
3 44 0 

NUREG/CR-30% 
(ORNL/CSD/TM-197) 

Population Distribution Analyses 
for Nuclear Power Plant Siting 

Prepared by R. C. Durfee, P. R. Coleman 

Oak Ridge National Laboratory 

Prepared for 
U.S. Nuclear Regulatory 
Commission 



0 

+ 
NOTICE 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, or any of their 
employees, makes any warranty, expressed or implied, or assumes any legal liability of re- 
sponsibility for any third party's use, or the results of such use, of any information, apparatus, 
product or process disclosed in this report, or represents that i t s  use by such third party would 
not infringe privately owned rights. 

Availability of Reference Materials Cited in NRC Publications 

Most documents cited in N RC publications will be available from one of the following sources: 

1. The NRC Public Document Room, 1717 H Street, N.W. 
Washington, DC 20555 

2. The NRC/GPO Sales Program, U.S. Nuclear Regulatory Commission, 
Washington, DC 20555 

3. The National Technical Information Service, Springfield, VA 22161 

Although the listing that follows represents the majority of documents cited in NRC publications, 
it is not intended to he exhaustive. 

Referenced documents available for inspection and copying for a fee from the NRC Public Docu- 
ment Room include NRC correspondence and ifiternal NRC memoranda: NRC Office of Inspection 
and Enforcement bulletins, circulars, information notices, inspection and investigation notices; 
Licensee Event Reports; vendor reports and correspondence; Commission papers; and applicant and 
licensee documents and correspondence. 

The following documents in the NUREG series are available for purchase from the NRC/GPO Sales 
Program: formal N RC staff and contractor reports, NRC-sponsored conference proceedings, and 
NRC booklets and brochures. Also available are Regulatory Guides, NRC regulations in the Code o f  
Federal Regulations, and Nuclear Regulatory Commission Issuances. 

Documents available from the National Technical Information Service include NUREG series 
reports and technical reports prepared by other federal agencies and reports prepared by the Atomic 
Energy Commission, forerunner agency to the Nuclear Regulatory Commission. 

Documents available .from public and special technical libraries include all open literature items, 
such as books, journal and periodical atficles, and transactions. federal Register notices, federal and 
state legislation, and congressional reports can usually be obtained from these libraries. 

Documents such as theses, dissertations, foreign reports and translations, and non-N RC conference 
proceedings are availahle for purchase from the organization sponsoring the publication cited. 

Single copies of NRC draft reports are available free upon written request to the Division of Tech- 
nical Information and Document Control, U.S. Nuclear Regulatory Cornmission, Washington, DC 
20555. 

Copies of industry cocles and standards used in a substantive manner in the NRC regulatory process 
are maintained at the NRC Library, 7920 Norfolk Avenue, Bethesda, Maryland, and are available 
there for reference use by the public. Codes and standards are usually copyrighted and may be 
purchased. from the originating organization or, if they are American National Standards, from the 
American National Standards Institute. 1430 Broadwy, New York, NY 10018. 

GPO Printed copy price: $8.50 _ _  _Y 

-I__ __I_-- 



f . .--- 
UNITED STATES 

NUCLEAR REGULATORY COMMISSION 
WASHINGTON, D. C. 20555 

January 26, 1984 
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f o r  
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ORNL/CSD/TM- 197 

POPULATION DISTRIBUTION ANALYSES FOR 
NUCLEAR POWER PLANT S I T I N G  

Prepared by  

Oak Ridge Nat iona l  Laboratory 

f o r  t h e  

U. S. Nuclear Regulatory Commission 

Whi le t h e  in fo rmat ion  and analyses repor ted  i n  NIlREG/CR-3056, "Popu la t ion  
D i s t r i b u t i o n  Analyses f o r  Nuclear Power P lan t  S i t i n g , "  remain v a l i d  f o r  t h e i r  
intended purpose, t h e  Conmission recognized t h e  va lue  i n  the  techniques which 
were developed f o r  t h i s  p r o j e c t  and ORNL has f u r t h e r  r e f i n e d  them undpr 
c o n t r a c t  t o  t h e  Off ice of Nuclear Reactor Regulat ion.  
o f  these techniques g i v e  more accurate est imates and have been supplemented 
w i t h i n  10 m i l e s  by i n t e r p r e t a t i o n  of a e r i a l  photographs f o r  a l l  s i t e s  w i t h  
ope ra t i ng  p lan ts .  Th is  in fo rmat ion  i s  a v a i l a b l e  from t h e  S i t e  Ana lys is  Branch 
o f  t he  O f f i c e  o f  Nuclear Reactor Regulat ion.  

I n  developing t h e  improved techniques, e r r o r s  o f  several  k inds  were noted. One 
e r r o r  was w i t h  respec t  t o  the  map coord ina tes  o f  t he  opera t i ng  p lan ts .  Thc 
Un i ted  States Geological  Survey had r e c e n t l y  completed a check of a l l  these 
l o c a t i o n s  and e r r o r s  were found i n  the values p rev ious l y  used by t h e  NRT s t a f f  
and i n  t h i s  repo r t .  Table 1 l i s t s  those s i t e s  f o r  which e r r o r s  were found t o  
e x i s t  and g ives  the  c o r r e c t  values and the  approximate magnitude o f  t h e  
d i f f e r e n c e  between t h e  ac tua l  l o c a t i o n  and t h a t  used i n  t h e  r e p o r t .  
instances t h i s  cou ld  s i g n i f i c a n t l y  e f fec t  t h e  popu la t ions  ascr ibed t o  s p e c i f i c  
d is tances  from the  p lan t .  The second s e t  o f  e r r o r s  was r e l a t e d  t o  t h e  
d i s t r i b u t i o n  o f  popu la t ions  and i s  discussed i n  t h e  t e x t .  P.n example, Oyster 
Creek, i s  p rov ided as Table 2 t o  show why more accurate d i s t r i b u t i o n  
i n fo rma t ion  should be used f o r  ser ious  d iscuss ions  about any ac tua l  l o c a t i o n .  
Please note, t h e  analyses repor ted  here a re  s t i l l  v a l i d  f o r  t h e i r  o r i g i n a l  
purpose. It i s  on ly  t h e i r  use i n  any o the r  con tex t  which should be viewed wi th 
caut ion .  For f u r t h e r  in fo rmat ion  about popu la t ions  around opera t i ng  nuc lea r  
power p l a n t s  contac t  t h e  S i t e  Ana lys is  Branch, O f f i c e  o f  Nuclear Reactor 
Regula t i  on. 

The more recen t  vers ions  

Ir! some 

W i l l i a m  O t t ,  Sect ion Leader 
F a c i l  i t y  Performance Sect ion  
O f f i ce  o f  ' juclear Regu1ator.y h e a r c h  



PLANT NAME 

Byron 

Ca 1 1 away 

Ca tawba 

Cherokee 

C1 inton 

Comanche Peak 

Fermi 

Grand Gulf  

Harr is  

Marble H i l l  

Mid1 and 

Palo Verde 

Perry 

River Bend 

Seabroo k 

Skagit/Hanford 

Susquehanna 

Vogtl e 

Waterford 

Watts Bar 

Wolf Creek 

WPPSS 14 

WPPSS 35 

TABLE 1 
CORRECTED NPP LOCATIONS 

CORRECTED 
LONG - L AT 

42" 04' 30" 89" 16' 51" 

38" 45' - 44" 91" 46' 54" 

- 
- 

35" 02' 05" 

35" 02' 11" 

81" 04' - 15" 

81" 30' - 47" - 
40" 10' -- 23" 88" 50' 03" 

32" 15' 54" 97" 47' 08" 

41",57' 47" 83" 15 '  - 28" 

- - 
- 

32" 00' 27" 91" 02' - 51" 

35" 38' 01" 78" 57' 23" 

38" 36' 03" 85" 26' 44" 

- - 
- - 

43" 35' - 09" 84" 13' 23" 

33" 23' 17" - 112" 51' - 52" 

41" 48' 03" 81" 08' - 39'' 

30" 45" 25' 91" 19' - 53" 

42" 53' 54" 70" 50' 59" 

46" 29' 15" 119" 26' 04" 

41" 05' 32" 76" 08' 48" 

33" 08' 29" 81" 45' - 45" 

29" 59' - 41" 90" 28' 16" 

35" 36' - 08" 84" 47' 22" - 

- 
- 
- -- 

-- 
- - 
- 

38" 14' 19" 95" 41' -- 22" - 
46" 28' 32" 119" 19' 02"- - -- 
46" 57' - 34" 123" 28' - 15" 

APPROXIMATE ERROR 
FEET - - LAT LONG 

290 

400 

410 

350 

400 

270 

250 

170 

130 

770 

100 

980 

250 

130 

460 

490 

570 

710 

100 

330 

190 

3,000 

2,300 

NOTE: Corrected numbers under1 ined . 
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' 2  

STAFF 
EST 

522 

702 

519 

64 1 

595 

553 

463 

500 

125 

0 

0 

0 

0 

0 

. o  
80 

4700 
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Foreword 

On J u l y  29, 1980, an advance n o t i c e  of rulemaking w a s  publ ished f o r  
r e v i s i o n  of t he  Nuclear Regulatory Commission's ( N R C )  r e g u l a t i o n s  f o r  t h e  
s i t i n g  of nuc lear  power r e a c t o r s .  
t o r y  began t o  develop a t echn ica l  da t a  base t o  support  t h e  rulemaking 
a c t i v i t i e s .  
f o r  S i t i n g  C r i t e r i a  Development" (NUREG/CR-2239, December 1982). 
began a t  Oak Ridge Nat ional  Laboratory (ORNL) t o  prepare an Environmental 
Impact Statement f o r  t h e  rulemaking. 

Soon t h e r e a f t e r  SANDIA Nat ional  Labora- 

The r e s u l t s  of t h a t  work were r epor t ed  i n  "Technical Guidance 
Work a l s o  

When the  rulemaking was defer red  pending a review of t he  severe 
acc ident  source term and t h e  t e s t  implementation per iod f o r  the s a f e t y  
goal ,  it was decided t o  document t h e  ORNL work i n  a s e r i e s  of t echn ica l  
r epor t s .  One of t h a t  s e r i e s  i s  t h i s  r e p o r t ,  "Population D i s t r i b u t i o n  
Analyses f o r  Nuclear Power P lan t  S i t ing ' '  (NUREG/CR-3056). 

This r epor t  desc r ibes  demographic ana lyses  which were undertaken t o  
supplement s i t e  a v a i l a b i l i t y  s t u d i e s  repor ted  i n  NUREG/CR-2339. The ORNL 
work u t i l i z e d  a c t u a l  1980 census da t a  and developed an i n t e r p o l a t i o n  tech- 
nique t o  d i s t r i b u t e  t h e  1980 populat ion i n  r u r a l  a r eas  where t h e  census 
enumeration d i s t r i c t s  are l a r g e r  than  t h e  g r i d  s i z e  used f o r  the  ca lcu la-  
t i ons .  Because of t h e  na tu re  of t he  i n t e r p o l a t i o n  i n  r u r a l  areas, t h e  
populat ion desc r ip t ion  around any s p e c i f i c  l o c a t i o n  i n  a low populat ion 
a r e a  has l a r g e  u n c e r t a i n t i e s  and t h e  ind iv idua l  c a l c u l a t i o n s  of d e n s i t i e s  
w i t h i n  f i v e  mi les  must be considered t o  be s u b j e c t  t o  s i g n i f i c a n t  e r r o r s .  
These e r r o r s  a r e  acceptab le  i n  t h e  context of t h e  eva lua t ions  repor ted  he re  
because the  goal  was t o  compare genera l  s i t e  a v a i l a b i l i t y  f o r  l a r g e  geo- 
graphica l  areas wi th  respec t  t o  s p e c i f i c  a l t e r n a t i v e  formulat ions f o r  t h e  
demographic s i t i n g  c r i t e r i a .  This means t h a t  any ind iv idua l  eva lua t ion  may 
be i n  e r r o r ,  p a r t i c u l a r l y  i n  t h e  low populat ion a reas ,  but t h e  o v e r a l l  
t r ends  displayed f o r  l a r g e  a r e a s  should be r e l i a b l e .  Details of t h e  
eva lua t ion  techniques a re  presented i n  t h e  body of t h e  r epor t .  

While ORNL was developing these  da t a ,  t h e  NRC s t a f f  w a s  u t i l i z i n g  
i n s i g h t s  gained from t h e  SANDIA work t o  formulate  a l t e r n a t i v e  c r i t e r i a  i n  
response t o  the  NEPA requirement f o r  a range of reasonable  a l t e r n a t i v e s  t o  
be presented i n  t h e  environmental impact statement.  One a i m  w a s  t o  express  
i n  q u a n t i t a t i v e  terms the  admonition of 10 CFR 100 (100.11 ( a ) ( 3 ) )  t o  avoid 
populat ion centers .  
dens i ty  va lues  ( th re sho ld  l e v e l s  lead ing  t o  more i n t e n s i v e  s t a f f  ana lyses ) ,  
s imi l a r  t o  those of Regulatory Guide 4.7, i n s t ead  of t h e  dose c a l c u l a t i o n s  
p re sen t ly  i n  use. 
r e p o r t ,  toge ther  wi th  reg iona l  maps which g raph ica l ly  d i sp l ay  t h e  implica- 
t i o n s  of each a l t e r n a t i v e  f o r  s i t e  a v a i l a b i l i t y  i n  t h r e e  regions.  The 
t h r e e  reg ions  were chosen t o  i l l u s t r a t e  t h e  e f f e c t  of t h e  c r i t e r i a  i n  t h e  
heavi ly  populated no r theas t ,  t h e  heavi ly  i n d u s t r i a l i z e d  midwest and t h e  
sparse ly  populated northwest.  

A second a i m  was t o  express  t h e  c r i t e r i a  i n  terms of 

The a l t e r n a t i v e  formulat ions are descr ibed i n  t h i s  

Addi t iona l ly ,  c a l c u l a t i o n s  were performed t o  eva lua te  t h e  e x i s t i n g  
nuc lear  power p l an t  s i t e s  which were not  w i th in  the  t h r e e  reg ions  used f o r  
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t h e  l a r g e  a r e a  i l l u s t r a t i o n s .  ( A  select ive group of a l t e r n a t i v e  s i tes  w a s  
a l s o  eva lua ted . )  These a d d i t i o n a l  ana lyses  w e r e  intended t o  i l l u s t r a t e  f o r  
comparative purposes t h e  a p p l i c a t i o n  of t h e  a l t e r n a t i v e s  t o  a set  of loca- 
t i o n s  a l r eady  approveid and thus  r e p r e s e n t a t i v e  of t he  s i t e s  t h a t  would be 
accep tab le  wi th  r e spec t  t o  o t h e r  s a f e t y  and environmental  s i t i n g  f a c t o r s .  
It should be noted, hbowever, t h a t  j u s t  because a s i t e  does no t  meet one o r  
more of t h e  a l t e r n a t i v e  c r i t e r i a  i n  t h i s  s tudy does not  mean t h a t  i t  i s  not  
accep tab le  from a s a f e t y  s tandpoin t  o r  t h a t  it does not  m e e t  NRC's 
r egu la t ions .  

The Commission has f o r  many yea r s  considered popula t ion  s t a t i s t i c s  i n  
reviewing nuc lea r  power p l a n t  l i c e n s e  app l i ca t ions .  
CFR 100) and q u a n t i t a t i v e  (Regulatory Guide 4.7, "General Environmental 
S i t e  S u i t a b i l i t y  Criteria") guidance have been formal ly  i s sued  by the  Com- 
mission. Because t h e  e x i s t i n g  guidance permits  i n t e r p l a y  between p l an t  
design and popula t ion  cons ide ra t ions ,  some u t i l i t i e s  chose t h e  added 
expense of increased  c o s t s  f o r  engineered s a f e t y  f e a t u r e s  over  t h e  c o s t s  
a s s o c i a t e d  w i t h  more remote s i t i n g .  
l a t i o n  d i s t r i b u t i o n  and popula t ion  dens i ty  around e x i s t i n g  sites. Appendix 
E provides  a t a b u l a t i o n  of t h e  eva lua t ion  of e x i s t i n g  s i tes  i n  terms of t h e  
a l t e r n a t i v e s .  The s i tes  which would not  meet e i t h e r  p a r t  of t h e  least  
res t r ic t ive  a l t e r n a t i v e  are  among those  which needed a d d i t i o n a l  o r  more 
e f f e c t i v e  ( than  usua l )  engineered s a f e t y  f e a t u r e s  t o  s a t i s f y  t h e  s i t e  
l i c e n s i n g  dec is ion .  
of t h e  least  r e s t r i c t i v e  a l t e r n a t i v e  were i d e n t i f i e d  by t h e  Commission's 
s t a f f  i n  e f f o r t s  t o  i ldentify candida tes  f o r  t h e  f i r s t  group of p l a n t s  t o  
have d e t a i l e d  r i s k  assessment c a r r i e d  out .  Thus t h e  r e s u l t s  of t h e  calcu- 
l a t i o n s  presented  he re  are c o n s i s t e n t  w i th  t h e  r egu la to ry  approach a l r eady  
being taken wi th  regard  t o  popula t ions  around ind iv idua l  p l an t s .  
d i f f e r e n c e  i s  t h a t  t he  o r i g i n a l  focus  on t h e s e  p l a n t s  w a s  through a review 
designed t o  enhance s a f e t y  a t  i nd iv idua l  p l a n t s  whi le  t h e  development of 
s i t i n g  c r i t e r i a  i s  intended t o  e s t a b l i s h  gene r i c  c r i t e r i a  which might, i n  
most cases ,  e l imina te  o r  s u b s t a n t i a l l y  reduce t h e  need f o r  c o s t l y  and 
time-consuming custom des igns  a s s o c i a t e d  wi th  t h e  design coupl ing t o  s i t e  
demography . 

Both q u a l i t a t i v e  (10 

This  has  r e s u l t e d  i n  a range of popu- 

'These few s i tes  and those  which do no t  meet one p a r t  

The 

The comparative eva lua t ions  presented  i n  t h e  r e p o r t  a re  intended t o  
The provide pe r spec t ive  a:: a n  a i d  t o  t h e  Commission i n  dec i s ion  making. 

a l t e r n a t i v e s  analyzed he re  can be cha rac t e r i zed  as re f inements  of present  
p r a c t i c e  under P a r t  100 and Regulatory Guide 4.7. The r e s u l t s  of t h e  
severe  acc iden t  source t e r m  review may r e s u l t  i n  t h e  cons ide ra t ion  of addi- 
t i o n a l  a l c e r n a t i v e s  which depar t  subs t an t ive ly  from present  p rac t i ce .  
va r ious  a l t e r n a t i v e s  and ana lyses  a re  one p a r t  of t h e  dec i s ion  framework 
t h a t  w i l l  even tua l ly  r e s u l t  i n  a c l a r i f i c a t i o n  of t he  Commission's s i t i n g  
requirements.  The a c t u a l  d a t a  r e s u l t i n g  from t h e  c a l c u l a t i o n s  us ing  t h e  
i n t e r p o l a t e d  popula t ion  d a t a  and real  s i t e s  should only be used as input  t o  
l a r g e r  d i scuss ions  on s t a t i s t i c a l  t r ends  i n  s i t e  a v a i l a b i l i t y  as a f f e c t e d  
by va r ious  s o c i e t a l  chlanges and c o n s t r a i n t s .  

The 

-_ 
Frank J V A r s e n a u l t ,  Di rec tor  
Div is ion  of Health,  S i t i n g ,  and 

Off ice  of Nuclear Regulatory Research 
Waste Management 
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POPULATION DISTRIBUTION ANALYSES FOR NUCLEAR POWER PLANT SITING 

R. C. Durfee and P. R. Coleman 
Computer Sc iences  

ABSTRACT 

The Nuclear Regulatory Commission i s  i n  t h e  process  o f  
reviewing g u i d e l i n e s  and r e g u l a t i o n s  a s s o c i a t e d  wi th  popula- 
t i o n  d i s t r i b u t i o n  c r i te r ia  around nuclear  power p l a n t  si tes. 
The purpose of t h i s  paper i s  t o  desc r ibe  the methodology f o r  
c a l c u l a t i n g  popula t ion  d i s t r i b u t i o n s  i n  t h e  U. S. and t h e n  
eva lua t ing  specif ic  population cr i ter ia  and their  effect upon 
the  s e l e c t i o n  of f u t u r e  nuc lear  power p l a n t  sites. Through 
t h e  use of computer systems, d i f f e r e n t  a l t e r n a t i v e s  may be 
eva lua ted  f o r  i n d i v i d u a l  s i tes or f o r  major r eg ions  of the  
country t o  determine t h e i r  r e s t r i c t i v e n e s s  on s i t i n g  nuc lear  
p lan ts .  Two types  of cr i ter ia  were used. They involved t h e  
a n a l y s i s  of popula t ion  d i s t r i b u t i o n s  r a d i a l l y  o u t  from each 
p o s s i b l e  s i t e  and t h e  study of angular d i s t r i b u t i o n s  around 
each site. Resu l t s  are presented i n  both t a b u l a r  and g raph ic  
form us ing  n a t i o n a l ,  r eg iona l ,  and s i t e - l e v e l  computer maps. 
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1. INTRODUCTION 

The Nuclear Regulatory Commission i s  i n  t h e  process  of reviewing 

g u i d e l i n e s  and r e g u l a t i o n s  a s s o c i a t e d  w i t h  population d i s t r i b u t i o n  cri teria 

around nuclear  power p l an t  sites. The purpose of t h i s  paper i s  t o  describe 

t h e  methodology f o r  c a l c u l a t i n g  population d i s t r i b u t i o n s  i n  t he  U. S. and 

then  eva lua t ing  specif ic  popula t ion  cri teria and t h e i r  effect upon f u t u r e  

nuc lear  power p l an t  s i t i n g  and l i cens ing .  Through the use of computer sys- 

tems, d i f f e r e n t  a l t e r n a t i v e s  may be eva lua ted  f o r  i n d i v i d u a l  sites or f o r  

major r e g i o n s  of the country t o  determine t h e i r  r e s t r i c t i v e n e s s  on s i t i n g  

nuc lear  p lan ts .  

Seve ra l  s t e p s  were requ i r ed  t o  c a r r y  ou t  t h e  eva lua t ion ,  i nc lud ing  

p repa ra t ion  of population data bases f o r  t he  whole U. S., c a l c u l a t i o n  of 

popula t ion  dens i ty  d i s t r i b u t i o n s ,  c a l c u l a t i n g  acceptable and nonacceptable 

geographic zones based upon the  s i t i n g  cr i ter ia ,  eva lua t ing  i n d i v i d u a l  

sites, and producing computer maps and numeric output  f o r  ana lys i s .  The 

s i t i n g  cri teria involved two d i f f e r e n t  t ypes  of ca l cu la t ions .  The first 

was t o  look  a t  specif ic  d e n s i t y  l e v e l s  (or t h e  corresponding number of peo- 

p le )  i n  c i r c u l a r  areas of specif ied rad i i  about all poss ib l e  p l an t  sites. 

Since  popula t ion  c e n t e r s  are not  necessa r i ly  spread homogeneously around 

p o t e n t i a l  s i tes,  a second cr i ter ia  was ca l cu la t ed  based upon the angular  

d i s t r i b u t i o n  of people i n  16 s e c t o r s  around each site. The body of t he  

paper describes each of these s t e p s  and i n c l u d e s  d i s p l a y s  p r imar i ly  f o r  t he  

n o r t h e a s t e r n  U.S. whi le  Appendix A i n c l u d e s  d i s p l a y s  f o r  t he  Midwest and 

t h e  Northwestern p o r t i o n  of t he  U.S. as w e l l .  
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Other f a c t o r s  are a l s o  important i n  the  s i t i n g  of nuc lea r  power 

p l a n t s ,  such as t h e  acva i lab i l i ty  of water f o r  cool ing  purposes,  earthquake 

zones, o f f - s i t e  hazards ,  e t c .  Complementary work has been c a r r i e d  out  on 

some of these  f a c t o r s  t o  study how t h e  s i t i n g  p a t t e r n s  would be r e s t r i c t e d  

a c r o s s  t h e  U. S. when a number of f a c t o r s  a r e  app l i ed  simultaneously.  

This  paper desc r ibes  work done only on populat ion c r i t e r i a ,  however, with 

the  end r e s u l t  being output ,  maps, and s t a t i s t i c s  t o  a i d  i n  eva lua t ing  the  

d i f f e r e n t  opt ions.  The work was i n i t i a l l y  begun using 1970 census da t a ,  

then  updated t o  inc lude  pre l iminary  1980 populat ion da ta ,  and f i n a l l y  modi- 

f i e d  t o  inco rpora t e  f i n a l  1980 census data .  These s t e p s  a r e  descr ibed  i n  

the  next  sec t ion .  Another cons idera t ion ,  which has  not been addressed i n  

t h i s  paper,  i s  t h e  development of f u t u r e  p r o j e c t i o n s  of popula t ion  and 

t h e i r  e f f e c t  on proposed guide l ines .  

c a r r i e d  out  f o r  a few s p e c i f i c  s i t e s  as p a r t  of another  p ro jec t .  

ana lyses  i n  t h i s  r e p o r t  a r e  r e s t r i c t e d  t o  s tudying d i s t r i b u t i o n s  where peo- 

p l e  l i v e ,  not  where t h e  working popula t ion  i s  loca ted .  

populat ions considered such as might occur i n  r e c r e a t i o n a l  areas near reac-  

t o r  s i tes .  

Work on f u t u r e  p ro jec t ions  has been 

The 

Nor are  t r a n s i e n t  

The bas i c  popula t ion  c r i t e r i a  were expressed i n  terms of t h e  s e c t o r  

and c i r c u l a r  zones mentioned previously.  The c i r c u l a r  zones consider  

o v e r a l l  dens i ty  levels around p l a n t  s i tes ,  while  t h e  s e c t o r  c r i t e r i a  con- 

s i d e r  t h e  angular  d i s t r i b u t i o n  of popula t ion  c e n t e r s  around the  s i tes .  

Figure 1 shows t h e  geometry used around each poss ib l e  s i te .  

p re sen t s  a t y p i c a l  a l t e r n a t i v e  of t he  populat ion c r i t e r i a  expressed i n  

terms of t h e  r a d i a l  and s e c t o r  zones. 

Table 1 

This  p a r t i c u l a r  a l t e r n a t i v e  i s  
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Table 1. Populat ion Threshold Levels Expressed as  T o t a l  
Counts Around a S i t e  (A l t e rna t ive  Case 4). 

b Radial  C r i t e r i a a  Sec tor  C r i t e r i a  
Radial  Distance 

(Miles)  Cumulative Populat ion Cumulative Populat ion 
Out t o  Radial  Distance Within Two Adjacent 

22-1/2' Sec to r s  

0-2 3,142 7 85 

0-5 52,622 13,155 

0-10 229,336 57,334 

0-15 

0-20 

0-25 

0-3 0 

523,890 

936,193 

1,466,336 

2,114,288 

130,965 

234,048 

366,584 

528,572 

Based on populat ion dens i ty  of 250/mi2 from 0-2 m i l e s  and a 

7 50/mi2 beyond. 

Based on 1/4th t h e  maximum r a d i a l  c r i t e r i a  popula t ion  being 
allowed w i t h i n  two ad jacen t  22-1/2' sec tors .  
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r e f e r r e d  t o  as  Case 4 i n  l a t e r  sec t ions  of t he  r epor t .  When populat ion 

counts  exceed t h e  threshold  levels ,  then a s i t e  i s  noted as being p a r t  of a 

poss ib l e  exc lus ion  zone. A d e t a i l e d  d e s c r i p t i o n  of t h e  r ad ia l - sec to r  c r i -  

t e r i a  i s  given i n  Sec t ion  4.1. 

pu ter ,  i t  w a s  poss ib l e  t o  test  a number of a l t e r n a t i v e s  f o r  l a r g e  reg ions  

as w e l l  as f o r  i nd iv idua l  s i tes .  The next four  f i g u r e s  (Figs.  2a, 2b, 3 ,  

and 4 )  present  the  genera l  r e s u l t s  as ca l cu la t ed  f o r  an  area i n  t h e  

Northeast  i d e n t i f i e d  as t h e  PJH reg ion  (Pennsylvania,  New Jersey ,  Maryland 

By implementing t h e  ana lyses  on t h e  com- 

In te rconnec t ion) .  

f o r  s p e c i f i c  contour l e v e l s  w i t h i n  t h e  PJM area. Figure 2b p resen t s  t h e  

gr idded populat ion d e n s i t i e s  as a 3-D perspec t ive  su r face  viewed from the  

Southeast  w i th  t h e  peaks corresponding t o  urban areas and t h e  v a l l e y s  o r  

Figure 2a d i sp lays  the  ca l cu la t ed  populat ion d e n s i t i e s  

f l a t  su r f aces  corresponding t o  r u r a l  areas. Figure 3 shows wi th in  a l a r g e  

reg ion  a l l  zones exceeding t h e  threshold  l e v e l s  ( i n  r e d )  based upon one 

c r i t e r i a  a l t e r n a t i v e  (Case 4). Figure 4 shows r e a c t o r  s i t e s  opera t ing ,  

under cons t ruc t ion ,  or  planned, w i th in  t h i s  a r e a  superimposed on t h i s  same 

map t o  see  what t he  e f f e c t  would be on these  previously s e l e c t e d  s i t e s .  A 

few of t h e  cu r ren t  p l an t  s i tes  f a l l  w i th in  t h e  r ed  zones i n d i c a t i n g  they 

would be subjec ted  t o  a d d i t i o n a l  s t a f f  ana lyses  under t h i s  p a r t i c u l a r  

a l t e r n a t i v e .  The genera l  methodology i s  ou t l ined  below: 

( 1 )  Census populat ion d a t a  were prepared a t  t h e  enumeration d i s t r i c t  

l e v e l  f o r  t he  whole U. S. (1970, prel iminary 1980, and f i n a l  1980 

da ta  used).  

Populat ion dens i ty  values  were ca l cu la t ed  f o r  a g r i d  of l a t i t u d e -  

longi tude  c e l l s  by i n t e r p o l a t i n g  from t h e  enumeration d i s t r i c t  

census data.  

(2 )  
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( 3 )  The populatialn levels were c a l c u l a t e d  f o r  each of t h e  d i f f e r e n t  

s i t i n g  c r i t e r i a  and ind iv idua l  c e l l s  were eva lua ted  a s  poss ib l e  

s i tes  f o r  t h r e e  major r eg ions  i n  t h e  U.S. 

( 4 )  The r e s u l t s  of t he  s i t i n g  c a l c u l a t i o n s  were d isp layed  i n  map form 

showing zones; where t h e  th re sho ld  l e v e l s  were exceeded. 

s t a t i s t i c s  were a l s o  p r in t ed .  

Prel iminary c a l c u l a t i o n s  were performed wi th  a set  of primary and 

Tabular 

(5) 

secondary nuc lear  s i tes  us ing  the  d i f f e r e n t  s i t i n g  c r i t e r i a ,  and 

prel iminary t a b u l a r  r e s u l t s  pr in ted .  

The t h r e e  major reg ions  used t o  r ep resen t  d i f f e r e n t  p a r t s  of t he  U.S. 

i n  s t e p  3 above w e r e  t h e  PJM reg ion  i n  t h e  Northeast ,  a r eg ion  centered  i n  

Chicago f o r  t h e  Midwest, and t h e  Washington-Oregon r eg ion  i n  t h e  Northwest. 

Sample r e s u l t s  from each of t h e  t h r e e  r eg ions  are presented i n  t h e  body of 

t h e  r e p o r t  wi th  complete s e t s  of a l l  r e s u l t s  contained i n  Appendix A. Six  

d i f f e r e n t  a l t e r n a t i v e s  of s i t i n g  c r i t e r i a  were used throughout t h e  calcula-  

t i o n s ,  a s  expla ined  i n  Sec t ions  4 . 3  and 4 . 4 .  

Although t h e  b r i e f  o u t l i n e  above i s  a n  o v e r s i m p l i f i c a t i o n  of t h e  pro- 

cess ,  each of the  s t eps  i s  d iscussed  i n  more d e t a i l  i n  t h e  fo l lowing  sec- 

t i o n s .  

t i o n  are d iscussed  i n  S'ection 3 .  

c i a l l y  when c a l c u l a t i o n s  a re  done w i t h i n  a few mi les  of t h e  p l an t  s i t e s  t o  

determine s i t e  acceptab l i l i ty .  

s i t i n g  c r i t e r i a  r e s u l t s '  may wish t o  sk ip  t o  Sec t ion  4 and review t h e  f i g -  

u re s  and accompanying t e x t .  The l a s t  s e c t i o n  of the  paper d i scusses  

r e l a t e d  popula t ion  d i s t r i b u t i o n  work t h a t  might be b e n e f i c i a l  t o  t hese  

types of c a l c u l a t i o n s  and a s s o c i a t e d  r i s k  assessments.  

The techniques f o r  c a l c u l a t i n g  s p a t i a l  d i s t r i b u t i o n s  of t h e  popula- 

These techniques become important espe- 

The r eade r  who i s  only i n t e r e s t e d  i n  the  



2. DESCRIPTION AND PREPARATION OF INPUT POPULATION DATA 

Populat ion da ta  a re  c o l l e c t e d  by t h e  Census every t e n  yea r s  and a re  

made a v a i l a b l e  a t  s eve ra l  d i f f e r e n t  geographical  l e v e l s ,  such as s ta te ,  

county, minor c i v i l  d iv i s ion ,  census t r a c t ,  e tc .  I n  a t tempt ing  t o  calcu- 

l a t e  a populat ion d i s t r i b u t i o n  over geographical  areas, i t  i s  important t o  

u t i l i z e  input  da ta  a t  t h e  f i n e s t  degree of s p a t i a l  r e s o l u t i o n  ava i l ab le .  

For the  1970 census the  enumeration d i s t r i c t s  ( r e f e r r e d  t o  as block groups 

i n  urban a r e a s )  were t h e  lowest l e v e l  f o r  which geographic l o c a t i o n  infor -  

mation w a s  a v a i l a b l e  wi th  complete coverage of t h e  whole U. S. (urban and 

r u r a l ) .  

census enumerator i n  counting people and i n  the  pas t  were i n  t h e  range of 

around a thousand people. There i s  only one s p a t i a l  u n i t  smaller  than a n  

enumeration d i s t r i c t  ( o r  block group), and it i s  def ined only i n  urban 

a r e a s  as  blocks,  r ep resen t ing  t h e  ind iv idua l  s t r e e t s .  A p a r t i a l  h ie rarchy  

i n  descending o rde r  f o r  r u r a l  a r eas  c o n s i s t s  of s ta tes ,  count ies ,  minor o r  

c i v i l  d iv i s ions ,  and, f i n a l l y ,  enumeration d i s t r i c t s .  A s i m i l i a r  h ie rarchy  

f o r  urban a reas  c o n s i s t s  of s t a t e s ,  count ies ,  census t r a c t s ,  block groups, 

and blocks.  To a i d  t h e  r eade r ,  block groups w i l l  be included wi th  the  

enumeration d i s t r i c t s  i n  the  d i scuss ion  and they w i l l  a l l  be r e f e r r e d  t o  as  

enumeration d i s t r i c t s .  There a r e  o the r  census c l a s s i f i c a t i o n s  a s soc ia t ed  

wi th  populated areas (e.g., s tandard met ropol i tan  s t a t i s t i c a l  areas, urban- 

ized  a r e a s ,  incorporated p laces ,  census designated areas, cen te r  c i t i e s ,  

e t c . ) ;  but they a r e  a l l  a good b i t  bigger than  enumeration d i s t r i c t s ,  and 

i n  many cases  a r e  not  subse t s  of each o ther .  There a r e  approximately 

350,000 enumeration d i s t r i c t s  i n  the  country,  as compared t o  around 43,000 

census t r a c t s  (35,000 f o r  1970). 

These have t r a d i t i o n a l l y  been areas t h a t  could be covered by a 
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A por t ion  of a t y p i c a l  enumeration d i s t r i c t  map i s  shown i n  Fig. 5 f o r  

t h e  area around the  Sequoyah Nuclear P lan t  s i t e  no r theas t  of Chattanooga, 

Tennessee. The a r e a  shown i s  around 15-20 m i l e s  on a s i d e  wi th  t h e  power 

p l an t  i n  the  cen te r  (E:D15) and Chickamauga Dam i n  t h e  lower l e f t  corner  

c r e a t i n g  t h e  Chickamauga r e s e r v o i r  upstream. The boundaries of t hese  dis-  

t r i c t s  ( i d e n t i f i e d  as ED15, ED4, EDlGB, ...I are not  a v a i l a b l e  i n  machine- 

readable  form. Ins t ead ,  t h e  Census d i g i t i z e d  cen t ro ids  as a s i n g l e  

l a t i t ude - long i tude  po in t  w i t h i n  each d i s t r i c t  f o r  t h e  1970 census. These 

po in t s  are  supposed t o  correspond t o  popula t ion  cen t ro ids  w i t h i n  t h e  dis-  

t r i c t s .  These cen t ro ids  are shown i n  Fig.  6 f o r  t h e  PJM area t o  g ive  an  

idea  of t h e  l a r g e  number of cen t ro ids  i n  t h e  Northeast .  There a re  

l i t e r a l l y  thousands of them. The enumeration d i s t r i c t s  changed f o r  t he  

1980 census,  thus  r e q u i r i n g  a new set  of cen t ro ids  t o  geographica l ly  

r ep resen t  these  d i s t r i c t s .  To da te ,  new cen t ro ids  have not  been d i g i t i z e d  

and d i s t r i b u t e d  by the! Census so approximations have been made t o  extrapo- 

l a t e  from t h e  1970 cen t ro ids .  

I n  o rde r  t o  compute popula t ion  d e n s i t i e s  f o r  a g r i d  system covering 

the  area, i t  i s  necessary t o  do an  i n t e r p o l a t i o n  from these  cen t ro id  po in t s  

t o  a l l  c e l l s  i n  t h e  g r i d  system. 

e i t h e r  t he  number of people o r  the  populat ion dens i ty  of people. I n  the  

f i r s t  case,  t h e  number of people i s  known f o r  t h e  enumeration d i s t r i c t  

r ep resen ted  by i t s  cen t ro id  and has  t o  be shared out  t o  a l l  g r i d  c e l l s .  

The gr idded va lue  can then  be d iv ided  by t h e  area of t h e  c e l l  t o  determine 

a populat ion dens i ty .  I n  the  second case,  i f  t h e  a rea  of t h e  enumeration 

d i s t r i c t  can be approximated, t h e  dens i ty  can be ca l cu la t ed  f o r  t h e  dis-  

t r i c t .  Then t h e  i n t e r p o l a t i o n  can be done d i r e c t l y  on the  dens i ty  levels 

The i n t e r p o l a t i o n  i t s e l f  may u t i l i z e  



15 

t 
Fig. 5 .  Enumeration District Map in Vicinity of Sequoyah Nuclear Plant. 
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Fig. 
6. 

Population Centroids of 1970 Enumerafion Districts in PJM Region. 
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without  having t o  d iv ide  by the  c e l l  a r e a  la ter .  

c a l c u l a t e d  as number of people per  square m i l e .  

The dens i ty  i s  normally 

A t  t h e  t i m e  t h i s  p r o j e c t  w a s  begun, t h e  1980 census d a t a  had been col-  

l e c t e d  and were a v a i l a b l e  i n  prel iminary r e p o r t  form, but no da ta  t apes  

were ava i l ab le .  To incorpora te  1980 da ta  from t h e  prel iminary r e p o r t s ,  t he  

number of people and houses were keypunched d i r e c t l y  f o r  a l l  count ies  i n  

t h e  U.S.  

with  t h e  s i z e  of each c i r c l e  propor t iona l  t o  t h e  number of people i n  t h e  

county. Figure 8 shows the  percent  change from 1970 t o  1980, wi th  the  b lue  

areas decreasing and t h e  r e d  a r e a s  increas ing .  Notice t h e  movement t o  t h e  

South and Southwest. 

l e v e l ,  a procedure was developed t o  share  t h e  county populat ions out  t o  a l l  

t h e  1970 enumeration d i s t r i c t s  w i th in  the  county. This  w a s  done on a b a s i s  

propor t iona l  t o  t h e  increase  o r  decrease i n  popula t ion  over t h e  ten-year 

period. 

i s  an  approximation of t h e  real  change i n  popula t ion  t h a t  occurred, but was 

t h e  b e s t  t h a t  could be done wi th  e x i s t i n g  d a t a  a t  t h e  t i m e  i n  order  t o  

incorpora te  1980 counts. I n  t h e  l a te r  phases of t h i s  study t h e  f i n a l  1980 

census da t a  became a v a i l a b l e  so t h a t  the  populat ion c a l c u l a t i o n s  w e r e  a b l e  

t o  be redone using t h e  same techniques wi th  t h e  improved da ta .  I n  a few 

a r e a s  t h e  d i f f e rences  are as much as  4% o r  more between the  prel iminary 

numbers and t h e  f i n a l  counts  given out by t h e  census. However, most of t h e  

d i f f e r e n c e s  are normally i n  t h e  .2-2% range a t  t h e  aggrega te  l e v e l s .  

Figure 7 p re sen t s  t h e  1980 county level populat ion over t he  U.S. 

I n  order  t o  approximate 1980 da ta  a t  the  subcounty 

This  shar ing  out  of t h e  1980 county da t a  t o  enumeration d i s t r i c t s  

4 

A s  t h e  machine readable  da t a  become a v a i l a b l e  f o r  t h e  more r e f i n e d  

s p a t i a l  u n i t s ,  it may be poss ib l e  t o  improve t h e s e  approximations. The key 

t o  t h i s  refinement depends on t h e  a v a i l a b i l i t y  of geographic l o c a t i o n s  f o r  
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the spatial u n i t s .  

d i g i t i z e  the new 1980 c e n t r o i d s  (which changed from 1970) t h e  c u r r e n t  

budget r educ t ion  has lowered the p r i o r i t y  of th is  p r o j e c t  i n  their plans.  

O t h e r  data bases t h a t  may a i d  f u t u r e  improveeents i nc lude  census tract 

Although the Bureau of Census had o r i g l n a l l y  planned to  

-boundaries ,  DIME files, and v a r i o u s  l and  feature data that may be 

die t i zed .  

I n  this study another data base was a l s o  prepared for a l l  the nuclear  

power p l a n t s  i n  the country and a l s o  f o r  sites that may have been con- 

sidered i n  the past by u t i l i t y  companies. The s t a t u s  of these sites is 

recorded i n  a number of classes, but  i n  genera l  can be thought of as 

operating plants, p l a n t s  under c o n s t r u c t i o n  or planned, canQe1ed or w i t h -  

drawn p l a n t s ,  and a l t e r n a t e  sites considered. 

t i a l  l i s t i n g  of  this da ta  base with the first p r i n t o u t  page sorted 

Tables 2 and 3 show a par- 

name and the second by state. 

for a l l  nuc lear  sites considered, both primary and secondary sites (alter- 

n a t i v e  sites or canceled a p p l i c a t i o n s ) .  

Appendix B con ta ins  both types  o f  listings 

me l a t i t u d e l o n g i t u d e  l o c a t i o n s  

of these sites are cont inuing  to  be improved by s tudying  de ta i led  base maps 

and reports. F igure  9 d i s p l a y s  the e x i s t i n g ,  under cons t ruc t ion ,  or  

planned commercidl p l a n t s ,  while Fig. 10 shows those  that have been cam 

celed o r  disllantled,  or w e r e  alternate sites. The purpose of this data 

base w a s  t o  axupsre past sites wi th  the d i f f e r e n t  popula t ion  criteria being 

considered to  h e l p  evaluate the proposed gu ide l ines  o r  regula t iona .  

t i o n  4.4 descr ibes  t h e  criteria tests run  i n  a g e n e r i c  f a s h i o n  on these  

Sec- 
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Cable 3 .  Nuclear Power Plant Sites Sorted by State. 

32-45-00 86-24-00 I n a c t i v e  c a n s t r u c t i o n  permit a p p l i c a t i o n ,  c a n c e i l a t i o n  

TIS 34-42-32 85-55-38 E o n s t r u c t i o a  permit i n  effect and o p e r a t i n g  l i c e n s e  docketed 
T tS  34-U2-15 87-07-07 License in effect f o r  Opera t ing  r e a c t o r s  
IXS 31-13-22 85-06-45 Liceme in effect for o p e r a t i n g  r e a c t o r s  

aanoubwd 

I F I Z O W 1  

PAL0 VEEDE 

IRKAYSAS 

I R K A R S A S  

C A L I I C E N I L  

BOBBGA BAT 
BOLSI I S L A l D  
D I I E L O  CANTOR 
BIJIBOLDT B I I  

I I L I B U  
I t l D C C I I O  
llIBDLKS 

SI1 JOA@JI# 
SAM ONOIBB 

n a m u  LIGGGTT 

mtcno SXO 

S a n D x s t a t  

V I D I L  

CCLOf A D O  

PORT ST T R A I N  

33-23-23 112-51-43 c o n s t r u c t i o n  permit i n  e f f e c t  and o p e r a t i n g  l i c e n s e  docketed 

YES 35-18-36 93-13-51 License  i n  effect for  Operat ing r e a c t o r s  

38-18-00 123-03-18 Appl ie8 t ion  r i t b d r a r  
33-42-30 118-01-54 Appl ica t ion  r i t h d r a r n  
)5-12-02 120-51-16 C o n s t r u c t i o n  permit in effect and o p e r a t i n g  l i c e n s e  docketed 
tO-14-28 124-12-33 License  i n  e f f e c t  tar o p e r a t i n g  r e a c t o r s  
35-43-50 I2 1-17-10 U y p o t h e t i c a l  s i te 
34-02-06 118-44-30 h p p l i c a t i o n  u i thdrar r :  
38-55-25 123-43-05 Appl ica t ion  uithdrauc. 
34-20-90 114-11-30 l l j p o t h e t i c a l  s i te  

35-39-35 119-29-25 lo a p p l i c a t i o n  (not  l i s t e d )  

33-21-07 114-07-00 I n a c t i v e  c o n s t r u c t i o n  permi t  a p p l i c a t i o n ,  c a n c e l l a t i o n  

34-10-25 114-2746 I o  a p p l i c a t i o n  [not  l i s t e d )  

W S  38-20-40 121-07-11 L i c e n s e  in effect fo r  o p e r a t i n g  reactors 

YES 33-22-13 117-33-25 L i c e n s e  in e f f e c t  for o p e r a t i n g  reactcrs 

announced 

YES 90-14-41 104-51-28 L i c e a s 0  in e f f e c t  f o r  o p e r a t i n g  reactors 



i 

P
 



0
 

r
l 

M
 

r
l 

R
 . 



25 

3 .  CALCULATION OF GRIDDED POPULATION DENSITY 

The c a l c u l a t i o n  of populat ion counts  and d e n s i t i e s  f o r  t he  appropr i a t e  

g r i d  system i s  a n  extremely important s t e p  i n  the  demographic analyses .  It 

forms t h e  foundat ion €or  a l l  eva lua t ions  of t h e  s i t i n g  c r i t e r i a .  For exam- 

p le ,  i f  t he  geographic d i s t r i b u t i o n  procedures a s s i g n  too  many people t o  

urban a r e a s  and underest imate  t h e  r u r a l  areas ( o r  v i c e  v e r s a ) ,  t h e  calcula-  

t i o n  of exc lus ion  zones w i l l  be d i s t o r t e d  i n  the  same manner. Severa l  

techniques are  discussed i n  t h i s  s e c t i o n  f o r  c a l c u l a t i n g  t h e  populat ion 

l e v e l s  f o r  a la t i tude- longi tude  g r i d  system from t h e  enumeration d i s t r i c t s  

as represented  by t h e i r  populat ion cent ro ids .  

a r e  s to red  wi th  l a t i t ude - long i tude  coord ina tes  t o  c o r r e c t l y  r ep resen t  

information on t h e  ear th 's  surface.  Transformations t o  s p e c i f i c  map pro- 

j e c t i o n s  (such as Albers  Equal-Area) a r e  performed during execut ion  when 

needed f o r  d i s t ance  o r  area c a l c u l a t i o n s ,  or f o r  d i g i t i z i n g  o r  mapping. A 

few enhancements a r e  a l s o  discussed,  such as incorpora t ing  t h e  U.S. coast-  

l i n e ,  so t h a t  people are  d i s t r i b u t e d  t o  land areas only. The reader  who i s  

pr imar i ly  i n t e r e s t e d  i n  the  s i t i n g  r e s u l t s  ca l cu la t ed  from these  populat ion 

d e n s i t i e s  may wish t o  sk ip  t o  Sec t ion  4 s ince  t h e  dens i ty  techniques dis-  

cussed i n  the  next  few subsec t ions  are  r a t h e r  de t a i l ed .  

The da ta  bases i n  t h i s  study 

3 . 1 .  T r a d i t i o n a l  Centroid-Assignment Technique 

The easiest  and most commonly used technique ( c a l l e d  the  "centroid- 

1 assignment" technique 

t o  the  p a r t i c u l a r  g r i d  c e l l  i n s i d e  of which it f a l l s .  

cen t ro ids  f a l l  w i t h i n  a given c e l l ,  t h e  sum of t h e  popula t ions  i s  calcu- 

l a t e d  f o r  t h a t  c e l l .  

i s  t o  a s s ign  each cen t ro id  and i t s  populat ion count 

When two o r  more 

The diagram below shows the  geographic arrangement: 
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Grid Cells 

Centroids  of Enumeration 
3 D i s f r i c t s  Shown as Dots 

F a l l i n g  Within S p e c i f i c  
Grid C e l l s  

The t o t a l  number of people i n  each c e l l  i s  divided by the  area of t he  c e l l  

t o  c a l c u l a t e  a dens i ty  l eve l .  

c e l l  s i z e s  when the  whole U.S. o r  major urban reg ions  of t h e  U.S. a r e  being 

considered. However, t h e r e  i s  a disadvantage i n  t h e  r u r a l  a r e a s  because 

a l l  t he  people a s soc ia t ed  wi th  a n  enumeration d i s t r i c t  g e t  ass igned  t o  one 

c e l l  (even i f  t h e  d i s t r i c t  r e a l l y  covers s eve ra l  c e l l s )  t hus  c r e a t i n g  a 

l a r g e r  dens i ty  sp ike  than  should e x i s t  i n  t h a t  c e l l .  This  technique i s  

very c e l l  s i z e  dependent. When smaller s i z e s  a r e  used, some c e l l s  have no 

c e n t r o i d s  f a l l i n g  i n  them thus  g iv ing  zero  people;  and o t h e r  c e l l s  have 

dens i ty  va lues  t h a t  are  too  h igh  because a r t i f i c i a l l y  s m a l l  c e l l  a r eas  a r e  

used i n  t h e  denominator. This  e f f e c t  i s  shown i n  Figs.  l l a  and l l b  where 

two d i f f e r e n t  cell s i z e s  have been used i n  t h e  New York area and t h e  

corresponding dens i ty  contours  mapped. When the  c e l l  s i z e  of 2.5 minutes 

i n  Fig. l l a  i s  cut i n  h a l f  (1.25 minutes i n  Fig. l l b ) ,  t h e  r e s u l t  produces 

considerably more ind iv idua l  sp ikes  a c r o s s  t h e  area r a t h e r  than  a more con- 

t inuous  su r face  r ep resen t ing  t h e  urban d i s t r i b u t i o n  of people. 

This  technique works f a i r l y  we l l  f o r  l a r g e  

When t h i s  technique i s  used f o r  t h e  whole U.S . ,  with  a l a r g e r  c e l l  

s i z e ,  reasonable  r e s u l t s  are  obtained a t  t h i s  n a t i o n a l  s ca l e ,  as shown i n  

Figs .  12 and 13. Figure 12 p resen t s  contours  of s eve ra l  dens i ty  levels 

wi th  t h e  maximum being g r e a t e r  than  500 people per  square m i l e .  F igure  13 
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Fig. 
lla. 

Population Density 
Contours Using Centroid-Assignment 

to Grid Cells 
(cell size =

 2.5 
minutes latitude-longitude). 
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shows j u s t  those areas t h a t  are greater than  1500 people per square mile. 

Th i s  would r ep resen t  t h e  inne r  c i t i e s  and h igher  dens i ty  suburban areas. 

The centroid-assignment technique can a l so  be used wi th  c i rc les  or 

a n n u l i  about a specific s i t e  t o  estimate the  number of people w i t h i n  a 

g iven  r a d i u s  . The geographic arrangement i s  shown below: 2 .  

.D. Centroids  Assigned 
Nearby E.D. o C i rcu la r  Area 

Centroids  Lying 
Outside C i r c l e  

Actual  Boundaries of b Enurnerat ion  D i s t r i c t s  

i r c l e  of Spec i f ied  Radius Around Reactor 

A s  before,  t h e r e  i s  a good b i t  of e r r o r  introduced by ass igning  a l l  t h e  

people i n  a d i s t r i c t  t o  one cen t ro id  po in t  on the  ground. 

t h e  c i r c l e  may a c t u a l l y  con ta in  some people who are  ou t s ide  t h e  c i r c l e .  

Likewise, d i s t r i c t s  whose cen t ro ids  are o u t s i d e  the  c i r c l e  and a r e  thus  

ignored, may conta in  people who l i v e  w i t h i n  t h e  c i r c l e .  

g r e a t e s t  f o r  c a l c u l a t i o n s  w i t h i n  a few mi le s  of t he  s i te .  By d iv id ing  the  

popula t ion  count by t h e  area of t h e  c i r c l e ,  a dens i ty  can be computed. 

This  same centroid-assignment technique can be used f o r  e s t ima t ing  popula- 

t i o n  w i t h i n  each of t h e  16 s e c t o r s  around t h e  s i t e  although t h e  problem i s  

Centroids  i n s i d e  

This  problem i s  

somewhat more severe s ince  a c t u a l  enumeration d i s t r i c t s  may l i e  i n  seve ra l  

ad jo in ing  s e c t o r s ,  a l though they are a r t i f i c i a l l y  ass igned t o  only one 

sector. 
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This  approach h a s  been used by o t h e r   group^^'^ i n  c a r r y i n g  o u t  similar 

computations of popula t ion  c r i t e r i a  effects on nuc lear  power p l a n t  s i t i n g .  

Due t o  t h e  unavai lab i l . i ty  of 1980 census data a t  t h e  t i m e  of these s t u d i e s ,  

popula t ion  estimates f o r  1980 were ob ta ined  from the  Nat iona l  Planning Data 

Corpora t ion  i n  Ithaca, New York. The approach was then  t o  a s s i g n  t h e  cir- 

c u l a r  popula t ions  calc!ulated as descr ibed above t o  g r i d  cel ls  t h a t  were 5 

km (approximately 3.1215 miles) on a s ide .  Each gr id  cel l  could then  be 

considered as a p o t e n t i a l  r e a c t o r  site. It i s  impor tan t  t o  no te  t h a t  the  

g r i d  ce l l  va lues  are not  t he  number of people i n  t h e  ce l l ,  but are the  

number of p e o p l e . i n  a specified c i rc le  around the cen te r  of the  g r i d  cell .  

When incrementa l  r a d i i  are used, t hus  c r e a t i n g  a n n u l i  about t h e  s i t e  

(e.g., 0-2 miles, 2-5, 5-10, 10-15,.. .25-30 miles), t h e  computer ca lcu la-  

t i o n s  may be f a i r l y  time-consuming i n  urban areas s i n c e  t h e  cen t ro id  data 

base i s  processed r epea ted ly  f o r  each p o t e n t i a l  ce l l  i n  a region. Some 

improvement can be obta ined  by s o r t i n g  t h e  c e n t r o i d s  so t h a t  on ly  a p o r t i o n  

of t he  f i l e  need be processed f o r  each new g r i d  cell.  (This was done i n  

the mentioned previously.)  The s ize  of the  gr idded d a t a  bases ( i f  

s t o r e d )  would be f a i r l y  large when incrementa l  r a d i i  are involved, s i n c e  

s e v e r a l  popula t ion  va lues  would need t o  be s t o r e d  f o r  each c e l l  ( a  va lue  

f o r  each r ad i i  or annu l i ) .  

3.2. Normalized Global I n t e r p o l a t i o n  w i t h  Distance-Weighting 

A much improved technique  was developed by R. G. Edwards for c a l c u l a t -  

i n g  d e n s i t y  va lues  i n  each ce l l  as a f u n c t i o n  of a l l  t he  enumeration d is -  

t r i c t  c e n t r o i d s  w i t h i n  a use r  specified l a t i t u d e - l o n g i t u d e  window. For 

each ce l l  t h i s  i n t e r p o l a t i o n  technique weighted a l l  surrounding c e n t r o i d s  



33 

as a f u n c t i o n  of d i s t a n c e  so t h a t  t h e  c l o s e r  c e n t r o i d s  con t r ibu ted  much 

more t o  t h e  i n t e r p o l a t i o n .  Since a l l  c e n t r o i d s  were used each time, t h e  

procedure i s  referred t o  as a g loba l  technique. Normalizations were used 

t o  account f o r  the  distance-weighting and a l s o  t o  i n s u r e  t h a t  a l l  t h e  peo- 

p l e  w i t h i n  the  window were accounted f o r  exac t ly ,  An e x t r a  s t r i p  of area 

(a b u f f e r )  was a l s o  inc luded  around t h e  study r eg ion  t o  i n s u r e  t h a t  t h e  

i n t e r p o l a t i o n  produced s a t i s f a c t o r y  r e s u l t s  a t  the edge of t he  window. The 

fo l lowing  equa t ions  by R. G. Edwards p re sen t  t h e  c a l c u l a t i o n :  

= N Ei/Ai = Populat ion dens i ty  f o r  g r i d  c e l l  i Di 

where : j des igna tes  enumeration d i s t r i c t  cen t ro ids  = 1, 2 ,  ..., n 

i des igna tes  g r i d  c e l l s  = 1, 2 ,  ..., m 
= popula t ion  of enumeration d i s t r i c t  j 'j 

ai = area of c e l l  i 

r = d i s t a n c e  from c e l l  i t o  cen t ro id  j i j  

wi th  c l o s e s t  cen t ro id  t o  
c e l l  i l e f t  out  of sum 

N = Z p j  /k pi a i / A i )  = Normalization Fac tor  
j 

erm f o r  g r i d  cell i i s  a f u n c t i o n  of t h e  popula t ion  cour 
m 

s f o r  a l l  

enumeration d i s t r i c t s  i n  t h e  s tudy  window, weighted by ( l /rL) i n  such a way 

t h a t  t he  in f luence  of nearby d i s t r i c t s  have much more effect, The use of a 

2 sum of l / r  i n  t h e  denominator of t he  pi term causes  t h e  u n i t s  t o  be i n  
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populat ion counts.  The A .  term has  the  u n i t s  of a r ea  and the  normalizat ion 

f a c t o r  i s  u n i t l e s s  so t h a t  D. i s  i n  u n i t s  of people/mi . The normal iza t ion  

f a c t o r  i s  ca l cu la t ed  so  t h a t  a l l  of t he  people a s soc ia t ed  w i t h  cen t ro ids  

i n s i d e  t h e  study window w i l l  be accounted f o r  exac t ly  i n  t h e  popula t ion  

d e n s i t i e s ,  Di. 

t h e  New York area .  Since t h e  ear l ie r  "centroid-assignment" c a l c u l a t i o n s  

were done using 1970 da ta ,  the  same d a t a  were used i n  Fig.  14 f o r  compari- 

son wi th  Figs. l l a  and l l b .  

1 

2 
1 

Sample output  us ing  t h i s  technique i s  shown i n  Fig. 14 f o r  

This  technique w a s  designed and works w e l l  f o r  r e l a t i v e l y  small 

reg ions ,  normally 2000 m i 2  o r  l e s s ,  wi th  enurneration d i s t r i c t s  t h a t  are no t  

extremely d i f f e r e n t  i n  s i ze .  However, i n  very  l a rge  r eg ions  wi th  wide 

v a r i a t i o n s  i n  the  s i z e  and the  popula t ion  l e v e l s  of enumeration d i s t r i c t s ,  

t h e r e  i s  some d i s t o r t i o n .  The dens i ty  estimates i n  t h e  h ighly  populated 

c i t i e s  tend t o  be too  high and t h e  r u r a l  estimates tend t o  be low. This  i s  

because t h e r e  a re  so many cen t ro ids  c l u s t e r e d  so t i g h t l y  i n  dense urban 

areas t h a t  t h e i r  j o i n t  e f f e c t  t ends  t o  r e i n f o r c e  the  popula t ion  e s t ima tes  

too  much. I n  an  oppos i te  manner t h e  cen t ro ids  are  spaced so spa r se ly  i n  

t h e  r u r a l  a r e a s  w i t h  long d i s t ances  between them t h a t  t he  d i s t a n c e  weight- 

i ng  tends  t o  d r i v e  t h e  r u r a l  estimates too  low. Overal l ,  t h e  r e s u l t s  a re  

s t i l l  s i g n i f i c a n t l y  b e t t e r  than using "centroid-assignments". However, a 

technique t h a t  spreads people out from a cen t ro id  whi le  us ing  only counts  

from nearby ( o r  l o c a l )  areas t o  improve the  spreading would be bes t .  

i s  t h e  technique descr ibed  i n  Sec t ion  3.4. 

This  
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n t s  t o  Population D i s t r i b i  t i o n  Calcul t i o n  

Severa l  enhancements have been developed t o  improve t h e  c a l c u l a t i o n  of 

popula t ion  d i s t r i b u t i o n s  and t h e  e f f i c i e n c y  of computer execu t ion  f o r  large 

areas. These improvements have been inco rpora t ed  i n  t h e  d i f f e r e n t  i n t e rpo -  

l a t i o n  techniques  where appropr ia te .  One problem when u s i n g  i n t e r p o l a t i o n  

techniques  t o  spread  o u t  t h e  popula t ion  from c e n t r o i d s  i n v o l v e s  nearby 

water bodies,  e s p e c i a l l y  f o r  urban areas a long  the c o a s t l i n e s .  Without 

u s ing  any informat ion  t o  i d e n t i f y  land  areas, the  d i s t r i b u t i o n  of people 

cont inues  i n t o  the  ocean o f f  the c o a s t l i n e  because the  g r i d  system covers  

the  complete area. During t h e  e a r l y  c a l c u l a t i o n s  d i scussed  i n  t h e  last  

s e c t i o n  ( g l o b a l  i n t e r p o l a t i o n )  people were d i s t r i b u t e d  as much as 8-10 

miles o u t  i n t o  t h e  water. Thus one improvement was t o  i n t e r s e c t  t h e  coast- 

l i n e  w i t h  the griddecl c a l c u l a t i o n s  and assure t h a t  the  d i s t r i b u t i o n  was 

made c o r r e c t l y  on l a n d  areas only. This improvement was inco rpora t ed  i n  

the d i s t r i b u t i o n s  shown i n  Fig.  14. 

Another improvement allowed very  large areas t o  be broken i n t o  sec- 

t i o n s  that could be computed s e p a r a t e l y  and then  merged t o g e t h e r  w i t h  

c o r r e c t  c o n t i n u i t y  maintained a c r o s s  t h e  border. This aided i n  t h e  com- 

p u t e r  execu t ion  time f o r  large areas, s i n c e  thousands of c e n t r o i d s  would 

have t o  be processed f o r  thousands of g r i d  cel ls .  F igure  14 f o r  t he  larger 

New York area a l s o  inco rpora t ed  t h i s  improvement w i t h  no evidence of sec- 

t i o n  borders  appeasing, even though t h e  c a l c u l a t i o n  was done i n  f o u r  

pieces. 

inco rpora t ed  these types  of improvements. Twelve s e c t i o n s  were automati- 

cal ly  merged i n  the  PJM ca lcu la t ion .  There were around l 3 O , O O O  ce l l s  i n  

t h e  area, each one 1.25 minutes of l ong i tude  by 1.25 minutes of l a t i t u d e  

(around 1-1/2 square  miles per ce l l ) .  

b 

The PJM popula t ion  contours  prev ious ly  shown i n  Fig. 2 a  a l s o  
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Another improvement was made dur ing  t h e  e a r l y  phases of t h e  p r o j e c t  t o  

c a l c u l a t e  a maximum p o t e n t i a l  exc lus ion  area f o r  any dens i ty  l e v e l .  This  

would de f ine  j u s t  those  cells  t h a t  needed f u r t h e r  computations done t o  

e v a l u a t e  the s i t i n g  cri teria.  An example i s  shown i n  Fig. 15 f o r  the  New 

York area i n  which a s t andof f  d i s t ance  i s  computed as a r i n g  or zone around 

the  500 people/mi2 contour. 

p o t e n t i a l  exc lus ion  zone would be accep tab le  s i tes  f o r  c r i t e r i a  involv ing  

t h i s  dens i ty  l e v e l  and d is tance .  Only the  ce l l s  i n s i d e  the  shaded exclu- 

s i o n  zones would need t o  be processed i n  eva lua t ing  t h e  radial  s i t i n g  cri-  

teria,  t h u s  saving on computer execut ion  time. 

This would mean t h a t  a l l  ce l l s  o u t s i d e  the  

3 . 4 .  Local I n t e r p o l a t i o n  Using Thiessen Polygon Networks 

Although the  previous ly  described g loba l  i n t e r p o l a t i o n  technique gave 

better r e s u l t s  t han  t h e  centroid-assignment method, i t  was determined t h a t  

a new technique could be developed t o  g ive  even more a c c u r a t e  r e s u l t s  i n  

much less  execut ion  t i m e .  This procedure invo lves  t he  use of t r i a n g u l a t i o n  

techniques  t o  c a l c u l a t e  what are referred t o  as Thiessen polygons5 around 

each cent ro id .  These polygons are an approximation of the  enumeration d i s -  

t r i c t  boundaries which were never computerized, F igure  16 shows the  

Thiessen polygons r e p r e s e n t i n g  enumeration d i s t r i c t s  f o r  a small area 

(approximately 22 miles by 22 miles around the  Sequoyah Nuclear P lan t  nor th  

of Chattanooga, Tennessee). I t 's  i n t e r e s t i n g  t o  note  t h a t  t h e  s i d e s  of a l l  

Thiessen polygons are perpendicular b i s e c t o r s  of imaginary l i n e s  drawn 

between p a i r s  of t h e  cent ro ids .  If these imaginary l i n e s  were a c t u a l l y  

drawn on the  p l o t ,  then  a mul t i t ude  of t r i a n g l e s  would be created w i t h  the  

c e n t r o i d s  as v e r t i c e s .  There are many u s e f u l  p r o p e r t i e s  of such a triangu- 

l a r  network t h a t  make computer process ing  of s p a t i a l  r e l a t i o n s h i p s  ve ry  

fas t .  
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By knowing t h e  approximate area of the  enumeration dis t r ic ts ,  dens i ty  

l e v e l s  can be c a l c u l a t e d  before  i n t e r p o l a t i o n  rather than  having  t o  d i v i d e  

by an a r b i t r a r y  ce l l  area a f te r  the  i n t e r p o l a t i o n .  I n  a d d i t i o n ,  t h e  i n t e r -  

po la ted  d i s t r i b u t i o n  can be c o n t r o l l e d  f a i r l y  w e l l  w i t h i n  each Thiessen 

polygon so t h a t  t he  computed number of people can be normalized t o  a count 

a t  t h e  d i s t r i c t  l e v e l  rather than  a t  some larger l e v e l  (such as t h e  whole 

study r eg ion  as descri.bed p rev ious ly ) .  A slight modi f i ca t ion  i s  made t o  

t h e  Thiessen polygons w i t h i n  densely populated c i t ies .  I n  t h i s  case the 

d i s t r ic t s  may be much smaller than  even small g r i d  cells. Thus s e v e r a l  

d i s t r i c t s  may be combined so t h a t  their  composite effect  i n f l u e n c e s  the  

d e n s i t y  i n t e r p o l a t i o n  w i t h i n  t h e  cell .  F igure  17 shows on one p l o t  a l l  of 

t h e  geographic s t r u c t u r e s  used i n  the  a n a l y s i s  f o r  t he  Sequoyah Nuclear 

P lan t  area. The s t r u c t u r e s  inc lude  (1 )  t h e  f i n a l  Thiessen polygons, (2)  

t h e  c e n t r o i d s ,  (3) a r a d i a l - s e c t o r  p a t t e r n  o u t  t o  10 miles, ( 4 )  the county 

o u t l i n e s ,  and ( 5 )  a sample of the  s m a l l  g r i d  s ize  used (shown i n  upper 

r i g h t  corner ) .  

A v a r i e t y  of i n t e r p o l a t i o n  techniques  can be developed t o  c a l c u l a t e  

d e n s i t y  v a l u e s  f o r  each ce l l  w i t h i n  the i r  r e s p e c t i v e  Thiessen polygon 

(which approximates the enumeration d i s t r i c t ) .  

Thiessen network i s  the ease i n  l o c a t i n g  nearby con t ro l  p o i n t s  and calcu- 

l a t i n g  weighting v a l u e s  as a func t ion  of d i s tance .  These parameters can 

then be used i n  e s t i m a t i n g  t h e  d e n s i t y  l e v e l  f o r  each cell .  The sav ings  i n  

execut ion  time are vel-y s i g n i f i c a n t ,  sometimes improved by an o rde r  of 

magnitude. T h i s  papel" w i l l  no t  go i n t o  de ta i l  on the d i f f e r e n t  mathemati- 

cal techniques  used f o r  i n t e r p o l a t i o n  except t o  mention t h a t  e igh t  t o  t e n  

d i f f e r e n t  techniques  were tested. The r e s u l t s  were compared t o  a c t u a l  

A primary advantage of t h e  
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enumeration d i s t r i c t  maps, quad maps, sa te l l i te  imagery, aerial photo- 

graphs, and popu la t ion  counts  t o  a i d  i n  r e f i n i n g  t h e  techniques.  Contour 

maps f o r  s e v e r a l  of the techniques  are shown i n  Figs.  18a through 18d f o r  

t h e  Sequoyah site. The techniques  used i n  these p a r t i c u l a r  examples 

inc lude  : 

( a )  Fig. 18a: Constant Density Assignment f o r  Each Enumeration District 

( b )  Fig. 18b: Linear  Planar I n t e r p o l a t i o n  from Immediately Adjacent 

Cent ro id  D e n s i t i e s  

(c )  Fig. 18c: Weighted Least Squares  F i t  of Q u a d r a t i c  Density Surface 

Among Neighboring Distr ic ts  w i t h  Der iva t ive  Cont inui ty  

Along Dis t r ic t  Boundaries 

(d )  Fig. 18d: Weighted Average of Pre-calculated Density Values from 

Adjacent Polygon Vertices and Cent ro ids  Using Cubic- 

Dis tance  Weighting 

Notice t ha t  t he  o v e r d t l  p a t t e r n s  and d e n s i t y  ranges  are similar and tend  t o  

po r t r ay  the  d i s t r i c t s .  However, v a r i o u s  anomalies do arise i n  some of 

t h e s e  test cases and lPurther study would a i d  i n  r e f i n i n g  t h e  procedures. 

The cons tan t  d e n s i t y  a s s i g m e n t  was the s i m p l e s t  technique. It involved  

t h e  c a l c u l a t i o n  of one dens i ty  va lue  f o r  each Thiessen polygon which was 

then  ass igned  t o  every g r i d  cel l  f a l l i n g  i n  t h a t  polygon. 

doesn' t use informat ion  about dens i ty  g r a d i e n t s  from nearby d i s t r i c t s  t o  

improve the  d i s t r i b u t i o n ,  and t h e  d e n s i t i e s  are d iscont inuous  a t  the  

polygon borders. The p lanar  i n t e r p o l a t i o n  technique was based on t h e  tri- 

angu la t ion  network mentioned previously.  By knowing the  d e n s i t y  v a l u e s  a t  

t h e  v e r t i c e s  of t h e  t lr iangles,  a dens i ty  value can be c a l c u l a t e d  very  

qu ick ly  f o r  any g r i d  c e l l  f a l l i n g  i n s i d e  the  t r i a n g l e .  The t r i a n g l e  can be 

This technique 
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thought of as a t i l t e d  plane i n  space whose he ight  above any g r i d  c e l l  

corresponds t o  the  dens i ty  of t h a t  c e l l .  Various a r t i f i c i a l  a b e r r a t i o n s  

were c rea t ed  a t  d i f f e r e n t  l o c a t i o n s  w i t h i n  t h e  study a rea  wi th  t h i s  tech- 

nique. The least  squares  f i t  involved t h e  f i t t i n g  of a quadra t i c  s u r f a c e  

t o  t h e  Thiessen polygon d e n s i t i e s  wi th  appropr i a t e  weights  app l i ed  t o  t h e  

da t a  po in t s  depending on d is tances .  The su r face  func t ion  and i t s  deriva- 

t i v e s  w e r e  continuous ac ross  polygon borders.  

spo t s”  i n  the  su r face  t h a t  were e i t h e r  t oo  high o r  t oo  low. The weighted 

averaging technique r equ i r ed  t h e  computation of d e n s i t i e s  a t  a l l  v e r t i c e s  

of t he  polygons as  w e l l  as the  cent ro ids .  Then a n  average va lue  w a s  com- 

puted f o r  each g r i d  c e l l  as a func t ion  of these  nearby con t ro l  p o i n t s  

weighted wi th  a cubic  r e l a t i o n s h i p  t o  d is tance .  The weight ing technique 

along wi th  the  p reca lcu la t ed  con t ro l  p o i n t s  guaranteed t h a t  t h e  dens i ty  

func t ion  w a s  continuous along the  polygon borders.  The bes t  r e s u l t s  t o  

da t e  have been wi th  the  cubic-distance weighting of Fig. 18d, 

t o  g iv ing  more accu ra t e  r e s u l t s  f o r  d i s t r i b u t i n g  the  populat ion,  t he  execu- 

t i o n  t i m e  i s  s i g n i f i c a n t l y  f a s t e r  than  using t h e  g loba l  technique. 

This  technique c rea t ed  “hot 

I n  a d d i t i o n  

The f i n a l  s t e p  needed i n  t h i s  type of populat ion dens i ty  i n t e r p o l a t i o n  

i s  t o  normalize t h e  gr idded d e n s i t i e s  so t h a t  a l l  t he  people a r e  accounted 

f o r  properly.  The i n i t i a l  normalizat ion cons i s t ed  of adding up the  popula- 

t i o n  counts f o r  a l l  enumeration d i s t r i c t s  i n  t h e  study window and comparing 

it wi th  the  populat ion t o t a l  ca l cu la t ed  from a l l  the g r i d  c e l l s  ( c e l l  

dens i ty  x c e l l  a r ea  = c e l l  populat ion) .  When they d i f f e r e d ,  a s i n g l e  mul- 

t i p l i c a t i o n  f a c t o r  was appl ied  t o  a l l  g r i d  c e l l s  so  t h a t  t he  gr idded t o t a l  

equaled t h e  a c t u a l  t o t a l  f o r  t h e  study reg ion  as a whole. This  l e f t  room 

f o r  some error, e s p e c i a l l y  w i t h  large m u l t i - s t a t e  r eg ions  l i k e  PJM, since 
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poor estimates i n  one p a r t  of t h e  r e g i o n  caused a c o r r e c t i o n  t o  be app l i ed  

t o  t h e  whole region.  Thus, a b e t t e r  normal iza t ion  technique has  been 

implemented a t  t h e  enumeration d i s t r i c t  l e v e l .  A s  t h e  gr idded d e n s i t i e s  

are c a l c u l a t e d  w i t h i n  each Thiessen polygon, i n t e r p o l a t i o n  adjustments  are 

made i n  an  i t e r a t i v e  f a sh ion  t o  a s s u r e  t h a t  t h e  gr idded t o t a l  i n  t h e  

polygon equals  t h e  a c t u a l  t o t a l  f o r  t h a t  enumeration d i s t r i c t .  The 

technique a l s o  a s s u r e s  t h a t  t h e  t o t a l  dens i ty  sur face  i s  continuous ac ross  

the  polygon borders.  I n  t h i s  way t h e  gr idded popula t ion  e s t ima tes  w i l l  

more accu ra t e ly  r e f l e c t  t h e  t r u e  popula t ion  counts  a t  t h e  enumeration dis-  

t r i c t  level,  t he  county l e v e l ,  and t h e  study r eg ion  l e v e l .  A t  t he  county 

l e v e l  some d i s t r i b u t i o n s  were improved by as much as 30% o r  so wi th  t h i s  

new normalizat ion.  It‘s s t i l l  important t o  poin t  ou t  t h a t  more d e t a i l e d  

da t a  (such as base maps, a e r i a l  photographs, o r  a c t u a l  house counts)  a r e  

r e a l l y  needed f o r  accu ra t e  r e s u l t s  w i t h i n  seve ra l  m i l e s  of a s p e c i f i c  s i t e ,  

e s p e c i a l l y  i f  t h e r e  a r e  unique f e a t u r e s  near  t h e  s i te .  For example, any 

i n t e r p o l a t i o n  technique w i l l  a s s i g n  a c e r t a i n  number of people t o  every 

c e l l ,  un le s s  c e l l s  a r e  s p e c i f i c a l l y  excluded. Other approaches and possi-  

b l e  improvements f o r  d i s t r i b u t i o n  popula t ion  are d iscussed  i n  Sec t ion  5. 

Resul t s  from a few examples are a l s o  given inc luding  more accu ra t e  d i s t r i -  

bu t ions  us ing  quad maps and a e r i a l  photos d i g i t a l l y  w i t h i n  10 m i l e s  of a 

s i t e .  

Computations have been performed f o r  s eve ra l  study reg ions  around tlie 

country,  both i n  t h e  East and West, t o  consider  urban ve r sus  r u r a l  e f f e c t s .  

Unless otherwise noted, a l l  computations have incorpora ted  t h e  l a t e s t  

i n t e r p o l a t i o n  and normal iza t ion  techniques descr ibed  i n  t h i s  sec t ion .  The 

PJM dens i ty  contours  shown i n  Fig. 2a used t h e  most r e c e n t  “local 
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in te rpola t ion1!  with the  "enumeration d i s t r i c t  normalization. I* For compari- 

son purposes Figs. 19a and 19b are included t o  show populat ion dens i ty  con- 

t o u r s  i n  t he  Washington-Oregon area using the g loba l  technique (Sec t ion  

3.2) and t h e  l o c a l  technique (Sec t ion  3 . 4 ) .  The s i t i n g  r e s u l t s  shown i n  

the next s e c t i o n  are based upon the most r e c e n t  improvements. 
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19a. Population Density Contours in Washington-Oregon 
Region Using Global Interpolation. 
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4 .  EVALUATION OF SITING CRITERIA 

4.1. Descr ip t ion  of NRC Radial  and Sec tor  Cri ter ia  

I n  the  In t roduc t ion  s e c t i o n  a b r i e f  d e s c r i p t i o n  w a s  given of t h e  

r a d i a l  and sec to r  c r i t e r i a  used f o r  eva lua t ing  t h e  d e s i r a b i l i t y  of a r eas  

f o r  nuc lear  power p l a n t s  a s  f a r  as r e s i d e n t i a l  populat ion i s  concerned. 

Displays were a l s o  presented showing t h e  ca l cu la t ed  popula t ion  dens i ty ,  

zones where populat ion threshold  l e v e l s  were exceeded, and r e a c t o r  s i t e s  i n  

the  PJM area. The populat ion c r i t e r i a  were based upon t h e  dens i ty  l e v e l s  

( o r  correspondingly,  number of people) r e s i d i n g  i n  each of t h e  r a d i a l  and 

s e c t o r  zones shown i n  Fig. 1 .  The r a d i a l  zone boundaries were a t  2 m i l e s ,  

5 m i l e s ,  10 mi l e s ,  15 m i l e s ,  ... out  t o  a maximum of 30 miles. 

zones cons is ted  of 16 s e c t o r s  of 22-112' each, beginning wi th  t h e  f i r s t  

s ec to r  centered on the  nor th  d i r ec t ion .  The maximum number of people given 

as  a threshold  l e v e l  f o r  each zone w a s  g iven  i n  Table 1 f o r  A l t e rna t ive  

Case 4 .  

zones i n  Fig. 3 .  MRC reques ted  t h a t  a t o t a l  of s i x  d i f f e r e n t  a l t e r n a t i v e s  

be t e s t e d ,  r e f e r r e d  t o  as Al t e rna t ive  Cases 1 ,  2 ,  ... 6 .  The i n i t i a l  

ana lyses  were performed f o r  t h r e e  d i f f e r e n t  geographic reg ions  i n  t h e  U. S .  

using Case 4 c r i t e r i a .  

Resul t s  from t e s t i n g  t h e  o the r  a l t e r n a t i v e s  a r e  descr ibed i n  Sec t ion  4 . 3 .  

Sect ion  4.4  d i scusses  the  a n a l y s i s  of i nd iv idua l  s i t e s  a c r o s s  the  U.S. The 

purpose of t h i s  s e c t i o n  (4.1) i s  t o  exp la in  i n  d e t a i l  how t h e  populat ion 

c r i t e r i a  a r e  spec i f ied .  

The angular  

This  p a r t i c u l a r  a l t e r n a t i v e  w a s  used i n  determining t h e  r e d  PJM 

These r e s u l t s  are descr ibed i n  Sec t ion  4.2. 

It should be noted t h a t  t h e  a l t e r n a t i v e s  being eva lua ted  he re  are  p a r t  

of a n  e f f o r t  t o  spec i fy  demographic c r i t e r i a  t h a t  a r e  independent of design 

d i f f e rences  among p lan ts .  F a i l u r e  of e x i s t i n g  s i t e s  under these  
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a l t e r n a t i v e s  has  no impl i ca t ions  about t h e  a c c e p t a b i l i t y  of t he  p l a n t s  a t  

these  s i t e s  which w e r e  designed and a re  operated t o  accommodate s i t e  de f i -  

c i e n c i e s  such as higher  populat ion d e n s i t i e s .  These demographic c r i t e r i a  

a r e  a l s o  being analyzed wi th  t h e  knowledge t h a t  popula t ion  growth around 

s i t e s  i s  i n  many cases  i n e v i t a b l e  and t o  some ex ten t  p red ic t ab le .  The c r i -  

t e r ia  w i l l  t h e r e f o r e  be meant t o  apply a t  a c e r t a i n  po in t  i n  t i m e  such as 

t i m e  of a p p l i c a t i o n  and i n  many cases  may be v i o l a t e d  before  a p l an t  

reaches  t h e  end of i t s  use fu l  l i f e .  

The c r i t e r i a  w i t h i n  each of t h e  r ad ia l - sec to r  zones can be expressed 

as  l i m i t s  on e i t h e r  populat ion dens i ty  o r  

o r i g i n a l  c r i t e r i a  werle s p e c i f i e d  i n  terms 

e a s i l y  converted i n t o  s p e c i f i c  numbers of 

- 
populat ion count s. A 1  though the  

of popula t ion  dens i ty ,  they are 

people by mul t ip ly ing  by the  

appropr i a t e  area.  The popula t ion  c r i t e r i a  a s soc ia t ed  wi th  t h e  seven r a d i a l  

zones are each cumulative beginning a t  t h e  o r i g i n  of t h e  s i t e  ( L e . ,  0-2 

m i l e s ,  0-5 mi les ,  0-10 mi les ,  e t c . ) .  The two columns i n  Table 1 con ta in  

popula t ion  th re sho ld  1-evels f o r  each of t h e  r a d i a l  and s e c t o r  zones. These 

counts  are a c t u a l l y  func t ions  of s p e c i f i c  dens i ty  l e v e l s  t h a t  have been 

converted t o  number of people. 

t i a l  s i t e s  a r e  unacceptable  i f  they exceed 250 peoplelmi’ i n  t h e  0-2 m i l e  

The c r i t e r i a  i n  Table 1 spec i fy  t h a t  poten- 

zone o r  750 people/mi2 i n  t h e  zones ranging from 2 mi l e s  t o  30 m i l e s .  

Since t h e  ou te r  zones a r e  cumulative, t h i s  means t h a t  t h e  0-5 m i l e  zone 

must use t h e  250 level  o u t  t o  2 mi l e s  and t h e  750 l e v e l  from 2-5 miles.  

Likewise t h e  0-10 m i l e  zone uses  a combination of t h e  250 and 750 d e n s i t y  

l e v e l s  f o r  0-2 mi l e s  and 2-10 m i l e s ,  r e spec t ive ly .  

The s e c t o r  c r i t e r i a  i n  Table 1 s p e c i f i e s  t h a t  a s i t e  exceeds a 

th re sho ld  l e v e l  i f  the  popula t ion  i n  any two adjacent  s e c t o r s  around t h e  
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s i t e  exceeds one-fourth of t he  maximum t o t a l  populat ion allowed w i t h i n  t h e  

r a d i a l  zone. Before t h e  comparison can a c t u a l l y  be made, t h e  ind iv idua l  

populat ion da ta  i n  each g r i d  c e l l  must be aggregated t o  each of t he  112 

r ad ia l - sec to r  zones. An aggregat ion of g r i d  c e l l s  i n t o  a c i r c u l a r  p a t t e r n  

does no t  exac t ly  r e p l i c a t e  the c i r c l e ,  and l ikewise ,  g r i d  c e l l  approxima- 

t i o n s  of t h e  16 s e c t o r s  do not exac t ly  r e p l i c a t e  t h e  sec to r  zones. Thus, a 

refinement was added t o  c o r r e c t  f o r  t h i s  approximation by a d j u s t i n g  t h e  

g r i d  c e l l  aggregat ion on t h e  b a s i s  of t h e  a c t u a l  area of t h e  c i r c l e s  o r  

annu l i  and the  sec to r  proport ions.  Figure 20a shows the  numerical  p r i n t o u t  

of incremental  popula t ion  counts  f o r  a l l  of t h e  zones around t h e  

Susquehanna s i te .  The r a d i a l  d i s t ance  i s  given along the  t o p  and the  angu- 

l a r  sec to r  down t h e  s ide.  Figure 20b shows t h e  same da ta  except t h a t  t h e  

counts have been accumulated out  from the  o r i g i n  t o  each r a d i a l  zone. 

These summed counts  a re  t h e  ones a c t u a l l y  checked aga ins t  t h e  maximum 

allowed. 

exceed t h e  accumulative r a d i a l  l i m i t  o r  ( 2 )  i f  any two adjacent  s e c t o r s  f o r  

any r a d i a l  zone exceed the  s e c t o r  l i m i t .  For e f f i c i ency  it was suggested 

t h a t  45' s e c t o r s  might be used ( a s  done i n  t h e  

t ioned)  t o  approximate two adjacent  22-1/2' s ec to r s .  

only allow f o r  t e s t i n g  h a l f  of t h e  22-1/2' sec to r  combinations t h a t  a re  

poss ib le .  

A given c e l l  i s  f lagged i f  ( 1 )  any of t he  seven r a d i a l  zones 

previously men- 

However, t h i s  would 

4.2. General Resul t s  f o r  Major Regions i n  U.S. 

I n  t h i s  s ec t ion  f u r t h e r  r eg iona l  r e s u l t s  w i l l  be presented  and d is -  

cussed f o r  t he  PJM area i n  t h e  East, t h e  Chicago-centered r eg ion  i n  t h e  

Midwest, and t h e  Washington-Oregon area i n  t h e  f a r  West. 

lowed by a more d e t a i l e d  d i scuss ion  of t h e  methodology f o r  eva lua t ing  t h e  

This  w i l l  be f o l -  
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s i t i n g  cri teria.  The reason  f o r  c a l c u l a t i n g  s i t e  acceptabi l i t ies  

throughout large r e g i o n s  was t o  a i d  i n  understanding t h e  o v e r a l l  r e s t r i c -  

t i v e n e s s  of the popula t ion  c r i te r ia  i n  r e l a t i o n  t o  v a r i o u s  urban cen te r s .  

It was f e l t  t h a t  t h e  three r e g i o n s  selected would r e p r e s e n t  a meaningful 

c ross -sec t ion  of the U.S., ranging  from h igh ly  urban c i t i e s  t o  rural COP 

munities.  These r e g i o n s  a l s o  u t i l i z e  v a r i o u s  l e v e l s  of nuc lea r  power 

l o c a t e d  a t  d i f f e r e n t  d i s t a n c e s  from popula t ion  cen te r s .  F igure  21 p r e s e n t s  

t he  same PJM s i t i n g  c a l c u l a t i o n  shown previous ly ,  but zones exceeding 

th re sho ld  l e v e l s  are broken i n t o  three classes or c o l o r s  depending on which 

c r i t e r i o n  was t h e  l i m i t i n g  f a c t o r .  The red zones correspond t o  areas which 

exceeded both the  r a d i a l  cri teria and the s e c t o r  criteria. The orange 

zones exceeded on ly  the  s e c t o r  cr i ter ia  whi l e  t h e  blue zones exceeded on ly  

t h e  r ad ia l  criteria. The l igh t  g reen  area o u t s i d e  these zones corresponds 

t o  acceptable areas folr  r e a c t o r  s i tes  most of which occur i n  t h e  rural 

areas. 

The h igh ly  urban areas exceed both c r i te r ia  and, thus,  t h e  c e n t e r  

zones are r e d  i n  most major c i t ies .  A t  greater d i s t a n c e s  from the  i n n e r  

c i t ies ,  t he  o v e r a l l  popula t ion  dens i ty  drops  below the  rad la l  cri teria.  

But s i n c e  the  perimeter popula t ions  are n o t  l o c a t e d  homogeneously i n  c i rcu-  

lar p a t t e r n s  around p o t e n t i a l  sites, the s e c t o r  cri teria are st i l l  

exceeded. This causes  the  orange zones around t h e  o u t e r  edges of t he  red 

areas. Only i n  a f e w  pockets do cel ls  f a i l  t he  rad ia l  test whi le  no t  

exceeding the  s e c t o r  cr i ter ia  as  i n d i c a t e d  by the  blue shading. F igure  22 

shows t h e  l o c a t i o n  of p l a n t  s i tes  t h a t  have either been cons iaered  i n  t h e  

pas t  o r  are c u r r e n t l y  being used i n  t h e  PJM area. The s t a t u s  of these 

s i tes  i s  i n d i c a t e d  i n  t h e  legend of t he  p l o t  by t h e  type and co lo r  of t he  
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Including Alternate Sites. 



symbol p lo t t ed .  These sites have been superimposed on t h e  c r i t e r i a  map i n  

Pig. 23. A number of e x i s t i n g  sites f a l l  in t h e  red  o r  orange zones indi-  

t i n g  t h a t  they would exceed t h i s  p a r t i c u l a r  criteria (Al t e rna t ive  Case 4) 

y were being eva lua ted  wi th  t h e  1980 popula t ion  estimates as calcu- 

i n  t h i s  study. In order  t o  a s su re  c o r r e c t  zone c l a t i o n s  along 

e border  of t h e  map, a 30-mile bu f fe r  has been added around t h e  ou t s ide  

t h e  PJM r eg ion  f o r  a l l  ca l cu la t iona .  This  extra area i s  not p l o t t e d  f o r  

any of t h e  map 

t h e  edge of t h e  PJM reg ion  could not  be eva lua ted  o u t  t o  t h e  30-mi le  

bu f fe r  were not  included, a l l  sites o r  cells a t  

rad ius .  A s h  two r eg ions  s t u d i e  

Close s t u  PJM area reveals 

small towns had areas around them which exceeded t h e  th re sho ld  levels based 

usua l ly  on the  s e c t o r  c r i t e r i a  (orange zones). These p a t t e r n s  showed up as 

"doughnuts" on t h e  map where t h e  cen te r  p o r t i o n  of t h e  town was cons idere  

a round t h e  town was not  acceptab le .  Th 

W ed wi th in  a l m d e n s i t y  town had t h e  

people d i s t r i b u t e d  som i n  a l l  s e c t o r s  around t h e  cen 

g r i d  c e l l ,  thus  no t  exce test. nowever, when t h e  poten 

cen te r  t o  the o u t e r  edge of 

n one o r  two sec to r s ,  so t h  i t e r i a  were 

e town's popular 

exceeded i n  moving around t h e  town * t e r .  This  i s  somewhat of an  

a r t i f a c t  caused by t h e  c r i t e r i a  st h a t  no more than one-fourth t h e  

Dopulatioo may occur i n  two t sec to r s .  

A u se fu l  parameter t o  a i d  i n  eva lua t lng  zones exceeding t h e  th re sho ld  

l e v e l s  is t h e  t o t a l  area (square miles) excluded wi th in  the  study region. 

Table 4 g ives  t h e  t o t a l  square m i l e s  excluded i n  t h e  PJM area and a 
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Table 4 .  Area (mi2) in PJM Region Unfavorable for Nuclear Power 
Plant Sites, Categorized by State Portion. 

URNL-DWG 83-3016 
AREA (SQ U I )  I N  PJM REGION UNACCEPTABLE FOB IJUCLEAB POWER 

PLANT S I T E S ,  CATEG3RIZED BY STATE PORTIONS 
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breakdown as t o  how much area exceeded t h e  r a d i a l  c r i t e r i a ,  the  s e c t o r  c r i -  

t e r i a ,  o r  both. The a r e a  excluded i n  each s t a t e  i s  a l s o  given, a l though 

some s t a t e s  are not  completely contained w i t h i n  the  PJM region.  Comparison 

of t hese  area s t a t i s t i c s  f o r  d i f f e r e n t  s i t i n g  c r i t e r i a  can a i d  i n  f u r t h e r  

eva lua t ing  t h e  e f f e c t  of d i f f e r e n t  a l t e r n a t i v e s .  Appendix A con ta ins  t h e  

area t a b l e s  f o r  a l l  t h r e e  r eg ions  of t h e  country with a l l  s i x  a l t e r n a t i v e s  

ca l cu la t ed .  

The same populati.on c r i t e r i a  i n  Table 1 were app l i ed  t o  t h e  more r u r a l  

Washington-Oregon r eg ion  a s  shown i n  Fig. 24. Nuclear s i t e s  are superim- 

posed on t h e  map. Again t h e  red ,  orange, and blue zones a r e  presented  f o r  

unacceptable  a reas .  The populat ion dens i ty  map w a s  shown previous ly  i n  

Fig. 19b. It i s  q u i t e  obvious t h a t  much more area is a v a i l a b l e  f o r  s i t i n g  

nuc lear  p l a n t s  as f a r  as popula t ion  r e s t r i c t i o n s  are concerned. Table 5 

p re sen t s  t h e  breakdown of areas (square  m i l e s )  by s t a t e  which exceed t h e  

th re sho ld  levels. 

f o r  t he  Chicago-centered region.  

gan i s  obvious. 

t h e  Chicago-centered r eg ion  along wi th  superimposed r e a c t o r  si tes.  Table 6 

con ta ins  t h e  square mileage t o t a l s  by s t a t e  f o r  a l l  a r e a s  exceeding t h e  

Figure 25 i s  a p l o t  of t he  populat iod dens i ty  contours  

The major urban sprawl around Lake Michi- 

Figure 26 presen t s  t h e  Case 4 s i t i n g  c r i t e r i a  app l i ed  t o  

th re sho ld  l e v e l s  of Case 4 .  The in f luence  of Chicago i s  s imi l a r  t o  t h a t  of 

New York City.  In a d d i t i o n  t o  comparing d i f f e r e n t  geographical  r eg ions  f o r  

Case 4 ,  o the r  a l t e r n a t i v e s  were t e s t e d  us ing  d i f f e r e n t  popula t ion  dens i ty  

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

cent  s e c t o r s  were a l s o  t e s t e d .  These a r e  discussed i n  t h e  next  sec t ion .  

One cons ide ra t ion  i n  t h e  a n a l y s i s  was whether d i f f e r e n t  p a t t e r n s  r e s u l t e d  

i n  t h e  urban East as compared t o  t h e  r u r a l  West. 

D i f f e ren t  numbers of adja-  
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Table 5. Area (mi2) in Washington-Oregon Region Unfavorable for 
Nuclear Power Plant Sites, Categorized by State Portion. 

AREA (SQ H I )  I N  WA-OR R E G I O N  UNACCEPTABLE FOR NUCLEAR POWER 
PLANT S I T E S ,  CATEGORIZED BY S T A T E  POBTIONS 

CASE: 4 

.......................................................................................................... 
P O R T I O N  OF AREA OF PERCENT OF AREA EXCLUDED AREA EXCLUDED AREA EXCLUDED 

S T A T E  I N  S T A T E  P O R T I O N  S T A T E  P O R T I O N  BY SECTOR B Y  R A D I A L  B P  BOTH 
STATE U A O R ~ S Q  n q  EXCLUDED EXCLUDED C B I T E R I A ( 0 R A N G E )  C R I T E R I A  ( B L U E )  C R I T E R I A  (RED) ........................................................................................................... 

m m 

C A L I F O R N I A  3642.30 3.00 0.08 1.50 0.0 1.50 

I D A H O  2 1608.9 1 743.79 3.44 461.01 8.15 274.63 

BONTANA 92.61 0.0 0.0 0.0 0 .0  0.0 

NEVADA 3U52.05 0.0 0.0 0.0 0.0 0.0 

OREGON 9 21 51.63 3856.37 4.18 2247.23 72. 14 1 53 7.00 

WASHINGTON 64123.66 5662.38 8 . 8 3  3171.50 4 1-94 2448.94 

4262.06 TOTAL 185071 -13 10265.5U 5.55 5881.25 122.24 
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Table 6 .  Area (mi2) i n  Chicago-Centered Region Unfavorable f o r  Nuclear 
Power P l a n t  S i t e s ,  Categorized by State Port ion.  

A R E A  (SQ M I )  I N  CHICAGO REGION UNACCEPTABLE FOR NUCLEAR POWER 
PLANT S I T E S ,  C A T E G 3 h I Z E D  BY S T A T E  PORTIONS 

CASE:  4 

U527.23 I L L  IN0 IS  4 1670.81 8794.6 3 21.10 4 172.96 94.44 

I N D I A N A  26790.32 7688.49 28.7 0 4458.57 103.05 3 126.87 

I O W A  12528.54 13U6.88 10.75 850.72 13.62 482.54 

P ENTUCKY 178.39 178.39 100.00 33.46 0.0 144.94 

RICHIGAN 3 6716.54 9700.16 26. U2 4765.38 65.87 4868.91 

U I NNES OT A 1524 -28 117. 74 7.72 60.37 0.0 57.38 

! I S S O U R 1  4478 -59 91.63 2.05 52.05 0.0 39.58 

OHIO 26200.54 9521.98 36.34 5227.70 62.32 4231.95 

WEST V I R G I N I A  3.19 3. 19 100.00 0.0 0.0 3.19 

WISCONSIN 31751.79 5080.5 1 16.00 2 665.67 57.89 2356.95 

____________________--------------------------------------------------------------------------------------- 

1983 9.52 TOTAL 18 l842.69 42 523.5 8 23.3 8 22286.87 397.19 
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4.3- Resu l t s  From D i f f e r e n t  S i t i n g  Ale rna t ives  

S ince  a l l  of t he  c a l c u l a t i o n s  and d i s p l a y s  have been computerized, i t  

i s  r e l a t i v e l y  easy t o  test  d i f f e r e n t  cr i ter ia  a l t e r n a t i v e s  once the  gritlded 

popula t ion  d e n s i t i e s  have been ca l cu la t ed .  

tests w i t h  s i x  d i f f e r e n t  popula t ion  cr i ter ia  were reques t ed  by NRC. 

s i x  a l t e r n a t i v e s  can be expressed i n  terms of r a d i a l  popula t ion  d e n s i t y  

l i m i t s  and maximum limits f o r  two a d j a c e n t  22-1/2' s ec to r s .  

p r e s e n t s  these s i x  cases. 

A s  was mentioned previously, ,  

These 

Table 7 below 

Table  7. Six A l t e r n a t i v e  Cases for Popula t ion  Criteria, 

Maximum Populat ion Density Threshold Leve l s  
Case Case Case Case Case Case 

1 2 3 4 5 6 

0-2 Miles: 250/mi2 250/mi2 250/mi2 250/mi2 250/mi2 250/mi2 

2-30 Miles: 500/mi2 500/mi2 500/mi2 750/mi2 750/mi2 750/mi2 

Density I n  2 1000/mi2 1 500/mi2 2000/mi2 1 500/mi2 2250/mi2 3000/mi2 
Adjacent as as as as as as  
S e c t  or s : 1/4th Max. 3/8th Max. 1/2 Max. 1/4th Max. 3/8th Max. 1/2 Max. 

Radial  Pop. Radial  Pop. Radial  Pop. Radial  Pop. Radial  Pop. Radial  Pop. 

Resu l t s  from Case 4 have a l r eady  been d iscussed  i n  S e c t i o n s  1 and 4.2 f o r  

all three geographic r e g i o n s  w i t h  t he  a p p r o p r i a t e  popula t ion  d e n s i t y  maps, 

s i t i n g  maps, and unfavorable  area tables. 

t h i s  s e c t i o n  f o r  Cases 1 ,  3, and 6 f o r  the  PJM region. Because of the  bulk 

of t he  informat ion ,  complete maps and tables f o r  a l l  s i x  cases i n  a l l  t h r e e  

r e g i o n s  are i n  Appendix A. The fo l lowing  Figs.  27a-27c p resen t  t he  maps of 

unfavorable  zones f o r  Cases 1 ,  3 ,  and 6 i n  t h e  PJM region. These are t h e  

same red ,  orange, and b lue  zones as descr ibed  previously.  Table  8 c o n t a i n s  

Specific r e s u l t s  are g iven  i n  



I I
I
 

--
 1 d
 



- 
ADIAL EXCLUSION: 0-2 MI > 



'RICTION 

1 

'EPTABI 



Table 8. Three Sets of Unfavorable Areas (mi2) in PJM Region 
For Alternative Cases 1, 3, and 6 .  

ORiIL-DWG 83-8X9 
AREA (SQ MI) I N  PJM REGION UNACCEPTABLE FOR NUCLEAR POWER 

PLANT SITES,  CATEGORIZED BY STATE PORTIONS 

CASE: 1 

------------------------------------------------------------------------------------------------------------ 
PORTION OF A R E A  OF PERCENT OF AREA EXCLUDED AREA EXCLUDED AREA EXCLUDED 

STATE I N  STITE PORTTON STATE P O R T I O N  BY SECTOR BY BADIAL BP BOTH 
STATE PJM(SQ M I )  EXCLUDED EXCLUDED CRITERIA (OEAN GE) CRITERIA ( B L U E )  CBITEfiIA (RED) ------------------------------------------------------------------------------------------------------------ 

CONNECTICUT 

D ELA WA RE 

DIS’IPICT O F  COLIJilBIA 

NBRYLA ND 

MASSACHUSETTS 

N E W  HAMPSHIRE 

NEW JERSEY 

NEW YORK 

0 RIO 

PENNSYLVANIA 

VERHONT 

V I R G I N I A  

WEST V I R G I N I A  

4422.30 

20 14.75 

67.04 

99 17.59 

33h 1.20 

508.12 

7528.35 

26695.83 

3256.73 

$4720.32 

710.36 

2 57 33.8 4 

14717.oa 

3885.68 

649.88 

67.04 

5209.70 

2228.19 

91.35 

6362.65 

11141.31 

1817.80 

1 ROOR. 6 2  

7 1.99 

6510.39 

1271.18 

87.87 

32.26 

100.30 

52.53 

66.29 

17.98 

81.52 

41.73 

55.3 2 

40.27 

10.13 

25.30 

8.64 

557.59 

263.55 

0.0 

1202.95 

1339.49 

49.40 

917.97 

5315.00 

91 7.31 

7 173.92 

28.53 

386  I .  7 0  

633.7 1 

1.53 

14.38 

0.0 

28.69 

15.10 

4.50 

17.05 

89.47 

1.56 

107.37 

8.99 

66.4 1 

25.54 

3326.55 

37 1.95 

67.04 

3978.06 

873.60 

37.44 

5427.63 

5736.84 

89 8.92 

10727.34 

34.47 

2582.28 

611.94 



Table 8. (continued) 

ORNL-DWG 83-8020 

A R E A  (SQ a I )  IN PJU REGION U N A C C E P T A B L E  FOR N U C L E A R  POWER 
PLANT SITES,  CATEGORIZED BY STATE PORTIONS 

CASE: 3 

.......................................................................................................... 
PORTION OF AREA OF PERCENT OF A E EA EXCLUDED AREA EXCLUDED AREA EXCLUDED 

S T A T E  IN STATE PORTION STATE P O R P I O N  BY SECTOR BY RADIAL BY BOTH 
STAT E P J n ( S Q  HI) EXCLUDED EXCLUDED CRITEBIA(0AANGE) CRITERIA (BLUE) CEtITEFiIA (RED) ---------_------------------------------------------------------------------------------------------------- 

CONNECTICUT 

DELAWARE 

DISTRICT O F  COLUUBI& 

UARYLAND 

fl ASSACHUSETTS 

N EU HAHPSHIRE 

N E W  JERSEY 

NEU YORK 

4422.30 

2014.75 

67.04 

99 17.59 

336 1.20 

508.12 

7528.35 

26695.83 

3344.90 

405.37 

67.04 

4264.93 

1055.29 

44.93 

552 5.16 

6850.09 

75.64 

20.12 

100. D 0 

43.00 

31.40 

8.84 

73.39 

25.66 

16.80 

19.03 

0.0 

258.17 

166.58 

2.99 

80.06 

1022.90 

699.69 

76.56 

0.0 

176.70 

139.01 

20.98 

548.59 

911.36 

2628.41 

309.78 

-67.04 

3830.07 

749.69 

2 0.96 

4896.50 

U915.84 

OHIO 3256.73 974.40 29.9 2 73.9 I 134. 64 765.85 

9048.7 2 P E NNSY LV A N I A 4U720.32 11427.80 25.55 59 1.53 1787.55 

VERnONT 710.36 43.47 6.12 0.0 31.47 12 :oo 

V I R G I N I A  257 33 . 84 31 80.39 12.36 531.69 3 18.84 2329.86 

k 3 7 . 9 1  I EST V X R G I  N I  A 1 47 17.08 689.69 4.69 52.20 199.58 

____________--------_.______-------------------------------e--------------------------------------------___- 

- 
bl 

TOTAL 14 36 53.38 378 73.4 5 26.36 281 5.86 5OU4. 97 300 12.62 



T a b l e  8 .  (continued) 

ORNL-DWG 83-8021 
A R E A  (SQ UI) I N  P J n  REGION U N A C C E P T A B L E  POR NUCLEAR POWER 

PLANT SITES.  CATEG3RIZED BY STATE POBTIONS 

CASE: 6 

CONNECTICUT 4822.30 2537.70 57.3 8 24.50 628.27 188 4.93 

DELAWARE 20 14.75 356.32 17.69 1.61 82.87 271.85 

D I S T R I C T  OF COLUHEIA 67.04 67.04 100.00 0.0 0.0 67.04 

MARYLAND 99 17.59 3783.58 38.15 520.07 214.80 3048.71 

MASSACHUSETTS 3361.20 720.38 21.43 27.22 176.83 516.33 

NEU HAHPSHIRE 508.12 44.93 8.84 2.99 20.98 20.96 

N EW JERSEY 7528.3 5 5025.18 66.75 44.16 724.93 4256.09 

NEW YORK 26695.83 5333.58 19.98 546.20 951.19 3836.19 

0 H I 0  3256.73 712.07 21.86 41.58 164.04 506.44 

653 1.85 PENNSYLVANIA 44720.32 9205.84 20.59 707.31 1966.68 

VEEUONT 710.36 43.47 6. 1 2  0.0 31.47 12.00 

175 1. 12 VIRGINIA 25733.84 2385.02 9.27 204.48 U29.42 

WEST V I R G I N I A  14717.08 613.90 4. 17 31.63 231.38 344.90 

------------------------------------------------------------------------------------------------------------ 

23048.40 5628.84 TOTAL 14 36 53.3 8 3 0829.00 21.46 2 151.76 

IHCOO21 STOP 0 
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t h e  t h r e e  sets of unfavorable a rea  c a l c u l a t i n g  (square mi l e s )  f o r  t h e s e  

t h r e e  runs  (Cases 1, 3,  and 6 i n  PJM). It i s  q u i t e  obvious t h a t  as t h e  

dens i ty  l e v e l s  are increased  ( l e s s  r e s t r i c t i v e  on s i t e s ) ,  the unfavorable 

zones decrease i n  s i ze .  As t h e  s e c t o r  c r i t e r i a  a re  re laxed ,  t h e  orange 

zones a l s o  decrease.  By the  t i m e  t he  s e c t o r  l i m i t  r eaches  the  "1/2 of max- 

imum" po in t  (Case 3 and 61, t h e  r e s t r i c t i o n  has  changed from being a mean- 

i n g f u l  l i m i t  t o  one t h a t  has  very l i t t l e  e f f e c t .  Also t h e  s e c t o r  l i m i t  

seems t o  have a h igher  r e l a t i v e  impact where t h e  urban cen te r s  are of 

in te rmedia te  s i z e  and dens i ty  without  a l a r g e  urban-to-suburban sprawl. 

For example t h e  e x t r a  l a rge  Washington D.C.-Baltimore area, New York City,  

and P i t t sbu rgh  cen te r  have smaller orange zones than  do the somewhat 

smal le r  more compact c i t i e s  i n  PJM. On a r e l a t i v e  b a s i s  t h i s  would f o r c e  

s i tes  t o  be loca ted  f a r t h e r  away from t h e  in te rmedia te  s i z e  compact c i t i e s .  

I n  looking a t  t h e  change from 750/mi2 t o  500/mi , t h e  o v e r a l l  e f f e c t  seems 

t o  be a f a i r l y  homogeneous expansion of exc lus ion  zones. 

2 

For a l l  t h r e e  r eg ions  shown i n  Appendix A, a c e l l  s i z e  of 1-1f4 

minutes of l a t i t u d e  and longi tude  w a s  used. Although the  ce l l s  were 

expressed i n  terms of l a t i t u d e f l o n g i t u d e ,  a conversion t o  a s tandard map 

p r o j e c t i o n  w a s  used so t h a t  a c t u a l  ground d i s t ances  in miles were computed 

and c o r r e c t  maps w e r e  p l o t t e d  i n  a l l  cases.  The c e l l s  change s i z e  s l i g h t l y  

depending on l a t i t u d e ,  but are gene ra l ly  around one m i l e  o r  so on a s ide .  

There were approximately 130,000 t o  150,000 c e l l s  i n  these  r eg ions  includ-  

ing  t h e  30-mile bu f fe r  a r e a  around the  outs ide .  

s i tes were t e s t e d  (as descr ibed i n  Sec t ion  4.41, t h e  c e l l  s i z e  w a s  some- 

t i m e s  smaller so t h a t  r e s u l t s  c l o s e  t o  t h e  s i tes  would be s l i g h t l y  more 

accura te .  

However, when ind iv idua l  
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4.4. Appl ica t ion  of C r i t e r i a  t o  Ind iv idua l  S i t e s  

I n  a d d i t i o n  t o  applying t h e  popula t ion  c r i t e r i a  t o  l a r g e  geographical  

reg ions ,  i t  i s  a l s o  use fu l  t o  c a l c u l a t e  t he  a c c e p t a b i l i t y  of i n d i v i d u a l  

s i t e s  throughout t h e  U.S.  t o  see g e n e r i c a l l y  how many exceed t h e  th re sho ld  

l e v e l s  under the  d i f f e r e n t  a l t e r n a t i v e s .  This  r e q u i r e s  looking a t  a 60 

m i l e  by 60 mi le  a r e a  f o r  each s i t e  p lus  an  appropr i a t e  bu f fe r  area (e.g., 

10 t o  15 m i l e s  more) t o  main ta in  cont inui ty .  Since many of t h e s e  l a r g e  

search  a r e a s  would over lap  due t o  nearby s i t e s  ( e s p e c i a l l y  i n  t h e  

Nor theas t ) ,  t he  system can be s e t  up on a geographic b a s i s  t o  more e f f i -  

c i e n t l y  eva lua te  m u l t i p l e  s i t e s  t h a t  may l i e  w i t h i n  t h e  same genera l  area. 

The i n t e n t  of t h i s  a n a l y s i s  i s  not  t o  h igh l igh t  s p e c i f i c  p l a n t s  as  problem 

s i t e s ,  but t o  provide an  overview of enough s i tes  t h a t  comparisons and 

t r ends  can be seen  among the  s i x  a l t e r n a t i v e s .  It's a l s o  hoped t h a t  a more 

d e t a i l e d  understanding of t h e  e f f e c t  of va r ious  c r i t e r i a  w i l l  be gained. 

The r e s u l t s  of t hese  s i t e  eva lua t ions  a r e  considered prel iminary because 

t h e  populat ion d i s t r i b u t i o n  e s t ima tes  a r e  approximations,  e s p e c i a l l y  w i t h i n  

a few m i l e s  of t he  si tes,  as  expla ined  previously.  

A t o t a l  of 248 i nd iv idua l  s i tes  w a s  eva lua ted  a g a i n s t  a l l  s i x  a l t e r n a -  

t i v e  cases .  These s i t e s  represented  examples of a c t i v e  p l a n t s ,  as  w e l l  a s  

o the r  types  such as those  under cons t ruc t ion ,  planned r e a c t o r s ,  canceled 

p l a n t s ,  and a l t e r n a t e  si tes.  They were separa ted  i n t o  a group of 91 p r i -  

mary s i t e s  and 157 secondary s i t e s .  Figure 28 shows t h e  f i r s t  page of t h e  

computer summary l i s t i n g  f o r  the  primary si tes.  The complete summary 

t a b l e s  f o r  both t h e  primary and secondary s i t e s  are g iven  i n  Appendix E. 

A t  each s i t e  t he  "pass- fa i l "  s t a t u s  is given f o r  a l l  s i x  cases.  The 
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"pass- fa i l "  s t a t u s  i s  a c t u a l l y  shown sepa ra t e ly  f o r  t he  s e c t o r  and r a d i a l  

c r i t e r i a .  Four poss ib l e  s t a t u s  symbols are  used: 

(1 )  . Meaning the  s i t e  passed by more than  10% of the  th re sho ld  level,  

even f o r  t he  worst  r a d i u s  ( o r  ad jacent  s e c t o r s ) .  

(2) 1 Meaning the  s i t e  passed, but  t h e  worst  r a d i u s  (o r  ad jacen t  

s e c t o r s )  w a s  w i t h i n  10% of exceeding t h e  th re sho ld  level.  

( 3 )  * Meaning the  s i t e  f a i l e d  (exceeded the  th re sho ld ) ,  but t h e  wors t  

r ad ius  (o r  ad jacent  s e c t o r s )  only f a i l e d  by 10% o r  less. 

( 4 )  x Meaning the  s i t e  f a i l e d  (exceeded t h e  th re sho ld )  and t h e  wors t  

r ad ius  (o r  ad jacent  s e c t o r s )  f a i l e d  by more than  10% of t h e  

threshold  level.  

These symbols a r e  l i s t e d  i n  a somewhat descending order  w i th  respec t  t o  

s i t e  f a i l u r e .  The reason  f o r  having f o u r  breakdowns w a s  t o  i n d i c a t e  which 

s i t e s  exceeded t h e  c r i t e r i a  by such a l a r g e  margin t h a t  t h e r e  w a s  no ques- 

t i o n  about t h e i r  eva lua t ion  under t h a t  a l t e r n a t i v e ,  whereas o the r  s i tes  

t h a t  were w i t h i n  10% of t h e  c r i t e r i a  l i m i t s  might deserve more d e t a i l e d  

ana lys i s .  Of course,  i f  e i t h e r  t h e  r a d i a l  o r  s e c t o r  l i m i t  w a s  exceeded, 

then  t h e  s i t e  i t s e l f  exceeded t h a t  r e s p e c t i v e  a l t e r n a t i v e .  It should be 

noted t h a t  when a c t u a l l y  eva lua t ing  a proposed s i t e ,  a c t u a l  popula t ion  

informat ion  i s  necessary,  e s p e c i a l l y  wi th in  f i v e  m i l e s .  The coarse n a t u r e  

of t he  census d a t a  i n  r u r a l  a r e a s  makes the  p r e d i c t i o n  of p a s s / f a i l  givein 

he re  s u f f i c i e n t  f o r  genera l  t r end  comparisons but i n a p p l i c a b l e  f o r  i nd iv i -  

dual  s i t e  ana lyses .  

One a i d  t o  a more d e t a i l e d  a n a l y s i s  of i nd iv idua l  s i t e s  i s  t h e  graplzic 

p re sen ta t ion  shown i n  Fig.  29 f o r  t h e  Midland s i t e  i n  Michigan. 

s i t y  contours  are  shown on t h e  r i g h t  and popula t ion  counts  on t h e  l e f t  w i t h  

The den- 



3 
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appropr ia te  co lor  shading. F igu re  30 lists i n  tabular form the populat ion 

counts f o r  each of t he  seven r a d i i  and 16 s e c t o r s  so tha t  they can be oom- 

pared numerically w i t h  t he  threshold l e v e l s .  The accumulative counts  can 

be compared wi th  l e v e l s  i n  Table  1. The l a s t  par t  of t h e  f i g u r e  shows t h i s  

comparison based on the same 10% margin explained previously.  

" p a s s - f a i l "  s t a t u s  symbols have the same meaning as before. However, t,hey 

are shown f o r  t h e  s p e c i f i c  ad jacen t  s e c t o r s  a t  each r a d i i  t h a t  fa i led cir 

passed the  test, For example an  tlx" p r in t ed  beside a s p e c i f i c  s e c t o r  and 

under a s p e c i f i c  r a d i u s  means t h a t  t h i s  s e c t o r  and the  one j u s t  above i t  i n  

t h e  column were t h e  two ad jacen t  s e c t o r s  t h a t  exceeded t h e  th re sho ld  t e s t  

a t  the  s p e c i f i c  r a d i u s  shown. 

of t h e  l i m i t .  The radii  are numbered 1,2,3,4 ,. , . ,7 t o  des igna te  

2,5,10,15.. . ,30 miles re spec t ive ly ,  

i n d i c a t e s  where t h e  s e c t o r  l i m i t  was being exceeded around t h e  site. To 

determine where t h e  rad ia l  l i m i t  was being exceeded, the " c i r c l e  t o t a l "  

shown a t  t h e  bottom of each case should be s tudied.  For example, an "xn a t  

t h e  bottom under a p a r t i c u l a r  r a d i u s  means t h a t  the radial  l i m i t  was 

exceeded i n  a c i r c l e  about the s i te  having t h a t  r ad ius ,  Again, an " x n  

would mean i t  exceeded t h e  threshold  by more than 10%. Severa l  of these  

d e t a i l e d  breakdowns are given i n  Appendix D f o r  a f e w  of t he  primary sites, 

The t o t a l  se t  would be too voluminous t o  i n c l u d e  i n  t h i s  r epor t .  Appendix 

C con ta ins  t h e  m a x i m u m  popula t ion  counts  f o r  a l l  s i x  a l t e r n a t i v e s  i n  a f'or- 

mat s i m i l a r  t o  Table 1. These l i m i t s  can be numerically compared with t h e  

detailed counts  i n  Appendix D for seve ra l  sites. 

The f o u r  

If i t  was an  "x", i t  failed by more than 10% 

Thus the  main array of s t a t u s  symbols 

Through the use of t he  sumnary tables it can be determined, a t  a 

glance,  how sites around t h e  U.S. vary wi th  r e spec t  t o  t h e  a l t e r n a t i v e s  as 
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125  12  7 6 8 7 7  8 2 2 4 5  8 3 8 8 5  
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7 4 9 7  112 13 1 4 8 0 3  15662 
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33 30 4 4 6 7  5 5 6 3  7 2 0 7  
2 7 7 9  5 4 2 7  971 0 1774 1 
2 7 9 2  3 9 4 5  9 6 6 3  17251 
4 1 9 3  5 5 2 6  1 0 0 1 6  4 0 2 4 8  
4 5  27 5 633  7 7 8  1 11602  
7 2 6 5  9 1 0 2  1 1 8 9 7  1 4 7 0 5  

1 0 6 4 4  120 57 14362  1 7 3 1 3  

1 2 6 9 3 2  3 51 C90 4 14879  5 0 0 4 5 5  

co 
w 

I B C 0 0 2 1  STOP 0 



M
 

4
 
0
 

0
0
 

I 
M

 
0
0
 

c
3
 
3
 

I 
-J

 
z
 

CIL 
0
 

n
 

p
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
 

. 
w

r
.

r
*

*
.

.
.

.
*

.
,

.
.

.
.

 
. 

Q
l
n

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
 

. 
W
 

~
*

,
.

.
.

.
.

.
.

.
.

.
,

.
.

.
.

 . 
a: 
v

m
.

.
.

.
.

.
.

.
.

.
.

.
*

.
.

.
 

. 
C

V
r

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
 

. 
c

w
x

-
.

 ............ 
x
 

F
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
 

. 
w

l
r

.
.

,
r

~
.

.
.

.
.

.
l

.
.

 
. 

r
r

)
I
n

,
*

.
.
.
.
.
.
.
.
.
 

...... 
Pa 
~

=
r

0
~

~
1

1
1

a
1

~
1

1
~

.
r

a
i

 
e 

4
 

U
m

0
r

.
.

.
.

*
l

l
.

.
,

*
l

m
.

 
. 

w
c

>
4

 ............... 
-

w
x

S
c

 
0
 
I
 

*
.

 
0

.
1

,
.

 
0 

I
 
.
H
 

x
 

II 
II 

I1 

-
*

X
 

--- 
--- 
I I 

5 w tr W
 
z
 
0
 

a a: w z p
i 
0
 

n
 

w
 

v
) 

H
 

V
 

0
 

m
 bo 

.rl 
F

 



85 

far as popula t ion  c h a r a c t e r i s t i c s  are concerned. 

r e l a t i v e  idea of how r e s t r i c t i v e  each of the  s i x  a l t e r n a t i v e s  are. The 

detailed breakdown allows t h e  de te rmina t ion  of what p a r t  of a n  area around 

a s i te  i s  causing a problem and how s i g n i f i c a n t  t h e  problem is. If t h e  

only r e s t r i c t i o n s  are i n  t h e  0-2 m i l e  zone, further s i te  study may be 

needed on a de ta i l ed  b a s i s  (e.g., f i e l d  v i s i t s ,  aerial photography, base 

maps, e tc , )  t o  v e r i f y  or improve the  r e s o l u t i o n  of the population data. I n  

some cases specific s i tes  fa i led  only  a few of t h e  s e c t o r  c r i te r ia  w i t h i n  

0-2 miles f o r  p a r t i c u l a r  a l t e r n a t i v e s .  I n  t h i s  case t h e  margin of e r r o r  

may be such t h a t  t h e  "pass-fail" s t a t u s  of such s i tes  may be on t h e  border- 

l i n e  or  may be i n c o r r e c t .  For t h i s  r eason  t h e  r e s u l t s  are considered 

preliminary . 

The summary also gives a 
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5.  RELATED POPULATION DISTRIBUTION WORK 

5.1. 

Several  o the r  computer development a c t i v i t i e s  have been under way t h a t  

involve populat ion d i s t r i b u t i o n  c a l c u l a t i o n s  over geographical  areas .  This  

s ec t ion  d i scusses  some of t hese  a c t i v i t i e s  and i n d i c a t e s  areas where f u t u r e  

work may be done. Some of these  p r o j e c t s  a r e  not n e c e s s a r i l y  involved wi th  

nuc lear  power p lan t  s i t i n g  but t h e  r e s u l t s  would be d i r e c t l y  appl icable .  

The improvements discussed i n  t h i s  s e c t i o n  involve t h e  use of new geo- 

graphic  da ta  bases t o  r e f i n e  the  s p a t i a l  d i s t r i b u t i o n  of people,  e s p e c i a l l y  

i n  urban and c o a s t a l  areas. Sec t ion  5.2 w i l l  d i s cuss  t h e  use of remotely 

sensed da ta  (e.g., LANDSAT imagery, aer ia l  photography, e t c . )  f o r  improving 

populat ion d i s t r i b u t i o n s .  The l a s t  sec t ion ,  5.3, w i l l  p resent  some prelim- 

ina ry  r e s u l t s  of combining populat ion d a t a  i n  the  v i c i n i t y  of a nuc lea r  

s i t e  wi th  o the r  geographic c h a r a c t e r i s t i c s  of t h e  s i t e .  The i n t e n t  i s  t o  

b r i e f l y  demonstrate how such i n t e g r a t i o n  used i n  conjunct ion wi th  geo- 

graphic  a n a l y s i s  systems can a i d  not  only i n  a s ses s ing  nuc lear  s i t e s  but 

a l s o  i n  emergency planning and management and i n  r i s k  assessment. A s  these  

d i f f e r e n t  improvements are  implemented, some of t h e  s i t i n g  c r i t e r i a  a l t e r -  

n a t i v e s  can be reevaluated.  This  would be e s p e c i a l l y  b e n e f i c i a l  along 

c o a s t l i n e s  of t h e  Northeast  and t h e  Southwest. Many of t h e  graphics  capa- 

b i l i t i e s  and s p a t i a l  a n a l y s i s  t o o l s  used t o  ca r ry  ou t  these  population- 

r e l a t e d  t a s k s  have been developed over severa l  years  as p a r t  of t h e  genera l  

geographic information systems work. 

modifying o r  adding t o  these  r o u t i n e s  t o  make them d i r e c t l y  app l i cab le  t o  

the  popula t ion  work descr ibed  here.  

Future Improvements t o  Populat ion D i s t r i b u t i o n  and Analysis  

Addit ional  development has  gone i n t o  
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The bes t  way t o  improve t h e  s p a t i a l  d i s t r i b u t i o n  of census da t a  woiild 

be through the  use of subcounty geographical  information. A s  mentioned 

previous ly ,  t h e  1970 census u n i t s  (such as enumeration d i s t r i c t s )  changed 

f o r  1980 so  t h a t  t h e r e  w a s  no subcounty l o c a t i o n a l  information r e a d i l y  

a v a i l a b l e  i n  d i g i t a l  form when t h e  s i t i n g  c a l c u l a t i o n s  were done. 

base t h a t  has  been d i g i t i z e d  since then c o n s i s t s  of t he  boundaries  of 

census t r a c t s  (one level above enumeration d i s t r i c t s ) .  With these  bound- 

a r ies  a c c u r a t e  areas can be c a l c u l a t e d  a t  the  census t r a c k  level t o  r e f i n e  

t h e  popula t ion  dens i ty  va lues  ( c u r r e n t l y  t h e  enumeration d i s t r i c t  areas are  

approximated from t h e  Thiessen polygons). The census t r a c t  d e n s i t i e s  or 

counts  can t h e n  be p ro ra t ed  down t o  t h e  1970 enumeration d i s t r i c t s  w i t h i n  

them and popula t ion  counts can a l s o  be normalized a t  t h e  t rac t  l e v e l .  This  

w i l l  improve t h e  enumeration d i s t r i c t  e s t ima tes  s i g n i f i c a n t l y ,  thereby 

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

va lues  are es t imated  from county-level da t a  as descr ibed  ear l ier .  Although 

the  census t r a c t  d a t a  w i l l  provide f o r  b e t t e r  con t ro l  a t  a subcounty l e v e l ,  

t h e  t r a c t s  a r e  only def ined  f o r  urban areas. Thus, r u r a l  c a l c u l a t i o n s  

would only be improved i n  t h e  aggrega te  sense where t h e  t o t a l  r u r a l  popula- 

t i o n  i n  a county w a s  cor rec ted .  The 1980 census t r a c t  da t a  and c i v i l  d i v i -  

s i o n  informat ion  a r e  c u r r e n t l y  used f o r  improving s i t e  popula t ion  estimates 

us ing  a combination of manual and semi-automated techniques.  

One da ta  

A second improvement may be made along t h e  U.S. c o a s t l i n e s  us ing  more 

Deta i led  s tudy of accu ra t e  l a t i t ude - long i tude  coord ina tes  f o r  t h e  border. 

t he  cu r ren t  popula t ion  d e n s i t i e s  i n  urban areas along the  c o a s t l i n e  

r evea led  t h a t  dens i ty  l e v e l s  were sometimes too  high. The problem was 

caused by inaccura t e  c o a s t l i n e  d e f i n i t i o n s  which were sometimes one o r  two 



miles i n l a n d  from where they should be. I n  a d d i t i o n ,  v a r i o u s  i s l a n d s  or 

peninsulas  were no t  even contained i n  t h e  ca r tog raph ic  data base. 

because the s tandard  "county and c o a s t l i n e  data base" (used by geographic 

groups around t h e  country) had o r i g i n a l l y  been d i g i t i z e d  a number of years 

ago from a U.S. map without t he  high r e s o l u t i o n  needed f o r  these types  of 

s tud ie s .  The o r i g i n a l  d i g i t i z a t i o n  w a s  in tended  f o r  use and mapping a t  the  

n a t i o n a l  l e v e l .  S ince  any area o u t s i d e  the  U.S. border (e.g., oceans) are 

excluded from the  c a l c u l a t i o n s  us ing  Thiessen polygons ( r e p r e s e n t i n g  

enumeration d i s t r i c t s ) ,  the ca lcu la t ed  d i s t r i c t  areas (square  miles) were 

t o o  small when t h e  c o a s t l i n e  was t o o  fa r  in land .  Thus, d iv id ing  t h e  d is -  

t r i c t  population by too  mall  a n  area r e s u l t e d  i n  d e n s i t i e s  t h a t  were t o o  

high. I n  marginal s i t u a t i o n s  t h i s  m i g h t  have caused some c o a s t a l  s i tes  t o  

f a i l  the  s i t i n g  c r i te r ia  when they should pass.  The problem w i l l  be 

co r rec t ed  when more accurate c o a s t l i n e s  are incorpora ted .  This has been 

done on a test basis o u t  t o  50 miles from a few c o a s t a l  sites us ing  carto- 

This was 

g raph ic  data d i g i t i z e d  by the  U.S. Geological Survey from the  1:2,000,000 

National Atlas maps. E d i t i n g  of the  c o a s t l i n e  data base is being f i n i s h e d  

t o  c o r r e c t  some problem s p o t s  and j o i n  o u t l i n e s  a t  map sheet borders. 

Another anomaly occurred  when detailed s t u d i e s  were made of c e r t a i n  

r e a c t o r  areas around t h e  U.S. The anomaly was caused by specific l a n d  

areas that were restricted from r e s i d e n t i a l  population. For example, the 

Hanford r e s e r v a t i o n  i n  Washington s ta te  is owned by 'the Federal  government 

and no permanent r e s i d e n t s  normally l i v e  on the  r e se rva t ion .  However, the 

i n t e r p o l a t i o n  procedure spreads  a few people onto t h e  r e s e r v a t i o n  from t h e  

r e s i d e n t i a l  areas immediately ad jacen t  t o  it. The same i s  t r u e  for t h e  

large DOE r e s e r v a t i o n  i n  Oak idge, Tennessee, and f o r  o t h e r  types  of 
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government r e s e r v a t i o n s  that  are  l o c a t e d  next t o  urban areas (e.g., 

n a t i o n a l  parks,  s tate f o r e s t s ,  etc.). The problem i s  u s u a l l y  no t  very  

seve re  because the  i n t e r p o l a t i o n  technique  i s  " loca l"  i n  n a t u r e  and few 

people are er roneous ly  loca ted  on t h e  r e se rva t ion .  Also, the r e a c t o r s  

themselves are n o t  l o c a t e d  near the boundary, bu t  are u s u a l l y  w i t h i n  the  

i n t e r i o r  of t he  area. The mechanism now being implemented f o r  handl ing  

t h i s  problem i s  t o  d ig i t i ze  the boundary of t he  r e s e r v a t i o n  and use  i t  as 

a n  exc lus ion  area so t h a t  no people are ass igned  w i t h i n  t h e  boundary. 

i s  very  similar t o  t h e  "water body" problem of n o t  l o c a t i n g  people o f f  tbe 

c o a s t l i n e .  F igure  31 p r e s e n t s  some i n i t i a l  r e s u l t s  from another  p r o j e c t  

f o r  the  DOE r e s e r v a t i o n  and sur rounding  area i n  Oak Ridge, Tennessee. 

Notice t h e  exc lus ion  area corresponding t o  t h e  r e s e r v a t i o n  i n  t h e  c e n t e r  of 

t h e  map. The p l o t  i s  centered  on t h e  Oak Ridge Nat iona l  Laboratory. 

This 

I n  o rde r  t o  o b t a i n  more s p a t i a l  r e s o l u t i o n  t h a n  i s  a v a i l a b l e  from t h e  

prev ious ly  d iscussed  techniques,  some informat ion  would need to  be digi-  

t i zed  for t h e  enumeration d i s t r ic t s .  A t  a m i n i m u m ,  t h e  c e n t r o i d s  would be 

needed f o r  t he  1980 census j u s t  as  they were d i g i t i z e d  f o r  the 1970 census. 

A s  mentioned previous ly ,  t h e  Census Bureau may only be able t o  do t h i s  as a 

low p r i o r i t y  p r o j e c t  because of budget problems. It m i g h t  be p o s s i b l e  t o  

d ig i t i ze  these 198Q c e n t r o i d s  for the  immediate area around t h e  nuc lea r  

p l a n t s  (e.g., o u t  t o  5 t o  10 miles), but still r e p r e s e n t s  a large e f f o r t  i f  

done f o r  a l l  s i tes  i n  t h e  U. S, Even then, t h e  r e s u l t s  could s t i l l  be 

i n a c c u r a t e  for rural areas where enumeration d i s t r i c t s  are very  large and 

the people are c l u s t e r e d  i n  s m a l l  towns. Since many nuc lea r  p l a n t s  are 

l o c a t e d  i n  less populated areas, fur ther  re f inements  are being i n v e s t i -  

gated. One method u t i l i z i n g  7-1/2* quadrangle maps i s  presented  i n  t he  
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next sec t ion .  

i ng  wi th  the  ind iv idua l  blocks ( c i t y  s t ree ts )  t o  eva lua te  popula t ion  

d i s t r i b u t i o n s .  Rural roads  and towns would a l s o  have t o  be handled. IEven- 

t u a l l y  t h e  Census would l i k e  t o  see d i g i t i z e d  f i l e s  ( r e f e r r e d  t o  as D i m e  

F i l e s )  a v a i l a b l e  f o r  a l l  cu r ren t  blocks i n  the  urban areas of t h e  U. S, I f  

t h e s e  were a v a i l a b l e ,  then  very  d e t a i l e d  c a l c u l a t i o n s  could be done, 

although s i g n i f i c a n t  da t a  processing and aggrega t ion  would be r equ i r ed  t o  

ca r ry  out  c a l c u l a t i o n s  on a r eg iona l  bas i s .  There a r e  around 2.5 m i l l i o n  

blocks i n  a l l  the  urban areas. 

To go t o  t h e  f i n e s t  degree of r e s o l u t i o n  would r e q u i r e  work- 

As w a s  mentioned i n  t h e  In t roduct ion ,  a l l  of t h e  techniques d iscussed  

For ana lyz ing  populat ion i n  t h i s  r e p o r t  d e a l  w i t h  r e s i d e n t i a l  populat ion.  

r i s k s  around nuc lea r  p l an t s ,  t h e  work f o r c e  and t r a n s i e n t  c h a r a c t e r i s t i c s  

of populated areas should a l s o  be s tudied.  

f u t u r e  are  a l s o  important.  

Populat ion p r o j e c t i o n s  i n t o  t h e  

5.2. Populat ion Refinements Using Remotely Sensed Data and Base Maps 

I n t e r p o l a t i o n  procedures as descr ibed  i n  t h i s  r e p o r t  are  intended it0 

spread aggrega te  popula t ion  data over appropr i a t e  geographic areas (e.g,.,  

enumeration d i s t r i c t s )  so as t o  approximate the  a c t u a l  l o c a t i o n  of 

res idences.  

maps and remotely sensed data of t h e  ear th 's  sur face .  

sources  i t  may be poss ib l e  t o  i d e n t i f y  t h e  more heav i ly  populated subareas  

w i t h i n  t h e  va r ious  d i s t r i c t s .  This  in format ion  might then be used t o  malke 

f u r t h e r  adjustments  t o  t h e  d i s t r i b u t e d  census data.  

from d i f f e r e n t  t i m e  per iods  may even allow changes i n  t h e  popula t ion  t o  be 

estimated. The degree of s p a t i a l  r e s o l u t i o n  ranges g r e a t l y  depend on t h e  

imagery used. Examples would inc lude  s a t e l l i t e  da t a ,  h igh -a l t i t ude  U-2 

Fur ther  ref inements  i n  t h e  d i s t r i b u t i o n  can be made using base 

Through such d a t a  

The use of imagery 



photography, and low-al t i tude a e r i a l  photography. t h e r  important f a c t o r  

i s  t h e  a v a i l a b i l i t y  or  t ransformat ion  of data into computer form, espe- 

c i a l l y  f o r  r eg iona l  s t u d i e s  over l a r g e  areas. Hanual techniques may be 

p r o h i b i t i v e  i n  t h i s  case. 

ence and c e r t a i n  landcover f e a t u r e s  t h a t  can a i d  i n  a d j u s t i n g  d i s t r i b u t i o n s  

and combining d i f f e r e n t  data sources. 

Base maps also provide accu ra t e  spatial re fer -  

Imagery i n  i t s  o r i g i n a l  form is  

t r i c a l l v  d i s t o r t e d .  and base OS.DS are used t o  c o r r e c t  t h e  image 

e combination wi th  census da t a  i n  a l a t i t ude - long i tude  form. 

8 are b e i  cu r ren t  d i s t r i b u t i o n  techniques t o  

accept l o r p o p u l a t i o n  zones d i g i t i z e d  as polygonal boundaries w i th in  10 

miles of a site. Examples of such zones would be swamps, f o r e s t e d  areas 

wi th  no roads,  government-awned land wi th  no r e s i d e n t i a l  populat ion,  water 

bodies,  very rural bar ren  o r  a g r i c u l t u r a l  land, etc. 

i s l a n d s ,  and c o a s t l i n e s  are a l s o  computerized. 

are c u r r e n t l y  d i g i t i z e d  from 7-1/2' quadrangle maps wi th  aeriar photography 

Deta i led  hydrology, 

These zones and boundaries 

used t o  enhance t h e  d e l i n e a t i o n  based on more recent o v e r f l i g h t s  i f  avail- 

able .  The computer algorithms then exclude any d i s t r i b u t i o n  t o  these  

zones. 

the Mil ls tone,  Connecticut,  site. 

t r i b u t i o n  without using any new d i g i t i z e d  data, while  t h e  r iRh t  h a l f  shows 

s i g n i f i c a n t  improvements u t i l i z i n g  accurate hydrology and the  d i g i t i z e d  

A t y p i c a l  example i s  shown in Big. 32 f o r  a 10-mile r ad ius  around 

The p l o t  on t h e  l e f t  ha l f  shows the  d i s -  

zones. The next l e v e l  of improvement would be t o  d i g i t i z e  high-pop 

urban zones and perhaps m e d i m l e v e l  zones (or use t h e  remainder as medium 

zones) so t h a t  a spatial weighting f u n c t i o n  could be computed and used t o  

inf luence  t h e  d i s t r i b u t i o n s  of t h e  people. This  would be s i m i l a r  t o  using 

landcover/landuse f o r  improvements as discussed i n  t h e  fol lowing 
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paragraphs. 

i n  towns, a technique of d i g i t i z i n g  t h e  urban boundaries i s  being imple- 

mented. The d i s t r i b u t i o n  i s  then carried o u t  i n  the urban and r u r a l  areas 

s e p a r a t e l y  with the  r e s u l t s  merged before  p re sen t ing  them t o  the  user.  

Exclusion zones are st i l l  used i n  d i s t r i b u t i o n s .  

For areas such as  the  r u r a l  Midwest where people are c l u s t e r e d  

These types  o f  techniques would be most b e n e f i c i a l  i n  r e f i n i n g  t h e  

popula t ion  and s i t i n g  eva lua t ions  near nuc lear  sites (e.g., 0-5 miles). 

Even having exact 1980 enumeration d i s t r i c t  boundaries and counts  without 

further d i g i t i z e d  data would probably not  be s u f f i c i e n t  f o r  nuc lear  s i tes  

i n  r u r a l  areas where the  d i s t r i c t s  are large and popula t ions  c lus te red .  

Population r e s u l t s  from a n  area around the  Sequoyah nuclear  p l a n t  were 

presented i n  earlier sec t ions .  Fu r the r  demonstration work from t h i s  area 

i s  presented here t o  g i v e  a b r i e f  idea of how remote sens ing  data might a i d  

i n  popula t ion  refinements.  F igure  33 r e p r e s e n t s  t h e  raw LANDSAT satel l i te  

data around the  Sequoyah site. The p l a n t  s i te  i s  l o c a t e d  i n  t h e  c e n t e r  of 

t h e  image as a b r i g h t  area on t h e  shores  of the  Chickamauga r e s e r v o i r .  The 

dam i s  l o c a t e d  i n  t he  lower l e f t  corner. Most of the  nearby r e s i d e n t s  l i v e  

southwest of the p l a n t  w i t h  Chattanooga l o c a t e d  south  of the  dam. The 

population contours  can be superimposed on t h i s  imagery after r e c t i f i c a t i o n  

t o  a i d  i n  e v a l u a t i n g  t h e  d i s t r i b u t i o n .  One obvious enhancement would be t o  

remove the people spread  i n t o  water bodies and r e d i s t r i b u t e  them c o r r e c t l y  

on the  l and  area. Figure 34 exemplifies t h e  first s t e p  of removing people 

from the  water, although the  r e d i s t r i b u t i o n  h a s  n o t  y e t  been done. The 

highways, roads,  r a i l r o a d s ,  and 7-l /2  minute map borders  have also been 

superimposed on t h e  LANDSAT imagery t o  a i d  i n  i d e n t i e i n g  where popula t ion  

c e n t e r s  m i g h t  be loca ted .  A fu r the r  enhancement would be t o  classify the  
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dynamic capabili t ies may be usefu l  i n  a s ses s ing  r i s k s  and a id ing  dec is ion  

makers i n  emergency planning and management. The reason f o r  present ing  

r e s u l t s  i n  graphic form, i s  t o  g r e a t l y  enhance the  a n a l y s i s  and interprneta- 

t i o n  of s p a t i a l  r e l a t i o n s h i p s  among d i f f e r e n t  v a r i a b l e s  and loriteria. For 

example, t he  assessment of d i f f e r e n t  s ec to r  c r i t e r i a  on a r eg iona l  basis 

would have been very d i f f i c u l t  without computer maps. A v a r i e t y  of m a p  

p resenta t ions  have been used i n  t h i s  r e p o r t  inc luding  polygoinal boundary 

maps, shaded contour maps, cen t ro id  poin t  maps, 3-D perspec t ive  d isp lays ,  

shaded g r i d  cell  maps, county maps, e tc .  However, the real  usefu lness  of 

t h e  systems is i n  performing t h e  myriad of s p a t i a l  ca l cu la t ions  repeatedly 

f o r  d i f f e r e n t  data bases and parameters. 

The Sequoyah nuclear p lan t  has  aga in  been used as a demonstration 

site. The t e r r a i n  of the  area i s  shown i n  Fig. 36 with two s p i k e s  i n  t h e  

cen ter  of the scene represent ing  t h e  two cooling towers. 

problems could occur tha t  would effect the  surrounding population. For 

Various types of 

example, i f  a contaminant were released t o  the  atmosphere and blown over 

urban areas, the dec is ion  maker would l i k e  t o  u s e  whatever tolols could (aid 

him i n  determining t h e  number of people affected.  I n  Fig. 37, a disp lay  of 

the rad ia l - sec tor  population data i s  shown superimposed on the  LANDSAT 

imagery i n  t h e  v i c i n i t y  of t he  Sequoyah site. This i m a g e  i s  presented on a 

co lor  CRT with a user-control led cursor  on the  screen  so t h a t  he can t r a c e  

out  p o s s i b l e  paths  t h a t  a contaminant might be t ranspor ted  over. 

demonstration mode the  computer can d isp lay  the  incremental  and cumulative 

I n  

populat ion affected, as shown a t  t h e  bottom of the  display. 

procedures were being evaluated, t he  highways and roads could also be 

incorporated (previously shown i n  Fig. 34) along with transpoi-tation 

If evacuation 
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models. By inco rpora t ing  air t r a n s p o r t  models, wind r o s e  p a t t e r n s  (Fig.  

38), topography (Fig.  39), monitor ing s t a t i o n  data, contour mapping, etc., 

the  dec i s ion  maker can be a ided  i n  determining effected popula t ions  and 

planning o r  eva lua t ing  emergency measures. Contaminant s p i l l s  i n t o  t h e  

water system tha t  m i g h t  affect populated areas downstream i s  another  type  

of problem r e q u i r i n g  s p a t i a l  analyses.  

This r e p o r t  h a s  focused on t h e  methodology and r e s u l t s  of eva lua t ing  

populat ion cri teria f o r  s i t i n g  nuc lear  power p lan ts .  However, t h e  tech- 

n iques  and data bases are a p p l i c a b l e  t o  a wide range of s p a t i a l  problems 

dea l ing  w i t h  the  a n a l y s i s  of f u n c t i o n s  d i s t r i b u t e d  over  a geographical  SUF 

face. Other components of t he  geographic  systems are u s e f u l  i n  a d d i t i o n a l  

s i t i n g  ques t ions  (such as the  c a l c u l a t i o n  and d i sp lay  of water flow t o  

determine areas t h a t  would have s u f f i c i e n t  cool ing  water f o r  power p l a n t s ) .  

By i n t e g r a t i n g  these types  of geographic  techniques,  data bases, and com- 

pu te r  systems, d e c i s i o n  makers are a ided  i n  carrying o u t  t h e  d e t a i l e d  

a n a l y s i s  and planning f u n c t i o n s  r equ i r ed  t o  make r a t i o n a l  and c o n s i s t e n t  

de  ci  si ons . 
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F i g .  38. Wind Rose Display for Sequoyah Nuclear Plan 
Showing Direction, Speed, and Percent Time. 



e. 

==ti--- 





107 

REFERENCES 

1. C. M. Haaland and M. T. Heath, Mapping of Populat ion Density, 

Demography, vol .  11, No. 2, May 1974. 

2. P. R. Coleman and A. A. Brooks, PANS: A Program To T a l l y  

Populat ion BY Annuli and Sec tors ,  Oak Ridge Nat ional  Laboratory,  

ORNL/TM-3923, October 1972. 

3 .  D. C. Aldr ich e t  a l . ,  Sandia Nat ional  Labora tor ies ;  J. D. Johnson, 

Dikewood Corporation; K. Hansen and J. Robinson, Dames and Moore; 

R. M. Blond, Nuclear Regulatory Commission, Technical  Guidance For S i t i n g  

Cri ter ia  Development, SAND81-1549, NUREGICR-2239, December 1982. 

4. J. H. Robinson and K. L. Hansen, Impact of Demonaphic S i t i n g  

C r i t e r i a  and Environmental S u i t a b i l i t y  on Land A v a i l a b i l i t y  f o r  Nuclear 

Reactor S i t i n a ,  prepared f o r  Sandia Nat ional  Labora tor ies  by Dames and 

Moore, Los Angeles, Ca l i fo rn ia ,  December 1981. 

5, P. J. Green and R. Sibson, "Computing D i r i c h l e t  T e s s e l l a t i o n s  i n  

the  Plane", The Computer Journa l ,  vo l .  21, 1978. 





109 

A P P E N D I X  A 

P O P U L A T I O N  D E N S I T Y  MAPS,  S I T I N G  MAPS, AND UNFAVORABLE 
AREA T A B L E S  FOR T H R E E  MAJOR R E G I O N S  I N  U.S. 

( S I X  A L T E R N A T I V E S  U S E D )  
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ORNL-DWG 83-8022 
AREA (SQ 41) I N  P J Y  R E G I O N  U N A C C E P T A B L E  FOR NUCLEAR POWER 

PLANT S I T E S ,  C A T E G 3 R I Z E D  BY S T A T E  P O R T I O N S  

CASE:  1 

---------------------------------------------------------------------------------------------------------- 
P O R T I O N  OF AREA OF P E R C E N T  OF AREA EXCLUDED AREA EXCLUDED A k E A  EXCLUDED 

S T A T E  I N  S T A P E  P O R T I O N  S T A T E  P O R T I O N  BY S E C T O R  BY R A D I A L  BY BOTH 
S T A T  E PJH(SQ M I )  EYCLUDED EXCLUDED C B I T L ' B I A  (ORANGE) C B I T E R I A ( B L U E )  C E i I T E h I A  ( R E D )  ............................................................................................................ 

C O N N E C T I C U T  
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0.0 
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34.41 
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ORNL-DWG 83-8023 
AREA (SQ MI)  I N  P J n  REGION UNACCEPTABLE FOR NUCLEAR POWER 

PLANT S I T E S ,  CATEG3RIZED BY STATE PORTIONS 

CASE: 2 

CONNECTICUT 

DELAWARE 

DIS!ll?Im OF COLIJ?IBIA 

MAFYLA N D  

!I ASSACHUSETTS 

N E W  RAHPSRIRE 
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ORNL-DWG 83-8024 
AREA (SQ U I )  I N  P J R  REGION UNACCEPTABLE FOR NUCLEAR POWER 

PLANT S I T E S ,  CATEG3RIZED BY STATE PORTIONS 

CASE: 3 
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ORNL-DWG 83-8025 
AREA (SQ HI) I N  PJM REGION UNACCEPTABLE FOB NUCLEBR POWER 

PLANT S I T E S ,  CATEGORIZED BY STATE P O R T I O N S  

CASE: 4 
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ORNL-DWC1 83-8026 
AREA (SQ MI)  .IN P J U  REGION UNACCEPTABLE POR NUCLEAR POUER 

PLANT S I T E S ,  CATEGORIeED BY STATE PORTIONS 

CASE: 5 
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424 2.69 

610.12 

7429.98 

20.99 

1932.7 1 

458.75 



ORNL-DWS 83-8027 
AREA (SQ H I )  I N  PJH REGION UNACCEPTABLE FOR UOCLEAR POWER 

PLBNT S I T E S ,  CATEGORIZED BY STATE P O R T I O N S  

CASE: 6 

PORTION OF AREA OF PERCENT OF AREA EXCLUDED AREA EXCLUDED AREA EXCLUDED 
S T A T E  I N  S T A T E  PORTION S T A T E  POUPION BY SECTOR BY E ADIAL BY BOTH 

STAT E P J f l ( S Q  N I )  EXCLUDED EXCLUDED C R I T E R I A ( 0 R A N G E )  C R I T E R I A ( B L 0 E )  C E I T E R I A ( R E D )  ........................................................................................................... 

CONNECTICUT 

DELAWARE 

DISTRICT O F  COLUNBIA 

H A R P  L A N D  

NA SSACHUSETT S 

I E W RAMP SHIR E 

NEW J E R S E Y  

NEW YORK 

O H I O  

P E NNS Y LV A N  I A 

VERMONT 

V I RGI N I  A 

UEST V I R G I N I A  

4422.30 

2014.75 

67.04 

99 17.59 

3361.20 

508.12 

7528 . 35 

26695.83 

3256.73 

44720.32 

710.36 

25733.84 

14717.08 

2537.70 

356.32 

67.04 

3783.58 

7 20.38 

44.93 

5025.1 a 

5333.58 

712.07 

9205.84 

43.47 

2385.02 

613.90 

57.3 a 

17.69 

130.00 

38.15 

2 1. 4.3 

6 - 8 4  

66.75 

19.98 

21.86 

20.59 

6.12 

9.27 

4.17 

24.50 

1.61 

0.0 

520.07 

27.22 

2.99 

44.16 

546.20 

41.58 

707.31 

0.0 

204.48 

31.63 

628.27 

82.87 

0.0 

214.80 

176.83 

20.98 

724.93 

951. 19 

164.04 

1966.68 

31.47 

429.42 

237.38 

1884.93 

271.85 

67.04 

3048.7 1 

516.33 

20.96 

4256.09 

3836.19 

506.44 

653 1.85 

12.00 

1751.12 

304.90 

23048.40 TOTAL 143653 . 38 30829.00 21.46 2 151.76 5628.84 

I H C O O Z I  STOP 0 



ORNL-DWG 83-3028 
AREA (SQ KI) I N  CHICAGO REGION UNACCEPTABLE FOR' NUCLEAE POYER 

PLLNT S I T E S ,  CATEGDRIZED BY STATE PORTIONS 

CASE: 1 

I L L I N O I S  

I N D I A N A  

IOWA 

K ENTUCKP 

f l ICHIGAN 

HINNESOTA 

flI SSOUR I 

O H I O  

WEST V I R G I N I A  

61X SCONS I N  

41670.81 

26790.32 

12528.54 

178.39 

36716.54 

1524 -28 

4478.59 

26200.54 

3.19 

3 1751 -79 

123 14.7 1 

10509.4 1 

2181.82 

178.39 

13543.3 4 

172.30 

189.40 

12 139.25 

3.19 

7134.33 

29.55 

39.23 

17.U1 

100.00 

36.89 

11.30 

4.23 

46.33 

100.00 

22.47 

6820.38 

6367.46 

1597. 18 

4, as 
7 158.45 

111.97 

146.68 

6281.36 

0.0 

3881.43 

65.15 

56.2 1 

13.62 

0.0 

37.37 

0.0 

0.0 

49.89 

0.0 

54.96 

5429.18 

4085.74 

57 1.02 

173.61 

6347.54 

60.33 

42.72 

5808.02 

3.19 

3197.9ii 

TOTAL 18 1842.69 58366.11 32.10 32369.66 277.18 25719.27 



ORNL-DWG 83-8029 
AREA (SQ MI) I N  CHICAGO REGION UNACCEPTABLE FOR' NUCLEAR POWER 

PLANT SITES, CATEGORIZED BY STATE P O R T I O N S  

CASE: 2 

STATE 

PORTION OF AREA OF PERCENT OF AREA EXCLUDED AREA EXCLUDED AHBA EXCLUDED 

C H I  (SQ MI) EXCLUDED EXCLUDED C B I T E R I A ( 0 R A N G E )  C & I T E R U L ( B L U E )  C R I T E R I A  (RED) 
STATE I N  S T I T E  PORTION S T A T E  P O B r I O N  BY SECTOE BY RADIAL BY BOTH 

I L L I N O I S  4 1670.81 8507.63 20.u2 30 1 3.0 1 277.63 5216.99 

269.87 3872.10 I N DIANA 26790.32 7472.20 27.89 3330.23 

IOWA 12528.54 1289.13 10.29 704.48 65.30 5 19.35 

KENTUCKY 178.39 178.39 100.00 4.78 0.0 173.6 1 

H ICHIGAN 367 16.54 9523.4 1 25.94 3138.39 214. 40 6170.62 

PI I N N  ESOT A 1529.28 113.33 7.43 53.00 0.0 60.33 

H ISSOU R I  4478.59 88.47 1.98 45.75 1.59 41.13 

0 H I 0  26200.51 9276.2 1 35.40 3418.06 277.49 5580.67 

U E S T  V I R G I N I A  3.19 3.19 100.30 0.0 1.59 1.59 

1 I S C O N S I N  3 175 1.79 4884.45 15.38 163 1.55 179.09 3073.8 1 

-_____-----_____-----------------------------------------_----------------____a_______________------------- 

P 
w 

TOTAL 18 1842.69 41336.37 22.73 15339.22 1286.96 247 10.19 



ORNL-DWG 83-8030 
AREA [SQ MI) I N  CHICAGO REGION UNACCEPTABLE FOR'  NUCLEAR POWER 

PLANT S I T E S ,  CATEGORIZED BY STATE P O R T I O N S  

CASE: 3 

I L L I B O I S  

I N D I A N A  

I ow1 

K ENTUCKY 

HICHIGAN 

4 1670.81 6836.25 16.41 1341.30 567.46 4927.49 

26790.32 5635.09 21.03 1493.13 525.63 36  16.34 

12528.54 955.70 7.63 37 1.05 88.17 496.48 

178.39 178.39 900.0 0 4.78 0.0 173.61 

367 16.54 7513.76 20.46 1128.10 640.60 5745.06 

H I  NNE SOT A 1524.28 67.70 4.44 7.37 1.47 58.86 

HI SSO UR I 4478.59 47.44 1.06 U .72 4.77 37.95 

O H I O  2 6200.54 7436.63 28.38 1578.14 565.49 5293.00 

WEST V I R G I N I A  3.19 3.19 100.00 0.0 3.19 0.0 

W I S C O N S  I N  31751.79 3945.39 12. 43 692.48 322. 10 2930.81 

------------_--------------------------------------------------------------------------------------------- 

I--' c- 
0 

TOTAL 18 1842.69 326 19.52 17.94 6621 . 06 2718.88 23279.58 



O R W D W G  83-8931 
ARE1 (SQ H I )  I N  CHICAGO REGION UNACCEPTABLE FOR' NUCLEAR POWER 

PLANT S I T E S ,  CATEGORIZED BY STATE P O R T I O N S  

CASE: 4 

I L L I N O I S  

INDIANA 

IOWA 

KENTUCKY 

n ICHIGAN 

~ T N N E S O T A  

H I S S O U R I  

O H I O  

WEST V I R G I N I A  

WISCONSIN 

4 1670.81 

2 6790.32 

12528.54 

178.39 

3 671 6.54 

1524.28 

4978.59 

26200.54 

3.19 

3 175 1.79 

8794.63 

7688.49 

1346.88 

178.39 

9700. 16 

117.74 

91.63 

9521-98 

3.19 

5080.51 

21.10 

28.70 

10.75 

100.00 

26.42 

7.72 

2.05 

36.34 

100.00 

16.00 

4 172.96 

4458.57 

850.72 

33.46 

4 765.38 

60.37 

52.05 

5227.70 

0.0 

2665.67 

94.44 

103.05 

13.62 

0.0 

65.87 

0.0 

0.0 

62.32 

0.0 

57.89 

4527.23 

3126.87 

482.54 

144.94 

4868.91 

57.38 

39.58 

423 1.9 5 

3.19 

2 3 56 .95 

P 
f- 
P 

19839.52 TOTAL 181842.69 92523.58 23.38 22286.87 397.19 



ORIiL-DWG 83-8032 
A R E A  (SQ n I )  I N  CHICAGO REGION UNACCEPTABLE FOR' N U C L E A R  POWER 

PLANT S I T E S ,  CATEGORIZED BY STATE PORTIONS 

CASE: 5 

PORTION OF AREA OF PERCENT OF AREA EXCLUDED AREA EXCLUDED AREA EXCLUDED 
STATE I N  STATE POFTION STATE PORTION BY SECTOR BY RADIAL BY BOTH 

STATE C H I ( S Q  HI) EXCLUDED EXCLUDED C R I T E R I A  (ORANGE) C R I T E R I A  (BLUE) CE I T E R I A  (RED) ------------------------------------------------------------------------------------------------------------ 

I LL I N  0 I S  

I N D I A N A  

I O W A  

K ENTUCKP 

MICHIGAN 

MI NNE S OT A 

~ISSOURI  

OHIO 

WEST V I R G I N I A  

SI1 SCONSIN 

4 1670.81 

26790.32 

12528.54 

178.39 

36716.54 

1524 -28  

4478.59 

26200.54 

3.19 

31751.79 

6288.09 

4969.86 

882.44 

178.39 

6798.12 

67.69 

50.62 

6643.57 

3.19 

3698.5 1 

15.09 

18.55 

7.04 

100.00 

18.52 

4.44 

1. 13 

25.36 

100.00 

11.65 

1666.13 

1739.93 

386.27 

33.46 

1862.93 

10.31 

11.04 

2349.12 

0.0 

12 83.66 

329.65 

357.2 1 

65.30 

0.0 

361.70 

0.0 

1.59 

360.57 

1.59 

21 1.56 

4 292.30 

2872.72 

430.87 

144.94 

4573.49 

57.38 

37.99 

3933.89 

1.59 

2203.30 

TOTAL 181842.69 2 9580.4 3 16.27 9342.83 1689. 17 18548.44 



ORIJL-DWG 83-8033 
A R E A  (SQ a r )  I N  CHICAGO R E G I ~ H  U N A C C E P T A B L E  FOR'  NUCLEAR POWER 

PLANT S I T E S .  CATEGORIZED BY STATE PORTIONS 

CASE: 6 

I L L I N O I S  

I N  D I A N A  

IOWA 

KENTUCKY 

H ICAIGAN 

UI NNESOTA 

HISSOU R I  

0 HI0 

403 1.34 4 1670.8 1 5174.13 12.42 551.98 

2 6790.32 3865.56 14.43 635.63 649.15 2 580.79 

12528.54 609.14 4.86 112.98 95.8 1 400.35 

178.39 170.42 95.53 25.49 0.0 144.94 

367 16.54 5488.70 14.95 552.96 737.35 41 98.38 

1524.28 60.33 3.96 2.95 2.94 54.44 

4478 -59 42.72 0.95 3.14 4.77 34.81 

2 6200. 59 5131.0 1 19.58 836.56 712.74 3581.71 

590.81 

WEST V I R G I N I A  3.19 3.19 100.0 0 0.0 3.19 0.0 

l? I S C O  NS IN 3 1751.79 2981.71 9.39 566.85 387.25 2027.60 

TOTAL 18 1842.69 23526.90 12.94 3288.55 31 84.01 17054.35 

I H C 0 0 2 I  S T O P  0 



0 RIJ 1- D 1JG 8 3 - 80 34 
A R E A  (SQ n I )  I N  WA-OR REGION UNACCEPTABLE FOR NUCLEAR POWER 

PLANT S I T E S ,  C A T E G 3 R I Z E D  BY S T A T E  P O R T I O N S  

CASE: 1 

PORTION O F  AREA OF PERCENT OF AREA EXCLUDED AREA EXCLUDED AREA EXCLUDED 
S T A T E  I N  STATE P O R T I O N  S T A T E  P O R T I O N  BY SECTOR BY RADIAL BY BOTH 

S T A T E  WAOR (SQ HI) EXCLUDED EXCLUDED C R I T E R I A  (ORANGE) C R I T E R I A ( B L U E )  C R I T E R I A ( R E D )  --------------------------------------------------------------------------------------~-------------------- 

CAI, I P O R N  I1 

I D AH0 

3642.30 3.00 0.08 1.50 

2 1608.9 1 1079.58 5.00 795.92 

0.0 1.50 

1 . 4 4  33 2.22 

RONTANA 92.61 0.0 0.0 0.0 0.0 0.0 

NEVADA 

0 REGON 

WASHINGTON 

3452 . 05 0.0 0.0 0.0 0.0 0.0 

2042.07 9 21 51.63 5203.50 5.65 3 10 2.35 59.08 

6 4 123.66 7692.2 5 12.00 4388.07 21.64 3 28 2.54 

T OT AL 

~~ 

I8507 1.13 139 78.33 7.55 8237.84 

P 
f- 
f- 



ORML-DWG 83-8035 
AREA (SQ N I )  I N  PA-OR REGION UNACCEPTABLE POB NUCLEAR POUEB 

P L A I T  S I T E S ,  CATEGORIZED BY STATE PORTIONS 

CASE: 2 

CALIPORN I A  

I DAH0 

HONTANA 

I EVADA 

OREGON 

W A SRI NGT ON 

3642 - 3 0  1.50 0.04 0.0 0.0 1.50 

2 1608.91 726.86 3. 36  393.20 9.60 324.06 

92.61 0.0 0.0 0.0 0.0 0.0 

34 52 . 05 0.0 0.0 0.0 0.0 0.0 

9 215 1.63 3724.90 4.04 1623.74 159.82 194 1.34 

3176.40 64123.66 5545.0 1 8.65 2240.82 127.79 

T OT AL 18507 1.13 999 8.26 5.40 4257.76 297.2 1 5443.29 



ORIJL-DWG 81-8036 
AREA (SQ U I )  I N  UA-OR REGION UNACCEPTABLE FOR NUCLEAR POWER 

P L 4 N T  S I T E S ,  CATEGDRXZ EI, BY S T A T E  PORTIONS 

CASE: 3 

C ALL I PORN I A 

I D  AH0 

M O N T A N A  

N E VADA 

OREGON 

3642.30 1.50 0.04 0.0 1.50 

2 1608.91 499.8 1 2.3 1 166.15 23.36 3 

92.61 0.0 0.0 0.0 0.0 

3452.05 0.0 0.0 0.0 0.0 

9 2151.63 2944.82 3.20 843.65 280.27 18 

0.0 

0.30 

0.0 

0.0 

2.90 

U ASHIRGTON 6 4 1 23. 66 4264.83 6.65 960.63 313.64 2990.56 

T OTAL 185071.13 771 0.96 U.17 1970.43 626.77 5113.76 



ORNL-DWG 83-8037 
AREA (SQ H I )  I N  UA-OR REGION UNACCEPTABLE FOR NUCLEAR POWER 

PLANT S I T E S ,  CATEGORIZED BY STATE PORTIONS 

CASE: 4 

CALIFORNIA 

IDAHO 

3642 -30 3.00 0.08 1.50 

2 1608.9 1 743.79 3.44 461.01 

0.0 1.50 

8.15 274.63 

MONTANA 92.61 0.0 0.0 0.0 0.0 0.0 

TOTAL 185071.13 10265.54 5.55 588 1 . 25 122.24 4262.06 



ORNL-DWG 83-8038 
AREA (SQ M I )  I N  HA-OR REGION UNACCEPTABLE FOR NUCLEAR POUER 

PLANT S I T E S ,  CATEGORILED BY S T A T E  POBTIONS 

CASE: 5 

C A L I F O R N I A  3642.30 1.50 0.04 0.0 0.0 1.50 

I D  A H 0  2 1608.9 1 477.26 2.2 1 194.48 21.90 260.88 

H 0 NT A N A 92 .6 1 0.0 0.0 0.0 0.0 0.0 

NEVADA 3452 -05  0.0 0.0 0.0 0.0 0.0 

OREGON 92151.63 2657.3 1 2.88 1OU8. 16 188.82 1420.33 

U A S H I  NGTON 6 4 123.66 3838.57 5.99 1347.67 209. 12 228 1 a78 

- ------------------- ------------ --- ------------- ---- -- - .................................... ----- ---------- -- 
3964.49 2590.32 419.8U TOTAL 185071.13 6976.64 3.77 



ORNL-DWG 83-8039 
AREA (SQ MI) I N  WA-OR REGION UNACCEPTABLE FOR NUCLEAR POWER 

PLANT S I T E S ,  CATEGORIZED BY S T A T E  P O R T I O N S  

CASE: 6 

------------------------------------------------------------------------------------------------------------ 
PORTION OF AREA OF PERCENT OF AREA EXCLUDED AREA EXCLUDED AREA EXCLUDED 

STATE I N  STATE PORTION STATE PORTION BY SECTOR BY RADIAL BY BOTH 
STATE WAOR (SQ MI)  EXCLUDED EXCLUDED C B I T E R I A  (ORANGE) C R I T E R I A ( B L U E )  C R I T E R I A ( R E D )  ------------------------------------------------------------------------------------------------------------ 

I-J 
0 CALIFORNIA 3642 . 30 1.50 0.04 0.0 1.50 0.0 a 

I D A H 0  2 1608.9 1 356.90 1.65 74.13 34.32 248.46 

RONTANA 92.6 1 0.0 0.0 0.0 0.0 0.0 

NEVADA 3452.05 0.0 0.0 0.0 0.0 0.0 

OREGON 9 21 51.63 1870.60 2.33 261.49 358.78 1250.38 

2024.24 W AS H I  N GT 0 N 641 23.66 28 40.48 4.43 349.57 466.66 

TOTAL 18 507 1.13 5069.48 2.74 685.14 861.26 3523.08 

IHCOO2I STOP. 0 
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APPENDIX B 

LISTING OF ALL NUCLEAR SITES I N  THE DATA BASE 
(SORTED BY PLANT NAME AND STATE) 





ORNL-DWG 83-8040 
NCV 16, 1982 CORMERCIAL NUCLEAR POYER REACTOB SITES 

SORTED B Y  EEACTOB N A N E  
PAGE 1 

TX 
AR 
I A  
uv 
O H  
N Y  
N J  

TX 
I N  

R D  
AL 

8A 
OH 
OR 
PA 
N Y  
AL 
MD 
PA 
I N  

OK 
TX 

OR 
CA 
CA 
DE 
OR 
I L  
AL 
NC 
PA 
NJ 
I L  
80 
RD 
R D  
I L  
RD 
sc 
PA 

n I  

n I  

ALLENS CREEK 
ARKANSAS 
A R N O L D  
A R R O Y O  ( E R I E )  
ASHTABULA E (PERRY) 
ATHENS (PAS NY) 
ATLANTIC 
A0 GRES 
BAFPIN B A Y  
BAILLY 

B A I N B R I D G E  (RD) 
B A R  TON 

BEAR SUAHF (NEP) 
BEAVER ( E R I E )  
BEAVER (TRJN) 
E E A V E R  VALLEY 
BELL 
BELL E FONT E 
BELVEDERE (EOUG) 
B I G  BEND HILL [ERIE) 
B I G  G R A A A H  CR (HRBI) 
B I G  ROCK POINT 
BLACK POX 
BLUE HILIS 

B O A R D M A N  
BODEGA B A Y  
BOLSA ISLAND 

BRADWOOD fl'RJN) 
B R A  I [YO0 D 
BROWNS PPRRY 
BRONSYICK 
BUCRINGHA8 MT (LIR) 
BURLINGTON 
BYRON 
CALLAUAY 
CALVERT CLIFFS 
CAIAL (PULT) 
CARROLL COUNTY 
CARBCLL PONE (DOUG) 
CATAUBA 
CEN'IERVILLE (SKGT) 

BCUEES ( s o i a )  

YES 
YES 
YES 

YES 

YES 

YES 

YES 
YES 

YES 
Y ES 
Y ES 

YES 
Y ES 
YES 

YES 

29-40- 43 
35-18-36 
42-06-02 
40-34- 
4 1-55- 
42- 16- 
39- 28- 20 
44-06-40 
27- 12- 00 
4 1- 38- 30 

39- 36- 45 
32-45-00 

42-42- 
4 1- 25- 30 
46- 10- 
40-37- 19 
42-36-30 
34-42- 32 
38- 14- 
4 1- 18- 
38-56- 53 
45-21-33 
36- 07 - 0 1 
3 1-08- 39 

45-40-35 
38- 18- 00 
33-42- 30 
39-03- 
46- 10- 
41-14-37 
34-42- 15 
33-57- 30 
40- 19- 
40-04-36 
42- 04- 30 
38-45- 40 
38-26-05 
39-32- 
42-02-01 
38-12- 
35-03-05 
45-42- 

96-06- 15 
93-13-51 
91-46-38 
80-39- 
80-44- 
73-50- 
7U- 15-20 
83-34-50 
97-32-00 
87- 0 7- 30 

76-05-35 
8 6- 2 4- 00 

72-53- 
82- 15-30 

123-11- 
80-  26- 0 2  
76-3 7-55 
85- 55- 38 
76-36- 
80-21- 
85-3 3-05 
85- 11-4 1 
95-32-51 
93- 4 1-32 

119-49-00 
123-03- 18 
118-01-54 
75-23- 

123- 27- 
88- 13- 44 
87 - 0 7- 07 
7 8- 00-38 
75-0 1- 
74-52-47 
89- 16-55 
91-46-54 
76- 26- 3 1 
75-49- 
90-03-46 
76-23- 
81-04-10 

121-04- 

A p p l i c a t i o n  f o r  c o n s t r u c t i o n  p e r m i t  p e n d i n g  ( d o c k e t e d )  
L i c e n s e  i n  effect f o r  o p e r a t i n g  reactors 
L i c e n s e  i n  effect f o r  o p e r a t i n g  r e a c t o r s  
A l t e r n a t e  site 
A l t e r n a t e  s i t e  
A l t e r n a t e  site 
A p p l i c a t i o n  w i t h d r a w n  
H y p o t h e t i c a l  sit e 
H y p o t h e t i c a l  s i t e  
I n a c t i v e  c o n s t r u c t i o n  p e r m i t  a p p l i c a t i o n ,  c a n c e l l a t i o n  
anoounced  
A l t e r n a t e  s i t e  
I n a c t i v e  c o n s t r u c t i o n  p e r m i t  a p p l i c a t i o n ,  c a n c e l l a t i o n  
announced  
A l t e r n a t e  s i t e  
A l t e r n a t e  s i te  
A l t e r n a t e  s i te  
L i c e n s e  i n  e f fec t  f o r  o F e r a t i n g  r e a c t o r s  
A p p l i c a t i o n  u i t h  dr a un 
C o n s t r u c t i o n  p e r m i t  i n  e f f e c t  a n d  o p e r a t i n g  l i c e n s e  d o c k e t e d  
Alternate s i te  
A 1  t e r n a t e  s i t e  
A l t e r n a t e  site 
L i c e n s e  i n  e f f e c t  for o p e r a t i n g  reactors 
A p p l i c a t i o n  for  c o n s t r u c t i o n  p e r m i t  p e n d i n g  ( d o c k e t e d )  
I n a c t i v e  c o n s t r u c t i o n  p e r m i t  a p p l i c a t i o n ,  c a n c e l l a t i o n  
a n a o u n c e d  
No a p p l i c a t i o n  (not l i s t e d )  
A p p l i c a t i o n  Withdrawn 
A p p l i c a t i o n  w i t h d r a w n  
A l t e r n a t e  s i t e  
Alternate s i te  
C o h s t r u c t i o n  p e r m i t  i n  effect a n d  o p e r a t i n g  l i c e n s e  d o c k e t e d  
License i n  effect for  o p e r a t i n g  reactors 
L i c e n s e  in effect for  o p e r a t i n g  r e a c t o r s  
Alternate site 
No a p p l i c a t i o n  ( n o t  l i s t e d )  
C o h s t r u c t i o n  p e r m i t  i n  effect  a n d  o p e r a t i n g  l i c e n s e  d o c k e t e d  
C o n s t r u c t i o n  permit i n  e f f e c t  a n d  o p e r a t i n g  l i c e n s e  d o c k e t e d  
license i n  effect  for o p e r a t i n g  reactors 
A l t e r n a t e  site 
No a p p l i c a t i o n  ( n o t  l i s t e d )  
A l t e r n a t e  site 
C o n s t r u c t i o n  p e r m i t  i n  effect  and  o p e r a t i n g  l i c e n s e  d o c k e t e d  
Alternate s i t e  
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sc 
PA 
IlD 
I D  
CA 
TN 
I L  
OH 
TX 
OH 

NE 
O D  
PL 
UA 
sc 
OH 
H D  
OR 
OD 
CA 
UD 

IL 
NY 
I N  
HN 
N J  
U A  
OR 
H D  
AL 
HI 
N Y  
N J  

NE 
co 
PA 
OK 
NY 
PA 

NY 

n 1  

ns 

C K EEOK E E 
CHESTER CO (PULT) 
CHURCH CR [RIFS) 

CLARINGTON 
CLINCH RIVER BBEEDER 
CLINTON 
CCAL R U N  (ERIE) 
COnANCHE PEAK 
CONESVILLE (ERIE) 
COOK 
COOPER 

CEYSTAL R I V E R  

CVTR 
DAVIS-BESSE 
DEEP BR (MHFS) 
D E E R  IS (TRJN) 

D I A B L O  CANYON 
DOUGLAS POINT 

DRESDEN 
EASTON 
EGYPT BOTTOfl (IRBL) 
ELK R I V E R  
E L S I N B O R O  (POLT) 
ELTCPIA (SKGT) 
ERIE 
PAIRLEE [MHPS) 
PARLEY 
PERHI 
P I1 2 PATR JCK 
FORKED RIVER 

PORT CALBOUN 
POPI S T  V R A I N  
PULTON 
G E N E V A  (ERIE) 
G I N N A  

G R A N I :  GULP 
GREERE COUNTY 

CLAIEORNE (sann) 

COBSICA (sunn) 
casic (SKGT) 

D E N T O N  (sann) 

G P U / A ~  

YES 

Y E S  

PES 

YES 
YES 

YES 

YES 

YES 

YES 

YES 
YES 
YES 
PES 

YES 
YES 

YES 

YES 

35-02- 12 
39-56- 
38-30- 25 
38- 49- 
39-43- 10 
35-53- 2u 
40- 10- 19 
39-33-30 
3 2- 17- 52 
40- 11- 
4 1-58-34 
40-21- 43 
39-04- 
2 8-57-26 
48- 22- 
34- 15- 43 
41-35-50 
38- 18- 05 
45-56- 
38-56- 
35- 12- 42 
38- 26- 44 

4 1- 23- 23 
42-59- 42 
38-4 7 - 4 0 
45- 17- 18 
39-33- 
46-29- 
4 1- 20- 44 
39- 13- 25 
31-13-22 
41- 51- 48 
43-31- 26 
39-48-36 

41-31- 15 
40- 14- 4 1 
39- 45- 50 
4 1-50- 
43- 16- 40 
42-00- 15 
32-00- 27 
42- 09- 00 

81-30-43 
75-5 1- 
76- 0 8-05 
76-18- 
60-50-40 
84-22-57 
68-50-03 
8 1-35-30 
97- 47-06 
8 1- 53- 
86 -33- 59 
95-38-28 
76-09- 
82-41-56 

117- 18- 
81- 19-45 
83-05- 11 
75-49- 15 

12 2- 50- 
75-48- 

120-5 1- 16 
17- 15-24 

88-16-16 
73-36-36 
64-49- 50 
93- 33- 06 
75-31- 

119- 12- 
82-28-49 
76- 13-10 
65-06- 45 
83- 15-31 
76-23-54 
74- 12-36 

96-04-36 
104- 52- 28 

16- 14- 15 
80-58- 
71- 18-32 
76-00- 15 
9 1-02-53 
73-54-41 

C o n s t r u c t i o n  p e r m i t  i n  e t f e c t  
A l t e r n a t e  s i t e  
A l t e r n a t e  site 
A l t e r n a t e  s i te  
H y p o t h e t i c a l  s i t e  
A p p l i c a t i o n  f o r  c o n s t r u c t i o n  p e r m i t  p e n d i n g  ( d o c k e t e d )  
C o n s t r u c t i o n  p e r m i t  i n  effect  and  o p e r a t i n g  l i c e n s e  d o c k e t e d  
A l t e r n a t e  s i t e  
C o n s t r u c t i o n  p e r m i t  i n  e f f e c t  and  o p e r a t i n g  l i c e n s e  d o c k e t e d  
A l t e r n a t e  s i t e  
l i c e n s e  i n  effect  f o r  o p e r a t i n g  r e a c t o r s  
L i c e n s e  i n  effect  f o r  o p e r a t i n g  r e a c t o r s  
A l t e r n a t e  s i te  
L c e n s e  i n  e f f e c t  f o r  o F e r a t i n g  r e a c t o r s  
A l t e r n a t e  s i t e  
L i c e n s e  t e r n i n a t e d  
L i c e n s e  in e f f e c t  f o r  o p e r a t i n g  r e a c t o r s  
A l t e r n a t e  s i t e  
A l t e r n a t e  site 
A l t e r n a t e  s i t e  
C o n s t s u c t i o n  p e r n i t  i n  e f f e c t  a n d  o p e r a t i n g  l i c e n s e  d o c k e t e d  
I n a c t i v e  c o n s t r u c t i o n  p e r a i t  a p p l i c a t i o n ,  c a n c e l l a t i o n  
announced  
L i c e n s e  i n  effect for  o p e r a t i n g  reactors 
A p p l i c a t i o n  w i t h d r  awn 
A l t e r n a t e  s i t e  
L i c e n s e  t e r m i n a t e d  
A l t e r n a t e  s i te  
A l t e r n a t e  s i t e  
A p p l i c a t i o n  wi thd rawn  
A l t e r n a t e  site 
L i c e n s e  i n  effect f o r  o p e r a t i n g  reactors 
C o n s t r u c t i o n  p e r m i t  i n  effect and  o p e r a t i n g  l i c e n s e  d o c k e t e d  
L i c e n s e  i n  effect f o r  o p e r a t i n g  reactors 
I n a c t i v e  c o n s t r u c t i o n  p e r m i t  a p p l i c a t i o n ,  c a n c e l l a t i o n  
a n n o u n c e d  
L i c e n s e  i n  effect f o r  o p e r a t i n g  reactors 
L i c e n s e  in effect f o r  operatic: r e z c t o z s  
A p p l i c a t i o n  wi thd rawn  
A l t e r n a t e  site 
L i c e n s e  i n  effect f o r  o p e r a t i n g  reactors 
No a p p l i c a t i o n  ( n o t  l i s t e d )  
C o n s t r u c t i o n  p e r m i t  i n  e f fec t  a n d  o p e r a t i n g  l i c e n s e  d o c k e t e d  
A p p l i c a t i o n  wi thd rawn  
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n I  
CT 
NE 
U A  
U A  
U A  
Y A  
NC 
TN 
GA 
V I  

N J  
CA 
CA 
OH 
I D  
N Y  
NY 
UA 
U I  
U I  
U I  
I L  
UT 
NH 
PA 
N A  
N Y  
NY 
FA 
U A  
UA 
HE 
CA 
I N  
OH 
PA 
OR 
FA 
NC 
CA 
I N  
n 1  

G R E E N U O O D  

H A C L A M  NECK 
HALL AH 
HANPCRD (CRER) 
H A N F O R D  22/1 (SKGT) 
AANPORD 22/2 (SKGT) 
HANPCRD 23 (SKGT) 
HARRIS 
HAR'ISVILLE 
HATCH 
H A V E N  

HOPE CREEK 
HUHBOLDT B A Y  
E U N I E E  LIGGETT 
H U R O N  (ERIE) 
I D A H O  PAI IS  (COBR) 
I N D I A N  POINT 
JAHESPORT 
JOHNSON CR (SKGT) 
K E U A O N E E  
K C SA KON 0 N G 
LA CROSSE 
LA SALLE 
L A K E  POYELL 
LAHFREY POND (SEAB) 
LIH ERICK 
LITCHPI ELC (SEAB) 
LIVINGS T 0 N (GC NP) 
LLOYD (GCNP) 
LOCK H A V E N  
LYCNS R D  (SKGT) 
HAGALLON [SKGT) 
M A I N E  Y A N K E E  
HALIEU 
HARBLE HILL 
HARELEHEAD (ERIE) 
HARTINS CR (SOSQ) 
H A Y G B R  (TRJN) 
HC PLBATTAN (SUSQ) 
HCGUIRE 
IlENDCCINO 
HEIICO BOTTOI (HRBL) 
NIDLAND 

YES 

YES 
YES 
PES 

YES 

YES 

YES 

PES 
YES 

YES 

YES 

I ES 

YES 

YES 

43-05-31 

4 1-28- 55 
40-33- 18 
46- 26- 00 
46-34- 
46-37- 
46- 38- 
35-38- 00 
36-21- 15 
3 1- 56- 03 
43-50- 54 

39-28-04 
40- 44- 28 
35-43- 50 
4 1-22- 
43-40-00 
41- 16- 17 
40-59-24 
46- 02- 
44-20-35 
42-51-29 
43-33- 30 
4 1- 14- 38 
37-50-50 
42-57- 
40- 13- 12 
42-52- 
42-07- 
41-46- 
4 1- 05- 00 
45-58- 
46- 33- 
43-57- 02 
34-02-06 
38- 36- 00 
4 1-31- 
40-47- 
46-09- 
4 1-09- 
35-25- 56 
3 8- 55- 25 
38-52- 2 1  
43-35- 10 

82-41-40 

7 2- 29- 57 
96-47- 12 

119-23-00 
119-27- 
119-36- 
119-20- 
78- 57- 22 

82- 2 0- 4 0 
07- 4 3- 4 7 

75-32- 17 
124- 12-33 
12 1- 17- 10 
82-32- 

112-30-00 
7 3- 51- 09 
72-35- 39 

87- 3i- 10 
88-53- 19 
91-13-50 
88-40- 15 

110- 16-20 
70-49- 
7 5- 35-2 II 
7 1-28- 
73-47- 
73-59- 
77-34-30 

122-45- 
1 18-23- 
69-4 1-46 

118-44-30 

82-41- 30 
75-09- 

123-05- 
77-26- 
00- 56- 54 

123-43-05 
84-47-45 
84- 1323 

86-05- i o  

122-41- 

a 5- 2 6- 53 

I n a c t i v e  cons t ruc t ion  p e r m i t  a p p l i c a t i o n ,  c a n c e l l a t i o n  
a n n o u n c e d  
L i c e n s e  i n  effect f o r  o p e r a t i n g  reactors 
L i c e n s e  t e r m i n a t e d  
A l t e rna te  site 
A l t e r n a t e  s i t e  
Alternate s i te  
A l t e r n a t e  s i t e  
C o n s t r u c t i o n  permit i n  e f fec t  a n d  o p e r a t i n g  l i c e n s e  d o c k e t e d  
C o n s t r u c t i o n  p e r m i t  i n  effect  
L i c e n s e  i n  effect  f o r  o p e r a t i n g  reac tors  
I n a c t i v e  c o n s t r u c t i o n  p e r m i t  a p p l i c a t i o n ,  c a n c e l l a t i o n  
a n n o u n c e d  
C o n s t r u c t i o n  p e r m i t  i n  effect 
L i c e n s e  i n  effect for o p e r a t i n g  reac tors  
H y p o t h e t i c a l  s i t e  
Al t e rna te  s i t e  
Alternate site 
L i c e n s e  i n  effect  fo r  o p e r a t i n g  reactors 
A p p l i c a t i o n  u i t h d r a u n  
A l t e rna te  site 
L i c e n s e  i n  effect f o r  o p e r a t i n g  reac tors  
No a p p l i c a t i o n  ( n o t  l i s t e d )  
L i c e n s e  i n  effect  f o r  o p e r a t i n g  reactors 
C o n S t r u c t i o n  p e r m i t  i n  e f f e c t  a n d  o p e r a t i n g  l i c e n s e  d o c k e t e d  
H y p o t h e t i c a l  s i t e  
A l t e r n a t e  s i te  
C o n s t r u c t i o n  p e r m i t  i n  effect a n d  o p e r a t i n g  license d o c k e t e d  
Alternate s i te  
A l t e r n a t e  s i t e  
A l t e r n a t e  s i te  
H y p o t h e t i c a l  s i t e  
Al t e rna te  s i t e  
Alternate s i te  
L i c e n s e  in effect for  o p e r a t i n g  reactors 
A p p l i c a t i o n  Ui thdKaUn 
c o n s t r u c t i o n  permit  i n  effect  
Alternate site 
Alternate site 
A l t e r n a t e  s i t e  
Alternate  s i te  
L i c e n s e  i n  effect f o r  o p e r a t i n g  reactors 
A p p l i c a t i o n  w i t h d r a w n  
Alternate s i te  
C o n s t r u c t i o n  p e r m i t  i n  e f fec t  a n d  o p e r a t i n g  license d o c k e t e d  
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N Y  
CT 

HA 

iYN 
KY 
N H  
N Y  
OH 
CA 
OH 
RI 
NY 
N J  
N Y  
V A  
OH 
sc 
DE 
N J  

AZ 
SD 
PA 
CR 
OR 
NC 
CH 
PA 
U D  
UE 
TN 
LIA 
FA 
CH 
WJ 
U N  
I1 

NY 
CA 
NT 
OR 
NT 

no 

n I  

n i  

H I L I I K E N  (NYSEG) 
HILLSTO NE 
U O I L I A  
HONTAGOE 

RON T ICELLO 
HOOLEYVILLE 
H O O R E  POYC (SEAB) 
NORRISON (NYSEG) 
NASHPORT (ERIE) 
NEEDLES 
N E V A D A  (ERIE) 
N E Y  ENGLAND 
N E W  H A V E N  
NEWBOLD ISLAND 

NORTH A N N A  
N O R T H  PERRY (ERIE) 
OCONEE 
ODESSA (SOHU) 
OYSTER CREEK 
PIILISADES 
PALC VERDE 
PATHPINDEB 
PEACR BOTTOM 
PEBBLE SPB S (SRGT) 
P E B B L E  SPRINGS 
PERKINS 
PERRY 
PERhY BLUFF (ERIE) 
PERRYiYAN 
PHILLIPS COVE (SEAE) 
FHIFFS BEND 
P I L G R I M  

P I Q U A  
POINT BEACH 
PRAIRIE ISLAND 
QrJ!!D-CITIES 
Q U A  N IC A SS E 
CUARRP (PISNY) 
RANCHO ,S ECO 
RAVINSWOOD 
RAYLAND (PERRY) 
R E D  HOOK (CONED) 

N I N E  n n e  POINT 

PINE F O R G E  (LIiY) 

YES 

YES 

PES 
YES 

YES 

YES 
YES 
YES 

YES 

YES 
PES 
YES 

YES 
r ~s 

PES 
YES 
.PC 1 fia 

YES 

42-36- 
01-18-31 
40- 15- 20 
42-3U-34 

US-20-00 
38-01- 10 
u4-20- 
u 3- 22- 
40- 05- 30 
34-20-40 
40- 47- 
4 1-21- 46 
43-29-01 
4 0 -  07- 45 
43-31- 20 
38-03-39 
4 1- 48- 
34-47- 30 
39-27- 
39- U8- 5 1 
42- 19- 20 
33-23- 23 
43- 35- 54 
39- 45- 32 
US-40- 
45- 42- 05 
35- 50- 53 
4 1-48- 04 
4 1- 58- 30 
39-26- 15 
43- 12- 
36-27-47 
4 1-56- UO 
40- 18- 
40- 08- 54 
44- 16- 5 1 
44-37- 19 
r; ; -63 - j; 
43- 35- 40 
4 1-38- 
38-20-40 
40- 45- 48 
40- 11- 
42-03- 

76-38- 
72-10-05 
9 1-30-00 
72-31-36 

93- 50- 54 
86-30-40 
7 1-49- 
78-20- 
82- 11- 

114- 11-30 
03-09- 
11-39-38 
76- 17-43 
74-4 5- 2 0 
7 6-24-36 
71-47- 26 
81-08- 
8 2- 5 3- 55 
75-37- 
74- 12-23 
86- 18- 55 

112-51-43 
96- 3 7- U 8 
76- 16-09 

120- 11- 
120-08-17 
80-27- 10 
8 1-08-36 
80-29- 
76- 13-30 
70-36- 
82-48- 32 
7 0- 3U- U6 
75-43- 
84- 14-30 
87-32- 10 
9 2- 37- 59 
90- 18-36 
8 3- 42- 53 
73- 56- 

12 1-07- 12 
73-56- 3 0 
00- 4 1- 
73-49- 

A l t e r n a t e  s i t e  
L i c e n s e  i n  e f f e c t  f o r  o p e r a t i n g  reactors  
H y p o t h e t i c a l  site 
I n a c t i v e  c o n s t r u c t i o n  p e r a i t  a p p l i c a t i o n ,  c a u c e l i a t r o n  
announced  
L i c e n s e  i n  e f f e c t  f o r  o p e r a t i n g  reactors 
H y p o t h e t i c a l  site 
A l t e r n a t e  s i te  
Alternate s i te  
A l t e r n a t e  s i te  
H y p o t h e t i c a l  s i t e  
Alternate site 
A p p l i c a  t i o n  w i t h  drawn 
A p p l i c a t i o n  wi thd rawn  
No a p p l i c a t i o n  [ n o t  l i s t e d )  
L i c e n s e  i n  effect  f o r  o p e r a t i n g  r e a c t o r s  
License i n  e f f e c t  f o r  o p r a t i n g  reactors 
A l t e r n a t e  s i te  
L i c e n s e  i n  effect f o r  o p e r a t i n g  reactors  
Alternate  s i te  
L i c e n s e  i n  e f f e c t  fo r  o p e r a t i n g  reactors 
License i n  e f f e c t  f o r  o p e r a t i n g  reac tors  
C o n s t r u c t i o n  p e r m i t  i n  e f t e c t  and  o p e r a t i n g  l i cense  d o c k e t e d  
L i c e n s e  t e r m i n a t e d  
L i c e n s e  i n  effect f o r  o p e r a t i n g  reactors  
A l t e r n a t e  site 
A p p l i c a t i o n  f o r  c o n s t r u c t i o n  p e r m i t  p e n d i n g  ( d o c k e t e d )  
A p p l i c a t i o n  f o r  c o n s t r u c t i o n  p e r m i t  pend ing  [ d o c k e t e d )  
C o n s t r u c t i o n  p e r m i t  i n  e i f e c t  and  o p e r a t i n g  l i c e n s e  d o c k e t e d  
Alternate site 
A p p l i c a t i o n  wi thd rawn  
A l t e r n a t e  site 
C o n s t r u c t i o n  p e r m i t  i n  e i f e c t  
L i c e n s e  i n  effect  fo r  o p e r a t i n g  reactors 
Alternate s i t e  
L i c e n s e  t e r m i n a t e d  
L i c e n s e  i n  effect f o r  o p e r a t i n g  reac tors  
L i c e n s e  i n  effect  f o r  o p e r a t i n g  reactors 
L i c e n s e  i n  effect  for o F e r a t i n g  reactors  
A p p l i c a t i o n  wi thd rawn  
Alternate s i te  
License in effect f o r  o p e r a t i n g  reactors 
A p p l i c a t i o n  wi thd rawn  
Alternate site 
A 1  t e r n a t e  s i te  
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PhGE 5 

DE 
LA 
sc 
U A  
E 1  
N J  
CA 
CA 
sc 
Y A  
N H  
RE 
TN 
N H  
U I  
N Y  
PA 
NY 
I N  
R A  
R A  
R A  
nA 
UA 
U A  
W A  
NY 
TX 
PA 
N Y  
FL 
N Y  
OH 
NY 
sc 
DE 

PA 
CA 

V A  
PA 
CH 
T I  
F A  

RED LION (SUHU)  
R I V E R  BEND 
RC B I N  SON 
ROCK CREZK (SKGT) 
ROtIE P O I N T  
SALE9 
SAN J O A Q U I N  
S A N  ONOPRE 
SAVANNAH R (CRER) 
SCOTIA (SKGT) 
S E A EROO K 
SEARS ISLANC 
SEQUCYIIH 
SHELEORNE (SEAB) 
SHELEY 
SHERIDAN (NHPC) 
S H I P P I N  GPOR T 
S HO 6EHAH 

S I T E  1 ( P I L G )  
S I T E  18 (P ILG)  
S I T E  19 (P ILG)  
S I T E  2 ( P I L G )  
S I T E  20 (P ILG)  
SRAGIT 
SKAGIT/HANPORD 
SOHEBSET (NYSEG) 
SCOTH TEXAS 
S P R I N G F I E L D  N  (ERIE)  
ST LAWRENCE 
ST L U C I E  
STERLING 
STOCKPORT N (ERIE)  
STOYVESANT (NPSEG) 
SOUMER 
SUNHIT 

SUNBURY (SOSQ) 
SONDESERT 

S O R R Y  
SUSQOEHANNA 
SYMNES CIi (ERIE)  
TEXARKOHA 
THREE # I L E  ISLAND 

SITE B ( n m L )  

YES 
YES 

YES 

YES 

YES 

PES 

YES 

YES 

PES 

YES 

YES 

YES 
YES 

YES 

39- 37- 
30-45- 26 
34-29-09 
45-44- 
4 1-32- 30 
39-27- 46 
35- 39- 35 
33-22- 13 
33-19-00 
4 8- 03- 
42-53-53 
44-26- 10 
35- 13- 24 
44-25- 
43-37- 50 
42- 30- 
40-37- 18 
4 0- 57- 30 
38- 31- 32 
42- 4 1- 
41-51- 
4 1- 43- 
42-41- 
4 1- 43- 
48- 32- 00 
46-29- 15 
43-22- 
28-U7-42 
4 1- 59- 
4 4- 30- 00 
21-20- 55 
43-23- 11 
39-34- 
42-27- 
34- 17- 45 
39-31-21 

40-51- 
33- 27- 07 

37-09- 56 
4 1-05-30 
40- 05- 
33-45- 00 
40-09- I 1  

75-37- 
9 1- 19- 54 
110-09- 3 1 

7 1-24-30 
75- 32-09 

119-29-25 
117-32-25 
81-32-00 

117-03- 
70-51-05 
6 8- 52- 23 
85-05- 16 
7 1-03- 
86-30-20 
79-15- 

72-52-00 
85-31-02 
7 1-32- 
7 0- 33- 
70-40- 
7 1-25- 
70-44- 

120-23- 

eo- 26- 02 

122-07-26 
1 19- iS- 5 1  
78-34- 
9 6- 0 2- 5 3 
80-27- 
75- 30- 00 
eo- 14-47 
76-39-0 1 
8 1-47- 
73-46- 
8 1- 19- 13 
75-U1- 11 

76-50- 
1 1 4- 47- 00 

76- 4 1- 54 
76-08-55 
82-00- 
94-53-00 
76- 43- 30 

A l t e r n a t e  s i t e  
C o n s t r u c t i o n  p e r a i t  i n  effect  a n d  o p e r a t i n y  l i c e n s e  d o c k e t e d  
L i c e n s e  i n  e f f e c t  f o r  o p e r a t i n g  reactors 
A 1  t e r n a t e  s i t e  
No a p p l i c a t i o n  ( n o t  l i s t e d )  
L i c e n s e  i n  effect  f o r  o p e r a t i n g  reactors 
No a p p l i c a t i o n  ( n o t  l i s t e d )  
L i c e n s e  i n  eifect  f o r  o p e r a t i n g  r e a c t o r s  
A l t e r n a t e  s i t e  
A l t e r n a t e  site 
C o n s t r u c t i o n  p e r n i t  i n  e t i ec t  a n d  o p e r a t i n y  l i c e n s e  d o c k e t e d  
No a p p l i c a t i o n  ( n o t  l i s t e d )  
L i c e n s e  i n  effect f o r  o p e r a t i n g  reac tors  
A A t e r n a t e  site 
H y p o t h e t i c a l  s i t e  
A l t e r n a t e  s i t e  
O p e r a t i n g ,  NBC l i s c e n s e  n o t  r e q u i r e d  
C o n s t r u c t i o n  p e r m i t  i n  e f f e c t  a n d  o p e r a t i n g  l i c e n s e  d o c k e t e d  
A l t e r n a t e  s i t e  
Alternate  site 
A l t e r n a t e  s i t e  
~ l t e r n a t e  s i t e  
A l t e r n a t e  s i te  
Alternate s i te  
No a p p l i c a t i o n  ( n o t  l i s t e d )  
A p p l i c a t i o n  f o r  c o n s t r u c t i o n  p e r m i t  p e n d i n g  [ d o c k e t e d )  
A l t e r n a t e  site 
C o n s t r u c t i o n  p e r m i t  i n  e f f e c t  a n d  o p e r a t i n g  l i c e n s e  d o c k e t e d  
A l t e rna te  s i t e  
No a p p l i c a t i o n  ( n o t  L i s t e d )  
L i c e n s e  i n  effect  f o r  o p e r a t i n g  reactors 
A p p l i c a t i o n  w i t h d r a w n  
A l t e r n a t e  site 
Alternate site 
c o n s t r u c t i o n  p e r n i t  i n  e i f e c t  a n d  o p e r a t i n g  l i c e n s e  d o c k e t e d  
I n a c t i v e  c o n s t r u c t i o n  p e r m i t  a p p l i c a t i c n .  cance l la t im 
announced  
A l t e r n a t e  s i t e  
I n a c t i v e  c o n s t r u c t i o n  p e r m i t  a p p l i c a t i o n .  c a n c e l l a t i o n  
announced  
L i c e n s e  i n  e f f e c t  f o r  o p e r a t i n g  reactors 
C o n s t r u c t i o n  p e r n i t  i n  effect  and  o p e r a t i n y  l i c e n s e  d o c k e t e d  
A l t e r n a t e  s i te  
H y p o t h e t i c a l  s i t e  
L i c e n s e  i n  e f fec t  for o F e r a t i n g  reactors 
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MD 
PA 
FA 
PA 
OR 
W A  
PL 
C R  
V I  

FL 
CR 
VT 
N Y  
CA 
HD 
GA 
OR 
CH 
CB 
P a  
LA 
TU 
A I  
NY 
KS 
F I  
W A  
HA 
PA 
FA 
us 
O H  
I L  
CH 

TILGRNAN NECK [MNFS) 
TION ESTA 
TOHICON [FULT) 
TOHANDL 
T R O J A N  
TUCANNON (SKGT) 
TURKEY POINT 
TURTLE CREEK (ERIE) 
TYRONE 

VENICE 
VERMILION (ERIE) 
VERMONT YANKEE 
VERPLANCR 
VIDAL 
VIENNA (SUtlB)  
VCGTLE 
WAKATOHIRA (ERIE) 
W A R B E N T O N  [PERRY) 
UARRENTON (TRJN) 
WASFINGTON CR (EfM) 
RATERFORD 
WATTS B A R  
WESTERLY (NEP) 
1 E S IPOR T 
WOLF CREEK 
WOOD 
HPPSS 14 
WPPSS 2 
WPPSS 35 
I A N R  E E - A 0  fE 
YELICW C R E E K  
ZIMnER 
Z I O N  
ZOAfiVILLE (ERIE) 

YES 

YES 

Y E S  

YES 

YES 
YES 

YES 

I ES 

YES 
YES 
YES 
YES 
YES 

39- 00- 50 7 6-0 8-40 
41-30-50 79-26-10 
40-26- 75-04- 
41-48-50 76-29-40 
46-02-27 122-53-04 
46-33- 118-05- 
25-26-06 80- 19-53 
4 1- 36- 83- 1 4- 
44-41-50 91-49-56 

26- 5 1- 00 8 2- 1 0- 5 0 
41-25-30 82-20- 
42-46-49 72-30-57 
4 1- 15- 40 73-57-49 
31- 10- 25 114-27-46 
38-29- 75-48- 
33-08-31 81-45-53 
40-08- 82-03- 
4 0- 12- 80-40- 
46-08- 123-55- 
40- 18- 74-54- 
29-59-42 90-28- 16 
35-36- 10 84-47-25 
4 1-21- 7 1-44- 
44-09-00 73-25-00 
38-14-20 95-41-20 
42- 38- 36 89-46-32 
46-28-03 119- 18-51 
46-28- 17 119- 19-59 
46- 57- 11  123-28- I 1  
42-43-41 72-55-44 
34-57-24 88- 12-57 
38- 51- 57 84-13-44 
42-26- 44 87-48-08 
40-35- 8 1-24- 

A l t e r n a t e  s i te  
H y p o t h e t i c a l  s i t e  
A l t e r n a t e  s i t e  
H y p o t h e t i c a l  s i t e  
L i c e n s e  i n  effect  f o r  o p e r a t i n g  r e a c t o r s  
A l t e r n a t e  s i te  
l i c e n s e  i n  effect f o r  o p e r a t i n g  r e a c t o r s  
A l t e r n a t e  s i t e  
I n a c t i v e  c o n s t r u c t i o n  p e r m i t  a p p l i c a t i o n ,  c a n c e l l a t i o n  
an n o u n  ce d 
H y p o t h e t i c a l  s i t e  
A l t e r n a t e  site 
L i c e n s e  in effect  for  o F e r a t i n g  reactors 
A p p l i c a t i o n  w i  t h  d r a w n  
No a p p l i c a t i o n  ( n o t  l i s t e d )  
Alternate site 
C o n s t r u c t i o n  p e r m i t  i n  e f f e c t  
Alternate site 
Alternate site 
Alternate s i te  
Alternate site 
C o n s t r u c t i o n  p e r m i t  i n  effect  a n d  o p e r a t i n g  
C o n s t r u c t i o n  p e r m i t  i n  e f f e c t  a n d  o p e r a t i n g  
Alternate s i te  
H y p o t h e t i c a l  s i t e  
C o n s t r u c t i o n  p e r a i t  i n  effect  a n d  o p e r a t i n g  
No a p p l i c a t i o n  ( n o t  l i s t e d )  

i c e n s e  d o c k e t e d  
i c e n s e  d o c k e t e d  

icense d o c k e t e d  

c o n s t r u c t i o n  p e r m i t  i n  effect  
C o n s t r u c t i o n  p e r m i t  i n  e f f e c t  a n d  o p e r a t i n g  l icense d o c k e t e d  
c o n s t r u c t i o n  p e r m i t  i n  effect  
L i c e n s e  i n  e f f e c t  f o r  o p e r a t i n g  reactors 
c o n s t r u c t i o n  p e r m i t  i n  effect  
C o n s t r u c t i o n  p e r m i t  i n  e f f ec t  a n d  o p e r a t i n y  license d o c k e t e d  
L i c e n s e  i n  effect f o r  o p e r a t i n g  reactors 
A l t e r n a t e  site 



NCV 16, 1982 C C H U E B C I A L  NUCLEAB POdER REACTOB SITES 
GROUPED BY STATE 

ORNL-DWG 83-8046 
?AGE 1 

BARTON 

BELLEPONTE 
EROUNS FERRY 
PARLEY 

32-45-00 86-2U-00 I n a c t i v e  c o n s t r u c t i o n  p e r m i t  a p p l i c a t i o n ,  c a n c e l l a t i o n  

YES 34-42-32 85-55-38 C o n s t r u c t i o n  p e r a i t  i n  effect  and  o p e r a t i n g  l i c e n s e  d o c k a t e 3  
YES 34-42-15 87-07-07 L i c e n s e  i n  effect f o r  o p e r a t i n g  r e a c t o r s  
YES 31-13-22 85-06-45 L i c e n s e  i n  effect  f o r  o p e r a t i n g  r e a c t o r s  

announced  

A R I Z C N A  

PALC V E R D E  YES 33-23-23 112-51-43 C o n s t r u c t i o n  p e r a i t  i n  e f f e c t  a n d  o p e r a t i n y  l i c e n s e  d o c k e t e d  

ARKANSAS 

ARKANSAS 

C A L I E C R N I A  

BODEGA B A Y  
EOLSA ISLAND 
D I A E L O  CANYON 
HUMBOLDT B A Y  
HUNTER LIGGETT 
H A L I B U  
H E N D O C I  NO 
NEEDLES 
RANCHO S K O  
SAN J O A Q U I N  
SAN ONOPRE 
SUNDESERT 

V I C A L  

YES 35-18-36 93- 13-51 L i c e n s e  i n  e f f e c t  f o r  o p e r a t i n g  r e a c t o r s  

38-18-00 
33-42-30 

YES 35-12-42 
40-4 4- 2 8  
3 5 4 3 - 5 0  
34-02 -06 
38-55-25 
31)-20-40 

YES 38-20-40 
35-39-35 

YES 33-22-13 
33-27-07 

34- 10-25 

123-03-18 
118-0 1-54 
120-51-16 
124-12-33 
12 1- 17- 10 
118-4U-30 
123-43-05 
114- 11-30 
12 1-07- 12 
119-29-25 
117-33-25 
11U-47-00 

114-27-46 

A p p l i c a t i o n  u i t h d r a u n  
A p p l  i c a t  i o n  u i t  h d r a u  n 
C o n s t r u c t i o n  p e r o i t  i n  e f f e c t  and  o p e r a t i n g  l i c e n s e  d o c k e t e d  
L i c e n s e  i n  e f f e c t  f o r  o p e r a t i n g  r e a c t o r s  
H y p o t h e t i c a l  s i t e  
A p p l i c a t i o n  u i t  h d r a u n  
A p p l i c a t i o n  u i t h d r a u n  
H y p o t h e t i c a l  s i t e  
L i c e n s e  in effect f o r  o p e r a t i n g  r e a c t o r s  
No a p p l i c a t i o n  ( n o t  l i s t e d )  
L i c e n s e  i n  effect f o r  o p e r a t i n g  reactors 
I n a c t i v e  c o n s t r u c t i o n  p e r m i t  a p p l i c a t i o n ,  c a n c e l l a t i o n  
announced  
No a p p l i c a t i o n  ( n o t  l i s t e d )  

C O L C R A D O  

POET ST V R A I N  XES 40-14-41 104-52-28 L i c e n s e  i n  effect for o p e r a t i n g  r e a c t o r s  
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?AGE 2 

C C N N E C T I C U ?  

H A D D A B  NECK 
N I I L S T O N E  

DELAWARE 

B O U E R S  (sunn) 
ODESSA (sunn) 
R E C  LION (soan) 
S U B H I T  

F L O R I D A  

CRYSTAL R I V E R  
ST L U C I E  
T U E K E Y  POINT 
V E N I C E  

GEOR GI !I 

HATCH 
VOGTLE 

I D A H O  

I D A A O  FALLS (CRBR) 

I I L I N O I S  

B R A I  UU OOD 
BYRON 
CARROLL COUNTY 
CLINTON 
DRESDEN 
LA SALLE 
QU AD-CITIES  
ZION 

Y E S  41-28-55 72-29-51 L i c e n s e  i n  e f f e c t  f o r  o p e r a t i n g  r e a c t o r s  
Y E S  41-18-31 72-10-05 L i c e n s e  i n  e f f e c t  f o r  o p e r a t i n g  r e a c t o r s  

YES 
YES 
Y E S  

YES 
YES 

39-03- 
39-27- 
39-37- 
39-3 1-2 1 

28-57-26 
27- 2.0-5 E: 
25-26-06 
26-51-00 

3 1-56-03 
33-08-3 1 

75-23-  A l t e r n a t e  site 
75-37- A l t e r n a t e  site 
75-37- A l t e r n a t e  s i te  
15-41- 1 1  I n a c t i v e  c o n s t r u c t i o n  p e r m i t  a p p l i c a t i o n ,  c a n c e l l a t i o n  

announced 

82-41-56 L i c e n s e  i n  e f f e c t  f o r  o p e r a t i n g  r e a c t o r s  
80-lr(-47 L i c e n s e  i n  e f f e c t  f o r  o p e r a t i n g  r e a c t o r s  
80-19-53 L i c e n s e  i n  effect  f o r  o p e r a t i n g  r e a c t o r s  
82- 10-50 H y p o t h e t i c a l  site 

82-20-40 License i n  e f f e c t  f o r  o p e r a t i n g  r e a c t o r s  
81-45-53 C o n s t r u c t i o n  permit i n  e f f e c t  

43-40-00 112-30-00 A l t e r n a t e  site 

YES 41-14-37 
42-0&30 
42-0 2-0 1 

YES 40-10-19 
YES 41-23-23 
YES 41-14-38 
YES 4 1 4 3 - 3 4  
YES 42-26-44 

88 -  13-44 

90-03-4 6 
88-50-0 3 
88- 16-1 6 
88-40- 15 
90- 18-36 
87-48-08 

89- i6-55 
C o n s t r u c t i o n  p e r n i t  i n  e f f e c t  and o p e r a t i n g  l i c e n s e  docke tad 
C o n s t r u c t i o n  p e r m i t  i n  e f f e c t  and o p e r a t i n g  l i c e n s e  d o c k e t e d  
No a p p l i c a t i o n  ( n o t  l i s t e d )  
C o n s t r u c t i o n  p e r m i t  i n  e f f e c t  and o p e r a t i n g  l i c e n s e  d o c k e t e d  
L i c e n s e  i n  effect f o r  o p e r a t i n g  r e a c t o r s  
C o n s t r u c t i o n  p e r m i t  i n  e f f e c t  and o p e r a t i n g  l i c e n s e  d o c k e t e d  
L i c e n s e  i n  effect f o r  o p e r a t i n g  r e a c t o r s  
L i c e n s e  i n  e f f e c t  f o r  o p e r a t i n g  r e a c t o r s  
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GROUPED BY STATE 
P A G E  3 

I t i D I A N A  

B A I L L P  

B I G  G R A B A H  CR ( Y R E L )  
E G Y P T  BOTTOM ( M R B I )  
MARBLE HILL 

SITE B (HRBL) 
M E X I C O  BCTTOM ( M R E L )  

I C Y A  

A R N O L D  

KANSAS 

YOIF CBEEK 

K E N T U C K Y  

MOOLEYVILLE 

IOUISIANA 

R I V E R  BEND 
Y AT ER FORD 

B A I N E  

M A I N E  YANKEE 
PHIILIPS COVE (SEAB) 
SElRS ISLAND 

B A R  YLA RD 

B A I N B R I D G E  (MD) 
EELVIDERE (DODG) 

YES 41-38-30 87-07-30 I n a c t i v e  c o n s t r u c t i o n  p e r m i t  a p p l i c a t i o n ,  c a n c e l l a t i o n  
a n nounced 

38-56-53 85-33-05 A l t e r n a t e  s i te  
38-47-40 84-49-50 A l t e r n a t e  s i t e  

38-52-2 1 84-47-45 A l t e r n a t e  site 
38-31-32 85-31-02 A l t e r n a t e  s i t e  

YES 38-36-00 85-26-53 C o n s t r u c t i o n  p e r m i t  i n  e f f e c t  

YES 42-06-02 9 1-46-38 L i c e n s e  i n  effect for o p e r a t i n g  reactors  

YES 38-14-20 95-41-20 C o n s t r u c t i o n  p e r m i t  in e f f e c t  and  o p e r a t i n g  l i c e n s e  d o c k e t e d  

38-01-10 86-30-40 H y p o t h e t i c a l  s i t e  

YES 30-45-26 91-19-54 C o n s t r u c t i o n  p e r m i t  i n  effect  a n d  o p e r a t i n y  l i c e n s e  d o c k e t e d  
Y E S  29-59-42 90-28-16 C o n s t r u c t i o n  p e r m i t  in e f f e c t  a n d  o p e r a t i n g  l i c e n s e  d o c k e t e d  

Y E S  03-57-02 69-41-44 L i c e n s e  i n  effect f o r  o p e r a t i n g  reactors 
43-12- 70-36- A l t e r n a t e  site 
44-26-10 68-52-23 lo a p p l i c a t i o n  ( n o t  l i s t e d )  

39-36-45 76-05-35 A l t e r n a t e  site 
38-14- 76-36- A l t e r n a t e  s i t e  
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- ............................................. ---- ---------- ---------- -- ---- ---------- ----- - ----- -- ----- -------- -------- ------ -- 
N A U E  PRIHARY LATITIX)E LOBGITODE STATUS 

SITE dd-ram-ss ddd-mm-ss .................................................................................................................................. 
CAIVERT CLIPFS YES 38-26-05 76-26-31 L i c e n s e  i n  e f fec t  for  o p e r a t i n g  r e a c t o r s  
CANkL (PULT) 39-32- 75-49- A l t e r n a t e  s i t e  
CABROLL PONE [DOUG)  38-12- 76-23- A l t e r n a t e  site 
CHURCH CR (MHFS) 38-30-25 76-08-05 A l t e r n a t e  s i t e  
C L A I B O R N E  (SUHM) 38-49- 76- 18- Alternate s i t e  
CORSICA [sunn) 39-04- 76-09- A l t e r n a t e  site 
DEEP B R  (MEPS) 38-18-05 75-49-15 A l t e r n a t e  s i t e  
D E N T O N  (SUHH) 38-56- 75-48- Alternate  site 
DOUGLAS POINT 38-26-44 77- 15-24 I n a c t i v e  c o n s t r u c t i o n  uersit a m l i c a t i o n .  c a n c e l l a t i o n  

FAIRLEE (HMPS) 
PERRYMAN 
T I L G H M A N  NECK (HllPS) 
V I E N N A  [SUHH) 

- -  
announced  

39-13-25 76-13-10 A l t e r n a t e  s i t e  
39-26-1 5 76- 13-30 A p p l i c a t i o n  u i t h d r a w n  
39-00-SO 76-08-40 Alternate s i t e  
38-29- 75-48- A l t e r n a t e  s i t e  

HASSACAUSETTS 

EEAR SWAMP (NEP) 
80 NT AGU E 

PILGR I M  
SITE 1 [PILG) 
SITE 18 (PILG) 
SITE 19 [PILG) 
SITE 2 (PILG) 
SITE 20 [PILG) 
Y A N K E E - R O U E  

P I C  R I G A  N 

A U  GRES 
B I G  ROCK POINT 
COOK 
FERMI 
GREENWOOD 

n'IPiAiiD 
PALISADES 
Q U &N IC& SSE 
SHELBY 

42-42- 
42 -34 -3 4 

YES Ul-56-40 
42-41- 
41-51- 
4 1-43- 
42-U 1- 
4 1-43- 

YES 42-43-41 

YES 
YES 
YES 

U4-06-40 
45-21-33 
41-58-3U 
41-57-48 
(13-05-3 1 

rEs 93-35-10 
YES 42-19-20 

43-35-UU 
43-3 7 -5 0 

72-53- 
72-31-36 

70-34-46 
7 1-32- 
70-33- 
70-40- 
7 1-25- 
70-44- 
7 2-55-44 

A l t e r n a t e  s i te  
I n a c t i v e  c o n s t r u c t i o n  p e r m i t  a p p l i c a t i o n ,  c a n c e i l a t i o n  
a n n o u n c e d  
L i c e n s e  i n  e f fec t  f o r  o p e r a t i n g  r e a c t o r s  
A l t e r n a t e  site 
A l t e r n a t e  s i te  
A l t e r n a t e  site 
A l t e r n a t e  site 
A l t e r n a t e  s i t e  
L z c e n s e  i n  effect  for o p e r a t i n g  r e a c t c r s  

83-3U-50 H y p o t h e t i c a l  s i t e  
85- 11-41 L i c e n s e  i n  e f fec t  for o p e r a t i n g  reactcrs 
86-33-59 L i c e n s e  i n  effect f o r  o p e r a t i n g  reactors  
83- 15-31 C o n s t r u c t i o n  p e r m i t  i n  e f f e c t  a n d  o p e r a t i n g  l i c e n s r  d o c k e t e d  
82-4 1-40 I n a c t i v e  c o n s t r u c t i o n  p e r m i t  a p p l i c a t i o n ,  c a n c e l l a t i o n  

8U- 13-23 C o n s t r u c t i o n  p e r m i t  i n  effect and o p e r a t i n g  l i c e n s e  d o c k e t e d  
86-18-55 L i c e n s e  i n  effect f o r  o p e r a t i n g  reactors  
83-92-53 A p p l i c a t i o n  u i t h d r a u n  
86-30-20 H y p o t h e t i c a l  s i t e  

announced  



ORNL-DWG 83-8050 
NCV 16, 1982 COHMERCIAL N U C L E A R  POWER REACTOR SITES PAGE 5 

GROUPED BY STATE 

ELK R I V E R  
1 0  NT I C E L  W 
PRAIRIE ISLAND 

HISSISSIPPI 

G R A N D  GULF 
Y E I I O W  CREEK 

MISSOURI 

CALLAW B Y  
I I O I L I A  

NEBRASKA 

COOPER 
POET CAIHOWN 
HALLAH 

NEW HAFlPSHIRE 

LAMEREY POND (SEAF) 
LI'ICHPIELD (SEAB) 
MOORE POND (SEAB) 
SEABROOK 
SRELBURNE (SEAB) 

NEW JERSEY 

ATLANTIC 
BU R L I  NGTON 
ELSINBORO (PULT) 
FORKED RIVER 

HOPE CREER 
NEYEOLD ISLAND 

YES 
YES 

YES 
YES 

YES 

YES 
YES 

YES 

YES 

YES 

45-17-18 
45-20-00 
44-37-1 9 

32-00-2 7 
34-57-24 

3 8 - 4 5 4 0  
40- 15-20 

40-2 1-4 3 
41-3 1-15 
40-33-18 

U2-57- 
42-52- 
44-20- 
42-53-53 
94-25- 

39-2 8-2 0 
00-04-36 
39-33- 
39-U 8-3 6 

39-28-08 
40-07-45 

93-33-06 L i c e n s e  t e r a i n a t e d  
93-50-54 L i c e n s e  i n  e f f e c t  f o r  o p e r a t i n g  r e a c t o r s  
92-37-59 L i c e n s e  i n  effect for o p e r a t i n g  r e a c t o r s  

9 1-02-53 C o n s t r u c t i o n  p e r m i t  i n  e f f e c t  and o p e r a t i n g  l i c e n s e  d o c k e t s J  
88-12-57 C o n s t r u c t i o n  p e r m i t  i n  e f l e c t  

91-46-54 C o n s t r u c t i o n  permit i n  e f f e c t  a n d  o p e r a t i n g  l i c e n s e  d o c k e t e d  
91-30-00 H y p o t h e t i c a l  s i t e  

95-38-28 L i c e n s e  i n  effect fo r  o p e r a t i n g  reactors 
96-04-36 L i c e n s e  i n  effect fo r  o p e r a t i n g  r e a c t o r s  
96-47-12 L i c e n s e  t e r m i n a t e d  

70-49- Alternate site 
7 1-28- Alternate site 
71-49- Alternate site 
70-51-05 C o n s t r u c t i o n  p e r m i t  in e f f e c t  a n d  o p e r a t i n g  l i c e n s e  d o c k e t e d  
71-03- A l t e r n a t e  site 

71)- 15-20 A p p l i c a t i o n  wi thd rawn  
14-52-47 N O  a p p l i c a t i o n  ( n o t  l i s t e d )  
75-31- Alterna te  s i te  
74-12-36 I n a c t i v e  c o n s t r u c t i o n  p e r m i t  a p p l i c a t i o n ,  c a n c e l l a t i o n  

75-32- 17 C o n s t r u c t i o n  p e r a i t  i n  e f f e c t  
7Y-45-20 No a p p l i c a t i o n  ( n o t  l i s t e d )  

announced  



OYSTER CREEK 
SALER 

NEW Y O R K  

ATHENS (FASNY) 
B E L L  
EASTON 
FITZPATRICK 
G I N N A  
G R E E N E  COUNTY 
I N C I A ? ?  P O I N T  
JAHESPORT 
LIVINGSTON (GCNP) 
LLCYD (GCNP) 
H I L I I K E N  (NYSEG) 
HORRISON (HYSEG) 
NfW H A V E N  
N I N E  N I L E  POINT 
POARRY (PASNY) 
RAVENSWOOD 
R E D  HOOK (CONED) 
SABRIDAN (NNPC) 
S ROR EH Atl 
SORERSET (NPSEG) 
ST LAWRENCE 
STERLING 
STOYVESANT (NYSEG) 
VEBPLA NC I( 
U ESTPOBT 

NCRTH C A R O L I N A  

BRUNSWICK 
A A R R I S  
HC G U I R  E 
PERKINS 

YES 
YES 

YES 
YES 

YES 

YES 

YES 

39-48-5 1 
39-27-4 6 

42-16- 
42-36-30 
42-59-42 
43-31-26 
43-16-40 
42-09-00 
41-16-17 
40-59-24 
42-07- 
41-46- 
42-36- 
43-22- 
43-29-0 I 
43-3 1-20 
41-38- 
40-45-48 
rJ2-03- 
42-30- 
40 -57-3 0 
43-22- 
44-30 -00 
43-23- 1 1 
42-27- 
41-15-40 
44-09-00 

74- 12-23 
75-32-09 

73-50- 
76-37-55 
73-36-36 
76-23-54 
77-18-32 
73-54-4 1 
7 3-57-09 
72-35-39 
73-47- 
73-59- 
76-38- 
78-20- 
76- 17-43 
76-24-36 
7 3-56- 
73- 56-30 
73-49- 
79-15- 
7 2- 52-0 0 
78-34- 
7 5- 30- 0 0 
76-39-01 
73-46- 
73-57-49 
73-25-0 0 

L i c e n s e  i n  effect  f o r  o p e r a t i n g  r e a c t o r s  
L i c e n s e  i n  effect  f o r  o p e r a t i n g  r e a c t c r s  

A l t e r n a t e  site 
A p p l i c a t i o n  wi thd rawn  
A p p l i c a t i o n  u i t h d r a u n  
L i c e n s e  i n  effect  for  o p e r a t i n g  r e a c t o r s  
L i c e n s e  i n  effect  for o p e r a t i n g  r e a c t o r s  
A p p l i c a t i o n  w i t h d r a w n  
License i n  e f f e c t  f o r  o p e r a t i n g  reactors 
A p p l i c a t i o n  u i t h d r a u n  
A l t e r n a t e  s i t e  
A l t e r n a t e  s i t e  
A l t e r n a t e  site 
Alternate s i te  
A p p l i c a t i o n  u i t  h d r a u n  
L i c e n s e  i n  effect f o r  o p e r a t i n g  r e a c t o r s  
Alternate site 
A p p l i c a t i o n  u i t h d r a w n  
Al t e rna te  s i t e  
Alternate  s i t e  
C o n s t r u c t i o n  p e r m i t  i n  e L f e c t  a n d  o p e r a t i n g  l icense d o c k e t e d  
A l t e r n a t e  site 
No a p p l i c a t i o n  [ n o t  l i s t e d )  
A p p l i c a t i o n  u i t h d r a u n  
Alternate site 
A p p l i c a t i o n  u i t h d r a u n  
By p o t h e t i c a l  site 

YES 33-57-30 78-00-38 L i c e n s e  i n  e f f e c t  fos o p e r a t i n g  reactors 
YES 35-38-00 78-57-22 C o n s t r u c t i o n  permit i n  effect  a n d  o p e r a t i n y  l i c e n s e  d o c k e t e d  
YES 35-25-56 80-56-54 L i c e n s e  in e f f e c t  f o r  o p e r a t i n g  reactors 
YES 35-50-53 80-27-10 A p p l i c a t i o n  f o r  c o n s t r u c t i o n  permit p e n d i n g  ( d o c k e t e d )  

CRIO 

ASHTABULA E (PERRY) 
E E A V E R  (ERIE) 

41-55- 80-44- Alternate s i t e  
41-25-30 82-15-30 Alternate site 
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C L  A RI NGTON 
COAL R O N  ( E R I E )  
CONESVILLE (ERIE) 
D A VIS- BESS E 
E R I E  
G E N E V A  ( E R I E )  
H U R O N  ( E R I E )  
H A R  ELEHEAD ( E R I E )  
NASHPORT (ERIE) 
N E V A D A  ( E R I E )  
NORTH PERRY (ERIE) 
P E R R Y  
P I C U A  
R A Y L A N D  (PERRY) 
STOCKPORT N ( E R I E )  
SYiYHES CR (ERIE) 
TURTLE C R E E K  ( E R I E )  
VERHILION (ERIE) 
UAKATOHIKA ( E R I E )  
UAEBENTCN (PERRY) 
Z I H H E R  
ZOARVILLE (ERIE) 

CXL AHOO A 

BLACK F O X  

C R E G O N  

BEAVER ('IRJN) 
B O A R D H A N  
B R A E Y O O D  (TRJN) 
D E E R  I S  ( T R J N )  
HAYGER (TRJN) 
PEBBLE SPR S (SKGT) 
PEBBLE SPRINGS 
TROJAN 
WARRENTON (TRJN) 

YES 

YES 

YES 

YES 

YES 
YES 

39-43-10 
39-33-30 
40-1 1 -  
41-35-50 
41-20-44 
41-50- 
41-22- 
41-31- 
40-05 -3 0 
40-47- 
41-48- 
41-48-0 4 
40-08-54 
40-1 1- 
39-34- 
40-05- 
41-36- 
Ul-25-30 
40-08- 
40-12- 
38-51-57 
40-35- 

36-07-0 1 

U6-10- 
45-40-35 
46-10- 
45-56- 
46-09- 
45-40- 
45-42-0 5 
46-02-27 
46-08- 

80-50-4 0 
8 1-35-30 
81-53- 
83-05-1 1 

80-58- 
82-32- 
82-47-30 
82- 11 -  
83-09- 
8 1-08- 
81-08-36 
84- 14-30 
80-4 1 - 
8 1-47- 
82-00- 
83-14- 
8 2- 20- 
82-03- 
80-40- 
84-13-44 
8 1-24- 

8 2-28-4 9 

95-32-54 

123-11- 
119-49-00 
123-27- 
122-50- 
123-05- 
120-1 1- 
120-08- 17 
122-53-04 

.. 123-55- 

H y p o t h e t i c a l  s i t e  
A l t e r n a t e  site 
A l t e r n a t e  s i t e  
L i c e n s e  i n  e f f e c t  for o p e r a t i n g  r e a c t o r s  
A p p l i c a t i o n  u i t h d r a u n  
A l t e r n a t e  site 
A l t e r n a t e  s i t e  
A l t e r n a t e  site 
Alternate site 
A l t e r n a t e  s i t e  
A l t e r n a t e  site 
C o n s t r u c t i o n  p e r m i t  i n  e f f e c t  a n d  o p e r a t i n g  l i c e n s e  d o c k e t e d  
license t e r m i n a t e d  
A l t e r n a t e  s i t e  
A l t e r n a t e  s i t e  
A l t e r n a t e  s i t e  
A l t e r n a t e  s i t e  
A l t e r n a t e  s i te  
Alternate site 
A l t e r n a t e  site 
C o n s t r u c t i o n  p e r n i t  i n  e f f e c t  a n d  o p e r a t i n g  l i c e n s e  d o c k e t e d  
A l t e r n a t e  site 

A p p l i c a t i o n  fo r  c o n s t r u c t i o n  p e r m i t  p s n d i h g  ( d o c k e t e d )  

A l t e r n a t e  s i t e  
No a p p l i c a t i o n  [ n o t  l i s t e d )  
A l t e r n a t e  s i t e  
A l t e r n a t e  s i t e  
A l t e r n a t e  site 
A l t e r n a t e  s i te  
A p p l i c a t i o n  for c o n s t r u c t i o n  p e r m i t  p s n d i n y  ( d o c k e t e d )  
L i c e n s e  i n  effect for o p e r a t i n g  r e a c t o r s  
A l t e r n a t e  site 



BEAVER VALLEY 
BIG B E N D  H I L L  (ERIE) 
B O C R I N G H A N  NT ( L I N )  
CAESTER CO (FOLT) 
PWLTON 
GP U/A I 
LIMERICK 
LOCK H A V E N  
HARTINS CR (SOSQ) 
PIC ELHAT'IAN (SWSQ) 
PEACH BOTTOH 
PERRY BZOPF (ERIE) 
PINE FORGE (LIR) 
SHIFPINGPORT 
SPRINGFIELD N (ERIE) 
SWNBORY (SOSQ) 
SWSQWEHANNA 
THREE H I L E  ISLAND 
TICNESTA 
TOBICON (PIJLT) 
T O U A N D A  
WASHINGTON CR ( L I H )  

P H O D E  ISLANC 

NEW ENGLAND 
R O N E  PCINT 
WESTERLY (NEP) 

SCOTH C A R O L I N A  

CATAUBA 
CHEROKEE 
f Y ? B  
OCCNEE 
ROBINSON 
S I V A N N A H  R ( C R B R )  
SONNER 

YES 

YES 

YES 

YES 
YES 

40-37- 19 
41-18- 
40-19- 
39-56- 
39-45-50 
42-00-15 
40-13-1 2 
4 1-05-0 0 
40-47- 
41-09- 
39-45-32 
41-58-30 
40-18- 
40-37- 18 
41-59- 
40-5 1- 
41-05-30 
UO-09-11 
4 1-30 -5 0 
10-26- 
41 -48-5 0 
40-18- 

41-2 1-46 
41-32-30 
4 1-2 1- 

8 0- 26-0 2 
80-2 1 - 
75-0 1- 
75-5 1- 
76- 14-15 
76-00- 15 
75-35-24 
7 7-3 4-3 0 
75-09- 
77-26- 
76- 16-09 
80-29- 
75-43- 
80- 2 6-02 

76-50- 
76- 08- 5 5 
76-43-30 
79-26- 10 
75-04- 
7 6 - 29 - 40 
74-54- 

80-27- 

L i c e n s e  i n  effect f o r  o p e r a t i n g  r e a c t o r s  
Alternate s i te  
Alternate site 
Alternate site 
A p p l i c a t i o n  w i t h d r a w n  
Uo a p p l i c a t i o n  ( n o t  l i s t e d )  
C o n s t r u c t i o n  p e r m i t  i n  effect  a n d  o p e r a t i n g  l i c e n s e  d o c k e t e l  
H y p o t h e t i c a l  s i t e  
A l t e r n a t e  site 
A l t e r n a t e  s i t e  
L i c e n s e  i n  e f fec t  for  o p e r a t i n g  r e a c t o r s  
A l t e r n a t e  site 
Alternate s i te  
O p e r a t i n g ,  NRC l i s c e n s e  n o t  r e q u i r e d  
Alternate  site 
Alternate site 
C o n s t r u c t i o n  permit i n  effect  a n d  o p e r a t i n g  l i c e n s e  d o c k e t e d  
L i c e n s e  i n  e f f e c t  for o p e r a t i n g  r e a c t o r s  
H y p o t h e t i c a l  s i t e  
Alternate s i te  
H y p o t h e t i c a l  s i t e  
A l t e r n a t e  s i te  

7 1-39-38 A p p l i c a t i o n  w i t h d r a w n  
71-24-30 No a p p l i c a t i o n  ( n o t  l i s t e d )  
7 1-44- Al te rna te  si te 

YES 35-03-05 81-04-10 C o n s t r u c t i o n  p e r m i t  in etfect  a n d  o p e r a t i n g  l i cense  d o c k e t e d  
YES 35-02-12 8 1-30-43 C o n s t r u c t i o n  p e r m i t  i n  effect  

YES 34-47-30 82-53-55 L i c e n s e  i n  effect f o r  o p e r a t i n g  r e a c t o r s  
YES 34-21-09 80-09-31 L i c e n s e  in effect for o p e r a t i n g  reactors 

YES 34-17-45 81-19-13 C o n s t r u c t i o n  p e r m i t  i n  effect a n d  o p e r a t i n g  l i c e n s e  d o c k e t e d  

54-15-43 81-19-45 L i c e n s e  t e r m i n a t e d  

33-19-00 81-32-00 A l t e r n a t e  s i te 
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JCIJTH D A K O T A  

PATAPINDW 

TENNESSEE 

UTAH 

CLINCH R I V E R  BREEDER 
HARTSVILLE 

SEQUOYAH 
UATTS B A R  

PHrPps E E N C  

TEXAS 

ALLENS CBEEK 
BAPPIN BAY 
BLUE HILLS 

COMANCHE PEAK 
SOUTH TEXAS 
TPXARKOMA 

LAKE POUELL 

VERBONT 

VEPlONT YANKEE 

V I R G I N I A  

NORTH A N N A  
SUERY 

43-35-54 96-37-48 L i c e n s e  t e r m i n a t e d  

35-53-2 4 84-22-5 7 A p p l i c a t i o n  f o r  c o n s t r u c t  i o n  p e r  m i t  p e n d i n g  [ d o c k e t e d )  
YES 36-21-15 86-05-10 C o n s t r u c t i o n  p e r m i t  i n  e f f e c t  
YES 36 -27 -47  82-48-32 C o n s t r u c t i o n  p e r m i t  i n  effect 
YES 35-13-29 85-05-16 L i c e n s e  in effect f o r  o p e r a t i n g  r e a c t o r s  
YES 35-36-10 84-47-25 C o n s t r u c t i o n  p e r m i t  i n  effect  a n d  o p e r a t i n g  l z c e n s e  d o c k e t e d  

YES 29-40-43 96-06-15 A p p l i c a t i o n  for  c o n s t r u c t i o n  p e r m i t  p e n d i n g  ( d o c k e t e d )  
27-12-00 97-32-00 H y p o t h e t i c a l  s i te  
31-08-39 93-41-32 I n a c t i v e  c o n s t r u c t i o n  p e r m i t  a p p l i c a t i o n ,  c a n c e l l a t i o n  

YES 32- 17-52 97-47-06 C o n s t r u c t i o n  p e r m i t  i n  effect and o p e r a t i n g  l i c e n s e  d o c k e t e d  
YES 28-47-42 96-02-53 C o n s t r u c t i o n  p e r m i t  i n  effect a n d  o p e r a t i n g  license d o c k e t e d  

a n n o u n c e d  

33-45-0 0 94- 53-0 0 H y p o t h e t i c a l  site 

37-50-50 110-16-20 H y p o t h e t i c a l  s i t e  

YES 42-46 -49  72-30-57 L i c e n s e  i n  effect f o r  o p e r a t i n g  reactors 

YES 38-03-39 77-47-26 L i c e n s e  i n  effect for  o p e r a t i n g  r e a c t o r s  
YES 37-09-56 76-41-54 L i c e n s e  i n  effect for o p e r a t i n g  reactors 
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CENTER V ILL E (SKGT ) 
C U S I C  (SKGT) 
ELTOPIA (SKGT) 
H A N F O R D  (CRBR) 
HANFORD 22/1 (SKGT) 
HANFORD 22/2 ( S K G T )  
H A N E O R D  23 (SKGT) 
JOHNSON CR (SKGT) 
LYCNS ED (SKGT) 
NAGALLON (SKGT) 
ROCK CREEK (SKGT) 
SCCTIA (SKGT) 
SRAGIT 
SKA GIT/ R A N  FORD 
TOCANNON (SKGT) 
PPPSS 14 
wepss 2 
WPPSS 3 5  

YEST V I R G I N I A  

AUUOYO (ERIE) 

Y I S C O N S I N  

H A V E N  

K E E A U N  EE 
KOSHKONONG 
LA CROSSE 
POINT BEACH --- l I N O N B  

woo c 

45-42- 
48-22- 
46-29- 
46-2 6-00 
46-34- 
46-37- 
46-38- 
46-0 2- 
U5-58- 
46-33- 
U5-46- 
48-03 - 

PES 48-32-00 
46-29-15 
46-33- 

YES 96-28-03 
46-28 - 17 

YES 46-57-11 

121-04- 
1 17- 18- 
119-12- 
119-23-00 
11 9-27- 
11 9-36- 
119-20- 
122-41- 
122-45- 
118-13- 
120-23- 
117-03- 
122-07-26 
119-25-57 
118-05- 
119- 18-51 
119- 19-59 
123-28-11 

Alternate s i te  
A l t e r n a t e  site 
A l t e r n a t e  site 
A l t e r n a t e  s i t e  
A l t e r n a t e  site 
A l t e r n a t e  site 
A l t e r n a t e  s i t e  
~ l t e r n a t e  s i t e  
A l t e r n a t e  s i te 
A l t e r n a t e  site 
A l t e r n a t e  s i t e  
Alternate  s i t e  
No a p p l i c a t i o n  ( n o t  l i s t e d )  
A p p l i c a t i o n  f o r  c o n s t r u c t i o n  p e r m i t  p e n d i n g  ( d o c k e t e d )  
Alternate s i t e  
C o n s t r u c t i o n  p e r m i t  i n  e f f e c t  
C o n s t r u c t i o n  permit i n  effect  a n d  o p e r a t i n y  l i c e n s e  d o c k e t e d  
C o n s t r u c t i o n  p e r m i t  i n  effect 

40-34- 80-39- Alternate s i te  

43-50-54 87-43-47 I n a c t i v e  c o a s t r u c t i o n  p e r n + t  a p p l i c a t i o u .  c a n c e l i d t i o n  
a n n o u n c e d  

YES 4Q-20-35 89-32-10 L i c e n s e  i n  effect fo r  o p e r a t i n g  r e a c t o r s  

YES 43-33-30 91-13-50 L i c e n s e  i n  effect f o r  o p e r a t i n g  r e a c t o r s  
YES 44-16-51 87-32-10 L i c e n s e  in effect for aperat ing  caactnrs 

42-51-29 08-53- 19 No a p p l i c a t i o n  ( n o t  l i s t e d )  

44-U1-50 91-49-56 I n a c t i v e  c o n s t r u c t i o n  p e r m i t  a p p l i c a t i o n .  c a n c e l l a t i o n  

42-38-36 89-46-32 Uo a p p l i c a t i o n  ( n o t  l i s t e d )  
a n n o u n c e d  
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APPENDIX C 

POPULATION THRESHOLD LEVELS FOR 
SIX ALTERNATIVE CRITERIA 





Appendix C ORNL-DWG 83-8432 
Maximum Allowable Populat ion L i m i t s  €or  

Six A l t e r n a t i v e  C r i t e r i a  

Radial  C r i t e r i a  Sector  C r i t e r i a  Radial  Area Sector  Area 
Radial  Distance Cumulative Population Cumulative Populat ion Cumulative Area (mi21 Cumulative Area (mi21 

(Miles)  Out t o  Radial Distance Within Two Adjacent Out t o  Radial  Distance Within Two Adjacent 
22-1 120 Sec tors  22-1/20 Sec tors  

Case 1: 

0-2 
0-5 
0-10 
0-15 
0-20 
0-25 
0-30 

Case 2: 

3,142 
36,128 

153,938 
350,287 
625,176 
978,605 

1,410,573 

7 85 
9,032 

38,484 
87,572 

156,294 
244,651 
352,643 

12.566 
78.540 

314.159 
706 $858 

1256.636 
1963.494 
2827.431 

1.571 
9.817 

39.270 
88.357 

157.079 
245.437 
253.429 

0-2 
0- 5 
0-10 
0-15 
0-20 
0-25 
0-30 

3,142 
36,128 

153,938 
350,287 
625,176 
978,605 

1,410,573 

1,178 12,566 
13,548 78.540 
57,727 314.159 

131,358 706.858 
234,441 1256.636 
366,977 1963.494 
528,96 5 2827.431 

1.371 
9.817 

39.270 
88.357 

157.079 
245.437 
253.429 

Case 3: 

0-2 
0-5 
0-10 
0-15 
0-20 
0-25 
0-30 

3,142 
36,128 

153,938 
3 50,287 
625,176 
978,605 

1,410,573 

1,571 
18,064 
76,969 

175,144 
312,588 
489,303 
705,286 

12,566 
78.540 

314.159 
706.858 

1256.636 
1963.494 
2827.431 

1.571 
9.817 

39.270 
88.357 

157.079 
245.437 
253.429 



Appendix C (Cont'd.) 0 RN L- D WG 8 3 - 84 33 

Case 4: 

2-0 
5-0 

10-0 
15-0 
20-0 
2 5-0 
3 0-0 

3,142 
52 ,622 

229 ,336  
523 ,860  
936 ,194  

1 ,466 ,336  
2 , 1 1 4 , 2 8 9  

785 
1 3 , 1 5 5  
5 7 , 3 3 4  

1 3 0 , 9 6 5  
234 ,048  
3 6 6 , 5 8 4  
528,572 

12 ,566  
78 .540 

314.159 
706.858 

1256.636 
1963 .494  
2827.431 

1 .571 
9.817 

39.270 
88.357 

157.079 
245.437 
253.429 

Case 5 :  

2-0 3 ,142  
5-0 52 ,622  

10-0 229 ,336  
P 5-0 5 23 ,860 
20-0 936 ,194  
2 5-0 1 ,466 ,336  
30-0 2 ,114 ,289  

1 , 1 7 8  
19 ,733  
8 6 , 0 0 1  

196 ,448  
351 ,073  
549,876 
792 ,858  

12 ,566  
78 .540 

314.159 
706.858 

1256.636 
1963.494 
2827.43 1 

1 .571  
9.817 

39.270 
88.357 

157.079 
245.437 
253.429 

Case 6 :  

2-0 
5-0 

i 0-0 
15-0 
20-0 
25-0 
30-0 

3 ,142 
52 ,622 

229,336 
5 23 ,860 
9 3 6 , 1 9 4  

1 , 4 6 6 , 3 3 6  
2 , 1 1 4 , 2 8 9  

1 , 5 7 1  
26 ,311  

114 ,668  
26 1 ,930 
468,097 
7 3 3 , 1 6 8  

1,057 $144 

1 2 , 5 6 6  
78.540 

314.159 
706.858 

1256.636 
1963.494 
252: .43: 

1 .571  
9.817 

39.270 
88 .357 

157 .079  
245.437 
253 .429  
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APPENDIX D 

DETAILED POPULATION COUNTS AND PASS-FAIL 
STATUS FOR SEVERAL EXAMPLE NUCLEAR SITES 





ORN L-D WG 83-8 C56 
WAZTS BAE L A T I T U D E =  35 -602768 L O N G I T U D E =  84.790268 

D I S T A N C F , M I L E S  0- 2 
N 57 

NNP 0 
NE 56 

ENE 0 
E 53 

E S E  0 
S E  56 

SSE 0 
S 62 

SSW 0 
sw 64 

vsw 0 
W 58 

PNW 0 
NW 57 

NNW 0 

T O T A L  463 

D I S T A N C E , H I L E S  0-  2 
N 57 

NNE 0 
NE 56 

EKE 0 
E 53 

E S E  0 
SE 56 

SSE 0 
S 62 

ssw 0 
SW 64 

w sw 0 
W 58 

WN w 0 
Nk' 57 

N NW 0 

T O T A L  463 

2- 5 
169 
152 
116 
113 
113 
124 
108 
106 
228 
155 
149 
150 
150 
150 
213 
334 

2 530 

0- 5 
226 
15 2 
172 
113 
166 
124 
164 
106 
290 
155 
213 
150 
208 
150 
270 
334 

2 993 

5- 10 
59 1 
4 94 
379 
4 03 
40 1 
740 
86 1 
700 
785 
530 
913 
7 18 
39 4 
473 
797 

2514 

11693 

0- 10 
817 
64 6 
55 1 
516 
567 
86 4 
1025 
806 
107 5 
685 

1 I26 
868 
60 2 
623 
1067 
2848 

14686 

INCREMENTAL P O P U L A T I O N  DATA 

10-15 
8 22 
935 
1129 
875 
84 0 
1830 
5674 
1237 
676 
7 50 
1106 
4550 
6 98 
20 1 
678 
6 90 

15-20 
1370 
7068 
1851 
1205 
6 088 
2378 
11385 
1893 
1656 
645 

2751 
4 569 
1033 
698 
9 18 
522 

20-25 
1106 
60 86 
7293 
1742 
3607 
4453 
6634 
3083 
39 55 
2064 
2109 
1335 
2230 
1263 
114U 
2964 

25-30 
567 

10887 
5869 
9398 
3484 
4119 
242 1 
2654 
16824 
5025 
4506 
96 2 
1236 
1319 
1309 
9123 

22691 46030 5 1068 79703 

C U U U L A T I V E  P O P U L A T I O N  D A T A  

0- 1 5 
1639 
1581 
1680 
139 1 
1407 
2694 
6699 
2043 
1751 
1435 
2232 
5418 
1300 
8 24 
1745 
3538 

0-20 
3009 
8649 
3531 
2 596 
7495 
5 072 
18084 
3 936 
3407 
2080 
4983 
9987 
2 333 
1522 
2663 
4060 

0-25 
41 15 
14735 
10824 
4338 
11102 
9525 

24718 
7019 
7362 
4144 
7092 
11322 
4563 
2785 
3807 
7024 

0- 30 
4682 

25622 
1669 3 
13736 
14586 
13644 
27139 
9673 

54 186 
9169 
11598 
12284 
5799 
4 104 
5116 
16147 

37377 83407 134475 2 14 178 

P l S S E D  ALL C R I T E R I A  



0 RN L-D W G 8 3- 8G 5 7 
T H R E E  HILE I S L A N D  

D I S T A N C E , B I L E S  0- 2 
N 0 

N N E  0 
NE 3 75 

E NE 0 
E 0 

E SE 2 83 
SE 0 

S S E  0 
S 4 16 

ssw 66 
SW 0 

w sw 10 
w 0 

W NW 0 
N U  19 

NNW 16 1 

TOTAL 1330 

D I S T A N C E . l ' l I L E S  0- 2 
N -  

NNE 
NE 

E NE 
E 

E S E  
S E  

S S E  
S 

ssw 
SB 

wsw 
W 

w NU 
N U  

N N  W 

TOTAL 

0 
0 

3 75 
0 
0 

2 83 
0 
0 

4 16 
66 

0 
10 
0 
0 

19 
i 6  I 

1330 

2- 5 
10 542 

631 
5 24 
268 
290 
7 15 
627 
313 
39 7 

2312 
2194 
1210 

449 
590 

1614 
3988 

26664 

0- 5 
10542 

63 1 
899 
268 
290 
99 8 
627 
313 
8 13 

2 378 
2 194 
1220 

449 
59 0 

1633 
4 1U9 

27994 

L A T I T U D E =  

5-10 
7528 

10093 
2630 
2511 
9767 
11713 
35 18 
2620 
5952 
37 58 
2638 
2266 
2390 

15384 
33174 
11650 

120592 

0-1 0 
18070 
10724 

3529 
2779 

10057 
5711 
4 145 
2933 
6765 
6 136 
4832 
34 86 
283 9 

15974 
34807 
15799 

148586 

40.153046 L O N G I T U D E =  76.724991 

I N C H E B E N T A L  P O P U L A T I O N  D A T A  

10-15 
4577 

12705 
6883 
3035 
5796 

12622 
15387 
187 13 
83 108 
9204 
340 1 
4025 
7749 

4 8 8  18 
9893 1 
29466 

15-20 
2 890 
4 685 

20 406 
4948 

17 0 30 
18 287 
6 360 

20 003 
13 378 
9343 
9 E64 
4275 
6 439 
9963 
9430 
4 160 

20-25 
517 

4 163 
39669 

4778 
2 06 09 

106596 
4226 
6372 
6406 
77 57 
56 84 
8988 

26431 
4u57 
7009 
3153 

25-30 
7330 
3 047 

11290 
9800 

27362 
28292 

3844 
5054 

10471 
34579 
1080 2 
4862 

10650 
5243 

8165 
3895 

364420 161461 256815 184686 

C U M U L A T I V E  P O P U L A T I O N  DATA 

0-15 
22647 
23 4 29 
10412 

5814 
15853 
183 33  
19532 
21646 
89873 
15340 
8 233 
7511  

10588 
64792 

133738 
45265 

513006 

0- 20 
25537 
28114 
308 18 
10762 
32883 
36620 
25 892 
41 649 

103251 
24683 
18097 
11 786 
17 027 
74 755 

143168 
49 425 

6 7U 467 

0-25 
2 60 54 
32277 

15540 
53492 

lU3216 
301  18 
4802 1 

109657 
32UUO 
2378 1 
2077U 
43458 
792  12 

150177 
52578 

931282 

70487 

0-30 
3338 4 
35324 
81777 
25340 
80854 

171508 
33962 
53075 

120128 
670 19 
34583 
25636 
54108 
84455 

154072 
60743 

11 15968 
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4
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ps 
0
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POFKED R I V E R  

DISTANCE,!!ILES 0-  2 
N 759 

NNE 137 
NE 8 10 

ENE 0 
E 5 09 

ESE 0 
SE 1344 

SSE 0 
S 1 

ssw 0 
SU 2 

WSW 0 
W 49 

WNW 0 
N U  0 

N N W  3 15 

TOTAL 3926 

DISTANCE,F!ILES 0- 2 
N 759 

NNE 137 
NP 8 10 

ENE 0 
E 5 09 

ES E 0 
SE 1344 

SSE 0 
S I 

ssu 0 

1 sw 0 
W 49 

W N R  0 
NW 0 

NMW 3 15 

cw -3 
d" I. 

2- 5 
588 
556 
1576 
518 
E99 
0 
0 

5 10 
148 
0 
10 
9 

36 
98 
348 
315 

5311 

0- 5 
1347 
69 3 

518 
1108 

0 
1344 
510 
149 
0 
12 
9 

85 
98 

348 
6 30 

2 386 

ORNL-DWG 83-8059 
LATITUDE= 3 9,809998 M N G I T U  DE= 74.2 0999 1 

5- 10 
17885 
14134 
3135 
6 03 
512 

0 
1107 
498 
370 

4467 
696 
77 9 
900 
483 
62 9 
801 

46999 

0- 10 
19232 
14827 
552 1 
1121 
1620 

0 
2451 
1 BOB 
5 19 

4467 

788 
985 
581 
977 
1431 

- ̂ ^  
I vu 

INCRENENTAL POPULATION DATA 

10-15 
33255 
273 40 
7633 

0 
0 
0 
0 

1733 
41 14 
28 14 
464 
940 
1376 
5238 
2992 
5004 

15-20 
39 109 
50648 
473 

0 
0 
0 
0 
0 

3491 
5930 
1097 
37 2 
76 9 

3717 
34 1 

20 239 

20-25 
4 1036 
53 9 96 

0 
0 
0 
0 
0 
0 
0 

1020 
1478 
54 1 
189 1 

32076 
12459 
8672 

25-30 
22070 
69 178 

0 
0 
0 
0 
0 
0 
0 

14098 
5862 
3773 
460 1 
14354 
17944 
5324 

92903 126186 153 I69 157204 

CUHULATIVE POPULATION DATA 

0- 1 5 

42 167 
13 154 
1121 
1620 

0 
245 1 
2741 
46 33 
7 2 8 1  
i 572 
1728 
2361 
58 19 
3969 
6435 

52487 
0-20 
91596 
928 15 
13627 
1121 
1620 

0 
2451 
2741 
8 124 
13211 
2269 
2 100 
3 130 
9536 
4310 

26674 

0-25 
132632 
1468 1 1  
136 27 
1121 
1620 

0 
245 1 
2741 
8 121) 
1423 1 
3747 
264 1 
502 1 

41612 
16769 
35346 

0-30 
154702 
2 15989 
13627 
1121 
1620 

0 
245 1 
274 1 
8124 

28329 
9609 
6414 
9622 
55966 
34713 
4 067 0 

T O T A L  3926 9237 56236 149 139 275325 428494 585698 
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COHANCHE PEAK 

D I S T A N C E , H I L E S  0- 2 
N 0 

NNF 0 
NE 73 

E NE 0 
E 0 

E S E  89 
SE 0 

SSE 0 
S 0 

ssw 93 
sw 72  

w sw 55 
w 0 

PNW 47 
NW 0 

N N W  71 

TOTAL 500 

D I S T A N C E , M I L E S  0- 2 
N 0 

NNE 0 
NE 73 

E NE 0 
E 0 

E SE  89 
SE 0 

S S E  0 
S 0 

ssw 93 
SW 72 

usw 55 
Ii 0 

0 NU 47 
N G' 0 

N N W  7 1  

TOTAL 500 

P A S S E D  ALL C R I T E R I A  

2- 5 
2 54 
208 
15 2 
95 
71 
9 9  

189 
308 
194 
110 
105 
118 
10 2 
90 

104 
18 1 

2380 

0- 5 
254 
208 
225 

95  
71  

188 
189 
308  
19 4 
203  
177  
173 
10 2 
137 
104 
2 52 

2880 

L A T I T U D E =  

5- 10 
266  1 

672  
6 6 3  
4 14 
2 6 8  
2 5 3  
370  
605  
2 7 5  

9 7  
110 
244  
3 2  8 
3 3 5  
4 3 0  

1367  

909 2 

0- 10 
29 15 

880 
8 8 8  
509  
3 3 9  
44 1 
559  
9 1 3  
469  
300 
287 
417 
430  
'472 
534  

1619 

11972 

0 RN L - D W G 8 3 - 80 6 1 
32.297775 LONGITUDE= 97,784988 

INCREMENTAL P O P U L A T I O N  D A T A  

10-15 
2 7 6 5  

7 14 
6 6 7  
3 30 
248 
2 29 
201 
140 
2 09 
161  
154 
172 
3 02 
3 1 3  
8 66 

1688  

9 159 

15-20 
160 
538 
478 
677 
163 
29 3 
321 
269 
347 
242 
207 
249 
342 
327 
7 50 
297 

5660  

20- 25 
6 12 

1257 
579 

2476 
24352 

5 8 9  
53 4 
632  
3 60 
3 8 1  
377  

1275 
1416 
374  
4 54 
277  

359u5  

CUMULATIVE POPULATION DATA 

0- 1 5  
5680 
1594 
1555  

8 39 
5 87 
6 7 0  
7 6 0  

1053 
678  
461 
441 
589 
7 32 
7 8 5  

1 uoo 
3307 

0-20 
5840  
2 132 
2033  
1516 
7 50 
9 6 3  

1081 
1322 
1025 

7 03 
648  
838 

1074 
1112 
2150  
3604 

0-25 
6452 
3389 
26 12 
3992 

251 02 
1552 
1615 
1954 
1385 
1084 
1025  

2490 
1486 
2604 

3 1 1 2  * .  I d  

3aa I 

25-30 
3306 
2886 
1788 
9 228 
3 166 
IO4 1 
3 29 

1112 
46 3 
77 0 
713  

6268 
444 1 

3 59  
582 
55 8 

37010 

0-30 
9758 
6275 
4400 

13220 
28268 

2593 
1944 
3066 
1848 
18 54 
1738 
838? 
693 1 
1845 
3 186 
4439 

21 1 3 1  2679 1 62736 997 4 6 



0 Rl4 L-D WG 83-ti062 
L I PlERICK 

D I S ' I A N C E , N I L E S  0- 2 
N 0 

N NE 812 
N E  0 

ENE 443 
E 0 

ESE 1097 
SE 0 

SSP 835 
s 5 

s SW 0 
SW 7 13 

usw 0 
W 0 

W N W  30 14 
NW 7 16 

N N B  0 

T O T A L  7630 

DISTANCE, i l ILES  0- 2 
N 

N NE 
N E  

E NE 
Y 

ESE 
SE 

SSE 
S 

SSR 
SU 
usw 

W 
w N W  
NU 

NNW 

TOTAL 

0 
812 

0 
443 

0 
1097 

0 
835 
0 
0 

7 13 
0 
0 

3014 
7 16 
0 

7630 

2- 5 
2151 
775 
391 
561 

1249 
3846 
7 262 
5728 
2926 
1293 
1225 

2398 
448U 
16492 
4 570 

57 193 

1842 

0- 5 
2 151 
1597 
39 1 

1004 
1249 
4943 
7262 
6563 
2926 
1293 
1938 
1842 
2398 
7 498 
17208 
4 570 

64 e23 

L A T I T U D E =  

5-10 
3787 
2725 
3667 
3744 
5247 
9554 
8142 

20417 
3888 
2479 
1485 
1545 
3440 
4716 
7 134 
10161 

,92131 

0-10 
5938 
4312 
4058 
474 8 
64 96 
14497 
15404 
26980 
6814 
3772 
3423 
3387 
5838 
12214 
24342 
1473 1 

156954 

40.219986 LONGITUDE= 75.589996 

INCRERE NTAL P O P U L A T I O N  D A T A  

10-15 
5148 
100 44 
5037 

136 11, 
63972 
39 2 72 
23690 
11785 
121 84 
3233 
1496 
2930 
7244 
4719 
4614 

18370 

15-20 
7 862 
18901 
16310 
25960 
47832 
63 299 
64 84 8 
17733 
43886 
20283 
1 1  468 
6691 
5461 
932 12 
6745 
3438 

20-25 
34664 
66125 
5746 

2 1350 
4254 1 
203012 
283856 
5574 1 
96 74 
9716 

22728 
7923 
6957 

68743 
2 127 1 
12345 

25-30 
31332 
130437 
6045 
8659 

76492 
542315 
7734 15 
178476 
463 16 
14920 
8652 
14005 
17847 
9414 
1168'~ 
359 1 

227352 U53929 872392 1873601 

C U U U I A T I V E  P O P U L A T I O N  DATA 

0-15 
11086 
14356 
9095 
23118 
20 110 
78469 
54676 
5067C 
18599 
15956 
66 56 

8768 
19458 
29061 
19 345 

3 843 06 

4883 

0- 20 
18 948 
33 257 
25 40 5 
49 078 
67942 
141768 
119524 
68403 
62485 
36 239 
18 124 
1 1  574 
14229 

112670 
35806 
22783 

838235 

0-25 
536 12 
99382 
3 1151 
70428 
110483 
344780 
403380 
124144 
72159 
45955 
4 085 2 
19497 
21186 
181U13 
57077 
35128 

1710627 

0-30 
84941, 

2298 19 
37196 
,79087 
186975 
887095 

1 1  76795 
302620 
1 18475 
6 0875 
$9 50 4 
33502 
39033 
190827 
68762 
387 19 

3584228 
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P A I C  VERDE 
PEACH BOTTOPI 
P E E E L E  S P R I N G S  
P E F K I N S  
PERRY 
EHIPPS BEND 
P I I G R I H  
P C I N T  BEACH 
P E A I R I E  I S L A N C  
Q U A D - C I T I E S  
RANCHO S E C O  
R I V E R  EEND 
RCEINSON 
SALEPI 
SAN ONOFRE 
S E  ABROOK 
S E C 00 Y A H  
S HOPEHAY 
SKAGIT 
S O O T H  TSXAS 
S' i  L U C I E  
SUHNER 
SCFRY 
SUSCUEH A N N A  
THSEE d I 1 E  IZLAND 
TRCJAN 
TOFKEY POINT 
VERHONT YANRE-P 
V O C T L P  
U A'IERFOR D 
WAITS BAR 
VOLT CREEK 
UFFSS 14 
B E F S S  35 
Y ANKEE-ROUE 
YEILOW CREEK 
Z I P R E R  
Z I C N  

33.3897 
39 -7589 
45.7014 
35.848 1 
41.801 1 
36.4630 
41.9444 
44 -2808 
41.6219 
4 1.726 1 
38.3444 
30.7572 
34.402 5 
39.4628 
33.3703 
42.8980 
35.22 33 
4G.9583 
48.5333 
28.7950 
27.3486 
34.2958 
37.1655 
4 1,0917 
40.1530 
46.04 08 
25-43 50 
42.7803 
33.1419 
29.9950 
35.6028 
38.2389 
46.4675 
46,9530 
42.7280 
34-95 6 7 
38.8658 
42.44 55 

112.86 19 
76.2692 
120. I380 
80.4528 
8 1. 1433 
82.8089 
70.5794 
87.5361 
92.6330 

121.1200 
9 1.33 17 
80.1586 
75.5358 
117.5569 
70.85 14 

72.8667 
122. 1239 
96.0480 
80.2464 
8 1.3203 
76 -69 83 
76.1486 
76.72 50 
122.88 44 
80.33 14 
72.5158 
8 1.7647 
90.4711 
84.7903 
95.6889 
119.3142 
123.4697 
72.9289 
88.2 158 
84.2289 
87.80 22 

90.3100 
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