 1 . l ~  t o  a l l o w  

more t ime f o r  r igh t -o f -way a c q u i s i t i o n ,  engineering, and c o n s t r u c t i o n  o f  

t h e  u l t i m a t e  t ransmiss ion system designed f o r  an NEC. 

GENERATION TECHNOLOGY AND THE NUCLEAR FUEL CYCLE 

The gu ide l i nes  f o r  t h e  study o f  the  NEC concept v i s u a l i z e  a l i g h t  water 

r e a c t o r  (LWR) dominated generat ion techno1 ogy. The i n d i c a t i o n s  f o r  t h i s  

ou t l ook  a r e  founded i n  f i n a n c i a l  as w e l l  as demonstrated r e l i a b i l i t y  con- 

s ide ra t i ons .  (') For these reasons the  adopt ion o f  o the r  r e a c t o r  types, 

i .e . ,  WTGRs, LMFBRs, l i g h t  water breeders, molten s a l t  breeders, heavy water 

breeders, etc. ,  may be l i m i t e d  f o r  NECs i n  t h e i r  e a r l y  stages o f  development. 

The r e a c t o r  concepts p resen t l y  expected t o  be commercial ly a v a i l a b l e  near 

t h e  beginning f o r  NECs besides LWRs a r e  HTGRs and LMFBRs. No changes i n  

t h e  bas ic  design o f  LWRs a r e  requ i red  f o r  NEC a p p l i c a t i o n .  

A t  present  technology l e v e l s  some unique advantages may be accrued 

from use o f  a NEC t o  i t s  p o t e n t i a l .  These advantages may i n c l u d e  the  

f o l l o w i n g :  a )  ons i  t e  f a c t o r y  modular cons t ruc t ion ,  b )  c e n t r a l  spent- fuel  



storage ,for l a t e r  reprocessing, c )  open c y c l e  o r  r e c y c l e  LWR o r  s e l f -  

generat ion, 'd) shared operat ions, e tc .  A t  present,  guide1 i n e s  i n d i c a t e  

LWRs of 1300 MWe, bu t  p l a n t s  o f  la ' rger  s i z e  may be feas ib le .  

The majur f a t  Lor d r f e c t i  ng generat ion technology subsequent t o  t h e  

i ncep t ion  . o f  NECs cou ld  be t h e '  i n t e g r a t i o n  o f  , the  f u e l  c y c l e  w i t h  t h e  I 

reac tors .  Wi th in  t h i s  area, the  synergy o f  several f a c t o r s  must be con- 

sidered i n  long rangp planning. Thc charac ter  o f  t h e  p o t e n t i a l  m i x  o f  

r e a c t o r  concepts lnay be a s i g n i f i c a n t  f a c t o r  t o  consider  i n  long range 

p l  anni nq. 

Mo t i va t i on  f o r  i n t e g r a t i n g  t h e  nuclear  f u e l  c y c l e  i s  p ro jec ted on 

f a c t o r s  such as lessening t r a n s p o r t a t i o n  cos ts  and t r a n s p o r t a t i o n  r i s k s  

and improving safeguards. Several poss ib le  scenarios may be candidates f o r  

generat ion p lanning a t  a nuclear  encrgy center .  As a base l ine  assumption 

q iven i n i t i a l  p lanning t ime cons t ra in ts  and present  technology, a s u f f i c i e n t  

number o f  LWRs w i l l  form the  i n i t i a l  u n i t s  a t  a center .  l h i s  number cou ld  

be a f u n c t i o n  o f  t h e  economics o f  scale and improved cons t ruc t i on  techniques, 

one study i nd i ca tes  from 6 t o  10 u n i t s .  ('I This  perspect ive  a l lows an 

increased p lanning hor izon r e l a t i v e  t o  poss ib le  r e a c t o r  mixes and f u e l  

cyc le  scenarios. 

Next upon t h e  hor izon i s  t h e  advent o f  p lutonium r e c y c l e  i n  LWRs. 

This i s  the  se l f -genera t ion  mode. I n  t h i s  s i t u a t i o n  a l l  t h e  discharged 

plutonium would be re turned f o r  r e c y c l e  i n  t h e  re load  f u e l  assemblies. If 

desired, a l l  ex tant  LWRs a t  a center  could be operated i n  t h i s  mode. 

Alt-hough t h e  r e c y c l e  could begin by gradual s u b s t i t u t i o n  o f  t h e  a v a i l a b l e  

mixed ox ide f u e l  f o r  t he  2 3 5 ~  enr iched f u e l .  o n s i t e  r e ~ r o c e s s i n q  and mixed- 

oxides f a b r i c a t i o n  admits t o  p lanning oppor tun i t i es .  (') ' For instance, t h e  

t radeo f f s  between spent f u e l  storage and r e f a b r i c a t i o n  need t o  be s tud ied 

i n  terms o f  t h e  expansion o f  an NEC. Although t h e  breeder reac to r  i s  some- 

what d i s t a n t  f u tu re ,  i t  i s  w i t h i n  t h e  t ime frame f o r  NECs, and should be - 
considered i n  con j u t i c t i  on wi.th t h e  LWRs present1 y knv i  sioned . 

P r i o r  t o '  breeder development, improved converters ( t h e  HTGR) may have 

come i n t o  being. The HTGR i s  i n  an advanced developmental s t a t e  and has a 



C r o l e  i n  t h e  NEC concept as we1 1 as i n  the  f u i u r e  o f  nuclear  power i n  general . 
For example, t h e  p o s s i b i l i t y  o f  mix ing  HTGRs w i t h  o ther  r e a c t o r  types w i t h i n  

a f u e l  c y c l e  i s  no t  c lea r ;  however, eva lua t ion  o f  t h i s  p o s s i b i l i t y  remains. 

A t  present,  .most cons idera t ions  have separated HTGRS from the  assumed pos- 

s i b l e  synergy between LWRs and LMFBRs. 

It i s  l i k e l y  t h a t  t h e  r o l e  o f  NEC generat ion and associated f u e l  c y c l e  

f a c i l i t i e s  w i l l  be constra ined by t h e  environmental and regu la to ry  c l ima te  

surrounding i t  . Undoubtedly, f u t u r e  techno1 ogy developments w i  11 s t a r t  t o  

p lay  a r o l e  i n  t h e  l i f e t i m e  o f  an NEC i f  t h e  p lanning a l lows such f l e x i -  

b i l i t y .  W i th in  the  t ime frame o f  10 years o f  planning, 20 t o  40 years o f  

const ruc t ion ,  and an indeterminate l i f e t i m e ,  the  e n t i r e  energy environment 

w i l l  take on new perspect ives.  

I n  p lanning t h e  evo lu t i on  o f  a hypothet ica l  energy center ,  t he  f i r s t  . . 

s tep  w i l l  be developing an exhaust ive scenar io which i nd i ca tes  the '  sensi - 
t i v i  t y  o f  t he  f a c t o r s  involved,  i n  generat ion and f u e l .  c y c l e  technology. . 

The e v o l u t i o n  o f  a1 t e r n a t i v e s  a v a i l a b l e  i n  d ispersed s i t i n g  must a l s o  

be considered.' I f  dispersed nuclear  generat ion w i l l  cont inue t o  any degree, 

then p lanning must i nc lude  the  r o l e  o f  centers and dispersed generat ion i n  

terms o f  t h e i r  i n t e r a c t i o n  w i t h i n  t h e  f u e l  cyc le .  From t h i s  viewpoint,  t he  

concept o f  bo th  NEC and dispersed s i t e s  sh ipp ing spent f u e l  t o  a s i n g l e  Pu 

burning energy, center ,  a t '  which reprocessing and f a b r i c a t i n g  p l a n t s  a re  
I 

located, may a l s o  be a v i a b l e  a l t e r n a t i v e .  

I n  summary, t h e  p lanning process f o r  a l t e r n a t e  generat ion technology 

and f u e l  c y c l e  candidates, and t h e i r  poss ib le  combinations and in te rac t i ons ,  

may be constra ined by many fac to rs ,  i n c l u d i n g  f u t u r e  regu la to ry  requirements. 

A d d i t i o n a l l y ,  regu la to ry  p o l i c i e s  and cons t ra in ts  have subs tan t ia l  impact 

on f a c i l i t i e s  designs and costs.  

REGULATORY CONSIDERATIONS 

The planning and evo lu t i on  o f  an NEC w i l l  c e r t a i n l y  be a f f e c t e d  by the  

f u t u r e  r e g u l a t o r y  c l ima te .  While the  general sa fe ty  c r i t e r i a  f o r  dispersed 



nuclear  i n s t a l l a t i o n s  may be expected t o  s t a b i l i z e  f o r  LWR technology, t h e  
,.. . . 

r e g u l a t i o n s ' t h a t  w i l l  govern 'NECS remain t o  be de f ined.  

ENVIRONMENTAL -- -. - FACTOR? 

The pr imary environmental aspects o f  NEC evo lu t i on ,  as ide  from t h e  

problem o f  heat  d i s s i p a t i o n ,  which i s  discussed l a t e r ,  a r e  discussed here in .  

O f f s i t e  r a d i a t i o n  exposure w i l l  n o t  be permi t ted  t o  exceed r e g u l a t o r y  l i m i t s  

a t  any t ime whether from an NEC o r  d ispersed u n i t .  The l i m i t s ,  however, 

remain t o  be es tab l i shed  f o r  t h e  NEC concept. Th i s  a p p l i e s  t o  o n s i t e  as 

we l l  as o f f s i t e  exposures. The former i s  impor tan t  s ince  a number o f  u n i t s  

w i l l  be under c o n s t r u c t i o n  w h i l e  o the r  u n i t s  a re  ope ra t i ona l .  A d ispersed 

s i t e  shares some o f  these cons idera t ions  bu t  no t  t o  t h e  same ex ten t .  

Recovery . - c a p a b i l i t i e s  a t  an energy cen te r  a r e  expected t o  d i f f e r  f rom 

dispersed s i t e s .  C o n s t r ~ r c t i n n  equipment, f i r e ,  s e c u r i t y ,  and medical ser-  

v i ces  and experienced personnel may be more a v a i l a b l e  t o  respond t o  an 

acc ldent  a t  an NEC. I n  terms o f  t h e  evolut5or1 o f  a i e ~ i t e r ,  the bu i l dup  o f  

these serv ices  must be inc luded i n  the  p lann ing  process. 
. % 

 he r a d i o a c t i v e  e f f l u e n t s  f rom reac to rs ,  reprocessing,  f a b r i c a t i o n ,  

and waste t reatment  a r e  probably the  same whether a t  NECs o r  dispersed; 

t h a t  i s , the  frequency on a per  u n i t  bas is  should n o t  be d i f f e r e n t .  An NEC 

may b e n e f i t  f rom increased boundary d i s tance  f o r  o f f s i t e  exposures. 

When viewed i n  t h e  o v e r a l l  sense, i t  i s  poss ib le  t h a t  more people may 

be poter1l;idlly d f f e c l e d  by a s i n i i l a r  nuniber o f  d ispersed u n i t s ,  and t h e  

s a t e l l i t e  f u n c t i o n  o f  reprocessing, f a b r i c a t i o n ,  t r a n s p o r t a t i o n ,  etc. ,  f o r  

equ iva len t  power genera t ion  i n  a non-NEC scenar io.  The e v o l u t i o n  of these 

poss ib le  f a c t o r s  adds another dimension t o  the  cons ide ra t i on  o f  t he  poten- 

t i a l  p rob l  ems. 

HEAT DISSIPATION 

Wi th in  t h e  area o f  waste heat  d i s s i p a t i o n  t h e r e  a r e  two pr ime considera- 

t i o n s  f o r  t he  long range p lann ing  o f  an NEC. The f i r s t  i s  t he  poss ib le  



a l t e rna t i ve  technologies avai lable  f o r  the  heat d i s s ipa t ion .  To some degree 
i n t e r ac t i ve  w i t h  the  f i r s t  i s  the possible e f f ec t  of the  s i gn i f i c an t  thermal, 
energy re jec t ion  .expected fo r  NECs. 

A number of waste heat d i s s ipa t ion  methods a r e  avai lable  t o  the  designer 
of NECs (and dispersed, s i t e s ) .  The present methods include once through 
cool i n g ,  cool ing ponds, spray canal s ,  mechanical and natural d r a f t  coolers ,  
wet/dry towers and possibly dry cooling towers. Large s ca l e  use of once 
through cooling i s  unlikely due to  the  t h r ea t  t o  the  environment. The 
immensity of the  envisioned centers  lends l e s s  credence t o  e i t he r  cooling 
ponds or  spray canals a s  a l t e rna t i ve s .  Typically, past engineering pract ice  
has employed only a s ing le  cooling method a t  any par t i cu la r  generator s i t e .  
The opt ions  above f o r  combining extant  methods f o r  heat d i s s ipa t ion  need to '  
be given fu r ther  considerati  on. 

The possible economic.and environmental benef i ts  which may be gained 
by employing mixed-mode heat d i s s ipa t ion  systems and methods need considera- 
t ion  and development. Optimal u t i l i z a t i o n  of ava i lab le  heat re jec t ion  
resources may ind ica te  a mixed mode system based on current  technology. 
Such considerations a r e  not presently avai lable  and should be considered 
f o r  NECs. Possible combinations may include: natural d r a f t  wet towers, 
with spray systems o r  cooling ponds; o r  mechanical d r a f t  wet towers, with 
natural d r a f t  wet towers, dry towers, o r  cooling ponds. As such s tudies  
indicate ,  the  evolution of an NEC may possibly include one of the above 
combinations. 

There a r e  several s i t e  spec i f i c  cha rac t e r i s t i c s  which a l so  must be 
addressed in  considering candidate cooling technologies. The nuclear center 
concepts being considered include a s  much as  48,000 MWe a t  s ing le  s i t e s .  
This would require  a s  much a s  75,000 t o  100,000 MW of waste thermal energy 

re jec t ion .  In coo le r ' c l imates ,  wet cooling technology may cause fog,  ic ing,  
and s imi la r  c l  imatological in terference.  The problem of noise pollution . 

may a l s o  be s ign i f ican t  f o r  various forms of mechanical cooling. 

A major uncertainty presently e x i s t s  regarding potential  climatological 
e f f ec t s  of heat d iss ipated f o r  a hypothetical NEC.  There may be general 



surface temperature increases, c loudiness and, p r e c i p i t a t i o n  i n i t i a t i o n  as 

w e l l .  as c a t a l y s i s  o f  meteorological  events. There i s  a c l e a r  need f o r  

research on t h e  above c'onsiderat ions. 

Cool ing towers a r c  expected t o  be employed i n  t h e  heat d i s s i p a t i o n  

system f o r  NECs i n  some form o r  o ther .  There i s  n o t  agreement among 

meteoro log is ts  whether i t  i s  des i rab le  t o  have i n t e r a c t i o n  among thermal 

plumes from several s u c h ; t o ~ e ~ s .  Sgm.e&have expressed concern about storm 

i n i t i a t i o n  p o s s i b i l i t i e s  i f  such i n t e r a c t i o n  occurs t o  any g rea t  ex tent .  

The a b i l i t y  t o  p r e d i c t  such e f f e c t s  i s  n o t  w e l l  developed. Thus, the re  i s  

a p o t e n t i a l  problem i n  terms o f  evol 'ut ion. Jud ic ious  s i t i n g  t o  minimize 

the  poss ib le  thermal c l i m a t i c  hazards ,should be p a r t  o f  any speci. f ic p lan-  

n ing  f o r  an NEC. 

On t h e  p o s i t i v e  s ide,  waste heat u t i l i z a t i o n  i n  o the r  forms may become 

f e a s i b l e  due t o  t h e  1.11 t i m a t p l y  large thermal ou tput .  Up t o  now the  t r a d i -  

t i o n a l  d i f f i c u l t y  has been the  re1 i a b i l  i t y  of such ,heat  as a p o t e n t i a l  

energy source'. Here we have the  compounded techn ica l  problem o f  heat  

t ransmission beyond t h e  per imeter  o f  a cen te r  and the  r e l a t e d  problems of 

associated i n d u s t r i e s  poss ib l y  s i t u a t e d  near a center .  .The synergisms here 

compound t h e  s a f e t y  and r e g u l a t o r y  prob1ems.a~ w e l l .  

DECOMMISSIONING 

To date o n l y  small demonstrat ion-type LWRs have been decommissioned, 

bu t  no l a r g e  plants have been decommissioned. Thus there  may b e  some 

uncer ta in ty  about the  l i f e s p a n  o f  LWRs, though i t  i s  t y p i c a l l y  considered 

t o  be 30 t o  40 years. A nuclear  energy center  i s  bes t  viewed as a dynamic 

e n t i t y ,  growing and evo lv ing  i n  response t o  a changing energy environment. 

I f  an NEC i s  envisioned i n  more than a "power on ly "  sense w i t h  poss ib le  

fuel  processing, fab r i ca t i on ,  and waste storage incorpora ted w i t h i n  i t s  

boundaries, then i t  may be considered as dedicated f o r  an i n d e f i n i t e  f u t u r e .  

It then becomes reasonable,-as u n i t s  reach the  l i m i t s  o f  t h e i r  use fu l  l i f e -  

t ime, t o  rep lace them w i t h  new generat ion. Such a view may be envis ioned 

f o r  an NEC a t  m a t u r i t y .  



The methods and procedures f o r  dccommissioning l a r g e  p lan ts  may need 

f u r t h e r  study. ( l o )  The O f f i c e  o f  Standards Development o f  NRC i s  p resen t l y  

developing c r i t e r i a  and standards on the  ex ten t  o f  decontamination i n  con- 

nec t ion  w i t h  p l a n t  design ob jec t ives ,  p l a n t  d e c o n m i ~ s i o n i n ~ ,  and l i c e n s e  

terminat ions.  ' I n fo rma t ion  i s  needed on s a f e t y  aspects and cos ts  r e l a t e d  

t o  t h e  decontamination and decommissioning o f  such f a c i l i t i e s . :  The techn ica l  

areas which need cons idera t ion  may be broken down i n t o :  ' a )  generat ion of 
. . 

re ference in fo rmat ion  and guide1 ines  , b)  methods o f  decommissioning , 
c )  sa fe ty  ana lys is ,  d )  assessments o f  b e n e f i t s  and costs,  and, e) t he  

associated research and development requirements. 

The ac tua l  determinat ion o f  t he  expected l i f e t i m e  f o r  var ious nuclear  

u n i t s  may be considered w i t h i n  area a )  above. Present rule-of-thumb e s t i -  

mates vary from 20 t o  40 years. Th is  may we l l  be a  f u n c t i o n  o f  reac to r  

types, s ize,  components, and s t r u c t u r a l  d e t a i l s .  Possib le synergy i n  t h e  

design and t h e  u l t i m a t e  l i f e t i m e  o f  a  nuclear  u n i t  must be i d e n t i f i e d .  

Possib le s i t e  s p e c i f i c  c h a r a c t e r i s t i c s  must a l so  be i d e n t i f i e d  which may 

e x i s t  p r i o r  t o  decommissioning a c t i v i t i e s .  The res idua l  rad ionuc l  i d e  and 

chemical concentrat ions a t  t he  f a c i l i t y  and s i t e  must be def ined and 

character ized.  Other poss ib le  i npu ts  f o r  g u i d e l i n e  and c r i t e r i a  development 

w i l l  be p r o j e c t i o n s  o f  regu la tory ,  1  egal , and environmental standards a t  

t h e  t ime decommissioning i s  i n i t i a t e d .  

~ o s s i  b l  e  decommissioning methods' a re  c u r r e n t l y  being addressed . i n  

terms o f ,sa fe ty -based d i s p o s i t i o n  c r i t e r i a ,  decontamination processes and 

plans f o r  a i  t e r n a t i v e  modes. D i  sposi t i  on a1 t e r n a t i v e s  may be categor ized 

on t h e  basis o f  u l t i m a t e  use o f  t h e  f a c i l i t y  i n  t h e  f u t u r e .  Dismantl ing 

i s  t h e  o n l y  f e a s i b l e  method if the s p e c i f i c  s i t e  w i l l  'be f u r t h e r  u t i l i z e d .  

a Condi t ional  u t i l i z a t i o n  o f '  t he  s i t e ,  as i n  t h e  NEC case, has several a1 t e r -  

na t ives :  1  ) entombment, 2)  d ismant le i n t e r n a l s ,  entomb o r  mothbal l  s t ruc tu re ,  

3)  mothbal l  f a c i l i t y ,  o r  4) layaway the  f a c i l i t y .  These var ious modes may 

o r  may n o t  preclude i n d e f i n i t e  s u r v e i l l a n c e  o f  decommissioned u n i t s .  

F i n a l l y ,  r ' e s t r i c t e d  use o f  t h e  s i t e  may r e q u i r e  on ly  i s o l a t i o n .  



O f  t he  numerous ways t o  decommission nuc lear  reac to rs ,  t h e  v i a b l e  

a l t e r n a t i v e s  may b e ' g r e a t l y  l i m i t e d  f o r  d ispersed s i t e s .  Present ly  o n l y  

d i sman t l i ng  and mo thba l l i ng  d i s p o s i t i o n  modes have been chosen f o r  t h e  I 

dispersed case. For an NEC a t  m a t u r i t y , . t h e  method o f  decommissioning w i l l  

be a f f e c t e d  by the  u l t i m a t e  r o l e  o f  t he  center .  I f  the  s i t e  i s  assumed t o  

be p e r p e t u a l l y  dedicated, then f ' l e x i  b i l  i t y  i n  d i s p o s i t i o n  a1 te rna t iv ,es  for.. 

c o s t  and s a f e t y  e f fec t i veness  may be g rea te r .  

The r a d i o l o g i c a l  and chemical consequences associated w i t h  decommission- 

i n g  and decommissioned nuc lear  f a c i l i t i e s  and s i t e s '  requ i res  f u r t h e r  i n v e s t i  - 
ga t ion .  S i m i l a r l y ,  t h e  s a f e t y  f a c t o r s ,  r e l e v a n t  t o  t he  working fo rce ,  t h e  

general populat ion,  and t h e  enviro'nment, o f  a c t i o n s  taken t o  decontaminate 

and  decommission^ nuc lear  f a c i  1  i t i e s  and s i t e s  must be evaluated f o r  bo th  

t h e  s h o r t  and l ong  term. 

I n  terms of p lann ing  f o r  NECs, p re l im ina ry  i n v e s t i g a t i o n  should be 

made o f  which d i s p o s i t i o n  mode has t h e  bes t  combinat ion o f  s a f e t y  and . . 

economic advantage. Th is  may a f f e c t  both design and s i t i n g  considerat ions' .  
. . 

I f  .an NEC scenar io i s  envis ioned con ta in ing  f u e l  c y c l e  f a c i l i t i e s ,  then 

s i m i l a r  i n v e s t i g a t i o n s  f o r  those f a c i l i t i e s  must be made. The r o l e  o f  new ' 

processes, technology, procedures, and designs w i t h i n  t h e  t ime  frame t o  

m a t u r i t y  f o r  an NEC needs d e f i n i t i o n .  I f  p r e l i m i n a r y  i n v e s t i g a t i o n s  i n d i  - 
c a t e  t h a t  decommissioning i s  reasonably independent o f  t h e  p lann ing  process 

f o r  t h e  bu i l dup  o f  NECs, then decomm.issibning p lann ing  may be defer red  w h i l e  

accru ing  ac tua l  experience as ' ex tan t  p l a n t s  reach t h e i r  m a t u r i t y .  

CONCENTRATION OF GENERATION 

A rule-of- thumb sometimes used by p u b l i c  u t i l i t i e s  i s  n o t  t o  have more 
. . 

than approximate ly  10 t o  15% o f  t h e i r  system's genera t ion  capac i t y  a t  a  

s i n g l e  l o c a t i o n .  I f  f u t u r e  genera t ion  requirements a r e  t o  be met by nuc lear  

energy centers  t o  any degree, t h e n  t h i  r u l  e-of-thumb needs t o  be examined. 

The concen t ra t i on  of l o a d  problem may n o t  be unacceptable i n  Nat ional  E l e c t r i c  

  el i a b i l  ity Counci l  (NERC) reg ions  which cou ld  war ran t  several  energy centers ,  

none concen t ra t i ng  t h e  bu l k  o f  t h a t  r e g i o n ' s  c a p a c i t y  a t  one geographic 



l o c a t i o n .  However, t h e  e v o l u t i o n  o f  NECs w i t h i n  the'1l.S. power system i n d i -  

cates t h a t  g rea te r  i n te rconnec t i on  between NERC reg ions  w i  11 a1 so be required. 

A second' major area r e q u i r i n g  i n t e r a c t i o n  among u t i l i t i e s  may be f i n a n c i a l  

i n  nature.  Although t h e  f i n a n c i a l  'aspects o f  NECs a r e  being addressed i n  

the  NECSS-75 repo r t ,  some o f  t he  aging aspects w i l l  be reviewed here. 

A major problem f a c i n g  p u b l i c  u t i l i t i e s  today i s  i n  f i nanc ing  t h e  

growth o f  genera t ion  capac i ty .  Due t o  t h e  sheer magnitude o f  t h e  c a p i t a l  

investment requ i red  f o r  NECs, some form o f  j o i n t  p a r t i c i p a t i o n  among u t i l i -  

t i e s  may be i nd i ca ted .  A f a c t o r  t o  be resolved,  beyond agreement t o  par-  

t i c i p a t e ,  w i l l  be on l e g a l  con t rac ts  d e f i n i n g  the  r e s p o n s i b i l i t i e s  and 

o b l i g a t i o n s  o f  t he  p a r t i c i p a n t s ,  as w e l l  as the  f u n c t i o n a l  o rgan iza t i on  

requ i red  t o  manage an energy center  p r o j e c t  . 
Some small  u t i l i t i e s  may n o t  want t o  be h e a v i l y  invo lved i n  power 

i . 
generat ion. On the  o ther  hand, even w i t h  u t i l i t y  cooperat ion, some u t i l i -  

t i e s  w i l l  be h e s i t a n t  t o  make the  long-term c a p i t a l  commitment requ i red  t o  

develop an NEC. Th is  hesi tancy i s  n o t  u n j u s t i f i e d  i n  l i g h t  o f  u n c e r t a i n t i e s  

i n  t he  present  economic, environmental,  and r e g u l a t o r y  c l imates .  T h e  f u t u r e  

. &. 

r o l e  o f  many r e g u l a t o r y  agencies i s  n o t  w e l l  de f ined a t  t h i s  t ime. A t  t he  

v e r y  l e a s t ,  cooperat ion and feedback. i n  1  icensing,  regu la t i ons ,  and guide- 
? .  

l i n e s  over t h e  l ong  t ime per iods envis ioned f o r  NECs a r e  requ i red  between 
'! ': 

i n d u s t r y  and government. S ta te  and l o c a l  agencies must a l s o  be invo lved 

du r ing  the p lann ing  stages o f  t he  NECs. 

~ ~ e c i f i c ' a l l ~ ,  recommendations concerning ownership, pa , r t i c i pa t i on ,  

f i nanc ing  arrangements and requirements, r e s p o n s i b i l i t y  and a c c o u n t a b i l i t y  

f o r  cons t ruc t i on ,  opera t ion  and maintenance o f  NECs must be addressed i n  a  

gener ic  sense i n  t h e  immediate f u t u r e .  The i m p l i c a t i o n s  i n  these terms a r e  

important  t o  both governmental agencies and the  u t i l i t i e s .  Among poss i -  

b i l i t i e s  f o r  s p e c i f i c  nuclear  energy centers  i s  t h e  fo rmat ion  o f  separate 

generat ion and/or t ransmiss ion corpora t ions  t o  develop t h e  energy centers  

and t o  s e l l  energy t o  p a r t i c i p a t i n g  compan'ies. Other p o s s i b i l i t i e s  o f  

ownership and p a r t i c i p a t i o n  should be explored . 



Some form o f  governmental p a r t i c i p a t i o n  may be i n d i c a t e d  because o f  

t he  l a r g e  amounts o f  c a p i t a l  requ i red  f o r  t h e  i n i t i a l  development o f  an 

energy center .  These cos ts  are, f o r  an energy center ,  more o f  a one-time 

bas is  and may i nc lude  such th ings  as land, p l a n t  f a b r i c a t i o n  f a c i l i t i e s ,  

t r a n s p o r t a t i o n  1 inks ,  and poss ib l y  i n i t i a l  t ransmiss ion  cos ts .  
. . 

R e l a t i v e  t o  t h e  long-term p lann ing  f o r  an NEC, t h e  i m p l i c a t i o n s  o f  t h e  

concept a r e  s i g n i f i c a n t .  L i a b i l i t y  among j o i n t  p a r t i c i p a n t s  must be 

addressed f o r  poss ib le  acc idents  and i n a b i l i t y  t o  r a i s e  f u t u r e  c a p i t a l .  

Also, as before, t h e  e v o l u t i o n  o f  an energy center ,  i n c l u d i n g  f u e l  c y c l e  

t a c i  l i t i e s  and the  i n t e r a c t i o n  between centers  i n  a 1 1 1  aspects o f  power and 

fue'l , serves t o  con~pound the  p r o l l e n ~  o r  r i r ~ d r ~ c i a l  p l a r ~ r ~ i r ~ y .  

CONCLUSIONS 

No insurmountable techn ica l  problems a r e  apparent on the  long-term 

hor izon f o r  t h e  NEC concept. However, t h e  e v o l u t i o n  o f  a cen te r  r a i s e s  

some fundamental quest ions w i t h  regard  t o  i t s  p lanning.  As i nd i ca ted ,  t h e  

plannlng process must be flexjble hvrd adaptable a.s t h e  NEC evolves. 

It i s  easy t o  underest imate t h e  long- term p lann ing  problems f o r  such a 

concept due t o  bo th  t h e  l ong  t ime frame invo l ved  and t h e  monumental s i z e  o f  

a center .  The e f f e c t  o f  an NEC on i t s  envi rons w i l l  be dynamic i n  nature,  

and i n  t u r n  i t s  e v o l u t i o n  w i l l  be a f f e c t e d  by i t s  e'nvironment. S u f f i c i e n t  

f o r e s i g h t  i n  those f a c t o r s  which w i l l  i n f l u e n c e  i t s  e v o l u t i o n  can be viewed 

as an advantage i n  the  p lann ing  process. 

Several f a c t o r s  n o t  discussed he re in  should be considered i n  t he  evolu-  

t i o n  o f  an NEC. These a r e  bes t  charac ter ized as s o c i o l o g i c a l  i n  nature.  

For .example, an NEC w i l l  i n v o l v e  a l a r g e  c o n s t r u c t i o n  and ope ra t i on  l a b o r  

fo rce ,  whose maintenance and management w i l l  va ry  ove'r t he  1 i f e t i m e  o f  t h e  

center .  I n  add i t i on ,  t he  support o f . t h e  workfor,ce and t h e i r  f a m i l i e s  w i l l  

have s i g n i f i c a n t  impact on .the l o c a l  economic environment. The bu i l dup  and 

support o f  communities, and the  goods and serv ices  i n f r a s t r u c t u r e  t o  support  

the  necessary l a b o r  f o r c e  must a l s o  be considered over  t h e  hor.izon o f  an 

NEC. These a r e  a n c i l l a r y  problems t o  t h e  ac tua l  e v o l u t i o n  o f  an NEC. 



The fo l l ow ing  comments can be made about aging o f  NECs: 

No s p e c i f i c  "aging" f a c t o r s  prec lude g i v i n g  the  concept of  nuclear  
. 1 

energy centers  f u r t h e r  cons idera t ion .  

Considerat ion o f  t he  "aging" problem f o r  NECs i n d i c a t e s  t h a t  t he  
. - 

p lann ing  process must extend. beyond t h e l r  i n c e p t i o n  and cont inue 

" throughout t h e i r  foreseeable l i f e t i m e .  

a There may be a combined environmental e f f e c t  o f  a l l  t he  p l a n t s .  

Examples are :  1 )  c l i m a t i c  changes i n  t he  area due t o  concentrated 

use o f  evaporat ive cool  ing,  2)  gaseous and vapor emissions, a c c i -  

denta l  o r  otherwise, and 3)  waste products, e t c .  

The centers  may be suscept ib le  t o  p rev ious l y  u n i d e n t i f i e d  s y n e r g i s t i c  

e f f e c t s  o r  common mode f a i l u r e s .  
. . 

' a Future  r e g u l a t o r y  c l ima tes  f o r  l i c e n s i n g  f u t u r e  i n s t a l l a t i o n s  a r e  

d i f f i c u l t  t o  p r e d i c t .  

Fu ture  t ransmiss ion and generat ion technologies which may be i n c o r -  

porated i n  t h e  center  a t  some l a t e r  date. a re  d i f f i c u l t  t o  p r e d i c t .  

To he lp  c l a r i f y  some o f  t he  general issues above, t he  f o l l o w i n g  areas 

a r e  suggested f o r  f u r t h e r  i n v e s t i g a t i o n .  

a Determine the  f e a s i b i l i t y  o f  nuclear  u n i t s  opefat ing i n  a non-base 

loaded mode. Evaluate t r a d e - o f f s  i n  energy storage, of f -peak uses o f  

surp lus  capac i ty ,  and l oad  f l a t t e n i n g  as a l t e r n a t i v e s .  

a .  Determine the  t ransmiss ion r e l i a b i l i t y  requirements f o r  an NEC i n  terms 

o f  p o t e n t i a l  advanced techno1 bgy and opt imal  t ransmiss ion expansion. 

Consider f u t u r e  a l t e r n a t i v e s  f o r  generat ion expansion i n  NECs and 

. t h e i r  e f f e c t  on the  p o t e n t i a l  b e n e f i t s  expected o f  s tandard i za t i on  

o f  engineer ing and cons t ruc t i on .  
1 

a Consider t h e  charac ter  o f  t he  mix o f  generat ion concepts i f  NECs w i l l  

u l t i m a t e l y  i nc lude  i n t e g r a t e d  . fue l  c y c l e  f a c i l i t i e s .  

Evaluate necessary changes i n  t he  r e g u l a t o r y  process t o  f a c i l i t a t e  

long- term p lann ing  f o r  nuc lear  energy centers.  



I n v e s t i g a t e  t h e  combination e f f e c t s  of m u l t i p l e  s i t i n g  i n  exposure and 

acc iden t  p o t e n t i a l  t o  both the  environment and t h e  workers. d . I d e n t i f y  the  p o t e n t i a l  c1 ima t i c ;e f fec ts  from heat d i s s i p a t i o n  and t h e  

p o s s i b i l i t y  o f  mixed mode coo l ing .  

Determi,ne gu ide l ines  and procedures f o r  decommissioning and p r e d i c t i o n  

o f  l i f e t i m e s  f o r  candidate generat ion technologies and f u e l  c y c l e  

f a c i l i t i e s .  , .. L, t i #  - * : t y , . j . +  V*C t *! *". v ,  

The need i s  ev ident  f o r  i n teg ra ted  p lanning o f  a  nuclear  energy center  

i n  terms o f  t he  long-term horizons envisioned. New approaches a re  requ i red  

t o  consider  t h e  i n t e r a c t i o n  o f  t he  var ious  aspects o f  such a  concept. S i m i -  

l a r l y ,  t h e  development o f  optimum s t r a t e g i e s  f o r  t h e  expansion o f  nuclear  

power 'generat ion w i  11 take on d i f f e r e n t  perspect ives w i t h  such cons idera t ions .  

The e v o l u t i o n  may be a  gracefu l  process i f  planning has i t s  basis i n  t h e  

i d e n t i f i c a t i o n  o f  those f a c t o r s  which w i l l  make i t  so .  
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