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FOREWORD 

On July 29, 1980 an advance notice of rulemaking 
was published for the siting of nuclear power reactors. 
One of the principle elements contained in the advance 
notice was the development of a comprehensive analysis of 
all technical issues relevant to siting. Sandia National 
Laboratories was contracted by the Nuclear Regulatory 
Commission to perform the analysis and document the tech- 
nical guidance to support the formulation of new regula- 
tions. This report completes the effort to provide the 
technical guidance. 

The work has been primarily focused toward the 
development of generic siting criteria, uncoupled from 
specific plant design. To achieve this end, the NRC 
staff developed a representative set of severe accident 
release source terms which covers the full spectrum of 
postulated severe accident releases for typical light 
water reactors. NUREG-0773, "The Development of Severe 
Reactor Accident Source Terms: 1975-1981," provides the 
detailed description of the considerations that went 
into the development of the spectrum of source terms 
(SSTs) in general terms: a more specific discussion 
of the concept of a representative or generic spectrum of 
source terms is given in pages 6 through 21 of NUREG-0771, 
"Regulatory Impact of Nuclear Reactor Accident Source 
Term Assumptions.n From the results of Probabilistic 
Risk Assessments available at the time of the prepara- 
tion of this report, the NRC staff would assign typical 
probability values to the source terms for a range of 
light water reactor designs as follows: 

Probability of SSTl release 

Probability of SST2 release- 

Probability of SST3 release 

1 x lO-'/reactor year 

2 x lO-'/reactor year 

1 x 10-4/reactor year 

Table 2.3.1-3 presents the comparative impact of these 
releases in terms of public health effects. These ratios 
indicate the relative importance of the source terms 
given equal probability of occurrence. 
and relative probabilities of occurrence affect their 
significance for the selection of siting criteria. 

Their absolute 

There are very large uncertainties associated with these 
numbers. The absolute values and the ratios of these 
probabilities for a given facility are design specific. 
To accurately portray the risk, very specific accident 
sequence probabilities and source terms are needed. 
Thus, the results presented in this report do not repre- 
sent nuclear power risk. 
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The siting source terms were used to calculate accident 
consequences at 91 U. S. reactor sites using site specific 
meteorology and population data and assuming an 1120 MWe 
reactor. These calculations treat siting factors such as 
weather conditions and emergency response probabilistically 
but postulate the siting source term release. The results 
are thus conditional consequence values. 

Currently there is significant controversy about the 
realism of accident source terms, that is, the accuracy 
with which they describe potential releases of radioactivity 
for a gien sequence of events in a core melt accident. 
The work done to date on siting uses the source terms 
developed for the Reactor Safety Study, held unchanged 
by newer projections as explained in NUREG-0772, "Technical 
Bases for Estimating Fission Product Behavior During LWR 
Accidents." The staff expects newer information to be 
available'by mid 1983 to modify these source terms. In 
the meanwhile, sensitivity analyses are given to explore 
how the calculated consequence values would change with 
various source term reductions. 

Contained in this report are sensitivity studies for 
the major parameters important to siting decision making. 
Only through consideration of material such as this can 
reasoned decisions be made concerning recommendations for 
improved siting regulations. 

This report represents some of the work being done 
to support the expanding use of probabilistic risk assess- 
ment in the regulatory process. The NRC must be careful 
with the results of such analyses, considering the very 
large uncertainties in the results. The studies shown 
in this report must be used in a manner that is consis- 
tent with the stated objectives. The results are to 
provide technical perspective on siting-related issues. 
Results presented in this report are not significantly 
different than results of consequence studies that have 
been available in the open literature for decades. Given 
the source term assumptions, large consequences are 
calculated. However, the risks (probabilities times 
consequences) posed by such accidents are very small. 
Therefore, the absolute numbers should only be quoted 
with the'associated probabilities and with the stated 
assumptions recognizing the uncertainties in the 
analyses. 

Robert M. Bernero, Director 
Division of Risk Analysis 
U.S. Nuclear Regulatory Commission 
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Ab s t r ac t 

Technical guidance to support the formulation and 
comparison of possible siting criteria for nuclear power 
plants has been developed for the Nuclear Regulatory 
Commission by Sandia National Laboratories. Information 
has been developed in four areas: (1) consequences 
of hypothetical severe nuclear-power-plant accidents, 
( 2 )  characteristics of population distributions about 
current reactor sites, ( 3 )  site availability within the 
cont-inental TJnited States, and ( 4 )  socioeconomic impacts 
of reactor siting. 

The impact on consequences of source-term magni- 
tude, meteoroloqy, population distribution, and emer- 
qency response have been analyzed. Population distri- 
butions about current sites were analyzed to identify 
statistical characteristics, time trends, and regional 
differences. A site-availability data bank was con- 
structed for t?e continental Vnited States. The data 
bank contains information about populstion densities, 
seismicity, topography, water availability, and land-nse 
restrictions. Finally, the socioeconomic impacts of 
rura~-i.ndustrialization projects, energy boomtowns, and 
nuclear power plants were examined to determine their 
nature, rnaqnitiide, and dependence on site demoqraphy 
and remoteness. 
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1. In t roduct ion  and Summary 

1.1 Introduct ion 

A t  the  request  of t h e  Nuclear Regulatory Commission, 
Sandia National Laborator ies  has performed a s t u d y  t o  
develop t echn ica l  guidance t o  support  the formulation 
of new r egu la t ions  f o r  s i t i n g  nuclear power r e a c t o r s  [ l ] .  
Guidance was requested regarding (1) c r i t e r i a  for  popula- 
t i o n  d e n s i t y  and d i s t r i b u t i o n  surrounding f u t u r e  s i t e s ,  
and ( 2 )  s tandoff  d i s t a n c e s  of p l a n t s  from o f f s i t e  hazards.  
S t u d i e s  were performed i n  each of t h e s e  two a r e a s  of 
concern. 

The  s tudy of o f f s i t e  hazards had two a reas  of con- 
cern:  (1) determinat ion of which c l a s s e s  of o f f s i t e  
hazards a r e  amenable t o  regula t ion  by f ixed s tandoff  
d i s t a n c e s ,  and ( 2 )  review of a v a i l a b l e  methods fo r  t h e  
determinat ion of appropr ia te  s tandoff  d i s t ances .  The 
hazards considered included a i r c r a f t ,  hazardous chem- 
i c a l s ,  dams, f a u l t s ,  adjacent  nuclear power p l a n t s ,  
tsunamis,  meteor i te  impact, e t c .  The study concluded 
t h a t  none of the  hazards a r e  s u i t a b l e  t o  t reatment  by 
f ixed  s tandoff  d i s t a n c e s  and t h a t  s u f f i c i e n t  methods 
e x i s t  f o r  eva lua t ing  the  r i s k  fo r  most types of hazards.  
Because they have been published elsewhere [2], t h e  
r e s u l t s  of t h e  s tudy of o f f s i t e  hazards a r e  not  i n -  
cluded i n  t h i s  r epor t .  

The s t u d i e s  of s i t e  c h a r a c t e r i s t i c s ,  wh ich  a r e  
presented i n  t h i s  r e p o r t ,  involved analyses  i n  four 
a r e a s ,  each of which could p l ay  a r o l e  i n  eva lua t ing  
t h e  impact of a s i t i n g  pol icy .  The four a reas  were: 
(1) consequences of poss ib l e  p l a n t  acc iden t s ,  (2) pop- 
u l a t i o n  d i s t r i b u t i o n  c h a r a c t e r i s t i c s  f o r  e x i s t i n g  s i t e s ,  
( 3 )  a v a i l a b i l i t y  of s i tes ,  and ( 4 )  socioeconomic impacts. 

Accident consequence analyses  were performed t o  
he lp  de f ine  t h e  r i s k s  assoc ia ted  w i t h  e x i s t i n g  si tes 
and w i t h  a l t e r n a t i v e  s i t i n g  c r i t e r i a .  Consequence 
analyses  a l s o  h e l p  t o  eva lua te  t h e  dependence of r i s k  
on f a c t o r s  s u c h  a s  meteorology, population d i s t r i b u t i o n ,  
and emergency response which can be mandated or  con- 
s t r a i n e d  by regula t ions .  Population d i s t r i b u t i o n s  a t  
e x i s t i n g  si tes were examined t o  provide perspec t ive  
on demographic c h a r a c t e r i s t i c s  a s  well  a s  t o  determine 
whether t he re  have been t r ends  w i t h  t i m e  or reg iona l  
d i f f e r e n c e s  i n  s i t e  s e l e c t i o n .  The s i t e  a v a i l a b i l i t y  
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analysis examined the impact of various population 
distribution criteria on the amount of land restricted 
from siting. Impacts of environmental and legal con- 
straints were also examined. In addition, studies were 
performed to evaluate the extent of socioeconomic impacts 
and the degree to which they are dependent on site demo- 
graphic characteristics. These four areas of analysis 
provide information that could be used to assess and 
compare alternative siting criteria. 

The information developed by this study is pre- 
sented in four chapters and six appendices. Chapter 2 
presents the results of the consequence analyses that 
were performed to identify factors that have a signi- 
ficant impact upon risk. The factors examined include 
source term magnitude (Section 2.3), meteorology 
(Section 2.4.1), population (Section 2.4.2), emergency 
response (Section 2 . 5 ) ,  consequence distances (Section 
2.61, reactor size (Section 2.7.1), plume heat content 
(Section 2.7.2), dry deposition velocity (Section 2.7.3), 
characteristics of population distributions (Section 
2.7.4), and criteria for the interdiction of contami- 
nated land (Section 2.7.5). CRAC2 C3,41, the computer 
model used to perform these consequence analyses, is 
described briefly in Section 2.2.1 and more fully 
in Appendix E. Model input data are described in 
Section 2.2.2. Site specific input data are presented 
in Appendix A and core radionuclide inventory data 
in Appendix R. 
cussed in Section 2.2.4. Finally, a series of site 
specific calculations were made using a standard set 
of source terms uncorrected for the characteristics 
of the reactor at the site. The results of these cal- 
culations are presented in Appendix C. 

Data and model uncertainties are dis- 

Chapter 3 and Appendix D present an examination 
of the population distributions surrounding existing 
sites to provide perspective on demographic characteris- 
tics and to determine (1) whether there is evidence of 
a trend over time to less-ilense siting and (2) whether 
site characteristics differ significantly in different 
regions of the country. 
developed a capability for measuring the impact of 
population criteria on the availability of reactor 
sites. Also considered in these analyses were the seis- 
micity, topogaphic character, availability of surface 
and ground water at potential sites, and the restric- 
tion of power plant siting because of the presence of 

The site availability analyses 
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national parks or wilderness areas. This study, which 
was performed by Dames and Moore [ 5 1  under contract 
to Sandia, is presented in full in Chapter 4 and 
Appendix F. Finally, a study was performed to examine 
the socioeconomic impacts of reactor siting and the 
dependence of the magnitude of these impacts on site 
demography. The study examined impacts caused by 
large construction projects, energy boomtowns, and the 
construction of nuclear power plants. Also examined 
was the impact of site remoteness on transmission costs. 
The study, performed by Battelle-HARC under contract 
to Sandia, is summarized in Chapter 5 and presented 
in full in a separate report C61. 

1.2 Summary 

This report contains the results of numerous 
calculations and analyses performed at Sandia National 
Laboratories, names and Moore, and Ratelle-HARC. The 
principal results or conclusions reached are: 

o Estimates of the number of early fatalities ___----_---- 
are very sensitive to source term magnitude. 
Mean early fatalities Everage result for many 
weather sequences) are decreased dramatically 
(about two orders-of-maqnitude) by a one order- 
of-magnitude decrease in source term SSTl (large 
core melt, loss of most safety systems). 
Because the core melt accident source terms 
SST1-3 used in this study neglect or under- 
estimate several depletion mechanisms, which 
may operate efficiently within the primary 
loop or the containment, consequence magnitudes 
calculated using these source terms may be 
significantly overestimated. 

-- 

o The weather conditions at the time of a large 
release will have a substantial impact on the 
health effects caused by that release. In 
marked contrast to this, mean health effects 
(average result for many weather sequences) are 

--_ 

relatively insensitive to meteorology. Over the 
range of meteoroloqical conditions found within 

-_____ 
the continental 1Jnited States (1 year meteoro- 
logical records from 29 National Weather Service 
stations), mean early fatality values for a 
densely populated site show a range (highest 
value/lowest value) of only a factor of 2, and 
mean latent cancer fatalities a factor of 1.2. 
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o P e a k  e a r l y  f a t a l i t i e s  (maximum value ca l cu la t ed  
f o r  any weather sequence) a r e  gene ra l ly  caused 
by r a inou t  of t h e  r ad ioac t ive  plume onto a 
populat ion c e n t e r .  For an S S T l  r e l e a s e ,  t h e  
peak r e s u l t  is about 10-times less probable 
i n  a d r y  l o c a l e  than i n  a w e t  one. 

o The d i s t a n c e s  t o  which consequences might occur 
depend p r i n c i p a l l y  upon source  term magnitude 
and meteorology. Frequency d i s t r i b u t i o n s  of 
t hese  d i s t a n c e s ,  c a l c u l a t e d  using l a r g e  numbers 
of  weather sequences, y ie lded  expected (mean), 
99 p e r c e n t i l e ,  and maximum c a l c u l a t e d  d i s t a n c e s  
(expressed i n  miles) f o r  e a r l y  f a t a l i t i e s ,  e a r l y  
i n j u r i e s ,  and land i n t e r d i c t i o n  as  follows: 

Source Maximum 
Term Consequence Mean - 99% C a l c u l a t e d  

SSTl Early F a t a l i t i e s  < 5  215 < 25 
Early I n j u r i e s  -10 -30 S50 
Land I n t e r d i c t i o n  -20 > S O  > S O  

SST2 Early F a t a l i t i e s  -0.5 < 2  <2 
Early I n j u r i e s  < 2  < 5  -5 
Land I n t e r d i c t i o n  < 2  -7 - 1 0  

The maximum c a l c u l a t e d  d i s t a n c e s  are a s soc ia t ed  
with improbable even t s ,  (e .g . ,  rain-out of t h e  
p lume onto  a populat ion c e n t e r ) .  For t h e  SSTl 
release reduced by a f a c t o r  of  1 0 ,  e a r l y  f a t a l -  
i t i e s  are  confined t o  -5 miles, e a r l y  i n j u r i e s  
t o  -20 m i l e s ,  and i n t e r d i c t i o n  of land t o  -25 
miles. 

o Calculated consequences are very s e n s i t i v e  t o  
s i te  populat ion d i s t r i b u t i o n .  For each of t h e  
91 populat ion d i s t r i b u t i o n s  examined, e a r l y  fa- 
t a l i t y ,  e a r l y  i n j u r y ,  and l a t e n t  cancer f a t a l i t y  
CCDFs were c a l c u l a t e d  assuming an SSTl release 
from an 1120 M W e  r e a c t o r .  The r e s u l t i n g  sets 
of CCDFs had t h e  following ranges: 

EarlyFatalities. - 3  orders-of-magnitude 
i n  t h e  peak and mean numbers of e a r l y  f a t a l -  
i t i e s  and i n  t h e  p r o b a b i l i t y  of having a t  
l ea s t  one e a r l y  f a t a l i t y .  
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~ _ _ _ _  ~ . . . . . .  . . . . . . . 
. -  

Early Injuries. - 3 orders-of-magnitude in 
the means, - 2 in the peaks, and -1 in the 
probability of having at least one early 
in jury. 

Latent Cancer Fatalities. -1 order-of 
magnitude in the peaks and the means and 
in the probability of having at least 
one latent cancer fatality. 

Generally, mean results are determined by the 
average density of the entire exposed popula- 
tion, while peak results (especially for early 
fatalities) 
to and size of exposed population centers. 

are determined by the distance 

o Early fatalities and early injuries can be sig- 
nificantly reduced by emergency response actions. 
Both sheltering (followed by relocation) and 
evacuation can be effective provided the response 
is expeditious. Access to basements or masonry 
buildings significantly enhances the effective- 
ness of sheltering. Expeditious response requires 
timely notification of the public. If the evacua- 
tion is expeditious (timely initiation), evacua- 
tion speeds of 10 mph are effective. Evacuation 
before containment breach within 2 miles, after 
release within 10 miles, and sheltering from 10 
to 25 miles appears to be a particularly effective 
response strategy. 

o Population densities (people/sq mi) about the 
91 sites have the following maximum, 90th 
percentile and median values within the indi- 
cated distance intervals: 

Distance (mi) - 0-5 0-10 0-20 

Full Circle 
Maximum 790 660 710 
90th percentile 190 230 380 
Median 40 70 90 

Most Populated 
22.5" Sector - 
Maximum 4200 
90th percentile 950 
Median 330 
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o At the 91 sites examined, the distance to the 
nearest exclusion zone boundary ranges from 
0.1 to 1.3 miles and averages about 0.5 miles. 

o There appears to be a slight trend with time 
towards selection of reactor sites in less 
densely populated locations. 

o A site availability data base has been con- 
structed on a 5 x x  km grid cell for the con- 
tinental United States. For each grid cell 
the data base contains information on popula- 
tion density, seismicity, topographic character, 
surface and ground water availability, and land 
use restrictions (wetlands, national parks, etc.) 

o Analysis of boomtown literature, studies of large 
non-nuclear energy projects, and economic data 
from existing nuclear power plant sites suggests 
that only siting in very remote regions has the 
potential for significant socioeconomic --- impacts, 
that these impacts may be both beneficial or 
detrimental and that the detrimental impacts can 
be mitigated by advance planninq. 

o Outside of the Rocky Mountains, few potential 
reactor sites are located at a large distance 
from the national power grid. Consequently, 
site remoteness and transmission line costs 
are not strongly correlated. 

This study examined a number of factors which could 
impact the development of siting criteria. The analyses, 
which are reported in the following chapters, can be used 
to determine many of the impacts of alternative criteria, 
and provide guidance in evaluating tradeoffs amonq 
criteria. In addition, the data and analyses contained 
in the study should be useful to the wider community of 
users interested in evaluating the consequences of reac- 
tor accidents. 
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2. Consequences of Potential Peactor Accidents 

2.1 Introduction 
3 

During this- study, a large Rurrber cf calculations 
were performed to provide a basis for understanding 
the deFendence of reactor accident consequences on site 
characteristics. Sone characteristics were examined 
because of the possibility of their inclusion in reactor 
siting criteria (e.g., poFulation distribution, reactor 
power level). A number of additional parameters were 
investigated to determine the sensitivity of predicted 
consequences to variation or uncertainty in data used 
as input. 

All consequence calculations for this study were 
performed using CRAC2, ar. improved version of CFAC, a 
the Reactor Safety Study [ l l  consequence wodel. 
Seetior, 2.2.1 provides a brief overview of the CFAC2 
model, while Section 2.2.2 describes'the data use6 as 
input to the consequence calculations. Section 2.2.3 
is a qualitative discussion of the sources an? impacts 
of uncertainties asscciatec with the consequence model. 
Section 2.2.4 defines the "base case" calculation which 
was used as  a reference case for examinaticn of the 
impact of variations in parameters and assumptions. 

Section 2.3 briefly describes the five accident 
source terns used in the cslculations. These source 
terns, denoted SST1-5, were developed by NRC and range 
from a full core-melt with uncontrolled r e l e a s e  to a 
gap release with minimal leakage. Section 2.3.1 Fre- 
sents results of consequence calculations for each of 
the five source terms, and Section 2.3.2 examines the 
Fotential impact on consequences cf re2uctions in the 
magnitude of the most severe accident (SST1) .  

Section 2.4'exa~ines the impact of meteorology and 
Foplation on consequence estimates. Meteorological 
data from 29 Naticnal Weather Service stat'icns and wind 
rose and population data from each of the 91 currently 
aFproved reactor sites in the United States are. examined. 
Section 2.5 presents the impact on conseguences of var- 
ious emergency response assumptions; both evacuation 
and sheltering scenarios are evaluated. Section 2.6 
discusses the 'distances to which' various consesuences 
occur and the sensitivity of these distances to input 

a. CFAC stands for Calculation of Reactor Eccident 
- Consequences. 

- - 
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d a t a  and assumptions. Sect ion 2 . 7  examines the s e n s i -  
t i v i t y  of consequences t o  v a r i a t i o n s  i n  reac tor  s i z e ,  
energy-release rdte ,  d r y  depos i t ion  v e l o c i t y ,  population 
d i s t r i b u t i o n ,  and l and- in t e rd i c t ion  c r i t e r i a .  F ina l ly ,  
Sect ion 2.8 p r e s e n t s , a  summary of the i n s i g h t s  gained 
from these '  c a l c u l a t i o n s .  

2 . 2  Background 

2 .2 .1  Overview of Consequence Model 

The acc ident  consequence c a l c u l a t i o n s  described 
i n  t h i s  chapter were performed u s i n g  CRACZ [ 2 , 3 I r  an 
improved vers ion of t h e  Reactor Safety S tudy  (WASH-1400) 
consequence model, CRAC [ 1 , 4 ] .  Modifications made i n  
the  upgrade from CRAC t o  CRACZ a r e  b r i e f l y  described i n  
Appendix E.a The model desc r ibes  the progression of 
t h e  c loud  of r ad ioac t ive  ma te r i a l  re leased from the  
containment s t ruc ture  during and following a r e a c t c r  
acc iden t ,  and p r e d i c t s  i ts i n t e r a c t i o n  w i t h  and i n f l u -  
ence on t h e  environment and man. A schematic o u t l i n e  
of t h e  computational s t e p s  taken i n  the  model is pre- 
sented i n  F i g u r e  2.2.1-1.  

Analyses of p o t e n t i a l  p l a n t  system f a i l u r e s  and 
accident  phenomenology provide an es t imate  of acc ident  
p r o b a b i l i t i e s  and r e l e a s e  c h a r a c t e r i s t i c s  (magnitudes, 
t i m i n g  e t c . )  t h a t  a r e  used a s  input t o  t h e  consequence 
model .& 
persion model is used t o  c a l c u l a t e  ground-level concen- 
t r a t i o n s  of a i rborne  r ad ioac t ive  ma te r i a l  downwind of 
the reac tor  s i t e .  Weather d a t a  fo r  a 1-year period a r e  
input  t o  the  d i spe r s ion  model i n  the form of hourly 
recordings of wind speed, thermal s t a b i l i t y ,  and accumu- 
l a t e d  p r e c i p i t a t i o n .  The wind  d i r e c t i o n  is  assumed t o  
be inva r i an t  during and following the  r e l ease .  Radionu- 
c l i d e  concent ra t ions  w i t h i n  the cloud a r e  depleted by 
depos i t ion  (both  wet and d r y )  and r ad ioac t ive  decay, 
and in tegra ted  a i r  and ground contamination a r e  calcu- 
l a t e d  for  downwind d i s t a n c e s .  

a .  Resul ts  ca l cu la t ed  u s i n g  t h e  two models a r e  s i m i l a r ,  

Given these e s t ima tes ,  a standard Gaussian d i s -  

a s  shown i n  the  recent  In t e rna t iona l  Comparison 
Study of Reactor Accident Consequence Models [5,6]. 

s t u d y  a r e  descr ibed i n  Section 2 . 3 .  
b. Spec i f i c  r e l ease  c h a r a c t e r i s t i c s  assumed i n  t h i s  
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Hour ly  wea the r  r e c o r d i n g s  a r e  used t o  a c c o u n t  f o r  
w e a t h e r  v a r i a t i o n s  d u r i n g  t h e  p r o g r e s s i o n  of t h e  a c c i -  
d e n t .  Beg inn ing  a t  a selectec! hour  w i t h i n  t h e  y e a r ' s  
d a t a ,  t h e  d i s p e r s i o n  model uses  t h e  s u b s e q u e n t  n e t e o r o -  
l o g i c a l  c o n d i t i o n s  t o  p r e d i c t  t h e  d i s p e r s i o n ,  downwind 
t r a n s p o r t ,  and d e F o s i t i o n  of  t h e  r e l e a s e d  c l o u d  o f  r a -  
d i o a c t i v e  m a t e r i a l .  Bour ly  r e c o r d i n g s  a r e  s e q u e n t i a l l y  
i n c o r p o r a t e d  u n t i l  a l l  o'f t h e  r e l e a s e d  r a d i o a c t i v e  mate- 
r i a l  ( e x c l u d i n g  t h e  n c b l e  g a s e s )  h a s  been  d e l ; o s i t e d .  Ey 
u s i n g  an  a p p r o p r i a t e  s ample  of weather s e q u e n c e s  from 
t h e  y e a r ' s  d a t a ,  a f r e q u e n c y  d i s t r i b u t i o n  o f  e s t i m a t e d  
c o n s e q u e n c e s  c a n  be p r o d u c e d .  

and  ground r a d i o n u c l i d e  c o n c e n t r a t i o n s  t o  e s t i m a t e  t h e  
p u b l i c ' s  e x p o s u r e  t o  e x t e r n a l  r a d i a t i o n  from (1) a i r -  
b o r n e  r a d i o n u c l i d e s  i n  t h e  c l o u d  and ( 2 )  r a d i o n u c l i d e s  
d e F o s i t e d  frcm t h e  c l o u d  o n t o  t h e  g r o u n d ,  and i n t e r n a l  
r a d i a t i o n  from (1) r a d i o n u c l i d e s  i n h a l e d  d i r e c t l y  frofi 
t h e  p a s s i n g  c l o u d ,  ( 2 )  i n h a l e d  r e s u s p e n d e d  r a d i o n u c l i d e s ,  
and  ( 3 )  t h e  i n g e s t i o n  of c o n t a m i n a t e d  fooc? avd m i l k .  
R a d i a t i o n  e x p o s u r e  f r o n  s o u r c e s  e x t e r n a l  t o  t h e  body 
i s  c a l c u l a t e d  f o r  time p e r i o d s  o v e r  w h i c h  i n d i v i d u a l s  
a r e  exposed  t o  t h o s e  s o u r c e s ,  w h i l e  t h e  e x p o s u r e  from 
s o u r c e s  i n t e r n a l  t o  t h e  body i s  c a l c u l a t e d  o v e r  t h e  re- 
ma in ing  l i f e  of t h e  exposed  i n d i v i d u a l .  

T h e  consequence  model a l l o w s  t h e  i n F u t  of  e i t h e r  
s i t e - s p e c i f i c  o r  h y p o t h e t i c a l  p o p u l a t i o n  d a t a  a s  a func -  
t i o n  o f  d i s t a n c e  and d i r e c t i c r  frcm t h e  r e a c t o r  s i t e .  
A s i m p l e  e v a c u a t i o n  model i s  i n c o r p o r a t e d ,  w h i c h  is  based  
o n  a s t a t i s t i c a l  a n a l y s i s  of e v a c u a t i o n  d a t a  a s s e n b l e d  
by t h e  U.S. E n v i r o n m e n t a l  P r o t e c t i o n  Agency [7-91 ( s e e  
Appendix E ) .  T h e  model i n c o r p o r a t e s  a d e l a y  time b e f o r e  
p u b l i c  movement, f o l l o w e d  by e v a c u a t i o n  r a d i a l l y  away 
f rom t h e  r e a c t o r .  A r a n g e  of e v a c u a t i o n  d e l a y  times, 
s p e e d s ,  and d i s t a n c e s  have  been  assumed i n  t h i s  s t u d y ,  
as is d e s c r i b e d  i n  l a t e r  s e c t i o n s .  

T h e  consequence  model u s e s  t h e  c a l c u l a t e d  a i r b o r n e  

Eased on t h e  c a l c u l a t e d  r a d i a t i o n  e x p o s u r e  t o  down- 
wind i n d i v i d u z l s ,  t h e  c o n s e a u e n c e  model e s t i m a t e s  t h e  
number of p u b l i c  h e a l - t h  e f f e c t s  t h a t  would r e s u l t  f rom 
t h e  a c c i d e n t a l  re lease.  E a r l y  i n j u r i e s  and f a t a l i t i e s ,  
l a t e n t  c a n c e r  f a t a l i t i e s ,  and t h y r o i d  and g e n e t i c  e f f e c t s  
nay  be  COIrFUted. E a r l y  f a t a l i t i e s  a r e  d e f i n e $  t o  be 
t h o s e  f a t a l i t i e s  t h a t  occur w i t h i n  1 y e a r  of t h e  e x p o s u r e  
p e r i o d .  They a r e  e s t i m a t e d  on t h e  b a s i s  of e x p c s u r e  t o  
t h e  bone marrow, l u n g  and g a s t r o i n t e s t i n a l  t r a c t .  Bone 
marrcw damage is t h e  dominan t  c o n t r i b u t o r  t o  e a r l y  

A 
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f a t a l i t i e s .  I n  b o t h  t he  Reactor Safety S tudy  and t h i s  
s tudy ,  e a r l y  f a t a l i t i e s  a r e  ca lcu la tqd  assuming an 

Supportive ~ ~ ~ % B f  t reatment  of t he  exposed ind iv idua l  is  a l s o  
assumed. Early i n j u r i e s  a r e  defined a s  non-fa ta l ,  non- 
carcinogenic  i l l n e s s e s ,  t h a t  appear w i t h i n  1 year of 
t h e  exposure and "require medical a t t e n t i o n  or h o s p i t a l  
t reatment .  ' The l a t e  somatic e f f e c t s  considered i n c l u d e  
l a t e n t  cancer f a t a l i t i e s  p l u s  benign and malignant 
thyroid nodules.  

The consequence model a l s o  includes an economic 
model t o  es t imate  the  p o t e n t i a l  ex t en t  of property 
damage assoc ia ted  w i t h  the  r e l ease  of r ad ioac t ive  
ma te r i a l .  'The t o t a l  o f f s i t e  d o l l a r  c o s t  of t he  a c c i -  
dent  is estimated a s  t h e  'sum of (1) the 'evacuat ion  c o s t ,  
( 2 )  the  value of condemned crops and m i l k ,  ( 3 )  the  c o s t  
of decontaminating land and s t r u c t u r e s ,  ( 4 )  t h e  c o s t  of 
i n t e r d i c t i n g  land and s t r u c t u r e s ,  and ( 5 )  r e loca t ion  
c o s t s  (moving c o s t s  and temporary l o s s  of income). 

2 . 2 . 2  Input Data 'for Consequence Model 

CRAC2 r equ i r e s  a l a r g e  s e t  of input d a t a ,  includ- 
i n g  accident  r e l e a s e  c h a r a c , t e r i s t i c s  and source terms, 
var ious si te-re1ate.d d a t a  ( e .g . ,  meteorology, popula- 
t i o n ) ,  r eac to r  core  radionucl ide inven to r i e s ,  and emer- 
gency response scena r ios .  The accident  r e l ease  charac- 
t e r i s t i c s  and source terms assumed i n  t h i s  s t u d y  a r e  
descr ibed i n  Sect ion 2,3. 

The s i te-re1,ated d a t a ,  gathered for u s e  i n  t h i s  
s t u d y ,  a r e  presen-ted i n  Appendix A. The d a t a  gathered 
includes:  

General s i t e  and reac tor  d a t a  (e.g.., r eac to r  
s iz .e ,  vendor, s t a r t - u p ' d a t e ,  s i t e  l o c a t i o n )  
f o r  each of the  91 U.S .  s i t e s  a t  w h i c h  a 
r eac to r  is  opera t ing  or a cons t ruc t ion  permit 
has been obtained. 

Regional sh i e ld ing  f a c t o r s  f o r  she l t e red  
populat ions.  

a of 510 rads  t o  the  bone marrow. 

1. 

2. 

3 .  S i t e  population d a t a  derived from t h e  1 9 7 0  
census.  

a .  The dose that: would be l e t h a l  t o  50 percent  of t h e  
population w i t h i n  60  days.  
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4 .  Meteorological da t a  c o n s i s t i n g  of hourly re- 
cordings of  weather cond i t ions  from 29 National 
Weather Serv ice  s t a t i o n s  p lus  mixing he igh t s  
from Holzworth 1101 .' 
Annual s i t e  wind roses  obtained from e i t h e r  
Environmental Impact Reports or  Safe ty  Analysis  

5. 

Reports . . .  

6 .  S i t e  economic d a t a ,  updated from those  used i n  
WASH-1400 t o . r e f l e c t  i n f l a t i o n  and changing 
economic condi t ions .  

A core  rad ionucl ide  inventory f o r  a 3412 M W t  (1120 
M W e )  r eac to r 'was  ca l cu la t ed  f o r  t h i s  s tudy  using t h e  
SANDIA-ORIGEN [ll] computer code. T h i s  c a l c u l a t i o n  
assumed an end-of-cycle f u e l  burnup of 33,000 MWd/MTU 
(about  25 percent  g rea te r  than was assumed i n  WASH-1400) , 

which  is representat iv ,e  of t h e  c u r r e n t  genera t ion  of 
l a r g e r  r e a c t o r s .  
accommodated by l i n e a r l y  s c a l i n g  t h e  inventory w i t h  
r a t ed  thermal power l e v e l .  A d e s c r i p t i o n  of t h e  inven- 
t o r y  c a l c u l a t i o n s  and a d i scuss ion  of t h e  impact of 
i nven to r i e s  on p red ic t ed  consequences a r e  presented i n  
Appendix B. The s e n s i t i v i t y  of consequences t o  r e a c t o r  
s i z e  is examined i n  Sect ion 2 .7 .1 .  

CRAC2 is descr ibed  i n  Sec t ion  2.5 and Appendix E. The 
model a l lows s p e c i f i c a t i o n  of up t o  s i x  emergency re- 
sponse scena r ios  p l u s  a weighted s u m  of these s c e n a r i o s  
termed "Summary Evacuation." Unless otherwise s p e c i f i e d ,  
c a l c u l a t i o n s  were performed using t h e  scena r ios  presented 
i n  Table  2.2.2-1.  The scena r ios  range from a promQt 
evacuat ion t o  s h e l t e r i n g  t o  no emergency response. 
response .distance of 10 miles was selected t o  co inc ide  
w i t h  t h e  Emergency Planning Zone ( E P Z )  recommended by 
t h e  NRC [ 1 2 ] .  The d e l a y  times and speeds assumed were 
based on a s t a t i s t i c a l  a n a l y s i s  of evacuat ion data  
gathered by t h e  EPA (see Appendix E ) .  The  "Summary 
Evacuation" was d e f i g e d  a s  a 30 percent ,  40 pe rcen t ,  
30 percent  weighting of s cena r ios  1, 2 ,  and 3 ,  and 

Dif fe rences  i n  r eac to r  s i z e  were 

The emergency response submodel incorporated Fn 

The 

a .  Th i r ty  percent  of t h e  - time, people wi th in  10 
miles evacuate  with a 1 hour de l ay  and 10 mph speed; 
4 0  percent  of t h e  time, a l l  people wi th in  10 miles 
evacuate  with a 3-hour de l ay  and 10 mph speed; and 
30 percent  of t h e  time a l l  people wi th in  10 miles 
evacuate w i t h  a 5-hour d e l a y  and 10 mph speed. 
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r ep resen t s  a "bes t  es t imate"  f o r  consequence p red ic t ions .  
Most of t h e  r e s u l t s  presented i n  the  ,following s e c t i o n s  
assumed t h i s  "Summary Evacuation." The s e n s i t i v i t y  of 
pred ic ted  consequences t o  emergency response assumptions 
i s  examined i n  Sect ion 2.5. Differences i n  emergency 
response due t o  s i t e - s p e c i f i c  c h a r a c t e r i s t i c s  were not 
addressed. 

Table 2 .2 .2-1 .  Emergency Response Scenarios 

Scenario Type of Response Delay Time Response 
Number Response Distance Before Speed 

Response 

1 Evacuation 1 0  miles  1-hour 1 0  mph 

2 Evacuation 1 0  miles  3-hours 1 0  mph 

3 Evacuation 1 0  miles  5-hours 1 0  mph 

1 mph 4 Evacuation 1 0  mi les  5-hours 

--- 5 She l t e r ing ,  . 1 0  miles none, 
Re 1 oc,a t ion 6-hour s 

6 No Emergency -- -- --- 
Response 

I .  

P 
- 

2.2.3 Uncer ta in t ies  

Uncer ta in t ies  i n  o f f s i t e  consequence p r e d i c t i o n s  
stem p r i n c i p a l l y  from u n c e r t a i n t i e s  i n  two areas :  model'- 
ing and input da t a .  Modeling uncer ta in ty  a r i s e s  from 
(1) an incomplete understanding of t h e  phenomena 'involved 
i n  t h e  t r a n s p o r t  of re leased  rad ionucl ides  t o  man and the  
consequent hea l th  impacts,  and ( 2 )  s i m p l i f i c a t i o n s  of 
phenomena made i n  t h e  modeling process t o  reduce c o s t s  
o r  model complexity. Input da t a  uncer ta in ty  a r i s e s  from 
problems assoc ia ted  w i t h  t he  q u a l i t y  and a v a i l a b i l i t y  of 

, 
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data, selection or determination of appropriate values 
for model input (including radioa’ctive source terms), 
and statistical variations in data. To date, a conpre- 
hensive assessrcent of these uncertainties in consequence 
predictions has not been performed. However, a number 
cf partial uncertainty estimates have been derived using 
sensitivity analysis techniques [1,13,14]. 

stantially reduce current uncertainties. The most im- 
portant of these include source terlrs (see Section 2.3), 
plume depletion processes (see Section 2.7.3), the effect 
of wind trajectories on population exposures, and the 
effectiveness of emergency response (see Section 2.5). 
Each of these areas is briefly describe6 below. 

Improvements in a number of mo6el areas could sub- 

Radioactive source terms for atmospheric releases 
are subject t o  a nurrber of important uncertainties, 
including uncertainties about release magnitude and 
timing, and about aerosol size distributions. It has 
been suggested [15,161 that rexmval processes within 
the primary coolant system and containment could reduce 
the amount of material released t o  the atmosphere to 
levels significantly below those currently estimated. 
Possible revoval processes include plate-out of hot 
vapors on cooler surfaces, agglomeration and deposition 
of aerosols, and dissolution .in water. Better specifi- 
cation of the timing of a release is important for two 
reasons: (1) a longer warning period increases the chance 
of an effective emergency response and (2) a long, slow 
release spreads the radioactive material over a larger 
area, thereby decreasing individual doses and (usually) 
health effects. The particle-size distribution of the 
released material, and thus the efficiency of dry 2ep- 
sition processes during downwind transport, is deternines 
principally by aerosol agglorreration rates. Resolution 
of these source-term uncertainties by ongoing or future 
research activities may require a reevaluation of sore 
of the conclusions reached by this study. For example, 
some of the conclusions about emergency planning and 
response presented in Section 2.5 could be significantly 
altered. 

A plume of radioactive material may be depleted. 
during transport by dry deposition and/or washout Fro- 
cesses. 
dependent on the size distribution of particulate matter 
in the plume. Therefore, the current lack of information 
about this size distribution prevents reliable modelirq 

The dry-depcsition removal rate is strongly 
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of dry deposition. Since washout of material by rain- 
fall is a very efficient removal mechanism, it is im- 
portant to account for the frequency, intensity, and 
spatial variability of rainfall. Moreover, because 
high-consequence events are usually associated with 
rainfall over population centers, failure to adequate- 
ly model rainfall can lead to large inaccuracies in 
predicted peak consequences. 

+Kind trajectories determine the specific popula- 
tion exposed by downwind transport of the plume of 
radioactive material. With the exception of the com- 
puter code CRACIT [17,181, current consequence models 
neglect wind trajectories. Although'results obtained 
with CRACIT indicate that treatment of wind trajectories 
may affect risk less than intuition suggests [6], a 
thorough examination of this subject (perhaps using a 
Gaussian puff model), particularly for sites with complex 
terrain, seems essential [19]. 

The sensitivity of predicted consequences to dif- 
ferent emergency response scenarios is examined in 
Section 2.5. If consequence models are to be applied 
to evaluate the risk at specific sites, consideration 
should be given to those characteristics of the site and 
of  local organizations that could influence the effec- 
tiveness of offsite emergency response. For exaniple, 
local and utility emergency response plans, available 
mechanism for warning the public, and characteristics 
of the surrounding road network should be examined. 
Eoad networks could be particularly inportant if popu- 
lation densities are sufficient to result in -"traffic 
jams"< or "bottleneck" conditions, or if terrain features 
are likely to cause evacuation routes and the plume 
trajectory to overlap. 

Another area of uncertainty is the estimation of 
the late somatic effects, of which the incidence of 
cancer is the most important. The recent BEIR I11 
report [ 2 0 1  discusses these uncertainties, which are.. 
largest fGr low doses (and dose rates) of low-LET 
radiation. In addition, Loewe and Mendelsohn [21] have 
recently conducted a reassessment of the' dosimetry data 
for the 'populations exposed by the detonati-ons at 
Hiroshima and Nagasaki.. These new findings have led 
to major,changes in the estimates of the neutron and 
gamma-ray doses receive6 by survivors. Efforts are 
currently underway at the Los Alamos National Laboratory 
to redefine the source terms from the two detonations 

1 ,  
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and a t  Oak Ridge National Laboratory t o  r eca l cu la t e  
dose e s t ima tes .  When completed, these  reassessments 
may r e s u l t  i n  some changes i n  es t imates  fo r  l a t e  
somatic e f f e c t s .  

2 . 2 . 4  Base Case Calcu la t ion  

The  r e s u l t s  of  a l a r g e  number of c a l c u l a t i o n s  a r e  
presented i n  Sec t ions  2 .3  through 2.7 of t h i s  r e p o r t .  
These c a l c u l a t i o n s  examine the  impact on predicted con-. 
sequences of a wide v a r i e t y  of parameters and assump- 
t i o n s .  To s impl i fy  t h e  examination of t h e  impact of  
v a r i a t i o n s  i n  input  parameters and assumptions, a '  
"base case" c a l c u l a t i o n  was def ined.  Assumed i n  the  
base case were: 

a standard 1 1 2 0  MWe PWR 
a n  SSTl r e l e a s e  ( d e f i n e d  i n  Sect ion 2 . 3 )  
New York C i t y  meteorology 
t h e  Indian Point wind rose and population 
Summary Evacuation 

The values  of a l l  o ther  input  parameters were those 
t y p i c a l l y  used  i n  CRAC2.  The s e n s i t i v i t y  of predicted 
consequences t o  t h e  base case assumptions and t o  o ther  
input  parameter va lues  i s  discussed i n  l a t e r  s ec t ions .  

2.3 Reactor Accident Source T e r m s  

T h i s  s e c t i o n  d e s c r i b e s  the  reac tor  accident  source 
terms used t o  perform the  consequence c a l c u l a t i o n s .  
Consequences t h a t  migh t  r e s u l t  from these  source terms 
a r e  compared and the  most important source terms a r e  
i d e n t i f i e d .  I n  a d d i t i o n ,  source term u n c e r t a i n t i e s  a re  
addressed. R e s u l t s  t h a t  show t h e  impacts of these  uncer- 
t a i n t i e s  on r eac to r  acc ident  consequences a r e  presected 
and discussed.  

2.3.1 Accident Release C h a r a c t e r i s t i c s  and Source Terms 

The Nuclear Regulatory Commission r ecen t ly  spon- 
sored an eva lua t ion  of t h e  t echn ica l  bases fo r  r eac to r  
acc ident  source term assumptions and t h e  p o t e n t i a l  i m -  
pac t  of poss ib l e  source term changes on t h e  regula tory  
process [ 1 6 , 2 2 ] .  These s t u d i e s  found t h a t  t he  Design 
Basis  Accidents ( D B A s ) ,  which have been the  b a s i s  f o r  
regula tory  p o l i c i g s  governing nuclear power p l a n t  s i t i n g  
and d e s i g n ,  do not  c o n s t i t u t e  a r e a l i s t i c  representa t ion  
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of the full spectrum of possible accident source terms 
for any reactor design. Therefore, they do not provide 
an adequate estimate of reactor risk at specific sites. 
Consequently, after review of current source term in- 
formation, the NRC defined a spectrum of accidents [22), 
which more adequately spans the range of possible accident 
source terms and better reflects current understanding 
of fission product behavior during reactor accidents. 

The spectrum of accidents that was defined ranges 
from accidents within the design basis envelope to core 
melt accidents which may release large quantities of 
radioactive material to the environment. Five accident 
groups were designated as being representative of the 
spectrum of potential accident conditions. Each group 
represents a different degree of core degradation and of 
failure of containment safety features. Brief descrip- 
tions of the characteristics of the accident types in- 
cluded in each group are presented in Table 2.3.1-1. 

For the purpose of decision-making in such areas as 
siting and emergency response, NRC defined a set of five - Siting Source Terms (denoted SST1-5) to represent the 
five accident groups. By adjusting the probabilities 
associated with each of the five source terms, the set 
can be made to approximately represent any current LWR 
design.a Table 2.3.1-2 summarizes the five NRC-defined 
source terms used in this study. 

The consequences that could potentially result 
from each of the five source terms were determined by 
performing a series of CRAC2 calculations. Table 2.3.1-3 
compares the relative magnitudes (normalized to 100 for 
source term SST1) of the mean valuesb of selected con- 
sequences, given the occurrence of each of the five 
source terms and assuming an 1120 MWe PWR, Indian Point 
population distribution and wind rose, New York City 
meteorology, and Summary Evacuation (see Sections 2.2.2 
and 2.5 and,Appendix E). These results indicate that 
source terms SST2 through SST5 would not be expected to 
produce substantial numbers of offsite consequences 

a. Detailed Prpbabilistic Risk Assessments (PRAs) have 

- 

-- 
not been performed for all reactors. Based on currently 
available PRAs,, NRC has suggested that representative 
probabilities for the SSTs are: P1 for SSTl = 1 x lo”, 
P and P3 for SST3 = 1 x 
TEere are v ~ y  large variations (factors of 10 to 100) 
in the accident probabilities associated with a specific 
design. .. 

for-SST2 = ‘2 x lo-’, 

b. Using approximately 100 sampled weather sequences, 
the CRAC2 code calculates frequency distributions 
for consequences that might result from a radioactive 
release. The means of these distributions are the 
mean values referred to in the text. - 
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compared t o ,  the  SSTl source term. The mean consequences 
ca l cu la t ed  f o r  the  S S T l  r e l e a s e  exceed those from the  
SST2 r e l ease  by 1 t o  4 o rde r s  of magnitude and exceed 
those from r e l e a s e s  SST3,  S S T 4 ,  and SST5 by 4 t o  7 o rde r s  
of magnitude. Early f a t a l i t i e s ,  e a r l y  i n j u r i e s ,  and land 
i n t e r d i c t i o n  d o  not r e s u l t  from r e l e a s e s  SST3, S S T 4 ,  and 
SST5 because these  acc iden t s  do  not r e l ease  enough radio- 
a c t i v i t y  t o  produce doses t h a t  exceed the  dose thresholds  
f o r  these  consequences. 

Table 2.3.1-1.  Brief Descr ipt ions Character iz ing 
the  Accident Groups W i t h i n  t he  NRC 
"Accident Spectrum" [ 2 2 ]  

Group 1 Severe core  Samage. E s s e n t i a l l y  involves l o s s  
of a l l  i n s t a l l e d  s a f e t y  f e a t u r e s .  Severe 
d i r e c t  breach of containment. 

- - -- 
Group 2 Severe core  damage. Containment f a i l s  t o  

i s o l a t e ,  F i s s i o n  product r e l e a s e  mi t iga t ing  
systems ( e . g . ,  sprays ,  suppression pool,  fan 
c o o l e r s )  opera te  t o  reduce r e l ease .  

Group 3 Severe core  damage. Containment f a i l s  by base- 
mat melt-through. A l l  o ther  r e l e a s e  mi t iga t ion  
systems func t ion  a s  designed. i 

Group 4 Modest core  damage. Containment systems 
opera te  i n  a degraded mode. 

' .  

Group 5 Limited core damage. No f a i l u r e s  of engineered 
s a f e t y  featuresibeyond those pos tu la ted  by the  
var ious  design b a s i s  acc idents .  The most 
severe acc ident  i n  t h i s  group assumes t h a t  the  
containment func t ions  a s  designed following a 
s u b s t a n t i a l  core  melt .  
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Table 2.3.1-2. NRC Source T e r m s  f o r  S i t i n g  Ana lys i s  

Release Characteristicsa 

Accident Type 

Containment F a i l u r e  Mode 

Containment Leakage 

T i m e  of Release ( h r )  

Release Dura t ion  ( h r )  

Warning T i m e  ( h r )  

Release Height  (meters) 

Release Energy 

Source T e r m  

SSTl 

Core Melt 

Overpressure  

- 

Large 

1 .5  

2 

0.5 

10 

0 

SST2 

C o r e  M e l t  

- 

H2 Explosion 
or LOSS of 
I s o l  a t  i o n  

Large 

3 

2 

1 

10 

0 

I n v e n t o r y  Release  F r a c t i o n s  

X e - K r  Group 1 .0  0.9 

I Group 0.45 3 10-3 

Cs-Rb Group 0.67 9 10-3 

Te-Sb Group 0.64 3 x 10-2 

Ba-Sr Group 0.07 1 10-3 

Ru Group 0.05 2 10-3 

L a  Group 9 10-3 3 10-4 

- SST3 

Core M e l t  

l%/day  

4 

0 .5  

10 

0 

6 x 

2 10-4 

1 10-5 

2 10-5 

1 x 

2 x 10-6 

1 x 10-6 

SST4 

Gap Release 

l%/day  

0.5 

J. 

- 
10 

0 

3 x 10-6 

1 x 10-7 

1 10-9 

1 x l o l l  

6 x - 

0 

0 

- SSTS 

G a p  Release  

O.l%/day 

0 . 5  

1 

- 
10 

0 

3 x 10-7 

1 x 10-8 

6 x 

1 x 10-10 

1 x 10- 

0 

0 

a. A s  d e f i n e d  i n  t h e  Reactor Sa fe ty  Study [l]. 
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T a b l e  2.3 . l-3.  Comparison of C o n d i t i o n a l  Mean Consequences P r e d i c t e d  for  F i v e  
S o u r c e  Termsafb  

S o u r c e  Mean Ea r ly  Mean Ear ly  Mean L a t e n t  Mean Thyro id  Mean I n t e r d i c t e d  
Term Fa t a l  i t  ies  I n j u r i e s  Cancer F a t a l i t i e s  Nodules  Land Area - -- 
SSTl  lOOb 100 100 100 100 

SST2 1 x 0.5 7 3 1 

SST3 0 0 2 x 5 x 10'2 0 

ssT4 0 0 8 x 0 

SST5 0 0 4 8 x 0 

a.  Assumptions:  1120 M W e  PWR, p o p u l a t i o n  d i s t r i b u t i o n  and wind rose f o r  I n d i a n  P o i n t ,  

b .  A l l  c o n s e q u e n c e s  a re  n o r m a l i z e d  t o  100  fo r  source term SST1. 

N e w  Y o r k  C i t y  m e t e o r o l o g y ,  "Summary Evacuat ion"  of p e r s o n s  w i t h i n  1 0  miles. 



Figures 2.3.1-1 and 2.3.1-2afpresent mean bone mar- 
row dose and mean thyroid dose to' exposed ind iv idua l s  
a s  a funct ion of d i s t ance  fo r  each of the f i v e  source 
terms .a 
response,  an 1 1 2 0  MWe PWR, and New :York Ci ty  meteorology. 
The mean doses a t  any d i s t ance  vary'by near ly  8 orders  of 
magnitude. over the  spectrum of f i v e  ' r g l eases .  For any 
p a i r  o f t  r e l e a s e s ,  r e l a t i v e  doses a r e <  roughly proport ional  
t o  the  r a t i o s  of c u r i e s  of re leased r a d i o a c t i v i t y  exclud- 
i n g  noble gases  (Xe-Kr group) .  These f i g u r e s  a l s o  show 
t h a t  ind iv idua l  bone marrow and thyroid doses would gener- 
a l l y  not be expected t o  exceed a few t ens  of mil l i rem for  
the  SST4 r e l e a s e  and a few mill irem fo r  the  SST5 r e l ease .  

Figure 2.3.1-3 d i sp l ays  the v a r i a t i o n  w i t h  d i s t a n c  
of the mean indiv idua l  r i s k s  (averaged over 360:degrees ) 
of  e a r l y  f a t a l i t y  and e a r l y  i n j u r y  fo r  source terms SSTl 
and SST2, and of lat 'ent cancer f a t a l i t y  (from e a r l y  ex-  
posure onlyc) for  a l l  f i v e  source terms; These curves 
were ca l cu la t ed  assbming an 1 1 2 0  MWe PWR, New York City 
meteorology, a uniform wind r o s e ,  and no emergency re -  
sponse. Because e a r l y  f a t a l i t i e s  and i n j u r i e s  have dose 
thresholds ,  t h e i r  r i s k s  of occurance decrease r ap id ly  
w i t h  d i s t ance  f o r  l a r g e  source terms ( e .g . ,  SSTl and SST2) 
and a re  zero o f f s i t e  ( 2 0 . 2 5  m i )  fo r  small  source terms 
( e . g . ,  SST3, SST4,  and SST5). Since no o f f s i t e  r i s k  of 
e a r l y  f a t a l i t y  or  i n j u r y  was predicted fo r  source terms 
SST3, SST4,' or  SST5, i n  Figures 2.3.1-3a and 2.3.1-3b no 
curves were p l o t t e d  f o r  these  source terms. I n  c o n t r a s t  
t o  t h i s ,  because n o  dose threshold is assumed fo r  l a t e n t  
cancer f a t a l i t i e s ,  t he  r i s k  of l a t e n t  cancer f a t a l i t y  
decreases  more slowly w i t h  d i s t ance  and i s  non-zero f o r  
a l l  f i v e  source terms. Therefore,  i n  Figure 2.3.1-3c a 

-The doses were ca l cu la t ed  assuming no emergency 

% 

I 

' *  
- <  

a.  ,The doses a r e  the  means of the  frequency d i s t r i b u -  
t ions ' .  of estimated indiv idua l  dose ca l cu la t ed  u s i n g  

e sample of weather sequences from a 
f meteorological da t a .  

b. Individual  r i s k s  shown a r e  the  product of two proba- 
. b i l i t i e s :  (1) the p r o b a b i l i t y  of exposure t o  t h e  

plume-given t h a t  the  r e l e a s e  occurs ,  and ( 2 )  t he  
p r o b a b i l i t y  t h a t  'the ind iv idua l  d i e s  following the 
exposure. , 

c .  Early exposure includes exposure t o  -the rad ioac t ive  
plume, a l l  exposures, r e s u l t i n g  from inha la t ion  of 
r ad ioac t ive  ma te r i a l s  from the  plume, and short-term 
exposure t o  r a d i o a c t i v i t y  deposi ted on the  ground 
from the  plume. 
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1071 . . . . . , I  I 
a2 1 - 1 0  . 

DISTANCE (MILES) 
B) RSR OF EARLY INJURY 

DISTANCE tMlUS) 
C ) RKK OF LATENT CANCER F A T U I T Y  

F i g u r e  2.3.1-3. Risk t o  a n  I n d i v i d u a l  o f  a )  E a r l y  F a t a l i t y ,  h )  E a r l y  I n j u r y ,  
a n d  c )  L a t e n t  Cancer  F a t a l i t y  (from e a r l y  e x p o s u r e  o n l y )  
vs E i s t a n c e  C o n d i t i o n a l  on Each of t h e  F i v e  S i t i n g  Source 
Terms. 
no emergency r e s p o n s e ,  and  a u n i f o r m  wind rose.  

Assumpt ions :  1 1 2 0  M W e  PWR, N e w  York C i t y  m e t e o r o l o g y ,  - 



r i s k  curve is p l o t t e d  fo r  each source term. The l a t e n t  
cancer r i s k  curve f o r  t he  S S T l  r e l ease  c ros ses  the r i s k  
curve fo r  the  SST2 r e l ease  a t  s h o r t  distanc.es.  The 
f a l l o f f  i n  the  l a t e n t  cancer f a t a l i t y  r i s k  a t  sho r t  
d i s t a n c e s  ( 5 2  m i )  fo r  S S T l  is caused’ by t h e  very h i g h  
r i s k  of e a r l y  f a t a l i t y  a t  these  d i s t a n c e s .  Because of 
t h e  h i g h * e a r l y  f a t a l i t y  r i s k ,  the  l a t e n t  cancer f a t a l -  
i t y  r i s k  is e s s e n t i a l l y  condi t iona l  on surviving t h e  
high e a r l y  r a d i a t i o n  doses produced c lose  t o  the reac tor  
by SST1. 
Figures 2.3.1-1 and 2.3.1-2 shows t h a t  the  r e l a t i v e  
d i f f e r e n c e s  between t h e  f i v e  l a t e n t  cancer f a t a l i t y  r i s k  
curves a re  s i m i l a r  t o  those  between the  f i v e  dose v s  
d i s t ance  curves f o r  bone marrow or thyroid doses.  

F ina l ly ,  comparison of Figure 2.3.1-3c w i t h  

Together,  t h e  r e s u l t s  presented i n  Table 2.3.1-3 
and Figures 2.3.1-1 through 2.3.1-3 show t h a t  t he  SSTl 
acc ident  would l i k e l y  dominate o v e r a l l  r eac to r  r i s k  t o  
the  public.a Furthermore, consequences r e s u l t i n g  from 
t h e  SST4 and SST5 acc iden t s  were shown t o  be much smaller  
than t h o s e * r e s u l t i n g  from t h e  core melt acc idents  (source 
terms SST1,  SST2,  and SST3) .  Therefore,  because these  
non-melt r e l e a s e s  probably have l i t t l e  inf luence on o f f -  
s i t e  r eac to r  r i s k ,  t he  SST4 and SST5 r e l e a s e s  w i l l  not  
be considered f u r t h e r .  I n  add i t ion ,  because o f f s i t e  r i s k  
is  dominated’ by the  most severe core-melt acc iden t s ,  t he  
remainder- of t h i s  chapter w i l l  concentrate  p r i n c i p a l l y  
on t h e  SSTd r e l e a s e ,  although r e s u l t s  for  the  SST2 and 
SST3 r e l e a s e s  w i l l  be presented when appropr ia te .  

2 . 3 . 2  
I 

Uncertainty i n  Source Term Magnitudes 

A t  p resent  there is a g r e a t  dea l  of controversy 
over the  magnitude and na ture  o f  source terms for  severe 
r eac to r  acc idents .  A r ecen t  s tudy [15] suggested t h a t  
source terms fo r  atmospheric r e l e a s e s  could be substan- 
t i a l l y  smaller than those assumed i n  WASH-1400 ( o r  a l s o  
i n  t h i s  r e p o r t ) .  The s t u d y  c i t e d  evidence t h a t  removal 
processes ,  which have g e n e r a l l y  been  neglected but which 
should opera te  w i t h i n  t he  primary coolant  system and con- 
tainment,  would decrease t h e  amount of mater ia l  re leased 
following an acc ident  t o  amounts s u b s t a n t i a l l y  below 
those usua l ly  .assumed. Such removal processes  i n c l u d e  
p la te -out  of hot vapors ,  agglomeration and depos i t ion  of 
ae roso l s ,  and d i s s o l u t i o n  of so luble  ma te r i a l s  i n  water.  

a .  T h i s  conclusion depends on the  r e l a t i v e  p r o b a b i l i t i e s  
of r e l e a s e s .  
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The effectiveness of these removal processes 
would be strongly dependent on the conditions inside 
the coolant system and containment and on t4he chemical 
and ph,ysica,l form of the fission Froducts. For exam- 
ple, Campbell et al. [231 suggest that under-accident 
conditions in L K R s ,  fission product iodine would be in 
the form of a soluble metallic iodide (pr”obab1y C s I )  
rather than volatile, molecular iodine, as is currently 
assumed. A l s o ,  Morewitz [24], after review cf past 
reactor accidepts and destructive tests, concluded that 
in all cases wher‘e water was‘ present,.no fissi.ori product 
telluriumFhad been released. Morewitz ’prcposed two 
explanations for this observation: Eit9er tellurium 
remains in solution in the form of soluble CsTe2, or 
telluriun particles a’re efficiently scavenged by rapid 
droplet growth caused by condensation of water vagor. 
Morewitz further noted that even in the absence of water 
droplet formation, the generation of large quantities 
cf aerosol ‘from structural materials (steel, concrete, 
etc.) would pro6uce rates of aerosol ag.glomeration 
rapic’ en’ough to ensure that a large fraction of the 
radioactive particles would uuickly settleout inside 
the containment. 

These suggestions have received substsntial SUP- 
port in a recent NRC report [161. The significance 
of these proposals is that the solubility of volatile 
fission products and potential aerosol removal mecha- 
nisms could lim’it the uuantity of released radionuclides 
t o  levels,one to two orders of magnitude below those 
currently assumed. 

T o  evaluate the impact on p‘redict‘ed consequences 
of significant reductions in the amount of released 
material, a series of calculations was perforred with 
arbitrary r.eductions in the ‘quantities of released . 
fission prociucts. The irrpact of Fctential reCIuctions 

he -solubilit’y of fission products in water 
was evaluated by arbitrarily reducing the re lease-  
fractions of iodine, cesiun, and telluriuma to 50, 
10 and 0 percent of the standard S S T l  level, singly, 

The tellurium release ’fraction includes both 
tellurium and antimony and the cesiun release 
fraction includes both cesium and rubidium ( s e e  
T a b l e  2.3.1-2). Cesium and tellurium, however 
dominate the predicted consequences for each 
release group. 

, .  
I _  

a .  
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i n  p a i r s  ( C s  and 1 o n l y ) ,  a n d  a l l  s i m u l t a n e c u s l y  
( 5 0  p e r c e n t  r e d u c t i o n  o n l y ) .  To e v a l u a t e  t h e  impact  
on p r e d i c t e d  consequences  of p o t e n t i a l  r e d u c t i c n s  i n  
s c u r c i  t e r n s  due t o  e f f i c i e n t  a e r o s o l  removal  p r o c e s s e s ,  
c a l c u l a t i o n s  we*re Fe r fo rEeZ  w i t h  t h e  r e l e a s e  f r a c t i o n  
of a l l  i s o t o p e s  e x c e p t  n o b l e  g a s e s  a r b i t r a r i l y  r educed  
t c  5 0 ,  10, 5 ,  and 1 p e r c e n t  of t h e  S S T l  r e l e a s e .  

The r e s u l t s  of t h e  c a l c u l a t i o n s  a r e  sumrarizec? i n  
T a b l e s  2.3.'2-1 and 2.3.2-2. Assuned i n  t h e s e  c a l c u l a -  
t i o n s  were ' t h e  I n d i a n  P o i n t  s i t e ,  N e w  York C i t y  meteor -  
o l c g y ,  an 1,120 Mhe r e a c t o r ,  ane  Summary E v a c u a t i o n .  
The r e s u l t s  i n  T a b l e  2.3.2-1 i n d i c a t e  t h a t  a f a c t c r  of  
1 0  r e d u c t i o , n  i n  t h e  r e l e a s e  f r a c t i o n  of e i t h e r  i o d i n e  o r  
t e l l u r i u n ;  r , e s u l t E  c n l y  i n  a b o u t  a f a c t o r  of  2 r e d u c t i o n  
i n  e a r l y  e f f e c t s .  Because  of t h e  d o s e - t h r e s h o l d  f o r  
e a r l y  e f f e c t s ,  t h i s  d o e s  n o t  i n p l y  t h a t  i o d i n e  o r  
tellurium "acccvnt" for h a l f  c!f t h e  e a r l y  e f f e c t s .  

t h e  r e l a t i v e  d o s e s  r e s u l t i n g  from e x p o s u r e  t o  i n d i v i d u a l  
e lements .  I o d i n e  i s o t o p e s  a c c c u n t  f o r  a b o u t  35 p e r c e n t  
of t h e  expec te l !  a c u t e  bone marrow d o s e  and f o r  a b o u t  8 0  
p e r c e n t  o f , t h e  t h y r c i 6  d o s e .  Ecnc-narrow d o s e  h a s  been 
shown t o  b e  t h e . 2 o r r i n a n t  c a u s e  of e a r l y  f a t a l i t i e s .  
Te l lu r iu r r ;  i s c t o r e s  scccunt  f c r  a b o u t  35 p e r c e n t  of 
t h e  a c u t e  bcne na r row d o s e  ar?c7 a b o u t  20 p e r c e n t  c f  
t h y r o i d  dose. E c a u s e  of t h e  ,long h a l f - l i v e s  of C s  
( 2  y e a r s )  and C s  f 3 7  ( 3 0  y e a r s ) ,  cesium i s  t h e  3 o r i n a n t  
elerrcent f o r  long- te r l r  e x r o s u r e .  However, a f a c t o r  of  
1 0  r e d u c t i o n  i n  t h e  r e l e a s e  f r a c t i o n  of cesiun, r e d u c e s  
t h e  mean number c f  l a t e n t  cBncer f a t a l i t i e s  by o r l y  25 
p e r c e n t .  

f a t a l i t i e s  is  a r e s u l t  of t h e  a s s u r r p t i o n  i n  CF,ACZ t h a t  
l a n d  w i l l  be i n t e r c ? i c t e d  t o  r e d u c e  long- te r r r  e x p o s u r e .  
T h u s ,  r e d u c i n g  t h e  r e l e a s e  f r a c t i o n  cf ces iun;  reduces 
t h e  afiount of i n t e r d i c t e d  l a n d  b u t  d o e s  n o t  s i g n i f i c a n t l y  
a l t e r  t h e  t o t a l  F o F u l a t i o n  e x p o s u r e .  The amount c f  
i n t e r d i c t e c  l a n d  is  v e r y  E e n s i t i v e  t o  t h e  r e l e a s e  f r a c -  
t i o n  G f  cesium. A f a c t o r  of t e n  r e d u c t i c n  i n  t h e  cesiurr 
r e l e a s e  f r a c t i c n  r e s u l t s  i n  an 85% r e d u c t i o n  i n  t b e  
i n t e r d i c t e 9  l a n d  a r e a .  T h e  s e n s i t i v i t y  of l a t e n t  c a n c e r  
f a t a l i t i f s ,  t o  t h e  c r i t e r i o n  used  f o r  t h e  i n t e r 3 i c t i o n  
of l a n d  is, d i s c u s s e d  i n  S e c t i o n  2.7.5.  

of r e d u c t i o n s  i n  t h e  SSTl r e l e a s e  f r a c t i o n s  of  a l l  

T a k l e  2.3.2-1 Ooes,  however ,  p r e s e n t  a meesure  of  

€92 

T h e  s m a l l  r e d u c t i o n  i n  t h e  nur rke r  o f  l a t e n t  c a n c e r  

T a k l e  2.3.2-2 p r e s e n t s  t h e  i n p a c t  on c o n s e c u e n c e s  
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Table 2.3.2-1. Sensitivity of Mean Consequences to Reductio s in SSTl Release 
Fractions of Iodine, Cesium, and Telluriuma, E 

Latent Acute DoseC 
Accident Early Early Cancer Area of Land 
Release. ' Fatalities Injuries Fatalities Bone Marrow Thyroid Interdiction 

SSTl 
( Standard ) lOOb 100 100 100 100 100 

* ?  - -  .: 
50% I 75 
10% I 60 
0% I = .- 50 

- 75 
55 

, '55 

98 
95 
95 

... 85 60 100 
70 30 100 
65 20 100 

tu 
h) 
P 

I 50% Cs 95 95 90 95 100 55 
10% cs - * 90 95 75 90 100 15 

90 60 90 100 1 
- *  

85 _ _  0% cs 

50% Te 75 
10% Te 50 
0% Te 45 

65 
45 
40- 

95 
90 
90 

85 90 100 
70 80 100 
65 80 100 

50% I,CS ' 

10% 1,CS 
0% 1,cs 

70 
45 
40 

' 70 
55 
50 

90 
70 
55 

80 60 55 
60 30 15 
55 ' .  20 1 

50% I,Cs,Te . 40 I 'I 45 85 60 50 55 

- .  
a. Assumptions: 1120 MWe reactor, Indian Point site, New York City meteorology, 

b. All consequences normalized to 100 for source term SSTI. 

c. Relative doses are approximately independent of distance. 

Summary Evacuation. 
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Table 2.3.2-2. S e n s i t i v i t y  of Mean Consequences t o  Reductions i n  SSTl  
Release Frac t ions  of A l l  Elements Except Noble Gasesatb 

Accident Early Early Latent  Cancer Acute Doses' I n t e r d i c t e d  
Release F a t a l i t i e s  I n j u r i e s  F a t a l i t i e s  . Bone. Marrow Thyroid Land Area 

S S T l  
( S tana ar  d ) lOOb 1 0 0  1 0 0  1 0 0  1 0 0  100  

50% SSTld . 30 35 74 53 50 55 

h, 10% SSTld 1 4 32 16 1 0  1 0  
I 
tu 
h) - 

5% SSTld 0 . 2  2 1 9  11 5 5 

4 

1% SSTld  0.03 1 5 8 1 1 

a. Assumptions: 1 1 2 0  MWe r e a c t o r ,  Indian Point  Si te ,  New York C i t y  meteorology, 
Summary Evacuation. 

b. A l l  consequences normalized t o  100  f o r  source term SST1. 

C. Re la t ive  doses a r e  approximately independent of ,d i s tance .  

d .  Release f r a c t i o n s  reduced f o r  a l l  i sotopes except noble gases.  
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elements except the noble gases. The results indicate 
that an order-of-magnitude decrease <in the release 
fractions causes the mean number of .early fatalities 
to decrease by about 2 orders-of-magn-itude and other 
consequenc,es to decrease by about 1 o,ryder-of-magnitude. 
The 99th percentilea of the calculate'd dist*ribution of 
early fatalities for the standard SSTl release was 
8,300. 
other th-an noble gases were reduced to 10 and 1 percent 
of the standard values, the 99th p'ercentile values for 
early fatalit'ies fell' to 100 and 0, respectively. 

Only the impact onL' consequences of potential 
reductions in the magnitude of source terms has been 
examined in th'is section. Two other-areas of large 
uncertainty, the. energy release rate accompanying a 
radioactive release and the physical characteristics 
of the released material (as reflected in the dry 
deposition velo.ci.fy) are discussed in Sect,ions 2.7.2 
and 2.7.3, respectively. Other areas of uncertainty, 
such as release timing (including variable and long 
duration releases) and release height, have not been 
addressed in this study. 

When the SSTl release frac$ions for elements 

. "  
In summary, if resolution of pr'esent uncertainties 

concerning Source term magnitudes determines that the 
amount of material released to the atmosphere is signifi- 
cantly less than that currently assumed, there could be 
large decreas.es in the predicted consequences of large 
core melt accident's .(e.g., SSTl and SST2)-. . Therefore, 
the reader should-bear in mind that the consequences pre- 
sented in this report may be significantly' overestimated 
and, thus, some conclusions drawn may not remain valid. 

I /  

2.4 Site Meteorology and Population - -  . ,' 

In very general terms ,' the predicted c,onseq-uences 
of an accidental release of radioactive material a 
dependent on four,, factors: l),the assumed source term, 
2 )  the meteorological conditions during and following 
the release, 3) the number of people exposed to the re- 
leased material, and 4) the effectiveness of population 
protective measures. In the previous section, the sensi- 
tivity of c31i(:~uences to the source term was discussed. 
In this section,: the impact o i i  ionsequences of the' mete- .. 

-.- ---- 
a. Those consequences 

by 1 out of every 

. : I  

. ._  
I ' . .  . ' 

that would be 
100 releases. 
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i nves t iga t ed .  The impact of emergency p ro tec t ive  
measures on consequences is  discussed i n  Section 2.5.  

2 . 4 . 1  Sens i t iv ' i ty  t o  Meteorological Record 

t o r ' a c c i d e n t s  normally assume t h a t  an accident  may occur 
a t  any t ime, day or n i g h t ,  under any poss ib le  weather 
condi t ions .  So t h a t  a l l  poss ib le  weather condi t ions  a r e  
adequately represented i n  the  c a l c u l a t i o n s ,  CRAC2 samples 
weather sequences from an a c t u a l  record of meteorological 
condi t ions .  The meteorological record required by CRAC2 
c o n s i s t s  of the  s i t e  wind rose and 8760  hourly observa- 
t i o n s  (1 yea r )  of wind speed, atmospheric s t a b i l i t y ,  and 
accumulated p r e c i p i t a t i o n .  
and' Appendix E, approximately 1 0 0  weather sequences a r e  
sampled from the_meteoro logica l  record and used i n  t he  
ca lcu la t , ions  t o  g e n e r a t e  frequency d i s t r i b u t i o n s  fo r  var- 
ious  consequences. Current regula tory  pol icy  r equ i r e s  
a l i censee  t o  monitor meteorological condi t ions  fo r  a t  
l e a s t  l ' y e a r  a s  p a r t  of the  s i t e  approval process [ 2 5 ] .  
Data from reac tor  s i t e s ,  however, a r e  o f t e n  of poor 
q u a l i t y .  Some s i t e  meteorological f i l e s  do not include 
observat ions of p r e c i p i t a t i o n  and t h e r e  a r e  o f t en  llgaps" 
i n  t he  recordings.  For t h i s  s t u d y ,  meteorological 
records from 29 National Weather Service ( N W S )  s t a t i o n s  
were used.with t h e  s i t e  wind rose .  The 29 records represent  
t he  broad range 'df c l i m a t i c  condi t ions  found i n  the United 
S t a t e s ,  ranging from' a r i d  c l ima tes ,  s u c h  a s  Phoenix, A Z ,  
t o  wet c l ima tes ,  such a s  Apalachicola,  FL. NWS d a t a  have 
seve ra l  p o t e n t i a l  advantages over reac tor  s i t e  d a t a  i n  
t h a t  they a r e  gene ra l ly  of higher q u a l i t y ,  a r e  r ead i ly  
a v a i l a b l e ,  contain more d e t a i l e d  observa t ions ,  and a r e  
of du ra t ions  of up t o  30 years .  A desc r ip t ion  of t h e  29  
meteorological records may be found i n  Sect ion A . 3  of 
Appendix A.  

Predic t ions  of t he  p o t e n t i a l  consequences of reac- 

A s  described i n  Sect ion 2 . 2 . 1  

A s e n s i t i v i t y  a n a l y s i s  was performed t o  examine 
the  impact t h a t  t h e  meteorological record used i n  t he  
c a l c u l a t i o n s  has on predic ted  consequences. Each of 
t h e  29 records was used a s  input  fo r  c a l c u l a t i o n s  a t  
t h e  Indian Point and Diablo Canyon s i t e s  ( i . e . ,  t h e  
populat,ion d i s t r i b u t i o n s  and wind rose for  each s i t e  
were use3 w i t h  each of t h e  29 NWS r e c o r d s ) .  Indian 
Point was se l ec t ed  because i t  has one of the  h i g h e s t  
populat ion d e n s i t i e s  surrounding the  s i t e ,  w h i l e  Diablo 
Canyon has one of t he  lowest.  

The  c a l c u l a t i o n s  assumed Summary Evacuation ( s e e  
Sect ion 2 . 5 ) ,  an 1 1 2 0  MWe p l a n t ,  and an SSTl r e l ease .  
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Any observed v a r i a t i o n  i n  t h e  p red ic ted  consequences a t  
e i the r  of t h e  two s i t e s  m u s t  be due  e i t h e r  t o  d i f f e r e n c e s  
i n  t h e  29 meteorological  records  or  t o  inadequacies i n  
t h e  procedure used t o  sample weather sequences. 

The weather sequence sampling procedure c u r r e n t l y  
used with CRAC2 h a s  s e v e r a l  d e f i c i e n c i e s .  Because only 

sequences (e.g. ,  i n t e n s e  r a i n  a t  a s p e c i f i c  d i s t a n c e )  
may no t  be adequately represented.  Sequences t h a t  
con ta in  r a i n  even t s  are c u r r e n t l y  proper ly  weighted 
a s  t o  frequency of occurrence only when t h e  r a i n  event  . -occur s  wi th in  30 miles of t h e  s i t e .  T h i s  i s  probably 
adequate f o r  e a r l y  f a t a l i t i e s ,  which t y p i c a l l y  do not  
occur beyond 25 miles. However, consequences s u c h  a s  
e a r l y  i n j u r i e s  and i n t e r d i c t i o n % o f  land ,  t h a t  have dose 
th re sho lds  and which  occur t o  d i s t a n c e s  s u b s t a n t i a l l y  

’ g r e a t e r  than 30 miles, a re  probably no t  proper ly  repre-  
s e n t e d  by a sampling procedure t h a t  does no t  charac te r -  
i z e  weather sequences beyond 30 miles.  F i n a l l y ,  because 
r a i n f a l l  sequences are not  weighted f o r  r a i n f a l l  i n t e n -  
s i t y ,  ground contamination a l s o  may no t  be adequately 
cha rac t e r i zed  by t h e  c u r r e n t  sampling procedure. 

Figure 2.4.1-1 p r e s e n t s  t h e  29 e a r l y  f a t a l i t y  
CCDFsa  f o r  t h e  Indian Poin t  s i t e  obtained using t h e  29 
meteorological  records.  P r o b a b i l i t i e s  are  cond i t iona l  
on t h e  occurrence of a n  S S T l  accident .  The means of t h e  
29 cond i t iona l  d i s t r i b u t i o n s  vary by less than a f a c t o r  

’ of 2 .  A t  t h e  90th p e r c e n t i l e  of  t h e  d i s t r i b u t i o n s ,  t h e  
consequences  range  from about  2000 t o  4000  e a r l y  f a t a l -  
i t i e s .  A t  t h e  99th percent i le ,  t h e  range is  about 7000 
t o  14,000. The higher-consequence even t s  with condi- 
t i o n a l  p r o b a b i l i t i e s  less than t y p i c a l l y  r e su l t  
from sequences w i t h  an onse t  of p r e c i p i t a t i o n  over a 
populated area. ,The frequency of p r e c i p i t a t i o n  ( f rac-  
t i o n  of hours w i t h  recorded p r e c i p i t a t i o n )  i n  t h e  29 
records  v a r i e s  by about a f a c t o r  of  10,  ranging from 
1 percent  fo r  t h e  Phoenix record t o  10 percent  a t  Caribou, 
ME (see Table A.3-3). Therefore,  t h e  p r o b a b i l i t i e s  of 
t h e  high-consequence even t s  a l s o  vary by about a f a c t o r  
of 1 0 .  The peaks (maximum calculated number o f  e a r l y  
f a t a l i t i e s )  of t h e  29 e a r l y  z a t a l i t x  CCDFs a l so  vary 
by about a f a c t o r  of t e n  (10 t o  10 f a t a l i t i e s ) .  This 

- one year of d a t a  is sampled, very low p r o b a b i l i t y  

a. - Complementary Cumulative D i s t r i b u t i o n  Functions are  
log-log p l o t s  of t h e  p r o b g b i l i t y  t h a t  a consequence 
of  a given magnitude w i l l  be equal led o r  exceeded. 

2-25 



I 

' X  

A. 
w 
0 

-4 
rl 
-4 

' %  
% 
k 
PI 

rl 
Id 
E: 
0 

' .r( 
+, 
-4 a 
E: 
0 u 

Figure 2.4.1-1 

l o 0 T - -  

l 0 I  Indian Point \ 

X 

A 

(d 
c 
0 
-4 
4J 
-4 a 
c 
0 
W 

X ,  Early Fa ta l i t i es .  
X ,  Early Fa ta l i t i e s  



range probably is caused by inadequacies in the weather 
sequence sampling procedure used in the calculations. 

In marked contrast to the Indian Point result, 
the 29 early fatality CCDFs for the Diablo Canyon site 
(Figure 2.4.1-2) are not "closely- clustered. Because of 
the very low population density surrounding the Diablo 
Canyon site, early fatalities occur above the 99th per- 
centile of the distributionsa for only one of the 29 
meteorological records. Examination of the sequences 
which produced any early fatalities showed that almost 
all were sequences containing precipitation. The spread 
of the distributions (as much as 2 orders of magnitude 
in both probabilities and consequences) is causeg by 
variations in the frequency of precipitation among the 
29 records and inadequacies in the weather sequence 
sampling procedure. 

Results similar to those presented in Figure 2.4.1-2 
were found by Sprung C261 for calculations with buoyant 
plumes where, again, the occurrence of precipitation is 
required to produce significant numbers of early fatal- 
ities (Note that all releases in the present study are 
assumed to be non-buoyant. 
on predicted consequences is discussed in Section 2.7.2.) 

The effect of plume buoyancy 

Figures 2.4.1-1 and 2.4.1-2 indicate that out to the 
.99th percentile of the conditional distributions, the 
meteorological record used in'the-calculations does not 
have a significant impact on the predicted distributions 
of early fatalities (CCDF mean values differ by less than 
a factor  of 2 ) .  Figures 2.4.1-3 and 2.4.1-4 show the 29 
early-injury CCDFs for the two sites. Except for three 
of thk meteorological records, there is again very little 
variation among conse uences with conditional probabili- 

Apalachicola, Seattle, and El Paso meteorological records 
,at the Indian Point site and the Apalachicola and Seattle 
records at Diablo Canyon. Apalachicola and Seattle are 
two of the "wetter" meteorological records : inexplicably, 
El Paso is one of the driest. The source of these anom- 
alies is not certain, but is probably due<to inadequacies 
of the weather sequence sampling procedure (i.e., rain 
events beyond 30 miles are not appropriately weighted). 

ties greater than:10- 9 . The outlying curves are for the 

--- 
a. Those consequences that would be equalled or exceeded 

by 1 out of every 100 releases. 
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Figures 2.4.1-5 and 2.4.1-6 p resent  the 29 l a t e n t  
cancer f a t a l i t y  CCDFs f o r  the two s i t e s .  Both f i g u r e s  
show v a r i a t i o n s  only i n  t h e  p r o b a b i l i t i e s  of t h e  high- 
consequence e v e n t s ,  most l i k e l y  a r e f l e c t i o n  of t h e  
d i f f e r e n t  p r o b a b i l i t y  of p r e c i p i t a t i o n  i n  each meteor- 
o log ica l  record.  These two f i g u r e s  c l e a r l y  i n d i c a t e  
t h a t  the  meteorological record does not  have a s i g n i f i -  
can t  impact on predic ted  d i s t r i b u t i o n s  of l a t e n t  cancer 
f a t a l i t i e s .  

Figure 2.4.1-7 shows t h e  interdicted-land a rea  
CCDFs for  t he  29 records.  In t e rd i c t ed  land is  a mea- 
su re  of t h e  p o t e n t i a l  o f f s i t e  economic consequences of 
an acc ident  and is  ca l cu la t ed  independent of population 
d i s t r i b u t i o n  and wind rose .  A t  t h e  9 0 t h  p e r c e n t i l e ,  
t h e  predicted a r e a s  vary by about a f a c t o r  of 3 .  There 
i s  a 2-order of magnitude spread i n  t h e  p r o b a b i l i t i e s  
of t h e  CCDF maxima (high-consequence sequences).  The 
d i f f e r e n t  P r o b a b i l i t i e s  of p r e c i p i t a t i o n  among the  2 9  
meteorological records can account fo r  about 1 order  
of magnitude. The remaining f ac to r  of 10 most l i k e l y  
is caused by inadequacies i n  the  weather-sequence 
ca t egor i za t ion  procedure ( s e e  Appendix E ) .  

T h i s  s e c t i o n  has examined the  s e n s i t i v i t y  of 
consequence magnitudes t o  meteorological record.  The 
s e n s i t i v i t y  t o  meteorological record of  the  d i s t a n c e s  t o  
which consequences occur is discussed i n  Sect ion 2 .6 .  

The following conclusions can be drawn from t h i s  
s e n s i t i v i t y  ana lys i s :  

o Given a spec i f ic .  r e l e a s e ,  t h e  one-year meteor- 
o log ica l  record used i n  t he  c a l c u l a t i o n s  does 
not  have a s i g n i f i c a n t  impact on predicted 
consequences out  t o  t h e  9 9 t h  p e r c e n t i l e  of t h e  
d i s t r i b u t i o n s .  Therefore,  when s u i t a b l e  meteor- 
o l o g i c a l  d a t a  is not  a v a i l a b l e  from t h e  s i t e ,  
t h e  u s e  of s u b s t i t u t e  meteorological d a t a ,  suck! 
a s  t h a t  a v a i l a b l e  from a nearby National Weather 
Service s t a t i o n ,  is  probably adequate fo r  per- 
forming consequence c a l c u l a t i o n s  w i t h  CRAC2. 

o Major d i f f e r e n c e s  i n  p red ic ted  consequences 
among the  29 meteorological records occur a t  
p r o b a b i l i t i e s  less than and probably a r i s e  
from v a r i a t i o n s  i n  t h e  frequency of p r e c i p i t a -  
t i o n  and inadequacies i n  the  procedure used  t o  
sample weather sequences. 
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o F u r t h e r  refinement is  needed i n  t h e  CRAC2 
treatment of meteorological  da ta . ,  Poss ib l e  
improvements include the u s e  ii.1 t h e  weather 
sequence sampling procedure of more ,than 1 
year of weather d a t a  and " the  cons.ider,ation 
of p r e c i p i t a t i o n  i n t e n s i t y .  I n  add i t ibn ,  
sequences w i t h  an onse t  of p r e c i p i t d t i o n  may 
need t o  be categorized t o  d i s t a n c e s  beyond' 
t h e  p re sen t  30 'mi les ,  perhaps t o  1 0 0  miles.  

' \  

* ,  

. .  . . .  
. . .  , . , .  . _  

x, Interdicted Land 'Area 

. , .  

. .  . . .  

. .  

(sq. mi) 
i 

Figure 2 . 4 . 1 - 7 .  I n t e r d i c t e d  Land Area Complementary 
Cumulative D i s t r i b u t i o n  Functions (CCDFs) Generated 
w i t h  Meteorological Data from 29 National  Weather 
Se rv ice  S t a t i o n s .  P r o b a b i l i t i e s  a r e  cond i t iona l  
on a n  SSTl acc ident  occurr ing.  The  means of t h e  
d i s t r i b u t i o n s  range from 7 2  t o  1 4 0  square  miles. 
AssumFtion: 1 1 2 0  M W e  r eac to r .  
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2 . 4 . 2  

i n  determin'ing reac tor  accident  consequences, a sensi-  
t i v i t y  s t u d y  was performed u s i n g  the a c t u a l  population 
d i s t r i b u t i o n  and 1-year average wind rose from each o f  
the  9 1  U.S. 'reactor s i t e s  having e i t h e r  an operating 
l i c e n s e  or a cons t ruc t ion-permi t .  Calculat ions per- 
formed u s i n g  ac tua l  s i t e  population d i s t r i b u t i o n s  a l s o  
provide a b e t t e r  understanding of pas t  s i t i n g  pol icy 
and a reference aga ins t  which the consequences of pro- 
Fosed s i t i n g  p o l i c i e s  can be compared. 

S e n s i t i v i t y  t o  S i t e  Population Dis t r ibu t ion  

To exarrrine< the  r o l e  of  population d i s t r i b u t i o n  

For each of the  9 1  s i t e s ,  a representa t ive  meteoro- 
l o g i c a l  record was se l ec t ed  from the  29 National Weather 
Service records used i n  t h i s  s t u d y  ( s e e  Appendix A ) .  
As d i s c u s s e d  i n  t h e  previous s e c t i o n ,  t h e  meteorological 
record used i n  the  c a l c u l a t i o n s  h a s  o n l y  a marginal 
impact on the  pred ic ted  d i s t r i b u t i o n  of  consequences. 
T h u s ,  the  uncer ta in ty  r e s u l t i n g  from u s i n g  a s u b s t i t u t e  
record ( r a t h e r  than one obtained a t  the  s i t e )  is  proba- 
b ly  not s i g n i f i c a n t .  Since the  purpose of t h i s  s t u d y  
was t o  examine the  impact on consequences of s p e c i f i c  
s i t e  c h a r a c t e r i s t i c s ,  a standard 1 1 2 0  MWe reac tor  was 
assumed a t  a l l  9 1  s i t e s .  Consequently, t he  r e s u l t s  of 
t h e s e  c a l c u l a t i o n s  a re  - not assessments of e x i s t i n g  
r e a c t o r - s i t e  combinations,  and it  would be misleading 
t o  u s e  them a s  such. F ina l ly ,  each c a l c u l a t i o n  a l s o  
assumed the  occurence of an SSTl r e l ease  and of Summary 
Evacuation. 

Figures 2.4.2-la through 2.4.1-lc show e a r l y  
f a t a l i t y ,  e a r l y  i n j u r y ,  and l a t e n t  cancer f a t a l i t y  
CCDFs  f o r  a l l  of t he  91  s i t e s .  The f i g u r e s  h ve been 
t runcated a t  cond i t iona l  p r o b a b i l i t i e s  of  10 -  (one 
i n  a thousand r e l e a s e s ) .  T h i s  was done because con- 
sequence p r o b a b i l i t i e s  and magnitudes fo r  improbable 
events  ( hose w i t h  condi t iona l  p r o b a b i l i t i e s  l e s s  
than l o - $ )  a r e  very uncer ta in .  A l a r g e  p a r t  of t h i s  
uncer ta in ty  i s  due t o  the  assumption o f  an evacuation 
only w i t h i n  1 0  miles .  Because of t h i s  assumption, a l l  
persons beyond 1 0  miles  were assumed t o  be exposed t o  
deposi ted rad ionucl ides-  for  1 day, regard less  of dose- 
r a t e a .  Any emergency a c t i o n s  taken beyond 1 0  miles  

3 

A 

a .  Under some meteorological condi t ions ,  the 1-day 
bone marrow dase a t  1 0  mi les  can exceed 1 0 0 0  rem. 
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s e n t a t i v e  meteorology. Range of means: e a r l y  f a t a l i t i e s  0 .4  t o  970, 
ea r ly  i n j u r i e s  4 t o  3600, and  l a t e n t  c a n c e r  f a t a l i t i e s  230 t o  8100. 
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(e.g., sheltering or prompt relocation) would signifi- 
cantly mitigate the consequences of low-probability, 
high consequence events C271. The effect on conse- 
quences of different emergency response scenarios is 
discussed in Section 2 . 5 .  

. 

The 91 early fatality CCDFs range (on the proba- 
bility axis) over almost 3 orders of magnitude in the 
conditional probability of any early fatalities Ci.e., 
P( 2111 and over nearly 4 orders of magnitu e in conse- 
quences at a conditional probability of lo-' (consequence 
axis). The conditional means of the 91 CCDFs range from 
0.4 to 970 fatalities. Figure 2.4.2-2 prese'nts a histo- 
gram of the conditional qeans of the early fatality 
CCDFs versus number of sites. Only four sites have 
means above 250 fatalities; over half are less than 50. 
Table C-1 in Appendix C lists the conditional mean 
number of early fatalities, early injuries, and latent 
cancer fatalities for each of the 91 sites. The 99th 
percentilea of the conditional distributions of early 
fatalities range from zero to 8000. Figure 2.4.2-3 
presents a histogram of the 99th percentile of the 
distributions versus number of sites. 

The 91 early injury CCDFs (Figure 2.4.2-1b) range 
over approximately 1 order of magnitude in the condi- 
tional probability of having any injuries [P( 21)] and 
over 2 orders in consequence magnitude at a conditional 
probability of The conditional mean numbers of 
early injuries range from 4 to 3600. The latent cancer 
fatality CCDFs (Figure 2.4.2-1c) show less than 1 order 
of magnitude spread on both axes. 
of the latent cancer fatality CCDFs range from 230 
to 8100. 

The conditional means 

In Section 2.4.1, it was shown that the meteor- 
ological record does not significantly affect the cal- 
culated distributions of consequences. Therefore, the 
wide variability in calculated distributions displayed 
in Figures 2.4.2-la through c (early fatalities, early 
injuries, latent cancer fatalities) can be due only to 
differences in the 91 population distributions since 
all other factors were either held constant or have 
no significant effect on predicted consequences. 

- 
a. Those consequences that would be equalled or exceeded 

by 1 out of every 100 releases. 
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The different degrees of variability of the 
three consequences are primarily due to the different 
distances to which each,consequence occurs. Within 
20 miles of the reactor there is tremendous variabil- 
ity in'the 91 population distributions. Within this 
distance, the population .densities''r_ange from 1 to 
710 people per square mile (see Section 3 ) .  There- 
fore, the distributions of early 'fa'talities, which are 
confined to aieas within a few tens of miles of the 
site (most ?cur within a few miles, see Section 2.6), 
show the CJ atest variability. Early-injuries can 
occur to many tens of miles', but most occur within 
about 30 miles. Within 50 miles of the 91 sites, 
average population densities range from 10 to 2100 
people per square mile. Since this range (factor of 
210) is less than that observed to 20 miles (factor of 
710), the variability in the 91 early injury CCDFs is 
less than that obtained for early fatalities. Finally, 
when averaqed over very large areas, the variability 
in the 91 population distributions is greatly reduced. 
The population densities within 200 miles of the 91 
sites vary between 14 and 3 3 5  people per square mile 
(factor of 24). Thus, the distributions of latent 
cancer fatalities, which can occur over very large 
areas, show. the least variability. ' 

Some specific characteristics of'population 
distributions which might impact the variability 
of consequences are discussed in Section 2.7.4. 
Finally, for each of the 91 sites examined in this 
report, early fatality, early injury, and latent 
cancer fatality CCDFs conditional on an  SSTl release 
are presented in Appendix C. When examining these 
C C D F s ,  it is important to remember that they are 
not truly site specific. Although each CCDF was 
calculated using the site's wind rose, the population 
distribution about the site, and an appropriate 
substitute meteorological record, the SSTl release 
assumed in each calculation was not modified to 
reflect the specific design of the site's reactor. 
Instead, a standard 1120 MWe PWR was assumed in 
each calculation. 
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2.5 Sensitivity to Emergency Response 

Should an accident at a nuclear power plant 
lead to a significant release of radioactivity, public 
radiation exposures.tould be mitigated by evacuation, 
sheltering, reloca-tion, -or rnqdical FrOFhylaXiSa. 
Summary Evacuation within 10 miles was assumed in most 
of the calculations presented in other sections of 
this report. In this section the sensitivity of e'arly 
fatalities and early injuries to emergency response is 
examined by a series of parametric calculations. All 
of these calculations assume an SST1 release from an 
1120 MWe reactor, Indian Point population and wind rose, 
and New York City meteorology. 

The emergency response 'submodel in CRAC2 was brief- 
ly described in Section 2.2.2 and is mcre fully described 
in'this section and in Appendix E. The model allows for 
the mitigation of radiation exposures by evacuation or by 
sheltering follcwed by relocation. Evacuation is charac- 
terized by the dkldy time between accident warning and 
the initiation of evacuation, by the distance within 
which people evacuate, and by the evacuation speed [8]. 
Sheltering is characterized by the distance within which 
all people take shelter, the 'shielding factors afforded 
by the structures in which they take shelter [29-311, and 
the delay time between cloud passage and the relocation 
of sheltered Fopulation. +The parameters that describe 
these emergency response scenarios are first defined 
and then the results of the pararrietric calculations are 
p r e se n t edr. 

a. Evacuation is the expeditious movement of people 
to avoid exposure to the passing cloud of radio- 
active material. Sheltering is the expeditious 
movement of people indoors, if possible, into 
basements or masonry buildings which afford en- 
hanced shielding from radiation. Relocation is 
the movement of exposed persons out of contaminated 
areas after the passage of the radioactive cloud. 
Medical Prophylaxis is the administration of agents 
which decrease or block internal exposures (e.g.# 
KI prophylaxis decreases thyroid exposures [28]). 
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^' 
I .  The following eight parameters, essentially deter- 

mine the impact of'the CRAC2 eme)rgency response model 
on consequence predictions: 

-, 

Warning Time: Time from accident notification by 
plant personnel to,release of radioactivity due to 
containment 'failure (e.g., 0.5 hr for SST1). 

Delay Time: Time from accident notification to the 
initiation of emergency response ( 0  hr for sheltering; 
1-5 hr for evacuat+ion) . 
Evacuation Radius: I n e  radius within which all 
occupants of a 90" sector (centered,on the plume 
centerline) evacuate (10 mi in the base case 
calculation). 

- .. .- 

Evacuation Speed: The effective speed at which eva- 
cue'es move radially away from the reactor (10 mph in 
the base case calculatlon). 

Evacuation Distance: The radial distance to which 
the evacuees.move ( 5  mi beyond the evacuation radius; 
therefore, 15 mi for ,the base case, calculation) before 
they are removed from the calculation because they are 
assumed to have enough information to avoid additional 
exposure. 

Sheltering Radius: The radius within which all non- 
evacuating occupants of a 90" sector (centered on the 
plume,). take sh er. If the sheltering radius is less 
than or equal, the evacuation radius, only evacuation 
takes place. If. the sheltering radius is larger than 
the evacuatio'n radius, then all persons between the' 
evacuation radius and the sheltering radius take shel- 
ter. Beyond the sheltering radius, normal activity'is 
agsui,ed to contin ' (i .e., some people are outdoors) . 
Shielding Factor C291: The fraction of the dose"to , 

an unsheltered individual received by an individual , 

sheltered in a building or in'a vehic'le (i.e., during 
evacuation) . Shielding factors for buildings 'depend 
on the housing stock (percent brick, availability of 
basements.) and,* therefore, vary by geographic region. 
Different shielding factors are used to decrease 
unshielded exposurep*'to the radioactive plume and to 
contaminated ground-'(see Appendix A ) .  

% "  
.I - , 

1 .  * .  

.~ 
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Relocation Time :  The period which-elapses a f t e r  pas- 
sage of the r ad ioac t ive  plume' before non-evacuating 
ind iv idua l s  a r e  moved from contaminated a reas  ( 2 4  hr 
i n  t he  base case c a l c u l a t i o n )  

Rela t ionships  between seve ra l  of these  e i g h t  emergency 
response model parameters a r e  schematical ly  depicted 
i n  Figure 2.5-1. 

t h e  s p e c i f i c a t i o n  of up t o  s i x  d i f f e r e n t  emergency re -  
sponse scenar ios  and w i l l  c a l c u l a t e  a weighted average 
of the  r e s u l t s  fo r  any designated s e t  of scenar ios .  
CRAC2 ca lcu , la t ions  presented i n  other  s e c t i o n s  of t h i s  
r epor t  gene ra l ly  assume "Summary Evacuation ,'I w h i c h  is 
t h e  weighted summation o f '  t h ree  d i f f e r e n t  evacuation 
scena r ios  a s  fol lows:  

'The C v C 2  emergency response submodel allows for  

Delay 
Scenario Type of Response Response Before 

Number Weighta Response Distance Speed Re s po n s e 

1 3 0 d  evacuation 1 0  mi les  1 0  mph 1 hour 
2 40rd evacuation 1 0  n i l e s  1 0  mph 3 hours 
3 3 0 %  evacuation 1 0  mi les  1 0  mph 5 hours 

a .  The 30%/40&/30% weighting provides a b e s t  f i t  t o  EPA 
evacuation d a t a  [ 7 ]  (See Appendix E ) .  

The s e n s i t i v i t y  of  the  CRAC2 evacuation rcodel ' to 
evacuation speed has been previously inves t iga ted  by 
Aldrich,  e t  a l .  [9], who found t h a t ,  fo r  evacuation 
w i t h i n  1 0  mi les  a f t e r  a 3 hour de l ay ,  e a r l y  f a t a l i t i e s  
were minimally a f f ec t ed  by e f f e c t i v e  evacuation speed 
provided t h a t  the  evacuation speed was a t  l e a s t  1 0  mph. 
The impact of de lay  time on e a r l y  hea l th  e f f e c t s  is  
i l l u s t r a t e d  i n  Figure 2 .5 -2 ,  which p resen t s  e a r l y  
f a t a l i t y  C C D F s  for  1 0  mph evacuations w i t h i n  1 0  mi les  
a f t e r  de lays  of 1, 3, and 5 hours,  r e spec t ive ly  
( s c e n a r i o s : l ,  :2, and 3 ) .  Also p l o t t e d  is t h e  CCDF for  
Summary Evacuation, which is the  30:40:30 weighted 
summation of the  C C D F s  f o r  s cena r ios  1, 2 ,  and 3 .  
Figure 2.5-2 shows (1) t h a t  e a r l y  f a t a l i t i e s  a r e  
s u b s t a n t i a l l y  decreased by s h o r t  delay t imes (51 h r ) ;  
and ( 2 )  th ' a t  Summary Evacuation y i e l d s  r e s u l t s  near ly  
i d e n t i c a l  t o  those obtained for  sc'enario 2 ( 3  h r  d e l a y ) .  

2-40 



c e 

Figure 2.5-1. 

Relationships Between 
Evpcuation Model Parameters. 
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Figure 2.5-2. 

Early Fatality Complementary Cummulative 
Distribution Functions for 10 mph Evacua- 
tions within 10 Miles after Delays of 
1, 3, and 5 Hours (Scensrios 1, 2, and 3, 
respectively) and f o r  Summary Evacuation. 
Assumptions: 1120 MWe reactor, Indian 
Point popxation and wind rose, New York 
City meteorology. 



Table 2.5-1 presents mean and 99th percentilea values 
of early fatalities and early injuries for emergency 
response scenarios 1, 2, and 3 and for Summary Evacuation. 
The table shows (1) that, for evacuations of population 
within 10 miles of the reactor, mean and 99th percentile 
values of early fatalities are more sensitive to delay 
time than are the corresponding values for early injuries; 
and (2) that for both early fatalities and early injuries, 
99th percentile values are about 10 times mean values. 

The different sensitivities displayed result large- 
ly from the fact that each consequence has a different 
characteristic distance within which the consequence is 
calculated to occur (distance dependencies are discussed 
in detail in Section 2.6). For most weather sequences, 
fatal doses of radiation are generally confined to dis- 
tances of less than 10 miles. Therefore, for almost all 
of the weather sequences sampled, the entire population 
potentially subject to fatal radiation doses is evacuat- 
ing. Consequently, mean and 99 percentile values for 
early fatalities are highly sensitive (factors of 8= 
1400/180 and 7%10,000/ 1400) to delay time. In contrast 
to this, doses of radiation sufficient to cause early 
injuries frequently occur to distances significantly 
greater than 10 miles. Therefore, because a significant 
fraction of the population potentially subject to doses 
sufficient to cause injuries (i.e., the population beyond 
10 miles) is not evacuating, mean and 99th percentile 
values of early injuries are less sensitive (factors of 
1.7 and 1.1) to delay time than are the corresponding 
values for early fatalities. Finally, for evacuations 
of population within 10 miles, peak values (worst case 
calculated for any weather sequence, conditional probabi- 
lities of 5~0'~) of early fatalities and early injuries 
are essentially insensitive to evacuation delay time 
e.g., in Figure 2.5-2 the four early fatality CCDFs have 
identical tails). This is because early fatality and 
injury worst case results (CCDF tails) are caused by 
rainout of radioactivity from the plume onto population 
centers (cities) located more than 10 miles from the 
reactor. Since theseecities were not evacuated in this 
set of calculations, these calculations yield peak values 
of early fatalities and early injuries that are not 
affected by evacuation delay time. 

in which population is evacuated upon early fatalities 
Table 2.5-2 presents the effect of the distance with- 

A 

--- 
a. Consequence magnitude that would be equalled or 

exceeded following 1 out of every 100 releases. 
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Table 2.5-1. Effect of Delay Time on Early Fatalities 
and Early Injuries for Evacuation to 10 
Miles. Results are Conditional on an SSTl 
Release. 

Delay Early Fatalities Early Injuries 
Time (hr) Mean 99th Percentile Mean 99th Percentile - 

1 180 1,400 2500 30,000 

3 920 8,000 4000 32,000 

5 1-400‘ . * 10,000 4300 34,000 

Summary 830 . 8,300 3600 33,000 
-- r .  -- 

Assumptions: 1120 MWe reactor, SSTl release, Indian Point 
population and wind rose, New York City meteorology. 

Table 2.5-2. Effect of Evacuation Distance on Early 
Fatalities and Early Injuries for Summary 
Evacuation. Results are Conditional on 
an SSTl Release. 

Evacuation Early Fatalities Early Injuries 
Distance (mi) , M e a n  99th Percentile Mean 99th Percentile 

> -  

Oa 3600 ’ 18,000 6300 . A ’  41,000 

5. 1100 11,000 5500 ; 40,000 

10 830 8,300’ 3600’ ’ 33,000 

25 7 0.0 7,200 1800 ‘ 9,’400 
------I 

- -_I_- --I--.-- 

a. No evacuation 

Assumptions: 1120 MWe reactor, SSTl release, New York 
City meteorology, Indian Point population and wind rose. 
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and early injuries for Summary Evacuation. The table 
shows that;mean and 99th percentile values of early 
fatalities and injuries are all quite sensitive to the 
distance within which population is evacuated. Becaus 
worst case results (conditional probabilities of s10-5) 
for early fatalities are generally caused by rainout of 
the radioactive plume onto a city located further than 
10 but less than 25 miles from the reactor, evacuation 
within 25 miles lowers the worst case number of early 
fatalities from 57,000 (for evacuation within 10 mi) to 
15,000 (for evacuation within 25 mi). 

The next three tables examine the sensitivity 
of early health effects to sheltering parameters. 
Table 2.5-3 displays the effect of the distance within 
which population takes shelter in preferred locations 
(building interiors, basements if available) on early 
fatalities and early injuries. Examination of the table 
shows that the effect of response distance for sheltering 
is similar' to that for evacuation. Mean and 99th percen- 
tile value's of early fatalities and injuries are all 
quite sensitive to sheltering distance. As before, 99th 
percentile values are about 10 times the mean result and 
a 25 mile response distance significantly decreases (by 
about a factor of 5 )  the worst case result (conditional 
probability of below the result obtained with a 
10 mile response distance. 

Table 2-.5-4 illustrates the impact of the avail- 
ability of basements upon the degree of shielding (and 
thereby the reductions in consequences) afforded by 
sheltering. The table shows that mean and 99th per- 
centile values of early fatalities are substantially 
decreased, if Northeast regional shielding factors 
(building characteristics: 87% basements, 47% brick) 
are used rather than Pacific Coast regional shielding 
factors (building characteristics: 239 basements, 27% 
brick) C291. Because sheltering was assumed to take 
place only to 10 miles, mean and 99th percentile values 
of early injuries show a lessened sensitivity. These 
results are consistent with results previously obtained 
by Aldrich et al. C271. 
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Table 2 . k - 3 .  'Effect of Sheltering Distance on Early 
Fatalities and 5arly Injuries for 
Preferential' Sheltering Followed by 
Reloc-ation. Results are Conditional 
on an SSTl -9elease. 

Sheltering Early Fatalities -' Early Injuries 
Distance (mi) Mean 99th Percentile Mean 99th Percentile 

5 83 0 9,300 5 6 0 0  40,000 

1 0  56 0 5,500 3700 32,000 

15  49 0 4,900 2 7 0 0  25,000 

25 . 420 4,500 1800 11,000 

Assumptions: 1120 MWe reactor, SSTl release, Indian Point 
populakion and wind rose, New York City meteorology, no 
evacuation, Northeast regional shielding factors, reloca- 
tion after 6 hr. 

Table 2.5-4. Effect of EarLy Fatalities and Early 

Followed by',Relocation. Results are 
Conditional on an SSTl Release. 

. . Injuries for Sheltering to 10 Miles 

Number of Early Fatalities Early Injuries 
Basements' Mean 99th Percentile Mean 99th Percentile - 
Fewa b 1200" 9,300 4100 34,000 

Manyb 56 0 I 5,500 3700 . 32,OQO 

a. 238'basements (Pacific Coast regional shielding 
factors used, se ppendix A). 

b. 87% basements (Northeast regional sh'ielding f.actors 
used, see Appendix 'A). 

Assumptions: 1120 MWe reactor, SSTl release, Indian 
Point population and wind rose, New Y o r k  City meteor- 
ology, no evacuation, relocation after 6 hr. 

Grs 

2-45 



After plume passage, relocation of sheltered pop- 
ulations decreases exposure'to contaminated ground. 
The effect upon early fatalities and early injuries 
of decreasing relocation time from 24 to 6 hours is 
presented in Table 2.5-5. As before, because shelter- 
ing was assumed to take place only to 10 miles, mean 
and 99th percentile early injury values show little 
sensitivity, while mean and 99th percentile values for 
early fatalities decrease by a factor of two. 

Table 2.5-5. Effect of Relocation Time on Early 
Fatalities and Early Injuries for 
Sheltering to 10 Miles. Results are 
Conditional on 'an SSTl Release. 

Relocation Early Fatalities Early Injuries 
Time (hr) - Mean 99th Percentile Mean 99th Percenrile 

6' 560 5,500 3700 32,000 

12 750 7,500 3800 33,000 

24 1200 9,300 4100 34,000 

Assumptions: 1120 MWe reactor, SSTl release, Indian 
Point population and wind rose,  New York City meteor- 
ology, no evacuation, Northeast regional shielding 
factors. 

Table 2.5-6 gathers together in a single table 
the results of all the calculations which examined 
evacuation or sheltering separately. The table pre- 
sents the variation with response distance of early 
health consequences for five evacuation scenarios and 
three sheltering scenarios. 
shows that for any-response distance, expeditious 
evacuation (I hr delay, 10 mph) and sheltering with 
expeditious relocation (after 6 hr) yield the smallest 
predictions of early health consequences. 
also confirms the strong dependence of mean early 
health consequences on response time and the less 
strong dependence on response distance. 

Examination of Table 2.5-6 

The table 
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Table 2.5-6. Dependence of Early Fatalities and Early Injuries on Response Distance for Eight 
Emergency Response Scenarios. Results are Conditional on an SSTl Release 

Emergency Response Response Distance (mi) 

E Y E  Characteristics 

Evacuation 5 hr delay, 1 mph 
5 hr delay, 10 mph 
3 hr delay, 10 mph 
Summary Evacuation 
1 hr delay, 10 mph 

Shelteringb 24 hr relocation 
12 hr relocation 
6 hr relocation 

Evacuation 5 hr delay, 1 mph 
5 hr delay, 10 mph 
3 hr delay, 10 mph 

' Summary Evacuation 
1 hr delay, l0,mph 

Shelteringb 24 hr relocation 
12 hr relocation 
6 hr relocation 

25 l5 . ' 6  5 10 
, -  

Mean Early Fatalities .' 

3,600 2.100 1,900 1,800 1,800 

3.600 1,200 920 860 790 
3.600 1,100 83 0 78 0 7 00 

3a6o0 1.600 1,400 1,300 1,250 

3,600 440 180 11 0 40 

3,600 C 1,200 C C 
C 3,600 75 0 C C 

3,600 830 56 0 49 0 42 0 

99th Percentile Early Fatalitiesd 

18,000 16,000 14,000 12,000 11,000 
18.000 14,000 10,000 9,400 8,800 
18,000 11,000 8,000 7.300 7,000 
18.000 11,000 8.300 1,600 1.200 
18,000 7,000 1.400- 1,200 1,000 

- 16.000 C 9,300 C C 
18,000 C 7,500 C C 
18,000 9,300 5,500 4.900 4.500 

Oa 5 10 15 25 
- 

Mean Early Injuries 

6,200 , 5 , 3 0 0 -  5,100 4.700 
2,500 6.000 4.300 3,300 

6,JOO 5,800 4,000 3,000 2,200 
6 ,'300 5,500 3,600 2,700 1,800 
6,300 4.600 2,500 1,500 700 

6,300 
6,300 ' 

6.300 C 4,100 
6,300 3., 800 
6,300 5,600 3,700 2,700 1,800 

C C 
C C C 

99th Percentile Early In juriesd 

41,000 41,000 40.000 41,000 28,000 
41.000 40.000 34,000 26,000 10,000 
41.000 40,000 32,000 26,000 10.000 
41,000 40,000 33.000 26.000 9,400 
41,000 39.000 30,000 24,000 5,200 

41,000 C 34.000 
41,000 .C 33.000 
41,000 40.000 32.000 25,000 11.000 

C C 
C C 

Assumptions: 

a. NO emergency response. 

1120 MWe reactor, SSTl release, Indian Point population and wind rose, New York City Meteorology. 

d. Consequence magnitude equalled b. Northeast Regional Shielding Factors. C. Not calculated. 
1 or exceeded following 1 out of 

I h  every 100 releases. 



Figures 2.5-3 and 2.5-4 present the variation 
with distance of the risk to an individual of early 
health effects (death o r  injury) for seven emergency 
response scenarios. The figures show that, as distance 
decreases, the different scenarios predict increasingly 
similar inpividual risks (the seven riisk curves con- 
verge). The curves converge at short distances because 
many weathier sequences result in radiation doses large 
enough to have fatalities or injuries for each of the 
seven emergency response scenarios. For example, expe- 
ditious evacuation (1 hr delay) is not always adequate 
because for many weather sequences the radioactive plume 
reaches people before they begin'to evacuate. And 
sheltering with expeditious relocation is inadequate 
because for many weather sequences fatal or injury 
causing doses are still received by sheltered persons 
even with expeditious relocation,. Accordingly, because 
at short distances each of the seven scenarios fails to 
provide sufficient protection for a substantial number of 
weather sequences, at these distances little sensitivity 
to differences in emergency response is observed. In 
agreement with Table 2.5-6, both figures show that 
individual risk of early health consequences decreases 
most rapidly with distance for expeditious evacuation 
(1 hr delay, 10 mph) or sheltering with expeditious 
relocation (after 6 hr). 

The emergency response submodel in CRAC2 is able 
to apply one emergency response scenario to an inner 
region and a second scenario to an outer region. 
this option, the impact of emergency response scenarios, 
which call for both evacuation and sheltering, and the 
effect of response beyond 10 miles were briefly exam- 
ined. Table 2.5-7 presents some evacuation data from 
Table 2.5-2 and contrasts that data with results ob- 
tained for emergency response scenarios which call for 
evacuation of population within 10 miles and sheltering 
of population from 10 to 25 miles. The table shows that 
for Summary Evacuation, increasing the response distance 
from 10 to 25 miles decreases mean and 99th percentile 
early injury values by factors of 2 and 3.5, respec- 
tively, while mean and 99th percentile early fatality 
values are somewhat lowered (mean, 198; 99th, 15%). The 
table also shows (1) that Summary Evacuation to 10 miles 
in combination with sheltering (relocation after 24 hr) 
from 10 to 25 miles is as effective as Swnmary Evacuation 
to 25 miles: and (2) that in comparison to Summary 
Evacuation, expeditious evacuation (1 hr delay, 10 mph) 

Using 
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Legend Assumptions: 1120 MWe reactor, uniform 
wind rose, New York City meteorology, 
results conditional on an SSTl release. 

- 
+ - No evacuation .- 
A - 5 hr delay, 1 mph, within 10 mi 
0 ,- 5 hr delay, 10 mph, within 10 mi 
x - 3 hr delay, 10 mph, within 10 mi 
o - Summary Evacuation, within 10 mi 
v - Sheltering within 10 mi, 6 hr relocation 
0 - 1 hr delay, 10 mph, within 10 mi 



Table 2.5-7. Impact of Emergency Response Beyond 10 Miles on Early 
Fatalities and Early Injuries. Results are Conditional 
on an SSTl Release. ~ _ _  

Evacuation Evacuation Sheltering Early Fatalities Early Injuries 
Distance (mi Delay Distance (mi) Mean 99th Percentile Mean 99th Percentile 

0 - 10 Summary None 8 3  0 8,300 36 00 33,000 

0 - 25 Summary None 700  7,200 1800 9,400 

0 - 10 Summary 10 - 25 690 5,400 1900 8,400 

0 - 10 1 hr 10 - 25 40 75 0 75 0 5 , 8 0 0  

Assumptions: 1120 MWe reactor, S S T l  release, Indian Point population and wind 
rose, New York City Meteorology, Northeast regional shielding factors, relocation 
of sheltered individuals after 24 hr. 



I 

to 10 miles combined with the sheltering (relocation 
after 24 hr) from 10 to 25 miles substantially reduces 
mean and 99th percentile values for early fatalities 
(factors of 17 and 7, respectively) and significantly 
reduces mean and 99th percentile values for early injuries 
(factors of 2.5 and 1.5, respectively). Further, peak 
early fatalities (conditional probabilities 5 ) are 
reduced by a factor of almost 10 (peak 15,000 to 1,600). 
Because of the substantial impact of emergency response 
beyond 10 miles upon peak early fatalities, it should be 
noted that most results presented in other sections of 
this report assume no immedi'ate emergency response beyond 
10 miles and consequently may significantly overestimate 
early fatality peaks. 

Finally, Figure 2.5-5 indicates the sensitivity 
of early fatalities to the range of emergency response 
scenarios examined. In Figure 2.5-5 the CCDF for Sum- 
mary Evacuation is the "base case" (see Section 2.2.4) 
result. The two bounding early fatality CCDFs for no 
emergency response and for expeditious evacuation to 
25 miles show that the emergency response scenario 
selected has a substantial impact on consequence 
magnitude. 
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F i g u r e  2.5-5. Impact of Range of Emergency Response 
Scenarios upon Early Fatalities. R e s a l t s  
Conditional upon an SSTl Release 

0 - No emegency response 
o - Summary Evacuation, 

- 1 hr delay, 10 mph, 
within 10 mi 

within 25 mi 

Assumptions: 1120 MWe 
reactor, SSTl release, 
Indian Point population n 
and wind rose, New York 
City meteorology. 
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2.6 Distance Dependencies of Reactor Accident 
Consequences 

This section considers distances within which 
selected consequences might occur, as well as dis- 
tances within which Protective Action Guides (PAGs) 
for radiation exposure C321 might be exceeded follow- 
ing a severe reactor accident. The sensitivities of 
these distances to meteorological conditions at the 
time-of the' accident, to differences between meteor- 
ological records,-to accident severity, and to emer- 
gemcy response a-r'e. examines. Because of the current 
controversy concerning the magnitudes of source terms 
for severe accidents (see Section 2.3.2), the impact 
of source term reductions on distance estimates is 
also conside-red. 

n e  

The consequences that could result from a severe 
reactor accident include short-term effects such as 
early fatalities and injuries and long-term effects 
such as delayed cancer deaths and interdiction of 
land. 
after 1arge;acute doses of radiation, these effects 
would be limited to areas close to the reactor (a few 
tens of miles). Population restrictions within these 
areas could therefore significantly impact- the number 
of early consequences. As a result, estimates of 
distances to which fatal or injury-causing doses of 
radiation could be received are of interest for the 
development of reactor siting criteria. 'Following a 
severe reactor accident, contamination could be suf- 
ficiently high !-to require interdiction of property 
(buildings and ltand) to substantial distances (several 
tens of'miles). Because interdiction of large areas 
could be a' sPgniEicant, and possibly dominant, 'con- 
tributor to thezoffsite costs of a reactor accident, 
distances to whi'ch lana might be interdicted could also 
be an important consideration for the development of 
siting criteria. Since latent cancers can be induced 
by small doses of radiation, they can occur at large 
aisfanc'es from the reactor. As a result, latent can- 
cers would generally be less affected by population 
restrictions close to a reactor than would early 
fatalities or early injuries. 

CRAC2 code calculates the maximum distances at which 
selected consequences might occur. These distances 
will depend on the magnitude and characteristics of 

Because early consequences would occur only 

, .  3 .  

For each sampled meteorologica-1 sequence, the 
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the source term as,well as plume dispersion and deple- 
tion processes. 
technique discussed in Section 2 . 2 . 1 ,  the CRAC2 code 
can genera,te CCDFs of "maximum" consequence distances 
for any given source term., 
impact that radionuclide dispersion, which is determined 
by the weather conditions at the time of the accident, 
has on distances to which consequences occur. 

By using the weather sequence sampling 

These curves illustrate the 

Figures 2 .6 -1 ,  2 .6 -2 ,  and 2 .6 -3  show SSTl and SST2 
early fatality distance, early injury distance, and 
interdiction distancea CCDFs for the 29 meteorological 
records discussed in Section 2 . 4 .  The figures show that 
for an S,STl release early fatality distances range-from 
1 to 20 ,miles, early injury distances from 1 to 80 miles, 
and interdiction distances from 1 to 100 miles. Thus, 
for a single event, consequence distances are strongly 
i n f l u e n c e d -  by the weather at the time of the release. 
However, the figures also show that for a specific 
release (e.g., S S T l ) ,  CCDFs calculated using different 
meteorological records are quite similar. For example, 
the 90th percentile values of the 29 early fatality 
CCDFs calculated assuming an SSTl release range only 
from 6 to 9 miles. 

These results also show that for the SSTl release, 
early fatalities would be limited to about 20 miles, 
injuries to about 50 miles, and land interdiction to 
about 100 miles. For the SST2 release, early fatalities 
would generally be limitedbto about 2 miles, injuries 
to about 8 miles, and land interdiction to about 10 
miles. For each set of CCDFs-, the variation in the 
peaks, and probabilities.of the peaks, is principally 
due to *a combination of (1) the order of magnitude 
variation in rain frequencies for the 29 meteorological 
records and ( 2 )  errors inherent in the weather sequence 
sampling procedure (see Section 2 . 4 ) .  

.---- 
a. Fatality and injury distances are defined 'to be 

distances within which individuals are at risk of 
bei,ng an early fatality or injury given,the assumed 
release (SST1 or SST2). The interdiction distance 
is defined to be the distance within which land 
would b? interdicted following the assumed release. 
The SST3 release is not large enough to cause 
early fatalities, early injuries, or interdiction 
of land offsite. 
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Figure 2.6-1,. Conditional C C D F s ,  of .Early Fatality Distance 
f o r  29'Meteorological Records Calculated 
Assuming SSTl and SST2 Releases from an 
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X,EARLY INJURY DISTANCE (MI) 

F i g u r e  2 . 6 - 2 .  C o n d i t i o n a l  C C D F s  of E a r l y  I n j u r y  D i s t a n c e .  
f o r  29 M e t e o r o l o g i c a l  Records C a l c u l a t e d  
Assuming S S T l  and SST2 R e l e a s e s  from a n  
112'0 M W e  PWR and N o  Emergency Eesponse .  
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The results presented thus far show the distances 
to which fatal or injury-causing doses of radiation 
could be received assuming no emergency response. 
However, qiven-a severe reactor accident, some type 
of emergency response would be expected and, therefore, 
acute doses close to the reactor could' be reduced. As 
shown in Section 2.5, emergency protective actions can 
have a substantial impact on reactor accident conse- 
quences. Figure 2.6-4 compares SSTl fatality distance 
CCDFs calculated using Vew York City meteorology and 
four different emergency response scenarios: no emergen- 
cy response, sheltering, and two evacuation scenarios 
(1 hr delay, 10 mph, within 25 mi; 5 hr delay, 10 mph, 
within 25 mi). In general, these CCDFs show that early 
fatality distances are quite sensitive to emergency 
response. Thus, effective implementation of emergency 
protective actions in areas, near the reactor could re- 
sult in'substantial reductions in distances to which 
fatal or injury-causing doses of radiation could he 
received. For example, with no emergency response the 
90th precentile value of the fatality radius for an 
SSTl release is Z8 miles, while with sheltering the 
90th pelrcentile distance is 4 miles and with expeditious 
evacuatkon (1 hr delay, 10 mph.) the distance is further 
decreased to about 2 miles. CCDFs of fatality distance 
that were calculated using other meteorological records 
show the same sensitivity to emergency response. 

i 
Obher distances that might be of interest for the 

development of siting criteria are those within which 
the EPA Protective Action Guides (PAGs) [32] for whole 
body and thyroid dose might be exceeded. A PAG is de- 
fined as the projected dosea to an individual in the 
general public which warrants the initation of emergency 

---_-I- 

a. The "projected dose" is defined by the EPA as the 
dose that would be received within a few days follow- 
ing the release if no protective actions are taken. 
PAGs range from 1 to 5 rem"for whole body exposure 
and from 5 to 2 5  rem €or projected dose to the thy- 
roid. The lower value of these ranges should be 
used if there are no major local constraints limit- 
ing the ability to provide protection at that level. 
However, when determining the need for protective 
action, in no case'should the higher value be 
exceeded. 
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Figure 2.6-4,. Sensitivity of SSTl  Early Fatality 
Distances to Emergency Response. 
Assumptions: New York City meteor- 
ology, 1120 MWe PWR, and 25 Mile 
Response Radius. 

2-59 



protective actions and, as such, is a,<trigger value 
to aid in decisions to implement these actions. 
Figure 2.6-5 shows the probabilities of exceeding the 
PAGs as a function of distance for the SST1,  SST2, 
and SST3 releases. The probabilities were calculated 
assuming an 1120 MWe PWR, New York City meteoroloqy, 
and no emergency response. 'In general, these results 
show that PAGs could be exceeded to very large dis- 
tances (in excess of 5 0  miles) given an SSTl accident 
while they would probably not be exceeded beyond about 
30 miles for an SST2 release. In addition, doses would 
nearly always exceed PAGs tc distances of approximately 
30 miles for the SST1 release and 2 miles for the SST2 
release. Doses from an SST3 release are shown not to 
exceed PAGs beyond about 3 miles of the reactor. 

The results discussed thus far in this section are 
summarized in Tahle 2.6-1. In the table consequence 
distances are presented for three releases (SST1,  SST2,  
and SST3) and for three conditional probability levels: 
mean, 99th percentile, and peak (maximum calculated). 
The distances presented in the table summarize the large 
number of distance CCDFs calculated using the 29 meteor- 
oloqical records. The fatality and injury distances 
presented could be reduced by any effective emerqency 
response action. In general, Table 2.6-1  suggests that: 
(1) for severe core melt accidents, early fatalities 
would generally not occur beyond about 1.5 miles, and in 
the wor,st case, would be confined to about 25 miles, 
whil,e early injuries would probably be confined to down- 
wind d'istances of about S O  miles; (2) for smaller core 
melt accidents (on the order of SST2 in severity), 
early fatalities would be confined to about 2 miles, 
and injuries and land interdiction to about 7 miles; 
and (3) for accidents on the order of SST3 in severity, 
PAGs would probably not be exceeded beyond a few miles. 

As discussed earlier, latent somatic effects could 
result from relatively small doses of radiation. There- 
fore, given a reactor accident, these consequences could 
occur at large downwind distances from the reactor. 
Figure 2.6-6 shows the cumulative fraction of latent 
cancer fatalities versus distance for the SST1, SST2, 
and SST3 releases. These curves were calculated assum- 
ing an 1120 MWe PWR, New York City meteorology, and a 
one mile per hour evacuation to ten miles after a five 
hour delay. In general, the results show that signifi- 
cant fractions of latent health effects could occur at 
larqe distances from the reactor. For the uniform 
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and SST3 Source Terms. Assumptions: 1120 MWe FWR, New York City meteorology, 

:, and'no emergency response. 



T a b l e  2.6-1.. Summary of  Consequence f . i s t a n c e s a  (mi l e s )  

b C o n d i t i o n a l  P r o b a b i l i t y  L e v e l  Consequence s c u r c e  
Term - 

S S T l  

SST2 

SST3 

E a r l y  F a t a l i t i e s  

E a r l y  I n j u r i e s  

Land! I n t e r d i c t i o n  

F A G  sc 

E a r l y  F a t a l i t i e s  

E a r l y  I n j u r i e s  

Lanp I n t e r d i c t i o n  

Elean - 

(5 

- 1 0  

- 20 

2 5 0  

-0.5 

t 2  

(2 

5 2 0  

5 0 . 5  

99% Calc Max - 

5 15 < 25 

-30 50 

> 50 >50  

>5e > 50 

t 2  2 2  

t 5  - 5  

-7 -10  

- 2c < 50 

t 2  t 3  

a. 

b. 

C.  

These  d i s t a n c e s  a r e  f o r  a 1 1 2 0  MF;e FFjR which i s  
c o n o a r a b l e  i n  s i z e  t o  nany of t h e  most  r e c e n t l y  
s i t i d  n u c l e a r  r e a c t o r s .  

- Mean d i s t ances  a r e  t h e  a v e r a g e  of t h e  F r o b a b i l i t y  
d i s t r i b u t i o n s  of d i s t a n c e ;  - 99% d i s t a n c e s  r e f e r  t o  
t h o s e  beyond w h i c h  a consequence  o r  d o s e  is cal-  
c u l a t e d  t o  o c c u r  i n  l i n  1 0 0  a c c i d e n t s ;  and t h e  
c a l c u l a t e d  maxina r e p r e s e n t  t h e  l a r g e s t  d i s t a n c e s  
c a l c u l a t e d  . 
A PAG is  deTined  as t h e  " p r o j e c t e d "  d o s e  t o  an i n d i -  
v i d u a l  i n  t h e  g e n e r a l  p u b l i c  which w a r r a n t s  t h e  i n i -  
t i a t i o n  of emergency p r o t e c t i v e  a c t i o n s .  PAGS r ange  
from 1 t o  5 rem f o r  whole body e x p o s u r e  and f rom 5 t o  
25 rem f o r  p r o j e c t e d  d o s e  t o  t h e  t h y r o i d .  
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F o F u l a t i o r t  d i s t r i b u t i c n ,  t h e  c a l c u l a t e d  c a n c e r  f a t e l -  
i t i e s  a r e  s h o w n  t c  be sorrewhat u n i f o r m l y  d i s t r i b u t e d  
w i t h  d i s t a n c e .  T h i s  u n i f c l r a  d i s t r i b u t i o n  r e s u l t s  
b e c a u s e  t h e  d e c r e a s e  i n  c a n c e r  r i s k  w i t h  d i s t a n c e  i s  
a F p r o x i n a t e l y  o f f s e t  Ey t h e  i n c r e a s e  i n  t h e  exposed  
p o p u l a t i o n .  T h e  r e c u l t s  shcwn f c r  t h e  I n d i a n  F0i r . t  
s i t e  i l l u s t r a t e  t h e  i r p a c t  cf a h i g h l y  nor -uni form 
p o p u l a t i o n  d i s t r i b u t i o n .  
w i t h i n  a F F r o x i m a t e l y  50 miles  of t h e  I n 2 i e n  F o i n t  s i t e  
( r e l a t i v e  t o  lower d e n s i t i e s  f u r t h e r  away) cauEe a 
s i g n i f i c a n t l y  l e r q e r  f r z c t i o n  of  t h e  r r e d i c t e t !  c a n c e r  
f a t a l i t i e s  t o  o c c u r  w i t h i n  50 miles  of t h e  r e a c t o r .  
T h u s ,  t he  h igh  n c n - u n i f o r r r i t y  of t h e  exposed  p o p u l a t i o n  
d i s t r i b u t i o n  a l s o  c a u s e s  t h e  d i s t r i b u t i o n  of c a n c e r  
f a t a l i t i e s  t o  be non-u'niforr? w i t h  d i s t a n c e .  

T h e  h i g h  p o p u l a t i o n  d e n s i t i e s  

S 'ec t ion  2.3.2 d i s c u s s e d  recent  r e v i e w s  of a c c i d e n t  
Fhencnenology w h i c h  i n d i c z t e  t h a t  t h e  rrragnitudee of cur-  
r e n t  s o u r c e  t e r m  f o r  s e v e r e  r e a c t o r  a c c i d e n t s  may be 
s i g n i f i c a c t l y  too l a r g e .  To  i n v e s t i s a t e  t h e  impac t  
Of s o u r c e  t e r n  r e d u c t i o n s  on d i s t a n c e s  to w h i c h  conse -  
q u e n c e s  n i g h t  o c c u r ,  B s e r i e s ' o f  c a l c u l a t i c n s  was p e r -  
f o r n e 2  f o r  t h e  S S T l  r e l e a s e  r educed  -by a r b i t r a r y  f a c t o r s  
of  2 ,  1 0 ,  2 0 ,  and 100. I r rporter?t  a s s u m p t i o n s  f o r  t h e  
c a l c u l a t i o n s  i r ; c luded  N e w  York C i t y  m e t e o r o l o g y ,  an 1 1 2 0  
Mhe PKF,  2nd RO emerqency r e s p o n s e .  T a b l e  2 .6-2  suIprr.ar- 
i z e s  t h e  r e s u l t s  and i n  g e n e r a l  s h e w s  t h a t  r e e u c t i o n s  
i n  s e v e r e  a c c i d e n t  s o u r c e  terns s u b s t a n t i a l l y  r e d u c e  
consequence  d i s t z n c e s .  An o r d e r  o f  magn i tude  r e d u c t i o n  
i n  t h e  S S T l  re lease  reduced t h e  peak f a t a l  d i s t a n c e  frorr  
a b o u t  20 miles t c  5 miles  w h i l e  a two-order  of aagn i tuc j e  
r e d u c t i o n  r educed  t h e  peak d i s t a n c e  t o  1 r i l e .  S i n i l a r  
r e d u c t i o n s  a r e  shcwn f o r  e a r l y  i p j u r y  and l a n e  i n t e r -  
d i c t i o n  d i s t a n c e s .  

T h i s  s e c t i c n  h a s  e x m i n e d  t h e  impzc t  of Feteor- 
o l o q i c a l  c o n d i t i o n s ,  a c c i z e n t  s e v e r i t y ,  and errergency 
r e s p o n s e  on consequence  d i s t a n c e s .  Four f a c t o r s ,  t h a t  
a l s o  c o u l d  i n f l u e n c e  conseouence  d i s t a n c e s ,  e r e  d i s -  
c u s s e d  i n  o t h e r  s e c t i c n s  cf t h i s  r e F c r t .  They a r e  
r e a c t c r  s i z e  ( i . e . ,  s i z e  cf r a d i o n u c l i d e  i n v e n t o r y ,  
see S e c t i o n  2 . 7 . 1 ) ,  F l u r e  h e a t  c o n t e n t  ( d e t e r m i n e s  
plume r i s e ,  see S e c t i o n  2 . 7 . 2 ) ,  d r y  d e p o s i t i c n  v e l o c i t y  
( s e e  S e c t i o n  2 . 7 . 3 )  and i n t e r d i c t i o n  c r i t e r i s  ( s e e  
S e c t i o n  2 . 7 . 5 ) .  

n 
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Table 2.6-2. S e n s i t i v i t y  of F a t a l ,  I n j u r y ,  and I n t e r d i c t i o n  D i s t a n c e s  t o  Release 
Magn i t udea 

Source F a t a l  D i s t a n c e  ( m i )  I n j u r y  D i s t a n c e  ( m i )  I n t e r d i c t i o n  D i s t a n c e  ( m i )  Te rm - 99%b P e a k b  - - Mean - 99%b I Peakb 
* -  - *99%b Peakb  Mean - - - Mean - 

SST1' 3 :9 12 18' 11 35 50 19 55 85 

14 45 50 20 25 
1/2 SSTIC 2.5 10 18 I 7.0 N 

I 
a\ 

1/10 SSTIC 0.9 2.2. 5.0 2.8 ,. 10 18 5.5 18 25 

1/20 SSTIC 0.5 '2.0 2.0 1 . 9  7.0 10 
3 .'6 12' 18 

1/100 SSTIC 0 - .  1 . 0  1.0 0.9 4.0 5.0 1'. 1 10 10 

.. . .  
' *  , . .. . 

a. 

b. 

Assumpt ions :  N e w  ' Y o r k  C i t y  meteorology, 1 1 2 0  M W e  PWR, and no emergency r e s p o n s e .  

The 99 p e r c e n t  d i s t a n c e s  re fe r  a r e  t h e  d i s t a n c e s  beyond which a c o n s e q u e n c e  is 
c a l c u l a t e d -  t o  o c c u r  i n  o n l y  1 i n  1 0 0  a c c i d e n t s .  The peak r e s u l t  i s  t h a t  o b t a i n e d  
f o r  t h e  most u n f a v o r a b l e  wea the r  s e q u e n c e  sampled .  

c. Release f r a c t i o n s  r educed  fo r  a l l  i so topes  e x c e p t  n o b l e  gases .  



2.7 O t h e r  S e n s i t i v i t y  C a l c u l a t i o n s  

2.7.1 Reactor S i z e  

A l l  of t h e  c a l c u l a t i o n s  presented i n  p r e v i o u s  
s e c t i o n s  o f  t h i s  repor t  assume a n  1120 MWe reactor .  
T h i s  reactor  s i z e  was selected b e c a u s e  many reactors 
c u r r e n t l y  o p e r a t i n g  and most unde r  c o n s t r u c t i o n  are  
a b o u t  t h i s  s i z e .  Because  c o n s e q u e n c e s  depend s t r o n g l y  
on t h e  amount o f  r a d i o a c t i v i t y  r e l e a s e d  (see S e c t i o n  2.3, 
A c c i d e n t  Source  Te rms) ,  which i n  t u r n  is dependen t  on 
rqactor  s i z e ,  t h e  s e n s i t i v i t y  of consequences  t o  reac tor  
s i z e  was examined.  C a l c u l a t i o n s  were per formed fo r  n i n e  
reactor  s i z e s  r a n g i n g  from 11 .2  t o  1500 M W e .  A l l  c a l c u -  
l a t i o n s  assumed a 1120 M W e  core r a d i o n u c l i d e  i n v e n t o r y  
s c a l e d  a c c o r d i n g  t o  reac tor  s i z e ,  an SSTl re lease ,  N e w  
York C i t y  m e t e o r o l o g y ,  and t h e  I n d i a n  P o i n t  p o p u l a t i o n  
d i s t r i b u t i o n  and wind rose. The l i n e a r  s c a l i n g  proce- 
d u r e  used  is d e s c r i b e d  i n  Appendix B ,  Core R a d i o n u c l i d e  
I n v e n t o r i e s ,  which a l s o  d i s c u s s e s  i n v e n t o r y  changes  d u e  
t o  a n n u a l  o p e r a t i n g  c y c l e  and d i f f e r e n c e s  between PWR 
and BWR i n v e n t o r i e s .  

F i g u r e s  2.7.1-1 and 2.7.1-2 p r e s e n t  c o n d i t i o n a l  
C C D F s  of e a r l y  f a t a l i t i e s ,  e a r l y  i n j u r i e s ,  l a t e n t  can -  
cer f a t a l i t i e s ,  i n t e r d i c t i o n  d i s t a n c e ,  and i n t e r d i c t e d  
l a n d  a rea  f o r  f i v e  o f  t h e  n i n e  reac tor  s izes  examined ,  
assuming Summary E v a c u a t i o n .  
mean and 9 9 t h  p e r c e n t i l e  v a l u e s  of t h e s e  d i s t r i b u t i o n s .  
The e f f e c t s  of emergency r e s p o n s e  and reactor s i z e  on 
mean e a r l y  f a t a l i t i e s  a re  p r e s e n t e d  i n  T a b l e  2.7.1-2. 
F i n a l l y ,  F i g u r e  2.7.1-3 p r e s e n t s  p l o t s  of t h e  mean 
v a l u e s  p r e s e n t e d  i n  e a c h  t a b i e  v e r s u s  reactor  s i z e .  

T a b l e  2.7.1-1 p r e s e n t s  t h e  

S e v e r a l  c o n c l u s i o n s  c a n  be  drawn from t h e s e  r e s u l t s .  
F i r s t ,  F i g u r e  2.7.1-3 shows t h a t  mean v a l u e s  of a l l  f i v e  
c o n s e q u e n c e s  i n c r e a s e  r o u g h l y  l i n e a r l y  w i t h  reactor  s i z e .  
The r a t e s , o f  i n c r e a s e  a r e  l a r g e s t  f o r  e a r l y  f a t a l i t i e s  
and  smallest f o r  i n t e r d i c t i o n  d i s t a n c e .  T a b l e  2.7.1-1 
shows t h a t  mean v a l u e s  i n c r e a s e  more r a p i d l y  t h a n  9 9 t h  
p e r c e n t i l e  v a l u e s .  
p r e s e n t e d  i n  T a b l e  2.7.1-2 c l e a r l y  d i s p l a y  t h e  s i g n i f i -  
c a n t  impact of emergency  r e s p o n s e ,  s e e n  p r e v i o u s l y  (see 
S e c t i o n  2 . 5 ) .  For a n  1120 M W e  r e a c t o r ,  No Evacua t ion  
y i e l d s  a mean r e s u l t  of almost 3600 e a r l y  f a t a l i t i e s ,  
w h i l e  Best E v a c u a t i o n  (1 h r  d e l a y ,  1 0  mph, 1 0  p i  re- 
sponse r e g i o n )  d e c r e a s e s  t h i s  number t o  l e s s  t h a n  300. 
F i g u r e  2.7.1-3a shows t h a t  fo r  a n  emergency r e s p o n s e  o f  
a g i v e n  e f f e c t i v e n e s s ,  t h e r e  is a reac tor  s i z e  ( x - a x i s  

The mean e a r l y  f a t a l i t y  r e s u l t s  
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Figure 2.7.1-2.  Ef fec t  of Reactor s i z e  upon a )  In t e rd i c t ion  Distance ( m i )  and 
b )  In t e rd i c t ed  Land Area (sq m i ) ,  Conditional on an SSTl Release. 

Legend 

x - 1500 MWe reac to r  
0 - 1120 Mwe reac to r  

Assumptions: 
scaled t o  r eac to r  s ize ,  S S T l  r e l e a s e ,  New York 
C i t y  meteosology, Indian Point wind rose and 
populat ion,  Summary Evacuation. 

1120 M W e  core radionucl ide inventory 

+ - 750 M W e  reac tor  
A - 500 M W e  r eac to r  
0 - 250 Mwe r eac to r  



c 

T a b l e  -2.7.1-1. Dependence of Consequences  Upon Reactor S i z e ,  C o n d i t i o n a l  
o n  a n  S S T l  Releasea 

. .  . .  
I 
. I  Reactor I 

I n t e r d i c t e d  

S i z e  L a t e n t  Cancer I n t e r d i c t i o n  Land Area 
( M W e  ) Early F a t a l i t i e s  E a r l y  I n j u r i e s  F a t a l  i t  ies D i s t a n c e  ( m i )  ( s q  m i )  

- 
9 9 t h  Mean 9 9 t h  -- Mean - Mean . 9 9 t h  Mean 9 9 t h  

9 9 t h  Mean - -- - - 
20.8 97 

250 34 . 1 , 2 0 0  , 3 2 3  3 ,800  3970 1 0 , 0 0 0  9.7 38 

500 172  ~ 3,200 1020 9 ,700  5560 20,000 13 .1  45  37.2 1 2 0  

750 , 455 5,300 1880 1 6 , 0 0 0  6710 20,000 16.0 49 53.7 190  

1 1 2 0  831 I 8 ,200 3640 33,000 8110 24 ,000  1 9 . 3  54  75.8 250 
1 0 6  34 0 

1120 MWe core r a d i o n u c l i d e  i n v e n t o r y  s c a l e d  a c c o r d i n g  t o  reactor  s i z e ,  

1 5 0 0  1250  - 1 2 , 0 0 0  6340 57,000 9600 30,000 22.8 56 

a .  Assumptions:  
SSTl release, New York. C i t y  m e t e o r o l o g y ,  I n d i a n  P o i n t  populat ion and wind rose ,  
Summar,y Evacuat ion .  



T a b l e  2.7.1-2 Dependence of Mean E a r l y  F a t a l i t i e s  
Upon Reactor S i z e  and Evacua t ion  
S c e n a r i o ,  C o n d i t i o n a l  on  an  SSTl 
R e  1 e a sea 

E v a c u a t i o n  S c e n a r i o  
Reactor Best Summary No 

S i z e  ( M W e ) .  Evacua t ionb  E v a c u a t i o n  E v a c u a t i o n  
- 

0.3 1 11.. 2c 0 

0 2 34 56c 

l l P C  0 9 1 4 7  

0.01 34 5 51 250- 

6 1 7 2  1490 

1 7  224 1700 

102  455 2380 

500 

, 56/OC 

750 

176 831 3580 

287 1250 4880 

* 1120 

1500 

a .  1120 M W e  core r a d u i n u c l i d e  i n v e n t o r y  s c a l e d  a c c o r d -  
i n g  t o  reactor  size, ,  SSTl  
m e t e o r o l o g y ,  I n d i a n  P o i n t ’  p o p u l a t i o n  and wind rose.  

re lease,  N e w  Y o r k  C i t y  

b .  1 hour  d e l a y ,  1 0  mph, 1 0  m i  r e s p o n s e  r e g i o n  (see 
S e c t i o n  2 . 5 ) .  

Noble g a s  release f r a c t i o n s  n o t  s c a l e d ;  t h i s  h a s  
no;  s i g n i f i c a n t  impact o n  e a r l y  f a t a l i t i e s  (see 
S e c t i o n  2.3,  A c c i d e n t  S o u r c e  Terms).  

c .  

I 
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I .  

Figure 2.7.'1-3.' P l o t s  of Mean Values of a )  Ear ly  -' 

F a t a l i t i e s ,  b) Early  i n j u r i e s ,  c )  Latent  Cancer 
F a t a l i t i e s ,  db) I n t e r d i c t i o n  D i s t a n c e  ( m i ) ,  and 

I e )  Interd ic ted 'Land  Area ( s q  m i )  vs Reactor S i z e ,  
Condi t iona l  on an SSTl R e l e a s e .  

. .  
~ 

' 
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i n t e r c e p t )  for  which on the  average (mean r e s u l t )  few 
e a r l y  f a t a l i t i e s  would be expected. For Best Evacua- 
t i o n  t h a t  s i z e  is  - 5 0 0  MWe; fo r  Summary Evacuation, 
- 1 0 0  MWe; and fo r  no evacuat ion,  -10  MWe. 

2 . 7 . 2  Energy Release Rate " 

ground-level r e l e a s e s  containing no s e n s i b l e  hea t ,  
i . e . ,  nonbuoyant plumes. In' an accident  where the re  
is  a l a r g e  uncontrolled r e l e a s e  d i r e c t l y  t o  the  atmo- 
sphere,  it is poss ib l e  f o r  t he  plume t o  conta in  a 
s i z a b l e  amount of s e n s i b l e  hea t .  For example, t h e  
r e l e a s e  ca t egor i e s  descr ibed i n  WASH-14,OO [l] had 
energy r e l e a s e  r a t e s  of  up t o  seve ra l  hundred mi l l i on  
BTUs per h c u r . a  
t he  f i n a l  plume h e i g h t  and, t h e r e f o r e ,  the  downwind 
d i s t ance  a t  which t h e  plume f i r s t  con tac t s  the  ground 
(touchdown). Since under t h e  same weather condi t ions  
a buoyant plume would be more d i l u t e  a t  touchdown than 
a nonbuoyant plume, a s i g n i f i c a n t  reduct ion i n  the 
number of e a r l y  hea l th  e f f e c t s  i s . p o s s i b l e .  However, 
s i n c e  plume dep le t ion  by dry depos i t ion  occurs only 
a f t e r  touchdown, buoyant plumes m i g h t  t he re fo re  produce 
ground concent ra t ions  h i g h  enough t o  produce e a r l y  
e f f e c t s  a t  g r e a t e r  d i s t a n c e s  than nonbuoyant plumes. 
Furthermore, f o r  h i g h l y  buoyant plumes, p r e c i p i t a t i o n -  
washout is the  primary mechanism by which r ad ioac t ive  
ma te r i a l  reaches the  ground i n  s u f f i c i e n t  concentra- 
t i o n s  t o  cause e a r l y  hea l th  e f f e c t s .  T h u s ,  f o r  a 
buoyant r e l ease  the  p r o b a b i l i t y  of having any e a r l y  
f a t a l i t i e s  and i n j u r i e s  i s  s t rong ly  dependent on t h e  
occurrence of p r e c i p i t a t i o n .  The f i n a l  plume h e i g h t  
is  ca l cu la t ed  i n  C M C 2  u s i n g  the formulae'developed by 
Briggs [ 3 3 ]  f o r  emissions from smokestacks. Consider- 
a b l e  d i f f e r e n c e s  could e x i s t  between smokestack plumes 
and plumes re leased  i n  a r eac to r  acc ident  [ 3 4 ] .  These 
d i f f e r e n c e s  have been inves t iga ted  by RUSSO, Wayland, 
and Ri tch ie  [35] who found t h a t  predicted consequences 
were only  marginally s e n s i t i v e  t o  the  moisture content  
of t he  plume and atmosphere b u t ,  under c e r t a i n  condi- 
t i o n s ,  consequences could be q u i t e  s e n s i t i v e  t o  radio- 
a c t i v e  heat ing and i n i t i a l  plume momentum. 

The c a l c u l a t i o n s  considered so  f a r  have been fo r  

The r a t e  of energy r e l e a s e  determines 

For the present  s t u d y ,  t he  s e n s i t i v i t y  of predicted 
consequences t o  energy r e l e a s e  r a t e  was inves t iga ted  

6 a .  I n  WASH-1400, an energy r e l e a s e  r a t e  of'.170 x 1 0  
BTU/hr was assumed fo r  a PWR-2 acc ident .  
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Dy p e r f o r r i n g  c a l c u l a t i o n s  f o r  an  SET1 r e l e a s e  w i t h  
t h r e e  a r b i t r a r y  e n e r g y  r e l e a s e  r a t e s :  1 7 ,  1 7 0 ,  and 
430 m i l l i o n  B‘IU/hour. Neh Y o r k  C i t y  n e t e o r o l c g y  and 
a un i fo rm p o p u l a t i o n  d e n s i t y  of 50 Fecple F e r  s u u a r e  
mile beyond 1 mile were a s s u r e d .  T a b l e  2.7.2-1 com- 
p a r e s  se lec ted  r e su l t s  f o r  t h e s e  e n e r g y  r e l e a s e  r a t e s  
w i t h  s c o l d  ( n o  s e n s i b l e  h e a t )  SSTl r e l e a s e  ,- ( t h e  base 
case,  see S e c t i o n  2 .2 .4) .  ‘ r  

T a b l e  2.7.2-1. S e n s i t i v i t y  of E s t i n a t e d  Conseuuences  
t o  Fne rgy  p e l e a s e  R a t e a  

E e l e a s e  

Energy R e l e a s e  
R a t e  (ETU/hr) 

SSTl S S T l  S S T l  SSTl 
, -  

0 1 7 ~ 1 0 ~  1 7 0 ~ 1 0 ~  4 3 0 ~ 1 0 ~  

Mean E a r l y  F a t a l i t i e s  

Sulrmary E v a c u a t i o n  22 1 2  9 1 0  
N o  E v a c u a t i o n  140 140  47 47 

Mean Ear ly  I n j u r i e s  

Summary E v a c u a t i o n  140 l % O  110 85  
No E v a c u a t i o n  350 390 270 150  

Mean L a t e n t  C a n c e r  
F a t a l i t i e s  730 790 830 860 

2 -  ” .. 4 

Naxinurn C a l c u l a t e d  
F a t a l  D i s t a n c e  ( m i )  17.5 17 .5  25 25 

I 

Maximum C a l c u l a t e d  
I n j u r y  C i s t a n c e  ( m i )  50 50 60 

Maximum C a l c u l a t e d %  Land 
I n t e r d i c t i o p  - .  G i s t a n c e  ( m i )  85  -85 85 85 

a .  63 Assumpt ions :  N+ew. Y o r k  - C i t y  meteorology, un i fo rm 
p o p u l a t i o n  of 50 people per square mile beyond 1 mile. 
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The r e s u l t s  f o r  t h e  low-energy r e l ease  ( 1 7  x l o 6  
BTU/hr) ' d i f f e r  only s l i g h t l y  from those f o r  the cold 
release ' ,  because t h i s  r e l e a s e  r a t e  is not l a rge  enough 
t o  cause s u b s t a n t i a l  d i f f e r e n c e s  i n  t he  plume touchdown 
po in t .  The  two high-energy r e l ease  r a t e s  r e s u l t  i n  
consequences markedly d i f f e r e n t  from t h e  cold r e l ease .  
Because the  occurrence of p r e c i p i t a t i o n  i s  necessary 
t o  cause s i g n i f i c a n t  numbers  of e a r l y  hea l th  e f f e c t s  
f o r  hot r e l e a s e s ,  the  mean number of  e a r l y  e f f e c t s  is 
lower f o r  t h e  high-energy r e l e a s e s .  

A t  very l a r g e  d i s t a n c e s ,  t h e  amount of i n i t i a l  
plume-rise does not s i g n i f i c a n t l y  a f f e c t  t h e  t r anspor t  
and depos i t ion  of r ad ioac t ive  ma te r i a l .  Consequently, 
l a t e n t  cancer f a t a l i t i e s ,  which occur t o  g r e a t  d i s t ances  
( s e e  Sect ion 2 . 6 ) ,  a r e  not s i g n i f i c a n t l y  a f f ec t ed  by 
plume buoyancy. The maximum observed f a t a l  d i s t ance  is 
8 m i l e s  f a r t h e r  fo r  the -  h igh-energy  r e l e a s e s ,  although 
the  maximum ca lcu la t ed  i n j u r y  d i s t ance  is only s l i g h t l y  
increased and i n t e r d i c t e d  land d i s t ance  is unaffected.  
Neither land i n t e r d i c t i o n  nor i n j u r y  d i s t ances  a r e  very 
s e n s i t i v e  t o  energy r e l e a s e  r a t e  because these conse- 
quences a l s o  occur t o  d i s t a n c e s  where i n i t i a l  plume 
r i s e  is gene ra l ly  not  important.  

Figure 2.7.2-1 p l o t s  t he  cond i t iona l  ind iv idua l  
r i s k  of e a r l y  f a t a l i t y  versus  d i s t ance  for  t h e  four 
energy(re1ease  r a t e s ,  assuming a uniform wind rose.  
W i t h i n  1 0  miles, t h e  hot r e l e a s e s  have lower r i s k s  than 
t h e  cold r e l e a s e s .  However, f o r  low p r o b a b i l i t y  events  
( i . e . ,  p r e c i p i t a t i o n ) ,  t he  hot r e l e a s e s  could r e s u l t  i n  
f a t a l i t i e s  ou t  t o  25 miles. The non-monotonicity i n  t h e  
r i s k  a t  aboug 8 mi les  for  the  two hot r e l e a s e s  ( 1 7 0  x lo6 
and .430. x 1 0  BTU/hr) is believed t o  be an a r t i f a c t  of 
t h e  weather-sequence sampling procedure used (see 
Sect ion 2 . 4 . 1 ) .  

numbers of e a r l y  f a t a l i t i e s  and i n j u r i e s  and the  
d i s t a n c e  t o  which e a r l y  f a t a l i t i e s  occur a r e  both 
q u i t e  s e n s i t i v e  t o  the  energy r e l e a s e  r a t e .  However, 
consequences which can occur t o  g r e a t  d i s t a n c e s ,  s u c h  
a s  l a t e n t  cancer f a t a l i t i e s ,  a r e  not  s e n s i t i v e  t o  
energy r e l e a s e  r a t e .  The maximum d i s t ances ,  t o  which 
e a r l y  i n j u r i e s  may occur or land may be i n t e r d i c t e d ,  
a r e  a l s o  not s e n s i t i v e  t o  energy r e l e a s e  r a t e .  A 

I n  summary, f o r  an SSTl  r e l ease  t h e  estimated 

caut ionary - note:  
source terms s i g n i f i c a n t l y  smaller than SST1. 

these conclusions may not hold f o r  

, .  
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; DISTANCE (MILES) = 
8 -  

I .  . .  

Figure 2.7..2-'1. Individual Risk of Early Fatality 
Versus Cistance f o r  4 Energy Release 
Rates, Conditional on an SSTl Release. 
Assumptions: SSTl  release, New York 
City meteorology, uniforn wind rose, 
no emergency response. - 
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2.7.3 Dry Deposition Veloci ty  

The depos i t ion  of  r ad ioac t ive  ma te r i a l  on the  
ground is the  f i r s t  s t e p  i n  many of the pathways by 
w h i c h  r ad ioac t ive  ma te r i a l  can reach people. Dry 
depos i t i on  of a i rborne  ma te r i a l  onto a sur face  is  a 
complex process which includes a number of d i f f e r e n t  
phenomena s u c h  a s  g r a v i t a t i o n a l  s e t t l i n g ,  t u rbu len t  
and molecular d i f f u s i o n ,  and i n e r t i a l  impaction [36]. 

Hosker [ 371 and Kaul [ 381 have reviewed'- cur ren t  
models of dry  removal processes .  A l l  cu r r en t  dry- 
depos i t i on  models incorporate  a "dry-deposit-ion 
ve loc i ty"  which is defined a s  the  r a t i o  of the time- 
in t eg ra t ed  a i r  concent ra t ion  of  a ma te r i a l  t o  t h e  
concentrat ion of the  ma te r i a l  on the  ground. A l a r g e  
number of parameters can a f f e c t  t he  value of the 
depos i t ion  v e l o c i t y .  About 8 0  have been l i s t e d  by 
Sehmel [39]. Among these  a r e  sur face  roughness, 
r e l a t i v e  h u m i d i t y ,  chemical composition, and p a r t i c l e  
diameter .  Dry depos i t i on  v e l o c i t y  is h i g h l y  s e n s i t i v e  
t o  p a r t i c l e  diameter [ 391.  

Radioactive ma te r i a l  re leased t o  the  atmosphere 
is  l i k e l y  t o  have a range of p a r t i c l e  diameters ,  each 
w i t h  a d i f f e r e n t  depos i t i on  v e l o c i t y .  Despite t h i s ,  
i n  CRAC2 only a s i n g l e  depos i t ion  v e l o c i t y  may be input 
for  each element considered,  and gene ra l ly  the  same 
value (1 cm/sec) is  used fo r  a l l  elements except noble 

. gases  ( t h e  depos i t ion  v e l o c i t y  of noble gases  is  z e r o ) .  
A l l  CRAC2 c a l c u l a t i o n s  presented i n  o ther  s e c t i o n s  of 
t h i s  r epor t  t r e a t  depos i t i on  v e l o c i t y  i n  t h i s  nanner. 

u n c e r t a i n t i e s  about the c h a r a c t e r i s t i c s  of t h e  radio-  
a c t i v e  aerosol  re leased  from containment. Because 
predic ted  ground concent ra t ions  can be very s e n s i t i v e  
t o  depos i t ion  v e l o c i t y ,  a s e n s i t i v i t y  a n a l y s i s  was per- 
formed t o  a s s e s s  the  impact of d ry  depos i t ion  ve loc i ty  
on predic ted  consequences. The a n a l y s i s  was somewhat 
s i m p l i s t i c  i n  t h a t  only a s i n g l e  depos i t ion  v e l o c i t y  
was used. T h u s ,  no attempt was made t o  account for  a 
range of p a r t i c l e  s i z e s  by use of a d i s t r i b u t i o n  of 
depos i t i on  v e l o c i t i e s .  Also neglected were e f f e c t s  of 
chemical composition and the  p o s s i b i l i t y  t h a t  d i f f e r e n t  
elements may be assoc ia ted  w i t h  p a r t i c l e s  of d i f f e r e n t  
s i z e s .  Gravi ta t iona l  s e t t l i n g  of p a r t i c l e s ,  wh ich  can 
be t r e a t e d  by " t i l t e d  plume" models [40] was a l s o  
ignored ( g r a v i t a t i o n a l  s e t t l i n g  would be the  dominant 

A s  d iscussed i n  Sect ion 2 . 2 . 3 ,  t h e r e  a r e  l a r g e  

2-76 

A 



con t r ibu to r  t o  dry removal fo r  p a r t i c l e  diameters  
g r e a t e r  than about 5 microns).  

Calcu la t ions  were performed fo r  an SSTl  r e l ease  
w i t h  f i v e  depos i t ion  v e l o c i t i e s :  0 . 1 ,  0 .3 ,  1 . 0 ,  3 .0 ,  
and 1 0 . 0  cni/sec.a These values  a r e  believed t o  span 
the  range of poss ib l e  'deposit ion v e l o c i t i e s .  Only non- 
buoyant r e l e a s e s  were considered.  For buoyant r e l e a s e s ,  
e a r l y  consequences a r e  dominated by the  occurrence of 
p r e c i p i t a t i o n ;  t h e r e f o r e ,  t he  v a r i a t i o n  of consequences 
w i t h  d ry  depos i t ion  v e l o c i t y  could be s u b s t a n t i a l l y  
smaller  fo r  buoyant r e l e a s e s  ( s e e  Section 2 . 7 . 2 ) .  Other 
assumptions included Summary Evacuation, an 1 1 2 0  MWe 
r e a c t o r ,  t he  Indian Point population d i s t r i b u t i o n  and 
wind rose ,  and New York City meteorology. D i f f e ren t  
popu1,ation d i s t r i b u t i o n s  and emergency response assump- 
t i o n s  could impact t h e  observed v a r i a t i o n  of e a r l y  con- 
sequences w i t h  depos i t ion  v e l o c i t y  (see Sec t ions  2 . 4  
and 2 .5) .  

Figure 2.7.3-1 p re sen t s  t he  e a r l y  f a t a l i t y  C C D F s  
for  the  s e t  of  depos i t ion  v e l o c i t i e s  examined. Except 
f o r  t he  low-probabi l i l ty ,  high-consequence events ,  
t he re  a r e  only very minor d i f f e r e n c e s .  Mean numbers 
of e a r l y  f a t a l i t i e s  vary by less than a f a c t o r  of 1 .5 .  
Deposition v e l o c i t i e s  of 0 . 1 ,  0.3, and 1 . 0  cm/sec y i e ld  

h ighes t  consequence events  (over 50,000 f a t a l i t i e s )  
weather sequences w i t h  p r e c i p i t a t i o n  beginning 

between 1 0  and 20 miles  from the  r e a c t o r .  With  e i t h e r  
a 3 or 1 0  cm/sec depos i t ion  v e l o c i t y ,  t he  p a r t i c u l a t e  
matter i n  the  plume i s  s u f f i c i e n t l y  dep le t ed  before  
t h i s  d i s t ance  range i s . r eached  and, t h u s ,  r a i n  does not 
produce'a ground concent ra t ion  i n  t h i s  i n t e r v a l  high 
enough t o  cause s i g n i f i c a n t  numbers of e a r l y  f a t a l i t i e s .  

Figure 2.7.3-2 shows the  condi t iona l  ind iv idua l  
r i s k  of e a r l y  f a t a l i t y  versus  d i s t a n c e  w i t h i n  1 0  miles  
o f  t h e  r eac to r .  Larger values  of depos i t ion  v e l o c i t y  
r e s u l t  i n  s l i g h t l y  g r e a t e r  ind iv idua l  r i s k  w i t h i n  2 
miles of t h e  r eac to r  but a much reduced r i s k  f a r t h e r  
out, I Table 2.7.3-1 l i s t s  the  means, 9 0 t h  and 9 9 t h  
p e r c e n t i l e s ,  and maxima of t he  C C D F s  of e a r l y  f a t a l i t y  
dis ta ,nce,  e a r l y  i n j u r y  d i s t a n c e ,  and i n t e r d i c t e d  land 

a .  I n  a l l  c a l c u l a t i o n s  a s i n g l e  depos i t ion  v e l o c i t y  
was used fo r  a l l  elements except noble gases .  
T h e  depos i t ion  v e l o c i t y  of t he  noble gases  was 
assumed t o  be zero.  

. .  .- 
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Figure 2.7.3-1. Early Fatality CCDFs for 
Five Different Deposition Velocities (for 
pqrticulate matter only), Conditional on 
an SSTl Release. 

Figure 2.7.3-2. Individual Risk of Early 
Fatality vs Distance for 5 Deposition 
Velocities, Conditional on an SSTl Release 

Assumptions: 1120 MWe reactor, SSTl release, Indian Point wind rose and population, New 
York City meteorology, Summary Evacuation. 
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Table 2.7.3-1 Sensitivity of the Distances (miles) to which Consequences 
Occur for Various Deposition Velocities: 

Land Interdiction 

I Early Fatality Distance Early Injury Distance Distance 
* -  

* -  Dry- 

Deposition Maximum Maximum Max-im um Calcu- Calcu- velocity Calcu- 
(cm/sec) Mean 90% 99% lated Mean 90% 99% lated Mean 90% 99% lated 

N 
I 

m 
100 

3 25 7.2 1 5  55  65  11 30  60 4 0.1 2.1 ,. 4 '  15 . 

0 . 3, 

1.0 

3 . 0  

1.9 4 . 15  25 50 7.1 20  40  1 6  4 0  65' "' 85 

-- 2." 60 85  1.7 4 I 1 2  I 18  8.3 25 35  50 19 A n  

1.6 3 4- 18  6. 6 1 2 .  23 . 25 . 20 25 4 0  4 5  

1 0  
I *  

25 13 22 23 1 8  1 .4  3 . 3 "  3.5 6 1 5  3 
- t  

Assumptions: 
Evacuation within '10 miles. 

1120 MWe reactor, S S T l  release, New York City meteorology, Summary 



d i s t a n c e  (see S e c t i o n  2 . 6 ) .  T h e  mean d i s t a n c e s  f o r  
e a c h  consequence  a r e  o n l y  m a r g i n a l l y  s e n s i t i v e  t o  
d e p o s i t i o n  v e l o c i t y .  However, t h e  t a i l  of t h e  d i s -  
t r i b u t i o n s  ( 9 9 t h  p e r c e n t i l e  and maximum c a l c u l a t e d )  
are  v e r y  s e n s i t i v e  t o  d e p o s i t i o n  v e l o c i t y .  As t h e  
d e p o s i t i o n  v e l o c i t y  i n c r e a s e s ,  t h e r e  is a l a r g e  re- 
d u c t i o n  i n  t h e  9 9 t h  p e r c e n t i l e  and maximum c a l c u l a t e d  
d i s t a n c e s .  Again ,  t h e  t a i l s  of each d i s t r i b u t i o n  
r e s u l t  from sequences w i t h  p r e c i p i t a t i o n  b e g i n n i n g  
some d i s t a n c e  f r o n  t h e  r e a c t o r .  D e p o s i t i o n  v e l o c i t i e s  
above a b o u t  3 cm/sec d e p l e t e  t h e  plume c l o s e r  t o  t h e  
r e a c t o r ,  and t h u s  t h e  d i s t a n c e  t o  w h i c h  p r e c i p i t a t i o n  
can  p r o d u c e  s i g n i f i c a n t  ground c o n c e n t r a t i o n s  is much 
r e d u c e d .  

D e s p i t e  t h e  nar row s c o p e  of t h i s  s e n s i t i v i t y  a n a l -  
y s i s  ( o n l y  t h e  d e p o s i t i o n  v e l o c i t y  h a s  been s t u d i e d  
ra ther  t h a n  t r y i n g  t o  a c c o u n t  f o r  t h e  more r e a l i s t i c  
c o n d i t i o n  of a d i s t r i b u t i o n  cf d e p o s i t i o n  v e l o c i t i e s ) ,  
t h e  f o l l o w i n g  c o n c l u s i o n s  c a n  be drawn: 

o For  a s i n g l e  d e p o s i t i o n  v e l o c i t y  a p p l i c a b l e  t o  
a l l  p a r t i c u l a t e  m a t t e r ,  t h e  maximum d i s t a n c e  
t o  w h i c h  l a n d  is i n t e r d i c t e d  and e a r l y  f a t a l -  
i t i e s  and i n j u r i e s  o c c u r  is  v e r y  s e n s i t i v e  t o  
d e p o s i t i o n  v e l o c i t y .  These  maximum d i s t a n c e s  
o c c u r  f o r  l o w - p r o b a b i l i t y ,  w o r s t - c a s e  w e a t h e r  
c o n d i t i o n s .  

o For  t h e  p o p u l a t i o n  d i s t r i b u t i o n  and emergency 
r e s p o n s e  s c e n a r i o  assumed (Summary E v a c u a t i o n ) ,  
t h e  mean number of e a r l y  f a t a l i t i e s  is o n l y  
m o d e r a t e l y  s e n s i t i v e  t o  d e p o s i t i o n  v e l o c i t y  and 
t h u s  may be l a r g e l y  i n s e n s i t i v e  t o  t h e  p a r t i c l e -  
s i z e  d i s t r i b u t i o n  of t h e  r e l e a s e d  m a t e r i a l .  

2 . 7 . 4  P o p u l a t i o n  D i s t r i b u t i o n  

R e s u l t s  p r e s e n t e d  i n  S e c t i o n  2 . 4 ,  S i t e  Meteor-  
o l o g y  and P o p u l a t i o n ,  showed t h a t  e a r l y  f a t a l i t i e s  
and e a r l y  i n j u r i e s  a r e  s t r o n g l y  s e n s i t i v e  t o  t h e  
c h a r a c t e r i s t i c s  of t h e  s u r r o u n d i n g  p o p u l a t i o n  d i s t r i -  
b u t i o n .  T h r e e  sets of c a l c u l a t i o n s  were pe r fo rmed  
t o  b e t t e r  d e f i n e  t h e  s e n s i t i v i t y  of e a r l y  f a t a l i t i e s  
and i n j u r i e s  t o  t h e  f o l l o w i n g  f e a t u r e s  of p o F u l a t i o n  
d i s t r i b u t i o n s :  (1) r a d i a l  and a n g u l a r  v a r i a t i o n s  i n  
p o p u l a t i o n  d e n s i t y ,  ( 2 )  t h e  s i ze  and d i s t a n c e  of 
p o p u l a t i o n  c e n t e r s ,  and ( 3 )  e x c l u s i o n  zone s i z e .  
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R a d i a l  and Anqu la r  V a r i a t i o n s .  R a d i a l  and an- 
g u l a r  v a r i a t i o n s  i n  p o p u l a t s o n  d e n s i t y  were examined  
by  c o n s t r u c t i n g  a h y p o t h e t i c a l  r e f e r e n c e  p o p u l a t i o n  
d i s t r i b u t i o n  and t h e n  c a l c u l a t i n g  c o n s e q u e n c e s  f o r  
t h a t  d i s t r i b u t i o n  and  e i g h t  t r a n s f o r m a t i o n s  of t h a t  
d i s t r i b u t i o n .  Beyond 20 miles a l l  of t h e  d i s t r i b u -  
t i o n s  were i d e n t i c a l .  Each had u n i f o r m  p o p u l a t i o n s  
o f  750 people per s q u a r e  mile from 20 t o  30 miles, 
2500 from 30 t o  50 miles ,  500 from 50 t o  100 miles, 
and  300 from 1 0 0  t o  500 miles.  None of t h e  d i s t r i b u -  
t i o n s  had a n y  people w i t h i n  0.5 miles of t h e  reactor 
( 0 . 5  mile E x c l u s i o n  Zone) .  A l l  n i n e  d i s t r i b u t i o n s  
met t h e  f o l l o w i n g  c r i t e r i o n :  w i t h i n  5 ,  1 0 ,  15 ,  20 ,  
and 30 miles o f  t h e  reactor ,  t h e  average p o p u l a t i o n  
d e n s i t y  was e i t h e r  z e r o  ( t h e  d i s t r i b u t i o n  is empty t o  
t h a t  r a d i a l  d i s t a n c e )  or  750 p e o p l e  per s q u a r e  mile 
( i f  t h e r e  a re  a n y  people w i t h i n  a g i v e n  r a d i a l  d i s -  
t a n c e ,  t h e n  on  average w i t h i n  t h a t  d i s t a n c e  t h e r e  
a r e  750 people per sq m i ) .  I n  a d d i t i o n ,  a l l  n i n e  
d i s t r i b u t i o n s  had 9 3 9 , 0 0 0  people w i t h i n  20 miles of 
t h e  reac tor ,  b u t  e a c h  had a d i f f e r e n t  d i s t r i b u t i o n  
o f  t h o s e  people,  as is s c h e m a t i c a l l y  d e p i c t e d  i n  
F i g u r e  2.7.4-1. 

F i g u r e  2.7.4-1 i n d i c a t e s  t h a t  t h e  r e f e r e n c e  
d i s t r i b u t i o n  ( D i s t r i b u t i o n  1) was u n i f o r m  from 0.5 
t o  20 miles. I t  had 530 p e o p l e  per s q u a r e  m i l e  from 
0.5 t o  2 miles and 750 people per s q u a r e  mile from 
2 t o  20 miles. D i s t r i b u t i o n  2 was c o n s t r u c t e d  from 
t h e  r e f e r e n c e  d i s t r i b u t i o n  by moving t h e  p o p u l a t i o n  
w i t h i n  20 miles forward i n t o  5 h i g h  d e n s i t y  r i n g s .  
D i s t r i b u t i o n  3 moved t h e  p o p u l a t i o n  w i t h i n  20 miles 
e n t i r e l y  i n t o  a s i n g l e .  22.5O sec tor .  D i s t r i b u t i o n s  
4 t h r o u g h  8 moved a l l  of  t h e  p o p u l a t i o n  w i t h i n  2 ,  5, 
1 0 ,  15 ,  or  20 miles ,  r e s p e c t i v e l y ,  i n t o  a s i n g l e  
22.5O sector  toward  t h e  back  of t h e  v a c a t e d  region.  
D i s t r i b u t i o n  9 was c o n s t r u c t e d  by s c a l i n g  t h e  a c t u a l  
p o p u l a t i o n  d i s t r i b u t i o n  a r o u n d  a N e w  England reactor  
s i t e ,  s o  t h a t  t h e  r e s u l t i n g  d i s t r i b u t i o n  had  530 people 
per s q u a r e  mile from 0.5 t o  2 miles and  750 people per 
s q u a r e  m i l e - i n  e a c h  of f o u r  d i s t a n c e  i n t e r v a l s :  2-5, 
5-10, 10-15,. and 15-20 miles. 

t i o n s  4 t h r o u g h  8 '  i n  e f f ec t ,  created p o p u l a t i o n  c e n t e r s  
b y  v a c a t i n g  1 5  o f i t h e  1 6  sectors of t h e  r e ' f e r e n c e  
d i s t r i b u t i o n  o u t  -to 2 ,  5,  1 0 ,  15 ,  or 2O-:miles, respec- 
t i v e l y .  The p o s u l a t i o n  c e n t e r s  t h e r e b y  c r e a t e d  had 
t h e  f o l l o w i n g  s i z e s  and d i s t a n c e s  from t h e  reactor:  

The t r a n s f o r m a t i o n s  used  t o  g e n e r a t e  D i s t r i b u -  
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Figure 2.7.4-1. 
Used to Examine the Impact on Consequences of Radial and Angular Variations in Population 

1) Distribution 1 (Reference Distribution): uniform to 20 mi. 
2) Distribution 2: 4 high density population rings. 
3) Distribution 3: all-population in 1 sector. 
4 )  Distribution : city at 1.0 mi, uniform beyond 2 mi. 
5) Distribution 5:- city at 3.0 mi, uniform beyond 5 mi. 
6 )  Distribution 6 : '  city at 6.8 mi, uniform beyond 10 mi. 
7 )  Distribution 7: city at 12.5 mi, uniform beyond 15 mi. 
8) Distribution 8: city at 16.3 mi, uniform beyond 20 mi. 
9 )  Distribution 9: 

Schematic Representations of the Nine Hypothetical Population Distributions 

'Density. 

real distribution scaled to match the densities of Distribution 1. 
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Distribution City Size City Distance (mi) 

6,300 
55,800 
232,000 
527,000 
940,000 

1 
3 
6.75 
12 :5 
16.25 

For each of the nine population distributions, 
early fatality and early injury CCDFs were calculated 

Summary Evacuation, New York City meteorology, and a 
uniform wind rose. The early fatality CCDFs are pre- 
sented  in Figures 2.7.4-2 through 2.7.4-5. For each 
early fatality and 'early injury CCDF, mean (expected) 
and 99th percentile (consequence magnitude equalled or 
exceeded following 1 out of every 100 releases) values 
and the,probability of having at least one early 
fatality or injury are presented in Table 2.7.4-1. 

- assuming an SSTl release from an 1120 MWe reactor, 

Pigure 2.7.4-2 compares the second population 
distribution to the Reference Distribution. Moving 
population forward into five high-density rings (den- 
sities of 2700, 7000, 5100, 1700, 1600, respectively) 
increases the number of early fatalities calculated at 
each probability level (the reference CCDF is shifted 
toward higher consequences). 

Figure 2.7.4-3 compares the third population 
distribution to the Reference Distribution. Moving 
all of the population into 1 sector (vacating 15 sec- 
tors out to 20 miles) reduces the likelihood'of having 
any early fatalities (the CCDF shifts downward) but 
increas'es the number observed, whenever fatalities do 
occur (the CCDF shifts to the right). 

The CCDF shifts downward because, with 15 sec- 
tors vacant to 20 miles, many plumes do not intersect 
any population before plume concentrations fall below 
fatality dose thresholds. Therefore, the probability 
of having at least 1 early fatality is substantially 
decreased. If plumes were always exactly 1 sector-wide, 
then the probability of having at least 1 early fatal- 
ity would decrease by a factor of exactly 16. Because 
plume meander frequently causes plumes to be much wider 
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X, EARLY F4TALITIES 
i 

F1qJL-e 2.7.4-2.' 
( sr Fopulaticn'Eistribution 2 ( 4  high dezsity 
r i n g s )  to that of the Reference Distribution. a 

Comparison of the Early Fatality 
I _  

lo4 I ' I I I,,,,, ' ; I ,I,,,, , , 1 , 1 1 1 ,  , , I ,  1 1 1  

ioo iol 12. 12 . ikl " k F 7 n ; o a  
s . 3  * . 

I *  I 
, I  .- X, EARLY FATALITIES . .  , J  

Figure 2.7.4-3. 
CCGF for PoFulatiOn-. Distribution 3 (all population a 
in 1 sector) to that of the Reference'Distribution. 

Comparison of the Early Fatality 

. .  
3 : 

. .  . .  

a. Assumptions:' 1120 MWe reactor, SSTl  release,- 
. New'York City meteorology, uniform wind rose, 

- Summary Evacuation. 
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than 1 sector, the probability of observing at least 
1 early fatality actually decreases by- only a factor 
o f - 6 .  Conversely, because all of the people out to 
20 miles are now in 1 sector,*when the plume goes out 
that sector, consequence magnitudes increase by about 
the same factor. Th'erefore, the mean (expected) result 
( 4 0 0  early fatalities) is unchanged (see Table 2 .7 .4 -1 ) .  

Figure 2.7.4-4 compares the early fatality CCDFs 
calculated using population distributions 4 through 8 
to the Reference Distribution CCDF. The presence of 
population,centers and vacant land in Distributions 
4 through 8 produces two effects which are related. 
First, because increasingly larger areas of land sur- 
rounding the reactor are being vacated, the probability 
of observing any early fatalities decreases from 0.8 
for the Reference Distribution to 0.001 for Distribu- 
tion 8. Second, because the population centers are 
increasing in size (from 6000  people in Distribution 4 
to 1,000,000 in D i s t r i b u t i o n  8), the maximum number of 
early fatalities (conditional probabilities of s10-3, 
caused by adverse weather) also increases from 2.5 x l o4  
early fatalities for the Reference Distrib tion (which 
contains no population center) to 4 .0  x 10' for Distri- 
bution 8 (which contains a population center of almost 
1 million people). Finally, the mean number of early 
fatalities for these distributions ranges from a low of 
110 for Distributions 6 and 8 to a high of 560  for 
Distribution 4, while 99th percentile values range from 
0 for Distributions 7 and 8 to 8500  for Distribution 5 .  

Figure 2.7.4-5 compares the CCDF calculated using 
the Reference Distribution to that calculated using Dis- 
tribution 9. Figure 2.7.4-5 shows that incorporation 
into the Reference Distribution of radial and angular 
irregularities characteristic of a ''real" population 
distribution alters the early fatality CCDF of the 
Reference Distribution in a predictable way. Because 
Distribution 9 is not uniform, the probability of hav- 
ing any early fatalities falls to 0.2 from the Reference 
Distribution value of 0.8, mean early fatalities decrease 
to 260 from 400, but the 99th percentile result increases 
from 1 2 0 0  to 2800.  Because Distribution 9 contains 
population centers ( 1 7 , 7 0 0  at 2.75 miles; 62,800 at 5.5 
miles; 150 ,000  at 19 miles), the largest calculated 
number of early fatalities increased to 6.5 x l o 4  from 
the Reference Distribution value of 2.5 x 10 . 4 

- Examination of Table 2.7.4.-1 and Figures 2.7.4-2 
through 2.7.4-4 shows that the chance of having any 
early fatalities or early injuries, and the numbers that 
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D I S I R I B U T I O N  1 

F i g u r e  2 . 7 . 4 - 4 .  
C C D F s  for D i s t r  
t h a t  c o n t a i n  c i  
D i s t r  i b u t i o n . a  

Comparison of t h e  P a r l y  F a t a l i t y  
i b u t i o n s  4 t h r u  8 ( d i s t r i b u t i o n s  
t i e s ) ' t o  t h a t  of t h e  R e f e r e n c e  

I 

' X. EARLY FATACITIFS 

F i g u r e  2.7.4-5.  . C o m p a r i s c n  of t h e , E a r l y  F a t a l i t y '  
CCDF o f -  D i s t r i b u t i o n  9 ( s c a l e d  ' r e a l  ' p o p u l a t i o n  
d i s t r i b u t i o n )  to t h a t  of t h e  Reference D i s t r f ' b u t i o n .  a 

a. Assumptions:,' ,1120 MWe reactor ,  S S T l .  relea'se, 
New York C i t y  m e t e o r o l o g y ,  u n i f o r m  wind r o s e ,  
Summary E v a c u a t i o n .  
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Table 2.7.4-1. Early Fatalities and Early Injuries for 
Population Distributions 1 Through 9 , 
Conditional on an SSTl Release 

Distri- 99th 99th 

bution P(>l), Mean Percentile P( 2 1 )  Mean Percentile 

2 

3 

4 

5 

6 

7 

0.79 1000 

0.14 . 400 

0.32 

0.04 

560 

250  

0.01 110 

0.006 160 

2700 

5600 

5800 

8500 

90 

0 

0.99 3 . 9 ~ 1 0 ~  30,000 

0.17 2 . 2 ~ 1 0 ~  67,000 

0.82 2 . 3 ~ 1 0 ~  17,000 

0.48 2 . 2 ~ 1 0 ~  26,000 

0.38 1 . 5 ~ 1 0 ~  27,000 

0.20 1 . 9 ~ 1 0 ~  59,000 

8 0.001 110 0 . 0 5  1 . 2 ~ 1 0 ~  34,000 0 

9 0.17 260 2800 0.62 1.8~10~ 24,000 
____ _____-________ - _ _ _ _ _ _ _ _ _ ^ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - _  - - ^ - ._ - - - - --- 

P( 2 1 )  = probability of having at least 1 early 
fatality or early injury (CCDF probability- 
axis intercept). 

Mean = expected number of early fatalities or 
early injuries. 

99th Percentile = consequence magnitude equalled or exceeded 
following 1 out of every 100 releases. 

Assumpti-ons: 
City meteorology, uniform wind rose, Summary Evacuation. 

1120 MWe reactor, SSTl.release, New York 
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ccur, are both highly variable; Therefore, 

rddial population density criterion (populated radial 
intervals have population densities of 750 people per 
sy mi), it appears that any siting population criterion 
that restricts only the number of people within various 
radial distances may allow population distributions 
with significantly different risk characteristics. For 
this reason, consideration should perhaps be given to 
additional criteria'which limit the number of people in 
any ;ingle sector or annular region. 

Size and,Distance of Population Centers. The 
effect of the size and distance of population centers 
upon consequences was further examined by impos'ng popu- 

upon a 50 people per square mile background population 
density at the distances given in Table 2.7.4-2, thereby 
generating 1 3  population distributions, the background 
distribution and 12 distributions with-population cen- 
ters. Early fatality CCDFs were calculated for each ot 
the 13 distFibutions assuming an SSTl release from a 
1120 MWe reactor, New York City meteorology, a uniform 
wind rose, a 1-mile population exclusion zone, and 
evacuation to 10 miles at 10 mph with a distribution 
of delay times (Summary Evacuation, see Section 2.5). 
Mean, 90th, 99th, and maximum early fatality values 
for each CCDF are presented in Table 2.7.4-2. 

Four conclusions may be drawn from the results 
presented in Table 2.7.4-2. First, irrespective of 
size, population centers beyond 25 miles do not con- 
tribute to early fatalities, i.e., these population 
centers have early fatality CGDFs identical to the 
background CCDF. Early fatalities are confined to 
2 5  miles because, even for unfavorable.meteorologica1 
cokditions, plume concentrations fall ' below all? early 

each of ~ the' nine 'distributions met the same 

lation centers of three sizes (lo4,, lo5! and 1 & people) 

I .  

' I  

fatality thresholds before that distance. a -.. 
>. 

Second, population centers etween 10 and 20 miles 
cause peak early fatality values' to increase substan- 
tially and mean values to increase by up to factors 

9 .. 
a. The' maximum: distance to which early fatalities 

occur for an SST1,release was shown in Section 2.6 
to range from 13 to 25 miles,"'dependi on' meteor- 
ology, and is 18 miles for New York City meteorology. 

of 5 lo3 caused by adver'se weather, e.g'., rainout 
of the radioactive plume onto a popuiPation center. 

b. 1mpmbable.events with conditional probabilities 

2-89 



Table 2.7.4-2. Effects of Size and Distance of Poqu$lation 
Centers on Early Fatalities , Conditional 
on an SSTl Release 

i 
j i  

I _-____I___-__- _I_ __I___-_- - - - ---  -_-. -- 

Center Center Early Fatalities 
-_____-__-I ______ -___-- .- - _--- - -- Population I Distance 

(mi) 
Mean 90 Per- 99 Per- Maximum 2 

centile centile I _  kalculateda 
-____ _-__-___ - - - - - - -__ -- -- 

----I 

23 67 -150 1,700 Backgroundb -- - 

---_ -I_--________-_I- . -  ------ 
175.0 23 67 150 1,700 

92.5 23 67 ~ 150 1,700 

52.5 23 67 150 1,700 
106 

105 
27.5 - 23 67 150 1,700 

16.25 37 67 150 51 , 000 

11.25 44 6 7 ,  ' 160 49 ,'OOO 

26 67 150 ' 11,000 16.25 - 
11.5 27 67 150 10,000 

160 1,700 
104 

5.5' 24 68 

5,100 - *  2.25 .- i20 190 2,300 
i ,  

a. Maximum value calculated for any weather sequence. An 
improbable event (conditional probability 5 
typically caused by adverse weather (rainout 1 .  of the 
radioact'ive plume onto a city). 

Background population density = 50 people per sq mi. b. 

Assumptions: ,.1120 Mwe reactor, S S T l  release, New York 
City metgorology, uniform wind .rose, Summary Evacuation. 

. r  
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of 2 ,  but do n o t i a f f e c t  9 0 t h  'or 9 9 t h  p e r c e n t i l e  values  
(only  mean and peak--values d i f f e r  from tho'se of t h e  back- 
ground CCDF) . Examination of individual  c a l c u l a t i o n s  
shows t h a t  population c e n t e r s  between 1 0  and 20 miles  

'Jexperience' learly f a t a l i t i e s  p r i n c i p a l l y  when r a i n  f a l l s  
on t h e  r ad ioac t ive  plume a f t e r  it a r r i v e s  over the  popu- 
l a t i o n  c e n t e r .  Because t h i s  i s  an improbable event ,  i t  
a f f e c t s  only t h e  CCDF peak and not i t s  9 0 t h ,  or 9 9 t h  
p e r c e n t i l e  values.a . . 

Third,  ' i f  - e f f e c t i v e l y  evacuated, population cen- 
t e r s  between ' 5  land l"0,miles probably c'an.'avoid e a r l y  
f a t a l i t i e s  (the' CCDF-for t h e  populakidni 'center a t  5.5 
mi les  is  almost i d e n t i c a l  t o  the  background C C D F ) .  The 
population center  a t  5.5 miles  experiencessfew e a r l y  
f a t a l i t i e s  because t h e  c h a r a c t e r i s t i c s  of Summary Evac- 
uat ion (de l ay  t imes,  evacuation speed, see Section 2 . 5 )  
assure  t h a t  most persons i n  t h e  population center  avoid 
l a r g e  exposures t o  r a d i o a c t i v i t y  by evacuation fo r  most 
weather sequences sampled. 

Fourth,  population c e n t e r s  very c lose  Eo a reac tor  
( < 5  *miles )  a r e  more t i k e l y  t o  exQe'rience e a r l y  f a t a l -  
i t i e s  even w i t h  evacuation ( t h e  CCDF'of the  population 
center  a t  2:25 miles  d i f f e r s  from t h e  background CCDF 
a t  a l l  l e v e l s  of p r o b a b i l i t y ) .  Early f a t a l i t i e s  a r e  
l i k e l y  t o  occur because only a t imely warning followed 
by"a,very prompt evacuation could assure  t h a t  a l l  
people i n  poFulation c e n t e r s  w i t h i n  5 ' m i l e s  of  a 
r eac to r  w i l l  escape plume exposures ( s e e  Sect ion 2 .5 ) .  

* *  

e -  Exclusion Zone Size .  ' A l l  ' e x i s t i n g  r e a c t o r s  a r e  
surrounded by an exclusion"zone, which has no,permanent 

' i n h a b i t a n t s  and is  con t ro l l ed  exc lus ive ly  by the  u t i l i t y  
operat ing the  r e a c t o r .  A t  cu r r en t  reac tor  s i t e s  exclu- 
s ion  zones a r e  i r  u l a r l y  shaped w i t h  minimum exclusion 
d i s t a n c e s  which range from 0 . 1  t o  1 . 3  miles  (averaqe 
mi les ,  see  Appendix D ) .  Larger exc1,usion zones would be 
expec ted ' t o  reduce the  incidence of e a r l y  hea l th  e f f e c t s  
( t hose  hea l th  e f f e c t s  induced by r e l a t i v e l y  l a r g e  doses  
t o  i n d i v i d u a l s ) . '  The in f luence  of exclusion zone s i z e  
on e a r l y  f a t a l i t i e s  and i n j u r i e s  was examined fo r  each 

The e f f e c t s  of r a i n  a r e  discussed more f u l l y  i n  
Sec t ions  2 .4  and 2 . 6 ;  t he  e f f e c t s  of assuming 
emergency response beyond 1 0  miles  a r e  considered 
i n  Section 2 .5 .  

* 

0.6 

4 %  

a .  
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of four emergency response scenar ios  (Scenarios  1, 5 ,  6, 
and 7 a s  defined i n  Sect ion 2 . 2 . 2 ) .  Scenario 1 i s - a n  
expedi t ious  evacuation (1 hr delay,  1 0  mph), Scenario 5 
is  N o  Emergency Response, Scenario 6 is  Poor Evacuation 

~ > ( 5  hr  de l ay ,  1 mph), and Scenario 7 is Summary Evacua- 
. t i o n .  , A l l ,  ca . lculat ions assumed no immediate emergency 
response beyond 1 0  mi les ,  a uniform population d i s t r i -  
bution ( 1 0 0  persons per square m i l e ) ,  an SSTl r e l ease  
from an 1 1 2 0  MWe r e a c t o r ,  and New York C i t y  meteorology. 

Table 2.7,.4-.3 p re sen t s  f o r  each emergency response 
scena r io  the mean number of e a r l y  f a t a l i t i e s  ca lcu la ted  
t o  occur w i t h i n  each of 20 Zis tance  i n t e r v a l s  t o  17.5 
mi les  ( f o r  New York C i t y  meteorology, e a r l y  f a t a l i t i e s  
a r e  .confined t o  1 7 . 5  m i l e s ) .  
response,  the  expected t o t a l  number of e a r l y  f a t a l i -  
t i e s  is  338, given an SSTl  r e l e a s e  a t  a r eac to r  having 
a s u r r o u n d i n g  p o p u l a t i o n  d e n s i t y  of 1 0 0  persons per 
square mile and no exclusion zone. However, i f  the  
r eac to r  had a l-mile exclusion zone, 58 f a t a l i t i e s  
would be avoided. A l t e r n a t i v e l y ,  an e f f e c t i v e  emer- 
gency response w i t h i n  10 miles  (e .g . ,  Best Evacuation) 
would reduce ' the  mean number o f  f a t a l i t i , e s  observed 
from 338 t o  23 without any exclusion zone, and t o  1 4  
f a t a l i t i e s  ( those  occurr ing beyond 1 0  miles) w i t h  a 
1-mile exclusion zone. 

Without-'any emergency 

T h e  combined e f f e c t s  o f  exclusion zone ' s i z e t  and 
emergency response e f f e c t i v e n e s s  a r e  f u r t h e r  i l l u s -  
t r a t e d  by the  d a t a  i n  Table 2 .7 .4 -4 ,  which is  drawn 
from Table 2 .7 .4-3 .  Table 2.7.4-4 p re sen t s  for  var ious  
combinations of  emergency response e f f e c t i v e n e s s  and 
exclusion zone s i z e  t h e  number of e a r l y  f a t a l i t i e s  
occurrin,g w i t h i n  and beyond 1 0  mi les  and t h e i r  sum. 
Table 2 .7 .4 -4  shows t h a t  fo r  l a r g e  core-melt acc idents  

,mean e a r l y  f a t a l i t i e s  a r e  reduced 16-fold (from 320 t o  
< 2 0 )  by an 0.5-mile exclusion zone and a very e f f e c t i v e  
evacuation ( B e s t  Evacuat ion) ,  by a 3-mile exclusion 
zone and a reasonably e f f e c t i v e  evacuation (Summary 
Evacuat ion) ,  or by a 5-mile exclusion zone and an 
i n e f f e c t i v e  evacuation (Poor Evacuation).  Alterna- 
t i v e l y ,  an 0.5-mile exclusion zone and a very e f f e c t i v e  
evacuation w i t h i n  2 mi les  (achieved poss ib ly  by e a r l y  
warning [ 4 1 ] )  and a re i sonably  e f f e c t i v e  evacuation 
from 2 t o  1 0  miles  reduced mean e a r l y  f a t a l i t i e s  
12-fold ( 3 2 0  t o  2 6 ) .  

Table -2.7.4-5 shows how, the  -p robab i l i t y  of having 
a t  l e a s t  1 e a r l y  f a t a l - i t y  or e a r l y  i n j u r y  v a r i e s  w i t h  
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D i s t a n c e  Emerqency Response  b . 
I n t e r v a l  

B e s t  None Poor S umm a r y , 

0.0 

0.5 11.5 ~ 11.4 8.6 2.4 

0,75 17.6 16.6 9.9 1.6 
1.0 22.2 16.3 8.2 0.6 

0.25 6.3 6.3 5.6 3.9 

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

1.5 51.4 26.1 12.6 0.2 
2.0 42.3 25.7 7.7 0.1 
2.5 38.9 21.0 4.5 - 0.0 

4.5 14.7 3.9 0.2 
5.0 11.3 2.1 0.1 
6.0 15.2 0.6 0.0 
7.0 7; 8 0.2 0.0 

10.0 6 . 4  0 . 6  0.0 - - - - - - - - - - -  - - - - - - - - - - -  . 
15.0, 0 

0 
0 
0 
0 
0 
0 
0 

0 

3.0 29.5 10.0 2.3 
3.5 26.6 6.5 1.5 
4.0 19.6 5.1 0.7 

0 0 0 8.5 3.1 
- -  

12.5 - 6.9 6.9 6.9 6.9 

17.5 7.1 7.1 7.1 7.1 

T o t a l  338 166 

0 0 0 
. -  

76 23 

a .  Assumpt ions :  SSTl r e l e a s e ,  1120 M W e  r e a c t o r ,  N e w  -'. 
York C i t y  m e t e o r o l o g y ,  un i fo rm wind r o s e ,  100 p,eople 
p e r  s q u a r e  m i l e .  

No emergency r e s p o n s e  beyond 1 0  miles;, r e l o c a . t i o n ,  
a f t e r  1 d a y  ( L . e . 8  1-day. e x p o s u r e  t o  r a d i o a c t i v i t y  
d e F o s i t e d  on t h e  g r o u n d ) .  

b. 

Table  2.7.4-3. Mean E a r l y  F a t a l i t i e s  by D i s t a n c e  
I n t e r v a l s  f o r  Four Em,ergency Response  
S c e n a r i o s ,  A l l  E v a c u a t i o n s a  



Table 2.7.4-4. Qependence of Mean Early Fatalities 
on Emergency Response Effectiveness 

‘ and Exclusion Zone’Sizea 

Best Evacuationb 0.5 14 2.5 16.5 

3.0 14 2.5 16.5 
Summary 2.0 14 9.3 23.3 
Evacuation 1.0 14 29.6 43.6 

0.5 14 47.7 61.7 

5.0 . 14 1.4 15.4 
3.0 14 19.0 3 3 . 0  

b 2.0 14 50.0 64.0 
Poor 
Evacuation 

1 .o 14 101.8 115.8 
0.5 14 134.7 148.7 

5.0 14 32.5 46.5 
3.0 14 104.7 118.7 

14 173.1 187.1 
1.0 14 266.8 280.8 
0.5 14 306.6 320.6 

No Evacuation 2.0 

Best 5 2  mi 1 0.5 14 11.8 25.8 
Summary .>2 mi 

a. Assumptions: SSTl release, 1120 MWe reactor, New 
York City meteorology, 100 people per square mile. 

b. NO emergency response beyond 10 miles; relocation 
after 1 day (i.e., 1-day exposure to radioactivity 
deposited on the ground). 
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. Table 2.7.4-5. Probab i l i t y  of Having a t  Least 
P 1 Early F a t a l i t y  or I n j  rya by t: Exclusion Zone Distance 

None . Poor Summary Best Emergency 
Response None Poor Summary Best 

. -  
Distance Ear ly  F a t a l i t i e s  

( m i  1 

0 1.00 1.00 0.96 0.88 
0 . 25 -1.00 1.00  0.81 0.38 
0.5  1.00 0.97 0.76 0.26 
0.75 0'.97 0.85 0.55 0.21 
1.0 0.97- 0.60 0.37 0.10 
2.0 0.59 0.40 0.19 0.01 
5.0 0.20 0.10 0.02 0.01 

Early I n j u r i e s  

1.00 1.00 1 .oo 1.00 
1.00 1.00 1.00 1.00 

1.00 1.00 0.92 0.72 
1.00 1.00 0.85 0.50 
1.00 1.00 0.82 0 . 4 1  
0.98 0.97 0.76 0.36 
0.78 0.57 0.39 0.36 

~ 

a. CCDF i n t e r c e p t  on p robab i l i t y  ax iz  ( y - a x i s ) .  

b. Assumptions: SSTl re lease ,  1 1 2 0  M W e  r e a c t o r ,  N e w  York C i t y  meteorology, 
1 0 0  people per square m i l e .  



n 

exclusion zone s i z e .  The t a b l e  shows t h a t  the probabi- 
l i t y  of having a t  l e a s t  1 e a r l y  f a t a l i t y  following a 
l a r g e  core-melt acc ident  (SST1 r e l e a s e )  can be reduced 
t o  0 . 2  by t he  following combinations of  an Emergency 
Response and an Exclusion Zone d i s t ance :  

Emergency Response None Poor Summary Best 

Exclusion Zone ( m i )  5 4 2 0.75 

Taken together  Tables 2 .7 .4-3  through 2.7.4-5 suggest 
t h a t  a l a r g e  Exclusion Zone without an emergency 
response is not  near ly  a s  e f f e c t i v e  a s  a s u b s t a n t i a l l y  
smaller  Exclusion Zone and a t i m e l y  emergency response. 

F i n a l l y ,  because atmospheric r e l e a s e s  of radio-  
a c t i v i t y  of the  s i z e  of SSTl a r e  improbable (poss ib ly  
extremely improbable, s ee  Sect ion 2 .3 .2 ,  Source Term 
U n c e r t a i n t i e s ) ,  it is  important t o  n o t e  t h a t  for smaller 
r e l e a s e s  ( e .g . ,  SSTl reduced an order of magnitude or 
SST2) t h e  mean and peak d i s t a n c e s  t o  which e a r l y  f a t a l -  
i t i e s  and i n j u r i e s  a r e  l i k e l y  t o  occur is  much reduced, 
even w i t h  no emergency response ( s e e  Sect ion 2 .6 ,  D i s -  
tance Dependencies). T h u s ,  f o r  SSTl reduced 10-fold,  on 
t h e  average (mean r e s u l t )  f a t a l i t i e s  would be confined 
t o  1 mile and i n j u r i e s  t o  3 miles, while fo r  SST2 these  
d i s t a n c e s  a r e  0.5 miles  and 2 miles ,  r e spec t ive ly .  
T h u s ,  f o r  r e l e a s e s  s u b s t a n t i a l l y  smaller than SST1,  
because e a r l y  hea l th  e f f e c t s  a r e  usual ly  confined t o  
only a few mi l e s ,  t y p i c a l  Exclu<sion Zones ( -1  m i )  can 
have a s u b s t a n t i a l  impact even without an emergency 
response.  

2 .7 .5  I n t e r d i c t i o n  Dose Cr i t e r ion  

Following a nuclear power p l a n t  acc iden t ,  cont in-  
ued usage of land contaminated by r ad ioac t ive  mater ia l  
deposi ted from the  plume would r e s u l t  i n  increased 
population exposures,  and t h u s  would increase  l a t e n t  
hea l th  e f f e c t s .  Chronic exposure t o  contaminated land 
can be avoided by i n t e r d i c t i n g  the  usage of t he  land 
u n t i l  removal processes  (decontamination, rad ioac t ive  
decay, weathering, runof f )  have decreased exposures t o  
acceptab le  l e v e l s .  The dose c r i t e r i o n  (allowed ground- 
sh ine  dose t o  an ind iv idua l  accumulated i n  30 yea r s )  
f o r  i n t e r d i c t i o n  of land is  c a l l e d  t h e  " i n t e r d i c t i o n  
dose .'I As i n t e r d i c t i o n  dose inc reases ,  l a t e n t  hea l th  
e f f e c t s  increase  (because more people a r e  continuing 
t o  u s e  contaminated l and)  and i n t e r d i c t e d  land a rea  
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and i n t e r d i c t i o n  c o s t s  decrease (because l e s s  land is 
i n t e r d i c t e d ) .  

A l l  of  the  c a l c u l a t i o n s  presented i n  o ther  sec- 
t i o n s  o f  t h i s  r e p o r t  used an i n t e r d i c t i o n  dose of 25 
rem due t o  a 30-year exposure t o  contaminated land. 
T h i s  s ec t ion  examines the  s e n s i t i v i t y  of l a t e n t  caficer 
f a t a l i t i e s  and of i n t e r d i c t i o n  d i s t ance  ( d i s t a n c e  t o  
which l a n d  is i n t e r d i c t e d ) ,  a r e a ,  and c o s t s  t o  i n t e r -  
d i c t i o n  dose.  Calcu la t ions  were performed f o r  four 
d i f f e r e n t  30-year i n t e r d i c t i o n  doses ( 5 ,  1 0 ,  25, and 
50 rem) and a l s o  fo r  no i n t e r d i c t i o n .  A l l  of t hese  
c a l c u l a t i o n s  used an 1 1 2 0  MWe r e a c t o r ,  t he  SSTl  source 
term, the  Indian Point population d i s t r i b u t i o n  and w i n d  
r o s e ,  and New York City meteorology. 

Figures 2.7.5-la through 2.7.5-1c present  C C D F s  fo r  
l a t e n t  cancer f a t a l i t i e s  and the  i n t e r d i c t i o n  d i s t ance  
and a rea .  Table 2.7.5-1 presen s mean and 9 0  p e r c e n t i l e  
( cond i t iona l  p r o b a b i l i t y  of  lo-') values  of l a t e n t  cancer 
f a t a l i t i e s  and of i n t e r d i c t i o n  d i s t a n c e ,  a r e a ,  and c o s t s  
a s  a func t ion  of i n t e r d i c t i o n  dose.  I n  Figures 2.7.5-2a 
through'  2.7.5-2c the  mean values  i n  Table 2.7.5-1 
(except  the  c o s t  d a t a )  a r e  p l o t t e d  versus  i n t e r d i c t i o n  
dose.  Examination of the  CRAC2 code showed t h a t  t he  
near l i n e a r  dependence of mean l a t e n t  cancer f a t a l i t i e s  
upon i n t e r d i c t i o n  dose displayed i n  Figure 2.7.5-2a was 
t o  be expected.a Figure 2.7.5-2a shows t h a t ,  if a l l  
contaminated ground were i n t e r d i c t e d  ( i n t e r d i c t i o n  dose 
of z e r o ) ,  then 3 2 0 0  l a t e n t  cancer f a t a l i t i e s  would s t i l l  
r e s u l t  d u e  t o  the  p re - in t e rd i c t ion  dose (cloudshine dose: 
i n h a l a t i o n  dose,  which includes t h e  chronic  dose from 

500 

a .  Latent cancer f a t a l i t i e s  - population 

XO where p =  population d e n s i t y  (approximately cons tan t  
over l a r g e g a r e a s ) ,  D ( x )  = dose a t  d i s t ance  x ,  x = 
i n t e r d i c t i o n  d i s t a n c e ,  and 500 m i  = maximum d i s t a n c e  
fo r  l a t e n t  cancers ( v a r i a b l e  but l a r g e ) .  From the  
t r anspor t  and depos i t ion  algori thms used i n  CFtAC2, 
~ ( x 1 . m  x-2. 

- p i n  x 

so l a t e n t  cancer f a t a l i t i e s  

which is  approximately l i n e a r  i n  xo fo r  It"" 
I X O  xo ( 5 0  m i .  
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X, LATENT CMCER FATALITIES X, INTERDICTION DISTANCE (fil) 

x 
A 
:: 

x; INTERDICTED LAND AREA (sa MI) 

Figure 2.7.5-1: Impact of 30-Year I n t e r d i c t i o n  Dose upon a )  Latent Cancer F a t a l i t i e s ,  
b) I n t e r d i c t i o n  Distance ( m i ) ,  and c )  In t e rd i c t ed  Land Area (sq m i )  

Leqend - Assumptions: 1 1 2 0  MWe r e a c t o r ,  SSTl r e l e a s e ,  
Point population and wind rose ,  New York C i t y  

Indian 
+-  no i n t e r d i c t i o n  meteorology. 
A -  50 rem i n t e r d i c t i o n  dose 
X -  25 rem i n t e r d i c t i o n  dose 
0 -  1 0  rem i n t e r d i c t i o n  dose 
0- 5 rem i n t e r d i c t i o n  dose 



c c 

T a b l e  2.7.5-1. Mean and 9 0 t h  P e r c e n t i l e  V a l u e s  of S e v e r a l  
Consequences  by I n t e r d i c t i o n  Dose L e v e l a  

I n t e r d i c t e d  
I n t e r d i c t i o n  L a t e n t  Cancer  I n t e r d i c t  i o n  Land Area I n t e r d i c t i o n  - E o s e  (rem) F a t a l i t i e s  O i s t a n c e  ( m i )  (sq. m i )  C o s t s  ( b i l l i o n s )  

90 Per-  90 Per-  90 Per- 
Mean c e n t i l e  Mean c e n t i l e  Mean c e n t i l e  Mean tu 

I 
\o 
ID 

5 4,300 9,  1 0 0  56 , 90 580 640 36 

10  . 5,400 11, 000 32 52 200 3 80 1 7  

25 8 , 1 0 0  20,000 19  35 76 1 4  0 5 

50 12 ,000  31 , 000 1 4  25 4 1  86 2 

None 68 ,000  130,000 0 0 0 0 0 

a.  S S T l  release,  1120 M W e  r e a c t o r ,  I n d i a n  P o i n t  p o p u l a t i o n  and wind rose,  N e w  York 
C i t y  m e t e o r o l o g y .  
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r a d i o a c t i v i t y  deposited i n  t he  r e s p i r a t o r y  system; 
and p re - in t e rd i c t ion  groundshine dose,  which is  assumed 
t o  be 1 day i n  d u r a t i o n ) .  Figure 2.7.5-2b shows t h a t  
i n t e r d i c t i o n  d i s t ance  is  inve r se ly  propor t iona l  

and Figure 2.7.5-2c shows  t h a t  i n t e r d i c t i o n  a rea  is 
inve r se ly  propor t iona l  t o  i n t e r d i c t i o n  dose (Ao- Do-’) I 

which is  not s u r p r i s i n g  s i n c e  i n t e r d i c t i o n  a rea  should 
be roughly propor iona l  t o  the square of i n t e r d i c t i o n  
d i s t a n c e  (Ao-xo-’ ) .  

show t h a t  l a t e n t  cancer f a t a l i t i e s ,  and i n t e r d i c t i o n  
d i s t a n c e ,  a r e a ,  and c o s t s  a r e  a l l  q u i t e  s e n s i t i v e  t o  
i n t e r d i c t i o n  dose. I f  a l l  contaminated land were 
i n t e r d i c t e d ,  t h e  mean.number of l a t e n t  cancer f a t a l -  
i t i e s  would be reduced by about a f a c t o r  of 20 from 
t h e  number t h a t  would occur ,  i f  no land were i n t e r -  
d i c t ed  ( a t  t h e  9 0  p e r c e n t i l e  l e v e l  the  reduct ion f a c t o r  
is  1 5 ) .  S imi l a r ly ,  a 10-fold increase  ( 5  t o  50 rem) i n  
i n t e r d i c t i o n  dose produces about a 10-fold decrease i n  
mean i n t e r d i c t i o n  a rea  and nea r ly  a 20-fold decrease 
i n  mean i n t e r d i c t i o n  c o s t s .  

t o  t h e  square roo t  of t h e  i n t e r d i c t i o n  dose (xo-D0 - ID)  

Table 2.7.5-1 and Figures 2.7.5-la through 2.7.5-lc 

Data i n  Table 2.7.5-1 can be used  t o  i l l u s t r a t e  
the  inverse  r e l a t i o n s h i p  between l a t e n t  f a t a l i t i e s  and 
i n t e r d i c t i o n  c o s t s .  For example, changing t h e  i n t e r -  
d i c t i o n  dose c r i t e r i o n  from no i n t e r d i c t i o n  ( a l l  doses 
a r e  t o l e r a t e d )  t o  an i n t e r d i c t i o n  dose of 50 rem de- 
c reases  mean l a t e n t  f a t a l i t i e s  by 57,000 and produces 
i n t e r d i c t i o n  c o s t s  of $1.9 x l o 9  or - $ 3  x l o 4  per l i f e  
saved. Further decrease  from 50 rem t o  25 rem saves 
an add i t iona l  4000  l i v e s  a t  a c o s t  of - $ 7  x lo5 per 
l i f e ,  while the  decrease from 25 rem t o  1 0  rem saves 
3000 l i v e s  a t  a c o s t  of-$5 x l o 6  per l i f e .  
because of the  inverse  r e l a t i o n s h i p  between l a t e n t  
cancer f a t a l i t i e s  and i n t e r d i c t i o n  a r e a ,  t h e  high c o s t  
of i n t e r d i c t i n g  land may make t h e  i n t e r d i c t i o n  of 
l a r g e  a reas  ( s e l e c t i o n  of a low i n t e r d i c t i o n  dose)  
unacceptable. 

Therefore,  
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2.8 Summary 

This chapter has presented results from a large 
number of CRAC2 calculations, which characterize the 
sensitivity of accident consequences to input data and 
model parameters. Sensitivities were determined by 
comparison to.a Base Case Calculation which assumed 
an S S T l  release from a standard 1120 MWe reactor, 
meteorology typical of New York City, the Indian Point 
wind rose and population distribution, and Summary 
Evacuation. The principal conclusions derived from 
the results of these calculations are as follows: 

o Estimates of the number of early fatalities 
are very sensitive to source term magnitude. 
Mean early fatalities (average result formany 
weather sequences) are decreased dramatically 
(about two orders-of-magnitude) by a one order- 
of-magnitude decrease in source term SSTl (large 
core melt, loss of most safety systems). 
Because the core melt accident source terms -- 
SST1-3 used in this study neglect or under- 
estimate several depletion mechanisms, which 
may operate efficiently within the primary loop 
or-the containment, consequence magnitudes 
calculated using these source terms may be 
significantly overestimated. 

o The weather conditions at the time of a large 
release .will have a substantial impact on the 
health effects caused by that release. In 
marked contrast to this, mean health effects 
(average result for many weather sequences) are 
relatively insensitive to meteorology. Over 
the range of meteorological conditions found 
within the continental United States (1 year 
meteorological records from 29 National Weather 
Service stations), mean early fatality-values for 
a densely populated site show a range (highest 
value/lowest value) of only a factor of 2, 
and mean latent cancer fatality values a factor 
of 1.2. 

o Peak early fatalities (maximum value calculated 
for any weather sequence) are generally caused 
by rainout of the radioactive plume onto a 
population center. For an SSTl release, the 
peak result is about 10-times less probable 
in a dry locale than in a wet one. 
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o The d i s t a n c e s  t o  which consequences might  occur 
depend p r i n c i p a l l y  upon source term magnitude 
and meteorology. Frequency d i s t r i b u t i o n s  of 
these  d i s t a n c e s ,  ca lcu la ted  u s i n g  l a r g e  numbers 
of weather sequences, y i e lded  expected (mean),  
9 9  p e r c e n t i l e ,  and maximum ca lcu la ted  d i s t a n c e s  
(expressed i n  miles) for e a r l y  f a t a l i t i e s  and 
e a r l y  i n j u r i e s  a s  follows: 

Source Maximum 
Term Consequence Mean 99% Calcglated 

<5 515 <25 
5.5 0 

>50 >SO 

SSTl Early F a t a l i t i e s  
Early I n j u r i e s  -10 -30 
Land I n t e r d i c t i o n  -20 

SST2 Early F a t a l i t i e s  -0.5 < 2  <2 
Early I n j u r i e s  < 2  <5 -5 
Land I n t e r d i c t i o n  < 2  -7 -10 

The maximum ca lcu la t ed  d i s t ances  a r e  assoc ia ted  
w i t h  very improbable even t s ,  (e .g . ,  rain-out of 
t h e  plume onto a population c e n t e r ) .  For the  
S S T l  r e l e a s e  reduced by a f a c t o r  of 1 0 ,  e a r l y  
f a t a l i t i e s  a r e  confined t o  -5  miles, e a r l y  
i n j u r i e s  t o  -20 miles, and i n t e r d i c t i o n  of 
land t o  -25 miles .  

o Calculated consequences a r e  very s e n s i t i v e  t o  
s i t e  population d i s t r i b u t i o n .  For each of the  
9 1  popu la t ion  d i s t r i b u t i o n s  examined, e a r l y  
f a t a l i t y ,  e a r l y  i n j u r y ,  and l a t e n t  cancer fatal- 
i t y  CCDFs were ca l cu la t ed  assuming an SSTl 
r e l e a s e  f ron  an 1120 M W e  r eac to r .  ,The  r e s u l t i n g  
sets of C C D F s  had t h e  following ranges: 

Early F a t a l i t i e s .  -3  orders-of-magnitude 
i n  t h e  peak and mean numbers of e a r l y  f e t a l -  
i t i e s  and i n  the  p r o b a b i l i t y  of having a t  
l e a s t  one e a r l y  f a t a l i t y .  

Early I n j u r i e s .  -3 orders-of-magnitude i n  
t he  means, -2 i n  the peaks,  and -1 i n  t h e  
p r o b a b i l i t y  of having a t  l e a s t  one e a r l y  

I 

i n ju ry .  . #  

Latent Cancer F a t a l i t i e s .  -1 order-of- 
magnitude i n  the  peaks and t h e  means and 
i n  t h e  p r o b a b i l i t y  of having a t  l e a s t  
one l a t e n t  cancer f a t a l i t y .  
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Generally, mean results are determined by the 
average density of the entire exposed popu- 
lation, while peak results (especially for 
early fatalities) are determined by the dis- 
tance to and size of exposed population centers. 

o Early fatalities and early injuries can be 
significantly reduced by emergency .--- response __-- 
actions. Both shelterinq (followed by reloca- 
tion) and evacuation can-be effective, provided 
the response is expeditious. Access to base- 
ments or masonry buildings significantly 
enhances the effectiveness of sheltering. 
Expeditious response requires timely notifi- 
cation of the public. If the evacuation is 
expeditious (timely initiation), evacuation 
speeds of 10 mph are effective. Evacuation 
before containment breach within 2 miles, after 
release within 10 miles, and sheltering from 
10 to 25 miles appears to be a particularly 
effective response strategy. 

o Because accident source terms increase with 
reactor size, smaller reactors pose lesser 
risks to the public than are posed by larger 
reactors. 

o Buoyant plumes (high heat content) can be 
lofted over close-in populations, thereby 
,decreasing the risF of early health effects 
at short distances ( 2 1 0  mi) but increasing 
that risk at longer distances ( - 2 0  mi). 
Because only rainout of lofted plumes is able 
to produce fatal exposures, mean early fatality 
values for buoyant plumes are substantially 
decreased by comparison to non-buoyant plumes 
(early fatalities result from fewer weather 
sequences). 

o Dry deposition velocity has a substantial 
impact on the distance to which land is inter- 
dicted and early health effects occur. How- 
ever, the number of early health effects cal- 
culated are only moderately sensitive to 
dry deposition velocity. 

n 
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0 

0 

E x c l u s i o n  z o n e s  ( u n l e s s  v e r y  l a r g e )  are  
u n l i k e l y  t o  s i g n i f i c a n t l y  r e d u c e  e a r l y  h e a l t h  
e f f e c t s  f o r  v e r y  l a r g e  c o r e  m e l t  a c c i d e n t s  
s u c h  as SSTl.  However, f o r  smaller a c c i d e n t s  
( e . g .  1/10 SST1, SST2) e a r l y  h e a l t h  e f f e c t s  
c o u l d  be  s i g n i f i c a n t l y  m i t i g a t e d  b y  e x c l u -  
s i o n  zones  of 1 t o  2 miles. 

D e c r e a s i n g  t h e  l e v e l  o f  c o n t a m i n a t i o n  a t  which 
l a n d  is  i n t e r d i c t e d  d e c r e a s e s  l a t e n t  c a n c e r  
f a t a l i t i e s  and i n c r e a s e s  t h e  amount o f  l a n d  
i n t e r d i c t e d .  As i n t e r d i c t i o n  d o s e  is i n -  
c r e a s e d ,  i n t e r d i c t i o n  c o s t s  ( v a l u e  of  i n t e r -  
d i c t e d  l a n d  and b u i l d i n g s )  i n c r e a s e  more 
r a p i d l y  t h a n  d o e s  t h e  number of l a t e n t  c a n c e r  
f a t a l i t i e s  a v o i d e d .  

, I  

I . .  . .- . . . .  
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3 .  Population Statistics for Current Reactor Sites 

3.1 Introduction 

This chapter examines a variety of characteristics 
of the population distributions about the 91 reactor 
sites first discussed in Section 2.4 and described in 
detail in Appendices A and C. Each of these sites has 
either an operating license or a construction permit. 
The site characteristics examined include distance to 
the boundary of the reactor site exclusion zone, site 
population factors, the distribution of population 
densities within different radial annulieand disgances, 
maximum population densities within 22.5 and 45 sec- 
tors, and time-dependent trends in site population 
densities. As a group these analyses delineate the 
demographic characteristics of current reactor sites 
and provide a perspective of past siting decisions. 

The population distributions examined in this chapter 
were derived from 1970 census data. A computer program 
was used (see Appendix A) to construct from U. S .  Census 
Enumeration District (CED) data, the population distri- 
bution (16 sectors, 34 radial intervals) surrounding each 
of the 91 reactor sites. The procedure used may produce 
a distribution with significant errors close to the site. 
Errors may result because the computer program assumes 
that the entire population of each CED is located entire- 
ly at the "centroid" of the CFD, when it may actually 
be dispersed over areas which are substantially larqer 
than the area of the spatial interval in which the cen- 
troid is located. Because a CED typically contains about 
1000 persons, the magnitude of this error decreases as 
population density increases. Given the spacing of the 
circular polar grid, the error is most likely negligible 
beyond 20 miles even for sparsely populated regions 
( 5  40 people per sq mi). Beyond 7 miles, errors are un- 
likely to be substantial for population densities greater 
than 500 people per square mile. 

Throughout this chapter results are frequently pre- 
sented for each of the five NRC administrative regions. 
Figure 3-1 displays the boundaries of these reqions and 
the locations of the 91 reactor sites examined. In 
Section 3.2 scatter plots of site exclusion zone dis- 
tances and site'population factors are presented by 
region. Section 3.3 presents population density CCDFs 
and displays percentile values drawn from the CCDFs for 
each region. Scatter plots of these data are also 
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presented.  Time t r ends  of s i t e  population charac- 
t e r i s t i c s  a r e  analyzed by region i n  Section 3.4. 
F ina l ly ,  population c h a r a c t e r i s t i c s  f o r  ind iv idua l  
si tes and a d d i t i o n a l  regional  r e s u l t s  a r e  presented 
i n  Appendix D ,  and a d d i t i o n a l  population d a t a  a r e  
a v a i l a b l e  i n  NUREG-0348  [l]. 

3.2 Exclusion Zones and S i t e  Population Factors  

Distance t o  the  exclusion zone boundary, d i s t ance  
t o  nearby c i t i e s ,  and s i t e  population f a c t o r s  have a l l  
been used by the  NRC t o  descr ibe  population d i s t r i b u -  
t i o n s  about r eac to r  si tes.  Consequence s e n s i t i v i t y  t o  
exclusion zone s i z e  and t o  d i s t ance  t o  nearby c i t i e s  
was examined i n  Sect ion 2 . 7 . 4 .  T h i s  s ec t ion  examines 
reg iona l  v a r i a t i o n  (1) of t h e  minimum d i s t a n c e  t o  the  
exclusion zone boundary and ( 2 )  of s i t e  population 
f a c t o r s ,  w i t h  and without wind  rose weighting. 

A l l  r e a c t o r s  a r e  surrounded by an exclusion zone, 
which has no permanent i nhab i t an t s  and is  con t ro l l ed  
exc lus ive ly  by the  u t i l i t y  opera t ing  the  r e a c t o r .  Ex- 
c lus ion  zones a re  usua l ly  i r r e g u l a r l y  shaped. For t h e  
9 1  s i t e s  examined i n  t h i s  s tudy,  minjmum d i s t a n c e s  t o  
t h e  exclusion zone boundary range from 0 . 1  t o  1 . 3  mi les  
w i t h  0 . 5  miles being about average. The value fo r  each 
of the  91  s i t e s  i s  presented i n  Appendix D .  Figure 3-2 
d i s p l a y s  these  values  a s  s c a t t e r  p l o t s ,  one fo r  each 
NRC admin i s t r a t ive  region. 
s c a t t e r  p l o t  a r e  ind ica ted  on the f i g u r e .  The median 
values  increase  i n  t h e  order NE, MW, W ,  S ,  S W .  

S i t e  population f a c t o r s  were developed by the  
NRC [ 2 ]  t o  provide a way t o  compare populat ions 
around d i f f e r e n t  s i t e s .  The f a c t o r s  a r e  intended t o  
be dimensionless measures of the t o t a l  r i s k  t o  the  
population w i t h i n  a spec i f i ed  r a d i a l  d i s t ance .  Since 
c o r r e l a t i o n s  between populat ion d i s t r i b u t i o n  and wind 
d i r e c t i o n  may s i g n i f i c a n t l y  inf luence r i s k  a t  some 
s i t e s ,  a w i n d  rose weighted formulation of the  s i t e  
population f a c t o r  was a l s o  developed. 

Median va lues  fo r  each 

The S i t e  Population Factor (SPF) and Wind Rose 
weighted S i t e  Population Factor (WRSPF) a r e  def ined a s  
follows: 
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i=l SPF, = 

where ri 

n 

- 
Pi 

Pi 

Pi, j 

j W 

is the outer radius of annulus i of m 
concentric annuli (ro = 0, rm = n). 

is the outer radius of the outermost annulus, 
annulus m. 

is the population of annulus i assuming a 
uniform population density of210002people 

3 per sq mi, i-e, pi = 10 ?T (ri - ri-l) 
is the actual population of annulus i. 

is the actual population of the ith radial 
interval of wind rose sector j. 

- 

is the fraction of time that the wind 
blows into sector j. 

Finally, the power 1.5 to which the radius ri is raised was 
selected because it approximates the functional relationship 
between risk and distance: and WRSPF, = SPF, whenever 
w = 1/16 for all j, i.e., whenever the wind rose is uniform. 

5, 10, 20, and 30 miles) are presented in Appendix D for each 
of the 91 sites. Table 3-1 presents average values for these 
factors for each of the five NRC administrative regions. 
Examination of Table 3-1 shows that, for each distance and 
for both factors, the regional average values are highest 
for the Northeast region and lowest for the Southwest region, 
and decrease in the order NE, MW, S, W, SW. 

j 
Site population factors (both SPF, and WRSPF, for n = 
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mble 3-1 

SPF and WRSPF Values for the five 
NRC Administrative WgionSa 

0.1620.22 0.09t0.15 0.03+0.04 0.01k0.02 0.013.01 
0.17kO.19 0.1eO.14 0.0520.03 0.030.03 0.01~0.01 
0.2W0.18 0.1B0.12 0.08?0.06 0.0&0.03 0.03+0.02 
0.2S0.24 0.1k0.13 0.090.06 O.OS0.04 0.04k0.04 

=5 
spFlo 
spF20 
spF30 
wRspF5 0.17k0.29 0.10+-0.18 0.04k0.04 O.OZ0.02 O.OlkO.01 
WRSE?Flo 0.18k0.22 0.11k0.16 O.OS0.03 0.0@0.06 0.020.01 

WRSpF30 0.2620.26 0.15+0.14. 0.09k0.07 O.Of30.06 0.0&0.03 
WRSpF20 0.2220.20 0.13+0.14 O.Oe0.07 O.OS0.04 0.030.02 

aStandard Deviations are indicated as bounds 

3 . 3  Site Population Statistics 

The 91 population distributions examined in this 
chapter are all constructed on a 16 sector, circular 
polar grid. For any specified portion (a circle, an 
annulus, a sector) of that grid, 91 values of popula- 
tion density are available, one for each of the 91 
population distributions. By cumulation of the 91 
values for a given portion of the grid, a population 
density CCDF may be constructed.* Six different sets 
of population density CCDFs have been constructed for 
the following areas of the population distribution 
grid: 

Set 1: eight annuli (0-2, 2-5, 5-10, 10-20, 
20-30, 30-50, 50-100, and 100-200 mi). 

Set 2: eight radial distances (0-2, 0-5, 0-10, 
0-20, 0-30, 0-50, 0-100, and 0-200 mi). 

*Population density CCDFs are Log-Log plots of the 
fraction of sites vs population density. Any point 
on the distribution gives the fraction of sites 
(y-axis value), which have a population density within 
the specified portion of the grid (annulus, circle, 
sector), that is greater than or equal to the speci- 
fied population density (x-axis value). 
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Set 3: 

Set 4: 

Set S: 

Set 6: 

the most populated 22.5" .  sector in each 
of six annuli (0-2, 2-5, 5-10, 10-20, 
20-30, and 30-50 mi) on the 16 sector 
grid. 

the most populated 22.5"  sector in each 
of six radial distances (0-2, 0-5, 0-10, 
0-20, 0-30 mi, .and 0-50 mi) on the 16 
sector grid. 

the most populated 4 5 "  sector (two 
adjacent 22.5" sectors) in each of six 
annuli (0-2,  2-5, 5-10, 10-20, 20-30, 
and 30-50 mi) on the 16 sector grid. 

the most populated 4 5 "  sector (two 
adjacent 22 .5 "  sectors) in each of six 
radial distances (0-2,  0-5, 0-10, 0-20, 
0-30, and 0-50 mi) on the 16 sector 
qrid. 

Each set of CCDFs contains CCDFs for each of the five 
NRC administrative regions (YE, MW, S, W, SW) and for 
all regions combined (All). CCDFs were also calcu- 
lated for 4 5 "  sectors because atmospheric dispersion 
can produce plumes with an anqular dispersion greater 
than 22.5' .  

Because of the larqe number of CCDFs calculated 
(total of 240)  most of the CCDFs are presented in 
Appendix D. Also presented in Appendix D are the site 
specific data from w h i c h  the C C D F s  were constructed. 
In this section, Fiqure 3-3 presents CCDFs of popula- 
tion density at the 91  sites for six radial annuli 
(0-2,  2-5, 5-10, 10-20, 20-30, and 30-50 mi) and 
Fiqure 3-4 presents CCDFs for six radial distances 
(0-2, 0-5, 0-10, 0-20, 0-30, and 0-50 mi). CCDFs of 
population density, in the most populated 22.5' and 
4 5 "  sectors at each of the 91 sites, are presented 
for the same two sets of six annuli and six radial 
distances in Figures 3-5 through 3-8. Tables 3-2 and 
3-3 list maximum, 90th percentile, median, and minimum 
population densities €or each of the five NRC admin- 
istrative regions and for all regions combined for 
eight' annuli and eight radial distances. Table 3-4 
presents population densities for 4 radial distances 
of the most populated 22.5' sector for each of the five 
administrative regions and for all regions combined. 
Finally, Figures 3-9 through 3-11 present scatter plots 
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Table 3-2. Maximum, 90th Percentile,  Median, and Minimum 

CCDF Value 

Region 

Interval  ( m i i -  
0-5 

5-10 

10-20 

20-30 

30-50 

50-100 

100-200 

CCDF Value 

Reg ion 

In te rva l  ( m i )  
~ -_--_-I - . - 

0-5 

5-10 

10-20 

20-30 

30-50 

50-100 

10 0-200 

mpulation B n s i t i e s  (people/sq m i )  for Seven 
Radial Annuli by Geographic Region and for  All 
Regions Combined. 

I 
Maximum 1 90th Percentile 

NE MW S W SW All! NE MW S W SW 

790 540 180 100 30 790 740 270 100 100 30 190 

620 700 250 100 40 700 550 280 180 200 40 260 

730 530 510 180 150 730 670 340 300 180 150 380 

2000 1300 490 490 230 2000 1800 620 200 490 240 490 

2500 1200 210 630 290 2500 770 940 160 620 280 660 

880 440 180 310 90 880 82C 430 110 310 90 420 

350 190 160 150 40 350 ' 280 170 110 150 40 190 

Median Elinhum 

NE Mi4 S W SW A l l  NE MW S W SW 
* .  c .. I- -1__-1 .- ,I ._ . I .. _ _  

100 60 30 20 10 40 0 8 0 0 0 0  

130 60 80 30 20 8G 6 4 8 2 7 2  

170 90 70 60 30 90 ' 40 9 10  0 7 0  

180 120 100 50 40 110 50 9 8 2 7 2  

400 100 80 40 130 110 ' 50 20 10 20 30 10 

360 130 80 50 40 90 20 10 30 10 20 10 

170 110 70 30 30 80 i 20 30 8 9 6 6  
I 
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. . . . . . . . . . . . . - - - - - - - .- - - ... - . . - . 

Table 3-3. MximUm, 90th Percentile, Wdian, and Minimum 
mpulat ion W n s i t i e s  (people/sq mi) for seven -dial 
Distances by Gegrayjhic Region and for All e g i o n s  
mine?. 

CCDF Value 

j Region 

j In te rva l  ( m i )  
! 
f 

i 0-5 

I 0-10 

i 0-20 

0-30 
1 

0-50 

0-100 i 

0-200 

i C O F  Value 

R e g i o n  

In te rva l  (mi )  
-.-....- I_ . 

0-5 

0-10 

0-20 
: I  

0-30 
i 

I 0-50 
! 

i 
I 
! 0-100 

0-200 i 
I 
I 

790 540 180 100 30 790 

650 660 200 170 30 660 

710 470 410 160 110 710 

1500 850 380 320 180 1500 

2100 890 210 460 200 2100 

760 370 170 350 100 760 

350 210 160 120 SO 350 
I 

100 60 30r 20 10 40 

120 60 70 30 20 70 

210 90 60 50 30 90 

230 120 100 50 30 110 

320 120 ' 90 50 90 120 
. -  

330 120 a0 70 70 go 

90th Percentile - 
I 

YE Mq s w sw A l l 1  

740 270 100 100 30 190 

470 270 150 170 280 230 

630 340 250 160 110 380 

1300 460 290 330 180 420 :  

880 830 200 460 200 530.  
i 

750 350 130 360 100 440 

340 200 100 120 50 290 '  

Minimum , 

NE m s w sw A l l '  

i 

0 8 O O O O t  

4 10 6 3 7 3 !  

3 - .  ._ - -  - _-----_I. 

c i 
i 

30 10 20 1 8 1 

50 20 10 2 7 2 ' 

50 20 20 10 20 10 

80 10 40 10 30 10 

i 

290 130 80 40 40 90 50 30 20 20 10 10 1 

- I 
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Tdble 3-4. Maxinun, 90th Percentile, %dim, and M i n h  Population 
Densities (people/sq mi) for the mst populated 22.5" sector 
w i t h i n  Ebur Radial Distances hy Geographic Ngion and €or 
All Regions Ccmbined. 

CCDF Value 

Region 

Interval (mi) 

0-5 

0-10 

0-20 

0-30 
- 

CCDF Value 

Region 

Interval (mi )  

0-5 

0-10 

0-20 

0-30 

Maximum 

NE MW S w sw A l l  

4200 2000 950 450 320 4200 

2000 3800 1300 1600 140 3800 

4500 3400 2600 800 860 4500 

8700 5200 4000 1800 1600 8700 

Median 

NE Md S W sw A l l  
-- -I- 

630 350 240 280 170 330 

750 220 280 150 70 270 

880 620 360 430 150 480 

940 800 430 290 120 550 

90th Percentile 

S w ,w A l l  NE MW 

3500 2000 510 460 310 950 

1300 1400 1000 1500 140 1000 

2000 2100 2100 780 860 1800 

3700 3200 1300 1800 1600 2500 

Minimum 

NE M w  S w sw All 

0 50 0 0 0 0 

40 40 60 20 50 20 

170 40 50 6 4 0  6 

110 60 40 5 70 5 



by administrative region of the site specific popula- 
tion data for population density seven annuli and seven 
radial distances, and for four radial distances of the 
most populated 22.5" sector. 

In Section 2.7.4 the sensitivity of consequences 
to population distribution was examined using a number 
of hypothetical population distributions, all of which 
had average densities within 30 miles of the reactor 
of 750 people per square mile. Figure 3-4 shows that, 
within 30 miles of the reactor, only 4 of the 91 sites 
(4%) have population densities within that distance 
which exceed 750 people per square mile. Figure 3-8 
shows that for the most populated 45" sector 30 of the 
91 sites (33%) have population densities that exceed 
750 people per square mile. Finally, Fiqure 3-6"and 
Table D1.4 show that for the most populated 22.5 sec- 
tor 38 of the 91 sites (42%) have densities greater 
than 750 people per square mile. 

Examination of the reactor site population density 
scatter plots for the five NRC administrative regions 
presented in Figures 3-9 through 3-11 shows that the 
densities within' any region range across approximately 
two orders of magnitude and that between regions there 
is substantial overlap of ranges. Densities are largest 
in the Northeast and lowest in the Southwest; qualita- 
tively the densities are ordered from largest to small- 
est: NE, MW, s, W, SW. Tables 3-2 through 3-4 confirm 
this qualitative ordering, although there are a number 
of exceptions (S and W are often inverted). 

3.4 Time Dependent Trends 

Fiqure 3-12 presents scatter plots by region of 
the year of site selection (the year in which a con- 
struction permit was granted was used as a surrogate 
for the actual year of site selection) for the 91 
reactor sites examined in this study. Only four sites 
were selected prior to 1960, two each in the Northeast 
and the Midwest. Not until 1973 was a reactor site 
selected in the Southwest. 

Because the years -during which sites were selected 
are distributed over time quite differently by region, 
trends by selection year in the. density of the popula- 
tion distributions surrounding reactor sites were also 
examined both by region and for all regions combined. 
Figure 3-13 presents plot5 of population density within 
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30 miles o f  t h e  s i t e  v e r s u s  y e a r  o f  s i t e  s e l e c t i o n ,  f o r  
e a c h  r e g i o n  and f o r  a l l  r e g i o n s  combined.  The l i n e  on 
e a c h  p l o t  is  t h e  l e a s t  squares l i n e a r  f i t  of t h e  d a t a .  
The s l o p e  o f  t h e  l i n e  is t h e  change  i n  t h e  l o g a r i t h m  of 
30-mile p o p u l a t i o n  d e n s i t y  w i t h  time. The l i n e s  f o r  t h e  
N o r t h e a s t ,  Midwest ,  and Sou th  have s lopes  which ,  g i v e n  
t h e  sca t te r  i n  t h e  d a t a  p o i n t s ,  are  l i t t l e  d i f f e r e n t  
f rom z e r o  ( N E  = -0 .04,  MW = - 0 . 0 1 ,  S = 0 . 0 3 ) .  Given 
t h e  na r row t i m e  s p a n  and c o n s i d e r a b l e  s c a t t e r  of t h e  
f i v e  Sou thwes t  s i t e  s e l e c t i o n  y e a r s ,  t h e  s l o p e  of t h a t  
p l o t  (SW = 0 . 7 ) ,  though s u b s t a n t i a l ,  is  o f  no impor t ance .  
Only f o r  t h e  West ( W  = -0 .23)  and t o  a lesser d e g r e e  
f o r  a l l  r e g i o n s  combined ( A l l  = -0 .08)  d o  t h e  s l o p e s  
o f  t h e  p l o t s  seem i m p o r t a n t .  

To b e t t e r  d e f i n e  t h e  s i g n i f i c a n c e  of t h e  time t r e n d s  
d i s p l a y e d  i n  F i g u r e  3-13, a n  a n a l y s i s  of  v a r i a n c e  [ 3 ]  
o f  t h e  l o g a r i t h m - t r a n s f o r m e d  p o p u l a t i o n  d e n s i t y  d a t a  was 
pe r fo rmed .  The a n a l y s i s  p a r t i t i o n e d  t h e  v a r i a b i l i t y  
i n  t h e  d a t a  among f o u r  terms: one  f o r  t h e  common time 
t r e n d  o f  a l l  r e g i o n s  combined,  one  f o r  un ique  time 
t r e n d s  w i t h i n  e a c h  r e g i o n ,  one  f o r  r e g i o n a l  d i f f e r e r i c e s  
c o r r e c t e d  f o r  r e g i o n a l  t i m e  t r e n d s ,  and a r e s idua l  term 
f o r  v a r i a b i l i t y  n o t  a t t r i b u t a b l e  t o  e i t h e r  r e g i o n a l  
d i f f e r e n c e s  o r  time t r e n d s .  The r e s u l t s  o f  t h i s  a n a l y -  
s is  a re  p r e s e n t e d  i n  T a b l e  3-5. I n  t h e  t a b l e ,  t h e  mean 
square v a l u e  is o b t a i n e d  by d i v i d i n g  t h e  sum o f  squares  
v a l u e  by  i t s  number o f  d e g r e e s  o f  f reedom (number o f  
i n d e p e n d e n t  terms i n  t h e  s u m  of  s q u a r e s ) .  Comparison 
of t h e  magn i tude  o f  t h e  mean square v a l u e s  i n d i c a t e s  
t h e  r e l a t i v e  i m p o r t a n c e  of t h e  t h ree  terms (mean square 
v a l u e s  l a r g e  by  compar i son  t o  t h e  r e s i d u a l  mean square 
v a l u e  a r e  u s e f u l  i n  e x p l a i n i n g  t h e  o b s e r v e d  v a r i a b i l i t y ) .  

T a b l e  3-5 A n a l y s i s  o f  V a r i a n c e  

Source  o f  Sum o f  Degrees  of Mean 
Var i a t i o n  - Squares Freedom Square  

Common t i m e  t r e n d  1 1 . 2  1 11 .2  

Reg iona l  time t r e n d  18.4 4 4 . 6  

Regiona l  d i f f e r e n c e s  7.1 4 1 . 8  
c o r r e c t e d  f o r  r e g i o n a l  
time t r e n d s  

R e  s i d  u a 1 82.0 8 1  - 
TOTAL 118.7  9 0  
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The l i n e s  are t h e  l eas t  s q u a r e s  
The slope of t h e  l i n e s  

NE = - 0 . 0 4 ,  MW = -0.01, S = 0 . 0 3 ,  W = -0 .23 ,  



A 

Table 3-5 suggests  t h a t  the  v a r i a b i l i t y  i n  logarithm- 
transformed s i t e  population da ta  r e s u l t s  p r i n c i p a l l y  
from a common trend w i t h  t ime. 
i s  not s t rong ( t h e  s lope of the  l i n e a r  c o r r e l a t i o n  for  
a l l  regions combined is only - 0 . 0 8 ) ,  i t s  importance is  
unclear .  I t  is poss ib le  t h a t  the  t rend toward l e s s  
dense s i t i n g  w i t h  time i s  (1) r e a l ,  or ( 2 )  an a r t i f a c t  of 
t h e  d a t a .  I f  t h e  t rend is  r e a l ,  i t  may r e s u l t  from some 
fac to r  not addressed by t h i s  a n a l y s i s  ( e . g . ,  w i t h  t he  
passage of t ime, s u i t a b l e  s i t e s  near c i t i e s  become un- 
a v a i l a b l e ,  so'rnore remote s i t e s  a r e  se1ected;which 
a r e  necessa r i ly  l e s s  densely populated) .  

Since t h i s  common t rend  

References fo r  Chapter 3 

1. Demographic S t a t i s t i c s  Per ta in ing  t o  Nuclear Power 
Reactor S i t e s ,  U.  S.  Nuclear Regulatory Commission, 
N U R E G - 0 3 4 8 ,  October 1 9 7 9 .  

2 .  J .  E .  Kohler, A.  P .  Kenneke, and B. K .  Grimes, 
- The S i t e  Population Factor:  
Consideration of Population I n  S i t e  Comparison, 
U .  S.  Atomic Energy Commission, WASH-1235,  October 
1 9 7 4 .  

A Technique For 

3. P. W .  M .  John, S t a t i s t i c a l  Desiqn and Analysis - of 
- Experiments, Macmillan, New York, N Y ,  1 9 7 1 .  

A 

3-24 



4 .  S i t e  A v a i l a b i l i t y  Impacts 

4 . 1  I n t r o d u c t i o n  

The p r e v i o u s  chapters of t h i s  report h a v e  examined 
the p o t e n t i a l  c o n s e q u e n c e s  o f  a c c i d e n t s  a t  n u c l e a r  
power reactors and the r e l a t i o n s h i p  of s i t e  p o p u l a t i o n  
d i s t r i b u t i o n  t o  c o n s e q u e n c e s .  I n  a d d i t i o n ,  the popu la -  
t i o n  character is t ics  of c u r r e n t  s i tes  w e r e  examined .  
I n  order t o  r e d u c e  societal  r i s k  f r o m  s i t i n g ,  it i s  
d e s i r a b l e  t o  locate reactors i n  areas o f  l o w  p o p u l a t i o n  
d e n s i t y .  This, of c o u r s e ,  f o r c e s  a t r a d e - o f f  be tween 
r e d u c e d  r i s k  and s i t e  a v a i l a b i l i t y .  To e v a l u a t e  m o r e  
p r e c i s e l y  the i m p l i c a t i o n s  -of t h i s  t r a d e - o f f ,  t h i s  
chapter reports on  w o r k  p e r f o r m e d  b y  D a m e s  and Moore, 
u n d e r  c o n t r a c t  t o  S a n d i a ,  t o  s t u d y  the  impacts of 
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  o n  l a n d  a v a i l a b i l i t y .  
The s t u d y ,  i n c l u d e d -  c o n s i d e r a t i o n  -of the impacts on 
s i t e  a v a i l a b i l i t y  o f - e n v i r o n m e n t a l  factors ( s e i s m i c i t y ,  
t o p o g r a p h i c  character, s u r f a c e  and g r o u n d w a t e r  a v a i l a -  
b i l i t y ,  and r e s t r i c t i o n s  d u e  t o  r e g u l a t i o n s  ( w e t l a n d s ,  
N a t i o n a l  parks, e t c . ) )  as w e l l  as p o p u l a t i o n .  

4 .2  Methodology 

. The s t u d y  w a s  performed i n  three steps: i d e n t i -  
f i c a t i o n  of i s s u e s  a f f e c t i n g  s i t e  a v a i l a b i l i t y ,  da t a  
collection, and analysis and d i s p l a y  of data.  The 
f i n a l  s tep w a s  pe r fo rmed  i t e r a t i v e l y ,  u s i n g  D a m e s  and 
Moore’s Geograph ic  I n f o r m a t i o n  Management System 
( G I M S ) ,  which m a n i p u l a t e s  . *  gee-graphical data i n  a g r i d  

4 . 2 . 1  I s s u e s  of Concern  

c e l l  format. > $  

A se t  of g e n e r a l  s i t i n g  i s s u e s . w a s  d e f i n e d  and  
used  t o  i d e n t i f y  and d i s c r i m i n a t e  m o r e  s u i t a b l e  s i t i n g  
areas from less s u i t a b l e  o n e s .  
v a r i e t y  of demograph ic  c o n s i d e r a t i o n s  and a d i v e , r s e  
set  of e n v i r o n m e n t a l  s i t i n g  c r i t e r i a  r e l a t i n g  n o r m a l l y  
t o  costs, I 

These i s s u e s  c o v e r  a 
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Three issues were defined for population criteria. 
These are: 

1. Stand-off Zones -- restrictions imposed by 
distance from urban centers of a particular 
size; 

2. Population Density -- a measure of population 
density within a specified'(circu1ar) area: 
and 

- 
3 .  Angular Population Distribution -- a measure 

of the uniformity of population distribution 
within a specified (circular) area. 

Four issues were defined for environmental cri- 
teria.' These are: 

1. Restricted Lands -- those areas in which the 
development of a nuclear power plant is dif- 
ficult due to legal constraints or the.pre- 
dominance of wetlands: 

2. Seismic Hardening -- the additional cost or 
difficultv of compliance with seismic design 
criteria;-assumed- to be measured by the maxi- 
mum expected (50 year) horizontal ground 
acceleration expressed in fractions of gra- 
vity (9): 

3 .  Site Preparation -- A relative measure of the 
ruggedness or topographic character expressed 
as an index which indicates the percentage 
of land with access and construction diffi- 
culty: and 

4.  Water Availability -- an index reflecting the 
relative cost of obtaining water for cooling. 

The latter three issues'were further combined to define 
an overall environmental suitability measure. 

It is necessary to keep in mind that the goal of 
this study was to provide information regarding land 
availability and not to select sites on which to con- 
struct nuclear power plants. The defined issues were 
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analyzed on a nationwide basis to yield trends and 
indicate areas on a regional basis that could be 
considered for selection of power plant sites. 
Site selection analyses are generally conducted at 
a more specific scale and level of resolution. 
This is especially true for environmental criteria. 
Many site selection issues are related to physical 
features that are not geographically extensive, or 
consider, factors that are important in the site plan- 
ning process (which includes the precise location 
of the reactor and other plant facilities within the 
site). While these factors are important for specific 
site identification, they are not considered here. 

4.2.2 Data Structure Diagram 

A data structure diagram describing the flow of 
data and information through the Dames and Moore study 
is presented i n  Figure 4-1. The diagram shows the 
sources and flow ofinformation on the demographic and 
environmental issues as well as how these issues are 
combined to provide. assessments of land availability 
for various siting- criteria. 

The data structure diagram is principally an aid 
to help conceptualize,the entire impact analysis. For 
the most part, each h o x . o n  the diagram represents a 
map that was created or a data file that could be dis- 
played as a map. 

4.2.3 D i s p l a y  of R e s u l t s  

Results are presented as maps which display the 
impact of a criterion, which when printed on a trans- 
parent medium, can be overlaid on other maps to see 
the effect of composite criteria. Many of the results 
are displayed for the whole U . S .  as well as for the 
northeastern section of the U . S .  (the most populous 
region of the country). 

In addition to maps, results are presented as 
tabulations of statistics for each state for various 
categories of information. Most of this statistical 
work was performed for comparisons of impacts of 
environmental suitability and population criteria 
and is described in Section 4.6. 
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Figure 4-1 Data Structure Diagram for t h e  Dames and Moore Study 



, 

4.2.4 Geographic Information Management System 

ment System ( G I M S ) ,  w a s  employed f o r  t h i s  s tudy .  G I M S  
i s  a computerized system t h a t  provides  p lanners  with 
a comprehensive approach t o  record ing ,  s t o r i n g ,  mani- 
p u l a t i n g  and d i sp lay ing  t h e  mappable information used  
i n  s t u d i e s  o f  t h i s  na tu re .  The system provides  a d a t a  
base which can be r e a d i l y  updated, and a l l o w s  evalua- 
t i o n  of many a l t e r n a t i v e  c r i t e r i a  t h a t  would  o the rwise  
be explored by time-consuming manual  procedures.  

4.2.5 Mapping Approach 

T h e  D a m e s  and Moore Geographic Information Manage- 

The mapping approach i s  a func t ion  of  fou r  re- 
lated factors: (1) characterist ics o f  the s tudy  area: 
(2) n a t u r e  of  the i n p u t  data: ( 3 )  a n a l y s i s  methodology: 
and ( 4 )  d e s i r e d  ou tpu t  o r  d i s p l a y  products. A l l  of 
these f a c t o r s  are  important  i n  determining t h e  base 
map and g r i d  ce l l  s i z e  and shape. Based on t h e s e  con- 
s i d e r a t i o n s ,  t h e  A l b e r s  Equal A r e a  p r o j e c t i o n  w a s  
chosen a t  a scale of 1:3,168,000 (1 inch  = 50 m i l e s )  
for d i g i t i z i n g  i n p u t  d a t a  and d i sp lay ing  output  r e s u l t s .  
I n  a d d i t i o n ,  it w a s  decided t h a t  d a t a  would be analyzed 
us ing  a g r i d  system c o n s i s t i n g  of quare  ce l l s  5 km on 

m i l e s ) .  An a r t i f i c i a l  equal-area g r i d  w a s  p laced on 
t h e  base map by conver t ing  longi tude  and l a t i t u d e  
coord ina te s  i n t o  X and Y coord ina tes  given i n  meters 
on the ground from an o r i g i n  i n  t h e  southwest corner 
of the map. U s i n g  g r i d . c e l l s  of t h i s  s i z e  and shape 
and t h e  A l b e r s  p r o j e c t i o n  e n s u r e s  t h a t  any maps pro- 
duced from the a n a l y s i s  have s e v e r a l  important  charac- 
t e r i s t ics :  

a side (each c e l l  r e p r e s e n t s  25 k m  3 or 9.65 square 

1. 

2. 

3. 

4 .  

Format i s  c o n s i s t e n t  wi th  m a p  projection and 
l e v e l  o f  d e t a i l  o f  i n p u t  data:  

I _  

A r e l i a b l e  sampling of  popula t ion  data  
( e s p e c i a l l y  f o r  t h e  smaller area a n n u l i )  i s  
maintained; 

Computer t i m e  and cost are a t  an e f f i c i e n , t ,  
l e v e l :  

Maps are o f  manageable s i z e  w h i l e  r e t a i n i n g  
important  v i s i b l e  r eg iona l  p a t t e r n s :  
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5. Directional bias of analysis is minimal; and 

6. Line printer graphics show area relationships 
truly, and thus, do not distort the implied 
impacts of criteria. 

4.3 Data Base 

for analyzing both demographic criteria and net envi- 
ronmental suitability. It includes: 

4 

T h e  data base consists of those data necessary 

1. Demographic Data 

' 0  Location and population of urban centers 

o 1980 population estimated for enumeration 
districts 

2. State and national boundaries 

3. Restricted lands 

o Legally protected 

o Major wetlands 

4. Seismic hardening 

o Seismic acceleration 

5. Site preparation 

o Topographic character 

6. Water avai1abi.li.t-y 

o Surface water availability 

o Groundwater availability 

4.3.1 Demographic Data 

characveristics considered both standoff distances 
from urban centers and surrounding population density 
and angular distribution. These analyses required 
two types of data. 

Site availability impacts based on demographic 
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4 . 3 . 1 . 1  Urban C e n t e r s  

Data  c o n c e r n i n g  urban  c e n t e r s  were e x t r a c t e d  from 
NUREG-0348 [l]. T h i s  p u b l i c a t i o n  c a t e g o r i z e s  urban  
c e n t e r s  i n t o  t h r e e  g r o u p s :  t h o s e  c e n t e r s  w i t h  p o p u l a -  
t i o n  i n  e x c e s s  of  25,OOG p e o p l e ,  g r e z t e r  t h a n  100,OOG 
p e o p l e ,  an6 g r e a t e r  t h a n  2 0 0 , 0 0 0  p e o p l e .  The d a t a  
were updated  w i t h  i n f o r m a t i o n  p r o v i d e d  by t h e  NRC t o  
i n c l u d e  p o p u l a t i o n  f i g u r e s  f o r  urban  c e n t e r s  g r e a t e r  
t h a n  2 5 0 , 0 0 0  p e o p l e ,  g r e a t e r  t h a n  500,000 p e o p l e  and 
g r e a t e r  t h a n  l , O C i I , O O O  p e o p l e .  

P o p u l a t i o n s  f o r  t h e s e  urban  c e n t e r s  were i d e n t i -  
f i e d  g e o g r a p h i c a l l y  by l a t i t u d e  and l o n g i t u d e  c o o r d i -  
n a t e s .  The  deg re , e s  of  l o n g i t u d e  and l a t i t u d e  were 
c o n v e r t e d  i n t o  X and Y c o o r d i n a t e s  w h i c h  c o r r e s p o n d e d  
t o  t h e  same g e o g r a p h i c  g r i d  t h a t  was a p p l i e d  t o  t h e  
A l b e r s  b a s e  map a s  d i s c u s s e d  i n  S e c t i o n  4 .2 .5 .  T h i s  
c o n v e r s i o n  p r e p a r e d  t h e  d a t a  f o r  e v e n t u a l  use i n  t h e  
p r o d u c t i o n  o f  maps showing how much l a n d  would be 
a v a i l a b l e  a f t e r  imposing p o p u l a t i o n  c e n t e r  s t a n d o f f  
zone c r i t e r i a .  The a n a l y s i s  of  s t a n d o f f  zones  is 
d i s c u s s e d  i n  S e c t i o n  4.5.1.  

4 .3  .l. 2 P o p u l a t i o n  D e n s i t y  

To c a l c u l a t e  p o p u l a t i o n  d e n s i t y ,  a n a l y z e  v a r i o i i s  
c r i t e r i a ,  and e n s u r e  t h a t  t h e  r e s u l t s  a r e  r e l i a b l e  i n  
t h e  f a c e  of  chang ing  n a t i o n a l  p o p u l a t i o n  t r e n d s ,  i t  
was n e c e s s a r y  t o  o b t a i n  t h e  most up - to -da te  and d e -  
t a i l e d  p o p u l a t i o n  f i g u r e s .  F i g u r e s  from+ t h e  1980 
d e c e n n i a l  census were n o t  a v a i l a b l e  i n  time f o r  u s e  
i n  t h i s  s t u d y .  I n  t h e i r  p l a c e ,  e s t i m a t e s  f o r  1 9 8 0  
p o p u l a t i o n  were u s e d .  Data were s u p p l i e d  by t h e  
N a t i o n a l  P l a n n i n g  Data C o r p o r a t i o n  ( I t h a c a ,  N e w  Y o r k ) .  
Whi le  i t  i s  d i f f i c u l t  t o  g i v e  an e s t i m a t e  f o r  t h e  
p e r c e n t  e r r o r ,  i t  i s  b e l i e v e d  t h a t  t h e  d a t a  a r e  q u i t e  
r e l i a b l e ,  e s p e c i a l l y  when i n d i v i d u a l  d a t a  p o i n t s  '. 
( w h i c h  c o r r e s p o n d  t,o c e n t r o i d s  of  e n u m e r a t i o n  d i s -  
t r i c t s  o r  b lock  g r o u p s )  a r e  t a k e n  i n  g r o u p s  of  4 o r  5. 
T h i s  i s  t y p i c a l l y  t h e  c a s e  i n  t h i s  s t u d y .  I t  i s  
e s p e c i a l l y  t r u e  f o r  a l l  a r e a s  e x c e p t  t h e  most remote 
and r u r a l .  T h u s ,  t h e  d a t a  a r e  c o n s i d e r e d  r e l i a b l e  
f o r  i t s  i n t e n d e d  f u n c t i o n ,  t h e  a n a l y s i s  o f  p o p u l a t i o n  
d a t a  a round t h e  more u r b a n i z e d  a r e a s  of  t h e  c o u n t r y .  
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The 1 9 8 0  population es t imates  were obtained for -  
matted on magnetic t apes  w i t h  population f i g u r e s  geo- 
g raph ica l ly  referenced by l a t i t u d e  and longi tude.  A s  
w i t h  urban center  d a t a ,  t h e  degrees  of longi tude and 
l a t i t u d e  were converted i n t o  X and Y coordinates  on t h e  
Albers g r i d  system. T h i s  process prepared the  demo- 
graphic  d a t a  base for  a n a l y s i s  of population dens i ty .  
The a n a l y s i s  is discussed i n  Sect ion 4 .5 .2 .  

4 . 3 . 2  S t a t e  Boundaries 

Using  the  Albers base map a t  1 : 3 , 1 6 8 , 0 0 0  s c a l e ,  
a l l  c o a s t l i n e s ,  i n t e r n a t i o n a l  boundaries,  and s t a t e  
boundaries, were d i g i t i z e d .  The a rea  w i t h i n  each s t a t e  
was assigned a unique code t o  i d e n t i f y  it  f o r  f u r t h e r  
u s e .  The s t a t e  boundaries map f i l e  allows a n a l y s i s  
o r  d i s p l a y  of r e su l t s  on an ind iv idua l  s t a t e  b a s i s  
or by any group of s t a t e s .  

4 .3 .3  , Rest r ic ted  Lands 1 

The nature  of c e r t a i n  a reas  of the  country causes 
them t o  be pro tec ted  or r e s t r i c t e d  from development. 
Two types of l ands  were considered a s  r e s t r i c t e d :  
l e g a l l y  protected lands and e x i s t i n g  wetlands.  

4 . 3 . 3 . 1  Protected Lands 

The Energy Reorganization Act of 1 9 7 4  (Sec t ion  
207') s t a t e s  t h a t  na t iona l  f o r e s t s ,  na t iona l  parks ,  
na t iona l  h i s t o r i c  monuments and na t iona l  wilderness  
a r e a s  should be excluded from cons idera t ion  a s  poten- 
t i a l  nuclear energy center  s i t e s .  While t h i s  s t u d y  
d i d  n o t  dea l  w i t h  nuclear energy c e n t e r s ,  it is rea- 
sonable t o  consider such lands a s  pro tec ted  from t h e  
s i t i n g ,  of a s i n g l e  nuclear power p l a n t ,  r ega rd le s s  
of  a na t iona l  p o l i c y  on t h i s  mat te r .  U t i l i t y  i n d u s -  
t r i e s  tend t o  avoid such a reas  because of t he  possi-  
b i l i t y  of time consuming and c o s t l y  l e g a l  b a t t l e s .  
The following a reas  were considered t o  be pro tec ted :  

o National Parks 

o National Fores t s  

o National Monuments 

o National Wilderness Areas 
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National Grasslands 

National Wi ld l i fe  (Game) Refuges 

National Recreation Areas 

National Seashores 

S t a t e  Parks 

S t a t e  Fores t s  

S t a t e  Rese r ves/Re f uges 

S t a t e  Recreation Areas 

Mi l i ta ry  Reservations 

Indian Reservations 

Three d i f f e r e n t  map sources were used t o  obta in  
t h e  l o c a t i o n s  of these  protected lands.  The United 
S t a t e s  base map u t i l i z e d  i n  t h i s  s tudy (compiled by 
t h e  U . S .  Geological Survey, 1 9 6 5 )  was used t o  e x t r a c t  
the  loca t ion  of na t iona l  parks ,  f o r e s t s ,  monuments, 
w i l d l i f e  refuges,  and Indian r e se rva t ions .  Sect ional  
s h e e t s  a t  a s c a l e  of 1:2,000,000 from t h e  National 
At las  [ 2 ]  were used t o  update the boundary information 
fo r  the  above pro tec ted  lands a s  well  a s  t o  o b t a i n  
t h e  loca t ion  o f , n a t i o n a l  r e c r e a t i o n a l  a reas .  Because 
of t he  r e l a t i v e l y  small  s i z e  of pro tec ted  s t a t e  a reas  
and some protected na t iona l  a r e a s ,  a screening process 
was used fo r  c e r t a i n  types of land,  r a t h e r  than iden- 
t i f y i n g  and d i g i t i z i n g  every one. Because t h i s  study 
d e a l t  not w i t h  s i t e  s e l e c t i o n  b u t  w i t h  t he  general  
p a t t e r n s  of land a v a i l a b i l i t y ,  a m i n i m u m  s i z e  screen 
of 1 0 0  square miles  was used f o r  t h e  following types 
of a reas :  m i l i t a r y  r e se rva t ions ,  na t iona l  grass lands ,  
s t a t e  parks ,  s t a t e  f o r e s t s ,  s t a t e  monuments, s t a t e  
reserves  and refuges,  and s t a t e  r ec rea t iona l  a reas .  
Information fo r  t hese  types of lands  was obtained from 
t h e  1980 Rand Mclilally At las ,  a s  t h i s  was t h e  most 
d e t a i l e d ,  up-to-d3te and uniform source of information. 

4 . 3 . 3 . 2  Wetlands 

Besides the  above l e g a l l y  protected lands which 
would be r e s t r i c t e d  from development e i t h e r  on the 
b a s i s  of na t iona l  po l icy  or avoidance on the p a r t  
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of the u t i l i t y  i n d u s t r y ,  c e r t a i n  t y p e s  o f  e n v i r o n -  
m e n t a l  r e s t r i c t i o n s  m i g h t  be imposed as  w e l l .  For 
t h i s  s t u d y ,  o n e  s u c h  e n v i r o n m e n t a l  c o n s t r a i n t  w a s  
a p p l i e d  -- namely ,  t h e l o c a t i o n  of m a j o r  w e t l a n d s .  I t  
i s  the p o l i c y  o f  the Water R e s o u r c e s  C o u n c i l  t o  e n s u r e  
the p r o t e c t i o n  o f  w e t l a n d s  from a d v e r s e  impacts and 
d e g r a d a t i o n  31. 

N o  u n i f o r m  n a t i o n w i d e  d a t a  base e x i s t s  r e g a r d i n g  
the l o c a t i o n  o f  m a j o r  w e t l a n d s .  A f t e r  c o n s i d e r a t i o n  
of s e v e r a l  approaches t o  d e f i n i n g  the e x t e n t  o f  w e t -  
l a n d s  i n  a n  e f f i c i e n t  manner ,  a s o u r c e  w a s  found t o  
s a t i s f y  the n e e d s  of t h i s  s t u d y .  The 1:2,000,000 
scale s e c t i o n a l  sheets o f  the N a t i o n a l  A t l a s  [ 2 ]  w e r e  
u s e d  t o  o u t l i n e  the e x t e n t  o f  major w e t l a n d s .  A t  t h i s  
scale,  o n l y  major w e t l a n d s  c a n  be shown. A compar i son  
of t h e s e  source d a t a  w i t h  more d e t a i l e d  map d a t a  shows 
t h a t  s o m e  of the w e t l a n d  b o u n d a r i e s  h a v e  b e e n  general- 
i z e d  and most wetlands less t h a n  60 s q u a r e  m i l e s  w e r e  
p r o b a b l y  n o t  shown o n  the s e c t i o n a l  sheets. 

The l o c a t i o n s  of both protected l a n d s  and w e t -  
l a n d s  w e r e  d i g i t i z e d  i n t o  separate map f i l e s .  Each 
o f  the 1 5  d i f f e r e n t  t y p e s  of p r o t e c t e d  l a n d s  w a s  g i v e n  
a u n i q u e  i d e n t i f y i n g  code t o  a l l o w  i n d i v i d u a l  c o n s i -  
d e r a t i o n  o f  each t y p e  o f  protected l a n d .  The t w o  m a p  
f i l e s  w e r e  added t o g e t h e r  t o  p r o d u c e  a m a p  f i l e  cal led 
res t r ic ted l a n d s  ( F i g u r e  F1 i n  Appendix F ) .  The re- 
s t r i c t ed  l a n d s  f i l e  w a s  l a t e r  added  t o  the i n d i v i d u a l  
e n v i r o n m e n t a l  i s s u e  map f i l e s  as w e l l  a s  t h e  e n v i r o n -  
m e n t a l  s u i t a b i l i t y  m a p  f i l e  t o  produce m a p s  showing 
the l o c a t i o n  o f  r e s t r i c t e d  l a n d s ,  and c o n v e r s e l y ,  the  
n e t  a v a i l a b i l i t y  o f  l a n d .  

4 .  3.4 S e i s m i c  Harden ing  

There are  g e n e r a l l y  three major f a c t o r s  t o  be 
c o n s i d e r e d  i n  the seismic e v a l u a t i o n  o f  a n u c l e a r  power 
p l a n t  s i t e :  

1. F a u l t  R u p t u r e  Hazard  -- p r i m a r i l y  a s i t i n g  
problem; 

2 .  Dynamic So i l  S t a b i l i t y  ( l i q u e f a c t i o n )  -- both 
a s i t i n g  and a d e s i g n  problem; and 

3. S t r o n g  G r o u n d M o t i o n  ( v i b r a t o r y )  -- both a 
s i t i n g  and d e s i g n  i s s u e .  
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S i t i n g  requirements a re  specified by the NRC C41 
and the evaluation of a s i t e  ( f o r  design purposes) i s  
based on the additional cos t  imposed by the s i te-related 
conditions. Although a detailed s i t e  qual i f icat ions 
s tudy  would require the careful consideration of a l l  
three factors ,  t h e i r  evaluation generally requires 
e f f o r t  f a r  beyond the scope of t h i s  s tudy .  However, 
a f t e r  careful  consideration of t he i r  overall  impact, 
a methodology was developed for a coarse screening 
process which r e f l e c t s  the overall  impact of these 
factors .  
problem from the standpoints of rupture hazard and 
dynamic s o i l  s t a b i l i t y  were not uniformly available 
throughout the United States .  For t h i s  reason, seismic 
hardening was evaluated solely on the basis  of vibra- 
tory ground motion. 

The data necessary t o  evaluate the potent ia l  

Strong ground motion c r i t e r i a  a re  determined by 
the  postulated Safe Shutdown Earthquake (SSE)  which i s  
the la rges t  possible event on the controll ing seismo- 
genic feature,  which could be a capable f a u l t  (no t  
necessarily the closest  one) or  a tectonic province. 
The SSE i s  determined on the basis of h i s to r i ca l  
earthquake data (seismicity) and detailed investiga- 
t ion of the length and capabi l i ty  of nearby f a u l t s ,  
according t o  procedures specified by the NRC [ 5 ] .  The 
plant  m u s t  be able t o  survive such an earthquake i n  a 
manner which w i l l  not r e su l t  i n  the release of radio- 
a c t i v i t y  i n  excess of s ta ted l i m i t s .  An additional 
design requirement i s  i m p o s e d  by the Opera t ing  B a s i s  
Earthquake (OBE) which i s  commonly defined as  having 
a peak acceleration equal t o  1 / 2  t ha t  of the S S E .  
The plant m u s t  be designed so tha t  it can continue 
t o  operate d u r i n g  and a f t e r  an OBE: a l te rna t ive ly ,  
none of the s t ruc tura l  o r  mechanical components may 
be stressed beyond t h e i r  e l a s t i c  l i m i t  by the OBE. 

While the detai led investigations required for  
the determination of the SSE for each 5 k m  by 5 k m  
g r i d  c e l l  were c lear ly  beyond the scope of t h i s  s t u d y ,  
it was possible using available data t o  probabi l is t i -  
ca l ly  evaluate the r e l a t ive  severi ty  of the strong 
ground motion hazard i n  the s t u d y  area and consider 
costs  of ‘seismic hardening. T h i s  was accomplished 
using probabi l i s t ic  studies of seismic r i s k  prepared 
by Algermissen and Perkins [6] and the Applied 
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Technology Council (ATC) C71 and supplemented, with 
information from a U . S .  Geological Survey professional 
paper [a ] .  
comprehensive analysis by Algermissen and Perkins. 
The map shows accelerations in bedrock expressed 
as a fraction of gravity. The combination of these , 

three sources' resulted in the seismic acceleration 
source data map illustrated in Figure F2, Appendix F. 

The ATC map represents an adaptation of a 

The map shows the horizontal acceleration (ex- 
pressed as a fraction of gravity) in rock with a 
90 percent probability of not being exceeded in 50 
years. According to Algermissen and Perkins: 

"Certain facilities such as nuclear power 
plants may require design adequate for accel- 
erations with exceedance probability no larger 
than 0.5 percent in 50 years. For structures 
for which very low exceedance probabilities 
are appropriate, it is clear that this source 
map indicates only a relative idea of the 
hazards -- the design motions will be high 
for Fuch smaller exceedance probabilities. In 
those regions where seismicity is lower than 
in California, the accelerations shown on this 
map vary with return period according to the 
very approximate rule: the level of motion 
doubles as the return period increases by 5 
(exceedance probability decreases by 5)." 

This rule was used to modify the values on the 
source data map. The exceedance probability was de- 
creased by a factor of 5 -- from 10 percent to 
2 percent -- and the acceleration values were doubled. 
Another iteration of this process decreased the ex- 
ceedance probability from 2 to 0.4 percent and again 
doubled the acceleration values. The new values 
were then considered to be four times the values 
expressed in Figure F2. Thus, the data in the modi- 
fied map file became consistent with the notion of 
using a 0.5 percent exceedance probability for nuclear 
power plants (as suggested by Algermissen and Perkins). 

adapted by interpolating between the contour levels 
to develop a more continuous distribution of seismic 
risk (horizontal acceleration). The continuous dis- 
tribution was desirable from a siting standpoint, 

The.seismic risk source data file was further 
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so.that sites falling on either side of a dividing 
contour would not appear to have greatly differing 
seismic requirements. (The contours of the source map 
do not generally have any geological significance which 
would warrant such sharp distinctions.) It is still 
recognized that the absolute resolution of the source 
data map is probably no more precise than the contour 
intervals given. However, the relative ranking of 
areas for reactor sites is probably representable to 
the finer resolution implied by the interpolation. 

The general impact of seismic design requirements 
is assumed to be proportional to the specific cost 
of the additional design and construction features 
required to satisfy the seismic design requirements. 
In NUREG/CR-1508 C91, seismic hardening costs were 
calculated and shown on a graph relating the Safe 
Shutdown Earthquake expressed as a fraction of gravity 
to the estimated cost differential in millions of 
dollars. The cost curve used in this study is shown 
in Figure 4-2. 

The map shown in Figure F2, Appendix F, indicates 
that the lowest acceleration contour is equal to 0.05g. 
Remembering that the exceedance probability was twice 
decreased by a factor of 5 (thereby twice doubling 
the ground motion), the lowest acceleration contour 
may now be considered equivalent to 0.2g. By applying 
Stevenson's cost information to the modified probabi- 
listic seismic acceleration information, a cost surface 
that s h o w s  the additional cost of seismic hardening 
was generated. 

Using the curve shown in Figure 4-2, acceleration 
values between 0.2g and 0.6g ( 0 . 0 5  and 0.15 on the . 

source map) were assigned costs ranging from $23.7 
million to $55.5 million. Acceleration values of less 
than 0.2g were assigned a cost of $23.7 million (the 
same as for 0.2g). This was because nuclear power 
plants in the 1J.S.  are designed for an SSE of 0.2g, 
although it may be possible to build them more cheaply. 
For, acceleration values greater than 0.64, it was felt 
that there is no reasonable way to accurately estimate 
the lncreased costs of seismic hardening. Rather than 
assign a cost, they were' labeled "inestimably high". 
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The c o s t s  der ived from Figure 4-2 ( 1 9 7 7  d o l l a r s )  
were next converted t o  1 9 8 0  d o l l a r s  y ie ld ing  a low of 
$31.5 mi l l i on  and a h i g h  of $73 .9  mi l l i on .  To c a l c u l a t e  
t h e  c o s t  of  seismic hardening t h a t  was considered a s  
" a d d i t i o n a l " ,  t he  design-basis  value o f  $31.5 m i l l i o n  
was subt rac ted  from a l l  the  c o s t s .  T h i s  r e su l t ed  iil a 
range of c o s t s  of 0 . 0  t o  $ 4 2 . 4  mi l l i on .  The graphic  
d i s p l a y  of seismic hardening cos t  is  shown i n  Figure F 3 ,  
Appendix F. 

4.3.5 S i t e  Preparat ion 

An increase  i n  s lope  or ruggedness o f  t e r r a i n  
t r a n s l a t e s  d i r e c t l y  i n t o  increased c o s t  fo r  construc-  
t i o n .  T h i s  includes the  d i f f i c u l t y  t h a t  may be encoun- 
t e r ed  i n  excavation f o r  foundations,  cons t ruc t ion  of 
access  roads where low grades a re  required (due t o  
the  t r a n s p o r t  of l a r g e  components such a s  the  turb ine  
or  pressure  v e s s e l ) ,  and f i n a l l y ,  measures t h a t  m u s t  
be taken t o  mi t iga t e  environmental d i s turbances  such 
a s  con t ro l  of run-off*and erosion from c u t  s lopes .  

To eva lua te  the  impact of topographic charac te r  
on s i t e  prepara t ion  c o s t  over a l a r g e  regional  a r e a ,  
a genera l  index t h a t  i n d i c a t e s  both the  s teepness  of 
s lopes  and the  a r e a l  e x t e n t  of such s lopes  was sought.  
Such da ta  was found i n  a paper by E .  H .  Hammond [ l o ]  
and h i s  map which was adapted and found i n  t h e  National 
A t l a s  [2]. Regions on the  map a r e  charac te r ized  by the  
percentage of t h e i r  a rea  which is  c l a s s i f i e d  w i t h  a 
topographical  g rad ien t  of l e s s  than 8 percent  s lope 
( g e n t l y  s l o p i n g ) .  The 8 percent  s lope  i s  not a c r i t i c a l  
threshold value for  land u t i l i z a t i o n .  I t  does,  however, 
i n d i c a t e  a value beyond which movement of veh ic l e s  
becomes iixpeded, and i n  gene ra l ,  cons t ruc t ion  and oper- 
a t i o n  becomes more d i f f i c u l t .  

T h e  s m a l l e s t . r e g i o n  del imited and given a c l a s s i -  
f i c a t i o n  has an a'rea of about 8 0 0  square miles .  Smaller 
a r e a s  a r e  omitted or absorbed i n t o  the  adjacent  region 
t h a t  they most resemble. W i t h  t h i s  l e v e l  of r e s o l u t i o n ,  
i t  is poss ib l e  t h a t  s i t e s  s u i t a b l e  fo r  b u i l d i n g  a muclear 
power p l an t  e x i s t  w i t h i n  the  a rea  charac te r ized  by 
even the  highest  proport ion of rugged t e r r a i n .  However, 
a t  t h i s  regional  l e v e l  of a n a l y s i s ,  t hese  spec ia l  con- 
d i t i o n s  a r e  not p r a c t i c a l l y  observed. Because not only 
s i t e  ruggedness but  t he  ruggedness of the  access  route  
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for  implacement of heavy components a f f e c t s  t h e  con- 
s t r u c t i o n  c o s t s ,  t he  a n a l y s i s  of s i t e  prepara t ion  c o s t s  
i s  based s o l e l y  on the  general  i nd ica t ion  of topogra- 
phic c h a r a c t e r ,  a s  defined by the  da t a .  Figure F4 ,  
Appendix F ,  is a map showing the  source d a t a  w i t h  g rey  
tones implying prepara t ion  c o s t s .  Four t e r r a i n  c l a s -  
s i f i c a t i o n s  a r e  shown: regions w i t h  l e s s  than 20%, 20 
t o  5 0 % ,  50 t o  8 0 % ,  and g r e a t e r  than 8 0 %  gen t ly  s lop ing  
' ( l e s s  than 8 %  s l o p e ) .  

4 . 3 . 6  Water A v a i l a b i l i t y  

Cooling system c o s t  has become a major component 
of t o t a l  power p l a n t  c o s t .  Several  f a c t o r s  a r e  i n -  
volved i n  determining cooling system cos t :  the  type 
of cooling system -- mechanical d r a f t  wet towers,  
n a t u r a l  d r a f t  w e t  towers,  cooling ponds, or once 
through cool ing;  c l i m a t i c  temperature d i s t r i b u t i o n s ;  
e x i s t i n g  p r i o r i t i e s  fo r  use of a v a i l a b l e  water;  and 
r e s t r i c t i o n s  such a s  w i l d  and scenic  r i v e r s .  While 
a d e t a i l e d  a n a l y s i s  of these f a c t o r s  is beyond the  
scope of t h i s  s t u d y ,  a methodology was developed t o  
present  a genera l  p i c t u r e  of water a v a i l a b i l i t y  and 
the  c o s t  involved i n  i t s  use. Sources of both su r face  
water and groundwater were mapped and c o s t s  were d e t e r -  
mined fo r  each. The two map f i l e s  were then o v e r l a i d ,  
and a map was produced showing the  l e a s t  c o s t  o f  a v a i l -  
ab le  water.  

4 . 3 . 6 . 1 .  Surface Water 

Hydrological impl ica t ions  of water consumption by 
nuclear power p l a n t s  have been discussed by G i u s t i  
and Meyer [ l l] .  Many e x i s t i n g  power p l a n t s  a r e  loca ted  
on s i t e s  next t o  streams and draw t h e i r  water d i r e c t l y  
from those streams w i t h o u t  p rovis ions  fo r  s i g n i f i c a n t  
s torage .  I n  s i t i n g  p l a n t s  along r i v e r s  one m u s t  con- 
s i d e r  t he  per iods  of low flow when the  impact on the  
water re,sources of t o t a l  water consumed i n  the  cool ing 
process i s  a t  a maximum. T h i s  cons idera t ion  is espe- 
c i a l l y  s , i gn i f i can t  f o r  p l a n t s  t h a t  do not use cooling 
ponds w i t h  a l a r g e  amount of s torage  capac i ty .  I n  
l i g h t  of t h i s ,  it is  important t o  have r e l i a b l e  e s t i -  
mates of the  low flow of streams from which  p l a n t s  
can draw cooling water.  According t o  G i u s t i  and Meyer 
the re  a r e  seve ra l  reasons for  es t imat ing  these  flows: 
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1. Safety -- t h e * r e g u l a t o r y  s t a f f  .of t he  U . S .  
Atomic Energy Commission ( 1 9 7 2 )  " i n  re fe rence  
t o  a s a f e t y  a n a l y s i s - r e p o r t  for  nuclear power 
p l a n t s  s t a t e s :  
"Estimate the  probable m i q n i m u m  flow r a t e  
r e s u l t i n g  from the  most severe drought con- 
s idered  reasonably poss ib le  i n  - the region 
a s  such condi t ions  may a f f e c t  t he  a b i l i t y  
of t h e  u l t imate  heat  s i n k  t o  perform ade- 
qua t e l y  . 'I ; 

2 .  Standards -- most s t a t e s  have issued s tan-  
dards  regarding the  maximum permissible  
minera l .concent ra t ion  i n  su r f ace  water t o  
be usedsfor cool ing.  As i s  w e l l  known, t h i s  
concentrat ion is  a t  a maximum a t  a low flow 
period because the  flow c o n s i s t s  of ground- 
water discharge which is normally more con- 
cen t r a t ed  minera logica l ly  than sur face  water.  
Additional concentrat ion of  the  stream flow 
mineral  content  is  brought about by t ran-  
s p i r a t i o n  which is  a l s o  a t  a maximum during 
low flow per iods ;  

3 .  Ecology --. maximum ecologica l  impact on f r e sh  
water b i o t a  can occur on some streams during 
low flow periods i f  t h e  mineral  concentrat ion 
exceeds -ce r t a in  l i m i t s  or  i f  t he  flow is  ab- 
r u p t l y  reduced-by withdrawal a t  power p l an t s .  
Furthermore, t h e  w i t h d r a w a l  entails loss of 
b i o t a  by physical .entrainment  on the  intake 
screens  or -by physical  i n ju ry  on passage I . 

. 4 . . + P l a n t  Operation -- t h e  condi t ions  d e s c r i b e d , '  
: .above may be such a s  t o  fo rce  t'he shutdown 

of the  p l a n t ,  w i t h  cont ingent  c o s t s  and l o s s  : 
7 .  * o f  revenue t o  p l a n t  ope ra to r s  a n d - l o s s  . o f .  

. s e r v i c e  t o  consumers. Whi le  t h i s  may be con- 

,. except ional  circumstances,  say once i n  1 0 .  
years ,  i t  becomes a s e r i o u s  problem of m i s -  ll. 
design .when recur r ing  o re  o f t e n , , s a y  o n c e .  I 

r 

- , t h rough  t h e  water pumps; and : c  1 : i 

' J  . 

; . s idered  ant-acceptable ope ra t iona l  r u l e  under 

Stankowski, Limerinos, and >Euell [ 1 2 ]  have exam- 
ined the  low water flow i n  the  United S t a t e s  t o  provide 
information regarding p o t e n t i a l  sources of cooling 
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water. They have prepared a map which identifies those 
streams for which the average 7-day low flow with a 
recurrence interval of 10 years is at least 300 cubic 
feet per second (cfs). (The 7-day, 10-year low flow 
or 7Q10, is the average low flow that occurs over 7 
consecutive days with a probable recurrence of 10 years.) 
Their map shows those stream reaches that: (1) have 
a 7Q10 of at least 300 cfs, or (2) could furnish 
a sustained flow of at least 300 cfs if storage were 
provided. For their study, 300 cfs was selected as 
the needed flow in the stream on the assumption that 
many states will not permit more than 10 percent of 
the dependable flow to be withdrawn for a consumption 
use. Ten percent of 300 cfs equals 30 cfs which is 
the amount of water that might be considered necessary 
to cool ,a 1,000 MWe nuclear power plant if cooling 
towers, sprays, or ponds are used .  The requirement 
of 30 cfs  for cooling is in agreement with the informa- 
tion produced by Giusti and Meyer [ll]. The Stankowski, 
et al., map was digitized and used as a source map 
to show surface water availability. 

To extend the utility of surface water informa- 
tion, the map file showing surface water availability 
was converted into a map showing surface water cost. 
First, an estimate was made of the dollar per mile 
pumping cost to move surface water. These costs were 
estimated for each of the four terrain types charac- 
ter%ized'for site preparation (Section 4.3.5). Both 
an initial capital cost and a 30-year operating and 
maintenance cost were estimated. In addition to the 
pumping cost, a penalty cost was added for those streams 
that required the use of reservoirs in order to sustain 
a 7Q10 of 300 cfs. Based on this information, a corn- 
puter.mode1 was used' to calculate, for each cell, the 
cost of obtaining surface water as a function of pumping 
costs over a variety of terrain and the potential use 
of a reservoir. The model determined the least of the 
cost alternatives for supplying surface water to a 
cell. The cost information was mapped and is shown 
in Figure F5, Appendix F. There are eight equal inter- 
val levels between zero and $300 million. Costs above 
$300 million were grouped together -- amounting to about 
10 percent of the study area. This grouping at the 
high cost end allows regional differences in the more 
reasonable range of costs to be displayed. 
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4 . 3 . 6 . 2  Gr oundwa-ter Avai lab i l  i t y  

Groundwater i s a n  important source of cooling water 
i n  many p a r t s  of the  country.  C h a r a c t e r i s t i c s  o f  ground- 
water can vary q u i t e  dramat ica l ly  w i t h i n  a small  reg ion .  
Despite t h i s ,  an attempt was made t o  l o c a t e  a source 
of information t h a t  would s a t i s f y  the  broad s c a l e  
requirements o f  t h i s  s t u d y .  U s i n g  the  U S G S  Water 
Supply Paper 1 8 0 0  [ 1 3 ] ,  and supplementing t h i s  w i t h  
such maps a s  t he  h'ydrologic Inves t iga t ions  At las  [ 1 4 ] ,  
Tectonic Map of North America [ 1 5 ] ,  and Shaded Relief 
of ,U.S. [ 1 6 ] ,  major regions and subregions of t h e  
country were mapped a s  source d a t a .  Although v a r i a b i l -  
i t y  e x i s t s  w i t h i n  any one of the regions or sub-regions,  
regions do show d i f f e r e n c e s  regarding t h e i r  c h a r a c t e r i s -  
t i c s  of q u a l i t y ,  q u a n t i t y ,  depth t o  water,  and reqbired 
well  f i e l d  s i z e .  

Based on these  c h a r a c t e r i s t i c s ,  c o s t  information 
was appl ied t o  the  map d a t a .  Both c a p i t a l  c o s t s  and 
30-year operat ing and maintenance c o s t s  were ca l cu la t ed  
f o r  each of t he  de l imi ted  a reas  on t h e  b a s i s  of d o l l a r s  
per wel l .  To obta in  the  equivalent  of 30 c f s  from 
any of t he  generali7zed a q u i f e r s ,  i t  would be necessary 
t o  s i n k  s eve ra l  wel l s .  The required number of wel l s  
was ca l cu la t ed  by d i v i d i n g  30 c f s  by the  expected y i e ld  
per well  of t he  given a q u i f e r .  Multiplying t h i s  number 
of wel l s  by t h e , c o s t  per well  r e su l t ed  i n  the  c o s t  asso- 
c i a t e d  w i t h  br inging 30  c f s  t o  the  sur face  from any of  
the  general ized aqui'fers..  I t  was observed t h a t  s eve ra l  
of the  gene ra l i zed ' aqu i f e r  a r eas  requi re  well  f i e l d s  
which a r e  too l a r g e  fo r  p r a c t i c a l  use. For these  a r e a s ,  
groundwater was considered t o  be unavai lable  i n  a prac- 
t i c a l  sense.  For reasonably s ized  well  f i e l d  a r e a s ,  
t he  c o s t  of c o l l e c t i n g  the  water from numerous wel l s  
and bringing i t  to' a s i n g l e  point  was est imated.  For 
each of the  groundw.ater regions,  t h e  two c o s t s  -- t h a t  
o f  bringing the  water t o  the  s u r f a c e , ' a n d  t h a t  o f  I 

c o l l e c t i n g  the  water from a well f i e l d ,  were added 
toge ther .  The c o s t  d a t a  were then mapped a s  is shown 
i n  Figure F6 ,  Appendix F. ~ 

4.3.6.3 Combined Wa,ter Costs '  

and groundwater, a map f i l e  was c rea ted  which ind ica ted  

1 r 

' 1 .  

Using t h e  c o s t  information fo r  both sur face-water  

4-19 



the cost of obtaining cooling,water using the least 
expensive alternative. To do this, the two map files 
-.- surface water costs and groundwater costs, were 
compared on a cell-by-cell basis. For every cell, the 
lowest cost va'lue was 'saved and placed into another ' 
map f i l e .  This was called "combined water cost" and 
the map is shown in Figure F7, Appendix F. 

4.4 Environmental Suitability Analysis 

In order to evaluate the impact of demographic 
criteria on'land availability it was necessary to first 
establish a Ease of available land. This base was'con- 
structed from the protected area and .environmental 
consideration data bases. The environmental factors 
were combined by dividing utility functions for each 
factor, and then summing -the utility values within,each 
cell. The protected areas were then overlaid on t h i s  
data.. 

4.4.1 Individual Site Availability Issue Assessments 
(Utility Functions) 

To evaluate the suitability of each potential site 
area, each of th*e siting issues was first evaluated 
independently. This evaluation was accomplished by 
defining a utility function for each issue such that 
the characteristics of a specific site area could be 
translated into a value on a defined suitability scale. 
This w a s  a numeric scale ranging from 1 to 9, where 1 
was the lowest level of suitability and 9 was the 
highest. 

4.4.1.1 Seismic Hardening Cost Utility Function 

utility function on the basi's of additional hardening 
costs as discussed in Section 4.3.4. Table 4-1 shows 
the data categories of seismic hardening costs and 
their corresponding utility value. 

The issue of seismic hardening was assigned a 

A map of the seismic hardening utility function 
was produced and is shown in Figure F3, Appendix F. 
(This is the same map used to show the cost of seismic 
hardening. ) 
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TABLE 4-1 

SEISMIC HARDENING UTILITY FUNCTION 

Cost in 
Millions of 
1980 Dollars Utility Value " ,  

0.0 to 6.1 
6.1 to 12.1 

8 (high suitability) 
7 

12.1 to 18.2 6 
18.2 to 24.1 5 
24.1 to 30.3 4 

3 30.3 to 36.4 
36.4 to 42.4 2 

No reasonable estimate 1 (low suitability) 

4.4.1.2 Site Preparation Utility Function 

Actual dollar costs associated with site prepara- 
tion could not be located as source data. However, 
discussions with authorities in the construction of 
nuclear power plants as to how the topographic,charac- 
ter of the landscape might affect the site preparation 
costs have allowed for the assignment of the utility 
values to terrain classifications which were discussed 
in Section 4.3.5. These are shown in Table 4-2. 

A map of the site preparation utility function 
was created and is shown in Figure F4, Appendix F. 
(This is the same map used to show the site preparation 
source data. ) 

TABLE 4.-2. 

SITE PREPARATION UTILITY FUNCTION 

Topographic Character , .  (percent of area that 
is qently slopinq*) utility Value 

>80 percent 8 (high'suitability) 
50  t o  80  percent 
20 to 50 percent ' 

<20 percent 

5 
2 
1 (low suitability) 

~. 

*Gently sloping means 8 percent slope.' 
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4.4.1.3 Water Availability Utility Function 

Utility values have also been assigned to data 
representing the cost of obtaining cooling water. Based 
on this cost information (described in Section 4 .3 .6 ) ,  
costs in excess of $300 million were grouped together 
and assigned the lowest utility value. For costs less 
than $300  million utility values were assigned on the 
basis of 8 equal intervals as shown in Table 4-3. 

TABLE 4-3  

WATER AVAILABILITY UTILITY FUNCTION 

Combined Water Cost 

(in millions of 1980 dollars) 

0 to 37.5 
37.5 to 75 .0  
75.0 to 112.5 

112 .5  to 1 5 0 . 0  
150 .0  to 187.5 
;87.5 to 225.0  
225.0  to 262.5  
262.5  to 300.0 

>300 .0  

Utility Value 

9 (high suitability) 
8 
7 
6 
5 
4 
3 
2 
1 (low suitability) 

A map was prepared showing the water availability 
utility function and is shown in Figure F7, Appendix F. 
(This is the same m a p  used to show the combined water 
cost. ) 

4.4.2 Site Avaj-lability Issue Overlay 

Using the utility functions, each issue map was 
translated into a partial suitability map where each 
potential site area was represented by a utility value. 
These individual suitability maps are represented in 
Figures F3, F4 and F7. They are considered partial 
suitability maps because each includes only one siting 
issue. They were combined into a composite suitability 
map by adding the individual map files together. It 
was felt that the reconnaissance nature of this study, 
as well as the broad scale representation of environ- 
mental data, did not justify a more sophisticated 
manipulation of the files. For this reason, the three 
maps were overlaid -- each with an equal importance 
weighting. 
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The addition of the three utility value map files 
resulted in a map file with values ranging from 4 
through 25 -- each value having a different frequency 
of occurrence. Maintaining the relationship that high 
values represented the most suitable land, the distrib- 
ution of the cornposited utility values was divided 
into five intervals. The intervals were selected to 
include equal land areas. This resulted in five cate- 
gories,or levels of environmental suitability -- each 
level 'representing 20 percent of the. data base. 
resfricted lands file was then added to the composite 
utility value file. A-color-coded version of a map 
produced from this combined fiie was supplied to N R C .  

4.4.3 Environmental Statistics 

The 

Analysis of the impact of various siting criteria 
on land availability was accomplished in two ways: 
creation of maps to visually show these impacts and 
production of stat-istics to quantify the impacts. The 
maps concerning environmental factors have been pre- 
sented elsewhere in this section. To quantify the 
impacts of various siting criteria, tables were pre- 
pared which used 'the data files created during the 
visual or map analysis. Statistics regarding the 
amount of area in each data category were computed 
for each of the 48 states. 

For each of the three environmental issues -- 
seismic hardening costs, site preparation costs, and 
water availability costs -- a table was prepared that 
shows the amount of land in each of the categories 
that was represented by a utility value. Two a 
tional tables were produced: one for surface water 
cost and one showing fhe five different levels of . 
composite environmental suitability. %ese statistics 
are shown in Tahles F1.l through F1.5, Appendix F. 
The numbers in each column indicate the amount of 
land in the specified-category. The area is shown. 
in square miles as well as percent of the total state 
area. 
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4 . 5  Gemographic A n a l y s i s  

d e f i n e d  as  r e l e v a n t  t o  p o p u l a t i o n  c r i t e r i a  - s t a n d - o f f  
z o n e s ,  p o p u l a t i o n  d e n s i t y ,  and a n g u l a r  d i s t r i b u t i o n .  
S t a n d - o f f  zones  a r e  r e - s t r i c t i o n s  on d i s t a n c e s  from 
u rban  c e n t e r s  t o  n u c l e a r  p l a n t  s i tes .  
d e n s i t y  is  a measure o f  t h e  p e r s o n s  p e r  square mile 
w i t h i n  a s p e c i f i e d  ( c i r c u l a r )  area s u r r o u n d i n g  a s i t e .  
The p o p u l a t i o n  d e n s i t y  c a l c u l a t i o n s  were mapped a s  
s i n g l e  d a t a  f i l e s  o r  i n  c o m b i n a t i o n  w i t h  o t h e r  a n n u l a r  
d e n s i t i e s  t o  p roduce  c o m p o s i t e  p o p u l a t i o n  c r i t e r i a  maps. 
Angular  d i s t r i b u t i o n  r e s t r i c t i o n s  a r e  l i m i t a t i o n s  on 
t h e  p e r m i s s a b l e  p o p u l a t i o n  w i t h i n , o n e  o r  more 22 1 / 2 O  
s e c t o r s  s u r r o u n d i n g  a s i t e .  

As d i s c u s s e d  ir ,  S e c t i o n  4 . 2 ,  t h r e e  issues were 

P o p u l a t i o n  

4.5.1 Stand-of  f Zones 

To s t u d y ' t h e  impac t  o f  r e s t r i c t i o n s  imposed by 
d i s t a n c e  from u r b a n  c e n t e r s ,  s t a n d - o f f  zone maps were 
prepared.  A s  d i s c u s s e d  i n  S e c t i o n  4 .3 .1 ,  p o p u l a t i o n s  
and l o c a t i o n s  were p r o v i d e d  f o r  u rban  c e n t e r s  o f  a 
v a r i e t y  of s i z e s .  The l o c a t i o n  o f  t hese  u rban  c e n t e r s  
was i n d i c a t e d  by a s i n g l e  l a t i t u d e / l o n g i t u d e  c o o r d i n a t e  
w h i c h  was c o n v e r t e d  t o  a Y and X c o o r d i n a t e  c o r r e s p o n d -  
i n g  t o  g r i d  c e l l s  on t h e  A l b e r s  b a s e  map. Urban c e n t e r s  
were grouped  a c c o r d i n g  t o  t h e i r  s i z e :  g r e a t e r  t h a n  
2 5 , 0 0 0 ,  1 0 0 , 0 0 0 ,  2 0 0 , 0 0 0 ,  2 5 0 , 0 0 0 ,  5 0 0 , 0 0 0  and 1 ,000 ,000  
p e o p l e .  For e a c h  g r i d  c e l l  i n  t h e  s t u d y  a r e a ,  i t s  d i s -  
t a n c e  from t h e  n e a r e s t  u rban  cen te r  o f  a p a r t i c u l a r  s i z e  
was computed.  T h i s  r e s u l t e d  i n  s i x  s e p a r a t e  d a t a  f i l e s .  
These f i l e s  were c o n v e r t e d  i n t o  maps by s p e c i f y i n g  a 
t h r e s h o l d  d i s t a n c e  a t  which a c e l l  would be  c o n s i d e r e d  
e i t h e r  s u i t a b l e  o r  u n s u i t a b l e  f o r  s i t i n g  a n u c l e a r  
p l a n t .  Based on t h e  above  d a t a ,  t h i r t e e n  s u c h  s t a n d - o f f  
maps were p roduced .  The maps produced  a re  i n d i c a t e d  
i n  Tab le  4-4 and p r e s e n t e d  i n  F i g u r e s  F8.1 t h r o u g h  F8.'13, 
Appendix F .  The maps i l l u s t r a t i n g  s t a n d - o f f  z o n e s  from 
t h e  t h r e e  l a r g e s t  c i t i e s  were c r e a t e d  o n l y  f o r  t h e  
n o r t h e a s t e r n  U.S. 

Maps o f  s t a n d - o f f  z o n e s  a r e  q u i t e  s e l f - e x p l a n a t o r y .  
T h e r e  is  a d i r e c t  r e l a t i o n s h i p  between t h e  s t a n d - o f f  
d i s t a n c e  and t h e  amount o f  a rea  t h a t  is c o n s t r a i n e d  by 
t h e  s F e c i f i e d  c r i t e r i a .  

A 
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TABLE 4-4  

STAND-OFF ZONES 

S i z e  o f  Mapped 

Center  - Distance ( i n  mi les )  
Urban Stand-Of f 

25,000 
1-00,000 
200,000 
250,000 
500,000 

1 ,000 ,000  

5, 1 0  
1 0 ,  1 5 ,  25 
25, 30,  4 0 ,  50 ,  1 0 0  
12 .5  
1 8  
25 

An example o f  t h e s e  maps is  shown i n  F i g u r e  4-3. 

4.5.2 P o p u l a t i o n  D e n s i t y  

based  on d e n s i t y  s u r r o u n d i n g  a p r o s p e c t i v e  s i t e  were  
s t u d i e d  f o r  t h e i r  impac t  on l a n d  a v a i l a b i l i t y .  Densi-  
t i e s  were c a l c u l a t e d  f o r  b o t h  c i r c u l a r  a r eas  and a n n u l a r  
a r e a s .  A s  d e s c r i b e d  i n  S e c t i o n  6 . 3 . 1 ,  p o p u l a t i o n  s o u r c e  
d a t a  wa,s i d e n t i f i e d  by  a l a t i t u d e  and l o n g i t u d e  c o o r d i -  
n a t e  sys t em.  These  c o o r d i n a t e s  were c o n v e r t e d  i n t o  t h e  
Y and X c o o r d i n a t e s  c o m p a t i b l e  w i t h  t h e  A l b e r s  g r i d  b a s e  
map. T h i s  raw d a t a  were t h e n  c o n v e r t e d  i n t o  a s e t  of  
map f i l e s  g i v i n g  t h e  p o p u l a t i o n  d e n s i t y  o f  an  a rea  a 
g i v e n  r a d i u s  c e n t e r e d  on  each c e l l .  Maps o f  v a r y i n g  
t h r e s h o l d s  were produced  from these f i l e s .  The m a t r i x  
shown i n  F i g u r e  4-4 i n d i c a t e s  a l l  o f  t h e  map f i l e s  
t h a t  were produced  r e g a r d i n g  p o p u l a t i o n  d e n s i t y .  A n  
"X" i n  :a box means t h a t  t h e  map f i l e s  were produced  
f o r  b o t h  t h e  t o t a l  US and t h e  n o r t h e a s t e r n  window. 
An " N E "  i n  a box means t h a t  t h e  map f i l e  was produced  
o n l y  f o r  t h e  n o r t h e a s t .  An example of t h e s e  maps 
i s  shown i n  F i g u r e  4-5. Maps r e p r e s e n t a t i v e  of t h e  
v a r i e t y  o f  p o p u l a t i o n  d e n s i t i e s  a re  shown i n  F i g u r e s  
F9.1 t h r o u g h  F9.26, Appendix F. 

An u n d e r s t a n d i n g  o f  t h e  s p a t i a l  r e l a t i o n s h i p s  
produced  by v a r i o u s  c r i t e r i a  c a n  be g a i n e d  by compar- 
i n g  some o f  t h e  maps. F i g u r e  F9.5 shows t h e  a reas  
c o n s t r a i n e d  by a d e n s i t y  t h r e s h o l d  o f  1 0 0  p e o p l e  
p e r  square mile i n  t h e  0-5 m i l e  c i r c l e .  F i g u r e  F9.8,  
c o n c e r n i n g  t h e  same c i r c l e  employs a d e n s i t y  t h r e s h o l d  
of  500 p e r s o n s  p e r  square mi le .  I t  is o b v i o u s  t h a t  

A wide v a r i e t y  o f  p o p u l a t i o n  d i s t r i b u t i o n  c r i t e r i a  
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every area constrained in Figure F9.8 is also con- 
strained in Figure F9.5. If the size of the annulus 
remains constant, the area constrained using a higher 
density threshold is always completely contained 
within the area constrained by a lower threshold. 
In addition, the use 0f.a lower density threshold 
as in Figure F9.5, constrains a much greater portion 
of the suburban and rural land areas. .. 

Spatial differences are also noted through a 
comparison of circle size while maintaining a constant 
density threshold. For example, compare Figure F9.8, 
which shows the areas constrained by a 500 people 
per square mile density threshold within the 0-5 
mile circle, with Figure F9.14 which applies the 
same threshold to the 0-30 mile circle. Use of the 
larger radius tends to constrain only the urban 
and some suburban areas of major cities. None of 
the rural or smal.ler urban areas are constrained 
and the impacts look similar to those which result 
from stand-off zone criteria. 

Another interesting spatial effect of the demo- 
graphic criteria can be seen on any of the maps in 
which the annulus is defined using an inner radius 
greater than zero. In these cases, the annulus 
surrounding a prospective site is shaped like a 
ring rather than a circle and the effect is that 
the shape of some of the constrained areas is also 
that of a ring. The occurrence of this type of pat- 
tern depends upon the specified density threshold 
in conjunction with the limits of the annul.us and 
the population data itself. For example, Figure F9.23 
indicates the amount of land constrained if a criterion 
of 500 people per square mile in the 20-30 mile annulus 
were applied. Note -that in the St. Louis area the 
land surrounding.the city would be constrained -- 
but not the land comprising the city. St. Louis' 
land area is smal.1 enough so that a relatively small 
population is located between 20 and 30 miles of 
the cityLCenter, and yet the city population is 
large enough to cause the density threshold to be 
exceeded in the surrounding areas. Chicago, on the 
other hand, occupies an area large enough so that 
grid cells at the city center are within 20 to 30 
miles of significant population and the pattern of 
constrained land is solid. 
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A compar i son  o f  t h e  S t .  L o u i s  area between F i g u r e  
F9.23 and F i g u r e  F9.21, which employs t h e  same d e n s i t y  
t h r e s h o l d  w i t h i n  t h e  1 0  t o  2 0  mile a n n u l u s  i n d i c a t e s  
n o t  o n l y  t h e  a b s e n c e  o f  a r i n g  s t r u c t u r e  b u t  a l s o  a 
s h r i n k i n g  o f  t h e  e x t e n t  t o  which l a n d  is c o n s t r a i n e d  
u s i n g  t h e  smaller a n n u l u s .  The  p a t t e r n  of t h e  area 
c o n s t r a i n e d  n e a r  Ch icago  r ema ins  s o l i d  i n  b o t h  f i g u r e s ;  
however ,  b o t h  t h e  e x t e n t  and amount of l a n d  i n c r e a s e  
w i t h  i n c r e a s i n g  a n n u l a r  r a d i i .  Thus,  i f  t h e  d e n s i t y  
t h r e s h o l d  r e m a i n s  c o n s t a n t ,  t h e  e x t e n t  from t h e  c e n t r a l  
c i t y  o f  t h e  c r i t e r i o n ' s  e f f e c t  increases w i t h  increas-  
i n g  a n n u l a r  r a d i u s .  However, t h e  t o t a l  amount o f  l a n d  
c o n s t r a i n e d  may n o t  i n c r e a s e  a c c o r d i n g l y  due  t o  t h e  
p o s s i b l e  e l i m i n a t i o n  from c o n s t r a i n t  of  t h e  c e n t r a l  
c i t y .  

4 .5 .3  Composite P o p u l a t i o n '  C e n s i t i e s  

When u s i n g  a c r i t e r i o n  of t h e  form o f  l e s s  t h a n  
5 0 0  p e o p l e  p e r  s q u a r e  mile  from 2 t o  30 mi l e s ,  it is  
p o s s i b l e  f o r  a c e l l  t o  s a t i s f y  t h a t  c r i t e r i o n ,  w h i l e  
i t  d o e s n ' t  s a t i s f y  a 500  p e o p l e  p e r  square mile c r i -  
t e r i o n  o u t  t o  o n l y  1 5  mi les .  T h i s  o c c u r s  when t h e r e  
i s  a d e n s e  p o p u l a t i o n  p o c k e t  s u r r o u n d e d  by low d e n s i t y  
a r eas .  I n  o r d e r  t o  p i n p o i n t  a r eas  f o r  which t h i s  
o c c u r s ,  a new s e t  o f  c r i t e r i a  were d e v e l o p e d  which 
r e s t r i c t e d  p o p u l a t i o n  t o  a g i v e n  d e n s i t y  f o r  a l l  
r a d i i  from a n  i n n e r  r a d i u s  t o  an o u t e r  r a d i u s .  
T h u s ,  f o r  t h e  example  of 5 0 0  p e o p l e  p e r  square m i l e  
f rom 2 t o  30 miles ,  t h e  new c r i t e r i o n  is s a t i s f i e d  
o n l y  i f  t h e  p o p u l a t i o n  d e n s i t y  is  l e s s  t h a n  500 
p e o p l e  p e r  s q u a r e  mi le  from 2 t o  R mi l e s ,  where R 
t a k e s  e v e r y  v a l u e  from 2 t o  30. 

E v a l u a t i n g  p o p u l a t i o n  d e n s i t y  f o r  e v e r y  r a d i u s  
f rom t h e  i n n e r  r a d i u s  t o  t h e  ou te r  r a d i u s  i s  imprac-  
t i c a l  i n  p r a c t i c e ,  s o  a n  a p p r o x i m a t i o n  is  used .  

Using t h e  example  o f  mapping a n y  c e l l s  t h a t  ex-  
ceed  t h e  500  p e r s o n s  p e r  square mile t h r e s h o l d  f o r  t h e  
2-30 mile a n n u l u s ,  d e n s i t y  c a l c u l a t i o n s  were made f o r  
6 p o r t i o n s  o f  t h e  2-30 mile a n n u l u s  and were t h e n  
compos i t ed .  F i r s t ,  any  c e l l  t h a t  exceeded  t h e  500  
p e r s o n s  per square mile t h r e s h o l d  w i t h i n  t h e  2-3 mile 
a n n u l u s  was r e c o r d e d .  Next, u n s u i t a b l e  c e l l s  i n  t h e  
2-4 mile a n n u l u s  were r e c o r d e d  and u n s u i t a b l e  c e l l s  
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i n  t h e  2-5 mile a n n u l u s  were r e c o r d e d .  T h i s  process 
was repeated f o r  t h e  2-10 mile  a n n u l u s ,  2-20 m i l e  
a n n u l u s ,  and t h e -  l a r g e  2-30 mile a n n u l u s .  T h e s e  
6 i n d i v i d u a l  f i l e s - w e r e  t h e n  added t o g e t h e r ,  c r e a t i n g  
a f i l e  i n  which a c e l l  t h a t  was shown t o  be u n s u i t a b l e  
i n  a n y  of  t h e  6 was a l s o  c o n s i d e r e d  u n s u i t a b l e  f o r  t h e  
2-30 mile composite a n n u l u s .  I n  t h i s  manner ,  d a t a  
f i l e s  were c rea ted  f o r  t h e  2-30 mile  composite a n n u l u s  
f o r  t h e  f o l l o w i n g  d e n s i t i e s .  

250 p e r s o n s / s q u a r e  mile 
500 p e r s o n s / s q u a r e  mile 
750  p e r s o n s / s q u a r e  mile  

1 , 0 0 0  p e r s o n s / s q u a r e  mile 
1 , 5 0 0  p e r s o n s / s q u a r e  mile 

Example maps f o r  t h e  n o r t h e a s t  a r e  shown i n  F i g u r e s  
F 1 0 . 1  t h r u  F10.4, Appendix F .  

Bes ides  c r e a t i n g  . a  composite map f i l e  f o r  a 
p a r t i c u l a r  a n n u l u s  ( s u c h  a s  2-30 miles)  and  a p a r t i -  
c u l a r  d e n s i t y  ( su ,ch  a s  500 p e r s o n s  per s q u a r e  m i l e ) ,  
a n o t h e r  type of cDmposite was c rea ted .  T h i s  c o n s i s t e d  
of two separa te  a n n u l i  -- e a c h  w i t h  i t s  own g i v e n  popu- 
l a t i o n  d e n s i t y  t h r e s h o l d .  For example ,  a s  d i s c u s s e d  
above ,  6 i n d i v i d u a l  d a t a  f i l e s  were added t o g e t h e r  t o  
c rea te  t h e  2-30 mile composite a n n u l u s .  N o w ,  a d i f -  
f e r e n t  a n n u l u s  w i t h  a d i f f e r e n t  p o p u l a t i o n  d e n s i t y  
t h r e s h o l d  w a s . a d d e d  t o  t h e  2-30 mile composite a n n u l u s .  
Two maps were c rea ted  i n  t h i s  m a n n e r - a n d  a r e  shown 
i n  F i g u r e s  F 1 1  and  F12, Appendix F . ,  Each  map shows 
c e l l s  t h a t  a r e - c o n s i d e r e d  u n s u i t a b l e  f o r  t h e  2-30 mile 
composite a n n u l u s  ( w i t h  d e n s i t y  of 500 p e r s o n s  per. 
s q u a r e  mi l e )  a s  w e l l  a s ’ f o r  t h e  0-2 mile a n n u l u s  f o r  
p o p u l a t i o n  d e n s i t i e s  of e i t h e r  1 0 0  p e r s o n s  per s q u a r e  
mile o r  250 p e r s o n s  per s q u a r e  mile.  I n  a d d i t i o n  t o  
t h e s e  two mapped d a t a  f i l e s ,  o t h e r  complex composite 
f i l e s  were c r e a t e d .  Some of  t h e s e  were used  f o r  s t a -  
t i s t i c a l  a n a l y s e s  i n  c o m b i n a t i o n  w i t h  t h e  env i ronmer , t a l  
c r i t e r i a .  ( T h e s e  s t a t i s t i c s  a re  d i s c u s s e d  i n  S e c t i o n  
4.6). The s i x  c o i p l e x  composite d a t a  f i l e s  which  were 
created a r e  i n d i c a t e d  i n  Tabale 4-5. The’numbers  i n  
t h e  columns u n d e r n e a t h  t h e  two annu i r e p r e s e n t  popu- 
l a t i o n  d e n s i t y  f i g u r e s  ( p e r s o n s / m i l e  3 ) .  
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TABLE 4-5 

C&PLEX C&POSITE POPULATION DENSITIES 

0-2 Miles 2- 30 Miles (Composite) 

(1) 100 
( 2 )  100 
( 3 )  250 
( 4 )  250 
( 5 )  500 
( 6 )  500 

250 
500 
500 

750 
1500 

7 5"o 

4.5.4 Sector Popuiation Density 

To t h i s  point i n  the chapter, any potent ia l  demo- 
graphic c r i t e r i a  addressing population density were 
analyzed u s i n g  what might be termed a uniform density 
d is t r ibu t ion .  Cr i t e r i a  were s ta ted i n  terms of the 
number of persons t h a t  would be allowed i n  an area 
of a given s i z e  -- t h a t  is ,  population density -- 
and the shape of the area was always c i rcu lar .  Using 
a c i rcu lar  area allowed re la t ive ly  dense concentra- 
t ions of population t o  e x i s t  provided t h a t  the t o t a l  
number of people within the c i r c l e  did not exceed a 
s ta ted l i m i t .  

Results of reactor accident consequence calcula- 
t ions indicate t h a t  cer ta in  r i s k  charac te r i s t ics  depend 
strongly on the maximum number of persons within any 
given direct ion sector ( see  Section 2 . 7 . 4 ) .  Therefore, 
c r i t e r i a  regarding the maximum allowable population 
within sectors i n  addition t o  t o t a l  population s u r -  
rounding a s i t e  were considered. The impact on land 
ava i l ab i l i t y  was examined for a l te rna t ive  sector c r i -  
t e r i a  and compared t o  the impact of uniform density 
c r i t e r i a .  

Sector c r i t e r i a  were s ta ted i n  terms of allowing 
up t o  a f ract ion of the allowed number of people '  
t o  be located i n  any sector  of a par t icu lar  width. 
For example, a sector c r i t e r i a  might be s ta ted:  no 
more than 1 /6  of the people allowed by a uniform 
densityof 500personsper square mile canbelocated 
i n  any 45 degree sector  a t  distances within 3 miles 
of a s i t e .  
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T h e  'impact of sector c r i t e r i a  w a s  i n v e s t i g a t e d  
w i t h  r e g a r d  t o  s e v e r a l  v a r i a b l e s .  The parameters 
were: 

o D i s t a n c e :  R a d i i  o f  2 ,  5 ,  1 0 ,  20,  and 30 m i l e s  

o Sector w i d t h :  22 .5 ,  4 5 . 0 ,  90.0 d e g r e e s ,  and  

o F r a c t i o n :  1/16,  1/8,  1/4, l/3, and  1 / 2  the 

360 d e g r e e s  ( fo r  u n i f o r m  d e n s i t y )  

p o p u l a t i o n  a l l o w e d  b y  u n i f o r m  d e n s i t y  

o D e n s i t y :  250, 500 ,  750,  and 1500 p e r s o n s  per 
s q u a r e  m i l e  

P o p u l a t i o n  c o u n t s  w e r e  d e t e r m i n e d  w i t h i n  2 ,  5 ,  10,  
20, and 30 m i l e s  of p o t e n t i a l  s i tes  ( g r i d  cel ls)  and 
w i t h i n  sector w i d t h s  of 2 2 . 5 ,  45 .0 ,  and 90.0 d e g r e e s .  
The maximum number o f  p e r s o n s  found  i n  a sector o f  
a s t a t e d  w i d t h  and for  a p a r t i c u l a r  r a d i u s  w a s  r e c o r d e d .  
F o r  example ,  i n v e s t i g a t i n g  a c i rc le  of r a d i u s  10 m i l e s  
and u s i n g  a sector wid th .o f  22 .5  d e g r e e s ,  the  c i rc le  
w a s  d i v i d e d  i n t o  1 6  sectors. The number of people w a s  
d e t e r m i n e d  w i t h i n  each sector and the maximum of the  
16  c o u n t s  w a s  - r e c o r d e d .  T h i s  p r o c e d u r e  of d e t e r m i n i n g  
the maximum c o u n t  w a s  u n d e r t a k e n . 1 5  t i m e s  -- o n c e  for 
e v e r y  c o m b i n a t i o n  o f  sector w i d t h  (3) and r a d i u s  ( 5 ) .  

.! 
A l t e r n a t i v e  c r i t e r i a  w e r e  t h e n  applied t o  the 

c o u n t  d a t a  o n  the basis of a l l o w i n g  a c e r t a i n  f r a c t i o n  
of the t o t a l  number of people allowed within the c i r c l e  
t o  be l o c a t e d  i n  a n y  sector. The to t a l  number of peo- 
p l e  a l l o w e d  i n  a c i rc le  is d e p e n d e n t  upon the r a d i u s  
( for  area) and the d e n s i t y  t h a t  i s  a l l o w e d .  F o r  t h i s  
sector a n a l y s i s ,  . t h e  p r e v i o u s l y  established d e n s i t i e s  
w e r e  a n a l y z e d  - - ' 2 5 0 ,  500,  750,  and 1 5 0 0 t p e r s o n s  per 
s q u a r e  m i l e  and f i v e  r a d i i  w e r e  u s e d  -- 2,  5,  10, 20,  . 
and 30 m i l e s .  For 0-2 m i l e s ,  o n l y  o n e  d e n s i t y  w a s  
u sed  as a par t  of e v e r y  c r i te r ia  -- namely ,  250 per- 

p o p u l a t i o n  theshold o u t  t o  5 ,  10, 20, and 30 m i l e s  
f o r  each of the d e n s i t i e s ,  the' area f rom 2 m i l e s  t o  r 
m i l e s  ( r a d i u s )  w a s  m u l t i p l i e d  by  the d e n s i t y  and the 
p r o d u c t  added t o  the threshold for 0-2 m i l e s  w i t h  
i t s  250 p e r s o n s  per s q u a r e  m i l e . d e n s i t y .  For example, '  
a t  20 m i l e s  u s i n g  d e n s i t y  750 p e r s o n s  per s q u a r e  m i l e ,  
the  t h r e s h o l d  e q u a l s :  . 

s o n s  per s q u a r e  m i l e .  To  c a l c u l a t e  the allowable - ,  

1 
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,(Area of 0-2)  x 250 + (Area of 2-20)  x 750 
i 

= ( 1 2 . 5 7  x 250)  + (Area of 2-20) x 750 

= (3142 + 933075) 

= 936,217 people 

Using only one density (250  persons per square mile) 
for 0-2 miles and four densi t ies  for the other four 
distances resulted i n  1 7  separate thresholds. These 
thresholds were used not only for uniform density 
c r i t e r i a  analyses but a l so  for calculating the frac- 
t iona l  thresholds applied t o  sector population d i s -  
t r ibu t ions .  Thus, i f  a c r i t e r ion  was s ta ted t h a t  no 
more than 1 / 4  of the people allowed by a uniform den- 
s i t y  of 750 persons per square mile within 20 miles 
would be allowed i n  a sector ,  the threshold would be 
936,217 x 1/4 = 234,054 people. 

Being consistent with previously computed impacts, 
the impacts for sector  c r i t e r i a  for any par t icular  
density or  f ract ion were composited t o  30 miles. That 
i s ,  s i t e s  exceeding a threshold a t  2 miles were re- 
corded'and saved in to  a map f i l e .  S i t e s  exceeding a 
threshold a t  5 miles were also recorded and stored 
in to  a intap f i l e ,  as were a l l  s i t e s  for 10, 2 0 ,  
and 30 miles. Finally,  a l l  f ive map f i l e s  were merged 
resul t ing i n  a f i l e  t h a t  showed s i t e s  constrained 
by any one o r  more of the thresholds. Spat ia l ly ,  it 
was found t h a t  any c r i t e r i a  a t  smaller r a d i i  tended 
t o  eliminate s i t e s  i n  ru ra l  areas as well as i n  c i t i e s  
b u t  only out t o  t h e i r  edge. Cr i t e r i a  applied a t  l a rger  
radi i tended t o e l i m i n a t e c i t i e s  and largeareas  around 
t h e i r  edges (s imilar  t o  a "standoff" c r i t e r i a )  b u t  
allow local  population concentrations i n  ru ra l  areas. 
B y  compositing c r i t e r i a  for a l l  f ive  r a d i i ,  both urban 
and rura l  population concentrations were evaluated for  
t h e i r  impact on ava i l ab i l i t y  of potential  nuclear 
s i t e s .  Additionally, it was found t h a t  the e f f e c t s  
of sector  c r i t e r i a  occurred i n  the same areas as 
affected by annular density c r i t e r i a .  

Sector c r i t e r i a  were of i n t e re s t  i n  regard t o  
t h e i r  impact on land ava i l ab i l i t y  above and beyond 
t h a t  already affected by uniform density c r i t e r i a .  
To depict  and quantify t h i s  information, tables  were 
created t o  show the amount of land available for s i t i n g  
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i n  each s t a t e  i f  a par t icu lar  sector c r i t e r ion  was 
established. The information i s  shown i n  Tables F2 .1  
through F2.24,  Appendix F .  Each tab le  shows the impact 
of a l te rna t ive  fract ional  c r i t e r i a  along w i t h  the uni -  
form density c r i t e r i a  on land ava i l ab i l i t y .  A l l  of 
the fract ional  and uniform density c r i t e r i a  have been 
composited t o  30 miles by adding the individual impacts 
of a c r i t e r ion  a t  2 ,  5,  10,  20 ,  and 30 miles. 

Each tab le  considers a unique combination* of 
allowable annulus population density and sector width. 
The four population dens i t ies  and three sector widths 
resulted i n  1 2  combinations. Twenty-four tables  were 
created as each of the 1 2  combinations was tabulated 
using two d i f f e ren t  formats. Tables F2 .1  through F2.12  
a re  formatted such t h a t  th'enumbers i n  the columns re- 
present the amountof.land tha t  i s  uniquely constrained 
by the specified c r i t e r i a .  

The columns are  arranged so tha t  t o fa l  magnitude 
of constrained land decreases from l e f t  t o  r igh t .  A s  
an example, Table F 2 . 1  indicates the impacts of a l t e r -  
native fract ional  c r i t e r i a  applied t o  2 2 , 5  degree sec- 
t o r s  using a density threshold of 250 people per square 
mile for both the 0-2 mile and 2-30 mile annulus. The 
leftmost column "Available Land," shows the amount of 
land available for s i t i n g  i f  the c r i t e r ion  s ta ted i n  
the  adjacent column is applied; t ha t  i s ,  nomore than 
1/16 of the population allowed i n  the annulus a t  a 
density of 250 people per square mile can be located 
i n  any 22 .5  degree sector of the annulus. The c r i -  
t e r ion  s ta ted i n  the second column of these 1 2  tables  
always represents the most 'constraining . f ract ional  
c r i t e r ion .  

The rightmost column, "Restricted Lands, " shows 
the amount of land tha t  i s  constrained because it 
i s  e i the r  legal ly  protected or  a major wetland. N o  
demographic c r i t e r i a  a f f ec t  these numbers. 

The numbers, i n  each of the middle columns show 
the amount of land t h a t  i s  uniquely constrained by 
the specified c r i t e r ion  which i s  above the t o t a l  amount 
previously constrained by -the c r i t e r i a  i n  a l l  of the 
columns t o  the r igh t .  I n  Table F2 .1 ,  for  example, 
the column labeled "Uniform Density" shows for Alabama 
values of 5 , 7 0 3  square miles or 11.0 percent of the 
s t a t e  area. This i s  the area t h a t  would be constrained 
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by applying a uniform (annular) density c r i te r ion  and 
it is  additional t o  the area already constrained by 
res t r ic ted  lands (2,075 square miles or  4.0 percent) .  
T h u s ,  the application of t h i s  par t icular  uniform density 
c r i t e r ion  i n  Alabama would constrain a t o t a l  of 7,778 
square miles o r  15.0 percent of the s t a t e  area i f  no 
sector c r i t e r i a  were applied. The next column t o  the 
l e f t ,  "1/2 Allowable Pop.," would add another 2,355 
square miles o r  4.5 percent of constraint  i f  a sector  
c r i t e r ion  were s ta ted t h a t  no more than 1/2 of the 
t o t a l  population allowed by a density threshold of 250 
people per square mile i n  both the 0-2 mile and 2-30 
mile annuli could be located i n  any 22.5 degree sector .  
Similarly, u s i n g  a c r i t e r ion  of allowing up t o  1 / 3  of 
the allowable uniform density population to  be located 
i n  a s ingle  sector ,  would constrain an additional 
6 ,  388 square miles o r  12.3 percent of the land area. 
The t o t a l  constrained land i n  t h i s  case would be 16,521 
square miles or 31.8 percent of the s t a t e  area. Con- 
versely<, 68.2 percent (100 minus 31.8) of the land 
would be avaiTable for s i t i n g .  

To more c lear ly  summarize the information t h a t  
shows the ava i l ab i l i t y  of land when spec i f ic  sector 
c r i t e r i a  a re  applied, Tables F2.13 through F2.24 were 
created i n  a d i f f e ren t  format than the previous 12 
tables .  O n  these tab les ,  the 'numbers i n  the columns 
show the amount of land available for s i t i n g  i f  the 
specified c r i t e r ion  ' is applied. For example, Table 
F2.13 indicates  t h a t  6 8 . 2  percent of the land i n  
Alabama would be available for s i t i n g  i f  a c r i t e r ion  
of allowing up t o  1 / 3  -of the population (allowed by 
a uniform density c r i t e r i a  u s i n g  a density threshold 
of  250 people per square mile i n  both the 0-2 mile 
and 2-30 mile annuli)  t o  be located i n  any 22.5 degree 
sector .  T h i s  number agrees w i t h  the one produced i n  
the above example regarding Table F2.1. The column 
labeled "Uniform Density" indicates land ava i l ab i l i t y  
when no sector c r i t e r i a  a re  applied. The column " N o  
Pop. Cr i te r ia"  shows the amount of land available 
when only r e s t r i c t ed  lands are  considered a constraint .  

4.6 Impact Analysis 

Analysis of the impac,t of various s i t i n g  c r i t e r i a  
on land ava i l ab i l i t y  was accomplished i n  two ways: 
creation of maps t o  visual ly  show these impacts, and 
production of s t a t i s t i c s  t o  quantity the impacts. Many 
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of t h e  maps produced have a l ready  been reviewed i n  
o the r  s e c t i o n s  of t h i s  chap te r .  A l l  maps were produced 
on a t r anspa ren t  base  enabling them t o  be o v e r l a i d .  
This c a p a b i l i t y  allows c r e a t i o n  of complex composite 
population c r i t e r i a  maps. I n  a d d i t i o n ,  t hese  popula- 
t i o n  c r i t e r i a  maps can be ove r l a id  on t h e  color-coded 
environmental s u i t a b i l i t y  map. 

T o  quan t i fy  t h e  impacts of  var ious  s i t i n g  c r i -  
t e r i a ,  t a b l e s  were prepared which used  t h e  d a t a  f i l e s  
c rea t ed  during t h e  v i s u a l  o r  map a n a l y s i s .  For a par- 
t i c u l a r  subject, whether environmental or demographic, 
s t a t i s t i c s  regarding t h e  amount of a r ea  impacted were 
computed f o r  each of  t h e  48 s t a t e s .  F i f t e e n  t a b l e s  
were produced which were grouped i n t o  t h r e e  d i f f e r e n t  
types:  environmental c r i t e r i a ,  environmental s u i t a b i l -  
i t y  l e v e l s  v e r s u s  s e l e c t e d  populat ion cases ,  and popu- 
l a t i o n  c r i t e r i a  versus  ind iv idua l  environmental s u i t a -  
b i l i t y  l e v e l s .  

4 . 6 . 1  Environmental S t a t i s t i c s  

For each of t h e  t h r e e  environmental i s s u e s  -- 
seismic hardening c o s t s ,  s i t e  prepara t ion  c o s t s ,  and 
water a v a i l a b i l i t y  c o s t s  -- a t a b l e  was prepared t h a t  

t h a t  was represented by a u t i l i t y ' v a l u e  ( s e e  Section 
4 . 4 ) .  Two addi'tion'al t a b l e s  were produced: one f o r  
t he  su r face  water cos ' t ,  and one showing t h e  f i v e  d i f -  
f e r e n t  l e v e l s  of composite environmental s u i t a b i l i t y .  
A s  d iscussed e a r l i e r ,  t hese  s t a t i s t i c s  a r e  shown i n  
Tables F 1 . l  ' - through1 F1.5, Appendix F. 

4:6.'2 Impact Comparisons 

The overlay of t r anspa ren t  maps provided a quick 
look a t  p o t e n t i a l  land a v a i l a b i l i t y .  
f i v e  l e v e l s  of environmental s u i t a b i l i t y  along with a 
s i x t h  l e v e l  showing r e s t r i c t e d  lands ,  when ove r l a id  with 
a v a r i e t y  of p o p u l a t i o n . c r i t e r i a ,  produces numerous 
groupings of d a t a .  To p resen t  t hese  d a t a  i n  s t a t i s t i c a l  
form, a method was devised t o  keep each t a b l e  simple 
enough t o  be understood, while r e t a i n i n g  a l a r g e  
amount of information.  

3 showed the  amount of land i n  each of t h e  ca t egor i e s  

I i 

A map containing 

F i r s t ,  f i v e  populat ion cases  were 'def ined on t h e  
b a s i s  of complex composite c r i t e r i a .  These populat ion 
cases  a r e  shown i n  Table 4-6. The numbers i n  t h e  
columns underneath t h e  0-2 and 2-30 mile  annul i  repre-  
s e n t  populat ion d e n s i t y  f i g u r e s .  
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TABLE 4-6 

Pbpu 1 a t  io,n 
Case 

2-30 Miles 
0-2 Miles (Composite) -- 

100 
250 
250 
500 
500 

250 
500 
750 
750 

1500 

Five tables  were produced -- one for each popula- 
t ion  case 7 -  which compa.red the environmental su i t ab i l -  
i t y  levels  t o  an individual population case. These 
s t a t i s t i c s  indicate  the amount o f r l and  i n  each of the 
environmental s u i t a b i l i t y  levels  t h a t  i s  available for 
s i t i n g  n u c l e a r  p o w e r  p l a n t s  i f  a given s e t  of population 
c r i t e r i a  ( a  population case) i s  applied. These s t a t i s -  
t i c s  are  shown i n  Tables F3.1 t o  F3.5. 

T o  i l l u s t r a t e  the e f f ec t  of applying d i f f e ren t  
population c r i t e r i a  ( t h e  f ive  population cases) on land 
ava i l ab i l i t y  i n  a par t icu lar  environmental s u i t a b i l i t y  
c lass ,  f ive  more tables  were produced. I n  these tables ,  
the s t a t i s t i c s  represent the amount of land available 
for s i t i n g  nuclear power plants  i n  a given environmental 
s u i t a b i l i t y  c1,ass as well as the amount of land uniquely 
constrained by each’of the f ive  population cases. These 
s t a t i s t i c s  are  shown i n  Tables F3.6 through F3.10. The 
column,s representing population cases have been arranged 
such tha t  i n  moving from l e f t  t o  r igh t ,  the stringency 
decreases. The leftmost column of the tab le  -- available 
land -- shows land t h a t  i s  available for the given envi- 
ronmental s u i t a b i l i t y  c l a s s  even i f  the most s t r ingent  
population c r i t e r ion  (population case 1) i s  applied. 
The second column -- population case 1 -- represents an 
additional amount of land considered available i f  popu- 
la t ion  case 1 were relaxed. The next column -- popu- 
l a t ion  case 2 -- represents the additional increment 
of available land i f  the c r i t e r i a  for population case 
2 were also relaxed. I t  follows tha t  i f  no population 
c r i t e r i a  were established, the amount of land available 
i n  a par t icular  environmental s u i t a b i l i t y  c l a s s  would 
be equal t o  the t o t a l  of the f i r s t  s i x  columns i n  the 
table;  the only land considered constrained would be 
tha t  by a r e s t r i c t ed  land designation. 
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4.7 Summary 

The analytical methods used in this study were 
designed to explore the impact of various demographic 
siting criteria on the availability of land considered 
suitable for the sit-ing of nuclear power plants. Maps 
were created so that impacts could be easily visual- 
ized and tabular statistics were prepared to allow a 
more rigorous analysis. 

The determination of land considered suitable for 
siting was accomplished through a multi-objective envi- 
ronmental suitability analysis. The analysis was per- 
formed using factors generally related to engineering 
costs as well as 'conservation of specifi'c resources. 
Because this investigation concerned the entire 48 
contiguous United States and was not a site selection 
project, environmental factors were anslyzed at a rela- 
tively general level of detail and were each considered 
tobe of equal importance. The most suitable areas were 
characterized by an adequate water supply, low seismi- 
city and gentle topography as well as an absence of 
protected resources. Although the map of environmental 
suitability (Figure F8) shows the eastern one-half of 
the country to be more suitable than the western, it 
is felt that there are numerous suitable sites available 
in the western portion. 

Three types of population criteria were investi- 
gated: stand-off zones, annular density and sector 
density. The effects of stand-off zone criteria are 
straightforward. There is a direct relationship between 
the stand-off distance and the amount of land area con- 
strained. 

The analysis of annular density thresholds showed 
that the use of smaller radii to define the annulus 
resulted in constraints on sites near both large and 
small urban populations as well as sites near some 
locally dense rural areas. Larger radii tended to 
constrain a greater amount of area near suburban 
population but only around major cities; small urban 
and rural areas were not constrained. 

Because results of reactor accident consequence 
calculations indicated (Section 2.7.4, Chapter 2) that 
certain risk characteristics depended strongly on the 
maximum number of persons within any given direction 
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sector, sector population criteria were designed. 
Their impacts were investigated to determine the amount 
of land area that would be constrained additional to 
that affected by annular density criteria. It was 
found that sector criteria affected the same areas and 
those adjacent to the areas affected by annular densi- 
ties. A l s o ,  the area of impact responded to changes 
in annular radius in the same manner as for annular 
density criteria. 

Transparent overlay maps and tabular statistics 
were provided to NRC for use in establishing siting 
criteria which would be'numerically based upon population 
density, distribution and exclusion distance. Tabular 
statistics were used to quantify the impacts on a state- 
by-state basis. 
a means not only  to see the impacts of the generated 
criteria but also to create and view the effects of 
complex criteria by overlaying any combination of maps. 
Maps showing demographic criteria were also overlain 
onto the map of environmental suitability to visualize 
the potentially'available suitable land. Through both 
the overlay procedure and a comparison of statistics, 
it was found that the greatest- impacts of demographic 
criteria occur in the areas of high environmental 
suitability (i.e., Northeast). 

The use of transparent overlays provides 
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5. Socioeconomic  I m p a c t s  

5 .1  I n t r o d u c t i o n  I 

Because t h e  c o n s t r u c t i o n  and o p e r a t i o n  of  a nu- 
c l e a r  power p l a n t  can  have s o c i a l  and economic i m p a c t s  
on nea rby  communi t i e s ,  t h e  dependence  of  soc ioeconomic  
i m p a c t s  on s i t e  l o c a t i o n  was examined by t h e  B a t t e l l e  
Human A f f a i r s  Resea rch  C e n t e r s  (Bat te l le -HARC) under  
c o n t r a c t  t o  S a n d i a  N a t i o n a l  L a b o r a t o r i e s .  The  B a t t e l l e -  
HARC s t u d y  (1) deve loped  a c l a s s i f i c a t i o n  scheme f o r  t h e  
r e m o t e n e s s  of  l i g h t  wa te r  r e a c t o r  (LWR) s i t e  l o c a t i o n s ;  
( 2 )  c a l c u l a t e d  a v e r a g e  g r o k t h  r a t e s  f o r  s e v e r a l  demo- 
g r a p h i c  and economic v a r i a b l e s  d u r i n g  t h e  p e r i o d  of p l a n t  
c o n s t r u c t i o n  f o r  two g r o u p s  of LWR s i t e s  o f  d i f f e r i n g  
r e m o t e n e s s ,  ( 3 )  examined t h e  deFendence of t r a n s m i s s i o n  
l i n e  c o s t s  on s i t e  r e m o t e n e s s :  and ( 4 )  d i s c u s s e d  t h e  
s i g n i f i c a n c e  of these  r e s u l t s  i n  t h e  l i g h t  of p r e v i o u s  
s t u d i e s  of  t h e  soc ioeconomic  i m p a c t s  o f  r u r a l  i n d u s -  
t r i a l i z a t i o n  p r o j e c t s ,  boom towns,  and n u c l e a r  power 
p l a n t s .  T h i s  c h a p t e r  p r e s e n t s  a summary of t h e  E a t t e l l e -  
HARC s t u d y .  F u l l  d e t a i l s  a r e  r e p o r t e d  i n  t h e  f i n a l  
r e p o r t  of t h a t  s t u d y  [l]. 

5 . 2  S i t e  Remoteness 

C o n c e p t u a l l y ,  t h e  d e g r e e  of r e m o t e n e s s  of a 
n u c l e a r  power p l a n t  s i t e  d e p e n d s  upon both p o p u l a t i o n  
d e n s i t y  ( t h e  more s p a r s e  t h e  p o p u l a t i o n  t h e  more remote 
t h e  s i t e )  and p r o x i m i t y  t o  major  p o p u l a t i o n  c e n t e r s  
( n e a r b y  c i t i e s  o f  s i g n i f i c a n t  s i z e  d e c r e a s e  r e m o t e n e s s ) .  
TO c a p t u r e  t h i s  d u a l  dependence ,  two measu res  were 
d e v e l o p e d  t o  d e f i n e  t h e  d e g r e e  of  s i t e  r e m o t e n e s s ,  one 
of p o p u l a t i o n  s p a r s e n e s s  and t h e  o t h e r  of p r o x i m i t y  t o  
urban  c e n t e r s .  * '  

S p a r s e n e s s  was d e f i n e d  i n  terms of t o t a l  p o p u l a t i o n  
and number of communi t ies  of p o p u l a t i o n  25,000 o r  more 
w i t h i n  20 m i l e s  o f ' t h e  s i t e .  Four s p a r s e n e s s  c a t e g o r i e s  
were d e f i n e d  a s  f o l l o w s :  

. ,  . 
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S p a r s e n e s s  K e a s u r e  

w i t h  more t h a n  25,000 p e r s o n s  
w i t h i n  20 mi les .  

C a t e g o r y  D e f i n i t i o n  

P r o x i m i t y  was d e f i n e d  i n  terms of t o t a l  p o p u l a t i o n  
and  t h e  p r e s e n c e  of c i t i e s  w i t h  p o p u l a t i o n  
w i t h i n  50 miles of t h e  s i t e .  F o u r  p roximi ty  c a t e g o r i e s  
were d e f i n e d  a s  fo l lows:  

2 1 0 0 , 0 0 0  

P r o x i m i t y  Measure 

C a t e g o r y  D e f i n i t i o n  

N o t  i n  Close F r o x i m i t y  1. N o  c i t y  w i t h  more t h a n  
100 ,000  persons and l e s s  
t h a n  400,000 p e r s o n s  
w i t h i n  50 miles. 

I 

2. N o  c i t y  w i t h  more t h a n  
1 0 0 , 0 0 0  p e r s o n s  and between 
400,000 and 1 ,499 ,999  
p e r s o n s  w i t h i n  50 miles. 

3. One or  more l a r g e  c i t i e s  
w i t h  more t h a n  100 ,000  
p e r s o n s  and less  t h a n  
1 ,500 ,000  p e r s o n s  w i t h i n  
50 miles.  

A 

I n  Close P r o x i m i t y  4.  1 ,500 ,000  or more p e r s o n s  
w i t h i n  50 miles .  
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. . . . . , . . . 

The d i s t ance  of 20 miles  and a community s i z e  of 
2 5 , 0 0 0  ( sparseness  measure) were chosen because the  N R C  
S i t i n g  Pol icy Ta'sk Force [ 2 ]  recommended t h a t  population 
d e n s i t i e s  around s i t e s  be l imi t ed  out  t o  a d i s t a n c e  of 
20  miles and because cu r ren t  s i t i n g  p r a c t i c e  r equ i r e s  
t h a t  the  nea res t  town of 2 5 , 0 0 0  persons be a t  l e a s t  more 
d i s t a n t  than one and one-third times the d i s t a n c e  t o  the 
outer  boundary of t h e  low population zone surrounding t h e  
p l a n t  s i t e .  The d i s t ance  of  50 miles  (proximity measure) 
was chosen because workforce commuting d i s t a n c e s ,  which 
s t rong ly  a f f e c t  t h e  degree of population increase  during 
cons t ruc t ion  per iods and t h u s  the  magnitude of socioeco- 
nomic impacts, a r e  usual ly  l imi t ed  t o  about a one-hour 
commute [ 3 ] ,  or about 50 miles a t  cu r ren t  speed l i m i t s .  

ness and proximity of 84 LWR s i tes  i n  t he  U.S., where 
r e a c t o r s  a r e  c u r r e n t l y  opera t ing  or under cons t ruc t ion .  

Table 5-1 pr'esents the  c r o s s - c l a s s i f i c a t i o n  by sparse- 

Table 5-1. S i t e  Remoteness Matrix 

Proximity 
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summing t h e  numbers of s i t es  hav ing  s i m i l a r  d e g r e e s  of  
r e m o t e n e s s ,  t h e  d i s t r i b u t i o n  of r emoteness  ove r  t h e  84 
s i t e s  is o b t a i n e d .  T a b l e  5-2 d i s p l a y s  t h i s  d i s t r i b u t i o n .  

T a b l e  5-2. D i s t r i b u t i o n  of  Remoteness 

T a b l e s  5-1 and 5-2 show t h a t ,  cf t h e  84 s i t e s ,  
o n l y  1 5  a r e  n o t  l o c a t e d  w i t h i n  2@ miles of a town of 
25,000 o r  w i t h i n  50 mi les  of  a c i t y  of 1 0 0 , 0 0 0 .  By 
c o n t r a s t ,  23 of t h e  84 s i tes  h a v e  p o p u l a t i o n s  of 
150 ,000  w i t h i n  20 miles of t h e  s i t e  and 1 ,500 ,000  
w i t h i n  50 miles. T h u s ,  T a b l e s  1 and 2 show t h a t  most 
c u r r e n t  U . S .  LWPs a r e  n o t  r e m o t e l y  s i t e d .  

5.3 Growth R a t e s  

T h e  soc ioeconomic  i m p a c t s  of l a r g e  i n d u s t r i a l  
p r o j e c t s  u s u a l l y  depend on t h e  s i z e  of t h e  p r o j e c t  work- 
f o r c e .  S i n c e  t h e  peak c o n s t r u c t i o n  w o r k f o r c e  ( 2 2 0 0 0 )  
f o r  a n u c l e a r  power p l a n t  is s u b s t a n t i a l l y  l a r g e r  t h a n  
t h e  p l a n t ' s  o p e r a t i o n a l  s t a f f  ( - 2 0 0 ) ,  t h e  s o c i o e c o n o n i c  
i m p a c t s  of n u c l e a r  power p l a n t s  s h o u l d  be l a r g e s t  du r -  
i n g  t h e  p l a n t ' s  c o n s t r u c t i o n  phase .  A measure  of t h e  
magn i tude  of these i m p a c t s  can  be o b t a i n e d  by c a l c u -  
l a t i n g  a v e r a g e  growth  r a t e s  f o r  p o p u l a t i o n  and economic 
a c t i v i t y  i n  t h e  a r e a s  s u r r o u n d i n g  n u c l e a r  power p l a n t s  
d u r i n g  t h e i r  p r e c o n s t r u c t i o n  ( b a s e l i n e )  and c o n s t r u c t i o n  
p e r i o d s .  V a r i a t i o n  of i m p a c t s  w i t h  r emoteness  can  be 
examined by p e r f o r m i n g  these  c a l c u l a t i o n s  f o r  two 
g r o u p s  of  s i t e s ,  a non-remote g r o u p  and a remote  g r o u p ,  
and c c n p a r i n g  t h e  r e su l t s .  

r e t a i l  t r a d e ,  and c o n s t r u c t i o n ) ,  p a y r o l l  ( t o t a l ,  r e t a i l  
T ime  s e r i e s  d a t a  f o r  p o p u l a t i o n ,  emFloyment ( t o t a l ,  63 
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t r a d e ,  and c o n s t r u c t i o n ) ,  and government  r e v e n u e s  
( P r O F e r t y  t a x  per c a p i t a )  and e x p e n d i t u r e s  ( t o t a l ,  
e d u c a t i o n ,  highway,  h e a l t h ,  and w e l f a r e )  were o b t a i n e d  
f o r  t h e  p r e c o n s t r u c t i o n  and c o n s t r u c t i o n  p e r i o d s  a t  
2 1  n u c l e a r  power p l a n t  s i tes .  C r o s s - c l a s s i f  i c a t i o n  o f  
t h e  21 s i t e s ,  a c c o r d i n g  t o  t h e  s p a r s e n e s s  and p r o x i m i t y  
m e a s u r e s  p r e v i o u s l y  d e f i n e d ,  y i e l d s  Table  5-3. T a b l e  
5-3 shows t h a t  7 of t h e  s i tes  a r e  r e l a t i v e l y  remote 
and  t h e  o t h e r  1 4  a r e  nonrcmote .  

C a t e g o r y  1 

1 4 

T a b l e  5-3. C r c s s - c l a s s i f i c a t i o n  Remoteness  M a t r i x  f o r  
7 Remote and 1 4  Non-Remote S i t e s .  

2 3 4 T o t a l  

4 - - - 
i 

F r  ox i m i  t v  

2 
S p a r s e n e s s  

3 

4 

1 1  1 I -  I - ; - ;  i 

2 - ' 2 j l i  1 5  

I , 
- 5 6 ' 11 - 

I 

P o p u l a t i o n  d a t a  were a v a i l a t l e  i n  c e n s u s  p u b l i c a -  
t i o n s  [ 4 1  f o r  t h e  y e a r s  1960 ,  1966 ,  and 1970 t h r o u g h  
1978 .  Employment and p a y r o l l  d a t a  were o b t a i n e d  f o r  t h e  
y e a r s  1959 ,  1 9 6 2 ,  and 1964 t h r o u g h  1978 from County  
B u s i n e s s  P a t t e r n s  [ S I .  Government r e v e n u e  and expen-  
d i t u r e  d a t a  were co l l ec t ed  from t h e  County  and  C i t y  
Data Eook 161 f o r  1 9 6 2 ,  1 9 6 7 ,  and  1 9 7 2 ,  and from t h e  
C e n s u s  of Governments  [ 7 ]  f o r  1977.  

Average y e a r l y  v a l u e s  of gove rnmen t  r e v e n u e s  and 
e x p e n d i t u r e s  f o r  t h e  p r e c o n s t r u c t i o n  ( b a s e l i n e )  and 
c o n s t r u c t i o n  p e r i o d s  f o r  t h e  non-remote group of 1 4  
s i t es  and t h e  remote group of 7 s i tes  a re  p r e s e n t e d  
i n  T a b l e  5-4 .  T a b l e  5-4 a l s o  p r e s e n t s  t h e  p e r c e n t a g e  

T o t a l  1 7 I o 
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Table 5-4. 

Variable 

Property Tax Per Capita 

Total Government Expenditures 

Education Expenditures 

Highway Expenditures 

Health Expenditures 

Public Welfare Expenditures 

Average Yearly Government Revenue and Expenditures 
for Remote and Non-Remote Groups* 

Remote 

Baseline Construction Percentage 
Period Period Increaset 

71 88 24 

7,658 12,567 64 

3,852 6,566 70 

684 909 33 

792 1,687 113 

174 200 15 

Non-Remote - 
Baseline Construction Percentage 
Period Period Increaset 

112 139 24 

78,582 115,478 47 

30,274 57,159 89 

5,677 6,383 12 

3,626 5,657 56 

5,275 9 , 787 85 

*Property tax per capita in dollars, expenditures in thousands of dollars. 
t[(Construction Period Value/Baseline Period Value)-1]100. 



increase  of each v a r i a b l e  fo r  the cons t ruc t ion  period 
r e l a t i v e  t c  t h e  base l ine  per iod,  Table 5-4 shows t h a t  
the  percentage increases  i n  t o t a l  government, highway, 
and hea l th  expendi tures  were g r e a t e r  a t  remote than non- 
remote sites, t h a t  t h e  converse is t r u e  fo r  education 
and welfare  expendi tures ,  and t h a t  t h e  increase  i n  per 
c a p i t a  property tax was t h e  same fo r  both s i t e  groups.  
Therefore,  because these d a t a  showed no c o n s i s t e n t  
v a r i a t i o n  and because t h e  amount of d a t a  was scan t  
( d a t a  were a v a i l a b l e  .for only 4 y e a r s ) ,  average year ly  
growth r a t e s  were not ca l cu la t ed  for  these government 
va r i ab le s .  

The exponent ia l  growth of t h e  v a r i a b l e  X a t  a r a t e  
k per year over . the time period t is given by 

X t = X  e k t  
t 0  

Average growth r a t e s  fo r  a group of s i t e s  can be obtained 
by l i n e a r  regression a n a l y s i s  a f t e r  r ecas t ing  equation 
1 as  follows, where k is the yea r ly  average growth r a t e  
of t h e  v a r i a b l e  X fo r  the s i t e  group, i is  a s i t e  index, 
and wewwi is a s i t e  eFec i f i c  d i f f e r e n c e  term. 

Average growth r a t e s  were ca l cu la t ed  fo r  both s i t e  groups 
for the preconsfruction ( b a s e l i n e )  and cons t ruc t ion  per- 
iods f o r  7 v a r i a d l e s  (popula t ion ,  and t o t a l ,  r e t a i l ,  and 
cons t ruc t ion  employment and p a y r o l l ) .  Table 5-5 p re sen t s  
the r e s u l t s  of these  l i n e a r  regress ion  analyses .  

For each of t h e  7 v a r i a b l e s  and fo r  both per iods  ( b a s e l i n e  
and c o n s t r u c t i o n ) ,  growth r a t e s  a r e  higher f o r  the remote 
s i t e  group than for  t h e  non-remote group. On t h e  average, 
d u r i n g  t h e  base l ine  period growth r a t e s  a t  remote s i tes  
exceed those a t  non-remote s i t e s  by about 50 percent .  Dur- 
ing t h e  cons t ruc t ion  period growth r a t e s  a t  remote s i t e s  
a r e  2 t o  3 times l a r g e r  than a r e  growth r a t e s  a t  non-remote 
s i tes .  A s  would be expected, growth r a t e s  a r e  l a r g e s t  fo r  
cons t ruc t ion  payro l l  and employment. I n  add i t ion ,  because 
of the increased demand f o r  labor ,  t h e  average number of 
hours worked a l s o  increases  and the re fo re  pay ro l l  growth 
exceeds employment growth. 

Examination of Table 5-5 r evea l s  a c o n s i s t e n t  p a t t e r n .  
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Table 5-5. Averaqe Growth Rates for Population, Employment, 
and Payroll at Remote and Non-Remote Sites. 

Average Yearly Growth Rates (%Ia 
Construction Impacts 

Preconstruction Cnnstruction (%)b 

Remote Non -Remot e Remote Non-Remote Remote Non - Rem0 t e 
4.3+1. Od 0.251.4 Population 1.7+0.2 - 1.420.2 6.1+0.8 - 1.6+0.6 - - 
7.1+1.9d O.S+l.l 

m 
CD ’ Total Payroll 8.450.3 5.720.3 18.9+2.4 - 7.3+1.5 - 10.5+2.7d - 1.651.8 

8.8+1.0 4.3+0.6 3.4+1.3d 0.520.9 

9.9+1.0 4.5+0.6 1.721.2 -0.520.9 

- 12.8+1.5 4.4+0.9 Total Employment 5.750.4 3.9+0.2 - - - 

Retail Employment 5.5+0.3 - 3.8+0.3 - - 
Retail Payroll 8.1+0,2 5.0+0.3 - - 
Construction Employment 8.320.8 3.9iO. 5 - 33.3+3.5 11.822.2 24.9+4.38 7.9+2.7d 

Construction Payroll 10.8+1.0 7.2+0.6 - 45.9+5.0 - 17.223.1 35.156.0a 10.0+3.7d 

c - - 

Impact 
Differences 

(%IC 

4.1+2. qd 

6.5+3. Od 

8.9+4. 

2.8+2. 2d 

- 

- 
- 
- 

2.2+2. le - 
17.157. Od 

25.1f_9.7d 

a. All values are significant at the 0.01 level by f-test 
b. (Construction Growth Rate) - (Preconstruction Growth Rate) 
c. (Remote Impact) - (Non-Remote Impact) 
d. Significant at the 0.01 level by t-test 
e. Significant at the 0.05 level by t-test 



By s u b t r a c t i n g  b a s e l i n e  p e r i o d  growth r a t e s  from 
c o n s t r u c t i o n  p e r i o d  growth r a t e s ,  e s t i m a t e s  of t h e  
growth  r a t e s  due o n l y  t o  n u c l e a r  power p l a n t  c o n s t r u c t i o n  
( c o n s t r u c t i o n  i m p a c t )  a r e  o b t a i n e d .  T a b l e  5-5 shows t h a t  
f o r  t h e  non-remote g r o u p  of s i t e s ,  c o n s t r u c t i o n  i m p a c t s  
were s i g n i f i c a n t  o n l y  f o r  c o n s t r u c t i o n  p a y r o l l  and employ- 
m e n t .  However, f o r  t h e  remote  g r o u p  of s i t es ,  i m p a c t s  
were s i g n i f i f i c a n t -  f o r  a l l  v a r i a b l e s ,  b e i n g  l a r g e s t  f o r  
C o n s t r u c t i o n  p a y r o l l  ( 3 5 % )  and employment ( 2 5 % )  and sub- 
s t a n t i a l  f o r  t o t a l  p a y r o l l  ( 1 0 % ) .  F i n a l l y ,  t h e  l a s t  
column o f  T a b l e  5-5 shows t h a t ,  f o r  a l l  v a r i a b l e s  e x c e p t  
r e t a i l  p a y r o l l ,  impact  d i f f e r e n c e s  ( r e m o t e  s i t e  c o n s t r u c -  
t i o n  impact  m i n u s  non-remote s i t e  c o n s t r u c t i o n  i m p a c t )  
a r e  a l l  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t h e  0 . 0 1  l e v e l .  

5 .4  T r a n s m i s s i o n  L ine  C o s t s  

T r a n s m i s s i o n  l i n e  c o s t s  a r e  compr ised  of i n s t a l l a t i o n  
and o p e r a t i n g  c o s t s .  I n s t a l l a t i o n  c o s t s  depend on (1) t h e  
l e n g t h  of  t h e  r igh t -o f -way  a l o n g  which t h e  l i n e s  w i l l  be 
s t r u n g  i n  o r d e r  t o  c o n n e c t  t h e  power p l a n t  t o  t h e  e x i s t i n g  
n a t i o n a l  power g r i d ;  ( 2 )  r igh t -o f -way  a c q u i s i t i o n  c o s t s ;  
( 3 )  t h e  number and s i z e  ( c o n d u c t o r  r a t i n g )  of t h e  l i n e s  
i n s t a l l e d ;  and ( '4 )  i n s t a l l a t i o n  l a b o r  c o s t s  ( r i g h t - o f - w a y  
p r e p a r a t i o n ,  co :ns t ruc t ion  of l i n e  t o w e r s  and s u b s t a t i o n s ,  
s t r i n g i n g  of l i n e s ) .  O p e r a t i n g  c o s t s  c o n s i s t  p r i n c i p a l l y  
o f  t h e  c o s t  of l i n e  l o s s e s  d u r i n g  t r a n s m i s s i o n  and main- 
t e n a n c e  c o s t s .  ' 

T r a n s m i s s i o n  l o s s e s  a r e  l e s s  f o r  s h o r t e r  l i n e  l e n g t h s  
and l a r g e r  c o n d u c t o r s .  La rge r  c o n d u c t o r s  c o s t  more t h a n  
s m a l l e r  c o n d u c t o r s ,  r e q u i r e  a wider  r igh t -o f -way  ( 1 2 5  f t  
w i d e  f o r  2 3 0  kV c a b l e ;  2 0 0  f t  f o r  500  kV [ 8 ] ) ,  and a r e  
more c o s t l y  t o  i n s t a l l .  D e s p i t e  these h i g h e r  c o s t s ,  E P R I  
p r o j e c t i o n s  [91 p r e d i c t  an i n c r e a s i n g  use of h i g h e r  r a t e d  
( l a r g e r )  conduc'to'rs t h r o u g h  t h e  y e a r  2000 .  T h i s  a g r e e s  
w i t h  t h e  f i n d i n g s  by Power T r a n s m i s s i o n ,  I n c .  [lo] t h a t  
u t i  1 i t i e s  c u r  r en t l y  p r  e f e r t o  m i  n i m ' i  z e  f u t u r e  t'r ansm i s s i o n  
l o s s e s  by i n s t a l l a t i o n  of l a r g e r  c o n d u c t o r s .  

U n i t  c o s t s  fo>r l a b o r  ( h o u r l y  wages)  i n  suburban  a r e a s  
were found. by a n  EFRI s t u d y  [111 t o  exceed  t h o s e  i n  r u r a l  
a r e a s  by a b o u t  25%. U n i t  c o s t s  f o r  , t h e  a c q u i s i t i o n  of  
la-nd f o r  r igh t -of -way a r e  , a l s o  l i k e l y  t o  be lower i n  r u r a l  
a r e a s  t h a n  i n  suburl=,a'n a r e a s .  I n  c o n t r a s t ' t o  t h i s ,  t o t a l  
c o s t s  due t o  a c g u i - s i t ' i o n  of r i g h t - o f - w a y ,  p u r c h a s e  o f  
m a t e r i a l s  and- ' equ ipmen t ,  payment of l a b o r ,  and t r a n s m i s -  
s i o n  l i n e  l o s s e s '  a l l ,  - i n c r e a s e  w i t h  i n c r e a s i n g  l i n e  l e n g t h .  
T h e r e f o r e ,  s ince  remote s i t i n g  would seem t o  r e u u i r e  
l o n g e r  t r a n s m i s s i o n  ' l i n e s ,  remote  s i t i n g  would a p p e a r  t o  

-. 

5-9 



5 . 5  D i s c u s s i o n  

Major c o n s t r u c t i o n  p r o j e c t s  h a v e  l a r g e  w o r k f o r c e  
r e q u i r e m e n t s .  I n  r u r a l  s e t t i n g s ,  when workforce re- 
q u i r e m e n t s  c a n  n o t  be  m e t  l o c a l l y  or by commuting from 
n e a r b y  c i t i e s ,  i n - m i g r a t i a n  of workers  o c c u r s .  I f  t h i s  
i n - m i g r a t i o n  is  s u b s t a n t i a l ,  "boomtown" c o n d i t i o n s  may 
r e s u l t  and t h e  h o s t  area may e x p e r i e n c e  s i g n i f i c a n t  
s o c i o e c o n o m i c  impacts. T h i s  s c e n a r i o  has been  t h e  sub- 
j e c t  of c o n s i d e r a b l e  s t u d y .  R u r a l  i n d u s t r i a l  deve lopmen t  
s t u d i e s  [13 ,14]  have  examined t h e  impacts of i n d u s t r i a l  
p ro j ec t s  upon small ,  r u r a l  communi t ies .  Boomtown s t u d i e s  
[15-181 have  examined t h e  l oca l  impacts o f  rapid,  large- 
scale  e n e r g y  deve lopmen t  p ro j ec t s ,  l o c a t e d  p r imar i ly  i n  

'remote f a r m i n g  and r a n c h i n g  areas of , t h e  Rocky Mounta ins .  
The impacts of n u c l e a r  power p l a n t  c o n s t r u c t i o n  h a v e  a l s o  
been  examined by s e v e r a l  p r e v i o u s  s t u d i e s  [19-211. 

n 

e n t a i l  h i g h e r  t r a n s m i s s i o n  l i n e  i n s t a l l a t i o n  and oper- 
a t i n g  costs .  T h i s  i s  n o t  a lways  t h e  case,  however.  

Maps o f  t h e  e x i s t i n g  n a t i o n a l  t r a n s m i s s i o n  g r i d  
show t h a t ,  e x c e p t  for  t h e  more remote r e g i o n s  o f  t h e  
Rocky Mounta ins ,  g r i d  t r a n s m i s s i o n  l i n e s  pass  t h r o u g h  
a l l  r e g i o n s  ( b o t h  remote and non-remote)  of  t h e  U.S. 
1121. Al though c o n s i d e r a t i o n  of e n v i r o n m e n t a l ,  s o c i a l ,  
and a s t h e t i c  i s s u e s  as r e q u i r e d  by NEPA h a s  t ended  t o  
somewhat l e n g t h e n  l i n e  r igh t -o f -ways ,  t h e  f ac to r  t h a t  
d o m i n a t e s  t h e  l e n g t h  of new t r a n s m i s s i o n  l i n e s  is t h e  
g r o s s  d i s t a n c e  of t h e  power p l a n t  s i t e  from t h e  n e a r e s t  
l e g  of t h e  n a t i o n a l  t r a n s m i s s i o n  g r i d .  Because  t h i s  
g r i d  r u n s  t h r o u g h  b o t h  remote and non-remote a r e a s ,  
remote s i t i n g  d o e s  n o t  n e c e s s a r i l y  mean a l e n g t h y  t r a n s -  
m i s s i o n  l i n e .  Tab le  5-6 p r e s e n t s  d a t a  i n  s u p p o r t  of t h i s  
c o n c l u s i o n .  

Table  5-6 p r e s e n t s  da t a  on t h e  c o n d u c t o r  rating, 
l e n g t h ,  and acreage of t h e  t r a n s m i s s i o n  l i n e s  which 
c o n n e c t  29 power p l a n t  s i t es  ( t h o s e  w i t h  a l l  f a c i l i t i e s  
o p e r a t i n g  as of 1 9 7 8 )  of v a r y i n g  r e m o t e n e s s  t o  t h e  
n a t i o n a l  power g r i d .  Examina t ion  of t h e  r igh t -o f -way  
l e n g t h s ,  which were drawn from DOE maps [ 1 2 ] ,  shows t h a t  
f o r  e x i s t i n g  s i t e s  r igh t -of -way l e n g t h s  do n o t  co r re l a t e  
w i t h  r e m o t e n e s s .  Some remote sites are closer t o  t h e  
n a t i o n a l  g r i d  t h a n  a r e  some less  remote s i tes .  Thus ,  
i t  is d i s t a n c e  from t h e  n a t i o n a l  t r a n s m i s s i o n  g r i d  and 
n o t  d i s t a n c e  from major p o p u l a t i o n  c e n t e r s  ( r e m o t e n e s s )  
t h a t  p r i n c i p a l l y  d e t e r m i n e s  t h e  cos t s  of t r a n s m i s s i o n  
l i n e  i n s t a l l a t i o n  and o p e r a t i o n .  
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T a b l e  5-6. P o w e r . T r a n s m i s s i o n  L i n e  Data f o r  29 O p e r a t i n g  
N u c l e a r  S i t e s  

Remoteness T o t a l  Miles of E s t i m a t e d  Acres Average K i l o v o l t s  
I n d e x  Right-of-way of Right-of-way Per Mile of L i n e  

1-1 
2-1 
2 -1 
3-2 
3-2 
3-2 
3-2 

230 
266 
38 
52 

230 
1 0 2  
1 7 9  

4,182 
4 , 030 

800 
661  

4 ,061  
1 , 8 5 5  
2,670 

345  
230 
399 
156 
3 0 1  
345  
206 

2-4 
2-4 
3-3 
3-3 
3-3 
3-3 
3-3 
3-3 

30 
151 

' 118 
85 
5 

95 
84 

1 2 3  

545 
2,655 
2 ,675  
1 , 3 7 0  

9 1  
1 , 8 0 3  
1 , 2 7 3  
2 ,236  

345  
309 
418 
267 
345 
316 
230 
337 

3-4 1 7  309 345  
3-4 124  2,255 345  
3-4 2 4  291 115 
4-3 1 7 0  3,576 423 

85 1 , 4 5 5  304 
25 358 1 9 8  

4-3 
4-3 
4-3 67 1 , 2 1 8 '  345  

4-4 409 ' 8 , 2 9 1  1 4 7  
1 3 4  
230 

4 -4 60 758 
6 1  

2 ,545  485  
4-4 4 
4-4 1 0 4  
4-4 . 90 1 ,636  345  
4-4 217 4 ,561  . 378 

345 4-4 29 
527  I 
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S i g n i f i c a n t  in-migration t o  a cons t ruc t i cn  pro- 
j e c t ' s  host  area occurs only i f  workforce requirements 
can not be met l o c a l l y  or by commuting from nearby popu- 
l a t i o n  c e n t e r s  (gene ra l ly ,  those loca ted  w i t h i n  about a 
one-hour commute of t h e  s i t e  [ 3 ] ) .  Even when s u b s t a n t i a l  
in-migration does occur,  a boomtown can be avoided, i f  
t h e  r e s u l t i n g  population growth is  spread over severa l  
nearby communities [ 2 2 ] .  I n  gene ra l ,  adverse socio- 
economic impacts a r e  not observed u n t i l  the r a t e  of 
population growth of a s i n g l e  community exceeds 1 0  t o  
1 5  percent  per year [ 2 3 , 2 4 ] .  Under these condi t ions  
i n s t i t u t i o n a l  breakdowns may occur i n  the labor and 
housing markets and i n  the provis ion of government 
s e r v i c e s  (educat ion,  hea l th  ca re ,  r ec rea t iona l  f a c i l -  
i t i e s ,  p o l i c e  and f i r e  p r o t e c t i o n )  [ 2 3 ] .  

t ax  bases ,  homogeneous populat ions,  and t r a d i t i o n a l  
l i f e  s t y l e s  of r u r a l  communities t e n d  t o  increase  t h e i r  
s u s c e p t i b i l i t y  t o  socioeconomic impacts r e s u l t i n g  from 
rapid population growth. Mortgage inves to r s  t e n d  t o  f i n d  
smal l ,  economically und ive r s i f i ed ,  r u r a l  communities 
u n a t t r a c t i v e  investment l o c a l e s .  Lack of mortgage money 
combined w i t h  shor tages  of bui lding m a t e r i a l s  and hous- 
i n g  cons t ruc t ion  workers can produce a se r ious  housing 
shortage.  Because of t h e i r  l imi ted  tax bases and because 
the  p r o j e c t  under cons t ruc t ion  gene ra l ly  y i e l d s  l i t t l e  
tax revenue u n t i l  near ly  completed, r u r a l  communities a r e  
o f t e n  unable t o  f inance the  increased load of government 
s e r v i c e s  needed t o  accommodate rapid population growth. 
F i n a l l y ,  r u r a l  communities having a homogeneous popu- 
l a t i o n  and l i f e  s t y l e  may be l e s s  w i l l i n g  or ab le  t o  
welcome newcomers having d i f f e r e n t  ideas ,  ways of doing 
business ,  and l i f e  s t y l e s  and t o  accept the changes i n  
personal ,  s o c i a l ,  business ,  and i n s t i t u t i o n a l  i n t e r -  
a c t i o n s  t h a t  incorpora t ion  of the  newcomers i n t o  t h e i r  
communities would e n t a i l  [16-18,251. 

The  small s i z e s ,  undivers i f ied  economies, small  

The w i l l i n g n e s s  of r u r a l  communities t o  accept 
change depends upon community percept ion of t he  b e n e f i t s  
(and r i s k s )  t h a t  w i l l  acccnpany the  changes, and upon 
the  degree of community involvement i n  the  dec i s ions  
which determine t h e  na ture  and r a t e  of the changes. 

~ Eecause the cons t ruc t ion  of  a l a r g e  i n d u s t r i a l  or energy 
f a c i l i t y  promises increased tax revenues, new jobs ,  more 
r e t a i l  t r a d e ,  and the re fo re  inproved government s e r v i c e s ,  
an end t o  out-migration of ch i ld ren  and f r i e n d s  [ 1 4 , 1 5 ] ,  
and a higher standard of l i v i n g  [ 2 1 ] ,  many r u r a l  commun- 
i t i e s  welcome these  p r o j e c t s  (at l e a s t  i n i t i a l l y ) .  
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However, comnuni ty  r e s i s t a n c e  may d e v e l o p ,  i f  t h e  
economic b e n e f i t s  a r e  uneven ly  d i s t r i b u t e d  ( e . g . ,  
b u s i n e s s  men and l a n d  owners  p r o f i t  w h i l e  t h e  p o o r ,  
t h e  e l d e r l y ,  and m i n o r i t i e s  s u f f e r ) ,  i f  t h e  p r o j e c t  
is p e r c e i v e d  t o  b e n e f i t  p r i n c i p a l l y  d i s t a n t  c i t e s  
( e . g . ,  e l e c t r i c  g e n e r a t i n g  s t a t i o n s  [ 1 9 , 2 5 ]  ) ,  i f  
p r o j e c t  d e c i s i o n s  a f f e c t i n g  t h e  community a r e  made 
w i t h o u t  community i n v o l v e m e n t ,  and i f  there  a r e  con- 
c e r n s  a b o u t  t h e  s a f e t y  o f  t h e  f a c i l i t y  ( e . g . ,  nuc lear  
power p l a n t s  1 2 1 1 ) .  

The d e g r e e  t o  w h i c h  t h e  soc ioeconomic  i m p a c t s ,  
c h a r a c t e r i s t i c  of r u r a l  i n d u s t r i a l i z a t i o n  and boom- 
towns,  have  o c c u r r e d  a s  t h e  r e s u l t  of n u c l e a r  power 
p l a n t  s i t i n g  was examined by g a t h e r i n g  d a t a  a b o u t  peak 
c o n s t r u c t i o n  employment,  number o f  i n - m i g r a n t s ,  and 
s o c i o e c o n o m i c  i m p a c t s  a t  1 2  r emote  n u c l e a r  power p l a n t  
s i t e s .  The d a t a ,  w h i c h  were e x t r a c t e d  from Environmen- 
t a l  Impact  S ta tements  and p o s t - l i c e n s i n g  case s t u d i e s  
(where  a v a i l a b l e ) ,  a r e  p r e s e n t e d  i n  T a b l e  5-7. For t h e  
12 s i t e s  l i s t e d  i n  T a b l e  5-7, peak c o n s t r u c t i o n  employ- 
ment was a p p r o x i m a t e l y  2 2 0 0  ( + 7 0 0 ) ,  o r  5 p e r c e n t  o f  t h e  
s u r r o u n d i n g  p o p u l a t i o n  t o  2 0  miles. For t h e  9 s i t e s  
where i n - m i g r a t i o n  d a t a  were a v a i l a b l e ,  peak c o n s t r u c t i o n  
i n - m i g r a t i o n  ( w o r k e r s  p l u s  f a m i l i e s )  o n  a n  a v e r a g e  r e p r e -  
s e n t e d  o n l y  3 p e r c e n t  of  t h e  s u r r o u n d i n g  p o p u l a t i o n  t o  
20 mi les .  Examina t ion  of  t h e  l a s t  column i n  T a b l e  5-7 
shows t h a t  w i t h  s c a t t e r e d  e x c e p t i o n s  (c rowded c l a s s r o o m s ,  
Yel low Creek; s t ressed  government  s e r v i c e s ,  Ha tch ;  wage 
i n f l a t i o n ,  S t .  L u c i e ;  s a f e t y  c o n t r o v e r s y ,  D i a b l o  Canyon) 
t h e  soc ioeconomic  i m p a c t s  a t  t h e  1 2  s i t e s  were l a r g e l y  
b e n e f i c i a l  ( s i g n i f i c a n t l y  i nc reased  tax r e v e n u e s ,  i n -  
creased r e t a i l  t r a d e ) .  Given t h e  modest  i n c r e a s e s  i n  
t o t a l  p o p u l a t i o n  i n  t h e  r e a i o n s  s u r r o u n d i n g  t h e  s i t e s ,  
i t  is  n o t  s u r p r i s i n g  t h a t  d e t r i m e n t a l  impacts were 
min ima l ,  w h i l e  economic i m p a c t s  were f a v o r a b l e .  

S i n c e  soc ioeconomic  i m F a c t s  depend p r i n c i p a l l y  
on t h e  r a t e  of p o p u l a t i o n  g r o w t h ,  which scales  w i t h  
c o n s t r u c t i o n  w o r k f o r c e  g r o w t h ,  a d d i t i o n a l  d a t a  on 
c o n s t r u c t i o n  w o r k f o r c e  g rowth  were d e v e l o p e d  f o r  '19 
non-remote c o n s t r u c t i o n  p r o j e c t s  i n c l u d i n g  1 5  n u c l e a r  
power p l a n t s  and f o r  28 r emote  c o n s t r u c t i o n  p r o j e c t s  
i n c l u d i n g  one n u c l e a r  power p l a n t .  The  d a t a  a r e  Fre-  
s e n t e d  i n  T a b l e  5-8, which shows t h a t  an a v e r a g e  
r emote  s i t e  e x p e r i e n c e s  twice a s  much in-m- igra t ion  
a s  a non-remote s i t e .  
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Table 5-7. Socioeconomic Impacts at Selected Remote Sites 

Total Popula- 
tion Within 

20 Miles Fstimated 
Numher of ( 1 9 ~ 0  

Site 
(Projected 
Year of 

Completion for 
Each Reactor 
at a site)' 

YELLOW CREEK3 
1985. 1988 
(Luka. US) 

Utility 
(Total 

Megawatts 
at sitebl 

TVA 
2570 m e  

Estimated Peak 
Construction 

Remoteness Employment 
Index2 (Workers) 

Inmiqrants 
provided hy at Peak of Overall Assessment 
Projected, 

Dames 6 Moore) Construction Social and Economic Impacts 

(1.1) 
nost Sparse 
Least 
Proximate 

2,600 

Up to 2,600 

2,100 

2,300 

3, ROO 

1,200 

973 

55,430 7fl0 Workers Increase in students will require seventeen clas8rOoms and 
(470 with teachers: classroom space is currently scarce. 
families. 310 
without fami- 
lies) 

Not provided 1. More electrical power available. 
2. Dramatically increases the tax base. 
3. Significant direct a d indirect increases in employment 

27,592 

and in~ome.~(P* 

CWND c u d  
1982, 1986 
(Port Gibeon, 
ns ) 

S W T H  TEXAS' 
PRWECT 
1984, 1986 
(Falacioa, TX) 

HATCli6.7 
1975, 1979 
(hxley. OA) 

Mississippi: 
h e r  Light 
2,500 W e  

32,307 2,000 persons Similar to Grand Gulf. Houston 
Lighting and 
Power Company 
2,500 m e  

(1.1) 

49,808 920 to 1.150 
workers but not serious. No unmanaqeable strains on community 

Some grwth impacts on schools. housing, and puhlic services 

intrastructure. Plant's economic-benefits (reduced tax rate, 
grwth and employment) were viewed very positively by host 
area. 

Construction of the proposed nuclear plant will slow, but 
not halt, the current trend In population migration from this 
rural area. For the effects of construction to be most 
baneficial, efforts to attract new and related commsrcial 
activity should continue. (P. 27) 

Minimal impacts anticipated due to close proximity (approximately 
60 miles) of large urban areas. 

815 workers 26,170 

47.792 41R persons 
(191 workera, 
121 (adults. 
106 children) 

I. Stahlilire area's construction workers. 

3. Expansion of electric parer proviiions to the service 
area. 

4. Increase in property tax payments which aided in reversal 
of school overcrowding And financial difficulties. 

persona 2. Increases in direct and indirect employment and incow. 59,322 

(1.1) Gaorgia h e r  

1,572 W e  
CDlnpany 

VfXTLE8 
1985, 1988 
(wayne*boro. 
G k )  

CLIHM") 
I982 
(Clinton, IL) 

ARKANSAS10 
1973.1976 

Georgia h e r  

2,200 M e  
company 

( 1 . 2 )  

Illinois Power 

1,900 m e  
Company 

(2 .2 )  

Arkansas Power 
and Light 
Company 
1,748 M e  

(1.1) 

ST. WCIEll 
1976. 1983 
(Hutchison 

Florida Power 
and Light 

1,554 m e  

Florida P w e r  
Corporation 
825 W e  

Company 

provided 1. Increased tax base by approximately 35%. 
2. Public construction projects in the county had to he 121,542 

delayed or cancelled due to inflated wage rates resultinq 

1,847 

island, PL) 

CRYSTAL12 
RIVER 
1977 
( Crystal 
River, FL) 

from-construction of the plant. 

(1.1) 1. Increased tax hase. 
38,705 Provided 2. 508 (85) of operating workforce relocated to Crystal 1,790 

2,470 

River. 

non-local construction workforce. 
3 .  Retail sales in area increased due to relocation of 

D I A B I D ~ ~  
CANYON 
1981. 1981 
(Avila Beach, 
CAI 

1. Divisiveness of entire Diahlo Canyon issue among 
community residents (not necessarily due to workforce 
in-migration). operation of facilities held up due to 
environmentalists' concerns regarding geologic fault 
at site. 

101,151 3 , 3 m  
persons17 

Pacific Gee 
and Electric 
2.190 m e  

( 2 . 1 )  

FARLEY14 

(Dothan, AL) 
1977. igeo 

s u m Y 1 5  
1972, 1973 
(Gravel Neck, 
VA 1 

1. Increase in direct and indirect employment and. 
1,057 income. 93,1R5 

vorkerslg 

Alabama Power- 
Company 
1.720 m e  

Virginia 
Electric and 
Power Company 
1.550 We 

2, 2SOl8 

1,934 1. Increase in tax base. 
2. Increased employment, business income, tourism. traffic 

and land cost during construction in Surrey and Isle of 
214.669 102 

persons16 
Wight Counties. 
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13York, M. N., Diablo Canyon, Units 1 and 2, Preliminary Site Visit Report, Washington: U . S .  Nuclear Regulatory 
Comission, February 1979. 

14Alabama Power Company, Final Environmental Statement Related to Operation of Joseph M. Farley Nuclear Plant, 
Units 1 and 2, December 1974. 
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Table 5-8. Variation in Migrant Proportion by Location 

Migrant 
Proportion ( %  1 

Construction Workers 

Location' 

Remote 

Bureau of Reclamation 
Water Development Projects1' 

Coal-fired Power Plants3 

North Dakota State University 
Leland Olds and Square Butte4 
Coal creek5 

Old West Regional Commission Study, 

NRC Labor Migration Study6# 

Non -r emot e 

NRC Labor Migration StudyG8 

TVA Sites8 
Nuc 1 ear 
Non-nuc 1 ear 

(excluding TVA) 

Bureau of Reclamation 
Water Development Projects2 

Number ' of 
Sites Average Range 

10 

14 

2 
1 

1 
- 

N = 28 

59 

60 

50 
39 

47 
- 

Weighted 
Average = 

58 

40-89 

21-97 

** 

8 29 

7 26 
2 34 

2 17 
- - 

N = 19 Weighted 
Average = 

27 

15-49 

11-40 
29-47 

12-22 

n 
*Remoteness assignments were made using the sparseness and proximity 

**Migrant proportions were not provided separately for these sites in 
measures described in the text. 

the reference document. 
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E ieptember  1/80.  
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5.6  Conclusions 

C l a s s i f i c a t i o n  of c u r r e n t  nuclear power p l a n t  
s i t e s  according t o  remoteness shows t h a t  most s i t e s  
a r e  nonremote, while few a r e  t r u l y  remotely s i t e d .  I n  
f a c t ,  al though ha l f  of t h e  c u r r e n t  s i t e s  a r e  loca ted  
i n  nonmetropolitan coun t i e s ,  a major i ty  a r e  w i t h i n  60 
miles of [191 and few a r e  more than 1 0 0  miles  from a 
major metropol i tan area.  

s t r u c t i o n  workforce in-migration proport ions (Table 
5-8) show t h a t  populat ion and economic growth r a t e s  
a r e  higher a t  more remote a s  opposed t o  less remote 
si tes.  Impacts do increase  w i t h  s i t e  remoteness. 
However, although the  d i f f e r e n c e s  i n  growth r a t e s  
between more and l e s s  remote s i t e s  presented i n  
Table  5-5 are a l l  s t a t i s t i c a l l y  s i g n i f i c a n t ,  t h e  
6 percent  growth r a t e  i n  t o t a l  populat ion observed 
f o r  t h e  more remote s i t e s  is  s i g n i f i c a n t l y  below t h e  
r a t e  of 1 0  t o  1 5  Fercent  needed t o  produce boomtown 
condi t ions  and t h u s  adverse socioeconomic impacts. 
T h i s  conclusion is  supported by t h e  d a t a  presented 
i n  Table 5-7, w h i c h  showed t h a t  1 2  somewhat remotely 
s i t e d  nuclear power p l a n t s  produced p r i n c i p a l l y  
favorable  socioeconomic impacts (much increased tax 
revenues,  increased r e t a i l  t r a d e ,  some s t r a i n s  on 
government s e r v i c e s ,  s t a b i l i z a t i o n  of popula t ion)  on 
nearby communities. 

F i n a l l y ,  i t  seems c l e a r  (1) t h a t  should f u t u r e  
nuclear power p l a n t s  be s i t e d  n o  more remotely t h a n  
a r e  c u r r e n t  p l a n t s ,  then they w i l l  have few i f  any 
adverse socioeconomic impacts and ( 2 )  should t h e y  be 
s i t e d  i n  t r u l y  remote l o c a t i o n s ,  then t h e  p o t e n t i a l  
fo r  adverse impacts on nearby small  r u r a l  communities 
can be s u b s t a n t i a l l y  reduced by advance planning. 

T h e  da t a  on growth r a t e s  (Table  5-5) and con- 
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Appendix A: S i t e  Data 

A l a r g e  body of s i t e - r e l a t e d  da t a  was c o l l e c t e d  fo r  
use i n  performing the consequence c a l c u l a t i o n s  discussed 
i n  Chapter 2 of t h i s  repor t .  These da t a  a r e  summarized 
i n  the following s e c t i o n s  of  t h i s  appendix a s  l i s t e d  
below. 

Sec t ion  Data Descr ip t ion  

A . l  General S i t e  and .Reactor Data 

A .  2 S i t e  Population Data 

A . 3  Weather Data 

A.  4 S i t e  Wind Rose Data 

A . 5  Economic Data 

A . l  General S i t e  .and Reactor Data 

Calcu la t ions  were performed f o r  9 1  si tes where 
r e a c t o r s  a r e  c u r r e n t l y  ope ra t ing ,  a r e  under cons t ruc t ion ,  
or have been assigned a cons t ruc t ion  permit.  Table A . l - 1  
l i s t s  the  s i t e  l o c a t i o n s  ( coun ty / s t a t e )  and the power 
l e v e l  ( M W e ) ,  type,  s u p p l i e r ,  and d a t e  of s t a r t u p  ( a c t u a l  
or expected) f o r  t h e  r e a c t o r s  loca ted  a t  these  sites. 
Table A . l - 2  g i v e s ' t h e  l a t i t u d e  and longi tude  of each 
s i t e , *  a s  w e l l  a s  the  meteorological s t a t i o n  and s h e l t e r -  
i n g  region assigned f o r  performing s i t e  consequence ca l -  
c u l a t i o n s .  The meteorol-ogical d a t a  used  i n  t h i s  s tudy 
a r e  f u r t h e r  descr ibed in; Sec t ion  A . 3 .  The s h e l t e r i n g  
region is  based on housi'ng types and is used  t o  determine 
ex te rna l  exposure s h i e l d i n g  f a c t o r s  when populat ion s h e l -  
t e r i n g  is assumed t o  be an emergency p r o t e c t i v e  measure. 
The important housing c h a r a c t e r i s t i c s  and assumed sh ie ld-  
i n g  f a c t o r s  fo r  t h e  s e v e n  regions used i n  t h i s  study a r e  
descr ibed i n  Table A.l-3. For f u r t h e r  information on 
s h e l t e r i n g  regions and sh ie ld ing  f a c t o r s ,  see re ference  
[ 2 1  

*Lat i tudes  and longi tudes  were taken from reference  [ l] .  
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1 

P l a n t  
- .I * _  

A l l e n s  Creek  
A r k a n s a s  1,2 

B a i l l y  
B e a v e r  V a l l e y  1,2 

B e l l e f o n t e  1.2 

B i g  Rock P t .  . 
B l a c k  Fox 1,2 

Braidwood 1.2 

Browns F e r r y  1,2,3 

Brunswick  1,2 

Byron 1,2 

C a l l a w a y  1,2 

C a l v e r t  C l i f f s  1,2 

Catawba 1,2 

Cherokee  1,2,3 

C l i n t o n  1.2 

Copanche Peak  1,2 

Cooper  
C r y s t a l  P i v e r  3 
Dav 1 s-Ee s se 
D i a b l o  Canyofl 1.2 

Donald C .  Cook 1,2 

Dresden  1,2,3 

Duane Arnold  
Fermi 2 
F i t z p a t r i c k *  
Forked R i v e r  * *  
F t .  Calhoun 
F t .  S t .  V r a i n  
Ginna  (Brookwood 1 
Grand Gulf  1,2 

Haddem Neck . 
H a r t s v i l l e  A 1 , A 2 ,  

B 1  , B 2  

T a b l e  A . l - 1  G e n e r a l  S i t e  and Reactor Data  

L o c a t i o n  Power L e v e l  
( C o u n t y / S t a t e )  ( M W e  ) 

A u s t i n ,  TX i200 
83 6 
912 

Pope ,  AR 

P o r t e r ,  I N  
B e a v e r ,  PA 

J a c k s o n ,  AL 

C h a y l e v o i x ,  M I  
R o g e r s ,  OK 

w i l l .  I L  

Limes t o n e ,  AL 

B r u n s w i c k ,  NC 

645 
83 3 
833 
213 
21 3 

150 
150 
120 
120 
067 
067 
067 ’ 
790 
790 

63 

*Sane  s i t e  a s  Nine  Mile P o i n t  
**Same s i t e  as  O y s t e r  Creek  

O g l e ,  I L  1120 
1120 

C a l l a w a y ,  MO 1150 
1150 

C a l v e r t ,  MD 850 
850 

York ,  SC 1 1 4 s  
1 1 4 5  

C h e r o k e e ,  SC 1280 
1280 
1280 

D e w i t t ,  I L  950 
950 

S o m e r v e l l ,  TX 1150 
1150 

Nenaha.  NB 778 
Ci t r i s ,  FL 82 5 
O t t a w a ,  OH 906 
San Lui,s O b i s p o ,  CA 1084 

1106 
B e r r i e n ,  K I  1054 

A094 
Grundy,  I L  -200 

800  
8 0 0  

L i n n ,  I A  545 
Monroe, M I  ,1100 
Oswego, NY 821 
O c e a n ,  NJ 1120 
W a s h i n g t o n ,  NB 457 
Weld, CO 330 
Wayne, NY 490 
C l a i r b o r n e ,  MS 1250 

1250 ” 

M i d d l e s e y ,  CT 575 
T r o y s d a l e  h S m i t h ,  TN 1233 

1233 
1233 
1233 

A- 2 

2 Y E  
BWR ” 

PWR 
PWR 
BWR 
PWR 
PWR 
PWR 
PWR 
BWR 
BW R 
BWR 
PWR 
PWR 
BWR 
BWR 
BWR 
BWR 
BWR 
PWR 
PWR 
PWR 
PWR 
PWR 
PWR 
PWR 
PWR 
PWR 
PWR 
PWR 
BWR 
BWR 
PWR 
PWR 
BWR 
PWR 
PWR 
PWR 
PWR 
PWR 
PWR 
BWR 
BWR 
BWR 
BWR 
BWR 
BWR 
PWR 
PWR 
HTGR 
PWR 
BWR 
BWR 
PWR 
BWR 
BWR 
BWR 
BWR 

Reactor 
S u p p l i e r  

GE 
BhW 
C-E 
GE 
W 
W 
BLW 
BhK 
GE 
GE 
GE 
W 
W 
GE 
GE 
GE 
GE 
GE 
W 
W 
W 
W 
C-E 
C-E 
W 
W 
C-E 
C-E 
C-E 
GE 
GE 
W 
W 
GE 
BhW 
BhW 
W 
K 
W 
W 
GE 
GE 
GE 
G E  
GE 
GE 
C-E 
C-E 
GA 
W 
GE 
G E  
W 
GE 
GE 
GE 
GE 

A c t u a l  or 
E x p e c t e d  Date 

o f  S t a r t u p  

/8 7 
12/74 
3/80 
6/87 
4/77 
5/86 
9/83 
6/84 

12/62 
7/85 
7/88 

10/85 
10/86 
8/74 

3/77 
3/77 

11/75 
10/83 
10/84 
10/82 
4/87 
5/75 
5/77 
7/83 
1/85 
1/90 
1/92 

I n d e f .  
12/82 
I n d e f .  
/81 
/83 

7/74 
3/77 

11/77 
/81 
/81 

8/75 
6/78 
8/60 
8/70 

10/71 
5/74 
3/82 
7/75 
5/86 
9/73 
1/79 
3/70 
4/82 
9/86 
1/68 
7/86 
7/87 

I n d e f .  
I n d e f .  
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T a b l e  A . l - 1  G e n e r a l  S i t e  and  Reactor Data  ( c o n t )  

P l a n t  

Ha tch  1 . 2  

Hope Creek  1 , 2 *  

I n d i a n  P o i n t  2 , 3  

J o s e p h  M .  F a r l e y  1 , 2  

Kewaunee 
LaCross  
L a S a l l e  1 . 2  

L i m e r i c k  1 . 2  

Maine Yankee 
Marb le  H i l l  1 , 2  

McGuire 1 , 2  

Mid land  1 ’ 2  

M i l l s t o n e  1 , 2 , 3  

M o n t i c e l l o  
Nine  N i l e  P t .  1 , 2 * *  

N o r t h  Anna 1 , 2 , 3 , 4  

Oconee 1 , 2 , 3  

O y s t e r  Creek  * * *  
P a l i s a d e s  
.Pa lo  Verde  1 , 2 , 3  

Peach  Bottom 2 , 3  

P e b b l e  S p r i n g s  1 . 2  

P e r k i n s  1 , 2 , 3  

I 
L o c a t i o n  

(County /S  t a  t e  ) 

A p p l i n g ,  GA 

Sa lem,  N J  

W e s t c h e s t e r ,  NY 

Hous ton ,  AL 

Kewaunee, W I  
Monroe, W I  
L a S a l l e ,  I L  

Montgomery , PA 

L i n c o l n ,  ME 
J e f f e r s o n ,  I N  

Meck lenbe rg  , NC 

M i d l a n d ,  M I  

N e w  London, CT 

W r i g h t ,  MN 
Oswego, N Y  

L o u i s a ,  VA 

Oconee ,  SC 

Ocean ,  N 3  
VanBuren ,  MI 
Man icopa ,  AZ 

York ,  PA 

G i l l i a m ,  OR 

D a v i e ,  NC 

P e r r y  1 , 2  Lake ,  OH . 
P h i p p s  Bend 1 , 2  Hawkins ,  TN 

P i l g r i m  1 . 2  

P t .  Beach 1 , 2  

P lymouth ,  MA 

Mani towoc , W I  
c 5 

Power L e v e l  
( M W e )  

786 
786 

1 0 7 0  
1070  

873  
965 
860 
860 
535  

50 
1 0 7 8  
1078  
1 0 5 5  
1055  

790 
1130  
1130  
1 1 8 0  
1180  

530 
805  
660 
870 

1150  
536 
61 0 

1080 
850 
850 
934 
934 
860 
860 
860 
620 
74 0 

1 2 7 0  
1270  
1270  
1 0 6 5  ~. 

1 0 6 5  
1260  
1 2 6 0  
1 2 8 0  
1280  
1 2 8 0  

~ 1 2 0 5  , 
1 2 0 5  
1 2 3 3  
1 2 3 3  

670 
1150  

4 9.7 

ZYPs 
BWR 
BWR 
BWR 
BWR 
PWR 
PWR 
PWR 
PWR 
PWR 
BWR 
BWR 
BWR 
BWR 
BWR 
PWR 
PWR 
PWR 
PWR 
PWR 
PWR 
PWR 
BWR 
PWR 
PWR 
BWR 
BWR 
BWR 
PWR 
PWR 
PWR 
PWR 
PWR 
PWR 
PWR 
BWR 
PWR 
PWR 
PWR 
PWR 
BWR 
BWR 
PWR 
PWR 
PWR, 
PWR 
PWR 
BWR , 
BWR 
BWR 
BWR 
BWR 
PWR 
PWR 

Reactor 
S u p p l i e r  

GE 
GE 
GE 
GE 
W 
W 
W 
W 
W 
A l l i s  
GE 
GE 
GE 
GE 
C-E 
W 
W 
W 
W 
B 6W 
B&W 
GE 
C-E 
w 
GE 
GE 
GE 
W 
W 
B6W 
BhW 
B&W 
BbW 

GE 
C-E 
C-E 
C-E 
C-E 
GE 
GE 
B6W 
8 6 W  
C-E 
C-E 
C-E 
GE 
GE 
GE 
GE 
GE 
C-E 
W 

B6W 

A c t u a l  or 
E x p e c t e d  Da te  

o f  S t a r t u p  

12 /75  
8/79 

12/86  
12/89  

7/74 
8/76 

12 /77  
11/60 

6/74 
11/69 

6 /81  
6/82 
4 /85  
4/87 

12/72  
/8 6 
/87 

8/60 
4/82 
7 /84  

12/83  
12/70  
12 /75  

5/86 
7 /71  

12 /69  
10/86 
6\78 
8/80 
4/87 
4/88 
7 /73  
9/74 

12/74  
12 /69  
1 2 / 7 1  

5 /83  
5/84 
5/86 
7 /74  

12/74  
9 /88  
9/90 

I n d e f .  
I n d e f .  
I n d e f .  

5/84 
5/88 

I n d e f .  
I n d e f .  
12 /72  
I n d e f  . . 12 /70  

*Same s i t e  as Salem 
**Sane  s i t e  a s  F i t z p a t r i c k  . 

***Same s i t e  a s  Forked  R i v e r  
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P l a n t  

P r a i r i e  I s l a n d  1,2 

Quad C i t i e s  1.2 

Rancho S e c o  
R i v e r  Bend 1,2 

Robinson  2 
S t .  L u c i e  1,2 

Salem 1,2* 

San O n o f r e  1,2,3 

S e a b r o o k  1,2 

Sequoyah 1.2 

S h e a r o n  H a r r i s  1,2, 
3,4 

Shoreharn 
S k a g i  t '  1,2 

S o u t h  T e x a s  1.2 

s u r r y  1.2 

Susquehanna  1.2 

T h r e e  Mile I s l a n d  1,2 

T r o  J an  
T u r k e y  P t .  3,4 

V e r m o n t  Yankee 
V i r g i l  Summer 
V o g t l e  1,2 

WPPSS 1,2,4 

WPPSS 3,s 

K a t e r f o r d  3 
Watts B a r  1,2 

h'olf Creek  
Yankee R o w e  
Y e l l o w  Creek  1,2 

Z i r n m e r  
Z ion  1,2 

T a b l e  A . l - 1  G e n e r a l  S i t e  and Reactor D a t a  

L o c a t i o n  Power L e v e l  
( C o u n t y / S t a t e )  ( M W e  ) 

Goodhue,  MN 

Rock I s l a n d ,  I L  

S a c r a n e n  t o ,  CA 
West F e l i c i a n i ,  LA 

D a r l i n g t o n ,  SC 
S t t . L u c i e ,  FL 

Sa'lem, N J  

San D i e g o ,  CA 

Rockingham, NH 

H a m i l t o n ,  TN 

Wake 6 Chatham. NC 

S u f f o l k ,  NY 
S k a g i t ,  WA 

M a t a g o r d a ,  TX 

S u r r y ,  VA 

L u z e r n e ,  PA 

D a u p h i n ,  PA 

C o l u m b i a ,  OR 
Dade ,  FL 

Windham, VT 
Fa i r f  i e l d  , SC 
B u r k e ,  GA 

B e n t o n ,  WA 

G r a y s  H a r b o r ,  WA 

S t .  C h a r l e s ,  LA 
Rhea,  TN 

C o f f e y ,  KS 
F r a n k l i n ,  MA 
T i s h o m i n g o ,  MS 

C l e r m o n t ,  OH 
L a k e ,  I L  

520 
520 
800 
800 
91 3 
94 0 
940 
665 
777 
711 

1090 
1115 
436 

1100 
1100 
1150 
1150 
1148 
1148 
900 
900 
900 
900 
820 

1288 
1288 
1250 
1250 
775 
775 

1050 
1050 
792 
880 

1130 
666 
666 
514 
900 

1100 
1100 
1250 
1100 
1250 
1240 
1240 
1165 
1177 
1177 
1150 
17 5 

1285 
1285 
810 

1100 
1100 

2YJs 
PWR 
PWR 
BWR 
BWR 
PWR 
BWR 
BWR 
PWR 
PWR 
PWR 
PWR 
PWR 
PWR 
PWR 
PWR 
PWR 
PWR 
PWR 
PWR 
PWR 
PWR 
PWR 
PWR 
BWR 
BWR 
BWR 
PWR 
PWR 
PWR 
PWR 
BWR 
BWR 
PWR 
PWR 
PWR 
PWR 
PWR 
BWR 
PWR 
PWR 
PWR 
PWR 
BWR 
PWR 
PWR 
PWR 
PWR 
PWR 
PWR 
PWR 
PWR 
PWR 
PWR 
BWR 
PWR 
PWR 

( c o n t )  

Reactor 
S u p p l i e r  

W 
W 
GE 
GE 
Bbh' 
GE 
GE 
W 
C-E 
C-E 
W 
W 
w 
C-E 
C-E 
W 
W 
W 
W 
w 
W 
W 
W 
GE 
GE 
GE 
W 
W 
W 
W 
GE 
GE 
GE 
W 
W 
W 
W 
GE 
W 
W 
W 
BSW 
GE 
BbW 
C-E 
C-E 
C-E 
W 
W 
W 
W 
C-E 
C-E 
GE 
W 
W 

A c t u a l  o r  
E x p e c t e d  D a t e  
of S t a r t u p  

12/73 
12/74 
8/72 
10/72 
4/75 
4/84 

I n d e f  
3/71 

12/76 
5/83 
6/77 
1/81 
1/68 

12/81 
2/83 

12/83 
/e 5 
/ 8 0  
6/81 
3/85 
3/88 
3/94 
3/92 
3/83 

I n d e f  
I n d e f  
4/84 
4/86 

12/72 
5/73 
1/82 
1/83 
9/74 

12/78 
5/76 

12/72 
9/73 

11/72 
6/81 
/85 
/88 

6/85 
1/83 
6/86 
6/86 
6/87 
/82 
9/81 
6,/82 
4/83 
6/61 

11/85 
4/88 
/81 
6/73 

12/73 

*Same s i t e  a s  Hope C r e e k  
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T a b l e  A. l -2  General  S i t e  Data 

P l a n t  

A l l e n s  Creek  
A r k a n s a s  
B a i l l y  
B e a v e r  V a l l e y  
B e l  l e f o n t e  
B i g  Rock P o i n t  
B l a c k  Fox 
Braidwood 
Browns  F e r r y  
Brunswick  
Byron  
C a l l a w a y  
C a l v e r t  C l i f f s  
Catawba 
C h e r o k e e  
C 1  i n  ton  
Comanche Peak 
Cooper 
C r y s t a l  R i v e r  
Davi  s-Bes se 
D i a b l o  Canyon 
Donald C .  Cook 
D r e s d e n  
Duane A r n o l d  
Fermi  
F i t z p a t r i c k *  
Forked  R i v e r * *  
F t .  Calhoun 
F t .  S t .  V r a i n  
Ginna  
Grand Gul f  
Haddem Neck 
Hart  s v i  1 l e  
Hatch  
Hope Creek*** 
I n d i a n  P o i n t  
J o s e p h  M .  F a r l e y  
Kewaunee 
L a c r o s s e  
L a S a l l e  
Limerick 
Maine Yankee 
Marble  H i l l  
M c G u i r e  
Midland  

Number S i t e  L a t i t u d e  

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 9  
20  
2 1  
2 2  
1 8  
23 
24 
26 
27 
28 
29  . 
30 
3 1  
32 
33 
34 
3 5  
92 
36 
25  
37 
39 
38 , 
40 
42  
4 1  
43 
44 

*Same s i t e  as N i n e  Mile P o i n t  
**Same s i t e  a s  O y s t e r  C r e e k  

*'*Same s i te  a s  Salem 

29-40-43 
35-18-42 
41-3 8 -3 0 
40-37-18 
34-4 2-32 
45-21-32 
36-0 7 -01  
41-1 4-37 
34-42-13 
33-57-32 
42-04-30 
38-4 5-42 
38-25-39 
3 5-0 3-05 
35-02-1 2 
4 0-1 0-19 
32-17-49 
40-21-41 
28-5 7-26 
41-35-42 
35-12-41 
41-58-44 
41-23-23 

,42-05-54 
, 41-58-41 

43-31-19 
39-4 8-3 6 
41-31-12 
40-14-4 0 
43-16-39 
32-00-27 
41-28-56 
36-21-15 
3 1  -56-05 

.39-27-46 
41-15-57 
31 -13 -21  
44-19-34 
43-33-36 
41-14-24 
40-1 3-12 
4 3 - 5 7 - 0 2 .  
38 -26-0 0 
35-25-59 
43-3 5-10 

L o n g i t u d e  

96-06-15 
93-13-15 
87-07-30 
8 0-26 -0 6 
85-55-36 
85-11-45 
95-32-54 
88-1 3-44 
87-07-16 
78-01-15 
89-16-5 5 
91-46-52 
76-25-35 I 

82-04-10 
81-3 0-4 3 
88-50-03 
97-4 7-0 7 
95-38-17 
82-4 1-5 6 
83-05-11 

120-51-0 8 
86-33-43 
88-16-17 
91 -46 -21  
83-15-34 
76-23-54 
74 -1  2-36 
96-04-50 

104-52-27 
77-18-30 
91-02-53 
72-29-57 
86-05-10 
82-20-40 
75-32-08 
73-5 6-06 
85-06-4 2 
87-31-27 
91-13-42 
8 8.-4 0 - 1 2  
75-35-24 
69-41-48 
85-26-53 
80-56-55 - 
84 -1  3-0 8 

M e t e o r o l o g i c a l  S t a t i o n  

F o r t  Wor th  ( 1 4 )  
Columbia  (10) 
C h i c a g o  ( 9 )  
W a s h i n g t o n ,  DC ( 2 9 )  
N a s h v i l l e  ( 2 3 )  
Milwaukee  (21) 
Columbia  (10) 
M o l i n e  ( 2 2 )  
N a s h v i l l e  ( 2 3  ) 
Cape Hat teras  ( 6 )  
M o l i n e  ( 2 2 )  
Columbia  (10) 
W a s h i n g t o n ,  DC ( 2 9 )  
N a s h v i l l e  ( 2 3 )  
N a s h v i l l e  ( 2 3 )  
M o l i n e  ( 2 2 )  
F t .  Wor th  (14) 
Omaha ( 2 5 )  
A p a l o c h i c o l a  ( 2 )  
C h i c a g o  ( 9 )  
S a n t a  Maria ( 2 7 )  
C h i c a g o  ( 9 )  
M o l i n e  ( 2 2 )  
Omaha ( 2 5 )  
C h i c a g o  ( 9 )  
Milwaukee  ( 2 1  ) 
N e w  York ( 2 4 )  
Omaha ( 2 5 )  
Dodge C i t y  (11) 
Milwaukee  ( 2 1  
Lake C h a r l e s  ( 1 7 )  
N e w  York ( 2 4 )  
N a s h v i l l e  ( 2 3 )  
C h a r l e s t o n  (8 
W a s h i n g t o n ,  DC ( 2 9 )  
N e w  York ( 2 4 )  
Lake C h a r l e s  ( 1 7 )  
Milwaukee  ( 2 1  ) 
Madison (18) 
M o l i n e  ( 2 2 )  
W a s h i n g t o n ,  DC ( 2 9 )  
C a r i b o u  ( 7 )  
Moline ( 2 2 )  
N a s h v i l l e  ( 2 3 )  
Milwaukee  ( 2 1 )  

S h e 1  t e r i n g  
Reg i o n  

4 
7 
6 
4 
4 
6 
6 
6 
4 
3 
4 
7 
2 
5 
2 
4 
4 
2 
1 
1 
4 
4 
1 
7 
1 
7 
6 
1 
1 
7 
2 
2 
4 
1 
1 
2 
6 
2 

S t a t e  

TX 
AR 
I N  
PA 
AL 
M I  
OK 
I L  
AL 
NC 
I L  
MO 
MD 
sc 
sc 
I L  
TX 
NB 
FL 
OH 
CA 
M I  
I L  
I A  
M I  
NY 
N J  
NB 
co 
NY 
MS 
CT 
TN 
CA 
N J  
N Y  
AL 
W I  
W I  
I L  
PA 
ME 
I N  
NC 
M I  
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P l a n t  

M i l l s t o n e  
M o n t i c e l l o  
Nine  Mile P o i n t '  
N o r t h  Anna 
Oconee 
O y s t e r  C r e e k * *  
P a l i s a d e s  
P a l o  Verde  
Peach  B o t t o m  
P e b b l e  S p r i n g s  

P e r r y  
P h i p p s  Bend 
P i l g r i m .  
P o i n t  Beach 
P r a i r i e  I s l a n d  
Quad C i t i e s  
Rancho S e c o  
R i v e r  Bend 
Rob i nSOn 
S t .  L u c i e  
Sa lem t 
San O n o f r e  
S e  a b  rook  
Sequoyah 
S h e a r o n  H a r r i s  
Shoreham 
S k a g i t  
S o u t h  T e x a s  

S u s q u e h a n n a  
T h r e e  Mile I s l a n d  
T r o j a n  
T u r k e y  P o i n t  
Vermont Yankee 
V i r g i l  Summer 
Vog t l e  
WPPSS 1,2,4tt 
WPPSS 3,s 
W a t e r f o r d  
Watts Bar  
Wolf Creek  
Yankee R o w e  
Y e l l o w  Creek  
Zimmer 
Zion  

~ P e r k i n s  

S u r r y  

T a b l e  A . l - 2  

Number S i t e  L a t i t u d e  

45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 ' 
64 
65 
66 
67 
68 
69 
70 
72 
71 
73 
75 
76 
77 
78 
79 
80 
74 
81 
84 , 
85 
82 
83 
87 
88 
89 
90 
91 

41-18-32 
45-20-03 
43-31-19 
38-03-48 
34-47-40 
39-48-50 
42-1 9-2 4 
33-23-25 
39-45-33 
45-42-05 
35-50-53 
41-48-03 
36-27-47 
41-56-40 
44-16-3 5 
44-37-25 
41-43-38 
38-21 -00 
30-45-26 
34-24-12 
27-20-55 
39 -27 -46 
33-2-53 
42-53-53 
35-13-31 
35-38-00 
40-57-30 
48-32-00 
28-4 7-4 2 
3 7 -1 0-0 0 
41-0 6-00 
40-09-12 
46-02-24 
25-26-02 
42-4 6-49 
34-17-54 
33-0 8 -3 1 
46-28 -03 
4 6-57-1 1 
30-00-00 

' 35-36-10 
38-14-20 
42-4 3-41 
34-57-24 
38-51-55 
42-27-34 

General S i t e  Data ( c o n t )  

L o n g i t u d e  

72-10-04 
93-50-55 
76-23-54 
77-47-13 
82-53-55 
74-12-41 
86-18-52 

112-51-45 
76-16-08 

120-08-17 
' 80-27-10 

81 -08 -3 6 
82-48-32 
7 0-3 4-4 1 
87-31-08 
92-38-04 
90-20-30 

121 -07 -1 2 
91-19-54 
80-09-30 
80-14-47 
75-32-08 

117-31-17 
70- 51 -0 5 
85-0 5-1 3 
7 8 -57-2 2 
72-52-00 

122-07-26 
96-02-53 
76-41-50 
76-09-00 
76-43-37 
122-52-0 6 
80-19-54 
72-30-57 
81-18-55 
81-45-53 

119-18-51 
'12'3-28-11 
90-28-12 
84-47-25 
95-4 1-20 
72-55-29 
88-12-57 
84-13-45 
87-48-2 3 

M e t e o r o l o g i c a l  S t a t i o n  

B o s t o n  (4) 
Madison  (18) 
Milwaukee (21) 
W a s h i n g t o n ,  DC (29) 
N a s h v i l l e  (23) 
N e w  York (24) 
C h i c a g o  ( 9 )  
P h o e n i x  (26) 
W a s h i n g t o n ,  DC (29) 
Medford (19) 
N a s h v i l l e  (23) 
C h i c a g o  (9) 
N a s h v i l l e  (23) 
B o s t o n  (4 ) 
Milwaukee (21) 
Madison  (18) 
M o l i n e  (22) 
F r e s n o  (15) 
Lake C h a l r e s  (17) 
N a s h v i l l e  (23) 
M i a m i  (20) 
W a s h i n g t o n ,  DC (29) 
S a n t a  M a r i a  ( 2 7 )  
B o s t o n  (4) 
N a s h v i l l e  (23) 
N a s h v i l l e  (23 1 
N e w  York (24) 
S e a t t l e  (28) 
B r o w n s v i l l e  ( 5) 
W a s h i n g t o n ,  DC (29) 
W a s h i n g t o n ,  DC (29) 
W a s h i n g t o n ,  DC (29) 
Medford (19) 
M i a m i  (20) 
C a r i b o u  (7) 
N a s h v i l l e  (23) 
C h a r l e s t o n  (8) 
Medford (19) 
Medford (19) 
Lake C h a r l e s  
N a s h v i l l e  (23 
Omaha (25) 
N e w  York (24) 
N a s h v i l l e  (23 
N a s h v i l l e  (23 
C h i c a g o  (9) 

17 1 

S h e l t e r i n g  
Reg i o n  

1 
2 
1 
6 
6 
1 
2 
3 
1 
5 
6 
2 
7 
i 
2 
2 
4 
5 
7 
6 
7 
1 
5 
1 
7 
6 
1 
5 
3 
6 
1 
1 
5 
7 
1 
6 
6 
5 
5 
7 
7 
4 
1 
7 
2 
4 

S t a t e  

CT 
MN 
NY 
VA 
sc 
NJ 
M I  
AZ 
PA 
OR 
NC 
OH 
TN 
MA 
WI 
MN 
I L  
CA 
LA 
sc 
FL 
N J  
CA 
NH 
TN 
NC 
NY 
WA 
TX 
VA 
PA 
PA 
OR 
FL 
VT 
sc 
CA 
WA 
WA 
LA 
m 
KN 
MA 
MS 
OH 
I t  

*Same s i te  a s  F i t z p a t r i c k  
**Same s i t e  as Forked  r i v e r  

tSame s i t e  a s  Hope C r e e k  
t t S a m e  s i t e  as  S k a g i t  

A 
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Reg ion 
Number 

1 

2 

3’ 

4 

5 

6 

7 

Table A . l - 3  ShelteringYRegions 

Shielding 
% Brick % Homes With-  Factor* 

Basements Cloud Ground Location Housing U n i t s  

Northeast  47 87 0.5 0.08, 

36 - 77 0;6 0 . 1  Great Lakes 
- .  

Southwest 

Mid we s t 

40 ’ 

35 

27 P a c i f i c  Coast 

A t l a n t i c  Coast 45 

Southeast  59 

13 0.7 0.3 8 

7 1  0.5 0.09 

23 0.7 0.3 

51 0.6 0.2 

1 6  0.7 0.2 

*The r a t i o  of dose received when shelter’ed t o  the  dose t h a t  would 
be received if outdoors.  
radionucl ides  dispersed i n  the atmosphere. 
exposure from ground-deposited rad ionucl ides .  

Cloud r e f e r s  t o  gamma exposure from 
Ground r e f e r s  t o  gamma 



A.2 P o p u l a t i o n  Data 

CRAC2 r e q u i r e s  a d e s c r i p t i o n  of t h e  p o p u l a t i o n  
d i s t r i b u t i o n  s u r r o u n d i n g  t h e  reac tor  s i t e  b e i n g  e v a l -  
u a t e d .  D i s t r i b u t i o n s  a re  i n p u t  a s  p o p u l a t i o n  c o u n t s  
f o r  i n d i v i d u a l  s p a t i a l  e l e m e n t s .  T h e s e  e l e m e n t s  a r e  
t h e  c e l l s  i n  a polar  g r i d  c o n s i s t i n g  of up t o  34 a n n u l i  
and  1 6  s ec to r s  ( e a c h  22 1/2O i n  w i d t h ) .  T h i s  s t u d y  
u s e d  34 a n n u l i ,  w i t h  r a d i i  of 0.5,  1, 1.5,  2 ,  2.5, 3 ,  
3.5, 4 ,  4.5,  5, 6 ,  7 ,  8 .5 ,  1 0 ,  12 .5 ,  15 ,  17 .5 ,  2 0 ,  25,  
3 0 ,  35 ,  40 ,  45 ,  50 ,  55 ,  6 0 ,  6 5 ,  70 ,  85,  1 0 0 ,  1 5 0 ,  200,  
350,  and  500 miles. The p o p u l a t i o n .  d i s t r i b u t i o n  f o r  
e a c h  s i t e  was d e r i v e d  from 1970 c e n s u s  d a t a  u s i n g  a 
program c a l l e d  SECPOP which  was d e v e l o p e d  by t h e  O f f i c e  
of R a d i a t i o n  Programs,  E n v i r o n m e n t a l  P r o t e c t i o n  Agency.* 
SECPOP c o n s t r u c t s  a po la r  g r i d  from u s e r - s p e c i f i e d  annu- 
l a r  r a d i i  and number of sectors.  T h i s  g r i d  is c e n t e r e d  
on  a l o c a t i o n  s p e c i f i e d  by l a t i t u d e  and l o n g i t u d e .  A 
d a t a  f i l e  c o n t a i n i n g  c e n s u s  d a t a  is  t h e n  s c a n n e d  t o  
d e t e r m i n e  which e n u m e r a t i o n  d i s t r i c t  c e n t r o i d s  f a l l  
i n t o  each s p a t i a l  e l e m e n t .  The p o p u l a t i o n  of each 
e n u m e r a t i o n  d i s t r i c t  is  c o n s i d e r e d  t o  be w h o l l y  w i t h i n  
t h e  s p a t i a l  e l e m e n t  i n  which  i t s  c e n t r o i d  f a l l s .  w h i l e  
t h i s  is a n  a p p r o x i m a t i o n ,  e s p e c i a l l y  i n  s p a r s e l y  FOPU- 
l a t e d  a r eas  fo r  which t h e  c e n t r o i d s  are w i d e l y  d i s p e r s e d ,  
i t  h a s  a n  a c c u r a c y  c o m p a r a b l e  t o  much of t h e  o t h e r  d a t a  
used  a s  i n p u t  t o  CRAC2. I n  a d d i t i o n ,  t h e  n a t u r e  of t h e  
i n a c c u r a c y  is  s u c h  t h a t  i t  s h o u l d  h a v e  a v e r y  l i m i t e d  
impact on c o n c l u s i o n s  drawn from e x e r c i s i n g  t h e  model .  
The l a t i t u d e s  and l o n g i t u d e s  fo r  t h e  91  s i t e s  a r e  pro- 
v i d e d  i n  T a b l e  A.l-2. Summary p o p u l a t i o n  s t a t i s t i c s  
for  e a c h  s i t e  a re  p r o v i d e d  i n  Chapter  3 and  Appendix E. 

* T e c h n i c a l  Memorandum 73-146, U.S. Depar tmen t  o f  
Commerce, Off ice  of T e l e c o m m u n i c a t i o n s .  

A 
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., 
A . 3  Weather b a t a  

CRAC2 r equ i r e s  'an input  f i l e  containing 8760 
hourly weath'er observa t ions  (one y e a r ) .  The hourly 
observa t ions  c o n s i s t  of w i n d  speed, w i n d  d i r e c t i o n ,  
s t a b i l i t y  c l a s s ,  and p r e c i p i t a t i o n .  T h e s e  d a t a  a r e  
used i n  the d ispers ion/  depos i t i on  submodel t o  de t e r -  
mine t h e  r a t e  a t  which the  r ad ioac t ive  plume t r a v e l s ,  
d i s p e r s e s ,  and is deple ted .  

Pas t  s t u d i e s  have t i c a l l y  employed d a t a  gathered 
by a l i censee  over a one-year period a t  d proposed 
s i t e ,  u sua l ly  a s  p a r t  of t h e  l i c e n s e  app l i ca t ion .  For 
t h i s  study we have se l ec t ed  29 National Weather Service 
( N W S )  s t a t i o n s  a s  t he  sources  of meteorological da ta .  

NWS data- a r e  a v a i l a b l e  fo r  a l a r g e  numb.er of s i tes ,  
cover long per iods of t i m e ,  a r e  gene ra l ly  of higher 
q u a l i t y ,  and a r e  more d e t a i l e d  than a c t u a l  reac tor  s i t e  
da ta .  Each of the  NWS s t a t i o n s  se l ec t ed  has approxi- 
mately 25 years. of a v a i l a b l e  da t a .  Therefore,  r a t h e r  
than s e l e c t  a s , ingle '*year a t  random, .a Typical Meteor- 
o l o g i c a l  Year ( T M Y )  [ 3 ]  was used t o  reFresent  t h e  long- 
term average behavior of t h e  weather a t  a s t a t i o n .  The 
technique used to  determine a TMY involves  comparing 
the  d i s t r i b u t i o n  of c e r t a i n  weather c h a r a c t e r i s t i c s  f o r  
a given month over the e n t i r e  period of record.  Using 
s t a t i s t i c a l  techniques described i n  re fe rence  [ 3 ] ,  t h e  
one month "most t y p i c a l "  of t h e  period is  se l ec t ed  a s  
p a r t  of t h e  TMY. ' 'Th is  procedure was performed for  each 
of the  twelve calendar months t o  ob ta in  the TMY. I n  
a d d i t i o n ,  a small  amount of smoothing is  performed a t  
the  boundaries between months to  avoid abrupt  changes 
i n  weather condi t ions .  

The c r i t e r i a  used t o  genera te  t h e  TMYs were 
se l ec t ed  based on t h e i r  relevance t o  s o l a r  heat ing 
s imula t ions  and include temperature,  wind  speed, and 
in so la t ion .  Since these parameters a r e  co r re l a t ed  t o  
the  da t a  required fo r  t h e  CRAC2 input ,  the  TMYs a r e  
considered to  be reasonably r e p r e s e n t a t i v e  yea r s  t o  
use a s  i n p u t  t o  the consequence model. These da t a  a r e  
probably b e t t e r  than the  s i n g l e  year weather da t a  used 
i n  the pas t  which a r e  of uncertain q u a l i t y  and a r e  
s u b j e c t  t o  the anomalies of a s i n g l e  y e a r ' s  weather. 

The  TMYs a r e  a v a i l a b l e  from t h e  National Cl imat ic  
Center ( N C C ) ,  Ashevi l le ,  NC. The d a t a  tapes  suppl ied 
by the  NCC a r e  not compatible w i t h  CRACZ requirements.  
I n  add i t ion ,  these  tapes  do not conta in  a c l a s s i f i c a t i o n  
of s t a b i l i t y  c l a s s .  A conversion program, METDAT, was 
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d e v e l o p e d  by S c i e n c e  A p p l i c a t i o n s ,  Inc. [ S A I )  undex 
c o n t r a c t  t o  S a n d i a .  T h i s  program u s e s  CRSTER [ 4 1 ,  
d e v e l o p e d  by t h e  N a t i o n a l  O c e a n i c  and Atmospher i c  
A d m i n i s t r a t i o n  ( N O A A ) ,  t o  g e n e r a t e  t h e  s t a b i l i t y  c lass  
u s i n g  t h e  i n s o l a t i o n  and wind speed da ta  a v a i l a b l e  i n  
t h e  TMY t a p e s .  

CRAC2 r e q u i r e s  r a i n f a l l  i n t e n s i t y  d a t a  for each 
h o u r l y  o b s e r v a t i o n .  
f a l l  d a t a  are  n o t  a v a i l a b l e  on t h e  TMY tapes. T h e r e f o r e ,  
r a i n f a l l  s ta t i s t ics  were g a t h e r e d  from o t h e r  NWS d a t a  
and were merged w i t h  t h e  TMY i n f o r m a t i o n  u s i n g  t h e  METDAT 
program. 

L i k e  a t m o s p h e r i c  s t a b i l i t y ,  r a i n -  

The d i f f u s i o n  model used  i n  CRAC2 a l s o  t a k e s  i n t o  
a c c o u n t  mix ing  h e i g h t  d u r i n g  d i s p e r s i o n  c a l c u l a t i o n s .  
The mix ing  h e i g h t  c a n  a f f e c t  t h e  v e r t i c a l  d i f f u s i o n  of 
t h e  r a d i o n u c l i d e  p lume  b e c a u s e  mix ing  is e s s e n t i a l l y  
t e r m i n a t e d  a t  t h e s e  l e v e l s .  The mix ing  h e i g h t s  used  fo r  
t h e  29 NWS s t a t i o n s  were d e t e r m i n e d  from t h e  Holzwor th  
i s o p l e t h s  of mean a n n u a l  a f t e r n o o n  mix ing  height [5] 
(see F i g u r e  A . 3 - 1 ) .  T a b l e  A.3-1 l i s ts  t h e  29 NWS sta- 
t i o n s  w i t h  t h e  a s s i g n e d  mix ing  h e i g h t s .  F i g u r e  A.3-2 
shows t h e  l o c a t i o n  of t h e s e  s t a t i o n s  i n  a d d k t i o n  t o  t h e  
l o c a t i o n s  of t h e  31 r e a c t o r  s i tes.  

The m e t e o r o l o g i c a l  d a t a  used  f o r  each o f  t h e s e  29 
s t a t i o n s  a r e  summarized i n  T a b l e  A.3-2 i n  terms o f  t h e  
w e a t h e r  b i n  c a t e g o r i e s  d e s c r i b e d  i n  Appendix F. Addi- 
t i o n a l  r a ' i n f a l l  d a t a  f o r  t h e  29 s t a t i o n s  a re  i n c l u d e d  
i n  T a b l e  A.3'-3. 
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Table  A.3-1 NWS S t a t i o n  Locat ions  and Mixing Heights  

NO. - 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

1 4  

15 

S.t a t i o n  

Albuquerque , NM 

A p a l a c h i c o l a ,  FL 

Bismarck, ND 

Boston,  MA 

Brownsvi l le  , TX 

C a p e  Hatteras, NC 

Caribou,  ME 

C h a r l e s  t on  , SC 

Chicago,  I L  

Columbia , MO 

Dodge C i t y ,  KS 

El Paso, TX 

Ely, NV 

F o r t  Worth, TX 

Fresno ,  CA 

8 

Mixing 
Height  

(m 1 

2600 

1200 

1500 

1100 

1300 

1000  

1300 

1300 

1200  

1200  

1600 

2600 

2400 

1500 

1600 

. .  

N o .  - 

16 

17 

18 

1 9  

20 

21 

22 

23 

24 

25 

26 

27 

28 

' 29 

S t a t i o n  

Great F a l l s ,  MT 

Lake C h a r l e s ,  LA 

Madison, W I  

Medford, OR 

M i a m i ,  FL 

Milwaukee, W I  

Moline , I L  

N a s h v i l l e ,  T N  

New York, NY 

Omaha, NB 

Phoenix,  A2 

S a n t a  Maria , CA 

S e a t t l e  , WA 

Washington, JX 

Mixing 
Height  

( m  1 

2000 

1100 

1200 

1600 

1200 

1200 

1200 

1600 

1200 

1300 

2400 

800 

1200 

1500 
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Table A.3-2 Ucteorological Data for 29 NWS Stations Summarized 
Using Weather Bin Categories 

Weather Bin Definitions 

R - Rain starting within indicated interval (miles). 
-- S - Slowdown occurring within indicated interval (miles). 
I(O-l), 2(1-2). 3(2-3). 4(3-5), 5(GT 5) - Wind speed intervals ( m / s ) .  

A-C D E F - Stability categories 

Percent of Weather Sequences 

1 R (0) 
2 R ( 0 - 5 )  

3 R (5-10) 
4 R (10-15) 
5 R (15-20) 
6 R (20-25) 
7 R (25-30) 
8 s (0-10) 
9 s (10-15) 
10 S (15-20) 
11 S (20-25) 
12 S (25-30) 
13 A-C 1.2.3 
14 A-C 4.5 
15 D 1 
16 D 2 
17 D 3 
18 D 4 
19 D 5 
20 E 1 
21 E 2 
22 E 3 
23 E 4 
24 E 5 
25 P 1 
26 F 2 
27 F 3 
28 P 4 
29 F 5 

1.46 
0.09 
0.31 
0.55 
0.33 
0.33 
0.40 
2.00 
2.01 
1.78 
1.55 
1.62 
12.97 
11.08 
0.00 
1.51 
3.07 
4.81 
19.29 
0.00 
1.26 
3.15 
7.87 
2.35 
0.00 
6.94 
7.50 
5.78 
0.00 

4.50 
0.70 
1.14 
1.34 
1 .ll 
0.99 
0.96 
1.36 
1.02 
1.04 
1.02 
1.19 
6.44 
15.70 
0.00 
2.19 
2.81 
7.72 

12.31 
0.00 
1.85 
2.48 
5.34 
1.85 
0.00 
14.51 
6.46 
4.01 
0.00 

3.94 
0.15 
0.40 
0.67 
0.76 
0.55 
0.66 
1.02 
0.90 
0.63 
0.73 
0.88 

4.22 
7.11 
0.00 
1.71 
3.18 
8.56 
35.99 
0.00 
1.11 
1.91 
6.21 
1.67 
0.00 
7.71 
5.48 
3.85 
0.00 

8.89 
0.17 
0.79 
1.24 
0.82 
0.90 
0.94 
0.55 
0.43 
0.50 
0.37 
0.45 
1.51 
7.52 
0.00 
0.74 
1.77 
9.63 

45.75 
0.00 
0.23 
0.79 
6.36 
3.13 
0.00 
1.13 
1.80 
3.58 
0.00 

2.25 
0.06 
0.39 
0’. 49 
0.54 
0.53 
0.42 
0.34 
0.27 
0.27 
0.21 
0.31 
1.18 
11.46 
0.00 
0.59 
1.95 
7.33 

43.07 
0.00 
0.54 
2.44 
7.28 
2.69 
0.00 
3.69 
6.40 
5.30 
0.00 

6.69 

0.11 
0.75 
1.12 
1.02 
0.83 
0.83 
0.14 
0.08 

0.09 
0.07 
0.14 
1.66 
12.48 
0.00 
0.21 
1.67 
8 .50  

38.66 
0.00 
0.26 
1.23 
9.68 
3.01 
0 .oo 
1.56 
4.20 
5.00 
0.00 

10.14 
0.38 
1.26 
1.60 
1.28 
1.12 
1.29 
0.53 
0.42 
0.40 
0.29 
0.33 
4.29 
5.48 
0.00 
1.82 
4.49 
1.0.92 
31.10 
0.00 
0.53 
2.43 
6.71 
2.09 
0.00 
3-11 
4.75 
3.28 
0.00 

5.87 

0.29 
0.88 
1.32 
0.81 
0.87 
0.99 
0.51 
0.43 
0.33 
0.39 
0.39 
3.05 
13.11 
0.00 
1.06 
3.41 
12.45 
19.92 
0.00 
0.83 
4.01 
7.57 
1.80 
0.00 
8.17 
6.92 
4.61 
0.00 

6.19 

0.15 
0.68 
1.21 
0.87 
0.68 
0.86 

0.51 
0.41 
0.35 
0;38 
0.28 
2.66 
10.98 
0.00 
1.02 
3.62 
11.90 
32.15 
0.00 
0 ..48 
2.20 
7.25 
2.84 
0.00 
2.75 
4.93 
4.60 
0.00 

6.26 
0.11 
0.75 
0.91 
0.91 
0.76 
0.76 
0.53 
0.42 
0.39 
0.32 
0.45 
3.32 
13.53 
0.00 
0.92 
3.05 
11.18 
27.92 
0.00 
0.50 
2.00 
9.06 
2.23 
0.00 
2.32 
4.73 
6.74 
0.00 

3.69 

0.11 
0.27 
0.58 

0.37 
0.55 
0.50 
0.24 
0.25 
0.14 
0.15 
0.18 
2.48 
13.03 
0.00 
0.43 
1.61 
7.39 

49.13 
0.00 
0.09 
0.67 
7.68 
3.74 
0.00 
0.72 
2.24 
3.74 
0.00 

1.30 
0.06 
0.26 
0.51 
0.34 
0.32 
0.34 
0.98 
0.96 
0.91 
0.71 
0.89 
11.08 
14.74 
0.00 
1.31 
2.91 
5.89 

20.50 
0.00 
1.53 
3.15 
6.45 
2.51 
0.00 
9.59 
8.32 
4.42 
0.00 
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Table A.3-2 Ueteorological Data for 29 NWS Stations Summarized 
Using Weather Bin Categories (cont) 

Weather Bin Definitions 

R - Rain starting within indicated interval (miles). 
S - SloWaown occurring within indicated interval (milea). 

l(0-l), 2(1-21, 3(2-3),, 4(3-51, 5(GT 5) - Wind speed intervals ( m / s ) .  
A-C D E F - Stability categories 

Percent of Weather Sequences 

- 
f 

- 
e l- 

1 R ( 0 )  
2 R (0-5) 
3 R (5-10) 
4 R (10-15) 
5 R (15-20) 
6 R (20-25) 
7 R (25-30) 
8 s (0-10) 
9 S (10-15) 
10 S (15-20) 
11 S (20-25) 
12 S (25-30) 
13 A-C 1.2.3 
14 A-C 4,5 
15 D 1 
16 D 2 
17 D 3 
18 D 4 
19 D 5 
20 E 1 
21 E 2 
22 E 3 
23 E 4 
24 E 5 
25 F 1 
26 F 2 
27 F 3 
28 F 4 
29 F 5 

3.06 
0.36 
0.65 
0.65 
0.66 
0.57 
0.51 
0.86 
0.32 
0.73 
0.28 
0.64 
9.60 
13.70 
0.00 
1.54 
3.12 
0.57 

25.41 
0.00 
0.59 
1.70 

10.7.5 
3.78 
0.00 
2.82 
4.29 
4.81 
0.00 

3.97 2.09 5.56 
0.10 0.11 0.40 
0.47 0.56 0.94 
0.66 0.49 1.11 
0.45 0.32 0.02 
0.45 0.40 0.59 
0.48 0.39 0.76 
0.49 0.90 0.59 
0.33 0.81 0.39 
0.25 0.70 0.40 
0.33 0.62 0.34 
0.33 0.78 0.33 
4.12 16.69 4.49 
14.92 7.45 8.12 
0.00 0.00 0.00 
0.67 4.65 1.36 
2.35 5.91 2.92 
9.57 4.94 0.64 

31.63 7.21 42.24 
0.00 0.00 0.00 
0.43 2:40 0.55 
2.10 3.05 2.34 
0.80 6.37 6.28 
2.08 2.39 2.79 
0.00 0.00 0.00 
2.90 13.63 2.32 
5.14 11.28 3.09 
6.18 5.07 2.64 
0.00 0.00 0.00 

3.73 6.00 
0.32 0.24 
1.00 0.98 
0.98 1.28 
0.68 1.03 
0.76 0.84 
0.66 0.98 
0.51 0.94 
0.43 0.73 
0.35 0.75 
0.38 0.58 
0.42 0.68 
3.97 3.38 
11..58 8.64 
0.00, 0.00 
1.35 2.40 
4.87 3.90 
13.79 11.86 
19.93 29.43 
0.00 0.00 
0.75 1.26 
3.09 1.97 
6.29 5.40 
0.99 1.24 
0.00 0.00 
6.95 8.12 
9.62 4.32 
5.75 2.96 
0.00 0.00 

4.61 
1.37 
1.56 
1.59 
1.13 
1.13 
1.19 
1.47 
1.37 
1.30 
1.27 
1.29 

15.49 
6.06 
0.00 
10.54 
7.31 
4.50 
5.27 
0.00 
2.93 
3.26 
2.11 
0.45 
0.00 
13.89 
7.65 
1.26 
0.00 

4.37 
0.32 
1.14 
1.34 
1.15 
1.02 
1.31 
0 .,62 
0.50 
0.49 
0.41 
0.53 
3.46 
15.70 

0 .bo 
0.95 
2.39 
8.09 
17.64 
0.00 
1.16 
3.73 
8.20 
1.97 
0.00 
8.06 
0.54 
6.12 
0.00 

6.12 
0.18 
0.66 
1.20 
0.84 
0.71 
0.88 

0.59 
0.40 
0.34 
0.32 
0.43 

. 2.25 
9.68 
0.00 
1.26 
2.53 
10.61 
36.80 
0.00 
0.78 
0.70 
6.90 
2.11 
0.00 
5.22 
3.78 
3.71 
0.00 

5.84 
0.11 
0.79 
1.03 
0.83 
0.66 

* 0 .80  

0.47 
0.32 
0.35 
0.41 
0.35 
3.50 
10.73 
0.00 
1.71 
4.68 
10.82 
29.33 
0.00 
1.63 
2.56 
5.74 
1.47 
0.00 
0.24 
5.32 
3.49 
0.00 

6.60 
0.18 
0.79 
1.04 
0.90 
0.01 
0.73 
0.73 
0.66 
0.65 
0.68 
0.70 

4.40 
11.18 
0.00 
2.23 
3.06 
9.66 

19.65 
0.00 
1.36 
3.36 
6.06 
1 ..07 
0 .oo 
7.25 
8.26 
4.41 
0.00 

7.96 
0.14 
0.71 
1.16 
0.86 
0.76 
0.70 
0.27 
0.18 
0.21 
0.16 
0.21 
1.92 
10.18 
0.00 
0.70 
2.58 
10.82 
37.96 
0.00 
0.31 
1.91 
7.79 
3.08 
0.00 

1.32 
3.54 
4.59 
0.00 
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Table A.3-2 Meteorological Data for 29 NWS Stations Summarized 
Using Weather Bin Categories (cont) 

Weather Bin Definitions 

R - Rain starting within indicated interval (miles). 
s - slowdown occurring within indicated interval (miles). 

A-C D E F - Stability categories 
l(0-l), 2(1-21, 3(2-3), 4(3-5), 5(GT 5) - Wind 6peed intervals ( m / s ) .  

Percent of Weather Sequences 

n 
I- 
N 

1 

o\ 
N 

Weather Bin . 

1 R (0) 
2 R (0-5) 
3 R (5-10) 
4 R (10-15) 
5 R (15-20) 
6 R (20-25) 
7 R (25-30) 
8 s (0-10) 
9 s (10-15) 
10 S (15-20) 
11 S (20-25) 
12 S (25-30) 
13 A-C 1,2,3 
14 A-C 4.5 

5.43 
0.13 
0.62 
0.89 
0.70 
0.51 
0.59 
1.16 
0.90 
0.75 
0.67 
0.86 
3.79 

12.36 
15 D 1 
16 D 2 
17 D 3 
18 D 4 
19 D 5 
20 E 1 
21 E 2 
22 E 3 
23 E 4 
24 E 5 
25 F 1 
26 F 2 
27 F 3 
28 F 4 
29 F 5 

0.00 
1.26 
3.23 
8.87 

30.39 
0.00 
0.99 
2.24 
6.53 
1.77 
0.00 
7.63 
4.17 
3.56 
0.00 

1 .oo 
0. 08 

0.31 
0.25 
0.23 
0.24 
0.22 
1.27 
1.21 
1.20 
0.91 
1.13 

16.02 
15.92 
0.00 
1.52 
3.18 
6.69 
6.30 
0.00 
1.96 
3.57 
6.35 
0.92 
0.00 
11.20 
12.09 
6.'22 
0.00 

A-16 

2.24 
0.19 

0.40 
0.62 
0.41 
0.32 
0.43 
2.41 
1.84 
1.63 
1.45 
1.77 
7.96 
12.53 
0.00 
11.16 
8.66 
6.97 
13.40 
0.00 

2.44 
2.41 
2.42 
0.81 
0.00 

11.16 
4.81 
1.54 

8.72 
0.42 
1.87 
2.12 
1.90 
1.53 
1.77 
1.36 
1.44 
1.02 
0.98 
1.21 
5.15 
6.87 
0.00 
2.95 
6.55 
16.12 
19.46 
0.00 
0.72 
2.07 
4.82 
1.02 
0.00 
3.46 
3.80 
2.68 

5.79 
0.39 
1.28 
1.14 
0.88 ' 

0.87 
0.86 
0.71 
0.67 
0.48 
0.63 . '  

0.63 
7.33 
11.30 
0 .oo 
2.98 
6.08 
10.64 
16.20 
0.00 
1.85 
3.52 
5.27 
1.23 
0.00 
9.81 
6.38 
3.09 

0.00 0.00 0.00 



T a b l e  A . 3 - 3  Summary of R a i n f a l l  Data f o r  
29 NWS S t a t i o n  TMYS 

S t a t i o n  

Albuquerque  (1 ) 
A p a l a c h i c o l a  (2 ) 
Bismarck  (3) 
B o s t o n  (4) 
B r o w n s v i l l e  (5 ) 
Cape Hatteras (6) 
C a r i b o u  (7) 
C h a r l e s  t o n  (8 ) 
C h i c a g o  (9) 
Columbia  (10) 
Dodge C i t y  (11) 
E l  Paso (12) 
E l y  ( 1 3 )  
Fort  Worth (14) 
F r e s n o  (15) 
Great F a l l s  (16) 
Lake C h a r l e s  (17) 
Madison  (18) 
Medford (19) 
M i a m i  (20) 
Milwaukee (21) 
M o l i n e  (22) 
N a s h v i l l e  (23) 
N e w  York (24) 
Omaha (25) 
P h o e n i x  (26) 
S a n t a  Maria (27) 
Sea t t l e  (28) 
Wash ing ton  (29) 

Hours  of 
Observed  
R a i n  f a1 1 

128 
394 
345 
779 
197 
586 
888 
514 
542 
548 
323 
114 
268 
348 
183 
487 
327 
533 
404 
3 83 
536 
512 
578 
697 
476 
88 

196 
764 
50 7 

Annual  
R a i n  

( i n c h e s  ) 

7 
65 
16 
41 
16 
49 
31 
52 
37 
37 
26 
6 

10 
33 
7 

16 
41 
29 
17 
53 
27 
37 
49 
49 
30 
4 

1 0  
40 
32 
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A . 4  S i t e  Wind Rose Data 

CRAC2 u s e s  a s t r a i g h t - l i n e  t r a j e c t o r y  model fo r  
p lume  movement, employing t h e  wind s p e e d s  i n  t h e  wea the r  
sequence  to  d e t e r m i n e  t h e  r a t e  of t r a v e l .  
t h e  e f f e c t s  of t h e  a c c i d e n t  i n  d i f f e r e n t  d i r e c t i o n s ,  
CRAC2 u s e s  t h e  wind rose as a n  e m p i r i c a l  d i s t r i b u t i o n  
for t h e  p r o b a b i l i t y  t h a t  t h e  plume t r a j e c t o r y  w i l l  be 
i n  a given1 d 4 r e c t i o n .  
assuming t h a t  t h e  p lume  follows e a c h  of t h e  16  direc- 
t i o n s ,  and( t h e  r e s u l t s  are weighted  by t h e  f r equency  of 
wind t r a v e l  i n  t h a t  d i r e c t i o n .  

To calculate  

A l l  consequences  are  c a l c u l a t e d  

The Gind rose d a t a  f o r  t h e  9 1  s i t e s  were t a k e n  from 
e i t h e r  t h e  Envi ronmenta l  R e p o r t s  o r  t h e  P r e l i m i n a r y  o r  
F i n a l  S a f e t y  A n a l y s i s  R e p o r t s  s u b m i t t e d  to  t h e  N u c l e a r  
Regulai tory Commission. The s i t e  wind roses used i n  t h i s  
s t u d y  are  p r e s e n t e d  i n  Table  A.4-1. A summary h i s t o g r a m  
of  peak t o  meaan wind rose p r o b a b i l i t y  r a t i o s  f o r  t h e  91  
s i t e s  is p r e s e n t e d  i n  F i g u r e  A.4-1. T h i s  h i s t o g r a m  
i l l u s t r a % t e s >  t h e  importance of wind rose p r o b a b i l i t i e s  t o  
reactor a c c i d e n t  consequence c a l c u l a t i o n s .  (The mean 
wind rose, p r o b a b i l i t y  i s  1 /16 .  ) 

A 
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Table A . 4 - 1  

S i t e  Wind R o s e  Data 

anemometer 
1 reactors 

E x p l a n a t i o n  of T i t l e s :  

Arkansas  1 + 2 - v  190 f t  
7 

6/69-5/70 -r-, 
p e r i o d  of 

co l lec t  i o n  
I d a t a  

Note: A l l  wind roses i n  T a b l e  A . 4 - 1  are p r e s e n t e d  a s  
t h e  p r o b a b i l i t y  of wind blowing toward  t h e  sector 
i n d i c a t e d .  
d e f i n i t i o n  used by m e t e o r o l o g i s t s .  

T h i s  is t h e  opposite of t h e  c o n v e n t i o n a l  

A-20 



Station 

Allens Creek 

Arkansas 1, 2 

Bailly 

Beaver Valley 1, 2 

Bellefonte 1 

B i g  Rock mint 

Black Fox 

Braidwood 1 

Browns Ferry 1, 2, 3 

Brunswick 1, 2 

Byron 1 

Callaway 

Calvert C l i f f  1, 2 

Cstawba 1 

Cherokee 

Clinton 

Ccmmanche Peak 

Table A.4-1 Site  W i n d  Rose nata 

Probability Of W i n d  Blowing Toward6 Sector 

n 
S - 

.121 

.lo7 

.lo3 

.025 

.064 

.064 

.087 

.055 

.064 

.069 

.112 

.056 

.180 

.os7 

.lo5 

.052 

.072 

.052 

.055 

.059 

.097 

.053 

.126 

.051 

.I16 
-084 

.023 

.075 

.036 

.064 

.lo4 

.070 

.151 

.060 

me Re - -  s s w  s w  

lo m - 
.073 .043 
.075 .Ob2 

190 ft 

.074 .052 

.015 .037 

- 

.lo5 .095 

.068 .069 

.078 .051 

.023 .021 

54 ft - 
.075 .092 
.066 -031 

250 ft 

.075 .071 

.039 .034 

- 

33 ft - 
.055 .026 
.064 -056 

30 ft - 
.113 .077 
.048 .048 

300 ft 

.OS6 .OS8 

.067 .056 

.077 .145 

.065 .084 

.OB9 .OB1 

.037 .048 

.096 .074 

.040 .026 

.OB9 .070 
-.058 .038 

.056 .207 

.079 .179 

.048 .124 

.059 .075 

u 
.093 .OB6 
.Ob8 .071 

.084 .041 

.040 .029 

me 
w s w  - 
.024 
.050 

.074 

.a56 

.OB6 

.063 

.041 
-023 

.082 

.040 

.081 

.046 

.026 

.045 

.065 
-045 

.OS8 

.038 

.088 

.078 

.065 

.058 

.043 

.028 

.045 

.024 

.OB7 

.060 

.lo4 

.OS5 

.054 

.OS6 

.025 

8/1/1972 - 7/31/1913 
-022 .021 .027 
.046 .055 .lo1 

6/69 - 5/70 
.126 .087 .053 
.098 .077 .057 

12/4/51 - 12/3/51 
.OS9 .056 .040 
.038 .028 .053 

9/15/69 - 9/5/70 
.083 .137 .123 
.040 -059 .OS7 

1971 - 
.071 .Ob7 .060 
.037 .053 .064 

2/61 - 2/63 
.099 -058 .057 
.OB8 .037 .037 

12/73 - 11/74 
.022 .030 .051 
.034 .046 .079 

11/1/73 - 10/31/74 
.061 .010 .065 
.043 .044 .056 

2/11/67 - 12/31/68 
.052 .OS7 .055 
.032 .072 .lo1 

9/25/70 - 1/5/13 
.053 .037 .036 
.053 .044 .047 

6/11/73 - 5/31/14 
.075 .063 .076 
.049 .044 .039 

5 / a / n  - 5/4/74 
.058 .070 .OS8 
.036 -046 .083 

.OS4 .061 .lo3 

.035 .028. .028 

6/30/71 - 6/30/72 
-043 .024 -026 
.033 .025 .040 

* 9/11/73 - 9/11/74 
-094 .081 .114 
.029 .022 .036 

5/72 - 6/73 
,042 .041 .042 
.054 .038 .049 

5/12/72 - 5/14/76 
.024 .029 .067 

.025 .032 .060 .lo5 

SSE 
"w - 
.069 
.104 

.021 

.042 

.038 

.056 

.050 

.064 

.076 

.053 

-065 
.045 

-059 
.160 

.045 

.063 

.054 

.099 

.041 
- 0 3 8  

.057 

.069 

.050 

.116 

.078 

.0b2 

.026 

.017 

.059 

.019 

.052 

.057 

.076 

.149 
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s t a t i m  

Cook Dc 1, 2 

cooper 

C r y s t a l  R i v e r  

Davis-BE 1 

D i a b l o  Canyon 1. 2 

Dresden 2, 3 

Duane Arnold 

F a r l e y  1, 2 

Fermi 2 

F i t z p a t r i c k  

Forked R ive t  

F o r t  Calhoun 

f o r t  St. W a i n  

Ginna R.E. 

Grand Gulf 1 

Haddem Neck 

H a r t s v i l  le 

Tab le  A.4-1 S i t e  Wind Rose Data ( c o n t )  

P r o b a b i l i t y  o f  Wind Blowing Torards S e C t O C  

n 
S - 

.091 

.078 

.116 

.094 

.043 

.062 

.064 

.030 

-031  
.OS9 

-088 
-049 

.129 
-075 

.073 
-097 

.041 

.026 

.087 

.040 

.075 

.044 

.093 

.071 

.OS3 
.164 

.090 

.030 

.lo1 

.OS5 

.048 

.013 

.045 

.045 

NNE RE 
ssw sw 
200 f t  

-105 .055 
.042 -042 

- -  

.117 .079 

.OS1 .025 

33 f t  - 
.048 .OS1 
.047 .098 

35 f t  

.116 .130 

.039 -058 

250 f t  

.012 .014 
-029 -055 

300 f t  

.090 .096 

.031 .039 

165  f t  

.073 .OS3 

.040 .032 

33 f t  

.070 .OS4 

.083 .086 

-088 -089 
.025 .059 

200 f t  

.059 .lo2 

.047 .033 

400 f t  

.096 .087 

.037 .052 

- 

40 f t  - 
. O S 9  .034 
.Ole .017 

205 f t  

.OS9 .076 

.085 .076 

50 f t  

.081 . l o2  

.032 .031 

.074 .062 

.060 .061 

129 f t  

.046 .043 

.006 .009 

33 f t  - 
.OS8 . 0 4 8  
.113 .175 

EWE 
wsw - 
-045 
-050 

.037 

.031 

-048 
.121 

. lo2 
-057 

.015 

.017 

.067 

.033 

.036 

.034 

-044 
.os2 

.lo2 

.063 

.132 

.014 

.068 

.OS5 

.021 

.022 

.057 

.OS4 

.097 

.03E 

.043 

.040 

.038 

.013 

.056  

. O S 3  

E ESE SE 
w m  ww 

1967 

-- - 
- 

.OS6 .OS9 -057 

.040 . O K 3  ,072 

3/10 - 2/71 

.030 .041 -060 

.027 .034 -058 

1/1/75 - 12/31/75 

.082 .OS7 .043 

.111 .064 -061 

8/4/74 - 8/3/75 

-081 .039 .OS3 
.077 -041 -038 

10/69 - 9/70 

-026 .045 .363 
.014 .015 . l o 3  

-101 .085 .080 
.036 -033 .060 

1971  - 
.OS1 .062 .083 
.039 -060 .061 

.044 .045  .067 

.044 .035 -040 

.OE3 .OE6 .OS3 

. O S 9  .050 -058 

1963 - 1964 

.115 . O S 6  .OS3 

.Ole .037 . lo1  

2/66 - 2/67 

.087 .093 .075  

.039 .040 .047 

10/68 - 9/70 

,042 .079 .113 
.02B .064 .115 

1967 - 1968 

.040 .029 .035  

. O S 8  .043 .051 

1966 - 1967 

. I 1 2  . l o 1  .079 

.045 .036 .030 

1951 - 1960 
.036 .043 .070 
,040 . 0 4 4  . O B 0  

1963 - 
.070 .160 .265 
.035 .092 -055 

2/1/73 - 1/31/74 

.051 .034 -044 

. O S 0  .074 .OS9 

SSE 
Nnw - 
.052 
.073 

. loo 

.090 

-030 
.034 

-037 
.039 

.128 

.075 

.056 

.055 

.095 

.076 

.090 

.056 

.047 

.058 

.035 

.058 

.053 

.040 

.098 

.126 

.039 

.049 

.044 

.052 

.054 

.117 

.052 

.055 

.025 

.051 
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Tab le  A.4-1 S i t e  Wind Rose Data (contl 

P r o b e b L l i t y  .of ioind B l o r i n g  mrards stetor 

W % N E K E E N E  E ESE SE SbE 
S ta  t i o n  S6swBw~~fNWNw~ 

Batch.  E . I .  1. 2 

I n d i a n  P o i n t  2 ,  3 

Xeraunee 

L a S a l l e  1, 2 

La Crosse 

Limerick 1 

n a r b l e  H i l l  

ne Yankee 

WcGuire 1, 2 

Midland 2 

M i l l s t o n e  1, 2 

M o n t i c e l l o  

Nine n. Pt .  1. 2 

North Anna 1, 2 ,  3 

Oconee 1. 2. 3 

Oys te r  Creek 

P a l i s a d e  

150 ft 

.055 .OS9 -082 .073 
-010 .038 -051 .OS7 

100 f t  

-076 
-124 

.a55 

.I35 
.038 
.066 

.039 

.027 

180 f t  - 
.OB2 -090 .OS4 .075 
,066 .055 .042 -030 

300 f t  

-088 .090 -096 .OS7 
.049 -031 -039 .033 

350 f t  

.194 .139 .OB4 .Ole 
-125 . l o 1  .048 . O l l  

270 f t  

-071 . .OS8 .052 -051 
.OS4 .039 .03S .046 

33 f t  

.058 .141 .124 .074 

.04S .044 .OS3 .OS0 

149  f t  - 
-118 .124 .082 .041 
.075 . O S 8  .OS4 .030  

130 f t  - 
.070 .090 .122 .OS2 
.OS7 . O S 8  .113 .078 

.OS0 .082 .123 . l o 6  

.04S .046 .OS1 .043 

152 f t  - 
.038 . O S 0  .076 .170 
. O S 6  . O S 0  .036 .03S 

140 f t  

.OB9 .091 . O S 3  . O S 5  

.036 .041 .029 . O S 1  

204 f t  

.a82 .060  . l o 4  .131 
-041  .048 .034 .013 

-141 .09S .058 .047 
. l o 0  .048 .044 .03S 

-021 .036 .075 .OS1 
.174 .OB4 . l o 0  .OS8 

400 f t  - 
e075 .096 .087 .OS8 
-044 -037 .OS2 .OS5 

5 s  f t  - 
-204 .113 .027 .030 
.080 -033 .013 .012 

6/1/70 - 0/31/7b 

.07s .on -072 

. O B 1  .OS8 .a57 

1/1/71 - 12/31/71 

.053 .079 .017 

.019 .019 -041 

8/3i/se - 3/25/70 

.034 .117 .OS2 
-022 -023 .028 

-101 .085 .OB0 
-036 .033 .OS0 

1968 - 1970 

-051 .026 -076 
,022 -010 .026 

1/72 - 12/74 

a090 .150 . lo9 
.OS70 .040 .037 

1/74 - 12/74 

-062 .060 .044 
.047 .030 .030 

7/67 - 6 / 6 8  

.041 .OS5 .088 

.024 .027 .031 

10/17/70 - 10/16/71 

.OS4 .042 .042 

.OS6 .037 .038 

1962 - 1966 

. I24  .066  .OS4 

.04S .024 .028 

8/65 - 9/67 

.078 .070 .078 

. O S 8  .035 .025 

2/9/67 - 2/10/68 

.030 .089 . l o 4  

.031 .OS5 .052 

1963 - 1964 

.llB .OS9 .OS4 

.a18 .037 .097 

9/16/71 - 9/15/72 

.OS5 .047 .074 

.041 .03S .042 

6/19/68 - 6/19/69 

.062 .043 .061 

. O S 0  .038 .036 

2/66 - 2/67 

.087 .093 .075 

.039 .040 .047 

9/67 - 8 / 6 8  

. O S 8  .O46 .072 

. O S 2  .038 .049 

.049 

.044 

-070 
.0k3 

-080 
.050 

.056 

.055 

.062 

.033 

.059 

.040 

.037 

.041 

.0b9 

.044 

.040 

.030 

.051 

.032 

.073 

.041 

.119 

.055 

.037 

.059 

.084 

.054 

.081 

.019 

.063 

.040 

.0b1 

.093 
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S t a t i o n  

P a l o  V e r d e  1 

P e a c h  Bot tom 2 ,  3 

P e b b l e  Spr ings  

P e r k i n s  

P e r r y  1 ' 

P h i p p s  Bend 

P i l g r i m  1 

P o i n t  Beach  1. 2 

P r a i r i e  1, 2 

Quad C i t i e s  1. 2 

Rancho S e c o  

R i v e r b e n d  1 

H. 8 .  R o b i n s o n  2 

S a i n t  L u c i e  I 

S a l e m  1, 2 

San O n o f r e  

S e a b r o o k  1 

T a b l e  A.4-I S i t e  Wind Rose  Data ( c o n t l  

P r o b a b i l i t y  o f  Wind Blowing Towards Sector 

N 
s - 

. O S 5  

.048  

.085 

.060 

. 0 1 7  

.012  

.036 

.068 

.IO5 

. 0 4 5  

.037  

.OS4 

. O S 1  . 0 5 1  

. 0 8 8  

.096  

. 0 6 5  

.046  

.072  

.068  

.066  

. 0 4 9  

.OS7 

.Ob9 

. 0 4 5  

. I 4 1  

.062  

.045  

.067  

. 0 6 2  

. 0 6 6  

.034  

.030  

.039  

NNE NE 
ssw sw 
200 f t  

- -  

.073  .144 

.OS9 .068 

3 2 0  f t  

.064  .046 

. 0 4 3  . 0 3 1  

3 0  f t  

.039  . 0 7 5  

.019  .os0 

30 f t  - 
. 0 6 7  .I25 
.066 . IO4 

'200  f t  - 
.095 . 0 9 2  
.030  .OS7 

3 3  f t  

.OS4 . I O 7  

.I10 . I 1 2  

72  f t  

.185 .118 

.038 .042  

150 f t  

. I 2 2  . 0 8 7  

. 0 7 0  . O S 5  

1 4 0  f t  

- 

.031  . 0 2 5  

.023  .019  

400  f t  

. I 2 8  .090  

. O S 1  .042  

50 f t  - 
.073  .069  
.034 .029  

. O S 8  . 0 4 8  

.066  .066  

.074  .072  

.I14 . 0 9 5  

50 f t  

. O S 6  . 0 6 3  

.038  .070 

300 f t  

.062  -060 

.046  .049 

10 m 

.061 .OS4 

.Ill . 1 3 4  

30 f t  - 
.040  .069  
.024  .033 

EN E 
wsw - 
.082  
.048  

.os2 

.032  

.201 

. O S 5  

, 0 6 6  
.067  

.084  

. 0 4 5  

.IO6 

. 0 4 5  

.085 

. 0 3 5  

.048  

. 0 2 2  

.031 

.019  

. 0 4 9  

.028  

.IO7 

. 0 2 1  

.048  

.060 

.OB1 

.050  

. 0 4 6  

. O B 8  

. O S 6  

.037  

. 0 6 5  

.028 

. 0 8 9  

.046  

E ESE SE 
W W N W N W  

8/13/73  - 8/13/74  

.068 .047  . O S 2  

.073  .OS9 . O S 6  

-- - 

8/67 - 7/69  

.069  . 0 9 5  .I15 

.034 .046  .OS4 

1 / 7 4  - 12/74  

.313  .094  .021  

. 0 3 5  .028  .020  

10/12/73  - 10/11/74  

. O S 8  . 0 4 7  .064  

.063 .037  .044 

5 /1 /72  - 4/30/73  

.081 .OS4 .OS7 

.048  .037  .OS4 

2/1/74 - 1 / 3 1 / 7 5  

.OS3 .071  . 0 5 3  

.020  .018 .021 

- 0 9 4  .060 .OS3 
- 0 4 8  . 0 3 1  . 0 3 3  

4/67  - 4/60  

.081 . 0 9 7  . 0 7 5  

.020  .Ol8 . 0 3 1  

6 / 1 / 7 1  - 5/31/72  

.073  .IO2 . 1 2 5  

. O S 5  .IO8 . I 3 4  

4 /68  - 9/69  

. 0 4 5  .Ob9 . 0 8 3  

.037  .033  . 0 7 5  

1 9 6 7  - 1 9 6 9  

. I 1 4  . 0 7 8  .loo 

.029  . 0 3 9  .OS7 

1 0 / 1 / 7 2  - 9/30/73  

.OS4 .048  .061 

.076  .082  .072  

4 /14/67  - 4 / 1 9 / 6 8  

.071  . 0 3 7  .036  

. 0 4 0  . 0 3 5  .038  

.030  .041  . O S 3  
- 1 2 1  . 0 9 3  . 0 9 8  

6 / 6 9  - 5/71  

.073 . 0 9 5  . 1 3 2  

.028  .023  .042  

.088 . IO9 .060 

.016 .022  . 0 4 9  

1 1 / 7 1  - 1 0 / 7 2  

.I10 .167  . 1 4 5  

. 0 3 8  .041  . 0 4 3  

SSE I 
NNW - 

.035  

.041 

.109 

.064 

.009  

.014 

.053 

.034 

.042  

.073  

. 1 2 0  

.019  

.046  

.a30 

.056 

.036  

.065  

. 0 8 0  

. 0 6 7  

. 0 6 3  

. 0 74 

.062  

. 0 6 6  

.067  

. 0 4 3  

. 0 2 9  

.029  

.067  

.094 

.074  

. 0 3 1  

. 0 7 0  

.049  

.037  

, 

n 
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T a b l e  A.4-1 S i t e  Wind Rose Data ( c o n t )  

P r o b a b i l i t y  of Wind Blowing mwards S e c t o r  

S t a t i o n  

Sequoyah 1. 2 

Shearon H a r r i s  

S k a g i t  

Shoreham 

South Texas 

V i r g i n  C .  Summer 

Surry S t  I ,  2 

Susquehanna 1 

Three n i l e  I s l a n d  

Trojan 

Turkey P o i n t  1. 2 

Vermont Yankee 1 

Vog t le  

Waterford 3 

Watts  Bar 1 ,  2 

WPPS 1 ,  4 

WPPS 2 

N 
S - 

.066 

.OS8 

.079 

.OB3 

.014 

.037 

.060 

.os0 

. l o 8  

.075 

.OS8 

.029 

.OS4 

.072 

.037 

.046 

.OS4 

.040 

.203 

.172 

,038 
,035 

.072 

.070 

.Ob4 

.043 

.042 

.046  

.033 

.053 

.IO0 

. I64  

.IO0 

. I64  

NNE NE 
ssw sw - -  

33 f t  - 
.151 .161 
.169 .I16 

10 m - 
.IO7 .098 
.OS7 .OS3 

10 m - 
.Oil .021 
.021 .041 

150 f t  

.129 .095 

.045 .049 

- 

33 f t  

.046 .029 

.078 .OB0 

202 it 

.090 .I18 

.042 .OB0 

1 5 0  f t  

.OB2 .OB2 

- 

- 
. O S 1  .046 

.070 .125  

.039 .049 

100 f t  

.045 .OS4 

.027 .036 

- 

30 f t  - 
.070 .026 
.054 .016 

30 f t  - 
.041 .047 
.028 .Ole 

140 f t  

.027 .Ole 

.025 .017 

- 

30 f t  - 
.OS2 .074 
.043  .072 

30 I t  - 
.OS3 .045 
.092 . O B 8  

300 i t  

.IO9 . I83  

. l o 6  .I32 

- 

33 f t  - 
.OB2 .Ob3 
.045 .036 

33 f t  - 
.OB2 . O S 3  
.045 .036 

ENE 
wsw - 

.48 

.026 

.079 

.047 

.037 

.028 

.050 

.043 

.010 

.047 

.OB7 

.070 

.Ob2 

.045 

.126 

. o s 4  

. o s 9  

.057 

.013 

.006 

.027 

.loo 

. 023  

.019 

.079 

.os5 

.047 

. 059  

.OB9 

. o s 9  

.OS2 

.031 

.OS2 

.031 

.E ESE S E  
W W N W N W  

4/21/71 - 3/31/72 

.024 .024 .035 

.011 . O O B  . 013  

-- - 

1/16 - 12/76 

.053 .OS4 .OS7 

.033  .031 .035 

.128 .IO9 . O B 5  
-109 . O S 8  .039 

10/1/73 - 9/30/14 

.079 .IO3 .094 

.032 -028 . 0 3 h  

7/20/73 - 7/20/74 

- 0 1 5  .014 .020 
.053 .059 .137 

1975 - 
-064 .046 .055 
.OS9 .041 -052 

11/67 -. 12/69 

-059  .Ob1 .OB7 
.057 .OS2 . O S 5  

1956 - 1960 

.044 .OS9 .lo0 

.040 .OS2 .031 

4/71 - 3/72 

-091 .092 .091 
.OB5 .OB2 .062 

9/1/71 - 8/31/72 

.022 .037 .070 

.007 .009 .046 

1969 - 
-027 .047  . O S 1  
. I36  .135 . l o 0  

6/67 - 7/68 

.OS9 . O B 6  .117 

.024 . O S 6  . O B 5  

12/73 - 12/74 

.OB4 .075 .056  

.OS9 .OS0 . O S 3  

5/12 - 4/73 

-049  .056  .OS4 
.029 .IO0 . O B 3  

7/1/73 - 6/30/75 

.040 .(I31 .035 

.041 .019  .014 

4/74 - 3/75 

.OS1 ,099 . l o 7  

.022 .026 .040 

4/14 - 3/75 

.061 .099 . l o 7  
-022  .026 .040 

SSE 
NNW - 
.070 
.019 

.OCZ 

.053 

.052 

.020 

.056 

.041 

.037 

.153 

.043 

. 0 5 6  

.0b1 

. 0 4 3  

.090 

.029 

.OlO 

.057 

.132 

.120 

.077 

.0b2 

.196 

.0b6 

.031 

.050 

.072 

.077 

.037 

.019 

.0b5 

.075 

.0b5 

.075 
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Table A.4-1 Site Wind Rose Data (cent) 

Probability of Wind Blowing Towards Sector 

N 
Station L S 

WPPS 3 .  5 

.071 

.014 

wolf Creek 

.os0 

.164 

Yankee Rove 

.lo1 

.086 

 ello ow Creek 

.142 

.037 

zimmer 1 

.lo8 

.Ob2 

z i o n  

.071 

.046 

NNE NE 
ssw sw - -  

60 m - 
.098 .124 
.019 .062 

10 rn - 
.lo0 .040 
. O S 8  .039 

30 ft - 
.080  .OS2 
.Ob4 . O b 5  

33 ft - 
.097 .049 
.070 .049 

30 ft 

.066 .Ob8 

.031 .027 

35 ft - 
.078 .079 
.OS9 .037 

ENE 
wsw - 
.170 
.074 

. 0 2 4  

.035 

.037 

.Ob3 

.039 

.019 

- 0 5 6  
.023 

.113 

.039 

E E S E  SE 
w WNW Nw 

5/73 - 4/74 
-- - 

.I25 .031 .OlS 

.047 .OS2 .OS0 

6/1/73 - 5/31/75' 
.030 .041 .Ob4 
.039 .046 .Ob1 

l0/7l - 9/72 
.039 .041 .072 
.047 .036 .OS2 

7/1/74 - 6/30/75 
.040 . O S 0  . O S 7  
.021 .046 .Ob0 

3/1/72 - 2/28/74 
.os1 .OS9 .047 
.o30 .Os4 .127 

1970 

.Ob9 .076 .046 

.035 .035 .Ob0 

- 

S S E  
NNh' - 

.010 

.027 

.0b9 

.111 

.086 

.081 

.057 

.130 

.062  

.129 

.071 

.096 
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1 

A.5 Economic Data 

The i n p u t  d a t a  to t h e  economic  model  i n  CFtAC2 c a n  
be d i v i d e d  i n t o  t w o  g r o u p s :  t h o s e  which  are  n a t i o n a l  i n  
c h a r a c t e r  and t h o s e  which  are  a p p l i c a b l e  to  i n d i v i d u a l  
s ta tes .  Appendix  V I  of WASH-1400 161 c o n t a i n s  a d e t a i l e d  
d i s c u s s i o n  of t h e s e  parameters. 

The n a t i o n a l  d a t a  c a n  b e  f u r t h e r  d i v i d e d  i n t o  d a t a  
which  m e a s u r e  costs o n  a per capi ta  b a s i s ,  and  da t a  
which  m e a s u r e  costs on  a per acre bas i s .  Decontamina-  
t i o n  costs f o r  b u s i n e s s ,  r e s i d e n t i a l ,  and  p u b l i c  areas ,  
r e l o c a t i o n  costs ,  consumed d a i r y  p r o d u c t s ,  and  consumed 
n o n d a i r y  p r o d u c t s ,  are a l l  measured  i n  d o l l a r s  per per- 
son .  The d e c o n t a m i n a t i o n  cost  for  farm l a n d  i s  measured  
i n  d o l l a r s  per acre. T a b l e  A.5-1 l is ts  c u r r e n t  f i g u r e s  
fo r  t h e s e  cost  parameters a n d  i n  a d d i t i o n  compares t h e s e  
costs w i t h  t h o s e  c o n t a i n e d  i n  Appendix V I  of WASH-1400. 

WASH-1400 Appendix  V I  d e s c r i b e s  some of t h e  decon-  
t a m i n a t i o n  t e c h n i q u e s  c o n s i d e r e d  when t h e  o r i g i n a l  costs 
estimates were made. I t  does n o t ,  however ,  g i v e  a 
d e t a i l e d  breakdown of costs.  A s  a n  a p p r o x i m a t i o n ,  t h e  
d e c o n t a m i n a t i o n  costs  were b r o k e n  down i n t o  l a b o r ,  
e n e r g y ,  and  d u r a b l e  g o o d s  ( e q u i p m e n t )  components .  The 
breakdown of cos ts  was assumed to  b e  40% labor,  5 0 %  
e n e r g y ,  a n d  1 0 %  d u r a b l e  g o o d s  f o r  f a r m l a n d  decon tamina -  
t i o n  a n d  60%, 30%, and  1 0 %  for d e c o n t a m i n a t i o n  of p u b l i c  
areas.  Us ing  d a t a  c o n t a i n e d  i n  t h e  S t a t i s t i c a l  A b s t r a c t  
of t h e  U S  [ 7 3 ,  t h e  change  i n  t h e  Consumer Pr ice  I n d e x  
( C P I )  from 1 9 7 2  t o  1 9 7 9  was c a l c u l a t e d  f o r  e a c h  of t h e s e  
areas.  These  fac tors  are 1 . 6 9  f o r  l abo r ,  2.66 f o r  
e n e r g y ,  and  1 .55  for d u r a b l e  goods. The u p d a t e d  decon-  
t a m i n a t i o n  costs were o b t a i n e d  by m u l t i p l y i n g  t h e  o r i g i -  
n a l  WASH-1400 cost  f i g u r e s  by t h e  a p p r o p r i a t e l y  w e i g h t e d  
c o m b i n a t i o n s  of t h e s e  C P I  factors.  

R e l o c a t i o n  costs were c a l c u l a t e d  i n  Appendix V I  a s  
a c o m b i n a t i o n  of l o s t  income,  b o t h  i n d i v i d u a l  and  cor- 
porate ,  and  moving costs. These  cos ts ,  which  were cal- 
c u l a t e d  o n  a per capi ta  b a s i s ,  a re  $1 ,100  fo r  l o s t  
i n d i v i d u a l  income,  $940 f o r  l o s t  corporate income,  and  
$1 ,300  for  t r a n s p o r t a t i o n  e x p e n s e s .  Based o n  da ta  from 
t h e  S t a t i s t i c a l  A b s t r a c t ,  t h e  employee c o m p e n s a t i o n  r a t e  
h a s  i n c r e a s e d  by  a factor  of 1 .44  be tween  1 9 7 3  and  1978.  
The nonfarm b u s i n e s s  gross  n a t i o n a l  p r o d u c t  ( G N P )  h a s  
i n c r e a s e d  b y  a factor  of 1 . 5 4  and  t r a n s p o r t a t i o n  s e r v i c e s  
by a f a c t o r  of 1 . 5 3  i n  t h e  same p e r i o d .  The u p d a t e d  
r e l o c a t i o n  cos t  was o b t a i n e d  by summing t h e  p r o d u c t s  of 
each of t h e  t h r e e  costs and t h e  appropriate  f ac to r .  
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The r e v i s e d  per capi ta  v a l u e  of r e s i d e n t i a l ,  b u s i -  
n e s s ,  and p u b l i c  areas,  and a n n u a l  per capi ta  d a i r y  
and n o n d a i r y  consumpt ion  costs were d e r i v e d  from d a t a  
c o n t a i n e d ' i n  t h e  S t a t i s t i c a l  A b s t r a c t  o f  t h e  U.S. The 
n e t  v a l u e  of r e s i d e n t i a l ,  b u s i n e s s ,  and p u b l i c  asse ts ,  
less farm assets ,  w a s  d i v i d e d  by t h e  U S  p o p u l a t i o n  to  
o b t a i n  t h e  updated  per  capi ta  v a l u e  o f  nonfarm assets. 
The updated  a g r i c u l t u r a l  consumpt ion  f i g u r e s  were 
o b t a i n e d  by d i v i d i n g  t h e  t o t a 1 , a n n u a l  market v a l u e  of 
t h e s e  commodi t ies  by t h e  U S  p o p u l a t i o n .  
a g r i c u l t u r a l  consumpt ion  f i g u r e s  are  used by CRAC2 t o  
d e t e r m i n e  r a d i a t i o n  e x p o s u r e  t h r o u g h  d a i r y  and n o n d a i r y  
p r o d u c t  i n g e s t  i o n .  

Per capita 

The d a t a ,  which are  s u p p l i e d  on  a s t a t e - b y - s t a t e  
b a s i r s ,  a l l  r e l a t e  t o  farm costs and v a l u e s .  The i n p u t  
parameters are  f r a c t i o n  o f  s t a t e  area devo ted  to farm- 
i n g ,  a v e r a g e  a n n u a l  s a l e  o f  farm p r o d u c t s  i n  d o l l a r s  
per acre ,  t h e  f r a c t i o n  of fa rm sales r e s u l t i n g  from 
d a i r y  p r o d u c t s ,  t h e  average v a l u e  of f a rmland  i n  d o l l a r s  
per acre,  and t h e  major f a rming  s e a s o n .  Table A.5-2 
lists t h e  values  for  a l l  of t h e s e  f i e l d s .  The S t a t i s t i -  
cal  A b s t r a c t  o f  t h e  Uni ted  S t a t e s  i s  t h e  s o u r c e  f o r  
f a rmland  v a l u e  and f a rmland  f r a c t i o n .  Farm s a l e s  and 
d a i r y  s h a r e  are  found i n  r e f e r e n c e  [ 8 ] .  The f a rming  
s e a s o n s  are t h e  same a s  t h e  WASH-1400 f i g u r e s .  
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T a b l e  A.5-1 N a t i o n a l  Economics Data 

D e s c r i p t i o n  WASH-1400 D a t a  C u r r e n t  D a t a  

D e c o n t a m i n a t i o n  cost  
for  f a r m l a n d  ( $ / a c r e )  

230 

D e c o n t a m i n a t i o n  cos t  fo r  1 , 7 0 0  
r e s i d e n t i a l ,  b u s i n e s s ,  
and p u b l i c  property 
( $ / p e r s o n )  

V a l u e  of r e s i d e n t i a l  , 
b u s i n e s s ,  and p u b l i c  
p roper ty  ( $ / p e r s o n 3  

D e p r e c i a t i o n  r a t e  fo r  
improvemen t s  ( y r - 1 )  

R e l o c a t i o n  cos t  
( $ / p e r s o n )  

Annual  cos t  of d a i r y  
pr od u c t c o n s  ump t i o n  
( $ / p e r  s o n )  

Annual  cos t  of ' 

n o n - d a i r y  p r o d u c t  
c o n s u m p t i o n  ( $ / p e r s o n )  

17 ,000  

0.2 

2,900 

-- 

-- 

' I  

* R e p r e s e n t s  1979 s t a t i s t i c s  
* * R e p r e s e n t s  1978 s t a t i s t i c s  

500* 

4 ,400* 

32 ,000* 

0.2 

4,300** 

135** 

690** 
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S t a t e  

Maine 
N e w  Hampshire 
Vermont 
Massachuse t t s  
Rhode I s l a n d  
Connec t i cu t  
N e w  York 
N e w  J e r s e y  
Pennsylvania  
Ohio 
Ind iana  
I1 l i n o i  s 
Michigan 
Wisconsin 
Minnesota 
Iowa 
Missour i  
North Dakota 
South Dakota 
Nebraska 
Kansas 
Delaware 
Maryland . 
Virg  i n i  a 
West V i r g i n i a  
North C a r o l i n a  
South  C a r o l i n a  
Georgia  
F l o r i d a  
Kentucky 
Tennessee  
Alabama 
M i s s i s s i p p i  
Arkansas  
Lou i s i ana  
Ok l a  horn a 
Texas 
Montana 
Idaho  
Wyoming 
Colorado  
N e w  Mexico 
Ar izona  
Utah 
Nevada 
Washing ton  
Oregon 
C a l i f o r n i a  

Table  A.5-2 A g r i c u l t u r a l  Land U s e  C h a r a c t e r i s t i c s  

F r a c t i o n  o f  
S t a t e  Used 

a s  Farm Land*,** 

0.077 
0 .097  
0 .283  
0.123 
0 .081  
0.140 
0.315 
0.197 
0 .307  
0.618 
0 .728  
0 .795  
0.285 
0.520 
0.563 
0.944 
0.724 
0.922 
0.922 
0 .967  
0.915 
0 . 4 7 1  
0.414 
0 . 3 7 1  
0.270 
0.368 
0.327 
0 .417  
0.368 
0 .557  
0.507 
0.400 
0.475 
0.494 
0 .332  
0.782 
0.811 
0.658 
0.894 
0.560 
0.570 
0 .600  
0.556 
0.236 
0.127 
0.369 
0.300 
0.318 

Average Annual 
S a l e  o f  Farm 

P r o d u c t s t  
($ / ac re -yea r  

2 5 0  
1 5 0  
1 7 7  
372 
4 7 6  
5 0 0  
1 8 8  
376  
2 3 9  
1 8 3  
2 0 6  
2 1 3  
1 9 7  
1 9 4  
1 6 0  
2 4 2  
111 

45 
4 6  
9 9  
92 

508  
273  
1 2 6  

44 
2 6 1  
1 4 8  
1 6 4  
2 3 3  
1 4 1  
1 1 8  
1 4 4  
1 3 5  
1 5 8  
1 3 7  

6 8  
5 4  
20  
93 
1 5  
6 9  
2 1  
3 6  
3 6  
1 9  

1 3 2  
6 8  

316 

Average Sha re  
of Dai ry  P r o d u c t s t  

( $  d a i r y / $  p r o d u c t s )  

0 .182  
0.444 
0 .791  
0.283 
0.220 
0.313 
0.579 
0 .162  
0.413 
0 .153  
0.067 
0 .041  
0.238 
0.598 
0.185 
0.050 
0 .079  
0.047 
0.074 
0.027 
0.034 
0.046 
0.227 
0.171 
0.203 
0.056 
0.063 
0.058 
0.077 
0.117 
0.140 
0 .041  
0.047 
0.030 
0.087 
0.051 . 
0.053 
0.026 
0.114 
0.024 
0.039 
0.056 
0.069 
0.215 
0.117 
0.138 
0.093 
0.119 

Average 
Value of 
Farmland? 
($ / ac re  ) 

485  
8 0 2  
657  

1 3 6 6  
2133  
21S8 

642  
2222  

669  
1 5 1 6  
1 4 9 8  
1 7 8 6  

9 5 5  
8 0 7  ' 

8 54 
1 4 5 8  

6 74 
3 0 6  
2 5 7  
470  
4 37 
1725 
1 7 9 9  

864  
4 7 2  
819  
6 3 5  
6 0 9  
9 3 0  
792  
6 6 9  
5 1  5 
5 2 0  
6 9 1  
7 6 3  
4 4 2  
3 54 
1 8 6  
4 8 5  
119 
3 3 2  
100  
1 3 4  
2 6 5  
1 0 4  
586  
3 3 0  
93 6 

' F r a c t i o n  of t o t a l  s t a t e  a r e a  ( i n c l u d i n g  w a t e r  a r e a s )  devoted  to  a g r i c u l t u r a l  u s e  
"Ref l ec t  1 9 7 9  s t a t i s t i c s  

t R e f l e c t  1 9 7 8  s t a t i s t i c s  

Major 
Farming 
Season  

May-Sept 
May-Sept 
May-Sept 
May-Sept 
May-Sept 
May-Sep t 
May-Sept 
May-Sept 
May-Sept 
May-Sept 
May-Sept 
May-Sep t 
May-Sept 
May-Sept 
May-Sept 
May-Sep t 
May-Sept 
May-Sept 
May-Sept 
May-Sept 
May-Sept 
Apr i 1-Oc t 
Apr i 1-Oc t 
Apr i l - O c  t 
Apr i 1 - O c t  
Apr i l -Oct  
Apr i l - O c  t 
Apr i l - O c  t 
Apr i l - O c  t 
A p r i l  -0c t 
Apr i l - O c  t 
Apr i l -Oct  
Apr i l-0ct 
Apr i l - O c  t 
Apr i 1 - O c t  
Apr i l - O c  t 
Apr i l -Oct  
May-Sept 
May-Sept 
May-Sept 
Apr i l-0ct 
A p r i l  -0c t 
Apr i l-0ct 
Apr i l-0ct 
Apr i l -Oct  
May-Sep t 
May -Sept 
Apr i l - O c t  

A 
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Appendix B: Reactor Core Radionuclide Inventories 

B.l Core Radionuclide Inventory 

Reactor accident consequence calculations are often 
performed using the Reacto'r Safety Study [l] radionuclide 
inventory for a 3200 MWt Westinghouse pressurized water 
reactor (PWR). This inventory, calculated for an end-of- 
cycle equilibrium core, has been used to represent both 
boiling water reactor (BWR) and PWR cores. Recently, 
however, an end-of-cycle equilibrium inventory for a 
3412 MWt Westinghouse PWR was calculated using the SANDIA- 
ORIGEN computer code [2]. This inventory, which was cal- 
culated using a 25% greater fuel burnup than used for the 
WASH-1400 inventory, was used to perform the reactor con- 
sequence calculations discussed in Chapter 2. (A spent 
fuel burnup of 26,400 MWd/MTU was assumed to calculate 
the WASH-1400 inventories.) 

The 3412 MWt PWR inventory was calculated by assuming 
that the three regions of the reactor core (each initially 
loaded with uranium enriched to 3.3% U-235) were operated 
at a constant specific power density of 38.3 MW/MTU 
charged. A three year refueling cycle and an 80% capacity 
factor were also assumed. This inventory is representative 
of an equilibrium core at a time when the'three regions 
have average burnups of 11,000, 22,000, and 33,000 MWd/MTU 
charged (end-of-cycle). 

The SANDIA-ORIGEN code calculates the time dependent 
activities of approximately 500 radionuclides; including 
activation products, fission products, and actinides. Of 
this number, only 54 radionuclides are expected to signi- 
ficantly impact reactor accident consequence calculations 
and as a result, are inputto the CRAC2 code. The elimi- 
nation of radionuclides from consideration was based on 
a number of parameters, such as quantity (curies), release 
fraction, radioactive half-life, dosimetry, and chemical 
characteristics [l]. Table B.l-1 lists the 54 radionuclides 
used to perform the consequence calculations. Also given 
is the activity of each radionuclide at the time the acci- 
dent is assumed to occur. The reactor core inventories 
used to perforin the power level sensitivity calculations 
discussed in Chapter 2-were obtained by linearly scaling 
(by thermal power level) the inventories presented in Table 
B.1-1. 
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Table B.l-1 Inventory of Radionuclides in the 3412 MWt PWR Core 

NO. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 ’ 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 

Radionulcide 

Cobal t-58 
Cobalt-60 . 
~rypton-85 
Kr ypton-8 5m 
qypton-87 
~r ypton-88 
Rub id ium-86 
Strontium-89 
Strontium-90 
Strontium-91 
Yt tr i um-9 0 
Yt t r i um- 9 1 
zirconium-95 
Zirconium-97 
N i obi urn-9 5 
Molybdenum-99 
Technetium-99m 
Ruthenium-103 
Ruthenium-105 
Ruthenium-106 
Rhodium- 10 5 
Tellurium-127 
Tellurium-127m 
Tellurium-129 
Tellurium-129m 
Tellurium-13lm 
Tellurium-132 
Antimony- 12 7 
Antimony-129 
Iodine-131 
Iodine-132 
Iodine-133 
Iodin e- 134 
Iodine-135 
Xenon-133 
Xenon- 135 
Cesium- 1 34 
Cesium-136 
Cesium-137 

. Barium-140 
Lan thanum-140 
Cerium-141 
Cerium-143 
Cerium-144 
Praseodymium-143 
,Neodynium- 147 
Neptunium- 2 39 
plutonium-238 
plutonium-239 
plutonium-240 
plutonium-241 
Americium-241 
Curium-242 
Curium-244 

Radioactive Inventor 
Source (curies x 10 1 Half-Life (days -3 

0.0075 
0.000045 
0.0066 
0.31 
0.57 
0.77 
0.00048 
0.96 
0.052 
1.2 
0.055 
1.2 
1.5 
1.6 
1.4 
1.7 

1.2 
0.82 
0.29 
0.56 
0.075 
0.0098 
0.25 
0.067 
0.13 

0.077 
0.27 
0.87 
1.3 
1.8 
2.0 
1.7 
1.8 
0.38 
0.13 
0,. 039 
0.065 
1.7 
1.7 
1.5 
1.5 
0.92 
1.5 
0.65 
19.0 
0.0012 
0.00026 
0.00029 
0.054 
0.000036 
0.014 
0.00084 

1.4 

1.3 

71 .O 
1,920 
3,950 

0.183 
0.0528 
0.117 
18.7 
52.1 

10,300 
0.403 
2.67 
59.0 
65.2 
0.71 
35 .O  
2.8 

39.5 
0.25 

0.185 

1.50 
0.391 

0.048 

366 

109 

34 .o 
1.25 
3.25 
3 .88 
0.179 
8.05 
0.0958 
0.875 
0.0366 
0.280 
5.28 
0.384 

750 

11,000 
13.0 

12.8 

32.3 
1.67 

1.38 
2 84 
13.7 
11.1 
2.35 

32,500 
8.9 X lo6 
2.5 x lo6 
5,350 

163 
6,630 

1.6 lo5 

B- 2 



B . 2  Radionuclide Inventory Impacts on Reactor 
Accident Consequences 

The potential impacts of different radionuclide 
inventories on predicted accident consequences, and the 
appropriateness of inventory scaling, were examined using 
the CRAC2 code [3]. Consequence calculations were per- 
formed using end-of-cycle equilibrium inventories for the 
WASH-1400 3200 MWt Westinghouse PWR, the 3412 MWt Westing- 
house PWR, a 3578 MWt General Electric (GE) BWR, and a 
1518 MWt Westinghouse PWR. Calculations were also per- 
formed for the 3412 MWt PWR at 1/3 and 2/3 of the way 
way through the annual operating cycle. (The 3578 MWt 
BWR and 1518 MWt PWR inventories, like those for the 
3412 MWt PWR, were generated with the SANDIA-ORIGEN com- 
puter code.) The operating characteristics for the four 
reactors are summarized in Table B.2-1. The 3412 MWt 
and 1518 MWt PWRs and the 3578 MWt BWR are considered to 
be representative of current reactor designs and composi- 
tions. 

Table B.2-2 summarizes the four reactor inventories 
for selected radionuclides. In general, inventories of 
short-lived radionuclides are proportional to reactor 
thermal power level, while inventories of long-lived 
radionuclides are proportional to burnup; both are 
influenced by in-core fuel management plans. 

Consequences were calculated assuming (1) an SSTl 
release (large-scale core melt with uncontrolled release 
directly to the atmosphere), (2) Indian Point population 
and wind-rose data, ( 3 )  New York City weather data, and 
(4) a distribution of evacuations within 10 miles of 
the reactor.* Table B.2-3 summarizes the consequence 
calculation resuits from which the following observations 
can be made. 

1) The 3412 MWt PWR land interdiction and 
decontamination results are approximately 
30% larger than those for the WASH-1400 
PWR. Differences for other consequences 
are somewhat less (10-17%). . 

. I  

*Consists of a 30%, 40%, 30% weighting of a 10 mile per 
hour evacuation after 1, 3, and 5 hour delays, 
respectively. 
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Table B.2-1 Reactor Operating Characteristics 

3412 MWt 3578 MWta 1518 MWt 
Characteristic WASH-1 400 PWR BWR PWR 

Total Uranium in --- 
Fresh Core (MT) 

Initial U-235 3.3 
Enrichment 
(percent) 

89.1 136.7 

3.3 2.66, 2.83 

47.5 

3 ..2 

Refueling Cycle annually annually annually annually 

Number of Years 3 
an Element Spends M 

I 
-e in Core (years) 

Capacity Factor --- 
(Percent of time 
at Full Power) 

Average Fuel 26 I 400 
Burnup at dis- 
charge (MWd/MTU) 

Average Power 40 
Density (MW/MTU) 

3 3,4 3 

80 

33 I 600 --- 28,000 

38.3 26.1 32.0 

aThe SANDIA-ORIGEN BWR calculations were performed on a per fuel assembly basis. 
The code generated radionuclide inventories by blending individual assembly 
results. 
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Table 8.2-2 Inventory o f  Se lec t ed  Radionucl ides  for t h e  Reactors  Studied.  

(Designated Inventory)  5 (3412 M W t  PWR Inventory)  
WASH- 1400 

2/3 Cycle Rad ionuc 1 i d e  Hal f - L i  f e End -0 f-Cyc l e  End -of -Cyc l e  End-of -Cyc l e  End-o f -Cycle 1 / 3 Cycle 
( days 1 3412 MWt PWR 3200 M W t  PWR 3578 M W t  BWR 1518 M W t  PWR 3412 MWt PWR 3412 MWt PWR 

( C i )  

~~ 

Kr-85 0.117 6.64 x LO5 1.03 1.36 0.44 0.68 0.84 
Mo-99 2 .8  1.66 x 10' 0.94 1.05 0.45 1.02 1.01 
Tc-99m 0.25 1.43 x 10' 1 .oo 1.05 0.45 1 SO3 1 .01  
Ru- 1 0 3, 39.5 1.25 x lo8 0.85 1.06 0.44 0.87 0.96 
Ru-105 0.185 8 .22  x lo7 0.88 1.07 0.43 0.86 0.94 
Ru-106 366 2.90 107 0.86 1.24 0.42 0.66 0.83 
Te- 129m 0.34 6.70 x lo6 0.79 1.06 0.44 0.88 0.96 

W Te- 13 l m  1.25 1 . 2 8  107 1.00 1.07 0.44 0.97 0.98 

Sb-129 0.179 2.72 x lo7 1 . 2 2  1.06 0.44 0.93 0.97 
Te-132 3.25 1 . 2 7  x lo8 0.92 1.06 0.45 1 .oo 1 .oo 
1-131 8.05 8.74 107 0.98 1.06 0.45 0.99 1.00 
1-132 0.096 1.29 x lo8 0.92 1.05 0.44 0.99 1 .oo 
1-133 0.875 1.84 x lo8 0.94 1.05 0.45 1.02 1.01 
1-134 0.037 2.02 x lo8 0.95 1.05 0.45 1.02 1 .01  
1-135 0.28 1.73 x lo8 0.88 1.06 u.45 1.02 1.01 

Ba-140 1 2 . 8  1.68 x lo8  0.94 1.05 0.45 1.02 1.01 
Ce-144 284 9.15 lo7 0.92 1.14 0.45 0.77 0.90 

I 
ul 

CS-134 750 1.26 107 0.60 1.20 0.38 0.55 0.76 
CS-136 13.0 3.91 x lo6 0.77 1.04 0.41 0.67 0.84 
CS-137 11,000 ' 6.54 x lo6 0.72 1.39 0.44 0.67 0.83 



Table B.2-3 Summary of CRAC2 Consequence Predictions. 

WASH- 1400 Sca led1 
Consequence End -0 f -C ycle End-o f -C ycl e End-o f -C ycle 1 / 3 Cycle 2/3 Cycle End- f-Cycl e End-o f -Cycle 

3412 MWt PWR 3200 MWt PWR 3578 MWt BWR 3412 MWt PWR 3412 MWt PWR 1518 MWt PWR 1518 MWt PW 

Mean Early 
Fatalities 

800 690 890 750 780 150 150 

Mean Ear 1 y 3600 3000 4100 3400 3500 
In juries 

960 970 

Mean Latent 7800 7000 8400 6800 7300 5300 5400 
Cancer m 

QI 
I Fatalities 

Mean Land 200 
lnterdic ion 
Area (km ) 3 

140 280 130 160 92 97 

Mean Land 3800 2800 5900 2800 3100 2000 2100 
Decontamination 

are9 (km 

'Inventory = (1518 MWt/3412 MWt) x (3412 M W t  PWR inventory). 



2) The 3578 MWt BWR land decontamination and 
interdiction consequences are approximately 
50% larger than those for the 3412 MWt PWR. 
Again, differences for other consequences 
are on the order of 10%. 

3) Comparison of the 3412 and 1518 MWt PWR 
results indicate reductions in reactor size 
result in proportionately larger reductions 
in early consequences. 

4) Comparison of the 1/3, 2/3, and end-of-cycle 
3412 MWt PWR results indicate that differences 
in radionuclide inventory during the annual 
operating cycle have little influence on early 
consequences. However, time of the accident 
during the cycle does significantly influence 
predicted latent cancer fatalities and areas 
of land interdiction and decontamination. 

5) There is essentially no difference in 
consequences for the 1518 MWt PWR 
predicted by using either the calculated 
or scaled inventories. 

Differences in latent cancer fatality, land interdic- 
tion, and land decontamination consequences largely result 
from long-lived radionuclide inventory differences (e.g., 
Cs-137). Differences in early consequences are primarily 
due to differences in short-lived radionuclide inventories. 

In summary, the results presented above indicate that 
reactor accident consequences are sensitive to differences 
in radionuclide inventories due to reactor size and design. 
Because of in-core fuel management plans, boiling water 
reactors will likely have larger inventories of long-lived 
radionuclides than a pressurized water reactor of the same 
size. Therefore, using PWR inventories for BWR consequence 
calculations could underestimate latent consequences. The 
time of a reactor accident during the annual operating 
cycle has little influence on early consequences: however, 
it can significantly influence latent effects. Reductions 
in reactor size will lead to substantial reductions in 
early consequences, more so than would be expected based 
on differences in reactor power levels. In addition, 
linear scaling of radionuclide inventories by thermal power 
level is adequate for consequence calculations, provided 
that the reactor of interest has operating and design 
characteristics similar to those of the reactor from which 
the inventories are scaled. 
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Appendix C: Site Specific Consequence Estimates 

This appendix presents the consequence estimates 
for each of the 91 sites analyzed in Chapter 2. It 
is important to note that in each case the calculations 
assumed (1) that the site contained an 1120 MWe PWR, 
(2) meteorology based on the most appropriate regional 
National Weather Service Station (from among the 29 
detailed in Appendix A), ( 3 )  actual site wind rose and 
population, ( 4 )  a summary evacuation (all persons within 
10 miles evacuate at 10 mph after delays of 1, 3 ,  or  5 
hours, with probability .3' ,  .4, .3, respectively) and 
(5) hypothetical releases of radioactive materials (see 
Section 2.3, Chapter 2). Thus the estimates presented 
in this appendix are only a guide to the impact of site 
characteristics (principally population distribution) 
on predicted consequences. In no way are these to be 
taken as estimates of existing/reactor combinations. 

Table C.l provides a summary of the mean early 
fatalities, early injuries, and latent cancer fatalities 
for SST1, SST2, and SST3. Figures C-1 through C-18 con- 
tain early fatality, early injury, and latent cancer 
fatality CCDFs for each of the 91 sites, conditional on 
an SSTl release and assuming the 1120 MWe PWR, summary 
evacuation, regional meteorology, and actual site popu- 
lation and wind rose. Since some of these characteris- 
tics do not exactly duplicate the characteristics of 
the actual reactor/site combinations, the CCDFs are not 
to be used in place of actual r i s k  estimates fo r  existing 
reactor/site combinations. 1 
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Table C-1. Mean Nuniber (Per Reactor-Year) of Early Fatalities, Early 
Injuries and Latent Cancer Fatalities for each of 91 Sites, 
for SST1, SST2, or SST3 Accident Source Terms. 

Assumptions : 

Allens Creek 

Arkansas 

-illy 

Beaver Valley 

Bellef onte 

Big Fbck Pt. 

Black Fox 

Braidwood 

Brawns Ferry 

Brunswick 

Standard 1120 MWe PWR 

Sumnary Evacuation 

Actual Site population and Wind rose 

Best Estimate Meteorology 

Mean Latent 
M e a n  Early Fatalities" M e a n  Early Injuries* Cancer Fatalities* 
SSTl SST2 SST3 SSTl SST2 SST3 SSTl ssT2 ssT3 

0. 2XP3 

0. 3XP3 

0.9XP3 

0.3xP3 

0.3-3 

0.3-3 

0.4XP3 

0.6 xP3 

0. 2xP3 

0. 9XP3 

*Detailed Probabilistic Risk Assessments (PRAS) have not been performed for all reactors. 
Therefore, consequence calculations were performed in this study using Siting Source 
Tern (SSTs) defined by NRC (see Section 2 e 3 e 1, maper 2 l3y adjusting the probabil- 
ities associated with each of the source term, the set can be made to approximately 
represent any current LWR design. Based on currently available PRAs, NRC @s sLlggested 
&t=resen tive probdbilities for the SSTs are: 

(factors of 10 to 100) in the accident probabilities associated With a. specific design. 

Caution should be used when applying these n b e r s .  
not an adequate representation of risk; it provides only a coB[pTlon measare for canpara- 
tive purposes (Le., rank ordering). 
FUnctions (sham in Figure C-1 m g h  C-18) are a btter representation of risk- 

P1 for STP. = 1 x IOmJ, P2 for 
SST2 = 2 --%- x 10- , and P3 for SST3 = 1 x lom4. There are very large variations 

Probability t h s  consequence is 

The ccknplementary Curmlative Distribution 
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Table C-1. (continued) 
Q 

Mean Latent 
&an Early mtalities* Man Early Injuries* Mcer mtalities* 
SSTl SST2 SST3 SSTl s s n  ssT3 SSTl Ssnm 

Catama 

Qlerokee 

Clinton 

Corranche Peak 

cooper 
Crystal River 

Davis-Be sse 

Diablo Canyon 

Donald C. Qok 

Dresden 

lOOXP1 OXP~ OxP3 71OXP1 

21xP1 OxP2 OxP3 88xP1 

oXP3 15c)oXP1 

OxP3 1200xP1 

OxP3 640xP1 

OxP3 900xP1 

OxP3 590xP1 

OxP3 2600xP1 

OxP3 1200xP1 

OxP3 2500xP1 

OxP3 3300xP1 

llOxP2 

76xP2 

17OXP2 

49@2 

81xP2 

66xP2 

160xP2 

98xP2 

120xP2 

260xP2 

0.9Kp3 

0.7xP3 

0.33d?3 

0. 2xP3 

0.3xP3 

0.3xP3 

0.4xP3 

0.4xP3 

0.9xP3 

0.5XP3 

Duane Arnold 21xP1 0xP2 OxP3 380xP1 0.4xP2 OxP3 1700xP1 190xP2 0.8xP3 

F e d  160xP1 0.08xP2 OxP3 970xP1 7.1XP2 OxP3 3000xP1 200xP2 0.6xP3 

Fitzptrick 5. OXPl OxP2 OxP3 llQxPl 0.06xP2 OxP3 1200xP1 57xP2 0.2xP3 

Forked River 84xP1 0xP2 OxP3 530xP1 7 0.8xP2 OxP3 4400xP1 200xP2 0.6xP3 

Fort Qlhoun 5OXPl O.LXP2 oXP3 MOXP1 3.OXP2 oXP3 11OOxPl IlOXP2 O.4XP3 

E't. St. Wain l5XPl 0xP2 OxP3 220xP1 0xP2 OxP3 810xP1 82xP2 0.3xP3 

Ginna llXP1 0xP2 OxP3 370xPl 0.9xP2 OxP3 1900xP1 89xP2 0.3xP3 

Grand Gulf 14XP1 OXP2 OXP3 73XP1 O-7XP2 OXP3 7OOXP1 60xP2 0.3XP3 

Haddm Neck llOxP1 OxP2 OxP3 890xP1 1.2xP2 OxP3 2100xP1 160xP2 0.5xP3 

*See footnote, page C-2. 
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‘6x5 ‘0 

‘dXS 0 

‘dxL ‘0 

‘dXT ‘0 

‘dxE 1 

‘dxL ‘0 

‘dXZ ‘0 

‘dX€ ‘0 

‘dx0El. 

‘dxOE 1 

‘dx08T 

‘dX62 

‘dX0L E 

ZdXOOZ 

‘dX84 

‘dX0L ‘6xOOZT ‘dxO ‘dX0 

‘dX0 ‘dxL6 



drs mble C-1. (continue 

Pebble w r i n g s  

Perkins 

Perry 

Phipps Bed 

Pilgrim 

pt. Beach 

Prairie Is. 

Quad Cities 

Rancho ,%co 

River Rend 

Robinson 

St. Iucie 

Salem 

San Onofre 

Seabrook 

Sequoydh 

Shearon Harris 

Shoreham 

Skagit 

South Texas 

mrry 

Susquehanna 
/ \  

Mean Latent 
Mean Early -talities* man mrly Injuries* Cancer Ehtal i t ies* 

SST2 SST3 SSTl SST2 SST3 SSTl ssT2 ssT3 
___I- 

SSTl 

4oxP1 

14OXP1 

5OXP1 

5. 2xP1 

65xP1 

180xP1 

OxP3 3.7xP1 

OxP3 52OXP1 

OxP3 3OOXP1 

OxP2 OxP3 

OxP2 OxP3 

0 x 9  OxP3 

OxP2 OxP3 

OxP2 OxP3 

OxPz OxP3 

, -  

0xP2 OxP3 

69OxP1 

260xP1 

870xP1 

OxP2 oxP3 

2.1xP2 oxP3 

4.2xP2 oxP3 

l6xP2 OxP3 

2.4xP2 OxP3 

0.3XP2 oXP3 

2.4xP2 OxP3 

O.O4XP2 0 9 3  

0.02xP2 oxP3 

0.2xP2 OxP3 

0.01xP2 OxP3 

0.6xP2 OxP3 

0xP2 OxP3 

0xP2 OxP3 

0.04xP2 OxP3 
.. 

23OXP1 

15OOXP1 

25OOXP1 

13OOxP1 

15OOXP1 

14OOXP1 

14oOxP1 

19OOxP1 

870xP1 

75OXP1 

880xP1 

7OOXP1 

3OOOXP1 

1800xP1 

lOOOxPl 

0 07XP3 

0.5xP3 

0 6xP3 

0.3xP3 

0.3xP3 

0.3xP3 

0.4xP3 

0.7XP-3 

0.3xP3 

0. 2xP3 

0.2xP3 

0.4xP3 

0.5xP3 

0.5xP3 

0.2xP3 

OxP2 

0.2xP2 

w 
*See footnote, page C-2. 
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Bble C-1. (continudl 

Mean Latent 
*an Early mtalities* *an mrly Injuries* mcer Fhtalities* SSTl ssT2 ssT3 sST1 SST2 SST3 SsTl ssT2 ssT3 - 

Trojan 

Turkey E t .  

Vemnt Yankee 

Virgil summer 

Vogtle 

WPPSS 1,4 

WPPSS 2 

WPPSS 3,5 

waterford 

watts Bar 

Wlf Creek 

Yankee m e  

Yellw Creek 

Zimmer 

Zion 

Three Mile Island 240xP1 0xP2 OxP3 1200xP1 4.5xP2 OxP3 3500xP1 170xP2 O.6xP3 

46xP1 0.1xP2 OxP3 350xP1 3.8xP2 OxP3 llOOxPl 73xP2 0.3xP3 

31XP1 O x P 2  OxP3 46OxP1 0xP2 OxP3 690xP1 83xP2 0.4xP3 

13oxP1 0xP2 OxP3 32oxP1 4.4XP2 OxP3 1 8 0 0 ~ ~ ~  72XP2 0.3XP3 

12xP1 OxP2 OxP3 120xP1 0xP2 OxP3 1000xPl 63xP2 0.2xP3 

0 07XP1 0xP2 OxP3 85xP1 OXP2 OxP3 9OOxP1 7OXP2 O.3XP3 

0. lXPl 0xP2 OxP3 llOXPl 0XP2 oxP3 31oXP1 37XP2 0.2XP3 

1. OxPl 0xP2 OxP3 120xP1 OXP2 OxP3 72OXP1 53-2 0.2xP3 

0. lXPl 0xP2 OxP3 lloxPl 0XP2 OxP3 31OXP1 37XP2 0.2XP3 

17OXP1 O.2XP2 OxP3 580XP1 8.3xP2 OxP3 99OXP1 93XP2 O.4XP3 

13Xp1 0xP2 OxP3 llOXP1 O.02xP2 OxP3 lOOOXPl 66xP2 O.3XP3 

2.4XP1 0xP2 OxP3 34XP1 0.04xP2 OxP3 760xP1 70xP2 o.3xP3 

18xP1 0xP2 OxP3 18OXP1 0.05XP2 OxP3 23OOXP1 1OOXP2 O.2XP3 

5.6xP1 0xP2 OxP3 68xP1 OxP2 OxP3 850xP1 63xP2 0.3XP3 

46xP1 OxP2 OxP3 670xP1 0.4XP2 OxP3 2400xP1 170xP2 0.6xP3 

52oxP1 4.1XP2 oXP3 l6OOxP1 32XP2 OxP3 4OOOXP1 33OxP2 1.2XP3 

*See footnote, page C-2. 
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Note: These CCDFs do not represent effects from existing reactor/site combinations, 
all assume an 1120 MWe reactor. In addition, these results are conditional 
on the occurrence of a hypothetical SSTl release. Recent evidence suggests 
that the source term magnitude assumed for SSTl may be overestimated by a 
factor of 10 or more (see section 2.3.2). 

E A R L Y  F A T A L I T I E S ,  X ,  
C O N D I T I O N A L  O N  S S T 1 *  

I o~s4-mnll .  
lo" I 0' 

I I 

E A R L Y  I N J U R I E S ,  X ,  
C O N D I T I O N A L  ON S S T 1 *  

KEY 
ALLENS CREEK 

o ARKANSRS 
b BRlLLY 
+ BEAVER VALLEY 
x BELLEFONT 

Figure C-1: Early fatality, early injury, and latent cancer 
conditional on an SSTl release. 

--rrrrrm 
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t 

L A T E N T  C A N C E R  F A T A L I T I E S ,  X ,  
C O N D I T I O N A L  ON S S T l *  

fatality CCDFs  at named sites, 

Assumptions: 1120 MWe reactor, summary evacuation, representative meteorology 
(see Appendix A), and actual site population and windrose. 

*See footnote, page C-2. 



Note: These CCDFs do not represent effects from existing reactor/site combinations, 
all assume an 1120 MWe reactor. 
on the occurrence of a hypothetical SSTl release. 
that the source term magnitude assumed for SSTl may be overestimated by a 
factor. of 10 or more (see section 2.3.2). 

In addition, these results are conditional 
Recent evidence suggests 

b 

3 
OD 
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Fisure C - 2 :  Early fatality, early injury, and latent cancer 
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fatality CCDFs  at named sites, 
conditional on an SSTl  release,. 
Assumptions: 1120 MWe reactor, summary evacuation, representative meteorology 
(see Appendix A ) ,  and actual site po?ulation and windrose: 
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Note: These CCDFs do not represent effects from existing reactor/site combinations, 

all assume an 1120 MWe reactor,. In addition, these results are conditional 
on the occurrence of a hypothetical SSTl release. Recent evidence suggests 
that the source term maqnitude'assumed"for SSTl may be overestimated by a 
factor of 10 or more (see section 2.3.2) 

E A R L Y  F A T A L I T I E S ,  X ,  
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.. C O N D I T I O N A L  ON S S T 1 *  
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BYRON 
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4 CATAWBA 
x CHEROKEE 

Figure C-3: Early fatality, early injury, and' latent cancer 
conditional on an S S T l  release. 
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L A T E N T  CANCER F A T A L I T I E S ,  X ,  
C O N D I T I O N A L  ON S S T 1 *  

fatality CCDFs  at named sites, 

Assumptions: 1120 MWe reactor, summary evacuation, representative meteorology 
(see Appendix A ) ,  and actual site poylation and windrose. 

*See footnote, page C - 2 .  



Note: These CCDFs do not represent effects from existing reactor/site combinations, 
all assume a m  MWe reactor. 
on the occurrence of a hypothetical SSTl release. 
that the source term magnitude assumed for SSTl may be 
factor of 10 or more (see section 2.3.2). 

In addition, these results are conditional 
Recent evidence suggests 
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overestimated by a 
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L A T E N T  C A N C E R  F A T A L I T I E S ,  X ,  
C O N D I T I O N A L  O N  S S T 1 *  

F i g u r e  C-4: E a r l y  f a t a l i t y ,  e a r l y  i n j u r y ,  and l a t e n t  cance r  f a t a l i t y  CCDFs a t  named s i tes ,  
c o n d i t i o n a l  on an  S S T l  release. 
Assumptions: 1120 mfe reactor, summary e v a c u a t i o n ,  r e p r e s e n t a t i v e  meteorology 
( s e e  Appendix A ) ,  and a c t u a l  s i t e  po?u la t ion  and windrose .  

*See f o o t n o t e ,  page C-2. 
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Note: These CCDFs do not represent effects from existing reactor/site combinations, 
all assume an 1120 MWe reactor. In addition, these results are conditional 
on the occurrence of a hypothetical SSTl release. Recent evidence suggests 
that the source term magnitude assumed for SSTl may be overestimated by a 
factor of 10 or more (see section 2.3.2). 

E A R L Y  F A T A L I T I E S ,  X ,  
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Figure c-5: Early fatality, early injury, and latent cancer fatality CCDFs at named sites, 
conditional on an SSTl release. _.  

Assumptions: 1120 MWe reactor, summary evacuation, representative meteorology 
(see Appendix A), and actual site population and windrose. 
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*See footnote, page C-2.  



Note: These CCDFs do not represent effects from existinq reactor/site combinations, 
all assume an 1120 MWe reactor. 
on the occurrence of a hypothetical SSTl release. 
that the source term magnitude assumed for SSTl may be overestimated by a 
factor of 10 or more (see section 2.3.2). 

In addition, these results are conditional 
Recent evidence suggests 
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Figure C - 6 :  Early fatality, early injury, and latent cancer fatality CCDFs at named sites, 
conditional on an S S T l  release. 
Assumptions: 1120 MWe reactor, summary evacuation, representative meteorology 
(see Appendix A), and actual site population and windrose. 

*See footnote, page C - 2 .  



Note: These CCDFs do not represent effects from existing reactor/site combinations, 
all assume an 1120 MWe reactor. In addition, these results are conditional 
on the occurrence of a hypothetical SSTl release. Recent evidence suggesta 
that the source term magnitude assumed for SSTl may be overestimated by a 
factor of 10 or more (see section 2.3.2). 
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F i g u r e  C-7:  E a r l y  f a t a l i t y ,  e a r l y  i n j u r y ,  and  l a t e n t  cancer 
c o n d i t i o n a l  on an  SSTl release. 
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E a t a l i t y  CCDFs a t  named si tes,  

Assumpt ions :  1120 M W e  reactor, summary e v a c u a t i o n ,  r e p r e s e n t a t i v e  m e t e o r o l o g y  
(see Appendix A ) ,  and a c t u a l  s i t e  p o n u l a t i o n  and  w i n d r o s e .  
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*See f o o t n o t e ;  page C-2. 
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W O Q ~ :  mesa CCDFs do not represent effects from existing reactor/site combinations, 
a11 assme an 1120 MWe reactor. 
on the occurrence of a hypothetical SSTl release. 
that the source term magnitude assumed for SSTl may be overestimated by a 
factor o f  10 or more (see section 2.3.2). 

In addition, thes,e results are conditional 
Recent evidence suggests 
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f a t a l i t y  CCDFs a t  named s i tes ,  Figure C-8: E a r l y  f a t a l i t y ,  e a r l y  i n j u r y ,  and  l a t e n t  c a n c e r  
c o n d i t i o n a l  on  a n  SSTl  release. 
Assumpt ions :  1 1 2 0  M W e  reactor, summary e v a c u a t i o n ,  r e p r e s e n t a t i v e  m e t e o r o l o g y  
(see Appendix A ) ,  and  a c t u a l  s i t e  p o n u l a t i o n  a n d  w i n d r o s e .  
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*See f o o t n o t e ,  page C-2. 



Note: These CeDPla do not represent effects from existing reactor/site combinations, 
a11 assume a T I T 2 0  W e  reactor. 
on (the occurrence of a hypothetical SSTl release. 
t h a t  the source term magnitude assumed for SST1. may be overestimated by a 
factor oP 10 or more (see section 2.3.2). 

In addition, these results are conditional 
Recent evidence suggests 
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E a t a l i t y  CCDFs a t  named sites, Fiqure C-9: E a r l y  f a t a l i t y ,  e a r l y  i n j u r y ,  and  l a t e n t  c a n c e r  - 
c o n d i t i o n a l  or, a n  SSTl  release. 
Assumpt ions :  1 1 2 0  M W e  reactor, summary e v a c u a t i o n ,  r e p r e s e n t a t i v e  m e t e o r o l o g y  
( s e e  AFpendix A ) ,  and  a c t u a l  s i t e  p o y l a t i o n  and  w i n d r o s e .  
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Note: These CCDFs do not represent effects from existing reactor/site combinations, 
all assume an 1120 MWe reactor. 
on the occurrence of a hypothetical SSTl release. 
that the source term magnitude assumed for SSTl may be overestimated by a 
factor of 10 or more (see section 2.3.2). 

In addition, these results are conditional 
Recent evidence suggests 
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Figure c-10: Early fatality, early injury, and latent cancer 
conditional on an SSTl release. 
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fatality CCDFs at named sites, 

Assumptions: 1120 MWe reactor, summary evacuation, representative meteorology 
(see Appendix A ) ,  and actual site ponulation and windrose. 

-- 
*See footnote, paqe C-2. 
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Note: These CCDFs do not represent effects from existing reactor/site combinations, 
all assume an 1120 MWe reactor. In addition, these results are conditional 
on the occurrence of a hypothetical SSTl release. Recent evidence suggests 
that the source term magnitude assumed for SSTl may be overestimated by a 
factor of 10 or more (see section 2.3.2). 
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Figure C-11: Early fatality, early injury, and latent cancer 
conditional on an SSTl release. 
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fatality CCDFs  at named Sites, 

Assumptions: 1120 MWe reactor, summary evacuation, representative meteorology 
(see Appendix A ) ,  and actual site ponulation and windrose. 
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*See footnote, page C-2.  
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Note: These CCDFs do not represent effects from existing reactor/site combinations, 
all assume an 1120 MWe reactor. 
on the occurrence of a hypothetical SSTl release. 
that the source term magnitude assumed for SSTl may be overestimated by a 
factor of 10 or more (see section 2.3.2). 

In addition, these results are conditional 
Recent evidence suggests 
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Figure C-12: Early fatality, early injury, and latent cancer 
conditional on an SSTl release. 
Assumptions: 1120 MVe reactor, summary evacuation, representative meteorology 
(see Appendix A), and actual site ponulation and windrose. 
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Note: These CCDFs do not represent effects from existing reactor/site combinations, 

all assume a m  MWe reactor. In addition, these results are conditional 
on the occurrence of a hypothetical SSTl release. Recent evidence suggests 
that the source term magnitude assumed'for SSTl may be overestimated by a 
factor of 10 or more (see section 2.3.2). 
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Figure C-13: E a r l y  f a t a l - i t y ,  e a r l y  i n j u r y ,  a n d  l a t e n t  c a n c e r  f a t a l i t y  CCDFs a t  named s i t e s ,  
c o n d i t i o n a l  on  a n  SSTl  release. 
A s s u m p t i o n s : , 1 1 2 0  MWe reactor, summary e v a c u a t i o n ,  r e p r e s e n t a t i v e  m e t e o r o l o g y  
(see Appendix A ) ,  and a c t u a l  s i t e  p o n u l a t i o n  and  w i n d r o s e .  

*See F o o t n o t e  , page C-2. 
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. Note: These CCDFs BO fiat represent effects from existing reactor/site combinations, 
all assume an 1120 MWe reactor. 
on the occurrence of a hypothetical SSTl release. 
that the source term magnitude assumed for SSTl may be overestimated by a 
factor of 10 or more (see section 2.3.2). 

In addition, these results are conditional 
Recent evidence suggests 
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Figure C-14: E a r l y  f a t a l i t y ,  e a r l y  i n j u r y ,  a n d  l a t e n t  c a n c e r  f a t a l i t y  CCDFs a t  named s i tes ,  
c o n d i t i o n a l  on  a n  S S T l  release. 
Assumpt ions :  1120 M W e  reactor ,  summary e v a c u a t i o n ,  r e p r e s e n t a t i v e  me teo ro logy  
(see Appendix A ) ,  and  a c t u a l  s i t e  p o p l a t i o n  and  w i n d r o s e .  
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*See f o o t n o t e ,  page C-2. 



Note: These CCDFs do not represent effects from existing reactor/site combinations, 
all assume an 1120 MWe reactor. In addition, these results are conditional 
on the occurrence of a hypothetical SSTl release. Recent evidence suggests 
that the source term magnitude assumed for SSTl may be overestimated by a 
factor of 10 or more (see section 2.3.2). 
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Figure C-15: Early fatality, early injury, and latent cancer 
conditional on an.SSTl release. 

fatality CCDFs  at named sites, 

Assumptions: 1120 W e  reactor, summary evacuation, representative meteorology 
(see Appendix A ) ,  and actual site population and windrose. 

*See footnote, page C-2 



Note: These CCDFs do not represent effects from existing reactor/site combinations, 
all assume an 1120 MWe reactor. 
on the occurrence of a hypothetical SSTl release. 
that the source term magnitude assumed for SSTl may be overestimated by a 
factor of 10 or more (see section 2.3.2). 

In addition, these results are conditional 
Recent evidence suggests 
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Figure C-16: Early fatality, early injury, and latent cancer 
conditional on an SSTl release. 
Assumptions: 1120 MWe reactor, summary evacuation, representative meteorology 
(see Appendix A), and actual site population and windrose. 
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Note: These CCDFs do not represent effects from existing reactor/site combinations, 
all assume an 1120 Mwe reactor. 
on the occurrence of a hypothetical SSTl release. 
that the source term magnitude assumed for SSTl may be overestimated by a 
factor of 10 or more (see sectdon 2.3.2). 

In addition, these results are conditional 
Recent evidence suggests 
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Figure C-17: Early fatality, early injury, and latent cancer fatality CCDFs at named sites, 
conditional on an SSTl release. 
Assumptions: 1120 Mlqe reactor, summary evacuation, representative meteorology 
(see Appendix A ) ,  and actual site population and windrose. 

*See footnote, page C-2  



Note: These CCDFs A 0  not represent effects from existing reactor/site combinations, 
all assume a m  MWe reactor. 
on the occurrence of a hypothetical SSTl release. 
that the source term magnitude assumed for SSTl may be overestimated by a 
factor of 10 or more (see section 2.3.2). 

In addition, these results are conditional 
Recent evidence suggests 
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Figure C-18: Early fatality, early injury, and latent cancer fatality CCDFs at named sites, 
conditional on an SSTl release. 
Assumptions: 1120 MWe reactor, summary evacuation, representative meteorology 
(see Appendix A ) ,  and actual site population and windrose. 
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Appendix D: Additional Population Statistics for Current 
Reactor Sites 

The demographic characteristics of the 91 reactor 
sites described in Chapter 2 and Appendix A were analyzed 
for this study. These data, which were summarized in 
Chapter 3, provide a perspective of previous siting 
decisions and delineate the population characteristics 
of current reactor sites. 
tional demographic data which complement the data 
presented in Chapter 3. These data are presented in the 
following sections. 

This appendix contains addi- 

Section Data Description 

D.l Site Population Statistics 
D. 2 Exclusion Distances 
D.3 Site Population Factors 

D.l Site Population Statistics 

The 91 population distributions examined in this 
report were all constructed on a 16 sector, circular 
polar grid. For any specified portion (a circle, an 
annulus, a sector) of that grid, 91 values of population 
density are available, one for each of the 91 population 
distributions. By cumulation of the 91 values for a 
given portion of the grid, a population density CCDF 
may be constructed.* Six different sets of population 
density CCDFs have been constructed for the following 
areas of the  population distribution grid: 

Set 1 (Figures D.1-1 thru D.1-8): Eight annuli 
(0-2, 2-5, 5-10, 10-20, 20-30, 30-50, 
50-100, and 100-200 mi). 

Set 2 (Fiqures D.1-9 thru D.1-16): eight radial 
distances (0-2, 0-5, 0-10, 0-20, 0-30, 
0-50, 0-100, and 0-200 mi). 

*Population density CCDFs are Log-Log plots of the 
fraction of sites vs population density. Any point 
on the distribution gives the fraction of sites 
(y-axis value), which have a population density within 
the specified portion of the grid (annulus, circle, 
sector), that is greater than or equal to the speci- 
fied population density (x-axis value). 

D-1 



Set 3 (Figures D.l-17 thru D.l-22): the most 
populated 22.5" sector in each of six annuli 
(0-2, 2-5, 5-10, 10-20, 20-30, and 30-50 mi) 
on the 16 sector grid. 

Set 4 (Figures D.l-23 thru D.l-28): the most popu- 
lated 22.5" sector in each of six radial 
distances (0-2, 0-5, 0-10, 0-20, 0-30 and 
0-50 mi) on the 16 sector grid. 

Set 5 (Figures D.l-29 thru D.l-34): the most popu- 
lated 45" sector (two adjacent 22.5O sectors) 
in each of six annuli (0-2, 2-5, 5-10, 10-20, 
20-30, and 30-50 mi) on the 16 sector grid. 

Set 6 (Figures D.l-35 thru D.l-40): the most popu- 
lated 45" sector (two adjacent 22.5" sectors) 
in each of six radial distances (0-2, 0-5, 
0-10, 0-20, 0-30, and 0-50 mi) on the 16 
sector grid. 

Each figure contains six CCDFs, one for each of the five 
NRC administrative regions (NE, MW, S,  W, SW, see Figure 
3-1) and one for all regions combined (All). 

Tables D.l-1 thru D.l-4 present the data used to 
construct the CCDFs in Figures D.l-1 thru D.l-28. 
Table D.4 presents, for each of the 91 sites, population 
densities within eight annuli; Table D.2 presents similar 
data for eight radial distances; Table D.3 for the most 
populated 22.5O sector of six annuli; and Table D.4 for 
the most populated 22.5" sector of six radial distances. 
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Figure D.1-1. CCDFs of Population Density (people/sq mi) at 91 Reactor Sites for the 
Five NRC Administrative Regions (NE, MW, S, W, SW) and for All Regions 
Combined (All): Population Density Within the Annulus Interval 0-2 Miles. 



Figure D.l-2. CCDFs of Population Density (people/sq mi) at 91 Reactor Sites for the 
Five NRC Administrative Regions (NE, MW, S, W, SW) and for A l l  Regions 
Combined (All) : Population Density Within the Annulus Interval 2-5 Miles. 
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Figure D.1-4. CCDFs of Population Density (people/sq m i )  a t  91  Reactor S i t e s  for the 
Five NRC Administrative Regions (NE,  MW, S ,  W ,  SW) and for All Regions 
Combined ( A l l ) :  Population Density Within the Annulus Interval  10-20 Miles. 
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Figure D.1-8. CCDFs of Population Density (people/sq mi) at 91 Reactor Sites for the 
Five NRC Administrative Regions (NE, MW, S, W, SW) and for A l l  Regions 
Combined (All): Population Density Within the Annulus Interval 100-200 Miles. 
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Mean Population Density (people/sq mi) 

Figure D.l-10. CCDFs of Population Density (people/sq mi) at 91 Reactor Sites for the 
Five NRC Administrative Regions (NE, MW, S, W, SW) and for All Regions 
Combined (All): Population Density Within the Radial Distance 0-5 Miles. 
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Mean Population Density (people /sq  m i )  

Figure D. l -14 .  CCDFs of Population Density (people /sq  m i )  a t  91 Reactor S i t e s  for the 
Five NRC Administrative Regions ( N E ,  MW, S ,  W ,  S W )  and for A l l  Regions 
Combined ( A l l )  : Population Density Within the Radial Distance 0-50 Miles 
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Figure D.l-17. CCDFs of Population Density (people/sq mi) at 91 Reactor Sites for the 
Five NRC Administrative Regions (NE, MW, S, W, SW) and for A l l  Regions 
Combined (All): Population Density Within the Most Populated 22.5' Sector 
of the Annular Interval 0-2 Miles. 
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Figure D.l-18. 

Mean Population Density (people/sq mi) 

CCDFs of Population Density (people/sq mi) at 91 Reactor Sites for the 
Five NRC Administrative Regions (NE, MW, S, W, SW) and for A l l  Regions 
Combined (All): Population Density Within the Most Populated 22.5' Sector 
of the Annular Interval 2-5 Miles. 
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Figure D.l-19. CCDFs of Population Density (people/sq mi) at 91 Reactor Sites for the 
Five FJRC Administrative Regions (WE, MW, S, W, SW) and for All Regions 
Combined (All): 
of the Annular Interval 5-10 Miles. 

Population Density Within the Most Populated 22.5" Sector 



tJ 
I 
h) 
h) 

m 
al 
3 
.rl 
Y; 

U4 
0 

Fc 
F 

1 

0.0 

0.6 

0 .4  

0 . 1  

0 

1 

0.6 

0.6 

0.4 

0.2 

0 

Mean Population Density (people/sq mi) 

Figure D.1-20. CCDFs of Population Density (people/sq mi) at 91 Reactor Sites for the 
Five NRC Administrative Regions (NE, MW, S, W, SW) and for A l l  Regions 
Combined (All): 
of the Annular Interval 10-20 Miles. 

Population Density Within the Most Populated 22.5" Sector 
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Figure D.l-21. CCDFs of Population Density (people/sq mi) at 91 Reactor Sites for the 
Five NRC Administrative Regions (NE, MW, S, W, SW) and for All Regions 
Combined (All): 
o f  the Annular Interval 20-30 Miles. 

Population Density Within the Most Populated 22.5" Sector 
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Figure D.1-22. CCDFS of Population Density (people/sq mi) at 91 Reactor Sites for the 
Five NRC Administrative Regions (NE, MW, S, W, SW) and for A l l  Regions 
Combined ( A l l )  : 
of the Annular Interval 30-50 Miles. 

Population Density Within the Most Populated 22.5" Sector 
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Figure D . l - 2 4 .  CCDFs of Population Density ( p e o p l e / s q  m i )  a t  91 Reactor S i tes  for the 
Five  NRC A d m i n i s t r a t i v e  Regions (NE,  MW, S ,  W ,  S W )  and for A l l  Regions 
C o m b i n e d  ( A l l )  : 
of the Radial  Distance 0-5 Miles. 

Population Density Within the Most P o p u l a t e d  22.5' Sector 
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Figure D.l-25.  CCDFs of Population Density (people /sq  m i )  a t  91 Reactor S i t e s  for the 
Five  NRC Administrative Regions (NE, MW, S ,  W ,  S W )  and for A l l  Regions 
Combined ( A l l )  : 
of the Radial Distance 0-10 Miles. 

Population Density Within the Most Populated 2 2 . 5 "  Sector 
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Figure D.1-26. CCDFs of Population Density (people/sq mi) at 91 Reactor Sites for the 
Five VRC Administrative Regions (NE, MW, S, W, SW) and for All Regions 
Combined ( A l l ) :  
of the Radial Distance 0-20 Miles. 

Population Density Within the Most Populated 22.5O Sector 
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Figure D.1-27. CCDFs of Population Density (people/sq mi) at 91 Reactor Sites for the 
Five NRC Administrative Regions (NE, MW, S, W, SW) and for All Regions 
Combined (All): 
of the Radial Distance 0-30 Miles. 

Population Density Within the Most Populated 22.5" Sector 
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Figure D.l-29= CCDFs of Population Density (people/sq mi) at 91 Reactor Sites for the 
Five NRC Administrative Regions (NE, MW, S,  W ,  SW) and for All Regions 
Combined (All): 
(two adjacent 22.5" sectors) of the Annular Interval 0-2 Miles. 

Population Density Within the Most Populated 45" Sector 
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Figure D.1-30. CCDFs of Population Density (people/sq mi) at 91 Reactor Sites for the 
Five NRC Administrative Regions (NE, MW, S, W, SW) and for All Regions 
Combined (All) : 
(two adjacent 22.5' sectors) of the Annular Interval 2-5 Miles. 

Population Density Within the Most Populated 45' Sector 
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Figure D.1-31. CCDFs of Population Density (people/sq mi) at 91 Reactor Sites for the 
Five WRC Administrative Regions (NE, MW, S, W, SW) and for All Regions 
Combined (All) : 
(two adjacent 22.5O sectors) of the Annular Interval 5-10 Miles. 

Population Density Within the Most Populated 45" Sector 
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Figure D.1-32. CCDFs of Population Density (people/sq mi) at 91 Reactor Sites for the 
Five NRC Administrative Regions (WE, MW, S, W, SW) and for All Regions 
Combined (All): 
(two adjacent 22.5' sectors) of the Annular Interval 10-20 Miles. 

Population Density Within the Most Populated 45' Sector 
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Figure D.1-33. CCDFs of Population Density (people/sq mi) at 91 Reactor Sites for the 
Five NRC Administrative Regions (NE, MW, S, W, SW) and for All Regions 
Combined (All): Population Density Within the Most Populated 45" Sector 
(two adjacent 22.5" sectors) of the Annular Interval 20-30 Miles. 
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Figure D.1-35. CCDFs of Population Density (people/sq mi) at 91 Reactor Sites for the 
Five NRC Administrative Regions (NE, MW, S, W, SW) and for A l l  Regions 
Combined (All) : 
(two adjacent 22.5' sectors) of the Radial Distance 0-2 Miles. 

Population Density Within the Most Populated 45' Sector 
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Figure D.1-36. CCDFs of Population Densi ty  (people /sq  m i )  a t  91 Reactor S i t e s  for the 
F ive  NRC Administrative Regions (NE,  MW, S ,  W, SW) and for A l l  Regions 
Combined ( A l l )  : 
( t w o  adjacent  2 2 . 5 "  sectors) of the Radial Distance 0-5 Miles. 

Population Density Within the Most Populated 4 5 "  Sector 
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Figure D.1-37. CCDFs of Population Density (people/sq mi) at 91 Reactor Sites for the 
Five NRC Administrative Regions (NE, MW, S, W, SW) and for All Regions 
Combined (All) : 
(two adjacent 2 2 . 5 '  sectors) of the Radial Distance 0-10 Miles. 

Population Density Within the Most Populated 4 5 "  Sector 
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Figure Dol-38. CCDFs of Population Density (people/sq mi) at 91 Reactor Sites for  the 
Five NRC Administrative Regions (NE, MW, S, W, SW) and for All Regions 
Combined (All): 
(two adjacent 22.5O sectors) of the Radial Distance 0-20 Miles. 

Population Density Within the Most Populated 45" Sector 



Figure D.1-39. CCDFs of Population Density (people/sq mi) at 91 Reactor Sites for the 
Five NRC Administrative Regions (NE, MW, S, W, SW) and for All Regions 
Combined (All) : 
(two adjacent 22.5' sectors) of the Radial Distance 0-30 Miles. 

Population Density Within the b s t  Populated 4 5 "  Sector 
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Figure D.1-40. CCDFs of Population Density (people/sq mi) at 91 Reactor Sites for the 
Five NRC Administrative Regions (NE, MW, S, W, SW) and for All Regions 
Combined (All): 
(two adjacent 22.5" sectors) of the Radial Distance 0-50 Miles. 

Population Density Within the Most Populated 45" Sector 



POPULATION D E N S I T I E S  (PEOPLE PER SQ. M I . )  FOR 91 REACTOR S I T E S  
INNER AND OUTER ANNULAR R A D I I  ARE GIVEN I N  MILES 

S I T E  0-5 5-10 10-20 20-30 30-50 50-100 100-200 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 ALLENS CREEK 
2 ARKANSAS 1 + 2 
3 BAILLY S 
4 BEAVER VALLEY 1 + 2 
5 BELLEFONTE 1 
6 B I G  ROCK POINT 
7 BLACK FOX 
8 BRAIDWOOD 1 
9 BROWNS FERRY 1, 2, + 

10 BRUNSWICK 1 + 2 
11 BYRON 1 
12 CALLAWAY 
13 CALVERT C L I F F  1 + 2 
14 CATAWBA 1 
15 CHEROKEE 
16 CLINTON 
17 COMMANCHE PEAK 
18 COOK DC 1 + 2  
19 COOPER S 
20 CRYSTAL RIVER 
21 DAVIS-BE 1 
22 DIABLQ CANYOY 1 + 2 
23 DRESDEN 2 + 3 
24 DUAWE ARNOLD 
25 FARLEY 1 + 2 
26 FERMI 2 
2 7 F I  TZ PATRI CK 
28  FORKED RIVER 1 
29 FORT CALHOUN 
30 FORT ST V-RAIN 
31 R. E .  GINNA 
32 GRAND GULF 1 
33 HADDEM NECK 
34 HARTSVILLE 
35 HATCH, E . I .  1 + 2 
36 INDIAN PT 2 + 3 
37 KEWAUNEE 
38 LASALLE 1 + 2 
39 LA CROSSE 
40 LIMERICK 1 
41 MARBLE H I L L  
42 ME YANKEE 
43 MCGUIRE 1 + 2 
44 MIDLAND 2 
45 MILLSTONE 1 + 2 
46 MONTICELLD 

31 
58 

271 
160 
21 
54 
29 

127 
12 
31 
83 
8 

34 
49 
48 
18 
20 
93 
14 
15 
31 
0 

68 
50 
22 

126 
29 
76 

101 
9 

77 
16 

113 
44 

' 13 
752 

. -  21 
12 
.13 
792 
88 
0 
64 
535 
582 
67 

21 
83 

283 
565 
89 
14 
10 
53 

121 
25 
59 
12 
52 

237 
113 
46 
20 

157 
22 
30 
55 
30 

118 
346 
29 

259 
150 
131 
25 
35 

124 
28 

211 
37 
20 

, 617 
33 
53 
22 

381 
44 
6 

137 
87 

284 
38 

D-43 

30 39 
26 16 

534 1024 
342 787 
30 41 
27 9 

147 234 
79 168 
88 98 
62 26 

250 127 
32 87 
55 51 

431 154 
113 220 
36 168 
7 33 

115 226 
19 22 
11 8 
89 380 
69 32 

199 259 
42 37 
71 27 

386 1254 
50 72 

146 176 
312 182 
143 188 
611 143 
19 40 

473 803 
61 46 
38 28 

732 2046 
80 99 
90 75 
89 34 
668 1877 
301 379 
36 63 

505 193 
289 85 
167 102 
45 155 

286 
15 

906 
403 
147 
16 
36 

700 
71 
13 
85 
24 

456 
107 
162 
79 

142 
117 
22 
31 

212 
17 

1157 
54 
41 
562 
129 
565 
23 

192 
67 
40 

305 
148 
33 

2462 
66 
140 
35 

619 
67 
45 

113 
109 
410 
340 

48 
42 

145 
210 
87 
11 
38 

258 
76 
40 

439 
123 
201 
116 
95 
68 
94 

418 
70 
89 

350 
13 

156 
58 
48 

194 
79 

875 
34 
15 

114 
49 

822 
46 
41 
304 
04 

3 9 1.- 
55 

705 
141 
18 

111 
185 
624 
35 

35 
47 

134 
139 
76 
39 
35 

111 
80 
48 
74 
56 

167 
73 
91 
188 
30 

169 
40 
25 

158 
151 
108 
94 
55 

125 
67 

148 
42 
6 

52 
57 

158 
83 
64 

196 
139 
118 
106 
169 
104 
82 
73 
97 

204 
26 



TABLE D.1-1 (cont'd) 

S I T E  0-5 5-10 10-20 20-30 30-50 50-100 100-200 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
47 V I N E  M .  P T .  1 + 2 29 
48 NORTH ANNA 1, 2, + 3 12 
49 OCONEE 1, 2 + 3 
50 OYSTER CREEK 
51 PALISADE 
52 PALO VERDE 1 
53 PEACH BOTTOM 2 + 3 
54 PEBBLE S P R I N G S  
55 PERKINS 
56 PERRY 1 
57 P H I P P S  BEND 
58 PILGRIM 1 , 
59 P O I N T  BEACH 1 + 2 
60 P R A I R I E  1 + 2 
61 QUAD C I T I E S  1 + 2 
62 RANCHO SECO 
63 RIVERBEND 1 
64 H. B. ROBINSON 2 
65 S A I N T  LUCIE  1 
66 SALEM 1 + 2 
67 SA!!J ONOFRE 
68 SEABROOK 1 
69 SEQUOYAH 1 + 2 
70 SHEARON HARRIS 
71 SHOREHAM 
72 SKAGIT 
73 SOUTH TEXAS 
74 V I R G I L  C.  SUMMER 
75 SURRY ST 1 4 -  2 
76 SUSQUEHANNA 1 

78 TROJAN 
79 TURKEY POINT 1 + 2 
80 VERMONT YANKEE 1 
81 VOGTLE 
82 WATERFORD 3 
83 WATTS BAR 1 + 2 
84 WPPSS1+4 
85 WPPSS 3 + 5 
86 WPPSS 2 
87 WOLF CREEK 
88 YANKEE ROWE 
89 YELLDW CREEK 
90 ZIMMER 1 
91 ZION 

77 THREE MILE ISLAND 

42 
76 
70 
6 
44 
5 
79 

224 
82 

119 
30 
60 
18 
22 
49 
97 
71 
45 
18 

120 
108 
23 

135 
49 
0 
1 

26 
188 
320 
104 
0 

102 
0 

18'1 
22 
0 
28 
0 
34 
12 
15 
53 
538 

150 
28 
176 
131 
106 

7 
96 
2 

109 
230 
57 
85 
80 
67 
64 
29 
74 
75 

160 
102 
103 
88 
115 
69 
146 
52 
10 
43 
253 
130 
470 
197 
164 
79 
8 

119 
31 
6 
2,4 
6 
4 
88 
32 
87 
697 

D-44 

50 
29 
68 

146 
92 
8 

246 
0 

203 
178 
128 
132 
63 
51 
313 
133 
86 
50 
34 

334 
183 
89 
303 
168 
347 
34 
25 
47 
185 
330 
499 
50 
179 
99 
26 

282 
61 
69 
46 
61 
9 
84 
42 

203 
347 

72 
58 
163 
176 
58 
7 

362 
2 

251 
296 
98 

407 
88 

114 
77 

492 
176 
75 
29 

348 
134 
64 
71 

205 
847 
66 
11 

194 
194 
178 
248 
52 

437 
68 
162 
490 
68 
22 
53 
27 
32 

129 
35 

622 
484 

129 
146 
72 

565 
158 
122 
659 
15 

172 
374 
78 

699 
70 

358 
47 
93 
43 
77 
41 

778 
632 
272 
51 

109 
699 
43 
26 
67 
212 
172 
168 
190 
152 
217 
35 
91 
101 
16 
49 
16 
21 

255 
49 
126 

1130 

79 
183 
77 

875 
423 
18 

428 
15 
96 
135 
78 

110 
90 
46 
85 

210 
92 
98 
58 

410 
314 
129 
82 
97 
714 
74 
94 

110 
40 

378 
506 
48 
26 

363 
58 
40 
61 
14 
86 
14 
97 

311 
66 

156 
196 

67 
161 
94 

148 
148 
8 

263 
48 
78 

170 
92 

194 
139 
34 

150 
16 
34 
68 
38 

249 
11 
16 
89 
74 

173 
9 
31 
84 
111 
354 
281 
26 
8 

236 
79 
27 
103 
43 
20 
43 
35 

261 
65 

105 
83 



TABLE D.1-2 
0 

CUMMULATIVE POPULATION D E N S I T I E S  (PEOPLE PER SQ. M I .  ) F O R  91 
REACTOR SITES,  CIRCLE RADII  ARE GIVEN I N  MILES 

S I T E  0-5 0-10 0-20 0-30 0-50 0-100 0-200 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 ALLENS CREEK 31 23 28 35 196 85 48 
2 ARKANSAS 1 + 2 58 77 39 26 19 37 44 
3 BAILLY S 271 280 471 778 860 324 182 
4 BEAVER VALLEY 1 + 2 160 464 373 603 475 277 174 
5 BELLEFONTE 1 21 72 41 41 109 92 80 
6 B I G  ROCK POINT 54 24 26 16 16 12 32 

8 BRAIDWOOD 1 127 72 77 128 494 317 163 
9 BROWNS FERRY 1, 2, + 12 94 89 94 80 77 80 

11 BYRON 1 83 65 204 161 112 357 145 
12 CALLAWAY 8 11 27 61 37 102 67 
13 CALVERT C L I F F  1 + 2 34 48 53 52 310 229 182 
14 CATAWBA 1 49 190 371 250 159 126 87 
15 CHEROKEE . 48 97 109 171 165 113 96 

17 COMMANCHE PEAK 20 20 10 23 99 95 46 
18 COOK DC 1 + 2  93 141 122 180 139 349 214 

7 BLACK FOX 29 15 114 181 88 51 39 

10 BRIJNSWICK 1 + 2 31 26 53 38 22 36 45 

16 CLINTON 18 39 37 109 90 74 159 

19 COOPER S 14 20 19 21 22 sa 44 
20 CRYSTAL RIVER 15 26 15 11 24 73 37 
21 DAVIS-BE 1 31 49 79 246 225 318 198 
22 DIABLO CANYON 1 + 2 0 22 57 43 27 17 117 
23 DRESDEN 2 + 3 68 105 176 222 821 322 162 
24 DUANE ARNOLD 50 272 100 65 58 sa 85 

26 FERMI 2 126 226 346 851 666 312 172 
2 7 FI TZ PATRI CK 29  119 67 70 107 86 7 2  
28 FORKED RIVER. 1 76 117 139 160 419 761 301 
29 FORT CALHOUN 101 44 245 210 91 48 43 

9 29 114 155 179 56 19 
77 112 486 295 149 123 70 

30 FORT ST VRAIN 
31 R. E .  GINNA 
32 GRAND GIJLF 1 16 25 20 31 37 46 54 
33 HADDEM NECK 113 187 401 624 420 722 299 
34 HARTSVILLE 44 39 55 50 113 62 78 
35 HATCH, E . I .  1 + 2 . 13 ’ 18 33 31 32 39 58 
36 I N D I M  P T  2 + 3 ‘752 651 711 1453 2099 752 335 
37 KEWAUNEE 21 30 68 85 73 81 124 
38 LASALLE 1 + 2 12 42 78 76 117 322 169 
39 LA CROSSE 13 20 71 51 41 51 92 
40 LIMERICK 1 792 483 622 1319 871 746 313 
41 MARBLE H I L L  88 55 240 317 157 145 115 
42 ME YANKEE 0 4 2 8  47 46 25 68 
43 MCGUIRE 1 + 2 64 119 408 289 176 128 87 
44 MIDLAND 2 535 199 266 166 129 171 116 
45 MILLSTONE 1 + 2 582 359 215 152 317 547 290 
46 MONTICELLO 67 45 45 106 256 90 42 

25 FARLEY 1 + 2 22 27 60 42 41 46 53 

D-45 



TABLE D.1-2 (cont'd) 

S I T E  0-5 0-10 0-20 0-30 0-50 0-100 0-200 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
47 N I N E  M.  P T .  1 + 2 29 
48 NORTH ANNA 1, 2, + 3 12 
49 OCONEE 1, 2 + 3 
50 OYSTER CREEK 
51 PALISADE 
52 PALQ VERDE 1 
53 PEACH BOTTOM 2 + 3 
54 PEBBLE S P R I N G S  
55 PERKINS 
56 PERRY 1 
57 P H I P P S  BEND 
58 PILGRIM 1 
59 POINT BEACH 1 + 2 
60 P R A I R I E  1 + 2 
61 QUAD C I T I E S  1 + 2 
62 RANCHO SECO, 
63 RIVERBEND 1 
64 H. B. ROBINSON 2 
65 S A I N T  L U C I E  1 
66 SALEM 1 + 2 
67 SAN ONOFRE 
68 SEABROOK 1 
69 SEQUOYAH 1 + 2 
70 SHEARON HARRIS 
71 SHOREHAM 
72 SKAGIT 
73 SOUTH TEXAS 

75 SURRY ST 1 + 2 
76 SUSQUEHANNA 1 
77 THREE MILE ISLAND 
78 TROJAN 
79 TURKEY POINT 1 + 2 
80 VERMONT YANKEE 1 
81 VOGTLE 
82 WATERFORD 3 
83 WATTS BAR 1 + 2 
84 WPPSS1+4 
85 WPPSS 3 + 5 
86 WPPSS 2 
87 WOLF CREEK 
88 YANKEE ROWE 
89 YELLDW CREEK 
90 ZIMMER 1 
91 ZION 

74 V I R G I L  C. SUMMER 

42 
76 
70 
6 
44 
5 

79 
224 
82 

119 
30 
60 

22 
49 
97 
71 
45 
18 

120 
108 
23 
135 
49 
0 
1 

26 
188 
320 
104 
0 

102 
0 

181 
22 
0 
28 
0 
34 
12 
15 
53 

538 

is 

119 
24 

142 
117 
97 
7 

83 
3 

102 
228 
63 
94 
67 
65 
53 
27 
68 
80 
138 
88 
82 
96 
113 
58 
144 
51 
7 

33 
196 
144 
433 
174 
123 
84 
6 

135 
29 
4 
25 
4 
11 
69 
28 
78 

657 
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67 
28 
87 

139 
93 
8 

205 
- 1  
178 
190 
112 
122 
64 
55 
248 
107 
81 
58 
60 

272 
158 
91 
255 
141 
296 
38 
21 
43 
188 
284 
483 
81 
165 
95 
21 

245 
53 
53 
41 
47 
10 
81 
39 

172 
424 

70 
44 
129 
160 
74 
7 

292 
2 

219 
249 
104 
280 
77 
88 
153 
321 
134 
67 
43 

314 
144 
76 
153 
176 
602 
54 
15 

127 
191 
225 
352 
65 
316 
80 
99 

381 
61 
36 
48 
36 
22 

107 
37 

422 
457 

107 
109 
93 

41 9 
128 
81 
527 
10 
189 
329 
87 
548 
73 

261 
85 

175 
76 
73 
42 

611 
456 
202 
88 

133 
664 
47 
22 
89 
204 
191 
234 
145 
211 
168 
58 

195 
87 
23 
48 
23 
21 

202 
44 

232 
888 

86 
165 
81 

761 
349 
34 

452 
14 

119 
183 
80 

220 
85 

100 
85 

201 
88 
92 
54 
460 
350 
147 
83 

106 
702 
67 
76 

105 
81 

331 
438 
72 
72 

314 
58 
79 
68 
16 
77 
16 
78 

283 
60 

175 
369 

72 
162 
91 

301 
198 
14 
311 
40 
88 

173 
89 

201 
126 
51 
134 
63 
47 
74 
42 
302 
96 
49 
87 
82 
305 
23 
42 
89 
104 
348 
321 
37 
24 

255 
73 
40 
94 
36 
34 
36 
46 

267 
64 

122 
154 



TABLE Del-3 

POPULATION D E N S I T I E S  (PEOPLE PER SQ. M I . )  I N  
MOST POPULATED 22.5' SECTOR O F  EACH ANNULUS 

S I T E  0-5MI 5-10MI 10-20MI 20-30MI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
209.4 182.3 130.8 153.1 1 ALLENS CREEK 

2 ARKANSAS 1 + 2 364.2 676.5 112.0 69.4 
3 BAILLY S 1123.1 1650.5 4113.3 9294.1 
4 BEAVER VALLEY 1 + 2 1073.8 2108.9 1003.9 6199.0 
5 BELLEFONTE 1 199.6 420.6 89.1 79.7 
6 B I G  ROCK POINT 716.9 48.9 160.5 28.7 

2232.1 7 BLACK FOX 267.3 81.0 1148.5 
8 BRAIDWOOD 1 619.3 283.1 409.3 1462.9 
9 BROWNS FERRY I, 2, + 3 189.1 814.7 502.6 730.4 
10 BRUNSWICK 1 + 2 452.3 112.9 809.6 254.8 
11 BYRON 1 356.3 173.8 2191.8 355.3 
12 CALLAWAY 129.8 57.3 161.8 557.6 
13 CALVERT C L I F F  1 + 2 293.4 240.3 220.0 171.7 
14 CATAWRA 1 263.0 1613.2 2719.9 607.2 
15 CHEROKEE 276.9 981.9 448.0 807.3 
16 CLINTON 107.8 287.3 83.1 1001.1 
17 COMMANCHE PEAK 316.6 88.5 29.2 183.6 
18 COOK DC 1 + 2  335.3 1053.0 474.3 1930.4 
19 COOPER S 54.2 108.6 63.1 83.7 
20 CRYSTAL RIVER 235.3 164.5 51.7 52.6 
21 DAVIS-BE 1 337.6 318.3 417.2 2358.0 
22 DIABJ l l  CANYON 1 + 2 0.0 175.2 566.8 295.7 
23 DRESDEN 2 + 3 332.7 359.6 2023.6 1093.6 

86.2 24 DUANE ARNOLD 269.1 2488.4 102.4 
25 FARLEY 1 + 2 160.7 134.5 619.9 46.1 
26 FERMI 2 586.9 1364.6 2637.4 6556.7 

28 FORKED RIVER 1 458.6 858.5 847.5 1029.9 
29 FORT CALHOUN 976.8 239.0 3212.8 1593.9 
30 FORT S T  VRAIN . 139.1 120.7 574.2 965.4 
31 R. E .  GINNA 692.2 515.3 5883.2 700.6 
32 GRAND GULF 1 

456.9 79.6 274.1 160.2 34 HARTSVILLE 
35 HATCH, E . I .  1 + 2 210.4 112.9 136.1 61.5 
36 INDIAN PT 2 + 3 2513.7 1916.9 2363.0 14617.9 
37 KEWAUNEE 225.1 197.0 814.8 1292.6 
38 LASALLE- 1 + 2 122.2 192.5 383.3 337.7 
39 LA CROSSE 148.3 68.0 891.6 160.7 

4232.5 1340.1 2167.5 12296.5 
649.0 166.2 2318.0 3443.4 

40 LIMERICK 1 
41 MARBLE H I L L  

0.0 50.9 218.8 683.2 42 ME YANKEE 
43 MCGUIRE 1 + 2 388.5 425.8 3096.1 433.5 
44 MIDLAND 2 2006.6 276.6 2221.0 304.1 

865.4 251.1 45 MILLSTONE 1 + 2 3739.0 1369.8 
190.9 98.2 621.0 46 MONTICELLO 456.3 

27 F I T Z P A T R I C K  468.3 1758.1 310.2 599 6 

207.8 168.7 60.7 301 1 
33 HADDEM NECK 789.6 881.2 1725.3 2730 1 
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TABLE D. -3 ( c o n t  

S I T E  0-5MI 5-10MI 10-20MI 20-30MI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
47 N I N E  M. PT. 1 + 2 
48 NORTH ANNA 1, 2 ,  + 3 
49 OCONEE 1, 2 + 3 
50 OYSTER CREEK 
51  PALISADE 
52 PAL0 VERDE 1 
53 PEACH BOTTOM 2 f 3 
54 PEBBLE SPRINGS 
55 PERKINS 
56 PERRY 1 
57 PHIPPS BEVD 
58 P I L G R I M  1 
59 POINT BEACH 1 + 2 
60 P R A I R I E  1 + 2 
61  QUAD CITIES 1 + 2 
62 RANCHO SECO 
63 RIVERBEND 1 
64 H. B. ROBINSON 2 
65 SAINT LUCIE 1 
66 SALEM 1 + 2 
67 SAN ONOFRE 
68 SEABROOK 1 
69 SEQUOYAH 1 + 2 
70 SHEARON HARRIS 
7 1  SHOREHAM 
72 S K A G I T  
73 SOUTH TEXAS 

75 SURRY ST 1 + 2 
76 SUSQUEHANNA 1 
77 THREE MILE ISLAND 
78 TROJAN 
79  TURKEY POINT 1 + 2 
80 VERMONT YANKEE 1 
81 VOGTLE 
8 2  WATERFORD 3 
83  WATTS BAR 1 + 2 
84 WPPSS1+4 
85 WPPSS 3 + 5 
86 WPPSS 2 
87 WOLF CREEK 
88 YANKEE ROWE 
89 YELIQW CREEK 
90 ZIMMER 1 
91 ZION 

74 V I R G I L  C. SUMMER 

468.3 
187 .2  
215.1 
458.6 
415.8 

69.7 
290.1 

76.4 
458.8 
811.4 
265.9 
886.6 
355.1 
280.3 
109.8 
348.6 
295.8 
525.0 
947.7 
626.6 
280.9 
540.7 
294.2 
190.5 
805.7 
288.3 

0.0 
17.7 

244.5 
1309.7 
2157.0 

365.9 
0.0 

507.7 
0.0 

880.3 
203.1 

0.0 
453.7 

0.0 
427.6 

95.5 
132.2 
325.9 

2040.9 

1758.1 
98.5 

8 2 1 . 7  
858.5 
460.0 

53.2 
255.2 

21 .2  
314.9 

1561.6 
287.9 
611.8 
876.7 
596.8 
240.1 
101.5 
298.9 
523.0 

1350.3 
601.1 
887.1 
469.8 
372.0 
242.8 
816.3 
525.8 

61.4 
99.8 

1751.9 
561.9 

2319.5 
2151.1 
1289.1 

532.1 
74.4 

452.7 
98.3 
95.1 

193.3 
95.1 
21.5 

705.1 
101.6 
180.0 

4367.4 

310.2 
57.2 

277.7 
847.5 
944.2 

75.4 
1292.9 

5.3 
675.8 
899.0 
915.8 

617.3 
219.0 

1937.6 
573.9 
440.0 
198.9 
221.0 

2014.0 
1061.9 

548.7 
1900.2 

1589.7 
207.1 

413.4 

7 2 1 . 1  

265.7 
206 9 

1320.4 

1622.8 
176.8 

2107.5 
361.2 

76.9 
3399.3 

248.0 
581.8 
540.7 
538.3 

16.8 
286.1 
262.6 
949.5 

1665.5 

2560 7 

599.6 
294.6 
920.6 

1029.9 
220.5 
88.1 

1092.9 
8.6 

810.2 
3837.3 

557.4 
1773.1 

625.4 
866.5 
383.8 

3087.3 
1673.5 

262.9 
303.3 

1568.1 
1252.7 

453.3 
274.7 

1106 3 
3219.4 

502.3 
53.3 

1956.7 
1521.0 

869.8 
1158.4 

4119.7 
350.6 
991.7 

5068.1 

158.1 
225.5 
197.7 
225.3 
670.6 
102.3 

5331.2 
3344.7 

582.6 

163.3 
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TABLE D.1-4 

POPULATION D E N S I T I E S  (PEOPLE PER SQ. M I . )  I N  
MOST POPULATED 22.5' SECTOR OF EACH CIRCLE 

S I T E  0-5MI 0 - 1 O M I  0-20MI 0-30MI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 ALLENS CREEK 209.4 136.7 98.1 128.6 
2 ARKANSAS 1 + 2 364.2 598.4 194.6 125.1 
3 BAILLY S 1123.1 1355.6 3423.9 5163.4 
4 BEAVER VALLEY 1 + 2 1073.8 1594.2 903.2 3845.3 
5 BELLEFONTE 1 199.6 335.6 107.7 80.5 

66.2 6 B I G  ROCK POINT 716.9 215.9 132.2 
7 BLACK FOX 267.3 66.8 861.4 1622.9 
8 BRAIDWOOD 1 619.3 218.8 316.7 878.7 
9 BROWNS FERRY 1, 2, + 3 189.1 611.1 529.7 427.3 
10 BRUNSWICK 1 + 2 452.3 113.1 607.2 411.4 
11 BYRON 1 356.3 162.6 1656.5 889.0 
12 CALLAWAY 129.8 43.0 129.7 341.3 
13 CALVERT C L I F F  1 + 2 293.4 229.0 210.1 109.3 
14 CATAWBA 1 263.0 1209.9 2075.7 1259.9 
15 CHEROKEE 276.9 736.4 361.2 501.1 
16 CLINTON 107.8 215.5 72.2 572.2 
17 COMMANCHE PEAK 316.6 79.1 38.5 102.0 
18 COOK DC 1 + 2  335.3 867.9 572.7 1141.4 
19 COOPER S 54.2 90.3 63.3 56.5 
20 CRYSTAL RIVER 235.3 123.4 53.5 41.4 
21 DAVIS-BE 1 337.6 238.7 327.8 1367.2 
22 DIABLQ CANYON 1 + 2 0.0 131.4 441.6 201.4 
23 DRESDEN 2 + 3 332.7 269.7 1538.2 876.8 
24 DUANE ARNOLD 269.1 1922.2 505.8 241.8 
25 FARLEY 1 + 2 160.7 100.8 475.8 231.4 
26 FERMI 2 586.9 1073.2 2069.3 4507.6 
27 FITZPATRICK 468.3 1318.6 362.0 365.6 
28 FORKED RIVER 1 458.6 758.5 825.3 939.0 
29 FORT CALHOUN 976.8 244.2 2417.8 1960.0 
30 FORT ST VRAIN 139.1 90.6 430.7 553.9 
31 R. E.  GINNA 692.2 386.5 4507.8 2392.7 
32 GRAND GULF 1 207.8 178.5 51.8 183.1 
33 HADDEM NECK 789.6 660.9 1439.7 . 2009.7 
34 HARTSVILLE 456.9 114.2 205.6 155.2 
35 HATCH, E . I .  1 + 2 210.4 84.7 102.1 61.2 

8684.2 36 INDIAN PT 2 + 3 2513.7 1627.5 2161.0 
37 KEWAUNEE 225.1 147.7 618.5 735.8 
38 LASALLE 1 + 2 122.2 144.4 301.9, 228.0 
39 LA CROSSE 148.3 53.7 682.1 392.5 
40 LIMERICK 1 4232.5 1343.5 1758.1 7511.8 
41 MARBLE H I L L  649.0 184.6 1753.1 2692.1 
42 ME YANKEE 0.0 38.1 173.6 404.3 

1301.3 
44 MIDLAND 2 2006.6 549.1 1718.5 911.8 
45 MILLSTONE 1 + 2 3739.0 1962.1 877.7 485.5 
46 MONTICELLn 456.3 143.2 86.2 368.5 

D-49 

@ 43 MCGUIRE 1 + 2 388.5 319.4 2386.1 



1 

I TABLE D.1-4 (cont'd) 

SITE 0-5MI O - 1 O M I  0-20MI 0-30MI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
47 N I N E  M e  PT. 1 + 2 468.3 1318.6 362.0 365.6 
48  NORTH ANNA 1, 2,  + 3 187.2 73.9 47.0 178 .5  
49  OCONEE 1, 2 + 3 215.1 629.3 235.0 611.8 
50 OYSTER CREEK 458.6 758.5 825.3 939.0 
51  PALISADE 415.8 448.9 741.4 452.0 
52 PALX) VERDE 1 69.7 57 .3  56.5 74 .1  
53  PEACH BOTTOM 2 + 3 290.1 191.4 969.7 841.6 
54 PEBBLE SPRINGS 76 .4  1 9 . 1  6 .4  5.2 
55 PERKINS 458.8 291.7 529.3 651 .1  
56 PERRY 1 811.4 1276.5 993.4 2573.3 
57 PHIPPS BEND 265.9 215.9 688.3 374.3 
58  PILGRIM 1 886.6 584.3 456.1 1155.4 
59 P O I N T  BEACH 1 + 2 355.1 657.6 627.4 362.0 
60 PRAIRIE 1 + 2 280.3 496.1 171.2 557.5 
6 1  QUAD CITIES 1 + 2 109 .8  180 .1  1456.3 860.5 
62 RANCHO SECO 348.6 1 4 6 . 1  430.4 1814.3 
63 RIVERBEND 1 295.8 231.9 335.1 1078.7 
64  H.  B. ROBINSON 2 525.0 523.5 280.0 270.5 
6 5  SAINT LUCIE 1 947.7 1012.7 419.0 230.7 

1543.0 66 SALEM 1 + 2 626.6 450.8 1511.5 
67 SAN ONOFRE 280.9 735.6 796.4 951.5 
6 8  SEABROOK 1 540.7 352.3 475.5 344.2 
69  SEQUOYAH 1 + 2 294.2 283.0 1456.0 799.7 
70 SHEARON HARRIS 190.5  1 8 2 . 1  580.4 647.5 
7 1  SHOREHAM 805.7 813.7 1289.1  2361.5 
72 SKAGIT 288.3 451.5 201.2 301.2 
73 SOUTH TEXAS 0.0 46.0 199 .3  98 .3  
74 V I R G I L  C. SUMMER 1 7 . 7  74.9 173 .9  1091.1 
75 SURRY ST 1 + 2 244.5 1313.9 1318.8 1164.1  
76 SUSQUEHANNA 1 1309.7 748.9 1979.1  1362.8 
77 THREE MILE ISLAND 2157.0 1758.2 1656.6 824.4 
78 TROJAN 365.9 1618.7 480.5 382.6 
79 TURKEY P O I N T  1 + 2 0.0 966.8 1628.8 2316.4 
80  VERMONT YANKEE 1 507.7 526.0 270.9 261.4 
81 VOGTLE 0.0 55 .8  57.7 559.2 
82 WATERFORD 3 880 .3  426.9 2618.1 3979.2 
83 WATTS BAR 1: + 2 203.1 124 .5  186.0 127.9 
84  WPPSS1+4 0.0 71.4 436.3 281.7 
85  WPPSS 3 + 5' 453.7 145.0 405.5 196 .8  
86 WPPSS 2 0.0 71.4 403.7 289.3 
87  WOLF CREEK 427.6 123.0 39.7 129.5 
88 YANKEE ROWE 95.5 528.8 223.7 464.0 
8 9  YELLOW CREEK 132.2  76.2 213.0 107 .0  
90 ZIMMER 1 325.9 162.0 747.0 3264.5 
91 Z I O N  2040.9 3779.5 1724.0 2349.3 

I 

n 

I D-50 



D.2 Exclusion Distances 

Table D.2-1 presents the distance to the closest 
boundary of the exclusion zone surrounding each of the 
91 reactor sites, discussed in Chapter 2 and Appendix A. 
The variability of these distances is displayed in 
Figure 3-2 in Chapter 3. 

. .  
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TABLE D.2-1 

EXCLUSION DISTANCES ( M I L E S )  FOR 91 REACTOR S I T E S  

S ITE EX. D I S T .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 ALLENS CREEK 
2 ARKANSAS 1 + 2 
3 BAILLY S 
4 BEAVER VALLEY 1 + 2 
5 BELLEFONTE 1 
6 B I G  ROCK POINT 
7 BLACK FOX 
8 BRAIDWOOD 1 
9 BROWNS FERRY 1, 2, + 3 
10 BRUNSWICK 1 + 2 
11 BYRON 1 
12 CALLAWAY 
13 CALVERT C L I F F  1 + 2 
14 CATAWBA 1 
15 CHEROKEE 
16 CLINTON 
17 COMMANCHE PEAK 
18 COOK DC 1 + 2  
19 COOPER S 
20 CRYSTAL RIVER 
21 DAVIS-BE 1 
22 D I A B U I  CANYON 1 + 2 
23 DRESDEN 2 + 3 
24 DUANE AFWOLD 
25 FARLEY 1 + 2 
26 FERMI 2 
27 F I T Z P A T R I C K  
28 FORKED RIVER 1 
29 FORT CALHOUN 
30 FORT ST VRAIN 
31 R. E. GINNA 
32 GRAND GULF 1 
33 HADDEM NECK 

35 HATCH, E . I .  1 + 2 
36 INDIAN PT 2 + 3 
37 KEWAUNEE 
38 LASALLE 1 + 2 
39 LA CROSSE 
40 LIMERICK 1 
41 MARBLE H I L L  
42 ME YANKEE 
43 MCGUIRE 1 + 2 
44 MIDLAND 2 
45 MILLSTONE 1 + 2 

34 HARTSVILLE 

0.82 
0.65 
0.12 
0.38 
0.57 
0.51 
0.53 
0.28 
0.76 
0.57 
0.29 
0.68 
0.71 
0.47 
0.37 
0.61 
0.87 
0.38 
0.46 
0.83 
0.39 
0.50 
0.42 
0.27 
0.78 
0.57 
0.61 
0.38 
0.23 
0.37 

0.47 
0.33 
0.76 
0.78 
0.21 
0.75 
0.32 
0.21 
0.47 
0.42 
0.38 
0.47 
0.31 
0.31 

0.213 
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TABLE D.2-1 (cont'd) 

S I T E  EX. D I S T .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
46 MONTICELIQ 0.30 
47 N I N E  M .  PT. 1 + 2 0.97 
48 NORTH ANNA 1, 2, + 3 0.84 
49 OCOMEE 1, 2 + 3 1.00 
50 OYSTER CREEK 0.25 
51 P A L I S A D E  0.42 
52 PALO VERDE 1 0.56 
53 PEACH BOTTOM 2 + 3 0.51 
54 PEBBLE S P R I N G S  0.49 
55 P E R K I N S  0.37 
56 PERRY 1 0.57 
57 P H I P P S  BEND 0.47 
58 P I L G R I M  1 0.27 
59 P O I N T  BEACH 1 + 2 0.75 
60 P R A I R I E  1 + 2 0.44 
61 QUAD C I T I E S  1 + 2 0.24 
62 RANCHO SECO 0.40 
63 RIVERBEXD 1 0.57 
64 H. B. ROBINSON 2 0.26 
65 S A I N T  L U C I E  1 0.97 
66 SALEM 1 + 2 0.72 
67 SAN ONOFRE 0.50 
68 SEABROOK 1 0.57 
69 SEQUOYAH 1 + 2 0.36 
70 SHEARON H A R R I S  1.33 
71 SHOREHAM 0.19 
72 S K A G I T  0.38 
73 SOUTH TEXAS 0.89 
74 V I R G I L  C. SUMMER 1 .01  
75 SURRY ST 1 + 2 0.35 
76 SUSQUEHANNA 1 0.35 
77 THREE MILE I S L A N D  0.38 
78 TROJAN 0.41 
79 TURKEY P O I N T  1 + 2 0.79 
80 VERMOVT YANKEE 1 0.17 
81 VOGTLE 0.68 
82 WATERFORD 3 0.57 
83 WATTS BAR 1 + 2 0.75 
84 WPPSS1+4 1.21 
85 WPPSS 3 + 5 0.81 

1.21 86 WPPSS 2 
87 WOLF CREEK 0.75 
88 YANKEE ROWE 0.59 
89 YELLOW CREEK 0.43 
90 ZIMMER 1 0.24 
91 ZION 0.57 
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D.3 Site Population Factors 

Table D.3-1 presents the Site Population Factor 
(SPF,) and the Wind Rose Weighted Site Population 
Factor (WRSPF,) for each of the 91 reactor sites dis- 
cussed in Chapter 2 and Appendix A. 
the factors have been calculated for each of the 
following four distances: 5, 10, 20, and 30 miles. 
The equations used in these calculations are presented 
in Section 3.2 of Chapter 3. 

For every site, 
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c 
Table D.3 -1 .  S I T E  POPULATION FACTORS ( S P F )  AND WIND ROSE 

WEIGHTED SITE POPULATION FACTORS (WRWSPF) 
FOR 91 REACTOR S I T E S  

SITE NAHE REGION' 
ALLENS CREEK sn 
ARKANSAS I + 2 S 
HAILLY S Mil  
BEAVEH VALLEY I + 2 Nk 
BELLECOImi I S 
BIG ROCK POINT aM W 
BLACK FOX StV 
BWA1l)~OOL) I dW 
BRONNS FERRY 1. 2. + S 
BHIJNSWICK I + 2 
BYRON I 
CALLA WAY 

CAI'AWHA I 
CHEHOKEE 
C L I  I ~ T O N  
COhMAiCiiE PEAK 
C W K  UC 1 + 2 
C(X)IJER s 
CRYSTAL R I V t R  
DAVIS-BE I 

CALVERT CLIFF E + 2 

tl 
I 
u1 DIAHLO CANYON I + 2 
VI DHESIIEN 2 + 3 

IIUAdE AWNOLU 
FAHLCY I + 2 
FE<'HI 2 
F I T L I J A I R I C K  
FOHKEIJ VIVEH I 
FORT CALHOllrr 
FORT ST VRAIlv 
GINi4A H.E. . . 
GRAND GULF I 
tIA1JI)EM NECK 
HAH'TSV I LLt' ' 

tiA?'L'.i; L E . I .  ' I  + 2 

KtE14UiJEt 
LASAI-LE I + 2 
LA CROSSE 
LIMEHICK I 
HA!)HLk iif LL. 
ME YANKEE 
ML'GUIME I + 2 
M I  I)LAidD 2 
~Il.LS'l(lr.1E . I  + 2 

i\I I NE *%4. PI ' .  I + 2 

I W I A N  PI. ,2 + 3 

MON rr CELL() 

NOI2TI1 ANNA I .  1. + 3 

I 

OCONkE I .  2 + J s 

SPF5 
.31084E-O I 
-347NE-O I . I 7  I29E+OO 

- 
,90963E-91 
.60386E-01 
,32287E-0 I . I I 2  141s:-0 I 
;13580E+00 
.79286E-02 
.20 I "E-0 I 
.7 1 YO3E-0 I 
.9O I53E-02 
.196OBE-01 
.28386E-0 I 
.32364E-c) I . I949YE-0 1 

. R4697E-0 1 

. I6346E-0 1 

.3267?E-O1 

.o 

.44 I2OE-0 I 

.39515E-01 . I 149%-01 . I 5 8 2  I E+OO 

.lV642E-U1 . Rut, kHE-U I 

.7395Ht-01 

.73334E-UZ 

.4 I I t34t-U 1 . I22YOt-0 I . I723 l t + W  

.21557t-01 . I I l 2 2 t - 0 1  

.til326E+OO 

.037HOE-02 

. I  35 44E-0 1 . I 1126E-01 

.6Y 3HOh+(JO 

.52590E-U I 

. n49 I 2t-02 

. I ou 1w-u I 

-0  
.6H52 7 - 0  1 . 5 IfJ50E+i)O 

e 0  
.26 I 70E-0 I 
.60l  84E-0 I 
.2 1447E+00 
.25042E+W 
,7 2908E-0 I 
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Table D.3-1. (continued) 
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Appendix E: CRAC 2: A Br,ief Description 

The accident consequence calculations presented 
in Chapter 2 were performed using CRAC2 [1,2], an im- 
proved version of the WASH-1400 consequence model CRAC. 
A number of modifications were made in the upgrade from 
CRAC to CRAC2. These include changes in the treatments 
of atmospheric dispersion parameters, plume rise, pre- 
cipitation scavenging (wet deposition), mixing heights, 
weather sequence sampling, emergency response (evacua- 
tion and sheltering), and latent cancer risk factors. 
These changes are briefly described below. In addition, 
several errors found in CRAC were corrected in the CRAC2 
version. 

E.l Atmospheric Dispersion Parameters 

The values of the horizontal dispersion coeffi- 
cients, 0 , obt.ained from the Pasquill-Gifford curves 
(and paraxeterized by Tadmore and Gur C31) correspond 
to a release duration of three minutes. To correct 
the standard dispersion coefficients for releases of 
longer duration, the summary report of the National 
Commission on Air Quality's Atmospheric dispersion 
Modeling Panel C41 endorses the method suggested by 
Gifford C51. A n  adjustment for releases of duration 
t2 (minutes) is made by means of the formula 

where Q is within the range 0.25-0.3 for 1 hr < t2 
< 100 hr and equals Q0.2 for 3 min < t2 < 1 hr. 
In CRAC2, Q is equal to 0.2 for release durations 
between 3 minutes'and one hour and 0.25 for release 
durations greater than one hour. The lower value 
of 0.25, rather than 0.3, was selected for long- 
duration releases because it results in higher con- 
centrations. 

The vertical dispersion'coefficients, o Z ,  obtained 
from the Pasquil-Gifford curves (parameterized by Martin 
and Tikvart C61) are based on data from releases over 
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terrain with very low surface roughness (grasslands 
with roughness length of approximately 3 cm). In 
CRAC2 a more typical roughness length of 10 cm (crops, 
bushes) is assumed. The vertical dispersion coeffi- 
cients are adjusted using the following recommended 
equation [7,81: 

where ozl is the unadjusted parameter, az2 is the ad- 
justed parameter, rl = 3 cm, and r2 = 10 cm. Impacts 
of these changes in the treatment of dispersion para- 
meters were examined in C91. 

E.2  Plume Rise 

The WASH-1400 consequence model used plume rise 
equations recommended in Briggs (1969) [lo]. The plume 
rise model used in CRAC2 is based on a more recent 
paper by Briggs (1975) [111. 

E . 3  Precipitation Scavenging (Wet Deposition) 

The WASH-1400 consequence model (CRAC) used weather 
data which reported rainfall in terms of the incidence 
or nonincidence of rain within any clock hour. To 
calculate precipitation scavenging, the model assumed 
that rain reported for a clock hour fell at a rate of 
1 mm/hr for half the hour. The CRAC2 code contains a 
more sophisticated wet deposition model which requires 
as input the amount of rain falling in an hour. Rain 
is assumed to occur during the entire hour with a con- 
stant rate. The hourly rainfall rate is multiplied by 
a rainout coefficient to determine grecipitation scav- 
enging. A coefficient of 1.0 x 10- (sec)"(mm/hr)'l 
is used for stable conditions and 1.0 x 
(mm/hr)'l for neutral and unstable conditions. 

(sec)'l 

E.4 Mixing Heights 

morning and afternoon mixing heights for all stability 
conditions. In CRAC2, the treatment is somewhat sim- 
plified. For stable conditions (E and F stability), 
the inversion layer is ground based and no mixing depth 

The WASH-1400 consequence model used Holzworth [12] 
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is assumed. For neutral and unstable conditions, the 
Holzworth afternoon mixing height is assumed. This 
change has minimal impact on resulting predicted conse- 
quences. 

E.5 Improved Weather Sequence Sampling Technique 

WASH-1400's. consequence model (CRAC) used a strat- 
ified sampling technique by which sequences are selected 
every four days 2 thirteen hours to provide coverage of 
diurnal, seasonal and four-day weather cycles C131. 
In this manner, a total of 91 weather sequences were 
chosen to represent one year of data (8760 hours). 
Sensitivity studies have shown that considerable var- 
iation in predicted consequences result from sampling 
by,this method. Consequences can vary significantly 
for calculations performed using different sets of 
weather sequences (see Figure E5-1A). Differences in 
peak predicted consequences of an order of magnitude 
or more are not uncommon. 

There are several reasons for the large variation 
in consequences due to the WASH-1400 sampling technique. 
Given an accident, large consequences are normally 
associated with relatively low probability weather 
conditions such as rainfall within a few 10's of kilo- 
meters of the site c141, wind-speed slowdowns, or 
stable weather conditions with moderate wind speeds. 
Not only is the occurrence of rainfall or a slowdown 
important, but where it occurs: as well. R a i n  beginning 
over a densely populated area could result in extremely 
high consequences. Because of their low probability, 
such weather conditions will be selected infrequently, 
if at all, by the WASH-1400 sampling technique. Further- 
more, estimated probabililzies for  adverse weather condi- 
tions can be significantly in error. For example, a 
particularly adverse weather sequence with actual pro- 
bability of 1/8760 would, if sampled, be assigned a 
probability of 1/91. 

CRAC2 uses a new weather sequence sampling method 
C15) which produces improved estimates of accident- 
consequence frequency distributions. Prior to sequence 
selection, the entire year of weather data is sorted 
into 29 weather categories (termed "bins"), as defined 
in Table E.5-1. Each of the 8760 potential sequences 
is first examined to determine if rain occurs anywhere 
within 5 0  kilometers (30 miles) of the accident site. 
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If not, a similar examination is made for wind-speed 
slowdowns. If neither of these conditions occurs, the 
sequence is categorized by the stability and wind speed 
at the start of the accident. A probability for each 
weather bin is estimated from the number of sequences 
placed in the bin. Sequences are then sampled from 
each of the bins (with appropriate probabilities) for 
use in risk calculations. In the current analysis, 
four sequences were selected from each bin. Sampling 
with thils method assures that low probability adverse 
weather conditions are adequately included. 

A comparison of the variation in consequences due 
to sampling by the two methods is provided in Figure 
E.5-1. For both methods, early-fatality frequency dis- 
tributions (CCDF'S) for a PWR2 release [15] were cal- 
culated with CRAC, using 32 different sets of weather 
sequences sampled from the New York City weather data 
summarized in Table E.5-1. Also assumed were a uniform 
population density of 100 people/mile2 and a relatively 
ineffective evacuation. The results clearly indicate 
that the weather bin method results in substantially 
less variation due to sampling than the previous 
WASH-1400 technique. 

E.6 Emergency Response (Evacuation) Model 

The CRAC2 evacuation model [16,171 is signifi- 
cantly different from the R S S  evacuation model. In 
lieu of the small "effective" evacuation speeds assumed 
in the RSS model, the revised treatment incorporates 
a delay time before public movement, followed by evac- 
uation radially away from the reactor. Both an assumed 
delay time and evacuation speed are required as input 
to the model. Different shielding factors and breathing 
rates are used while stationary or in transit. In 
addition, all persons within the designated evacuation 
area move as a group with the same delay time and evac- 
uation speed. Therefore, the possibility that some 
people may not leave the evacuated area is ignored. 
This latter assumption results in upper bound estimates 
of evacuation effectiveness, given a specific delay time 
and speed.* Unlike the RSS model in which persons continue 
-- -- 
*The evacuation effectiveness would decrease linearly 
with an increasing nonparticipating fraction of the 
population. In actual evacuations, Civil Defense 
personnel have observed a nonparticipating minority 
of approximately 5%. 
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Table E.5-l.One Year of New York City Meteorological 
Data Summarized Using Weather Bin 
Categories 

Weather Bin Definitions 
0 

R - Rain starting within indicated interval 
S - Slowdown occurring within indicated 

(miles). 

interval (miles). 
A-C D E F - Stability categories. 

intervals (m/s). 

Weather Bin 

1 R ( 0 )  
2 R (0-5) 
3 R (5-10) 
4 R (10-15) 
5 R (15-20) 
6 R (20-25) 
7 R (25-30 
8 S (0-10) 
9 S (10-15) 
10 S (15-20) 
11 S (20-25) 
12 S (25-30) 
13 A-C 1,213 
14 A-C 4,5 
15 D 1 
16 D 2 
17 D 3 
18 D 4 
19 D 5 
20 E 1 
21 E 2 
22 E 3 
23 E 4 
24 E 5 
25 F 1 
26 F 2 
27 F 3 
28 F 4 
29 F 5 

Number of 
Sequences 

697 
12 
62 
102 
75 
67 
61 
24 
16 
18 
14 
18 
168 
892 

0 
61 
226 
948 
3325 

0 
27 
167 
682 
270 

0 
116 
310 
402 

0 

8760 

Percent 

7.96 
.14 
.71 

1.16 
.86 
.76 
.70 
.27 
.18 
.21 
.16 
.21 

1.92 
10.18 

0.00 
.70 

2.58 
10.82 
37.96 

0.00 
.31 

1.91 
7.79 
3.08 
0.00 
1.32 
3.54 
4.59 
0.00 

100 .oo 
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evacuating until they are either overtaken by the 
cloud or leave the model grid, all evacuating persons 
in the new model travel a designated distance from 
the evacuated area and are then removed from the 
problem. This treatment allows for the likelihood that 
after travelkng outward for some distance, people may 
learn their position relative to the cloud and be 
able to avoid it. 

The new model also calculates more realistic ex- 
posure durations to airborne and ground-deposited 
radionuclides than the RSS evacuation model. The RSS 
consequence model employs an exposure model for an in- 
stantaneous point source and thus all released plumes 
have zero effective lengths. Because of this, evacu- 
ating persons overtaken by the cloud in the RSS evacu- 
ation model are exposed to the entire cloud at the 
point overtaken. However, a released cloud of radio- 
active material would have a finite release duration 
and a length that depends on the wind speed during 
and following the release. A person overtaken by the 
front of the cloud might still escape before being 
passed by the entire cloud and thus receive only a 
fraction of the full cloud exposure.* The revised 
evacuation model assigns the cloud a finite length 
which is calculated using the assumed release duration 
and wind speed during the release. To simplify the 
treatment, the length of the cloud is assumed to remain 
constant following the release (i.e., the front and 
back of the cloud travel at the same speed), and the 
concentration of radioactive material is assumed to 
be uniform overthe length of the‘cloud. The radial 
position of evacuating persons, while stationary and 
in transit, is compared to both the front and the 
back of the cloud’as a function of time to determine 
a more realistic period of exposure to airborne radio- 
nuclides. 

The revised treatment calculates the time periods 
during which people are exposed to radionuclides on 
the ground while they are stationary and while they 

*It is also possible that an evacuating person may 
travel under the cloud for a long time and thus 
receive more exposure than if he had remained sta- 
tionary during the passage of the cloud. 
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are evacuating. Because radionuclides would be depos- 
ited continually from the cloud as it passed a given 
location, a person while under the cloud would be 
exposed to ground contamination less concentrated than 
than if the cloud had completely passed. To account 
for this, the new model assumes that persons complete- 
ly passed by the cloud are exposed to the total ground 
contamination concentration, calculated to exist after 
complete passage of the cloud, to one-half the calcu- 
lated concentration when anywhere under the cloud, and 
to no concentration when in front of the cloud. A 
more detailed discussion of the models is provided 
in C161 and C171. 

The CRAC2 model of public evacuation requires as 
input estimates of the delay time before evacuation 
commences and the evacuation speed. Reexamination of 
the EPA evacuation data used to develop the WASH-1400 
model E181 show that, if a constant evacuation speed 
was assumed, a distribution of delay times could be 
estimated. For assumed evacuation speeds of 10 mph 
or greater, delay times were found to be satisfac- 
torily represented by a normal distribution with 15, 
50, and 85 percentile delay times of approximately 1, 
3 ,  and 5 hours respectively. 

The CRAC2 evacuation model can incorporate this 
distribution of pvacuation delay times by calculating 
a 30:40:30% weighted sum of consequences for 10 mph 
evacuations after delays of 1, 3, and 5 hours. The 
weighted distribution of evacuations is denoted 
"Summary Evacuation", and was discussed in Sections 
2.2 and 2.5. 

The CRAC2 model is also capable of considering 
population sheltering as an emergency protective 
action. Sheltering would involve the expedient move- 
ment of people into basements or masonry buildings, 
if possible, followed by relocation. Table A.l-3 of 
Appendix A lists sheltering factors for different 
regions in the U.S. A discussion of sheltering is 
provided in C191. 

A 
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E.7 Updated Cancer Risk Factors 

The latent cancer fatality risk factors used in 
CRAC2 are updated versions of those reported in 
WASH-1400. The RSS factors assumed a latency period 
during which the risk of cancer was assumed to be 
zero, followed by a risk period where the individual 
is assumed to be at a constant risk (risk plateau). 
Depending on the type of cancer and the age of the 
exposed individual, the latency periods ranged from 
0 to 15 years and the risk periods ranged from 10 
to 30 years. Based on recommendations in BEIR I11 [201, 
the factors used in CRAC2 were updated to reflect ex- 
tension of the risk period to the end of an indivi- 
dual's life for all cancers except leukemia and for 
all age groups (of exposed individuals) other than 
those exposed in utero. Table E.7-1 compares the 
updated factors to those from WASH-1400. The 0-1 
year factors are used for external exposures. 
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T a b l e  E.7-1 Ex ected Total L a t e n t  Cancer  (Exc lud ing  Thyro id )  Deaths p e r  
10 t Man-Rem From I n t e r n a l  R a d i o n u c l i d e s  D e l i v e r e d  During 
S p e c i f i e d  P e r i o d s  

WASH-1 40 0 

Time P e r i o d  ( y e a r s )  A f t e r  Acc iden t  

0-1 1-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 

Leukemia 28.4 27.2 18 .7  1 3 . 8  9.7 6 . 8  4.0 1 .7  0 .5  

Lung 22.2 22.2 22.2 1 4 . 5  8.1 4.0 1 . 5  0.2 0 

G I  T r a c t ( a )  13.6 13.6 1 3 . 6  8 . 9  5.0 2.5 0.9 0.1 0 

Panc r ea s 3.4 3.4 3 .4  2.2 1 . 3  0 .6  0.2 0 0 

Breast 25.6 25.6 25.6 1 6 . 8  9.4 4.6 1 .7  0 . 3  0 

p Bone 6 .9  6 . 7  5.0 2.6 1.6 0.9 0.4 0.1 0 

A l l  O t h e r  21.6 1 9 . 8  1 7 . 1  - 11 .2  6 . 3  3 .1  1 .2  0 . 2  0 
P 
0 

UPDATED WASH-1400 (CRAC2) 

Leukemia 28.4 27.2 18.7 13 .8  9.7 6 . 8  4 .0  1 . 7  0 . 5  

Lung 27.5 27.5 27.5 1 5 . 8  8.1 4.0 1 . 5  0 . 2  0.0 

G I  T r a c t ( a )  1 6 . 9  16.9 1 6 . 9  9.7 5.0 2.5 0.9 0.1 0.0 

Panc reas  4.2 4.2 4.2 2.4 1 . 3  0.6 0 .2  0.0 0.0 

Breast 31.7 31.7 31.7 18 .3  9 . 4  4.6 1.7 0 .3  0.0 

Bone 11.1 10 .6  7 .0  3.0 1.7 0.9 0 . 4  0.1 0.0 

A l l  O t h e r  28.0 26.3 21 .1  12.2 6 . 3  3.0 1 . 2  0 . 2  0.0 
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Appendix F: Site Availability Maps and Tables 

This appendix contains the site availability data 
that was discussed in Chapter 4..0. Figure F1 shows 
legally protected and wetland areas in the U. S .  
where reactor siting would be restricted. Seismic 
acceleration contours are shown in Figure F2. Figure 
F4 shows the topographic character of the U. S. in terms 
of percent land that is gently sloping (gently sloping 
was defined as less than 8% slope). Figures F3, F5, 
F6, and F7 show seismic hardening costs, surface, water 
availability costs, groundwater availability costs, and 
combined water availability costs (the lesser of surface 
water and groundwater costs) for the 48 contiguous United 
States. Associated with these costs are the utility 
values discussed in Section 4.4.1 of Chapter 4.0.  
Tables Fl.1-F1.5 show the fractions of land, by state, 
that fall within each of the environmental suitability 
categories shown in Figures F3-F7. 

Figures F8.1-F8.13 show land that would-be 
restricted from reactor siting 'by standoff distances 
to cities. The cities and stanl3off distances consi- 
dered in each figure are tabulated below. 

Standoff Cities 
Figure Distance (Population 1) 

--.- --- (mile) 
--_I__ 

F8.1 
F8.2 
F8.3 
F8.4 
F8.5 
F8.6 
F8.7 
F8.8 
F8.9 
F8.10 
F8.11 
F8.12 
F8.13 

5 
10 
10 
15 
25 
25 
30 
40 
50  
100 
125 
18 
25 

25,000 
25,000 
100,000 
100,000 
100,000 
200,000 
200,000 
200,000 I 

200,000 
200,000 
250,000 
500,000 

1,000,000 

Figures F8.11', F8.12, and F8.13 show the restricted 
areas for. the Northeastern U. S .  only. 
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Figures F9.1-F9.26 show areas that would be 
restricted from reactor siting by population density 
criteria. These criteria restrict the number of people 
that can reside in an annulus surrounding a reactor 
site. The population density restrictions and the 
annuli considered in each figure are tabulated below. 
The population restrictions are shown in terms of 
average population density (people within the annulus/ 
annulus area). 

Radii of the Average Population 
Annulus Density 

Figure (mile) (people/mile2 

F9.1 
F9.2 
F9.3 
F9.4 
F9.5 
F9.6 
F9.7 
F9.8 
F9.9 
F9.10 
F9.11 
F9.12 
F9.13 
F9.14 
F9.15 
F9.16 
F9.17 
F9.18 
F9.19 
F9.20 
F9.21 
F9.22 
F9.23 
F9.24 
F9.25 
F9.26 

0-2 
0-2 
0-2 
0-2 
0-5 
0-5 
0-5 
0-5 
0-10 
0-10 
0-10 
0-10 
0-20 
0-30 
0-30 
5-10 
5-10 
5-10 
5-20 
10-20 
10-20 
10-20 
20-30 
20-30 
30-50 
30-50 

100 
250 
500 
750 
100 
200 
350 
500 
100 
200 
350 
500 
200 
500 
1000 
150 
350 

, 500 
800 
400 
500 
1000 
500 
1000 
500 
1000 

Figures 9.3 and 9.4 show restricted areas for the 
Northeastern U, S. only. 

Figures F10.1-F10.4 show areas in the NE U. S. 
that would be restricted from siting by composite density 
criteria between 2 and 30 miles of a prospective site. 
Each criterion would simultaneously restrict the mean 
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population densities within six annuli: 2-3 miles, 
2-4 miles, 2-5 miles, 2-10 miles, 2-20 miles, and 2-30 
miles. The mean population densities in each of the 
six annuli can not exceed the prescribed density limits 
for the site to be acceptable. Figures F1O.l, F10.2, 
F10.3 and F10.4 consider density restrictions of 500, 
750, 1000, and 1500 people/mile‘!, respectively for the 
Northeastern U. S. 

Figures F11 and F12 show areas in the 48 conti- 
guous United States that would be restricted from reac- 
tor siting by the combination of a population density 
restriction within two miles and a composite popula- 
tion density restriction between 2 and 30 miles of 
the site. Figure F11 consider? a population density 
restriction of 100 people/mile within 2 miles 2nd a 
composite population density of 500 peop e/mile . 
Figure F12 is based on a 250 people/mile’ density 
restriction within 2 miles and a composite population 
density restriction (2-30 miles) of 500 people/mile2. 
The 2-30 mile composite restriction is as defined for 
Figures F1O.l-F10.4. 

Tables F2.1-F2.24 show the fractions of land 
available for reactor siting in each state if sector 
population restrictions are added to a composite 
population density criterion. These restrictions would 
limit the number of people that could reside within 
any sector in each of the composite annuli (see Section 
4.5.4 of Chapter 4.0). For these tables, five annuli 
were considered: 0,-2 miles, 0-5 miles, 0-10 miles, 
0-20 miles, and 0-30 miles. The allowable populations 
in each annuli were calculated assuming 250 people/ 
mile2 betwe n zero’and two mil’es’and from 250 to 1500- 
people/mile’ in the two to thirty mile region. An 
acceptable site must satisfy the sector population 
restriction for each of the composite annuli. The 
sector population restrictions (fraction of annulus 
population allowed within the sector), sector widths, 
and the 2-30 mile average population densities 
(people within an annulus/annulus area) considered 
in each table are given below. Tables F2.1-F2.12 
show the land areas that are uniquely restricted by 
the specified criterion. Tables F2.13-F2.24 show 
the fraction of land available far reactor siting 
based on the specified criterion. 
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Population 
Sector Population Density (2-30 miles) 

Table Width Restrictions (people/mile2) -e 

250 

500 

750 

F2.4 & F2.16 22.5' 16, 1 1 1 1 1 1 1  gr gr 3 r  31 1 1500 

250 

1 1 1 1 1 1 1  
E, 8, gr  31 3,  3 ,  i 
1 1 1 1 1 1 1  

1 1 1 1 1 1 1  
16, 8, gr 3,  31 21 1 

F2.1 & F2.13 

F2.2 & F2.14 22.5O 16, 8, C I  T I  ' j i  21 

22.5' 

F2.3 & F2.15 22.5' 

1 1 1 1 1 1  F2.5 & P2.17 4 5' E I  ct 71 ?;r 51 i 
1 1 1 1 1 1  

1 1 1 1 1 1  
8 '  g ,  Z I  3, 5' 1 

F2.6 & F2.18 4 5' X I  F I  x t  31 2 ,  i 
- - F2.7 & F2.19 4 5 O  

F2.8 & F2.20 4 5O 

F2.9 & F2.21 9 0' 

500 

750 

1500 

250 

500 1 1 1 1  F2.10 & F2.22 90' T I  31 2 ,  i 
F2.11 & F2.23 90' 

F2.12 &lF2.24 90' 

750 

1500 

Tables F3.1-F3.5 show the environmental suitability 
of land not restricted by each of 5 population siting 
criteria. (The environmental suitability classifica- 
tions were discussed in Section 4 .4  of Chapter 4 . 0 ) .  
These tables show the fraction of land, by state, 
that 1) lies within each of the five suitability cate- 
gories and 2) satisfies the population criteria. The 
population criteria consist of a population restriction 
within two miles and a composite population restriction 
within.the 2 to 30 mile region. (The annuli considered 
by the 2 to 30 mile composite population restriction 
include.2-3 miles, 2-4 miles, 2-5 miles, 2-10 miles, 
2-20 miles, and 2-30 miles.) The population criterion 
considered by each table are tabulated below. 
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2-30 miles (comp site) s Population 0-2 miles 
(people/mile2 (people/mile ) -- Case - Table ---- 

F3.1 1 100 250 
F3.2 2 250 500 
F3.3 3 500 750 
F3.4 4 500 750 

1500 F3.5 5 500 

Tables F3.6-F3.10 show the effect of applying different 
population criteria (the five cases considered in Tables 
F3.1-F3.5) on land available within each of the suita- 
bility categories. 'The suitability category considered 
in each table is tabulated below. 

Table Environmental Suitability Category 

F3.6 low 
F3.7 mediuin-low 
F3.8 med i um 
F3.9 med iuin-high 
F3.10 h ic3h 
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5 2 %  5 e a  5 0 %  
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511 : lop0 : 

5 aa 11 sa 
1110 4170 
I 7.1 10 If 

33i0 b601 
8 a 16 01 

;as5 
13 EX 
2b762 
35 71. 
2721 

I 1  32 

. .~ ~~ 
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Ion 'AVAILABLE UHD' IS W T  AVLILABLE UNDER TI€ MOST CON- 
O T R A I N I W  CRITERIA I 1  a 
aV  A UNIFORM DENSITY CRITERION I6 FOVND I N  A DOUBLE SECTOR 
5 b¶ 0 DECREES ) m E R S  I N  THE COLUlNS REPRESEW T W T  LAND 

UW 16 COIBIDERED A U A I U I L E  IF  WE C R I T E R I W  YERE RELAXED 

IF > LIS of T M  POPULATION U L O -  

UIIOWLY C~STRAINED av TIE OIVEN FRACTIML C R x i E n x m  THIS 

IC mcctol c n n u t o u  :a UCLISD. as0115 T ~ A T  UNICOIII n c m i i v  
cmiimxm IS ALSO IN EFFECT ** CORDSITE OF RADII 
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S T R A I N I N C  CRITERIA (I IF > 118 OF THE P O P U A T I O N  N L O Y E O  

OF 45 0 DECREES > NUREERS I N  THE COLUMNS REPRESENT THAT LAND 
M l O U E L Y  CONSTRAINEO B Y  THE C l V E N  F R A C T I O N M  C R I T E R I O N  THIS 
LANO IS CONSIDERED AVAILABLE IF THE C R I T E R I O N  YERE RELAXED 
I F  SECTOR C R I T E R I O N  IS APPLIED. ASSLWlE THAT WlFWn D E I S I N  
C R I T E R I O N  IS U S 0  I N  EFFECT .. COMPOSITE OF 5 R I D 1 1  *. 

BY A UNIFORM DENSITY C R I T E R ~ O N  IS FOUND IN A OWBLE Y c T m  

771b5 ! 
5 8% TOTAL 
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Y o aaa74 714 3079 0731 z r w  1669 2084 3464 
75 11 1 ox 5 61 3 91 4 ox a ax 3 01 5 01 

Max 0 1 8 1  i n  in 181 a o x  3102 

n o o io av 1a5 193 IM -5 o 
o 01 o m a 4% io 4x 16 ox 13 6% 36 m o ox 

3~ o 1 3 5 4 ~  743 2.21 3587 4207 1920 za97 a ~ 3  

3V 0 51915 o 840 481 270 280 376 a2793 

4178 bb13 m1 3513 7 U 3  9VlO 

36 Z 0 TI 6 02 8 5 X  IO 61 7 57. 6 5 X  17 OX 
61133 0 1573 733 357 299 6572 

V 1% 1 5X 9 91 12 BX 13 61 LO 1X 19 4% I 61 

35 0 -13 1756 1293 1698 1795 1988 30349 

3 6 0  l i n e  4178 4130 5452 3908 9013 35% 
31 81 1 5X 9 2X 9 I X  I2 OX 8 61 19 91 7 EZ 

43 4 1  2 4 1  7 EX 10 91 13 5X 6 2X 7 41 8 5 1  

67 5X 0 OX 1 I X  0 bX 0 41  0 4 1  0 51 a9 6 X  
40 0 19937 656 3300 4275 4970 3175 3213 2596 

47 3X 1 6 X  7 E2 10  1 X  I 1  81 7 5 1  7 bX 6 ax 
41 0 217173 1361 11020 8396 9640 5W7 10171 5491 9-39 

42 0 55381 251 11- 6% 782 463 926 25553 E¶lW 

43 0 6laE 0 676 791 502 396 33E 1023 WW 
62 2X 0 OX 6 9X 8 OX S I X  4 OX 3 41  10 4X 

39 32 I I X  8 71 10 61 1 2  41 5 71 8 4 1  I 3  8% 

46 4X 1 2 X  3 31 3 41 3 OX 2 5% 4 5% 35 71 

48 OX 0 OX 7 81 11 OX 11 61 4 V I  5 4X 11 3 X  

80 81 o 51 4 IX 3 IX 3 61 a IX 3 ex 2 ox 
65 ox 0 n 1 4x 0 81 0 9x 0 5x 1 1 x  30 DX 

44 o 16164 473 3599 4362 5095 2364 3445 a 6 b ~  41167 

4s o 32192 830 226s 2374 2104 1698 3088 24762 69316 

46 0 11561 o 1872 ~ C H  2~08 1177 1312 2721 a4105 

47 o 34016 125 4719 4130 3590 a268 3146 -28 $ 7 0 ~ ~  
59 n o 2% 31 7 21 6 31 4 0% 5 51 8 81 

72 ia o ox o n o 4% o 3x o 31 o 41 2s n 
48 o 70677 0 733 306 328 270 367 25225 97% 

1849701 19001 131ISI 121009 129552 02244 148018 157b73 
6002 0 7 1  4 3 X  4 O X  4 3 X  2 7 1  4 9 %  183% 

NOTE -AVAILABLE LAND- IS THAT AVAILABLE UNDER TI€ M S T  COW- 
S T R A l N I N C  C R l T E R I A  1 1  - IF  > 118 OF THE POPULATION A L L c M  
BV A UNIFDRM DENSITV C n i T E R i m  IS FOLWD IN A DWBLE SECTD 
OF 45 C DEGREES 1 NWEERS I N  T I S  COLUMNS REPRESENT T W T  L A M )  
U l l O U E L V  CONSTRAINED B V  TUE C l V E N  F R A C T I W  CRITERION THlS 
LAND IS CONSIDERED AVAILABLE I F  THE C R I T E R I U d  UERE RELAXED 
I F  S E C T m  CRITERION 16 APPLlEOs ASS- THAT W I F W R  DENSlTV 
CRITERION 15 ALSO I N  EFFECT ** COnPOSlTE OF 5 R M l l  *e 
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TABLE F2.8 
rOPULATlON SECTOR ANALYSIS - TOTAL U 6 
DENSITV I 1500 ./SO M I  **e OWBLE S E C T W  145 0 DECREES) 
STATE AREAS I N  SOUIRE M I L E S  AND X OF STATE 

TAeULATIOII A V A I L I B L E  LAND 
> 118 ALLOYABLE POP 

> I16 ULOUABLE POP 
> 114 ALLOUABLE POP 

> 113 ALLOUABLE POP I i 112 ALLOYABLE POP 
M I F G P M  DENSITV 

I RESTRICTED LANDS 
I 

ALABAMA 

AR I lONA 

hRhANSAS 

C I L I F O R N I A  

C O ~ O f i 4 0 0  

CONNECTICUT 

DELAYARE 

FLORIDA 

C E W C I A  

I OW0 

I L L  I NO IS 

I N D I A W  

I OYA 

KANSAS 

KENTUCIV 

L W I S I A N A  

MAINE 

MARVL*ND 

M4SSACWSETTS 

nicuIc*II 

II I NNESOTA 

M I S S I S S I P P I  

MISSOURI 

M O N T W  

NEBRASKA 

HEVIDA 

NEY WRSMIRE 

rzn JERSEY 

NEY uEX1CO 

NEY V G U I  

W R T U  CAROLINCI 

NWTU M K O T A  

M I 0  

O K L A n w  

ORECON 

P E W S V L V A N I A  

RHODE ISLAND 

SOUTH CAROLINA 

SOUTU DAKOTA 

TENNESSEE 

TEXAS 

mu4 
VERMONT 

V I R G I N I A  

YA5M:NCTON 

YEST VIRGINIA 

UI SCDNSIN 

UVOPfINC 

I O  

2 0  

3 0  

4 0  

5 0  

6 0  

7 0  

33958 
65 4% 
50498 
44 2% 
37201 
69 8% 
81842 
51 ox 
69229 
66 4X 

530 
10 61 
1011 

0 
0 ox 
328 
0 32 
270 
0 5x 
946 

0 b X  

0 ax 
3 vx 

10 
0 4% 

p i a  

p o i  

2277 
4 4x 
I l l 9  
1 ox 
3IM 
5 ex 

2 bX 
I M P  
I 6 X  
203 

. 3 9 1  
270 

I 1  61 
1805 

a& 
5 bX 
704 

0 6 %  
5018 
8 V X  
3831 
10 51 
1715 
6 61 
1W4 
211 
2007 
5 ox 
3 ox 
I 1 2 9  
3 31 

888 

4092 

301 

2422 

3493 
6 %  

550 
0 sx 
2a7 
4 32 
4227 

1 1 a  
I 1x 
Wb 
7 61 
232 

10 ox 
1525 
2 61. 
42M 
711 

LUO 
I ox 
3599 
6 4X 
3976 

10 91 
2lV3 
4 %  
1370 
1 7 %  
3445 
8 61 
ZV34 
6 I X  
1 3 u  
3 9 1  
1115 

11 1. 
444 
a l X  
4101 
6 61 
a4- 
2 9 1  
4757 
9 9 t  
3621 
5 5 1  

598 
0 41 
1 IZV 
1 ax 
309 

0 3x 

711 
270 
3 47. 
bat 
0 5x 
4246 
8 ax 
-47 
7 8 1  
b47 

0 9 1  
4719 

11 1x 
3 21 
975 

I ox 
4%. 
9 5 1  
e7 

711 
3078 
9 9x  

a 6x 

685 

2240 

4555 
8 ex 
492 
0 4X 
1544 
2 V x  
3870 

1062 
1 ox 
647 

12 4x 

9 1x 
2229 
3 ex 
4 a 5  
7 3x 
791 

0 9 1  
2991 
5 32 
3754 

10 Jz 
I496 

1177 
1 4x 
5 M 5  
14 I X  
ZllO 
4 LZ 
1496 
4 4x 
1 X U  

I1 91 
743 
8 61 
3wl 
c 2% 
moa 
2 4x 
3059 
6 41 
2557 
r n .  
444 

0 3x 
bo0 

0 ex 
232 

0 ox 
7 8 1  
M b  

B 31 

0 I X  

a 4x 

pia 

a n .  

741 

579 

4371 

28% 
5 57. 

511 
0 4X 
1071 
2 ox 
2876 
1 6 %  
878 
0 8% 
540 

10 41 
183 
7 vx 
3107 
5 2x 

47x 
579 

0 7 1  
1901 
3 41 

7 61  
1023 

1004 
111 

0731 

1760 

l e a  

2702 
b n  

a n  
772 

la83 

2 3% 
1370 

2692 

1438 
I 3% 
1476 
2 ex 
11020 
6 9 1  
I486 
1 42 
2673 

31 3x 
367 

15 8% 
6001 

10 I X  
% I 9  
6 OX 
676 
0 82 
5645 

10 0% 
3al2 
IO 5x 

I M O  
3 ox 
1631 
2 ox 
2Ob5 
5 I X  
1766 

782 
2 3 1  
2750 

5 ax 

3 n  

2075 51906 
4 ox 
59405 114341 
52 ox 
6263 532% 

I1 6% 
51492 160365 
3a I t  
-60 104325 
27 ax 

o w t a  
0 ox 
I 7 x  

13105 
aa 1x 

10 ox 
37519 
44 91 

1%1 

39 2326 

5-7 

43 6X 
8 0 31527 

53 ,a 
$9 

0 ax 
347 
0 6% 

0 
0 ox 
357 
0 LX 

P I X  
39 

0 I X  
I 54 

0 1 1  
357 
0 V I  

na 

58 ax 
10 0 42460 

50 ax 
11 0 35666 

63 1X 

44 n. 
13 0 49741 

81 61 
14 0 74913 

91 I X  

53 I X  
16 0 23112 IO 

4 8  02: 0 oa 
a207 0 
81 ax 0 ox 

an. 1 5 %  
1814 87 

P I  1 1  I ox 
31305 97 

io o i b i i s  

15 o 21558 

3071 164 

a 4x 
1322 
1 bX 

0 
0 ox 

193 
O n .  
2470 
6 I X  

29- 

1 ox 

14417 w i n  
357 

145 11155 

17 0 

I8 0 

I 9  0 

PO 0 

ai  o 

2 2 0  

P O  

24 0 

8 ox 
454 

5 %  
3773 
c I X  
aeab 
3 n .  
3 x 0  
6 9 1  
42w 
6 I X  
917 
0 61 

ia 3x 24 n I n 
I I  n 47 IX o 01 
1013 4Ob3 o e a a e  

3 P O  5742 9679 & I 8 3 0  
so 6x o 2x 
4vsaa aaa 
577% o n .  
a674 222 
ba ox 0 51 

72 11 0 4x 
98575 0 
M 4X 0 OX 

91 ox 0 1% 
W712 0 
80 21 0 ox 
51 91 0 1% 

146% 1 6 %  
87217 0 
71 61  0 OX 
17515 425 
3491 08% 
20063 19 
41 I X  0 OX 
61741 0 
87 ox 0 ox 

34 EX I 7X 

80 37. 0 I X  
603W 261 
61 7X 0 3X 

50489 309 

71535 68 

4via IO 

1187 145 

r4ssa 695 

55922 

17274 97 
38 ax o ax 

4a 97 
4 ox 8 ox 

15961 0 
51 OX 0 OX 

68 1 1  0 ox 
22398 193 
53 2x 0 5x 

226061 1081 

a2438 0 

5 4% 
1-1 
1 9 1  
1496 
3 1 1  
1448 

357 
0 ox 

S I  
0 7 2  
212 
0 1 1  
4b3 
491 
1197 

a IX 

9. n 15 7% 
a e v u  
ZV ox 
3641 
8 ox 
4516 
6 5% 
47160 

atel  
2 5x 
1515 
311 

3 71 
405 
0 31 
Bot 

1 ox 
376 
on. 
ges 
9 4X 
4188 
52 12 
782 
0 bX 
bW6 

2557 

1484% 

77721 

110617 

: 9-7 

31 6% 
1534 
2 ox 

25 0 

26 0 

n o  
2 0 0  

2 9 0  

3 0 0  

31 0 

3 2 0  

3 3 0  

Y O  

35 0 

w o  
37 0 

3 0 0  

lV0 

40 0 

41 0 

42 o 
43 0 

a4 0 

45 0 

46 0 

47 0 

48 0 

I 525 
: 2 ox 

521 
- 
20255 
18 s1 
1197 

12. bX 
0 

0 3x 
’ 569 

6 0 I  
357 BOIO 

121745 

50219 

507- 

71007 

41834 

69616 

v7va 

45279 

1207 

31188 

77007 

42124 

26894 I 

85181 

9852 

411& 

69316 

24107 

57022 

97987 

4 52 14 91 
330 
0 3x 
3387 
b 71 
3744 
7 41 
a0 
0 4% 
4053 
9 7. 
1612 
a n .  
1718 
I 81. 
3926 
872 
174 

14 41 

6 OX 
251 

0 %  
3059 
7 3x 
4507 
1 7 x  
473 
0 bX 

l e e a  

0 OX 

25 91 
315% bbb 

0 5% 
1349 
6 7 1  
2760 
5 41 
It68 
1 6 X  
4111 
9 6 %  
20% 
2 9 1  
I409 
I 4‘1 
2808 
611 
87 

711 
1341 
43x 

8. ti t i  vx 
4217 
8 3x 
-0 

19 81 
ma7 
17 OX 
6572 
V n .  
2326 
3 6 X  

6591 
13 ox 

309 
0 4% 
4256 

10 2% 

3 5% 
965 

I ox 
5230 

I 1  61 

2413 

0 4x 

17 OX 
I882 

7 m  
.. 
3464 

an 
1853 
1 9% 
8087 
17 91 

598 
49 6 X  
2220 
7 1x 
M 7  
0 5x 
3098 
7 4x 
8685 
3 2x 
80 I 
0 9x 

338 
3 4x 
31% 
7 6% 
2692 
3 9% 
1303 
5 4I 
2808 
4 9% 
367 
0 41 

5 ox 
30349 
31 ox .. . 

3551 
7 8 1  

0 
0 OX 
2M3 

116 
9 611 
4043 

13 ox 
232 

03 ‘1  
4719 

I 1  2x 

8 5x 
22793 
Y 9  6 X  

569 
0 71. 
2220 
5 3x 

357 
0 5x 
3841 
9 I X  

veea 
3 7x 
647 
0 8% 

569 

7141 5993 
1 ax 
463 
0 5x 

5491 
2 ox 

30 ox 
1023 

10 4x 
5665 

as553 
84 1x 0 4X 
56684 337 
M 5X 0 4X 

&53 0 
63 5% 0 OX 
18470 299 
44 9% 0 7x 
35078 415 
50 6 X  0 6X 
ll8VB 10 
49 8% 0 0% 
35753 164 
62 7% 0 3% 
7 1227 0 
72 71 o ox 

.~ 
BO 1 492 

4 vx 
4458 

10 8 X  
1322 

366 
3 9 x  

5 72 
1-0 

1139 
4 7x 

2335 

a 4% 

5 ex 
2818 
6 8% 
1718 

8 I X  
3985 
9 72 13 8% 
1669 
2 4x 
2548 

10 6% 
3928 

24762 
35 7x 
2721 

a 51 
1718 
7 12 
4014 
7 0% 

38b 
0 4% 

3194 2133 
3 7: 

0 3x 
a51 

6 V Z  
279 

0 !Z 

I 5% 

0 21 
a32 

1946617 9539 102175 107452 107475 77115 131928 557673 
64 OX 0 3% 3 4% 3 )I 3 5X 2 5X 4 3 X  18 3x A 

TOTAL 

NOTE ‘“AVAILABLE LANO- IS THAT AVAILABLE UNDER THE MOST COW- 
STRAININC C R I T E R I A  ( t  e I F  > 118 W Tr(E POPULATION ALLOYED 
BV A UNIFORM DENSITV C R I T E R I O N  IS F W D  IN A D W B L E  SECT09 
OF 45 0 DEQREES I NUMBERS I N  TU€ CCLUNNS REPRESENT T W T  LU(D 
UUIOUELV CONSTRAINED BV TUE E I U E N  FRACTIONAL CRITERION TUIS 
LANn IS CONSIOEREO AVAILABLE I F  THE C R I T E R I M l  UERE RELAXED - - . - - - - . - _ _  
I F  SECTOR C R I T E R I O N  IS APPLIED 
C R I T E R I O N  IS ALSO I N  EFFECT .. COMPOSITE OF 5 R A D I I  e. 

ASS& THAT UNIFORM 3ENSITV 
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drs TABLE F2.9 
POPULATION SECTOR ANALISIS - TOTAL v s 
DENSITV - 250 ./SO ni  .*a "OWAD- SECTOR (90 o DECREES) 
STATE AREAS I N  SOUARE M I L E S  A M  % OF STATE 

T A B U L A T I M  AVAILABLE LAND 
> 114 MLOUABLE POP 

> 113 MLOUABLE POP 
> 112 NLOUABLE POP 

UNIFORPI DENSITV 1 1 I I I Y T R I C T E O  LANOS 

A L 4 B U U  

ARIZCUA 

ARrANSAS 

C I L I F W N I A  

C D C O R A W  

CONNECTlCUT 

DELAYARE 

F L O R I D 4  

C E m c m  

I W  

ILLlNOI8 

I N D I M  

IOW 

L(ANSAS 

*ENTUCK* 

LOU1 s I* 

MINE 

I U R V L A N D  

M S S A C W S E T T S  

n i c w c u d  

nissamI 

-1- 

MBRASKA 

M U A D *  

HEY I4b?!PRSnlRE 

NEY msEV 

NEY F€XICO 

M U  VORK 

N m T H  CAROLIN* 

NmTn DYIOTA 

W I O  

O L L A W M  

ORECON 

PENNSVLVaNlA 

R Y X E  ISLAND 

SOUTY C U i O L I W  

SOJTU DAL(0TA 

7ENt"ESsEE 

1 E . G  

"TAU 

VERniINT 

V I R S I N I A  

Y L 5 H : N C T W  

i E S T  V I R C I N I A  

Y i  SCONSIN 

.d*Jn:NC 

TCT4L 

1 0 28834 
55 5% 

41 bX 
3 0 37162 

a o 47571 

b9 ax 
4 0  b9- 

43 21 
5 0 b5958 

b3 11 
b 0  39 

0 71 
7 0 936 

40 2% 
8 0 22147 

37 3% 
9 0 32154 

YPI  

1lb4 b977 5954 
4 b2 13 4% 11 5% 
473 1476 2084 

le05 bWb 8- 

IO e7 a7 

79 176 n a  
1033 a703 5973 

0 1% I 7% 1 72 

I 2% 16 11 14 5% 

1 7% 9 b% IO 1% 
7384 5983 5201 
4 I %  IO 11 8 9% 

497X O b 1  I 4  I41 
11 0 2V249 1216 7952 4970 

IO o 41553 491 i a a  1177 

51 71 a 22 14 iz  8 ea 
11 o 12323 1476 5790 4883 

13 o 42074 mo bib7 a 1 3  

o 71 3 ax 4 ox 

33 9% 4 1% 15 9% I 3  4% 

75 ox I )5 I 1  01 5 7% 
5b9 3098 3281 

830 7073 4458 
2 1% 17 b l  1 1  1% 

994 4979 3300 
1 1 1  103% b p Z  

415 2ZQO I187 
I 2% b 51 3 51 

4-99 
9 5  7% 

boa 
ab I %  
11397 
I 9  2% 
701b 

1206 
I 4 1  

10 e1 
10547 
a ox 
3812 

14 0 71410 3715 
UBX 4 5% 

15 0 21124 4314 
52 51 10 7% 

IC 0 207W 3725 

170 -3 1303 
83 91 3 8% 

I 8  0 3059 251 1oQ4 955 5742 
a 2% 9 0% . 8 6% ai 5% 

e7 492 791 b774 
78 5% 

io 01 

11792 

6 ax 

43 lY 7 2 2  

5753 
I 1  0% 
' 3329 

2 9% 
3165 
5 9% 

21803 
14 2% 
3947 
3 ax 

4b 3% . 
1 1  0 50595 

sa OY ._ . 
za o u o a a  

13423 
P I .  71 

4631 
s 4% 

2075 51907 
4 0% 

59405 114342 
9, " X  _ _  _ _  

61b3 53257 
1 1  8% 
51492 I b O 3 4 4  
32 11 
28660 10432b 
27 5% 

o 5112 
0 0% 

39 P l a b  
I 7% 

13105 59358 
22 1% 
58b7 %bo5 

10 ox 

44 9% 

2 4% 
1322 36341 
3 bX 

0 56Obb 
0 0% 

193 W2bb 
011 
il?C 40269 

37519 a3549 

I ~ C I  5 b n o  

b I %  
14417 48153 
19 9% 
357 YO75 

I 0% 
145 I l l M  

1 3% 
0 8626 

0 0% 
9b79 b l m  

u vx I a2 IO 5% 7 0'1 6 ix a 0% 
13 0 51319 1255 3870 3619 5356 45Ib 69935 

73 4'1 I 82 5 5% 5 2% 7 77. b 5% 
14 0 98874 0 92b 676 W O  471b0 IbB45b 

bb b% 0 0% 0 b% 0 51 0 6% 31 8% 
1 5  0 b95b7 878 I698 1871 1171 1534 77720 

26 0 87159 231 714 1-1 1177 20255 11Ob18 
78 8% 0 2% 0 b1 1 0% 1 1% I8 3% 

27 0 4487 347 975 S O  1901 1197 9bb7 
47 4% 3 7% 10 3% 5 PI 10 I %  I1 bX 

18 0 19 ' 87 444 521 6929 0 BOIO 
0 4% I 1 1  5 5 1  b 5% U 5% 0 01 

29 0 84949 241 1591 I949 147b 3153b 121743 
69 BX 0 2% 1 3% I 61 I 2% 25 92 

m o i a 1 5  2104 5298 5345 14707 -30 ma9 
25 5% 4 2% 10 5% 10 7% 29 3% 19 B'4 

31 0 16530 142B 8859 6215 9210 Bb27 W7b9 
u 6% a 8% 17 42 sa az 17 sa 17 oa 

32 0 S 1 4 b  0 m0 994 473 b572 71005 
87 5% 0 0% I 2% I 4% 0 7% 9 3% 

33 o 10721 1013 5519 44b8 1777) 1316 41832 
15 bX 2 4% 13 2% 10 7% 41  5% 5 b% 

34 0 52b50 ' 37b 4748 4333 4043 34C4 b9b14 
75 b% 0 5 1  b 8% b 11 5 8% 5 0% 

35 0 Sb3bb lb98 1248 3117 4159 30349 97927 
57 52 1 7% 2 3% 3 1% 4 2% 31 OX 

3b 0 llb28 1940 6417 4275 17467 3551 45278 
25 7% 4 3% I4 2% 9 4% 38 6% 7 B'A 

0 0% 0 0% 3 11 2 4% 94  4% 0 074 
38 0 11535  1013 6311 3841 4825 2bb3 11188 

40 2% 3 1% 20 DZ I2 3% I 5  5% 8 Y h  
39 0 52Z2b 0 627 743 bl8 22793 77007 

b7 BE 0 0% 0 8% 1 OX 0 8% 29 66 
40 0 20979 888 8465 5018 b176 2596 42111  

4q 8% 2 1% 15 3% I 1  9% I4 7% 6 p1 
41 0 212b96 3bb7 13558 12487 20941 5491 268840 

79 1% I 4% 5 0% 4 6% 7 8% 2 OX 
42 0 54252 618 93b 1737 2084 25553 85180 

b3 7% 0 7% I 1% 1 OX 2 4% 30 OX 

70 b% 0 0% 7 92 5 4% 5 7% 10 4% 
44 0 16771 1399 6070 4bbl bb01 5665 4llb8 

40 7Z 3 4% I4 7% I 1  3'7 1b 0% 13 8% 
45 0 30967 507 3551 3233 6301 14761  69316 

44 7% 0 7% 5 1% 4 7% 9 1% 35 7% 

a9 51 I 11 2 21 a 4 1  2 BI. 2 ox 

37 0 0 0 39 19 1139 0 1207 

43 0 6958 o 782 531 560 1023 9854 

46 o 12651 907 3377 2171 2277 2721 aa1ob 
12 5% 3 a% 1 4  ox 9 0% 9 4% I I  3% 

47 o 3 4 ~ a  1332 56% 4178 6129 5028 57023 
60 9 x  2 3% 9 9% 7 3% 10 71 e 8% 

40 o 70792 0 b l B  801 550 25225 9798b 
72 ?L 0 05 0 6% 0 8% 0 6% 25 7% 

1830731 30643 !e0056 14934b 291b11 557b73 
co 2% I 31 5 92 4 oz 9 3% 18 3% 

NDTE ' I V A I L A B L E  IANC' 15 THAT r .A: ,LD-E .%>En 1-E -351 CON- 
STRAININO iR;TERIb ( I  . I F  . 114 JF TUE P 3 O J L A - 1 3 h  &.LOYED 
BV A VNIFORn OELSITV C Q i T E P I O N  : 5  FjJNN? I N  A 'OJ4D SCCTDII 
OF 90 0 DECREES 8 NJ-EERS :N Tm COL.-VS REPRESENI TI(LI1 ~ 4 -  
UNlOUELV CONSlRAlNEr OV THE =:.El FSAC1IONAL C R I T E R I O N  THIS 
LAND IS CONSIOCPEC AVaILAQLE I F  THE CRl-ERlON UESE RELAXED 
IF SECTOR C R i T E n i c w  IS APPLiEn. A S S V ~ E  Twr u N 1 F m n  OENSITV 
CRITERION IS ALSO IN EFFECT .. COIIPOSITE OF 5 n m t  ** 

F-71 



TABULATION 

TOTAL 

TABLE F2.10 
POPULATION SECTOR ANALYSIS - TOTAL U 5 
OENCITV - 530 #/SO M l  e.. " W A D "  SECiJR '90 0 DECREES) 
STATE AREA5 I N  SOUARE M I L E S  AND 2 OF STATE 

AVAILABLE LAND 
I > I / .  ALLOYABLE POP 

> 113 ALLOUABLE POP 
> lI2 ALLOYABLE POP 

UNIFORM DENSITV I I RESTRICTED LANDS 
I 

69 1 X  0 71 12 0% 7 7% 6 4% 4 OX 

43  1x 0 0% 1 0% I 4 1  1 '8% 52 0% 
2 0 49244 936 1 1 6 8  1563 2026 59405 114342 

3 0 40501 87 2779 1872 1756 6263 5 3 2 5 8  

5 0 69210 193 177b 199B 2490 29560 104327 
u 3x o 1% I 72 I 9% 2 4% 27 51 

6 0 164 164 482 666 3735 0 5211 
3 1% 3 I X  9 3% 12 07. 71 7 1  0 OX 

7 0 120h 5e 347 251 425 39 23:h _._ 
51 VX 2 5, 14-9% 1 0  81 18 3 X  I 7 1  

8 0 29391 811 4642 5288 7131 13105 59358 

9 0 -7 309 5259 4053 4429 5067 50604 

10 0 43435 0 926 926 743 37519 03549 

47 9% I 41 7 ex 8 9% 12 0% 22 ix 
66 OX 0 5 X  9 OX 6 9X 7 CX 10 OX 

s o x  0 0 1  1 1 1  1 1 %  0 9 %  449% 
I 1  0 39166 463 4738 3976 7036 1361 5b54O 

67 ax o 0x 0 41 7 05 13 9% a 41 
12 0 18991 704 5182 4844 529E 1322 36341 

52 3% 1 91 I4 3% 13 32 I4 61 3 6 X  
I 3  0 48356 193 3291 PI52 PO75 0 56067 

eb2a 037. 59% 381 371 0 0 1  

bo o a5744 

50 0% 
46 0 15459 

64 1 1  
47 0 40935 

71 81 
40 0 71400 

72 92 

434 
0 5x 
193 
0 5% 
492 

I 01 
0 

0 ox 
222 

a ox 
a ox 
1409 
1 3% 
164 

0 ax 
10. 

0 2 %  
m 

0 4% 
0 

0 ox 
183 

0 2% 
434 

0 4. 
I35 

1 4% 
261 
3 3x 

?a4 
0 6% 
1107 

846 
1 ex 

0 
0 ox 
1033 
2 5% 
1100 
1 61 
154 

1390 
3 ox 

10 
0 81 

145 
0 51 

0 
0 ox 

2 ox 
1091 
0 7% 

0 6% 
29 

0 3x 
637 

1 51 
m6 

0 61 
0 

0 ox 
193 

0 31 
0 

0 ox 

26 1 

a 41. 

o ax 

e40 

482 

1949 
2 4 1  
6282 

15 6% 
3156 
6 6% 
1669 
4 9 %  
loel 
en 
1139 

13 2% 
4902 
7 p 1  

3 OX 
3 0 1 1  
0 0% 
3059 
4 4% 
647 
0 4% 
1177 
1 5% 

0 3 %  
e60 

e l x  
473 

5 -  
7w 
0 61 
5365 

10 7% 
7681 

15 I X  
685 

1 ox 

13 0% 
a754 
5 4% 
1689 
I 7x 
6002 

I 3  3% 
50 

4 ex 
0018 

I 6  I X  
608 

0 0% 
5800 

13 BX 
9003 
3 31 
1793 
1 5x 

5 61 
5452 
13 2% 
2712 
3 9 %  
2750 

I 1  4 1  
3937 
6 9% 
579 
0 6 X  

2% 

n r  

5423 

5% 

2335 

3561 
8 ex 
2123 
4 4~ 
975 

2 9 %  
1187 

10 6 X  
1033 

12 ox 
4323 
7 ox 

a e x  

21.2 
a 51 
a2M 
en 
a 4 3  
4 2 %  
704 

0 ax 
1390 
l e x  
733 

o n .  
656 

6 V X  
753 

e 4 1  
936 

0 0 1  
5443 

10 ox 
4006 
9 5 1  
u4 
0 61 
6128 

14 bX 

4 OX 
2634 

4507 
10 ox 

212 
17 61 
2586 
D 3% 
405 

0 5x 
3995 
e 5% 

10345 

965 
1 I X  
487 

4 91 
3706 
9 0% 
3020 
4 4x 
1708 
7 1x 
3020 
5 32 

376 
0 4x 

arw 

a r x  

381 

1046 iw 
a 5% o ax 
2603 2470 
6 71 6 1% 
8.200 14417 
4 6 X  29 9 X  

2 5 1  l o a  
4507 145 
bo41 1 3 %  

511s 0 
59 ax 0 ox 
7672 9679 

12 4X 15 7Z 
3329 24926 
3 9% 29 ox 
17aS 3041 

3464 4516 
5 OX 6 SX 
454 47160 

0 31 31 8X 
1052 1534 
1 4 1  2 ox 
509 10755 
0 5 1  18 3% 
LOP0 1197 

5096 0 
73 6% 0 OX 
946 31536 

0001 9930 
17 5% 19 81 

e49 357 

an B O X  

11 51 12 61 

o 81 25 ex 

1015062 21627 145462 122968 177165 557673 
64 3% 0 7% 4 8% 4 0% 5 8% 10 3% 

82266 

40269 

48133 

34074 

1 1 1 5 6  

9629 

61837 

85913 

47so3 

69933 

148456 

77721 

110617 

9466 

eo10 

121745 

w220 

W769 

71005 

4 I e34 

69615 

97928 

45270 

I106 

31188 

77006 

42123 

268839 

85180 

98SZ 

41167 

69716 

24105 

57021 

*7985 

NOTE "AVAILABLE LANO' IS THAT AVAILABLE UNDER T M  MOST CON- 
STRAINING C R I T E R l A  I1 * IF  > 114 OF THE POPuLATlON ALLOYED 
DV A VNIFORN OENSlTV CRITERION IS FOUND I N  A WUAD.  SECTOR 
O f  90 0 DECREES ) MJMBERS I N  T I E  C O L W  REPRESENT THAT LAND 
V l l O L k L V  CONSTRAINED BV TUE C I M N  FRACTIONAL CRITERION TMlS 
LWD IS CONSIDERED AVAILABLE IF TnE CRlTERlON UERE RELAXED 
IF  SECTCR CRITERION IS APPLIED. ASSUME T W T  UNIFORM OENSITV 
CRITERION IS ALSO I N  EFFECT e. COMPOSITE OF 5 RAD11 ** 
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n v n 1 L n B L E  L n N o  
I > I I 4  ULW4BLE POP > 113 U L O W B L E  POP 

I > 112 ALLOUABLE POP ' I I  I I  W I F O R H  DENSITV 

I RESTRICTED LANDS 

I 0 .  37838 be2 
72 91 0 9% 

4950 3701 

I 1% I 0% 

9 5% 7 1 1  
122b 1090 

2075 I 5 3 4  
3 9Y. 2 92 
5008 5684 
3 1 1  3 5 1  
1457 1872 
1 4% I 8% 
1023 (137 

2856 207% 51907 
5 5% 4 01 
1179 59.W 114342 
1 57. 52 0% 
I554 b2b3 532S9 
2 9% 1 1  8% 

13327 51492 LbOX-4 

4.3% o n .  
3 0 41b30 203 

7e 2% o 4% 
4 o e y u o  1033 

Y32 O b 1  
5 0 70300 174 

b7 4% 0 27. 
b 0 413 193 

8 0% 3 7% 
7 0  1380 1 9  

5 9 3 2  0 -  

19 b% 12 2X 
a60 212 

I 2  0% 9 I f  
m 2  3831 

ab 5% 0 0% 

17 0% 1 7% 
39b 39 2 U b  

bbb5 13105 59357 
. -  

e o ~ 1 1 1 2  1042 
52 47. I el  b 41 b 5% 10 91 22 I 1  

bE 4 1  0 51 0 4 1  b b 5 1  10 01 
9 0 40006 -0 4912 %be 3912 58b7 %bo5 

10 0 43705 0 849 791 -5 37519 83549 
52 n. 0 01 I 01 0 91 0.81 u 91 

I 1  0 40791 444 3b19 M I 7  1161 ab540 

12 0 

13. 0 

14. 0 

IS. 0 

I.. 0 

0. ex 
733 

2. 01 

b 9 l  
4719 

13 01 

11 4 1  
4159 

11 4% 
1795 
3ax 
1747 
2 I 1  
2152 

2 4% 
1322 
3 b l  

X - 3 2  

abob7 

81267 

40269 

4ei54 

72.1x 
21346 

mo93 
89.11 

w n  

7-a0 

2b 1 
0. 51 

135 
0. ax 

241 
0.  bX 

10 

2094 

1911 
a n .  
bo31 

15 0% 
2702 
5 b l  

3 n  
1624 
3.3a 
I631  
2 01 
3339 

1708 
3 51 

897 
2 b l  
1795 

16 I 1  
1013 

e n .  

0 
0 ox 

193 
0 2 X  
2470 

511 

3 8 1  
le53 

b 12 
14417 
a992 

357 
I ox 

I 4 5  
1 3 2  

0 
0 02 
9679 

24816 
29 0% 

15 n 

-. 
57. 01 0. oi 

17 0 -94 0 .  1534 791 
2 3 a  
3599 
32 31 
4b32 

34073 

11155 

Bb2b 

b1837 

ea914 

47-4 

by912 

14845b 

77721 

]lob17 

89 5 1  0 01 4 51 

3982 I l l  9 4 1  
le o 4.39 125 1052 

I 9  0 1785 37b E20 
w 7 1  4 41 9 51 

w 0 %ea2 m 4419 
9 9 b l  0 4 1  7 2 X  

53 7 1  
b333 

10 b l  
2357 

I 1  7 1  
4092 

21 0 53529 193 2316 

a. 
23 

24. 

0 :  
u11 
moa7 
77R 

2 .  n 
aaio 
b 9 t  
3030 
4. a 

3 OX 
1-a 
33a 
2056 
4 1 1  

0 2 X  
14s 

0.3a 
3aa 

0 51 
0 

0 01 
357 

0. 51 
0 

3e41 
0. 01 
4516 0 :  

0 :  

.. _ _  
-74 
01. ox 
99713 
67 1x 
R771 
93 bX 

~. 
6 51 

M 7  
0 41 
I245 
I 61 

Dl1 
011 

965 
1. ax 
4.4 . .  

415 
0 3 a  
849 

I I. . 

471bO 
31 82 

I 5 3 4  - 0  

ab0 

a 7 0  

a 0  

a v o  

300 

31 0 

S Z O  

w o  

Y O  

n o  
a 0  

3 7 0  

s o  

3V0 

4 0 0  

41 0 

..- 
2 01 e?? 463 

E20 5bO 94b 1197 9467 
e n 5 vz IO 01 12 b l  
wo ell 

9% a31 
o m  0 4 .  

IO 7 1  B ea 

7 01 10 I 1  

535b 4429 

b7b5 a 
13 31 9 17. 

0 51 0 b l  
-7 5b3b 

14 01 13 5 1  

a47 baa 

ab33 0 Boll  
b7 BI 0 OX 

849 31516 1 2 1 7 U  

la ax 19 ex 
4333 Eb27 507b9 
a 32 17 02 - _ I  . .. 

b5770 7100s 
0 . 1  9 3 1  
Blob 232b 41833 

19 4X 5 b7. 4482 2 7 2  
% I 3 2  b37 
W 5 %  1 0 9 2  
b1519 174 
baez  0 2 %  
22041 280 
48 77. 0 b l  

*e IO 
4m o w  

19- 0 

3223 
4 b l  
I b50 

5192 
I 1  51 

I 9 3  
16 01 
4275 

347 
0 5 1  
52b9 

in 

13 n 

34b4 69bIS 
5 0% 

31 01 
303.9 97928 

3551 45278 
7 ez 

0 1206 
0 01 
2bb3 31109 

22793 77006 
b7. 

2596 42122 
b 21 

2 0 1  

e 51 

5491 2 a e 3 9  

25553 e51m 

-~ 
2 3% ' 2 o i  
5201 9013 

I 1  5 1  I 9  91 

132b 2297 
7 5 1  7 4 1  
328 37b 

0 4 1  0 5% 

ba 91 0 01 
uraa 0 
b9 01' 0 0% 
'27309 -116 3 b l 9  a 1 3  
b4 81 0 35 I2 51 

134659 1042 94eb 
a7 32 o 41 3 5a 

B 6 1  7 b% 
7990 10171 
3 oz 3 e2 

e o  w r  
b b 4  

43 0 ' 75: 
76 7 

_ .  
' M b  724 

o m  o e z  30 V4 

10 4% 
1023 9853 0 482 

0 01 4 9 1  
647 5211 44 0 2 J l i  

ab. 

.. . 
5bb5 411b7 

13 8% 
247b2 b931b 2374 

3 4 1  
l4b7 
h I 1  

3088 
4 5% 
1312 
5 4 1  -. . 

47 0 42315 ' 174 3213 314b 314b 
7 4  2X 0 3% 5 b% 

0 280 
7 3  3% 0 01 0 31 

48 0 71786 
5 5x  5 57. 
328 a 7  

0 3Y. . 0 4 1  

e 82 
25215 9798b 
25 7 1  e '  

weor04 n e 4 9  13125s 108457 1 4 8 0 1 ~  557675 
68 4 1  0 51 4.3% 3 b l  4 9 1  18 3% T O T U  

OF 90 0 DECREES > m E R S  I N  T I S  COLUMNS REPRESENT T U T  LUQ) 

LMIO 16 CON5IDERED AVAILABLE I F  TUE C R l T E R l W  &RE R E L 4 I E D  
. UllOoELV CONSTRAINEU W T)(E E I V E N  F R n C T I m n L  C R I T E R l m  THIS ' 
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TABLE F2.12 
POPV-ATlOY SECTOR ANALV5:S - TOTAL U 5 
DENSITV - 1 5 j O  M I S 5  R I  *e* "Q-AD" SECTOR ( 9 0  0 DEGREES, 
STATE AREAS I N  SGJARE R I L E S  AND I OF STATE 

A V A I L A B L E  LAN0 

I l l  I I R E S T R I C T E D  L ~ N D S  

> 1 / b  ALLYAABLE POP 
> I13 ALLOLAOLE POP 

> 112 A L L O ~ A B L E  POP 
UNIFORM L E h S I T V  

A 

T I B U L ~ T I O N  

ALLBLPl4 

AR 1 ZON4 

ARr.9SAS 

C A L I F O R N I ~  

COLORADO 

CO'lhECTICUT 

DELAU4RC 

F L J R I D 4  

C E 3 P C I 4  

t D W O  

I L L I N O I S  

IN0 I A N 1  

I OY4 

KANSAS 

KENTUCLV 

L W I S I * N *  

I lAINE 

MARYLAND 

M4SSACUUSETTS 

M I C H I U N  

M I W E S O T 4  

RlSS1SSIPPI 

nissom I 

RONTAN6 

NEBRASK4 

NEVADA 

NE* U 4 R S U I R E  

IYY &ass* 

N U  rnXICO 

NEY VORR 

NORTH C 4 R O L I N A  

NORTH D U O 1 4  

MI0 

ov.L4not!A 

ORECON 

PENNSVLUANIA 

RHDDE I S L 4 W  

SOUTH CAROLINA 

SOUTU D A U O T I  

TENNESSEE 

TEXAS 

U T W  

VERRONl  

V l O C l N I 4  

LASqIhCTON 

YEST V I R O I N I 4  

Y I S C O N S I N  

YVOUI  NC 

I 0 39391 0 b53b 3213 2b92 2Q?5 51Q07 

I I b 3 4 2  

53059 

I bo363 

75 9% 0 OX 8 7X b 2+ 5 2% 4 VA 
2 0 51820 318 7 7 2  589 i 4 3 8  59405 

1 5  3% 0 T' 0 72 0 5s I 3x  I 2  0% 
3 0 4219' 0 17.7 1274 1.7b bPb3 

' 9  8% 0 0% 3 3% 2 4 2  2 Bz 11 8% 
b 0 88259 92b 4603 bob3 11020 51492 

55 OX 0 bX 2 9- 2 5% L 91 32 l X  
5 0 71275 589 TI87 1129 ib8b 2EbbO 10432b 

68 3% 0 6% I 1% I 1 X  I 4% 27 5% 

24 1% 0 2% I3 OX 11 577 51 3% 0 0% 
0 5212 b 0 1255 10 b7b 598 2b73 

7 0 1bb7 0 2.1 212 367 39 2326 
b3 1% 0 OX 10 4% 9 1% 15 8% I 7% 

50 I +  0 OX b 61 5 7X IO I X  22 I X  
8 0 34b79 29 23b5 3397 bo02 13105 59357 _ _  . . 
9 0 41389 2bl 

70 6% 0 b% 
10 0 b394b 0 

52 bX 0 OX 
I 1  0 42981 454 

76 OX 0 8% 
12 0 23990 135 

Cb 0% 0 b% 

91 5% 0 ox 
14 0 77866 39 

94 77. 0 ox 
15 0 27097 ' 40 

67 3% 0 1% 

13 o a i a w  0 

. .  .. . _ _  . 
b 3 2 3  3165 3b19 50b7 58aOb 
7 4  
77 

0 1  
3bt 

5 bX b 2% 10 0% 
b37 b7b 37519 
0 0% 0 0% bb 9% 
2634 5bb5 13b1 
b 7% 10 0% 2 4 1  
320. 3812 1322 
8 8% 10 5% 3 bX 
1322 IbbO 0 

83550 

5b539 

3b3.2 

5bObb 

82767 

bO2bB 

3 2% a 4% 
1293 I245 
I bX 1 5 1  
5616 2972 

13 9% 7 b% 

0 0% 
193 

0 2% 
2470 
b 1% 

1631 

20b5 
a ox 

Ib 0 28217 
58 bX 

17 0 30581 
89 7x 

I8 0 bB5b 
43 5% 

I9 0 2bb3 
30 9% 

20 0 39571 
62 b% 

21 0 54214 
b3 1% 

78 7x 
23 0 57987 

02 92 

b7 bX 

95 I X  
26 0 8Vbbb 

80 9% 
17 0 bll8 

bb b% 
2 9 0  l b W  

20 0% 
a 0 00bOb 

30 0 ab907 
b9 bX 

53 n. 
32 0 b3.58 

89 4% 
33 0 228bI 

5b 6% 
34 0 59878 

aa o 3 7 ~ 0 3  

ab o ioooai 
a5 o 73909 

72 6% 

31 o a n a 2  

0 2306 1bb8 17b6 lbb17 4815b 

0 1b7b 078 702 357 3.07. 
0 0% b 8 X  3 0% 3 71. 29 9% 

0 ox 4 31 
318 I341 

2 9% I2 0% 
39 be5 

0 4% 7 9% 
11b 3802 
0 2% b 1% 
367 23.5 

2 bX 
17.7 

I5 7% 
1177 

2 3% 1 ox 
2750 l b 5  11155 

ab 7% I 3% 
4063 0 eba7 
b7 I %  0 0% 
57.2 9679 LIB38 
9 3 X  15 7% 
2191 2b92b 85915 

I 3  b% 
3928 
b 41  
I 879 
2 2% 

3 b% 
1930 

37b 
0 3% 
b10 

1797 

a 8% 

0 4% 2 7% 
0 3099 

0 0% b 5% 

0 3% 3 91 
212 2721 

- - .  - .  
2557 45Ib 69933 
3 7X b 5 X  

bo5 b?IbO 
0 3% 31 8% 
BO1 1 5 3 b  

IbBb55 

77721 

11Ob18 

94b7 

Boo0 

121745 

50219 

507b9 

71005 

b183b 

b9bI5 

97920 

b5277 

l2Ob 

31 I89 

77007 

42122 

268839 

85101 

9853 

411b8 

b931b 

24101 

57023 

97907 

0 463 
0 0% 0 3% 

0 859 
0 ox l - l x  0 8% 

251 

5b9 
b 0% 

' 15b3 
19 5% 

45b 
0 4% 
4011 
8 ox 
4188 

328 
0 5% 
4709 

I 1  31 
182b 
2 b% 
177b 
1 8% 
b709 

10 b% 
193 

Ib OX 
2152 

' o ax 

0 ax 

1 ox 2 O f  
376 20255 
0 3% I8 3% 
088 1197 

0 290 
0 0% 0 3% 

0 695 _ .  
0 0% 7 3% 

145 YIl 
I BX b b% 

0 5669 

58 b31b 
o ox o ax 

4188 0 
52 32 0 0% 

0 b% 25 9 X  
b996 9930 

13 9% 19 8% 
b217 8627 
0 3% 17 OX 

78a 31536 

0 1 %  8 6  
0 b40 

0 3Y 
0 0 %  0 5  
290 b 5 i  

0 7% IO E 

o 0% ia 0 .~ 
290 bS72 
0 bX 9 3% 
7122 232b 
17 OX 5 bX .. - 

0 2567 
0 ox 3 7% 

1082 3bbb 
86 OX 

35 0 b27b4 
b4 I %  

% o 23410 

a 7% 5 ox 
1853 30349 
I 9% 31 OX 

0 l2Ob 
0 ox I 2% 
318 5172 
0 7% I !  b% 

0 145 
0 0% I2 ox 

0 3995 
0 ox I2 8% 

0 2b1 
0 ox 0 3% 

0 b757 

8007 3551 
17 91 7 8% 

590 0 
b9 6% 0 0% 
2220 2bb3 

51 0% 
37 0 270 

38 0 20159 
bb b1 

39 0 53297 

22 ex 

b 9% 
309 
0 bX 

7 1 1  8 3% 
3b7 22793 
0 5% 29 b% 
3098 259b 

b9 2% 
40 0 283.2 

b7 3 X  

. .  
3329 
7 9% 0 ox 11 3% 

975 bBS0 
0 b% 2 b% 

0 425 
0 0'' 0 5% 

7 4% b 2% 
0be5 5491 
3 2% 2 0% 
001 25553 

0 9% 30 0% 
330 1023 

3 4% 10 4% 
3136 5bb5 
7 b% 13 8% 
Zb92 247b2 
3 91 35 7% 
1303 2721 

' 5 b% I 1  3% 
2808 5028 

I t  0 241327 
89 Br 

b2 D 57823 
b? 91 

5481 

579 
a 0% 

0 7x 
b3b 

4 4x 
2bOC 
b 3% 
1882 
2 7% 
1419 
5 91 
25b7 

b3 0 7585 
77 ox 

44 0 25090 
bo 9% 

b5 0 30108 

0 b73 
0 0'4 b 02 
58 4613 

0 I X  I 1  2 x  .. . 
280 1592 

0 2b25 
0 ox 10 9.4 
203 3098 

0 bX 5 4% 
0 193 

0 0% 0 2% 

b178 11207. 
D 2% 3 7% 

o 4a 2 SL 55 0% 
bb 0 11030 

bb 5% 
b7 0 43319 

7b 0% 
b8 0 71912 

73 b% 

b 5X 
I 9 0  

0 3x 

b 91 8 07. 
' 3b7 25215 
0 b% 25 7% 

131928 557673 
b 3% 18 3% 

2141133 
70 bX 

00981 
3 ox TOT4L 

NOTE " 4 V A I - 4 B L E  LAYD" 15 T U 4 1  A V I I I L A B L E  UNDER 1-E "351 CON- 
S T R 4 l N I Y C  C R I T E R I A  I I  . - I F  > I , L  OF TME PJPclLAT!34 ALLOYED 
8 V  A U h l F l R M  D E N S I T V  C R l T E R I O N  IS FOUND I N  4 "QUAD" SECTOR 
OF 90 0 DECREES I NUR8ERS I N  TUE COLURYS REPRESEN1 T Y 4 T  LAND 
UNIQC'ELV C O N S T Q 4 I h E O  B V  TUE C I U E N  FRACTIONAL C R I T E R I O N  TU16 
L A N D  IS CONSIDERED 4 V A I L A B L E  IF  TUE C R I T E R I O N  WERE RELllED 
IF SECTOR C R I T E R I O N  IS 4 P P L I E D .  ASSUnE T U 4 1  U N I F O R R  D E N S I T Y  
cairEazm IS ALSO IN LFFECT e. COUPOSITE OF 5 SADII a- 8 
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TABLE F2.13 

TbSY-ATION 

A L I B I W A  

An I zow 

A R r A N S I S  

CALIFORNIA 

COLORAW 

CONNECTICUT 

DELAYARE 

F L O R l M  

OEORC I A 

IDAHO 

ILL IN015 

I N D I A N A  

1- 

MANSAS 

U N T U C A Y  

L W I S I U I *  

WIIIE 

IURVLAND 

POPULATION SECT09 ANAL1515 - TOTAL U S 
DENSITY - 2SO ./SO M I  *** SINGLE SECTOR 122 5 MCREESJ 
STATE AREAS I N  SOUARE HILES AN0 X OF STATE 

> I t 1 6  POP 
> 

I N  
118 

SECTOR 
POP I N  

> 116 
SECTOR 
POP I N  

> 114 
SECTOR 
POP I N  

> I13 

I 
SECTDR 
POP I N  

> 112 

I 
SECTOR 
POP I N  SECTOR 

UNIFORM DEHSITV 
NO POP 

I I  
C R 1  
NO I 

I o 16550 20352 2.414 i o w e  35387 4177s 441~9 49833 
31 9% 39 2X 47 1X 58 0% 68 22 80 57. 85 0% V b  OX 

2 0 44033 448h3 46166 48144 49215 50942 5lbO8 54937 
38 5X 39 2% 40 4% 42 I X  43 0% 44 6 1  45 I X  4 8  OX 

3 0  23594 27059 31019 -998 40665 43010 43830 46995 
44 3% 50 8% MI 1% 69 5% 7b 4X 80 EX 81 3X 88 2% 

4 0 52978 60158 6b575 73060 78426 83926 86068 100871 
33 OX 37 5% 41 5X 45 6% 48  9% 52 3% 53 7X 67 9% 

56 I X  I 58 6 1  61 4% 63 92 & 0% 67 7X b0 7X 72 5% 
6 0 10 IO 19 I 1 6  183 203 222 5211 

5 o 58527 61123  MOP^ ~ e e 2 4  70580 71719 7% 

7 0  

e o  
9 0  

IO 0 

11 0 

12 0 

I 3  0 

2 2% 
946 

40 7% 
a5138 
42 ax 
33186 
56 6% 
41736 

31806 
56 3X 
14002 
38 5% 
43242 
77 I X  

m 0% 

3 5x 3 9 1  
1332 1544 

57 3X M 4% 
%535 3i569 
4B I X  54 n. 
38889 43898 
M 4'1 74 9x 
i i o s e  44380 
51 5x 53 I X  
37944 42103 
67 1X 74 5. 
1901 I a - 6  
¶a 3 1  t.3 3x 
48038 51338 

4 3% 
1679 

72 ax 

58 7 1  
45722 
78 ox ~. 
44824 
53 6X 
43- 
76. 7X 
24472 
67 3X 
52255 
v3 2% 

100  ox 
2ZB7 

98 31 

77 PI 
52737 
90 ox 
46031 
55 1% 
55179 
97 6% 

a 2 5 2  

96 4X 
56067 

I W  0% 

I 

S 1907 
I00 ox 
114343 
I00 0% 
53238 

I W  ox 
1 6 0 x 4  
100 OX 
104326 
100 ox 

521 I 
100 ox 

2326 
I W  0% 
59357 

100 0% 
%bo4 

100 ox .~ .  .. 
83550 

100 ox 
56539 

I W  ox 
36342 

100 0% 
%Ob7 

100 ox 

R I A  
5TR 1 C T l  ON5 

1405512 1518711 lb01820 IEb4324 ml2SbO 2lM329 2199678 2#82289 303-64 
TOTAL 46 ax so 0% 55 3% 61 3x u 2% 70 71 72 4x 81 7% LOO 01. 

NOTE wnnEns IN TC~E C O L ~  REPRESENT is AmwT oc LIWD 
THAT IS CONSIDERED TO BE AVAILABLE IF TIE ONEN CRITERIDI 
IS A P P L l m  N N E V E R  A SECTOR CRITERIUU IS APPLIED. I f  IS 
A S S M O  THAT A UNIFORM OENSITV CRITERIUU 15 U S 0  I N  EFFECT 
CRITERIA YERE APPLIED TO 5 R A O I I  (2. 5. 10. 20. 3 0 1  1NOI- 
V I D U U L V  AN0 THE RESULTS CDIPOSITEO 
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TABLE F2.14 
POPULATION 5EcToa ANALISIS - TOTAL u s 
GENSITV - 500 * I S 3  *I *** SINCLE SECTOR 122 5 DECREES) 
STATE AREAS I N  SOUIRE M I L E S  AND 7. OF STATE 

T A a U i h T I ( H  i l l b  POP I N  SECTOR 
> 118 POP I N  SECTOR 

> I I b  POP I N  SECTOR 

> 112 POP I N  SECTOR 

R I A  
STR I C T I  ON5 

I O  

2 0  

1 0  

4 0  

5 0  

6 0  

7 0  

8 0  

9 0  

10 0 

11 0 

I 2  0 

I 1  0 

I 4  0 

l a  o 

24038 27b20 30726 39121 
75 4x 

45 ox 
42bW 
eo I X  
Eb512 
51 PI 
70792 
b7 91 

917 
17 bX 

15% 
bb ex 
13833 
07 ox 
41736 
71 11 
43888 

41155 
7b 3% 
a 1 1  
b5 01 
51b18 
91 I t  
7 7 V U  

ab788 
bb 5I 
18284 
¶E 7 1  
30650 
90 ox 
4683 

41  Bt 
2.01 
20 41 
38450 
b 2 1 1  

bl bX 
377bo 
7 8 -  
5m35 
ea 01 
99955 
b7 3X 
73736 
94 PI 
WOBP 

6031 

I370 
17 I t  

11 4x 
14096 
48 ox 
53 7x 
bHV7 
W 4 1  

51 51 
boobs 
Eb3X 
62349 
bl 7 1  
23507 

135 
I I  11 
a0107 
M a  
51155 
b9 3% 
20111 
b7 11 

239098 
88 91 

~ I I B ~  

52 ox 

94 n 

54- 

m 51 
a n  

mtba 

2 7 ~ 1  

atass 

ai PI 

57572 

439- 
84 b1 
52467 
45 91 
44419 
81 4x 
905b5 
5b 5% 
72558 
b9 5X 

122b 
a3 5x 

1718 
71  91 
3b450 
b I  4 1  
4b14b 
78 7 1  
44851 

4bm 
81 PI 

7 6  32 
5 y 8 0  
va 4x 
78487 
Vb bX 
azeb8 
8 1  bX 

bl 4x 

94 bX 
S o V  
52 I X  
-43 
34 I X  
U W l  
68 I 1  
567% 
bb 1 1  
41120 
05 PI 
blob0 
-3% 

100505 

74788 
Vb 11 
w 5 5 2  
81 ox 
Waa 
7a11 

11160 
a0 7 1  

53 n 

a m 4  

30542 

sa24 I 

67 n 

mn 
n 11 

57 n 
3 3 7 ~  
n 5x 

2Wbo 

b3vYa 
rom 
2 b W  
bl 41 
62- 
8991 
b3642 
b5 OX 
Zeoea 
62101 

24 1 
w ox 
7417b 
7811 
03bl5 
b9 b l  

46503 
e0 bX 
52V11 
4b 1 X  
45239 
84 91 

4-13 51907 
9b OX 100 OX 
54937 114343 
48 ox 100 ox 
4b99b 53250 
88 21 100 ox 

4b 3% 53 2% 59 2 X  
4bb00 4752b 48723 
40 n 41 bX 42 bX 

b7 OX , 50421 . 44 15 ~~ 

30b77 11343 36004 3901b 
74 81 
81VVb 
51 1 1  
bV248 
bb 4 1  

M 7  
I2 4 1  

121b 

57 bX W 9% b7 bX 
bb5bb 70976 75059 
41 5% 44 32 47 32 

97756 108071 1bOlb4 
57 8% 67 PI 1 0 0  0% 
7317b 75bbb 1 0 4 X b  
70 IX 72 sx IOD ox 

61429 b5ObO b75W 
LO 81 b2 4 X  M 7 X  

10 154 190 
0 1 1  3 0 X  5 b X  

1476 
203X 

10b2 
eo I t  
399121 
b0 91 

5211 5211 
100 ox 100 ox 

2287 232b 
983% 1 0 0 O X  
46252 59357 
77 91 100 ax 

5bV bo0 8 4 9  
24 5Z 2 1  IS lb 5X 
20149 23884 2h932 

u3% 
11092 
52 4 1  ... ._ 

48300 52717 - 36824 
b a n  

51 3% 
3897b 
bePI  
1-74 
50 b l  
48370 
8 6 3 2  
7% 
91 ox 
11851 

42801 

~n 
24550 
51 01 
a230 

47 62 
19570 a m i  3 2 ~ 7  
34 bX 42 3X 57 7X 

7083 9071 11431 
19 51 2b 1 X  37 OX 
32241 H b 0 0  43039 
07 51 b1 7 1  7b 81 
b739b -2 72b1b 

I b  0 

17 0 

18 0 

I 9  0 

a00 

21 0 

n o  
1 3 0  

24 o 

25 0 

ab0 

a70 

2 0 0  

a v o  
3 0 0  

31 0 

3 2 0  

n o  
3 4 0  

35 0 

3 6 0  

17 0 

3 9 0  

3 9 0  

40 0 

41 0 

42 0 

4 1  0 

44 0 

45 0 

46 0 

47 0 

48 0 

n ox 77 PI ea ox 
2123 2393 m b l  

SV OX 21 5 X  26 bX 
434 b0b 1004 

5 OX 7 6 1  I 1  6X 
a a m  aiwa 2049b 
36 51 38 7 1  4b I1 
41071 42914 48511 ~~~~ 

Sb 0x 
18450 
W 4 1  
49WO 
70. a 

aa530 
6 7  PI 
9-37 

5V 41 b l  bX 

b b B t  
7- 
PJ ox 

eo I 1  

Sb 7 1  
5365 

I 4  11 
8 7 p b  

IVabI 
30 4x 
2 2 v m  

71 n 

19105 

4a 
4 01 

1bebe 

42 n 

975b llEE9 14407 
1 1  1 X  30 1 1  4b 11 
50759 50798 51994 
b5 PI bb OX b7 51 

n 11 
$2034 
bE b l  

.. -- 
bv PI io-& ma 01 ~~ ~ 

lbb5b IB02b WbO3 13157 
70  n 

247416 
92 ox 
50218 
683X 

8115 
ea bX 
-433 
71 5X 
39594 
57 I X  
18962 

4b494 
81 5x 
72134 
7 1  62. 

70  n 

isen 
85 11 

25044b 
-11 
S 5 M  
ben 
8482 

11430 
7b 3% 
40810 
58 PI 

. I 9 9 1 8  
87 6 1  
48oeb 
84 3% 
7 2 3 M  
73 Bt 

86 IX 

3952b 
PJa 

261348 

wb27 
7 0  01 
6830 

W bX 
35502 
8611 
44554 
M3X 

m 01 

21384 
w n  

m b i  

51994 
91 ax 
74 3% 

42122 
100 ox 
2m39 
100 oa 
85181 

100 01 

100 OX 
41167 

100 ox 
b93lb 

1 0 0  01 
241Ob 

I 0 0  ox 
57022 

1 0 0  01 
97mb 

m5i 

mo ox 

ba ex 
5308 
53 91 
12120 
zv 4x 
28757 
41  51 
9399 

39 0% 
2b5bb 
4b bX 
bVbb1 
71 I X  

M 1 1  
5300 

51 95 
14251 
1 4  6 1  
30581 
44 I X  
10393 
4 1  LX 
2879b 
50 51 
bPbb3 
71 1 1  

65 3% bb 7 1  b7 b l  
bo80 b7b5 7 M l  

ab530 203b2 2492b 
40 11 4v 5x bo 51 
31090 15512 179bl  

11551 13471 Ibt44  
47 PI 55 PI 67  OX 
13949 3 W I B  4- 
09 51 (ie 31 7b OX 
70b19 71302 71844 

b i n  ben n b x  

47 n 51 ax u 8x 

72 IX 72 a '11 3% n 
lele33S 1 7 2 8 ? S A  186376h 2003049 2131982 2248355 2305123 2487299 300399bl 

54 Pi 56 85 b1 S A  65 Os ' 7 0  I X  74 01 75 8% 81 7% 8 0 0  0% 



w 
TAOVLATION 

f '\ 

TOTAL 

TABLE F2.15 
PJPVLATION SECTDO m n L v s i s  - TOTAL u s 
DENSITV - 750 ./sa ni  SINGLE SECTOR 1 2 2  5 DECREES) 
STATE AREAS I N  SJrARE n I L E 5  AND 1 OF STATE 

> I I I b  POP I N  Y C T m  
1 > 118 POP IN SECTOR 

> < I I b  POP I N  S E C T W  1 i 114 PI IN . w m n  
> lI3 POP I N  SECTOR 

> II2 POP I N  SECTOR 1 r'FmW ;'*"" NO R E S T R I C T I W S  
NO FOP C R I T E R I A  

I o 27435 
52 92. 

2 0 4?459 
41 5% 

b2 71 
b 0 87 

1 7% 
7 0 b37 

27 4% 

42 I 1  
9 0  -15 

49 2% 

48 9% 
I I  0 25167 

44 5% 

a7 1 1  
I 3  0 35b47 

e o 25013 

IO o 40839 

sa o 9843 

30407 33167 36Ob2 

.. . -  
35907 37124 40550 
61 8% 6 9  71 76  2% 
7592b BObM 85258 
47 3% 50 3% 53 tx 
bb9b1 b6640 70406 
b4 22 6 5  82 b7 51 

357 627 93b 
b 92  19 OY 18 0% 

743 975 I 2 8 3  
32 OX 41 91 55 21 
272b1 3043b 33051 
45 9% 51 31 55 71 
31189 3.08. 37789 
53 a+ 58 2% M 5% 
41254 42335 43087 
49 4Y 50 7 1  11 b1 

11657 15537 20439 
U l l  4 2 8 1  5bn:  
37101 45220 49533 

b3 6% bb 4% 
14 0 bV557 71111 

84 b1 Ob 4% 

45 9% 48 9% 
1b 0 18943 10429 

15 o 18480 19676 

39 3% 42 41 

I6  0 

19 0 

a00 

ai o 

2 2 0  

a30 

24 0 

as o 
ab0 

a70 

1 8 0  

. . . . . - . . 
15331 ab856 29471 
52 9 X  5b 11 61 51 

S 1'1 b3 b l  72 01 
97494 97494 98.11 

~ W I I  44458 so354 

b5 7 1  b3 71 bb 3% 

07 11 BII 7 1  9 1  71 
-33 be901 ria85 
_ .  
Eb95b 0?75i &91 
78 b1 7 9  31 80 01 

41b9 4333 4883 
44 01 45 02 51 bX 

4ea Rbv I l l 0  

41 0 

42 0 

43 0 

44 0 

45 0 

4b 0 

47 0 

48 0 

81 b l  
3329 

a9n 
1b79 

I V  51 

a 9 0  

3 0 0  

31 0 

X I 0  

3 3 0  

Y O  

35 0 

3 b O  

37 0 

J a o  

3 9 0  

40 0 

b OX 10 81 13 9% 
84544 85316 ObEbO 
bV 4 1  70 I 1  71 3% 
lloel I== 1bW4 

15194 17-2 a0477 
04 11 a7 5a 33 m 

30 n 3s 11 40 37. 
svie3 59183 61.21 
83 41 E3 4 1  Ob 5Y 

9235 IObb3 13857 
a2 1 1  25 51 33 1% 

39729 
7b 5% 
52274 
45 7% 
43i.z 

8972b 
sb 0% 

69 01 
1322 

a5 4Y 
1573 

b7 bI 
34750 
56 51 
4a257 
70 I 1  
44052 

44815 
79 31 
24936 
be 6 1  

e1 01 

no28  

32 7 1  

sa-2 
9 3  41  

v5 51 

b7 91 - 
59 4x 
307lb  

78580 

17338 

44322 4b97b 49833 
85 4 1  90 5% 9b 0% 

46 tl 4b b2 48 01 
5 1 ~ 0 5  53258 54937 

_ _  
14612 45442 ab995 
e3 ex 85 R 88 2% 
93238 95545 108871 
58 I %  59 b% 67 9X 
73019 73803 75bbb 
70 I 1  7 0  72 72 51 

35 6% 43 5% 100  OX 
1727 1891 2287 

37017 39787 4b252 
b2 4 1  b7 0% 77 91 

1853 22- 5211 

74 3+ e1 32 98 31 

4 b m 1  48916 ~ 7 3 7  
79 51 83 5% 90 OX 
44901 45345 .bo30 

4754b 18761 51179 
53 71 w 3% 53 1% 

84 I %  Eb 07 b1 
20516 - 1  33020 
78 51 IU 91 9~ 41  

51907 
loo 0% 
I 1  4343 
loo ox 
53258 

100 0% 
160M4 
loo 0% 
104326 
1 0 0  0% 

591 I 
1 0 0  0% 

232b 
100 01 
59357 

100 01 
=bo4 

100 M 
835M 

100 0% 
w559 

1 0 0  01 
S342 

1 0 0  01 
%Obb 

95 6% 96 0% 100 OX 100 01 
79738 80327 81073 eaau 

Ln: V O I I  9 4 7 1  
4 W 7  5211 M27 

37 7 1  4b n 37 b l  

35049 -353 4-4 
Sb 71 b3 b l  69 4 1  
524w 5 5 2 ~ 5  57202 
b l o l  ~n a n  
bV 79 51 Sb 3X 

7E 51 E4 4 1  88 1 1  
54918 wwe 61t.a 

964% 100128 lWW3 
67 01 b7 4 1  b7 n 
73012 7 4 x 4  75000 
93 9 1  95 b1 Vb 51 
woa 89427 89735 
m SI 80 n 81 II 

5452 blbb b948 
57 b1 b5 1% 73 41  

1457 lb3l W3b 
ie n: zo 4 1  a5 41 
87719 88471 890.1 
R 1 1  72 n 73 I 1  
W 7 7 b  153W - 
4 I  41 u) bI. 59 4 1  
23.88 07531 Y2b7 
4b 3% U 2l 67 51 
-97. blbbl b3989 
e e n  w n  9011 

.. .~ ._~  . 
b8 9% b9 4 1  6 9  7% ~. 
24752 18709 U4Bb 
58 81 be 21 7 9  5 1  

235103 a 4 3 ~ ) e  ~ 5 0 0 0 3  
E7 51 90 7% 93 OX 
¶7591 57842 58344 
b7 6 1  b7 91 5% 

b813 7bb1 El54 
6 9  I 1  77 81 82 E% 

-_ - 
13635 1b251 19- 
5b b% b7 4% 7 9  2% 
39b33 43981 471bV 
A9 3x 77 I f  E2 7 1  .. - -- 
71564 71911 G l b 3  
73 01 73 4 1  73 b1 

90 b I  W 01 100 01 
7411 11011 11155 

bb 4 1  98 71 100 01 
3995 -7 8b27 

4b3% 10001  10001 
45b25 52158 b l W 7  
nn -3% m o o x  
58431 u m e  85914 
be OX 71 OY 100  01 
WbbO 44043 47883 
BB 71 92 01 100 0% 
S M I  b5417 b9934 
89 51 93 5% 1 0 0  01 

be01 b e f l  1 0 0 0 1  

Vb 91 98 OX I 0 0  0% 

81 3% 81 71 100 01 
7 U 4  8170 94b7 

77 41  E7 4 1  100 OX 
1577 8010 8010 
322x 10001 1000% 

73 41 74 1 1  1 0 0  01 
n b b 5  40- 50219 
65 ox eo 21 IW oa 
37809 421.2 W7bV 
74 5% E3 01 100 01 
MIY M 4 3 3  71005 
903% 9071 1 0 0 0 1  
31401 39507 41833 
75 I 1  94 4% 100 ox 
MObb M I 5 1  bqb15 
9a 01 95 01 100 ox 
65591 67579 97928 
67  01 b9 01 100 01 

72 3% 92 n: 100 0% 
$21 1?Ob 1106 

43 a I 0 0  02 100 01 
26229 20525 31189 

53837 54214 77007 
69 V I  70 4 1  1 0 0  01 
3b313 39526 42122 
8b 2% 9 3  8% 100 0% 

251177 263349 268839 
94 2-A 98 01 1 0 0  01 
58701 59697 85181 
be 91 70 0% 100 0% 

86 21 E 9  b% I 0 0  01 

77 9'x Ob tx 100 01 
4lbbb 44554 b931b 
59 8% b4 3% 100 01 
20072 21384 2410b 
E3 3% 0E 7% 100 OX 

iooeet 10129b 1 . 8 4 ~  

75338 7bie7  77721 

09899 waa imme 

m 3 5 9  wao~ 1217*4 

m i 3  41727 45278 

e4 I I  91 51 100 01 

e492 8830 9853 

32057 3 5 ~ 1  41167 

488.8 51994 57022 
e5 7% VI 2% 100 0% 

.a 74 3% 100 01 
7 T 7 e 4  72761 97981 

1745298 1807107 19rVV52 2047b23 21M50b 2271978 2334266 2482107 30399b3 
57 41 3v 4 1  ea 51 b7 41 71 n: 74 n 76 ea 81 71 100 0% 

mTE MI(BERS IN T ~ E  c a . m  REPRESENT T ~ E  MOUNT OF LIW 
TWIT IS CONSIDERED TO BE AVAILABLE IF TM CIUEN cniTERIm 
IS A P P L I E D  LUEM\rEII A SECTOR C R I T E R I O N  IS @PLIED. IT IS 
A s S ~ D  THAT A MlFWn DENSITV C R I T E R I O N  IS US0 IN  EFFECT 
CRITERIA YERE APPLIED TO 5 RADII 12. 5. LO. 10. 30) INDI- 
V l D U U L V  AND THE RESlhTS C W P O S I T E D  
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n TABLE F2.16 
C O P V C A T I O I  SECTOR ANALYSIS - TOTAL V 8 
DENSlTV 1500 ./SO 111 e.. SINOLE SECTOR I11 5 DECREES) 
(ITATE ARE- IN BOWRE M u s s  AND I OF STATE 

>1/16 POP I N  SECTOR 
> 118 POP I N  SECTOR 

> 116 POP I N  SECTOR 

1 I 
i 113 POP 1 N  SECTW 

> 814 POP IN SECTOR 

> i/a POP IN SECTDR 1 r 1 F O R H  DENSITY 
NO POP C R l T E R l A  I NO cESTClCTlONS 

i 

T A l U A T l O N  

1 0 32481 33186 34614 36361 3984) 44438 47140 49833 51907 
61 bZ 63 91  bA 71 70 1 1  7h E2 E5 A I  90 82 PA 0% IO0 OX 

43 31 44 71 45 31 45 71 46 OX 46 41 4h EX 48 01 100 01 
3 0 33765 3b100 37953 40868 43a41 44689 45519 46995 53258 

63 41  M 1 X  71 32 76 71 E l  12 83 V I  SI3 3 X  00 YZ I O  0.1 
4 0  

5 0  

b o  

7 0  

9 0  

* o  
10 0 

11 0 

ia o 
13 0 

I 4  0 

15 0 

79535 
. -. 

E1837 si303 G E G  10887; i i 0 G  
59 4 1  61 01 67 92 100 01 49 b l  

65 b X  
-16 

51. 31 
68831 
bb 01 

bV¶ 

53 5 1  
70M8 
67 71 

81 1 
_. 
386 

7 41 
81 1 

34491 
a9384 
49 51 
3a179 
¶!I 1 1  
41-4 
50 ox 

U 61 
13198 
3b 61 - 
69 

m 1 1  
ao4a9 

awia  

7 a m  

m n  
ai w a  

13-32 
e59 iosa 

% V X  45 al 
31546 ' 32733 

1303 1573 17% 
56 01 67 6X 75 5 1  
3379. 35155 37413 

ivao am7 1x6 

h7 81 n vx loo ox 

81 b1 98 31 100 01 
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61847 
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1.- 
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41. 0 
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43 0 
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b¶ 0 

4 6 0  

47. 0 

4 a o  
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b9 71 51 OX 
a0931 aiwo 
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68 5 1  79 71 

91 4 1  93 b l  
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60.01 68 61 

a4Mi  m a 0 9  

7670 eim 
77 va Ea a 
1-31 30104 

E l  73 b l  
-034 40414 
Maa ¶en 
1-70 1-7 
67 51 79 al 

w n  e 9 0 1  
57400 ¶77¶5 
67 4 1  67 81 
a 7 3  hBb1 

19406 918b8 
63 n 69 

bO 61 49 4 1  
33VZO 3¶14¶ 
46 91 90 7'1 

78 61 86 al 100  01 
41861 445W b9316 
60 4 1  64 31 100 01 
20062 11384 24106 
83 3I BE 71 100 01 
b9186 5lW4 57022 
86 3X 91 21 1 0 0  01 
7139b 72761 979- 
73 PI 74 31 100 01 

ilia6 i i i a i  
UIW 47.39 
77-  ma l  
71970 71lA3 
73 .a 7;-6i 
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61.01 u 11. 6s 4% 68 31 71 71 75 11 77 3% 81 7% IW 01 TOTAL 



TABLE F2.17 

T O T M  

1.0 : 

a o  ; 

3.0 : 

4 . 0  : 

5 .0  I 
6.0 

7.0 

m. o .. 0 

IO. 0 

11.0 

la. o 

13. 0 

14. 0 

IS. 0 

I* 0 

17. 0 

1.. 0 

1,. 0 

ao. 0 

ea. o 

P. 0 

t1 .0  : 

24.0 1 
XJ.0 I 
a.0 : 

a7.0 : 

a . 0  : 

av.0 : 
30.0 1 
01.0 1 
m.0 1. 
11.0 1 
Y.0 I 
n.0 : 

n.0 I 
37.0 1 

m.0 I 
40.0 1 

U.0  1 

30.0 : 

41.0 

43.0 : 

u . 0  : 

45.0 : 

4b.o : 

47.0 : 

480  I 

> 118 POP. IN 
I > I/. 

I I  
19617 : 

449b9 : 
3s.a ' 
zm67 : 
w.01 : 
Wb95 : 

61701 : 
s9.11 : 
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l9.11 ! 
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11185 : 

17139 : 
30.a : 
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2 4 . a  : 

b3.a : 
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-55 1 
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43. 61 : 
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b9.01 : 
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3s.u 1 
a V 5 a  : 
55. 4 1  : 
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0 . a  : 
444: 

1.. 11 : 
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TABLE F2.18 
PWULATION SECTOR nNALvSIS - TOTAL U 5 

STATE AREAS I N  SOWRE MILES AN0 2 OF STATE 
MNSITV - 500 wsa M I  DOUBLE SECTOR o DECREES) 

> 118 POP I N  SECTOR 
> 1 f b  POP I N  5ECToII 

1 1 
, i 113 POP I N  Y C T M  

> 113 POP IN 

> 112 P W  IN SECTOR 

I ~ I F D U n  OE'ISITV 
NO POP CR:TERIA I NC PESTUIC-IDNS 

I 

1 0  

9 0  

3 0  

2bb53 a 3 7 1  
5 %  32 5b 7 1  
47353 b7Wb 
41 4% 41 81 
33910 34238 
a 7 2  M 3a 

32300 37500 
b2 22 72 22 
b9118 50373 
b3 OX bb 12 
385b2 b1Y1 
Zl b2 77 b2 

b 0 b9b12 71057 77b05 83b82 
b3 3Y. bb 9 1  48 42 52 12 

5 0 b5224 65552 682bb b9b5b 
b2 52 b2 8%' b5 42 bb Bz 

6 0  a0 n 309 0 5  
0 62 I 52 5 92 13 1% 

7 0 656 685 1071 1419 
29 22 29 5% 46 I 2  bI OX 

8 0 13170 24009 27781 31507 
39 02 40 b2 bb 02 53 12 

9 0 ?.E342 301M 3b-1 40154 
be b2 51 52 59 72 60 52 

IO 0 b1099 b11b8 42bO5 b3637 
b9 22 b9 22 51 02 U 22 

11 0 97396 29728 Jb22b bob17 
48 5% W 82 bb l X  71 El 

I2 0 

13 0 

l b  0 

I ¶  0 

1b 0 

I 7  0 

re 0 

19 0 

a00 

as o 

P O  

a30 

10731 l l 5W 
29 52 31 92 
mb52 4-7 
70 n . 71 52 
70397 7ObEb 
85 bX 85 92 
18383 19300 
4s n 47 PI 
1-53 le991 
zan 3 9 4 2  
ne74 27474 

1b2b1 

bbb9b 
8 1 9 2  
74031 
90.02 

44. n 

n. z 
23334 
48. I 2  
1WM 

b3357 
83 52 
51724 
45 22 
b3840 
81 32 
88751 
I 5  3% 
7i.763 
68 5% 
I 1 6 8  

&!a 42 
I b98 

73 02 
35- 
59 52 
45394 
77 52 
bbb77 
53 22 
4bb70 
79 02 

2076b ; 2b31b 
57 22 7 1  42 

88 IX 93 11 
a9379 52%: 
_ _  . - 
761b7 78445 
91 62 95 b2 
IS833 n1p1 
M I 2  7 9 9 2  
2bbp1 yw)bO 
55 b2 b2 b2 
30397 32077 

80 b2 Bo b2 85 fz 89 27, V b  12 
2519 ab25 3570 4497 5578 

a 6 2  2 3 5 2  320% W J l  SO02 
S W  b95 1148 2017 W70 

37. 0 

m. 0 

39. 0 

0 .  0 
0 02 0 02 

11030 12082 
35 4% 30 72 
51608 51608 
b7 02 b7 OX 

b0 0 18017 18567 
42 82 bb 12 

IO m 203 
O B I  b B 1  1 6 8 2  

15372 193.8 23971 
b9 32 a 02 76 92 
52b19 52940 53509 
60 12 68 72 b9 52 
22359 171.5 U 7 5 2  
53 I 2  A b  42 77 EX 

bbSO3 b9833 51907 
89 h X  9b 0% 1 0 0  02 
a2911 54937 114343 

81 22 81 72 100 OX 
7180 8370 Pbb? 

2113 Bo10 Bo10 
b2 1 0 0  02 100 02 

W2b2 90208 121744 

314- 4 0 m  W 2 1 9  

37104 b2lb2 SO769 
7 3  I 2  83 02 100 02 
b4076 M b 3 3  71005 
90 22 90 72 100 OX 
29018 39W7 41833 
69 42 9. 42 100  02 
b379b M I 5 1  b9b11 
91 62 95 02 100  ox 
b51bb b7579 97928 

30610 41727 b5278 
67 62 92 a 100 02 

75 m 87 100 0% 

n JZ 74 IX LOO 02 

a n  8022 I O O O Z  

M 51 69 02 100 oa 

199 120b 1106 
2. BI 100 02 100 OX 
25881 28525 31189 
83 02 91 52 IO0 02 
53799 5 . ~ 1 4  77007 
69 9% 70 I 1  100  02 
35879 3952b 12122 
85 22 93 81 100  01 

b1 0 207629 110486 223bb8 233231 0425;3 2W4bb 2b33b9 2b8839 
77 22 78 32 83 12 0b 82 90 2% 93 2I 9E OX 100 0% 

42 0 -307 54822 15912 5b539 57832 5855b S9W7 85181 
63 E2 6b 42 AI h2 bb b2 A7 92 hE 72 70 01 100 02 _ _  

43 0 59% 5954 bbb9 7546 8058 8.82 8830 9853 
60 42 MI 42 67 52 76 b2 81 8% 86 I X  89 6% I 0 0  0% 

4b 0 l b l 9 5  lb977 18528 2353b 29718 31b30 35502 411b7 
Y 52 36 1% 15 OY 57 2 X  A 9  SI2 7A 31 Eb 21 I 0 0  02 . . _ _  . ._ 

45 0 30571 31112 33775 %76b b&;O 415.4 b931b 
bb 1% bb 92 18 72 52 22 55 82 5E 9 1  M 31 100  02 

bb 0 IOb73 108b7 13221 15826 18789 19918 2138. 24106 
bb 3 Y  45 01 54 R l  b5 7 1  77 91 81 h2 88 7 L  LOO OX _ _  - 

47 0 3135b J O i V  57bi; ;io35 b5b83 WDBb 5199b 57022 
55 OX 5b 22 b5 7% 73 7% 80 12 84 31 91 2% 100 OX 

b8 0 7C232 70233 70876 71516 72018 72356 72761 9798b 
71 72 71 72 7 2  b2 73 02 73 52 73 8% 7b 32 100 O X  

17blVbb 1790938 193h8bO 2073310 ?217bJb 2305123 2bB2290 30399b4 
5E OX S0 9% b3 7% hE 2% 7 2  02 75 E2 81 7% 100  OX 

Lo= NWEERS IN TIE c m w  REPRESENT TIE nmciwn a Lnm 
~ n n ~  IS CWIOEREO TO 8~ nvniLn8LE IF THE CIVEN CRITERION 
1s APPLIED YONEVER n sEcToII CRITERION IS APPLIED. IT 1s 
ns-0 WT n UNIFORM DENSITV CRITERION IS ALSO IN EFFECT 
CRlTERlC. UERE APPLIED TO ¶ RADII 12. 5. IO. 20. 3 0 1  INDI- 
VIDUALLY AND T I S  RESULTS COMPOSITE0 

F-80 



63 TABLE F2.19 
P W U A T 1 O N  S E C T o l  W L Y S I S  - TOTAL U. 8. 

STATE MEAS I N  SOUME MILES Urn I OF STATE 

> 110 POP. I N  S C T O M  

DENSITY - 750 w s a . m i .  H. DOUBLE SECTOR (45.0 DECREES) 

> I f 6  POP. I N  SECTOI 

i 
POP. 

i P C T O I )  
POP. IN W C m R  

LNIFORM DENSITY 
m POP. CRITERIA 

u) R E S T R I C T I W  
I 

: u.22 

4.0 : 7 W O  

3.0 : aami 
: u.n 

u ex 44 11 u va 4b 01 46 61 48 0% I #  OX 
-3 39bY U3b3 U1p 45442 46995 53258 
67 b1 74 51 7 1  51 m I+ E5 32 BB 2X 106 0% 

: a m  
5.0 : 67174 

: u 4 1  

47. R : .¶l IL : 54. 11 : 87 Jz : 97 61 : b7.91- lW. & : 
M . W  : U . 5 1  : b 7 . a  : bV. 61 : 70.72': 72 5 1  . la0 OZ : 

?AI : 637 : 1139 : 1-4 : UM : 5211 : 5211 : 

67685 : 4- : 70744 : 72507 : -3 : 7% twiib : 

6.0 : - lU 
: 3. m 

7 m  
m. a 
2YZ 

UO : 1216 : 1W5 : '171. : lWl : 2 8 7  : Z3Zb : 

a7174 : WV3E ; 33476 : -12 39797 : -52 : 5pI157 : 
n.11 : sa.= : ~ . n  : z1.m ~ 1 . a :  VE IL :too.m : 

7.0 

.. 0 

1. 0 

10.0 

11.0 

12. 0 

13.0 

14.0 

44. 51 : 4 5 . a  : Y. 11 : 54.41 : 61.71 
54.61 : 5 5 . a  : U:51  : 70.61 : m.0I 
n w v  : - : -12 : 4i3m : 461- 

n s 4 7 .  rrno -roaae ' 

17.0 : n 5  
: m.11 

: a3.m 
I V . 0  : M 

i a o  : -5 7411 : llOI1 : 11155 
n. 41 : m. n : too. m 

: 10.m 
BD.0 : a7mo 

: 45.01 
W . 0  : -14 

m. ii u. 11 : 
37577 : 
m.51 : 
57553 : m.a : 
-: 
67.22 : 
n 4 a r :  
U.%: 
a012 : 
m.51 : 
m m :  

U.II .: 
lW5 : 

1 m . a  : 
l l O 5  : 
. 1 . 4 1  ; 
-1 : 
47.72 : 
a7097 : 
U.41 : 
u4m : 
21Wo : 
51.41 : 

W.bX : 
Mes: 
U.41 : 
an53 : 
51.61 : 

m a  : 

nm : 

63. m 
4ow7 
m. 4 1  
LOBO5 

... 11,.: 
mOI0: 
w.11 : 
e7711 : 

4661 : 
m.iu : 
M :  

7 . m  : 
m: 

79.n : 

m. 11.: 
ium : 

n.22 : 

=.ax : 
a u o l  : 

b l l n  : 
Y.11 : 
11- : 
a7. I1 : 
M 4  : 
79. I1 .: 
r e 1 3  : 

14m : 

0 :  

13!J49 : 
U . 4 1  : 
51V65 : 
67. 5 1  
1-7 

m.ax : 
31.m : 
0.m : 

W.0 

a7.0 

m. 0 

D.. 0 

m. 0 

-5 : 

1- : 
a . 8 2  : 
- :  
u... : 

71.n : 

31.0 

P. 0 

SS.0 

n. o 
as. 0 

Y. 0 

a7. 0 

30.0 

n. o 

k :  
m . n  : 
30.11 : 

8 1 . n  : 

16111 : 

%ab7 : 

u i1 
w .  

3 2 2 .  
16714 
53 61 
y w 5  
Y 61 

10 
0. R 

1-2 

IY : 
13.61 : 
a0101 : 

357 
?r. 61 

. _ _  
45. m 

: m.m 
u.0 : a w l  

: 65.m 
U . 0  : blZ0 7 n 5  

77. 11 
a4wa 
n. m 

88)o V853 
W 61 100 01 

- 2 2  100m 
44554 bV31b 
u a  10001 
21384 2441- 
.B 72 I 0 0  01 

35m2 41167 
: m.22 

U . 0  : 161Y 
: m.32 

u.22 : m.01 
1&7 : 1oM 
40.41 : 41 22 

4 5 0  hlGa 
44 4 1  

4 4 0  115bl 



T A B U A T I P I  

TABLE F2.20 
P W u u T l O N  SECTOR U Y L Y S I S  - T O T U  u. 5. 

STATE M E A 5  I N  W A R E  RILES AND 1 OF STATE 
DENSITY - 1500 w s o  R I  DOUBLE KCTOR (45 o DEEREEB) 

TOTAL 

b 118 POP 

I 
1 0 : m s 0  13958 : 3b2% : wm 

: b5. b l  b5 4% . 69 El : 7b.51 
a .0  . so498 . 50817 . s i v u  : sa496 

: u . 2 1  : u . 5 ~  : 4 5 . 4 i . :  45.91 
3 0 ' 37201 : 37b71 : 40M7 : 4 a 4  

: 69.81 : 70. b l  : 7b. ?l : 80 61 
4 .0  . 81842 ea707 : WS79 : 91106 

. I 1  01 : 51.bl : H 27. ' ¶b Bx 
5 0 : b9219 : 694bl : 71111 : 72248 

: Y 41 : Y . b l  : 68.a : b9.27. 

: 10.61 : 1 4 . b l  : 18 3l : 25.W 

: 43.61 ~ U . 0 1  : 55 bX ! 65.61 
8 . 0  : 31527 ~ 31504 : 33m : 3 4 9 1 b  

6 .0  : 5m : 753 :. 955 : 1351 

7 . 0  : 1013 : 1023 : tap1 : i i a i  

: 53. t i  : 53. ax : s.m : am ea 
9 . 0  : naw ; n 6 0 o  : 37967 : 4a:oa 

: m . n  : w . n  : 91.72 : ~ . b x  

: a. ix : a. n : 7a. h i  : m. ox 

: 50. 51 : W. 01 : U bl : 71 SI 
10.0 . 42460 : 41460 : b3lM : b 3 9 8 i  

11.0 : 35bbb : 3 b O a  : 41041 : 44641 

12.0 : 1b115 : 1- : a 7 1 9  : a4b.4 
: a . a x  : u. s i  : 57.01 : m.m 
: ai 61 : m 1 . n  : -.ax : m.51 

13.0 ; bo741 : 457110 : 49b95 : 01888 

1b 0 74911 7SOb7 . 7-1 Tab1 

41 11 41 1 1  bb 61 54 3l 
0 617bl b1741 Up08 -55s 

a7 m D) ox BB 61 w s i  

u. 0 

b3 0 

u. 0 

45 0 

4b 0 

b7 0 

4 0 0  

5b-b 
bh 51 
6253 
u 51 
10470 
44 9. 
35078 

l lW0 
4. b l  
357s3 
b2 71 

m 6% 

7 I 227 
71 71 

Pbbb17 
H ox 

11968 13b2b 1b173 
49 41  5b 5 1  b7 1% 

A 3  01 70 01 76 9% 
35917 wvia 4 3 s ~  

D .  

I .  

I .  

I .  

I .  

I :  
I .  

- 
5lpBB 
b b 3 l  
U448 
03 51 
94975 
W a l  
73301 
70 3l 

1999 
303l 

1737 

37 143 
U 61 
4b= 
79 ax 
U77b 
53 61 
47- 
wax 
m b 0  

as= 

74 n 

m a  
W a x  
794W 
V b  b l  
3aoP 
-7 
u n  

47140 

53500 
w m  
&El 
bo519 
05 5% 
97851 
61 ox 
7b1M 
71 1% 
2538 

1 920 

40250 
67 E l  
b9119 

b5355 
543a 
49533 
07 bl 
31208 
msvz 
54407 
w m  
m a  
97 a 
35734 
m n  
31970 
Y 4% 
W 3 S  

w n  
m 61 

m n  

.an 
maw 

74 0. 
4564:  w 7 :  8617 

51. .t : 100. m : 100. m 
-17 : Yl50 : ME37 
75.11 : 84 3l : 100. m 
m . 7  : LOOI : .ovl4 
M. b l  : 71.01 : 100. 
b 2 5 a  : uo13 : 47003 

-0 : 65417 : bW34 : 
0 9  w : Q3.51 : 100.01 : 
OWIl : 101av6 : 1 4 M s  : 

7538. : 76107 : Tml : 
w.m : w.01 :100.m : 
eweb ' V 0 3 a  :110b10 : 

m :  - 0 :  9-7 :  

m. n : 91. m : 100 01 : 

Lo m m . a  .:w.oi : 

01. ax : 01. n : loo. 01 : 

m. m : m7.41 : i0o.m : 
a: : noio: mio: 

47. n : 100. ox : mo.01 : 
m4a7 . 9010% : 1 a 1 7 u  : 
n. 51 : 74. IX : 1w. m : 
3Jaw : maw : 5OalQ : 
.L az : ma : iw.m : 
37~29 : 4 a m  : so769 : 
7 4 . n  : m ox :io0 m : 
U1U : M433 : 71005 : 
.o.a : 90 n :ioo.m : 
P305 : w307 : 41033 : 
77. bS : 9 4  41 : 100.01 : 
M ~ V  ; mist : b9615 : 
a. a : 95. ox : IW m : 

.- : 4 1 7 ~ 7  : a s a n  : 
74. n : a. a : loo. m : 

b57Ob : 47579 : 9792s : 
b7. 11 : be. 01 . 100.01 : 

. LOI: 1 2 0 b .  1 % :  

53847 : 34214 . 77007 : 
b9. 9. : 70.41 100. 0% : 
3bbm : -51b 421P : 
86. 51 . V 3  El 100.01 : 

D U M 3  :1633b9 2WE3Q : 
94. n : 98.01 : 100.01 : 
s e a  : 59627 : eale: : 
49. 1 1  : 70.01 : 100.0% : 
8491:  8830:  9853: 
86.a. W.b1 . l W . O I :  
Y ~ M  . 35502 4 1 1 ~ 7  : 
78 61 : 86 2 l  .100.01 : 
41- ' 14554 . LWlb : 
M b l  : U 3l :100.01 : 
aoosa , 213e4 ab106 : 
63 3l ' nu 7x -100.m : 
b91- : 5199. 5 7 0 a  : 
W . 3 l  ' 91 21 100  ox : 

7 3 . n  : 74.32 ,100.m : 
7 m 4  : 7a76i : 97vm : 

4- 
. 96 OX 
: Y937 
: a . o x  
' 44995 
: a n a  
: 100071 
: b 7 . a  
: 75bbb 
: 71 51 
: iai i  
: 100. 01 
: a s 7  
: 983l 

: 77.w 
: Y737 
: w.m 
: w 3 1  
: 55. 11 
: 55179 
: W.bL 
: 3- 
: 9b.bl 
: %ob7 
: 100. m 
: (Po73 
: w . n  
: -mw 
: 0.- 
: 337% 
: 70.11 
; 33717 
: 99.01 
' 11011 

. 4 a s a  

: m . n  

:loo. OX : 
' 53350 : 
' 100. ox : 
.160%4 : 
:loo m 
: 104326 : 

100. ox ; 
: 5211 : 
: 100. m : 
: 23%: 
: 100. m : 

w357 : 
: 100. m : 
: - :  

~:100.m : 

: 100. m : 
: 5b5w : 
:loo m :  

: eaam : 

:' -a : 
':lw.m : 
: .%ob7 : 
: 100. ox : 
r eaam : 
: 100.01 : 
: -ab9 : 
: 100. 01 : 
: 40154 : 
: 100. 01 : 
: 3407b : 
:loo. m : 
: 11155 : 
:loo. m : 
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TABLE F2.21 
POPULTIM sEcim ANALYSIS - TOTU u s 
DENSITY - am w s o  RI .I.. -OV*D- cscroa (90 o DECREES) 
STATE & R E S  IN -E RILES AND I OF SThTE 

1 0  

a o  
3. 0 

4. 0 

5. 0 

b. 0 

7. 0 

0. 0 

9. 0 

10. 0 

11.0 

ID. o 
13. 0 

14.0 

15. 0 

lb .  0 

17.0 I 
10.0 : 

19.0 : 

m.0 ; 
a1.0 : 

i p . 0  I 
a3.0 I 
a4 o 
as o 
a 0  

a 7 0  

a 0  

a. 0 

300  

ai. o 

n o  
n o  
no 
35 0 

Y O  

37.0 

3 0 0  

m 0  
4 0 0  

41 0 

42. o 

43 0 

u .  0 

4% 0 

bb. 0 

47 0 

48 0 

> 114 POP IN SECTOR 
I > 113 POP I N  SECTOR 

1bSO 17999 
b X  35 4 1  

U l b b  61146 
07 51 07 5 1  
IOmI 11734 
a b1 20 11 

a n  moa 
0 .  0 

0 ox 0 01 
12535 13549 
40 ax 43 4 1  
$2226 $222b 
A7 A7 8.1 

49 a 51 n 
ala690 21-3 

79 I f  EO 5 1  
542s 94870 

31 19E 
M). 1 1  
4EM7 

37401 
70.41 

w. n 
M 4 M  

40 
0. OI 
969 

4a ox 

n 0 7 a  

a. n 

41. 51 
a3179 
3v.11 : 
34937, : 
M.pz : 
u o 4 S  : 
W.31 : 
304bS : 
53 PI : 
13800 : 

42894. 
7b. 5 1  : 
71979 : 
m.51 : 
a i v n  : 
n. 51 : 
a i m  : 

n i o  : 
a. n : 

18.01 : 

45. I X  ; 
-7 : 
6 S . a  : 

ab. : 
b . 6 1  ; 

av3M : 
47. 5 1  .: 
¶om : 
n I X  : 
n 7 . ~  : 
m.41 : 
51573 : 

m 61 
75. ax 
96874 

70445 
.O. 61 
a7m 
T.. 0I 

*e35 
51. 1 1  

116 
1. 4 1  

a n  
b9M b956 

70 b1 70O'bX 

30175 
73 5 1  
49u4  
43 n! 
41- 
7 7 -  
78068 

b9316 
M 4 1  

135 

1341 

tasea 

405m 
b9 11 
43647 
uax 
3E417 
b7 QX 
195w 
53 pz 
4901 I 
a7 5 1  
7w77 

-7 

ab71 I 
55 5 1  
31117 
91 b1 
4314 

1 0 U  

4an 

a &a 
57 n 
40 n 

91 n 
7a 11 

n ~ n  
ID n 
34547 
5s pz 
53741 
61 6 X  
a77u 

w 3  

PPgoQ 
b7 
72143 
vzm 
=lo5 
7Q 61 

5Eov 

s o  
7 0 1  

mb7w 

m 1 7  
40n 

u a  
U P b b  

172M 
41 n 
57775 
e3 01 
bo0303 
61 61 
1-5 
u 11 m 
311. 

19- 

s a 5 3  w 6t  

b7 3X 
2av921 

E5 $1 
99aob 

77m 
78 b1 

aEpz 

w 5% 
I b V U  
70 % 
416W 

71410 
7aOI  

mpz 
w n  

61 4a 

71 n 

abai7 

m n  

a n  

a 3 3 1  

61 $a 

a 4 m  

31020 

n ia 

88 2 i  l00-02 
108871 1MW 
b7 4. 100 OX 
7- 101326 
71 91 100 OX 

% I  : sari 
100 m : 100. 01 

2aE7: 23ab 
se. 32 : 100. 01 

nvx L O O O X  
u737 5abob 
w ox 100 01 

3Mao 16341 
96 4 1  100 0% 
%ob7 %ob7 

100 ox 100 01 

w m  1000. 
won R a w  

37700 a b 9  

X I h  : 61857 
04.a : 100. 0I 
co9Be : E5914 
71 01 : 100. OX 
uo4s : 4 7 m  

B$.OI v2.01 :100.OI 
bo062 6-17: bW34 
B$. pz V3.51 : 100. 0I 
0047. 10119b :148436 
67. n a. ax : 100.01 
74015 : 76107 : r n a i  
95. ax : .B. 01 : 100. 01 
89165 : 903b3.: 110619 
m.61 : 6i.n :ioo.o1 

b3bV : m 7 0 :  9-7 
b7. a : 07.41 : 100.01 
loei : wio:  mi0 

nwaa : waog : m 7 u  
13. 51 : 100. OX : 100. 01 

7z pz : 74.11 : 100 0. 
25% : 40m : 5021. 
50.pz.: m.zx :1w.01 
ZnOSa : U 1 U  : 507.9 
b5. 11 : a. 01 : 100. OX 
b3QM) : M 4 3 3  : 71005 
w. IX : w. n : 100. ox 
ar73a : 3.507 : e l o n  
SI. *I : w. 4 1  : 100. oz 
UIO7 : Ul51 : bVbl5 
89. ax : 95. 01 : 100 ox 
-0 : b7S79 ; 9 7 9 a  
M. : b9. 01 : 100 OX 

: 4 1 7 n  : 4 ~ 7 8  
53.62 . ol. : 100. 01 

M :  110. :  110. 

a3700 : a E u 5  : 31189 
76. 01 : 91. 5 1  : 100. 01 
53596 : s a 1 4  : 77047 

33350 : 3 v w  : 4ama : 
79. ax : m. a : 100. 01 : 

P424OE ,163349 .2b003Q : 
w a x :  9801 100.m: 
57543 : 59617 : E9101 . 

03 pz ' 0961 : I 0 0  ox : 
avos : 35ma : 41167 : 

5.  b1 . I 0 0  01 -100. 0% 

69. bX . 70.41 : 100.01 

67. b1 ' 70 OX : 100. 01 : 
W 7 0 :  E W O :  W53:  

70 ' &.a : I 0 0  OI : 
3-33 . 44554 : b031b : 
$5. : M fx . 100 01 : 
19107 : 21384 : 24lOb : 

.¶Ebb : 51994 . 57011 : 

71111 :. 707b1 : 97981 : 

79 a : 88.7% :IW.OX : 

eo 41. : 91.1x : 100. ox : 
73 n . 74 II : $00. ox : 

loTE 
TWT IS CWSIOERED TO BE AUAlLMLE I F  THE CIVEM CRlTEl 

MMBERS IN T M  C O L W  REPRESEN? TW UlDVn OF LhND 
lloN 

16 #PLIED WENEVER A SECTOR CRITERl(ID( 16 hPPL1ED. I T  I1 
ISntrpD -'I A U l l l r O R R  OENSlTV C R I T E R I M  IS US0 IN V T r C T  
cI1 I T I  



TABLE F2.22 
C D W T I O N  acroa yuLyB16 - TOTAL u B 
DE118ITY - MQ 0154 MI **. 'oou)' SECTDR (90 0 OECRQS) 
STATli MEAS I N  o0Uy)E MILE8 AND X OF STATE 

I I  I I  
1.0 

0 0  

3. 0 

4.0 

0. 0 

b. 0 

7 . 0  

a. 0 

7r:or : 7 L i i  
108871 0b.s . ? a 7 s  

5 4 % :  s 7 . t  67.1.  
7- . _-__ 
R. sx 
Y11 

-7 
loo. ox 
WJ. n 

3. ix : 6. n 
l a b :  la64 

s1.1. : i. 4 1  
: k v i  

47 ex 4. ax 57 m 
. o  -7 aew6 uns 

Y m Y si 7s  si . __ - . -. . - . . . . - 
10.0 : 4343s : 4343s : u s 1  

' Y O I  Yo.  a311 
11 0 3 1 6 6  - -7 

~7 sx Y n 7~ n 
Y.% : os. 1% 
471.3 : 59170 

a?7aa : noao 
m . n  : w.61 
i l  n. : 66 i x  1m.m : 

13.0 : 

14.0 : 

1s.o : 
1b.o : 
17.0 : 

1m.0 : 

a t o w  
?a. ox 

. 
.l. n 
1ooo 
U. JI 

*l. ir 
a i m  
?a. 61 
5317 

_ _  
4014 .SO4 . 11011 11155 ~~ 

: Y.OI : n.ox : 47.71 
19.0 : ion1 : LYI : auo 

: 1a .n  : 1 s . s ~  : am.n 
g . 0  : t3Y : S b I  : 40lb3 

: w . n  : 97.01 : 6s.m 
01.0 : amn : YT?O : ass16 

: b l . 4  : bl.bX : M . b X  
u.0 : abow ; YIH : rmo 

: 7% JI : 7¶. 51 : M. 51 a. 0 : s-1 : 9-1 ': m 1 0  
7?. bX : W. OI : 04.41 
a=: w4.i :imim H. 0 

as. 0 

a. 0 

PI. 0 

m0 

9.. 0 

ao. 0 

ai. o 
m. 0 

33.0 

Y. 0 

aa. 0 

n. o 
11.0 

3. o 
m. 0 

40.0 

41. 0 

u. 0 

43. 0 

44.0 

45. 0 

u. 0 

47. 0 

.+..Or I 6r. Or : -i5yix 
m r  : - : n 7 4 s  
?a. 1. : ?a. 4 1  : H. 1. 
-!I? : -11 : -1 
=.a : -.ax : e0.n 
O M :  - 3 5 :  b%U 

M :  ,me: lab1 
7 . a  : 11. 11 : 17.0% 

m.n : n . n  : n.1. 

n. n : 74. IX . too m 
314.s. 4oaw. aOa10 

i7789 &io U s W  ma16 
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. . . - - . . - . . 

w 

1.0 : a7eao 
: ?a1.- 

o.0 : so414 
: 4 4 . n  

3.0 : 41- 
: 7 a . a  

4 . 0 :  aaeso 
: ¶am 

D . 0  : 70300 
: 67.4. 

6 0  ; 411 

7.0 : 

a0 : 
7. 0 

10. 0 

11. 0 

io. o 
la. o 
14.0 

IS. 0 

I.. 0 

17.0 

ia.0 : 
17.0 : 

a0.0 : 

ai .0  : 
n . 0  : 

PI.0 I 

am.0 I 
s . 0  1 

H.0 : 

D . 0  : 

D . 0  : 

m.0 : 
so.? : 
ai.0 I 
a 0  I 

Y . 0  I 
n . 0  : 

m.0 1 
a?.o I 
am0 I 

aa.0 : 

. .  

w.0 : 

40.0 

41.0 

u. 0 

u. 0 

4 4 0  

4s. o 
4.. 0 

4? 0 

4a. 0 

: e. ox 
lam 

Y . 4 l  ; 
.QQ.: 
u . 4 1  : 

n. n 
aiiio 

u r n 5  : =.n : wni : 
72.1 .  : 

~ . n  : 

u.n : 

01% : 

m: 
?..so : 
m . a  : 
% o n :  
DW : 
07.0% : 
ao4w : 
u . s x  : 
4u.: a9.m : 
17a  : 

W.6X : 
aa5a : 
4a.m : 
nos? : 
77.m : 
ebb74 : 
m1.m : 
.llt3: 
b 7 . a  : rmr : 
m.bX : 
mmoa : 
a817 : 

6l.R : 
1110 : 

.rm: 

~ . n  : 

p0.n : 
m :  

m . 4 ~  : 

1a.m : 

n.a : ai- : u.n : 
- :  -.a : 
a n a :  u.a : 
IP7SO : 
44.m : 
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4 0  

5 0  
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> 1/4 

TABLE F2.24 
POPVLATIGU SECTOR ANALYSIS - TOTAL U S 
DENSlTV - I M O  */SO M I  .*e -0UAD” SECTUR 1 9 0  0 DECREES) 
STATE AREAS IN s a u A n E  MILES AND x OF STATE 

I N  
1 I 3  
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b a w l  
74 ox 
M ox 
51199 
91 5% 
77944 
94 7a 

47 3% 
m 1 7  
5e 4% 
305El 
m7a 

485b 
43 5% 

30- 
38571 
e bx 

4 1  11 
37703 

57987 
o l v a  

I00051  
47 bX 
7WO9 
95 1% 
W U 4  

6118 
M 4% 
l a  
20 ox 
88404 

M sa 

5 1  bx 

a3980 

a7097 

a w  

wai4 

m 71 

mva 

n ba 
a4w7 
49 4% 
mu 
53 7I 
-58 
w ba 
-1 
Y bX 

e4 0% 
U74b 
bb 11 

51 Bz 
a70 n ba 

M 4x 
5U97 

59sm 

a3-o 

aoiw 

69 ax 
aeya 
47 n 

ab1327 
89 Bz 
57813 
47 va 

75e5 
77 OI 
aswo 
w va 
38108 
55 ox 
14038 
44 5% 
43319 
74 ox 
73 b% 
7ivia 

Pop.  
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SECTOR 
POP I N  SECTOR 

UNIFORM DENSITV 
I m POP CR ITER 1 I  

No I )ESTRlCTIOW 
I 

4-a7 
e4 4% 
52911 
4& 3% 
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93788 
M 5% 
73051 
70 0. 
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NOTE NUMBERS I N  THE COCWNS REPRESENT THE ARDLWT OF LAND 
THAT IS CONSlDERED TO BE AVAILABLE IF THE E l M N  C R l T E R l P I  
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