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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-
ýtions. This report completes the effort to provide the
technical guidance. -

The workhas 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;f a more specific idiscussion
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." 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 1 x 10 5 /reactor year

Probability of SST2.release 2 x 10 5 /reactor year

Probability of SST3, release 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-ofoccurrence. Their absolute
and relative probabilities of occurrence affect their
significance for the selection of siting criteria.

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 s-iting 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 releasesýof 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-

Sment 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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Abstract

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
continental United States, and (4) socioeconomic impacts
of reactor siting.

The impact on consequences of source term magni-
tude,rmeteorology, population distribution and emer-
gency 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 the continental United States. The data
bank contains information about population densities,
seismicity, topography, water availability, and land use
restrictions. Finally, the socioeconomic impacts of
rural industrialization projects, energy boomtowns, and
nuclear power plants were examined to determine their
nature, magnitude, and dependence on site demography
and remoteness.
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1. Introduction and Summary

1.1 Introduction

At the request of the Nuclear Regulatory Commission,
Sandia National Laboratories has performed a study to
develop technical guidance to support the formulation
of new regulations for siting nuclear power reactors [1].
Guidance was requested regarding (1) criteria for popula-
tion density and distribution surrounding future sites,
and (2) standoff distances of plants from offsite hazards.
Studies were performed in each of these two areas of
concern.

The study of offsite hazards had two areas of con-
cern: (1) determination of which classes of offsite
hazards are amenable to regulation by fixed standoff
distances, and (2) review of available methods for the
determination of appropriate standoff distances. The
hazards considered included aircraft, hazardous chem-
icals, dams, faults, adjacent nuclear power plants,
tsunamis, meteorite impact, etc. The study concluded
that none of the hazards are suitable to treatment by
fixed standoff distances and that sufficient methods
exist for evaluating the risk for most types of hazards.
Because they have been published elsewhere [2], the
results of the study of offsite hazards are not in-
cluded in this report.

The studies of site characteristics, which are.
presented in this report, involved analyses in four
areas, each of which could play a role in evaluating
the impact of a siting policy. The four areas were:
(1) consequences of possible plant accidents, (2) pop-
ulation distribution characteristics for existing sites,
(3) availability of sites, and (4) socioeconomic impacts.

Accident consequence analyses were performed to
help define the risks associated with existing sites
and with alternative siting criteria. Consequence
analyses also help to evaluate the dependence of risk
on factors such as meteorology, population distribution,
and emergency response which can be mandated or con-
strained by regulations. Population distributions at
existing sites were examined to provide perspective
on demographic characteristics as well as to determine
whether there have been trends with time or regional
differences in site selection. The site availability
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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
2.6), 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 [3,4], 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 B. Data and model uncertainties are dis-
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.

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-dense siting and (2) whether
site characteristics differ significantly in different
regions of the country. The site availability analyses
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
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national parks or wilderness areas. This study, which
was performed by Dames and Moore [5] 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 [6].

1.2 Summary

This report contains the results of numerous
calculations and analyses performed at Sandia National
Laboratories, Dames and Moore, and Batelle-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 (average result for many
weather sequences) are decreased dramatically
(about two orders-of-magnitude) by a one order-
of-magnitude decrease in source term SSTI (large
core melt, loss of most safety systems).
Because the core melt accident source terms
SSTI-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 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 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 SSTI release, the
peak result is about 10-times less probable
in a dry locale than in a wet one.

o The distances to which consequences might occur
depend principally upon source term-magnitude
and meteorology. Frequency distributions of
these distances, calculated using large numbers
of weather sequences, yielded expected (mean),
99 percentile, and maximum calculated distances
(expressed in miles) for early fatalities, early
injuries, and land interdiction as follows:

Source Maximum
Term Consequence Mean 99% Calculated

SSTl Early Fatalities <5 <15 <25
Early Injuries -10 -30 :50
Land Interdiction -20 >50 >50

SST2 Early Fatalities -0.5 <2 <2
Early Injuries <2 <5 -5
Land Interdiction <2 -7 -10

The maximum calculated distances are associated
with improbable events, (e.g., rain-out of the
plume onto a population center). For the SSTI
release reduced by a factor of 10, early fatal-
ities are confined to -5 miles, early injuries
to -20 miles, and interdiction of land to -25
miles.

o Calculated consequences are very sensitive to
site population distribution. For each of the
91 population distributions examined, early fa-
tality, early injury, and latent cancer fatality
CCDFs were calculated assuming an SST1 release
from an 1120 MWe reactor. The resulting sets
of CCDFs had the following ranges:

Early Fatalities. -3 orders-of-magnitude
in the peak and mean numbers of early fatal-
ities and in the probability of having at
least one early fatality.
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Early Injuries.: 3 orders-of-magnitude in
the means, -2 in the peaks, and -i in the
probability of having at least one early
injury.

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) are determined by the distance
to and size of exposed population centers.

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 3800 4500
90th percentile 950 1000 1800
Median 330 270 480
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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 5 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 planning.

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 among
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 Reactor Accidents

2.1 Introduction

During this: study, a large number of caiculations
were performed to provide a basis for understanding:::
the dependence of reactor accident consequences on site
characteristics. Some characteristics were examined
because of the possibility of their, inclusion in reactor
siting criteria (e.g.,"'population 'distribution, reactor
power .level). A number of additional parameters were
investigated to' determine the sens'itivity of predicted

consequences to* variation or uncertainty iný data used-.
as input.

•'All , consequence caiculations. for'' this study: were
performed 'us i ng % CRAC 2, an: imprved version of CRC,a"
the Reactbr Safety Study. [1] consequdeInce model".
Section 2.2.•I'provides a ;brief overview of the CRAC2
model, while Section 2.2'.2" describes the- data udsed a s
input to` the :cohsequence calculations. : Section 2.2.'3
is a qualitative discussi on of the :sources -and impacts
of uncertainties associated with the consequence model".
Section 2.2.4 defines the "base case" calculation which
was used• as a' re.fere'nce case for examination of:'the
impact• Of variations 'in p-arametersý an~d assumptionPs.

Section 2.3 briefly describes' the five accident
source 'terms used: in the. calculations":. These source''
terms, denoted SST1-5, were'developed by NRC and: range
from a full core-melt .with uncontr0oled release to a
gap release with minimal leakage. Section 2.3.1:pre-
sents results of consequence'cal'c6ulations for each of
the five Isource terms, and Section 2.3 .2 examines -the
potential impact on consequences of'reductions in the
magnitude of the most severe accident (SSTI)'.

S section 2.4 examines the impact of meteorology and
population on consequence estimates. VMeteoriolog.ical
data from 29 National Weather Service stations and wind
rose and population data from each of the 91 currently
approved reactor sites in the United States are examined.
Section 2.5 presents the impact on consequences of var-
ious emergency response assumptions; both evacuation
and sheltering_ scenarios are evaluated. Section 2.6
discusses'the distances to which various consequences
occur and the sensitivity of these distances to input

a. CRAC stands for Calculation of Reactor Accident
Consequences.
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data and assumptions.. Section 2.7 examines the sensi-
tivity of consequences to variations in reactor size,
energy-release rate, dry deposition velocity, population
distribution, and land-interdiction criteria. Finally,
Section. 2.8 presents a summary of the insights gained
from'these calculations.

2.2 Background

2.2.1 Overview of Consequence. Model

The accident consequencecaliculations described
in this chapter were performed using CRAC2 [2,31, an
improved version of the Reactor Safety Study (WASH-1400)
consequence model, CRAC [1,4]. Modifications made in

the upgrade from CRAC to CRAC2 are briefly described in
Appendix E.a The model describes the progression *of
the cloud of radioactive material released from, the
containment structure during and following a reactor
accident, and predicts its interaction with and influ-
ence on the environment and man. A Schematic:outline
of the computational steps taken in the. model is pre-.
sented in Figure 2.2.1-1.

.Analyses of potential plant system failures and
accident phenomenology provide an estimate of accident
probabilities and release characteristics (magnitudes,
timings etc.): that are-used as input to the consequence
model.' Given these estimates,la standard Gaussian dis-
persion model is used to calculate ground-level concen-
trations of airborne radioactive material downwind of
the! reactor site., Weather data for a 1-year period are

input to0 the dispersion, model in. the form of hourly
recordings of wind speed, thermal stability,'and accumu-
lated precipitation. The wind direction is.assumed to
be invariant duringand following the release. Radionu-
clide concentrations within the cloud are depleted by
deposition (both, wet and dry) and radioactive decay,
and integrated air and ground contamination are calcu-
lated for downwind distances.

a. Results calculated using the two models are similar,
as shown in the recent International Comparison
Study of Reactor Accident Consequence Models [5,6].

b. Specific release characteristics assumed in this
study are described in Section 2.3.
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Figure 2.2.1-1. Scheiratic Outline of Consequence Model, CPAC2.



Hourly weather recordings are used to account for
weather variations during the progression of the acci-
dent. Beginning at a selected hour within the year's
data, the dispersion model uses the subsequent meteoro-
logical conditions to predict the dispersion, downwind
transport, and deposition of the released cloud of ra-
dioactive material. Hourly recordings are sequentially
incorporated until all of the-released radioactive mate-
rial (excluding the noble gases) has been deposited. By
using an appropriate sample of weather sequences from
the year's data, a frequency distribution of estimated
consequences can be produced.

The conseouence model uses the calculated airborne
and ground radionuclide concentrations to estimate the
public's exposure toaexternal radiation from (1) air-
borne radionuclides in the' cloud and (2) radionuclides
deposited from the cloud onto the ground, and internal
radiation from (1) radionuclides inhaled directly from
the passing cloud, (2) inhaled resuspended radionuclides,
and (3) the ingestion of contaminated food and milk.
Radiation exposure from sources external to the body
is calculated for time periods over which individuals
are exposed to those sources, while the exposure from
sources internal to the body is calculated over the re-
maining life of the exposed individual.

The consequence model allows the input of either
site-specific or hypothetical population data as a func-
tion of distance and'. direction• from the reactor site.
A simple evacuation model is incorporated, which is based
on a statistical analysis of evacuation data assembled
by the U.S. Environmental Protection Agency [7-91 (see
Appendix E). The model incorporates a delay time before
public movement, followed by evacuation radially away
from the reactor. A range of evacuation delay times,
speeds, and distances have been assumed in this study,
as is described in later sections.

Based on the calculated radiation exposure to down-
wind individuals, the consequence model estimates the
number of public health effects that would result from
the accidental release. Early injuries and fatalities,
latent cancer fatalities, and thyroid and genetic effects
may be computed. Early fatalities are defined to be
those fatalities that occur within 1 year of the exposure
period. They are estimated on the basis of exposure to
the bone marrow, lung and gastrointestinal tract. Bone
marrow damage is the dominant contributor to early
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fatalities. In both the Reactor Safety Study and this
study, early fatalities are calculated assuming an
LD 56a of 510 rads to the bone marrow. supportive
medh a• treatment' of the exposed 'individual is also
assumed. Early injuries are definedlas non-fatal, non-
carcinogenic illnesses, that appear within 1 year of
the exposure and:require medicaf attention or hospital
treatment. The late: somatic leffects considered include
latent cancer fatalities plus benign and malighant
thyroid nodules.

The consequence 0model also includes ýan •ec onomic
model to estimate the potential extent oflproperty
damage associated with the release of radioactive
materlal. '"The total'- ffs!ite-,doollar: cost of" the acci-
dent is es timated a s he sum o f- -(1•), the evaac'uatioh cost,
(2) the. val.uLe of-condemned; crops and,, milkr, (3) the cost
of decontaminating land and structures,(4) the cost ofh

inteerdicting : land and :structures., and (5) relocation
costs (moving costs and•temporary loss of income).

2.2.2 Input Data for Consequence Model

CRAC2 requires a large set of input data, includ-
ing accident release characteristics and source terms,
various site-r elated data (e.g. , meteorology,, popula-
tion), reactor core radionuclide inventOries, ahd emer-
gency response scenarios. The accident release charac-
teristics and source terms assumed in this study are
described in Section 2.3.

The site-related data, gathered for use in this
study, are presented in Appendix A. The data gathered
includes:

1. General site and reactor data (e.g.., reactor
size, vend0or, st:art -up date, site location)
:for each of the 91 U.S. sites at which a
reactor is operating or a construction permit
has been obtained.

2. Regional shielding factors for sheltered
populations.

3. Site population data derived from the 1970
census.

a. The dose that would be lethal to 50 percent of the
population:within 60 days..
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4.. Meteorological data consisting of hourly re-.
co.rdings of weather conditions from 299 National
Weather .service stations plus mixing heights
, from Holzworth [10]

..5.. A.,innuall ,.sitte. wind. :roses obtained. fromý eiit her,
Environmentail Im pact Reports. or: Safety Analysis

;,Reports....

6. Site economic data, updated from those used in
.WASH-140 0 to, reflect inflation-and •changing
economic conditions. and changing

Scote. rad ionu~c llide ;inventory, for a. 3412,.:.MWt (11:2 0
MWe) reactor was cal'ciula6-ti•ed• ,for.r. ,thlisl Sbtud y using 'the
SANDIA-ORItGEN 'J[I]i ;computerpcode. T:_hisl cculation-.
assumed an end-orf-ýcyc.le _.f.ute.l '.burnlup, .".of: 3,3,'•0i0,0 'MWd/MTU"
(about 25 percent greater than was. assum~ed',in WASH.-1400).
which is r epresentativ-e'ý of the c.6uirrent ,generat.ion-olf
larger reactors. Differences in reactor size were
accommodated by linearly ,sca1ing. the inventory with
rated thermal power level. A description of the inven-
tory -calculations and -,a discussion ýof the -impact -of.
inventories, onn predicted"-consequences. .are, pres ented in
Appendix,, B . The ;sensiltivity of conssequencebs tp, reac or, ,
size. ims examined in Section 2.7.1.

The emergency r e-spon. se submodel incorporated in-
CRAC2 'is described in Sect~ion :2.5 :and AAppendix E.. ' The
model allows specification of up to six emergency re-
sponse scenarios plus a weighted sum of these scenarios
termed "Summary Evacuation." Unless otherwise specified,
calculations were performed using the scenarios presented
in Table 2.2.2-1. The scenarios range from a prompt
evacuation to sheltering. to no emergency response. The
response ..distance -of 1.0. miles' was- selected to.coincide
with the Eergency Pianning •Zqne (IEPZ), recommended by
the NRC [12]. The delay times and .speeds assumed were
based' on a statistical analysis , of 'evacuation data
gathered by the EPA. (see Appendix E). The "Summary
Evacuation" was defined as -a 30 percent, 40 percent,
30 percent weightinga of scenarios 1 2, and 3, and

a. Thirty percent of the time, all people within 10
miles evacuate with a* 1hour delay and* 10 mph speed;
40 percent of the time, all people within 10 miles
evacuate -with a 3-hour de~lay and..10. mph speed; and
30 percent of the time all people within.10 miles
evacuate with a 5-hour delay and. 10omph speed.
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represents a "best estimate" for consequence predictions.
Most of the results presented in the following sections
assumed this "Summary Evacuation." The sensitivity of
predicted consequences to emergency response assumptions
is examined in Section 2.5. Differences in emergency
response due to site-specific characteristics 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 10 miles 1-hour 10 mph

2 Evacuation 10 miles 3-hours 10 mph

3 Evacuation 10 miles 5-hours 10 mph

4 Evacuation 10 miles 5-hours 1 mph

5 Sheltering, 10 miles none,
Relo cation 6-hours

6 No Emergency -- --

Response

2.2.3 Uncertainties

Uncertainties in offsite consequence predictions
stem principally from uncertainties in two areas: model-
ing and input data. Modeling uncertainty arises from
(1) an incomplete understanding of the phenomena involved
in the transport of released radionuclides to man and the
consequent health impacts, and (2) simplifications of
phenomena made in the modeling process to reduce costs
or model complexity. Input data uncertainty arises from
problems associated with the quality and availability of
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data, selection or determination of appropriate values
for model input (including radioactive source terms),
and statistical variations in data. To date, a compre-
hensive assessment of these uncertainties in conseouence
predictions has not been performed. However, a number
of partial uncertainty estimates have been derived using
sensitivity analysis techniques [J1,3,14].

Improvements in a number of model areas could sub-
stantially reduce current uncertainties. The most im-
portant of these include source terms (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 described below.

Radioactive source terms for atmospheric releases
are subject to a number of important uncertainties,
including uncertainties about release magnitude and
timing, and about aerosol size distributions. It has
been suggested [15,16] that removal processes within
the primary coolant system and containment could reduce
the amount of material released to the atmosphere to
levels significantly below those currently estimated.
Possible removal 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 depo-
sition processes during downwind transport, is determined
principally by aerosol agglomeration rates. Resolution
of these source-term uncertainties by ongoing or future
research activities may require a reevaluation of some
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 pro-
cesses. The dry-deposition removal rate is strongly
dependent on the Size distribution of particulate matter
in the plume. Therefore, the current lack of information
about this size distribution prevents reliable modeling
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of dry deposition. Since washout of material by rain-
fall is a very efficient removal mechani'sm, it is im-
portant to account for the freauency, 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.

Wind trajectories determine the specific popula-tion exposed by downwind itransport of: the plume of

radioactive material. .Wit'h the exception of the com-
puter code CRACIT [17,18], current consequence models.
neglect wind trajectories.-.Although results obtai~ned
with CRACIT indicate that treatment of wind trajectories
may affect risk less than intuition suggests [6],ýa "
thorough examination of this subject (perhaps using a
Gaussian puff model), particularly for' sites with complex
terrain, seems essential [191

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 effe .c-
tiveness of offsite emergency rIesponse. .For example,
local and utility'emergency response plans, available
mechanisms for warning the public, and characteristics
of the surrounding road network should be examined.
Road networks could be particularly important 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 III
report [20] discusses these uncertainties, which are
largest for 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 detonations at
Hiroshima and Nagasaki. These new findings have led
to major changes in the estimates of the neutron and
gamma-ray doses received by survivors. Efforts are
currently underway at the Los Alamos National Laboratory
to redefine the source terms from the two detonations
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and at Oak Ridge National Laboratory to recalculate
dose estimates.: When completed, these reassessments
may result in some changes in estimates for late
somatic effects.

2.2.4 Base Case Calculation

The results of a large number of calculations are
presented in Sections 2.3 through 2.7 of this report.
These calculations examine the impact on predicted con-
sequences of. a wide variety of parameters and assump-
tions. To simplify the examination of the impact of
variations in input parameters and assumptions, a
"base case"' calculation was defined. Assumed in the
base case were:

a standard 1120 MWe PWR
• an SST1 release (defined in Section 2.3)
• New York City meteorology
" the Indian Point wind rose and population
" Summary Evacuat-ion

The:values of all other input parameters were those
typically used in CRAC2. The sensitivity of predicted
consequences to the base case assumptions and to other
input parameter values is discussed' in later sections.

2.3 Reactor Accident Source Terms

This section describes the reactor accident source
terms used to perform the consequence calculations.
Consequences that might result from these source terms
are compared and the most important source terms are
identified. In addition, source term uncertainties are
addressed. Results that show the impacts of these uncer-
tainties on reactor accident consequences are presented
and discussed...

2.3.1 Accident Release Characteristics and Source Terms

The Nuclear Regulatory Commission recently spon-
sored an evaluation of the technical bases for reactor
accident source term assumptions and the potential im-
pact of possible source term changes on the regulatory
process [16,22]. These studies found that the Design
Basis Accidents (DBAs), which have been the basis for
regulatory policies governing nuclear power plant siting
and design, do not constitute a realistic representation
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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. IFive 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
SitingSource Terms (denoted SSTl-5) to represent the
five accident groups... By adj]usting 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 SSTl) 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 Probabilistic 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 SST1 = 1 x 10-5
P for SST2 = 2 x 10-5, and P3 for SST3 = 1 x 10-4.
There are very large variations (factors of 10 to 100)
in the accident probabilities associated with a specific
design.

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 to the SSTI source term.. The 'mean consequences
calculated for the 'SSTl release exceed those frOm the
SST2re'lease by 1 to 4 orders of magnitude and exceed
those from releases SST3, SST4, and SST5 by 4 to 7 orders
of maghitude. Early fatalities, early injuries, and land
interdiction do not result from releases SST3,:SST4, and
SST5 because these accidents 8 do not! release'enough radio-
activity to''produce doses that' exceed the dose thresholds
for these consequ'ences.

Table 2.3'. 1 -1 . Br ie f Descripti ons Char'acterizing,
the'Accident Groups Within theNRC
"Accident Spdctrum"' [2221

Group 1 Severe core dama;ge. !Essentially involvesloss
of all installed safety features. Severe
direct breach of containment.

Group 2 Severe core damage'. Containment fails t0o
isolate. Fission product release mitigating
systems (e.'g., sprays, suppression'pool, fan
coolers) oper'ate to reduce release.

Group 3 Severe core damage.. Containment fails by base-
mat melt-through. All other release mitigation
systems function as' designed.

Group 4 Modest Core damage.: Containment systems
operate in a degraded mode. :

Group 5 Limited core damage.. No failures of engineered
safety features/beyond those postulated'by the
various design basis accidents. The most'
severe accident in this group assumes that the
containment functions as designed following a
substantial core melt.
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Table 2.3.1-2. NRC Source Terms for Siting Analysis.

Eli
!

Release Cbaracteristicsa

Accident Type

Containment Failure Mode

Containment Leakage

Time of Release (hr)

Release Duration (hr)

Warning Time (hr)

Release Height (meters)

Release Energy

Inventory Release Fractions

Xe-Kr Group

I Group

Cs-Rb Group

Te-Sb Group

Ba-Sr Group

Ru Group

La Group

Source Term

SSTI

Core Melt

Overpressure

Large

1.5

2

0.5

10

0

1.0

0.45

0.67

0.64

0.07

0.05

9 x 10-3

SST2

Core Melt

H2 Explosion
or Loss of
Isolation

Large

3

SST3

Core Melt

1%/day

1

SST4

Gap Release

1%/day

0.5

2

1

10

0

4 '

0.5

10

0

1 1

SST5

Gap Release

0.1%/day

0.5

10

0

10

0

0.9

3 x 10-3

9 x 10-3

3 x10-2

1ix 10,3

2 xO-3

3 x 10-4

6 x 10-3

2 x 10-4

1 , 10-5

2 , 10-5

1 1 076

2 x 10-6

1 , 10-6

3

1

6

1

1•

x 10-6

x 10-7

x 10-7.

x 10-9

0

0

3 x 10-7

1 x 10-8

6 x 10-8

1 x 10-10

1 x 10-12

0

0

a. As defined in the Reactor Safety Study El).



Table 2.3.1-3. Comparison of Conditional Mean Consequences Predicted for Five
Source Termsa'.

Source
Term

SSTI

Mean Early
Fatalities

100b

Mean Early
Injuries

100

Mean Latent
Cancer Fatalities

100

Mean Thyroid
Nodules

100

Mean Interdicted
Land Area

100

H
SST2

SST3

SST4

SST5

1 io2 0.5

0

0

0

0

0

0

7

2 x 10-2

4 x 10 -`4'

4 x 10-5

3

5 x 10-2

8 x 10-5

8 x 10-6

1

0

0

0

a. Assumptions: 1120 MWe PWR, population distribution and wind rose
New York City meteorology, "Summary Evacuation" of persons within

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

for Indian Point,
10 miles.
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Figures 2.3.1-1 and 2.3.1-2 present mean bone mar-
row dose and mean thyroid dose to exposed individuals
as a function of distance for each of the five s;ource
terms. a The doses were calculated assuming no emergency
response, an 1120 MWe'PWR, and New York City meteorology.
The mean doses at any distance vary by nearly 8 orders of
magnitude over the spectrum of five releases,. For any
pair of releases, relative doses are roughly proportional
to the ratios of curies of released radioactivity exclud-
ing noble gases (Xe-Kr group). These figures also show
that: individual bone marrow and thyroid doses would gener-
ally not be expected to exceed a few tens 'of millirem for
the SST4 release and a few millirem for the SST5 release.

Figure 2.3.1-3 displays the variation with distancg
of the mean individual risks (averaged over .360 degrees
of early fatality and early injury for source terms SSTI
and SST2, and of latent cancer fatality (from early ex-
posure onlyc) for all' five source terms. .These' curves
were calculated assuming an 1120 MWe PWR, New York City
meteorology, a uniform wind rose,:and no emergency re-
sponse. Because early fatalities and injuries have dose
thresholds, their risks of occurance decrease rapidly
with distance for large source terms (e.g., SSTI and SST2)
and are zero offsite ( Z0.25 mi) for small source terms
(e.g., SST3, SST4, and SST5). Since no offsite risk of
early fatality or injury was predicted for source terms
SST3, SST4,' or SST5, in- Figures 2.3.1-3a and 2.3.1-3b no
curves were'plotted for these source terms. In contrast
to this, because no dose threshold is assumed for latent
cancer fatalities, the risk of latent cancer fatality
decrea'ses more slowly with distance and is non-zero. for
all five source terms:. Therefore, in Figure 2.3.1-3c a

a.! The doses are the means of the frequency distribu-
tions of estimated individual dose calculated using
an appropriate sample of weather sequences from a
single year of meteorological data.

b. Individual risks shown are the product of two proba-
bilities: (1) the probability of exposure to the
plume given that the release occurs, and (2)' the
probability that the individual dies following the
exposure.

c. Early exposure includes exposure to the radioactive
plume, all exposures resulting from inhalation of
radioactive materials from the plume, and short-term
exposure to radioactivity deposited on the ground
from the plume.
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risk curve is plotted for each source term. The latent
cancer risk curve for the SSTI release crosses the risk
curve for the SST2 release at short distances. The
falloff in the latent cancer fatality risk at short
distances (i 2 mi). for SSTI is caused by the very high
risk of early fatality at these distances. Because of
the highrearly fatality risk, the latent cancer fatal-
ity risk is essentially conditional on surviving the
high early radiation doses produced close, to t he reactor
by SST1. Finally, comparison of Figure 2.3.1-3c with
Figures 2.3.1-1 and 2.3.1-2 shows that the r elative
differences between the five latent cancer fatality risk
curves are similar to those between the five dose vs
distance curves for bone marrow or thyroid doses.

Together, the results presented in Table. 2.3.1-3
and Figures 2.3.1-1 through 2.3.1-3 show that. the SST1
accident would likely dominate overall reactor risk to
the public.a Furthermore, consequences resulting from
the SST4-and SST5 accidents were shown to be much smaller
than those resulting from the core melt accidents (source
terms SSTI, SST2, and SST3). Therefore, because these
non-melt releases probably have little influence on off-
site reactor risk, the SST4 and SST5 releases will not
be considered further.. In addition, because offsite risk
is dominated by the most severe core-melt accidents, the
remainder of this chapter will concentrate priincipally
on the SST1 release, although results for the SST2 and
SST3 releases will be presented when appropriate.

2.3.2 Uncertainty in Source Term Magnitudes

At present there is a-great deal of controversy
over the magnitude and nature of source terms for severe
reactor accidents. A. recent study, [15] suggested that
source terms for atmospheric releases could be substan-
tially smaller than those assumed in WASH-1400 (or also
in this report). The study cited evidence that removal
processes, which have generally been neglected but which
should operate within the primary coolant system and con-
tainment, would decrease the amount of material released
following an accident to amounts substantially below
those usually assumed. Such removal processes include
plate-out of hot vapors, agglomeration and deposition of
aerosols, and dissolution of soluble materials in water.

a. This conclusion depends on the relative probabilities
of releases.
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The effectiveness of these removal processes

would be strongly dependent on the conditions inside

the co oa•nt sstainmentem and d on the chemical

and physical fOrm of. thefission products.. .For exam-

ple, Camp4bell et aI. [231 sugg-est that under accident

conditions in LWRs, fission prd .uld be in

the form of _a soluble, metallic, iodide; 
(pobbably CsI)

rather than -volatile, M'olecular iodine, as is currently

assumed. Also, Morewitz [24], after review of past

reactor accidents anda destructive tests, concluded that

in all cases where water was Present- no fission product

tellurium had been. relea sed. Mor~ewitZ proPOspoed two

explanations for this observation Either telilurium

remains in solution iinthIe form -of 'soluble CsoTe 2  or

telluriu.• ýparticles are ,f fiýienpty sdavenged_,by rapid'.

droplet growth caused by condensation of water vapOr.

Morewitz further noted*th.ait leven in the absence of water

droplet formationn, the generation of slargequantities

of aerosol from structural materls concrete,

etc.) would produce rates of aerosol agglomeration

rapideenough to ensur that "a large. fractiion .of the

radioactive part icles would 
quickly, settleout inside

the containmen .

Th .ese. su gge.stion s, have 'rece ive~d 
substantial, sup-,

port in a recent NRC repOrt [160] The significance

of these .proposals is that the sol ubillt of Y volatile

fission products and poentiall aerosol. removal mecha.-

nisms could limitthe .uantity of .released •radionuclides

to levels I ne to two orders f magnituow those

currenitly aissumed.

To evaluate the impact on predicted consequences

of significant reductions in the amount of released

material, a series of calculations wasperfeoraed 
with

arbitrary .reductions in the quantities of released

fission products. The impact of potential reductions

due to t e solubilitY of fission products in 'water

was evaluated by arbitrarily reducing the release

fractions of iodine, cesium, and telluri a to 50,

10 and o 'percent of the standard SSTl level,, singly,

a The tellurium release fraction includes both.
tellurium and anti0oly .and the. cesium release '

fraction includes both cesium and rubidium (see

Table 2.3.1-2). Cesium and tellurium, however

dominate the predicted consequences for each

release group.,
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in pairs (Cs and I only), and all simultaneously
(50 percent reduction only). To evaluate the impact
on predicted consequences of potential reductions in
source terms due to efficient aeroso1 removal processes,
calculations were performed-with- the release fraction
of all isotopes except noble gases"arbitrarily'reduced
to 50, 10, 5, andi percent of the SST'I release.-

The results of the calculations a r e summarized in;
Tables 2.3.,2-1 and 2.3.2-2'. Assumed in these calcula-
tions were the Indian Point site, New York City meteor-
ology, an 1120 MTKe reactor, and Summary Evacuati~on. :
The results in Table 2.3.2-1 indicate.that a factor of
10 reduction in the rielease frction of either iodine or
tellurium results only in about a factor 'of 2 reduction
in early effects. Because of"the' dose-thr'esh6ld for
early effe'cts, this does. nt imply that iodine or
tellurium "account": for -half of the early effects.

Table 2.3.2-1 does, however, present a measure of
the relative doses resulting from exposure to individual
elements. Iodine isotopes account, for about 35 percent
of the expected acute bone marrow dose and for about 80
percent of the thyroid dose. Bone-marrow dose has been
shown to be the dominantl cause of early fatalities.
Telluriun isotope's -acc unt f Or.about -35•percentof
the acute bone marrow d'se: an.d about 20 percen't of .
thyroid dose. PB use of the long half-lives of Cs• "
(2 years) ýand Cs•• "(30years), cesium . is the.dominant I

element' for long-termr exposure. However,,a factor of
10 reduction in the release fraction of cesium reduces
the mean number of latent cancer fatalities .by only 25
percent.

The small reduct io0n in the number of latent cancer
fatalities is a result'of the assurmption in CPAC2...that
land will be interdicted to reduce!long-tert exposure.
Thus, reducing the release fraction of cesium reduces
the amount of :interdicted' land but Ides not significantly
alter the total population. exposure' .The amount of
interdicted land is very sensitive to the release frac-
tion of cesium. A factor of ten reduction in the cesium
release fraction results in an 85% reduction in the
interdicted land area. The sensitivity oflatent cancer-
fatalities to the criterion used.for the interdiction
of land is discussed in.Section 2.7.5.

Table 2.3.2-2 presents the impact on consecuences
of reductions in the SST1 release fractions of all
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Table 2.3.2-1. Sensitivity of Mean Consequences to Reductio ps in SSTI Release
Fractions of"Iodine, Cesium, and Telluriuma,.

bi

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

SSTI.
(Standard) i00b 100 100 100 100 100

50% I 75 75 98 . 85 60 .100
10% I 60 55 95 70 30 100

0% I 50 55 95 65 20 100

50% Cs 95 95 90 95 100 55
l0% Cs 90 95 75 90 100 15

0% Cs 85 90 60 90 100 1

50% Te 75 65 95 85 90 100
10% Te 50 45 90 70 80 100
0%Te 45 40 90 65 80 100

50% I,Cs 70 70 90 80 60 55
10% ICs 45 55 70 60 30 15

0% I,Cs 40 50 55 .55 20 . 1 .

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

a. Assumptions: 1120 MWe reactor,
Summary Evacuation.

Indian Point site, New York City meteorology,

b. All consequences normalized to 100 for source'term SSTl.

c. Relative doses are approximately independent of distance.
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Table 2.3.2-2.... Sensitivity of Mean Consequences to Reductions in SSTI
Release Fractions of All Elements Except Noble Gasesa,b

Accident Early Early Latent Cancer - Acute Dosesc Interdicted
..Release- Fatalities Injuries Fatalities .._ Bone Marrow. Thyroid Land Area

SST1

(Standard) 1 0 0 b 100 100 100 100 100

50% SSTld 30 35 74 53 50 55

10% SSTld 1 4 32 16 10 10

5% SSTld 0.2 2 19 11 5 5

1% SSTld. 0.03 1 5 8 11

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

Summary Evacuation.

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

c. Relative doses are approximately independent of distance.

d. Release fractions reduced for all isotopes 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 orderso6f-magnitude and other
consequences to decrease by about 1 order-of-magnitude.
The 99th percentilea of the calculated distribution of
early fatalities for the standard SST1 release was
8,300. When the SST1 release fractions for elements
other than noble gases were reduced to 10 and 1 percent
of the standard values, the 99th percentile values for
early fatalities fell to 100 and ', respectively.

Only the impact on consequences of potential
reductions in the magnitude *ofr source terms has been
examined in this section. Two other areas of' large
uncertainty, the energy releaseI rate accompanying a
radioactive release and the physical characteri.stics
of the reIleased material (as refiect.ed in the- ..dry
deposition velocity) are discussed in Sections 2.7.2
and 2.7.3, respectively. Other areas of uncertainty,
such as release timing k(including variable And long
duration releases) and release height, have not been
addressed in this study.

In summary, if resolution of present uncertainties
concerning Source term magnitudes'determines that the
amount of material releasedl to the atmosphere is signifi-
cantly less than that currently assumed, there could be
large decreases in the predicted 6consequences of large
core melt accidents (e.g.., SST1 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.

2.4 Site Meteorology and Population

In very general terms, the predicted consequences
of an accidental release of radioactive material are
dependent on four factors: 1) 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 co•;cuences to the source term was discussed.
In this section, the impact cii :onsequences of the mete-

a. Those consequences that would be equalled or exceeded
by 1 out of every 100 releases.
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investigated. The impact of emergency protective
measures on consequences is, discussed in Section 2.5.

2.4.1. Sensitiv ity to Meteorological Record
Predictions Of the potential consequences of reac-

tor accidents normally assume that an accident may occur
at any time, day ornight, under any possible weather
conditions. So that all possible weather conditions are
adequately represented in the calculations, CRAC2 samples
weather sequences from an actual record of meteorological
conditions. The meteoro0logical record required by CRAC2
consists of the site wind rose and 8760 hourly observa-
tions (I year) of wind speed, atmospheric stability, and
accumulated precipitation. As described in Section 2.2.1
and Appendix E, approximately 100 weather sequences are

sampled 'from the meteorological record and used in the
calculations to generate frequency:'distributions for var-
i ous consequehces. Current regulatory policy requires
a licensee to monitor meteorological conditions for at
least 1 year as part of the site approva: process [25].
Data from reactor sites, however, are often of poor
quality. Some site meteorological files do not include
observations 'of precipitation and there are often "gaps"
in the recordings.ý For this study, meteorological
records from 29 National Weather Service (NWS) stations
were used ;with the site wind rose. The 29 records: represent
the broad range ofo climatic conditions found in the United
St.ates., ranging from arid climates, such as Phoenix, AZ,
to wet climates, such as'Apalachicolaý, FL. NWS data have
several Potential advantages over reactor site data in
that they are generally of higher quality, are readily
available, contain more detailed observations, and are
of durations of up to 30 ýyears. A description of the 29
meteorological records may be found in Section A.3 of
App~endix A.'.

A sensitivity analysis was performed to'examine

the impact that the meteorological record used in the
calculations has on predicted consequences. Each of.
the 29 records-was used as input for calculations at
the Indian Point and Diablo Canyon sites (i.e., the
population distributions and wind rose for each site
were used with each of the 29 NWS records). Indian
Point was selected because it has one of the highest
population densities surrounding the site, while Diablo
Canyon has one of the lowest.

The calculations assumed Summary Evacuation (see
Section 2.5), an 1120 MWe plant, and an SSTI release.
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Any observed variation in the predicted consequences at
either of the two sites must be due either to differences
in the 29 meteorological records or to inadequacies in
the procedure used to sample weather sequences.

The weather sequence sampling procedure currently
used with CRAC2 has several deficiencies. Because only
one year of data is sampled,, verylow probability
sequences (e.g., intense rain alt a' specific distance)
may not be adequately represented. Sequences that
contain rain events are currently properly weighted

..as to frequency of occurrence only.when the rain event
-occurs within 30 miles of the Site.;, This is probably
adequate for early fatalities, which:.typically do not
occur beyond 25 miles. However, consequences such as
early injuries and interdiction'of land, that have dose
.thresholds and'which occur to distahce:s substantially
greater than 30 miles, are probably not properly repre-

.. sented by a sampling procedure that does not character-
ize weather sequences beyond 30 mileS.. Finally, because
rainfall sequences are not weighted for rainfall inten-
sity, ground contamination also may not be adequately
:characterized by the current sampling procedure.

Figure 2.4.1-1 presents the 29 early fatality
CCDFsa for the Indian Point site obtained using the 29
meteorological records. Probabilities are conditional

..on the occurrence of an SST1 accident. The means of the
.29 conditional distributions vary by less than a factor
of 2. At the 90th percentile of the distributions, the
consequences range from about 2000 to 4000 early fatal-
ities. At the 99th percentile, the range is about 7000
to 14,000. The higher-consequence events with condi-
tional probabilities less than 10- typically result
from sequences with an onset of precipitation over a
populated area. The frequency of precipitation (frac-
tion of hours with recorded precipitation) in the 29....

. records varies by about a factor of 10, ranging from..
.1 percent for the Phoenix record to 10 percent at Caribou,

ME (see Table A.3-3). Therefore, the probabilities of
. the high-consequence events also vary by about a factor

of 10. The peaks (maximum calculated number of early
fatalities) of the 29 early iatalitý CCDFs also vary

.,by about a factor of ten (10 to 10 fatalities). This

a. -Complementary Cumulative Distribution Functions are
log-log plots of the probability that a consequence
of a given magnitude will be equalled or exceeded.
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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 earlyk fatality. CCDFs. for the Diablo Canyon site
(Figure 2.4.1-2) are not• 6osely clustered. Because of
the very low population density surrOunding the Diablo
.:Canyon site, early fatalities occur above vthe 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 caused by
variations in the frequency of precipitation amongthe
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 [26] 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. The effect of plume buoyancy
on predicted consequences is discussed in Section 2.7.2.)

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 theeý 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 the meteorological records, there is again very little
variation among conse uences with conditional probabili-7
.ties greater than 10-. The outlying curves are for the:
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).

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 present the 29 latent
cancer fatality CCDFs for the two sites. Both figures
show Variations only in the probabilities of the high-
consequence events, most likely a reflection of the
different probability of precipitation ineach meteor-
ological record. These two figures clearly indicate
that the meteorological record does not have a signifi-
cant impact on predicted distributions of latent cancer':,
fatalities.

Figure 2.4.1-7 shows the interdicted-land area
CCDFs for the 29 records. Interdicted land is a mea-
sure of the potential offsite economic consequences of
an accident and is.calculated independent of population
distribution and wind rose. At the 90th percentile,
the predicted areas vary by about a factor of 3. There
is a 2-order of magnitude spread in the probabilities
of the CCDF maxima (high-consequence sequences). The
different probabilities of precipitation among the 29
meteorological records can account for about 1 order
of magnitude. The remaining factor of 10 most likely
is caused by inadequacies in the weather-sequence
categorization procedure (see Appendix E).

This section has examined the sensitivity of
consequence magnitudes to meteorological record. The
sensitivity-to meteorological record of the distances to
which consequences occur is discussed in Section 2.6.

The following conclusions can be drawn from this
sensitivity analysis:

o Given a specific. release, the one-year meteor-
ological record used in the calculations does
not have a significant impact on predicted
consequences out to the 99th percentile of the
distributions. Therefore, when suitable meteor-
ological data is not available from the site,
the use of substitute meteorological data, such
as that available from a nearby National Weather
Service station, is probably adequate for per-
forming consequence calculations with CRAC2.

o Major differences in predicted consequences
among the 29 meteorological records occur at
probabilities less than 10-2 and probably arise
from variations in the frequency of precipita-
tion and inadequacies in the procedure used to
sample weather sequences.
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o Further refinement is needed in the CRAC2
treatment of meteorological data. Possible
improvements include the use in the weather
sequence sampling procedure of more than 1
year of weather data and the consideration
of precipitation intensity. In addition-,
sequences with an onset of precipitation .may
need to be categorized to- distances beyond
the present 30 miles, perhaps to 100 iriles.
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Figure 2.4.1-7. Interdicted Land Area Complementary
Cumulative Distribution Functions (CCDFs) Generated
with Meteorological Data from 29 National Weather
Service Stations. Probabilities are conditional
on an SST1 accident occurring. The means of the
distributions range from 72 to 140 square miles.
Assumption: 1120 MWe reactor.
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2.4.2 Sensitivity to Site Population Dist~r ibution

To examine.. the role of population distribution
in determining reactor accident consequences, a"sensi-
tivity study was' performed: usli ng the actual :population.
distribution and I-year average, wind rose. fr om .each ofthe 91 es avingeither an operating

license or a constructiohnpermit. Calculations per-
formed using actual site.population distributions also
provide a better understanddhing "'of 'past siting policy
and a reference against which the conseq.uences of pro-
posed siting policies, can be compared.

For each of the 91.,,, sites, a representative meteoro-
logical record was .selected from the 29 National:-1Weather
Service records used in this study (see Appendix.A).
As discussed in the,. previous section, the meteorological
record used in the.calculations has only a marginal
impact on the predicted distribution of consequences.
Thus, the uncertainty resulting from using :a substitute
record (rather than one obtained at the site) is-proba-
bly not significant. Since the purpose of :this study
was to examine the impact on consequences of specific
site characteristics, a standard 1120 MWe reactor was
assumed at all 91 'sites. Consequently, the results of
these calculations are not assessments of existing
reactor-site combinations, and it would be misleading
to use them as such. Finally, each calculation also
assumed the occurence of an SSTI release and of Summary
Evacuation.

Figures 2.4.2-la through 2.4.1-1c show early
fatality, early injury, and latent cancer fatality
CCDFs for all of the 91 sites. The figures hive been
truncated at conditional probabilities of 10- (one
in a thousand releases). This was done because con-
sequence probabilities and magnitudes for improbable
events (ýhose with conditional probabilities less
than 10- ) are very uncertain. A large part of this
uncertainty is due to the assumption of an evacuation
only within 10 miles. Because of this assumption, all
persons beyond 10 miles were assumed to be exposed to
deposited radionuclides for 1 day, regardless of dose
ratea. Any.-emergency actions taken beyond 10 miles,

a. Under some meteorological conditions, the 1-day
bone marrow dose at 10 miles can exceed 1000 rem.
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(e.g., sheltering or prompt relocation) wouidA signifi-
cantly mitigate the consequences of low-probability,
high consequence events [27]. 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 [i.e.,
P( 21)] and over nearly 4 orders of magnituqe in conse-
quences at a conditional probability of 10- (consequence
axis;). The conditional means of the -91 CCDFs range from
0.4 to 970 fatalities. Figure 2.4.2-2 presents a histo-
gram of-the conditional nieans of the early fatality
CCDFs versus number of sites. Only four sites have
means above 250 fatalities; over half are less than 50.
Tabl~e C-l in Appendix: C lists the conditional mean
number of early fatalitiesl," early injuries, and latent
cancer fatalities for e~aoch 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 10-3. 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. ;The conditional means
of the latent cancer fatality CCDFs range from 230
to 8100.

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 range fromi1 to
710 people per square mile (see Sec tion 3). There-
fore, the distributions of early fatalities, which are
confined to areas within a few tens of 'miies of the'
site ý(most occur within a few miles, see 'Section 12ý.`6),
show the greatest variability. Early injuries can
occur to 'many tens o:f miles,' but mosto occur within
about30 miles.ý' Within 50 miles of the 91 site's,
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 ea rly injury -qCCDFS is
less than othat o aIined .for early 'fatalities. Finally,ý
when averaged over very large areas, the variability-
in the 91 population distributions is greatly reduced.

The population densities within .200 miles of the:9. 91
sites vary between 14 and 335 people per square mile

(factor of 24),.- Thus, the distributions of latent
cancer fatalities, which can occur overyery lyege
areas, show the least variability. ry l g

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 SSTI release
are presented in Appendix C. When examining these
CCDFs, 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 SSTI 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 Iculd'be mitigated by evacuation,
sheltering, relocation, or medical p rophylaxisa.
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 early
fatalities and early injuries to emergency response is
examined by a series of parametric calculations. All
of these calculations assume an SSTI releasefrom :an
1120 Mte reactor, Indian Point population and wind rose,
and New York City meteorology.169 y

The emergency response submodel in CRAC2.. was brie-f-
ly described in Section 2.2.2 and is more fUlly described
in this section and inAppendix E. The model allows for

the mitigation of radiation exposures by evacuation or by
sheltering followed by relocation. Evacuation is charac-
terized by the delay 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 [29-31], and
the delay time between cloud passage and the relocation
of sheltered population. The parameters that describe
these emergency response scenarios are first defined
and then the results of the parametric calculations are
presented.

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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The following eight parameters essentially deter-
mine the impact of the CRAC2 emergency 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 evacuation).

Evacuation Radius:., The radius within which all
occupants of a 900 sector (centered.on the plume
centerline) evacuate (10 mi in the base case
calculation).

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

Evacuation Distance: The radial distance to which
the evacuees move (Smi 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 shelter. If the sheltering radius is less
than or equal to the evacuation radius, only evacuation
takes place. If the sheltering radius, is larger than
the evacuation radius, then all persons between the
evacuation radius and the sheltering radius take shel-
ter. Beyond the sheltering radius, normal activity is
assumed to continue (i.e., some people are outdoors).

Shielding Factor [29]: The fraction of the dose to'
an unsheltered individual received by an individual
sheltered in a building or in a vehicle (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 exposures to the radioactive plume and to
contaminated ground (see Appendix A).
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Relocation Time: The period which elapses after pas-
sage of the' radioactive pium6 before non-evacuating
individuals are moved from contaminated areas (24 hr-
in the base case calculation)':

Relations hips between several of these *eight emergency
response model parameters are schematically depicted
in Figure 2.5-1.

The CRAC2 emergency response'submodel allows fo r'ý'.
the specification of' up' to six d"iffrent emergency re-
sponse scenarios and will calculate a weighted average
of the results for any designated set of scenarios.
CRAC2 calculations presented inoother sections; of this
report generally assume "Summary Evacuation,"'' which is:
the weighted summation of three different evacuatioon"
scenarios as follows:

Delay
Scenario Type 'of Response Re*sponse Before

Number Weighta Response Distance Speed Response

1 30% evacuation' 10 miles 1 10 mph 1 hour
2 40% evacuation 10 miles 10 mph 3 hours
3 30% evacuation 10 miles 10 mph 5 hours

a. The 30%/40%/30% weighting provides a best fit to EPA
evacuation data [7] (See Appendix E).

The sensitivity of the CRAC2 evacuation model to
evacuation speed has been previously investigated by
Aldrich, et al. [9], who found that, for evacuation
within 10 miles after a 3 hour delay, early fatalities
were minimally affected by effective evacuation speed
provided that the evacuation speed was at least 10 mph.
The impact of delay time on early health effects 'is
illustrated in Figure 2.5-2, which presents early
fatality CCDFs for 10 mph evacuations within 10 miles
after delays of 1, 3, and 5 hours, respectively
(scenarios 1, 2, and 3). Also plotted is the CCDF for
Summary Evacuation, which is the 30:40:30 weighted
summation of the CCDFs for scenarios 1, 2, and 3.
Figure 2.5-2 shows (1) that early fatalities are
substantially decreased by short delay times ( 'i hr);
and (2) that Summary Evacuation yields results nearly
identical to those obtained for scenario 2 (3 hr delay).
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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 1O 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 fthe 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 •i0,000/ 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 i0 miles, peak values (worst case
calculated for anymweather sequence, conditional probabi-
lities of i0-3) 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 these. cities 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.

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

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 1400 10,000 4300 34,000

Summary 83.0 8,300 3600 33,000

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

Table 2.5-2. Effect of Evacuation
Fatalities and Early
Evacuation. Results
an SST1 Release.

Distance on Early
Injuries for Summary
are Conditional on

Evacuation
Distance (mi)

.Early.Fatalities Early Injuries
Mean.99th Percentile Mean 99th.Percentile

5

10

25

3600

1100

830

700

18,000

11,000

8,300

7,200

6300•

5500

3600

180o

41,000

40,000

33,000

9,400

a. No evacuation

Assumptions: 1120 MWe reactor, SST1 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

ýfatalities and injurieS are all quite sensitive to the
distance within which population is !evacuated. Becausq
worst case results (conditional probabilities of -lO--)
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 l.,iowers .the worst case number of early
fatalities from 57,000 (for evacuation within 10 mi) to
15,000 o(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!p•e-rcen-
tile valu es ofI ear ly fatalIties -andinjur:ies 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 facto r oIf 5) the' worst case kresult (conditional
probability-of Ol 03) '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" Thý table shows that mean and 99th per-m.
centile values of early fatalities are substantially
decreaied, if Northeast regional shielding factors
(building characteristics: 87% basements, 47% brick)
are used rather than Pacific Coast regional shielding
factors (building characteristics: 23% basements, 27%
brick) [29]. 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. [27].
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Table 2.5-3. Effect of Sheltering Distance on Early
Fatalities .'and Early Injiries'for
Preferential'Sheltering Followed by
Relocation. Results are Conditional
on an SST1 Release.,

Sheltering Eariy Fatalities Early Injuries

Distance (mi) Mean 99th Percentile Mean 99th Percentile

5 830 9,300 560. 0 40"000

10 560 5,500 37... ,00 32,000

15 490 4,900 2700 25,000

25 420 4,500 1800 11,000

Assumptions: 1120-MWe reactor, SSTI release, Indian Point
population 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
Injuries for Sheltering to 10 Miles
Followed by Relocation. Results are
Con ditional on an SSTI Release.

Number of Early Fatalities Early Injuries

Basements Mean 99th Percentile Mean 99th Percentile

Fewa 1200 9,300 4100 34,000

Manyb 56 0 5,500 3700 32,000

a. 23% basements '(Pacific Coast regional shieldingý`
factors used, see Appendix A).

b. 87% basements (Northeast regional shielding factors
used, see Appendix A).

Assumptions: 1120 MWe reactor, SSTI release, Indian
Point population and wind rose, New York City meteor-
ology, no evacuation, relocation after 6 hr.
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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 i24 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 SST1 Release.

Relocation Early Fatalities Early Injuries

Time (hr) Mean 99th Percentile Mean 99th Percentile

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. Examination of Table 2.5-6
shows that for any response distance, expeditious
evacuation (1 hr delay, 10 mph) and sheltering with
expeditious relocation (after 6 hr) yield the smallest
predictions of early health consequences. The table
also confirms the strong dependence of mean early
health consequences on response time and the less
strong dependence on response distance.
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Table 2.5-6. Dependence of Earily Fatalities and Early Injuries on Respofle"Distance for Eight
Emergency Response scenarios. Results are conditic)naloh an SSTI Releas.e

b•I

•J

.Emergency Response Response Distance (mi)

Type Characteristics 0 a 15 10 -15 25 a 5. 10 15 25

- Mean Early Fatalities -mean Early-Injuries

Evacuation 5 hr delay, I mph 3,600 2100 -1,900 1,800 1,800" 63000 .6,200 5,300 5,100 4,700
5 hr delay, 10 mph - 3,600 1i,600 , 1,400. -15,300- 1,250 6300 6,000 4,300 3,300 2,500
3 hr..delay, 10 mph 3,600 1, 200 920 9601' 790.. 6,300 .5,800. 4,000 3,000 2,200
Summary*Evacuation 3,600 1,100 830 7801 700 -6,300 5,500 3,600. 2,700 1,800
1 hr. delay, 10mph 3, 00 440 180 1 10 40 6300 . 4,6006 2,500 1,500 700

Shelte.ringb 24 hr relocation. 3,600 c 1,200. c x c., 6,300 c 4,100 c c
12 hr relocation. 3,600 c 750 c c 6,300 .c 3,800 c c
6 hr relocation 3,600 830 560., 490 "420-1. .6,300 5,600 3,700., 2,700 1,800

99th Percentile Early Fatalitiesd. . 99th Percentile Early Injuriesd

Evacuation 5 hr delay, . I mph .18,-000 16,000 14,000 12,000 11, 000 41;000 41,000 40,000 "41,000 28,000
5 hr delay, 10 mph 18,000 14,:000 10,0000 9,4007 86,800".. 41,000 40,-000 34,000 26,000 . 10,000
3 hr delay, 10 mph 18,000 i1,000 8,000 7,300 7,000- 41,000 40,000 " 32,000" 26,000 10,000
Summary Evacuation 18,'000 11 ,000 8,300. 7,600 7,200.. -41,.000 40,.000 - 33,000, 26,000 9,400

.1 hr delay, 10 mph 18.000 7;000 1,400 1,200' 1,000-' 41;000 " 39,000 30,000 24,000 5,200

Shelteringb 24 hr relocation 18,00 "c 9,300 c c 41,000 c 34,000 c. c
12 hr relocation 18,000 c 7,500 c c 41,000 c 3,0 "

*6 hr relocation 18,000 9,300 5,,500 4,900 4,5006 41,000 40,000 - 32,000 25,000 11,000

Assumptions: 1120 MWe reactor, SSTI release, .Indian Point populationwand wind rose, New York City Meteorology. - •

a. No emergency response. b. Northeast Regional Shielding Factors.' c. Not calculated". d. Consequence. magnitude equalled
. , or exceeded, following 1 out of

every 100. releases.



lFigures 2.5-3 and 2.5-4 present the variation
with distance of the-risk to an individual of early
health effects (death or injury) for seven emergency
response scenarios. The figures show that, as distance
decreases, the different scenariosýpredict increasingly
similar individual risks (the seven ;risk curves con-

verge)., The curves converge at short distances because
many weather 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 manyweather sequences the radioactive plume
reaches .people before they begin to evacuate. And
sheltering with exipeditious 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 isufficient 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 submodelJ in CRAC2 is able
to apply one emergency response scenario to an inner
region and a second scenario to an outer region. Using
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, 19%; 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 Summary Evacuation
to 25 miles; and (2) that in comparison to Summary
Evacuation, expeditious evacuation (1 hr delay, 10 mph)
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Table 2.5-7. Impact of Emergency Response Beyond 10 Miles on Early
Fatalities and Early Injuries. Results are.Conditional.
on an SSTI Release.

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

Eli

C)

0 - 10

O - 25

0 - 10

0.- 10

Summary

Summary

Summary

1 hr

None

None

10 - 25

10 - 25

830

700

690

40

8,300

7,200

5,400

750

3600

1800

1900

750

33, 000

9,400

8,400

5,800

Assumptions: 1120 MWe reactor, SST1 release, Indian Point population and wind
rose, New York City Meteorology, Northeast regional shielding factors, relocation
of sheltered individuals after 24 hr.
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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, 3 peak
early fatalities (conditional probabilities :i 10- ) 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 immediate 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 iand for expeditious evacuation to
25 miles show that the emergency response scenario
selected has a substantial impact on consequence
magnitude.
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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 [32] 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 are examined.- 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 considered.,

The consequences that could result from a severe
reactor accident include short-term effects such as
early fatalities and injuries a.nd long-term effects
such as delayed' cancer deaths and interdiction of
land. Because early consequences would occur only
after large, acute doses of radiation,ithese 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 c nsequences. 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." Foliowing a
severe reactor accident,, contamination could be suf-
ficiently high to require interdiction of-property
(buildings and land) to substantial distances (several
tens *of miles). Because interdict'ion of large areas
could be a significant, and possibly dominant, con-

tributor to the offsite costs of a reactor accident,
distances to which land 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
distances 'from the rea.ctor. '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.ý

For each sampled meteorological sequence, the
CRAC2 code calculates the maximum distances at which
selected consequences might occur. These distances
will depend on the magnitude and characteristics of
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the source term as well as plume dispersion and deple-
tion processes. By using the weather sequence sampling
technique discussed in Section 2.2.1, the CRAC2 code
can generate CCDFs of "maximum" consequence distances
for any given source term._ These curves illustrate the
impact that radionuclide dispersion, which is determined
by, the weather conditions at the time of the accident,
has on distances to which consequences occur.

Figures 2.6-1, 2.6-2, and 2.6-3 show SSTI 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 SSTl release early fatality distances range from
1 ito 20 miles, early injury distances from 1 to 80miles,

and interdiction distances from 1 to 100 miles.,. Thus,
for a single event, consequence distances are strongly
influenced by the weather at the time of the release.
However, the figures also show that for a specific
release (e.g ., SST1), CCDFs calculated using different
meteorological records are quite similar. .For example,
the. 90th percentile values of. the 29 early fatality'
CCDFs calculated assuming an SST1 release range only
from 6 to 9 miles.

These results also show that for the SST1 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 lim ted to about 2 miles, in.Juries
to about 8 miles, and landl interdiction to about; 10
miles. For each set of CCDFs, the variation in the.
peaks, and probabil ities 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
being an early fatality or injury: given the assumed
release (SSTi or SST2). The interdiction distance
is defined to be the distance within which land
would be 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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The results presented thus far show the distances
to which fatal or injury-causing doses of radiation
could be receivedlas-suming no emergencyri: i-6response.
However, given_.a, ýsevere reactor accid!t, some type
of emergency response would be expet'ed and therefore,

acute doses clo se to the reactor could be reduced. As
shown in. Sectioin 2.5, emergency protective actions can
have a substntial impact on reactor accident conse-
quences.. Figre 2.6-4 comparesSSTl fatality distance

CCDFs calcu.lated using New York ,tCity meteorology and
four different emergency response.: scenarios: no emergen-
cy respons•e, sheltering, and twb. ,evacuation scenarios
(1 hr delay,ý,, 10 mph, within 25. mi; 5 hr delay, 10 mph,
with in 25 mi). In general, these•, CCDFs show that early
fatality distances are quite -senisitive to emergency
response.•, Thus, effective implementation of emergency
protect.ive actions in areas near the reactor could re-suit in substantial reductions in distances to which
fatal or injury-causing, doses of radiation coudld. be
received. For example, with no' emergency i9esponse the
90th precentile value of the fatality radius for .an
SST1 !release is > 8 miles, while with sheltering'l the
90th percentile distance is 4 miles and with expeditious
evacuation (1 hr delay,'10O mph) the distance is further
decreased to about 2 miles. ýC•!•CDFs of fatality distance
that' were calculated using ý::other meteorological records
show the same sensitivity 'to emergency response.

Other distances that might be of interest for the
development of siting criteria are those within which
the EPA Protective Action Guides (PAGs) L32J 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

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 prote~ctive actions are taken.
PAGs range:from 1 to 5 rem for whole body exposure
and from 5 to 25 rem for 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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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 meteorology,
and no emergency response. In general, these results
show that PAGs could be exceeded to very large dis-
tances (in excess of 50 miles) given an SSTI 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 Table 2.6-1. In the table consequence
distances are presented for three releases (SSTl, 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-
ological records. The fatality and injury distances
presented could be reduced by any effective emergency
response action. In general, Table 2.6-1 suggests that:
(1) for severe-core melt accidents, early fatalities
would generally not occur beyond about 15 miles, and in
the worst case, would be confined to about 25 miles,
while early injuries would probably be confined to down-
wind distances of about 50 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, theresultsshow that signifi-
cant fractions of latent health effects could occur at
large distances from the reactor. For the uniform
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Table 2.6-1. Summary of Consequence Distancesa (miles)

Source
Term

Consequence Conditional Probability Levelb

Mean

SSTI Early Fatalities

Early Injuries

Land interdictio'n

PAC sc.

Early Fatalities

Early Injuries

Land Interdiction

PAGSc

<5

99%

•15

-30

>50

,>50

Calc Max

<25

-10

250

-0.5

>50

>50

>50

SST2 <2

<2

<2

<20

<5

-7

-20

<2

--5

-10

<50

<3SST3 PAdsc

a. These distances are for a 1120 MWe PWR which is
comparable in size to many of the most recently
sited nuclear reactors.

b. Mean distances are the average of the probability
distributions of distance; 99% distances refer to
those beyond whi-ch a consequence or dose is cal-
culated to occur" in 1 in 100 accidents; and the
calculated maxima represent the largest distances
calculated.

c. A PAG is defined as the "projected" dose to an indi-
vidual in the general public which warrants the ini-
tiation of emergency protective actions. PAGs range
from 1 to 5 rem for whole body exposure and from 5 to
25 rem for projected dose to the thyroid.
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Figure 2.6-6. Cumulative Fraction of Latent Cancer Fatal-
ities as a Function of Distance from the Reactor a) for a
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Population Distribution.
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population distribution, t-he calculated cancer,-fatal-
ities are shown to be somewhat uniformly dist-ributed
with distance .. This uniform" distribution results.
because the decrease in cancer risk with distance is
approximately offset by the increase in the exposed
population. The results shown for the-.Indian Point
site illustrate the impact of a highly nor-'uniformr,
population distribution. The high population. densities
within approximately 50 miles of the-Indian ,Point site
(relative to lower densities further away) ca~use a

* significantly larger fraction of the predicted cancer
fatalities to occur within 50 miles of the reactor.
Thus, the high n.6n-unifornity of thet. exposed ,population
distribution also causes the distribution of cancer
fatalities to be :•nnun-iudfn"-iform with distance.

S-'cti'on 2.13.,2 di~scuss ed. rIcent::revi~ews of accident
phenomenology which indicate that the magnitudes of cur-

s"rent -ssevere reactor accidents-may be

significantly too large. To investigate the impact
of source term reduc'tifons on distances to which conse-
quences might occur, a series of. caIculaticns was per-
formed for the SSTl release reduced ýby arbitrary factors
of 2, 10, 20, and 100. Important assumptions for the
calculations included New York City meteorology, an: 1120
M~e PWF, and no emergency response. Table 2.6-2 summar-
izes the results and in general shows that reductions
in severe accident source terms substantially reduce
consequence distances. An order of mag'nitude re~duc:tion
in the SSTI release reduced the peak fatal distance ,from
about 20 miles to 5Smiles while a two-orxder of magnitude
reduction reduced the peak distance to 1imile. Similar
reductions are shown for early injury and` land i:nter-
diction distances.

This section has examined the impact of meteor-
Sological conditions, accident severity, and emergency
,response on consequence distances. Four factors, that
also could influence conseauence distances, are dis-
cussed in other sections of this report. They are
reactor size (i.e., size of radionuclide inventory,
see Section 2.7.1), liUmreheat content (determines
plume rise, see Section 2.7.2), dry deposition velocity
(see Section 2.7.3) and interdiction criteria (see
Section 2.7.5).
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Table 2.6-2. Sensitivity of Fatal, Injury, and Interdiction Distances to Release
Magnitudea

Source
Term

Fatal

Mean

Distance

9 9 %b

(mei)
Peakb

Injury

Mean

Distance (mi)

9 9 %b Peakb

Interdiction Distance (mi)

:Mean 9 9 %b Peakb

N)

0*'.
LYI

SSTI

1/2 SSTlc

1/10 SSTlc:

1/20 SSTlc

1/100 SSTlc

3.9

2.5

0.9

0.5

12 18

10 18

2.2

2.0

1.0

5.0

2.0

1.0

11

7.0

.2.8

1.9

0.9

35

20

10

50 19

14,25

7.0 10

5.5,

3.6

55::

45

18

12

10

85

50

25

18

100 4.0 5.0

a. Assumptions: New York City meteorology, 1120. MWe PWR, and no 'emergency- response.

b. The 99 percent distances refer are the distances.- beyond which .a:. consequence is
calculated to occur in only 1 in 100 accidents. The peak result is that obtained
for the most unfavorable weather sequence sampled.

c. Release fractions reduced for all isotopes except noble gases.



2.7 Other Sensitivity Calculations

2.7.1 Reactor Size

All of the calculations presented in previous
sections of this report assume an.1120 MWe reactor.
This reactor size was selected because many reactors
currently operating and most under construction are
about this size. Because consequences depend strongly
on the amount of radioactivity released (see Section 2.3,
Accident Source Terms), which in turn .is dependent on
reactor size, the sensitivity of consequences to reactor
size was examined. Calculations were performed for nine
reactor sizes ranging from 11.2 to 1500 MWe. All calcu-
lations assumed a 1120 MWe core radionuclide inventory'
scaled according to reactor size, an SSTI release, New
York City meteorology, and the Indian Point population
distribution and wind rose. The linear scaling proce-.
dure used is described in Appendix B, Core Radionuclide
Inventories, which also discusses inventory changes due
to annual operating cycle and differences between PWR
and BWR inventories.

Figures 2.7.1-1 and 2.7.1-2 present conditional
CCDFs of early fatalities, early injuries, latent can-
cer fatalities, interdiction distance, and interdicted
land area for five of the nine reactor sizes examined,
assuming Summary Evacuation. Table 2.7.1-1 presents the
mean and 99th percentile values of these distributions.
The effects of emergency response and reactor size on
mean early fatalities are presented in.Table 2.7.1-2.
Finally, Figure 2.7.1-3 presents plots of the mean
values presented in each table versus reactor size.

Several conclusions can be drawn from these results.
First, Figure 2.7.1-3 shows that mean values of all five
consequences increase roughly linearly with reactor size.
The rates of increase are largest for early fatalities
and smallest for interdiction distance. Table 2.7.1-1
shows that mean values increase more rapidly than 99th
percentile values. The mean early fatality results
presented in Table 2.7.1-2 clearly display the signifi-
cant impact of emergency response, seen previously (see
Section 2.5). For an 1120 MWe reactor, No Evacuation
yields a mean result of almost 3600 early fatalities,
while Best Evacuation (1 hr delay, 10 mph, 10 mi re-
sponse region) decreases this number to less than 300.
Figure 2.7.1-3a shows that for an emergency response of
a given effectiveness, there is a reactor size (x-axis
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Table 2.7.1-1.. Dependence of Consequences Upon Reactor Size,, Conditional-
on an SST1 Releasea

Reactor Interdicted
Size Latent Cancer Interdiction Land Area
(MWe) Early Fatalities Early Injuries Fatalities Distance (mi) (sq mi)

Mean 99th Mean. 99th Mean 99th Mean 99th Mean 99th

250 34 1,200 323 3,800 3970 10,000 9.,.7 38 •20.8 97

500 172 3,200 1020 9,700. 5560 20,000 13:,1 ' ý45 ;'37.2 120

750 455 5,900 1880 16,000 6710 20,000 :16.0 49 53.7 190

1120 831 8,200 3640 33,000 8110 24,000 193 54 75.'8 250

1500 1250 12,000 6340 57,000 9600 30,000 22.8 .56 106 340

a. Assumptions: 1120 MWe core radionuclide inventory scaled:according to reactor size,
SST1 release, New York City meteorology, Indian Point population and wind rose,
Summary Evacuation..



Table 2.7.1-2 Dependence of•Mean Early Fatalities
Upon Reactor -Size :and .Evacuation
Scenario, Conditional on an SSTI
Releasea

Evacuation Scenario

Reactor. Best ... Summary No
Size i(MWe),', Evacuat.ionb, Evacuation Evacuation

C0 0.3 1

60 2 34

1 1 2 c 0 9 147

250 0.01 .34. 551

500 6 172 1490

5 6 0 c 17 224-1 1700.

750 102 455 2380

1120: 176 831 3580ý

1500 287 1250. 4880

a. 1120 MWe core raduinuclide inventory scaled accord-
ing to reactor size,, SSTl: .. release, New York City
meteorology, Indian.Point population 'and wind rose.

b. 1 hour delay, 10 mph, 10 mi response region (see
Section 2.5).

c. Noble gas release fractions not scaled; this has
no. significant impact on early fatalities ('see
Section 2.3, Accident Source Terms).
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intercept) for which on the average (mean result) few
early fatalities would be expected. For Best Evacua-
tion that size is -500 MWe; for Summary Evacuation,
-100 MWe; and for no evacuation, -10 MWe.

2.7.2 Energy Release Rate

The calculations considered so far have been for
ground-level releases containing no .sensible heat,
i.e., nonbuoyant plumes. In an accident where there
is a large uncontrolled release directly to the atmo-
sphere, it is possible for the plume to contain a
sizable amount of sensiblie heat. For example, the
release categories described in WASH-1400 [11 had
energy release rates• of up to several hundred million
BTUs per hour.a Thýerate of energy release determines
the final plume height and, therefore, the downwind
distance at which the plume first contacts the ground
(touchdown). Since uhder the same weather conditions
a buoyant plume would be more dilute at touchdown than
a nonbuoyant plume, a significant reduction in the i•
number of early health effects is possible. However,
since plume depletion by dry deposition occurs only
after touchdown, buoyant plumes might therefore produce
ground concentrations high enough to produce early
effects at greater distances than nonbuoyant plumes.
Furthermore, for highly buoyant plumes, precipitation-
washout is the primary mechanism by which r~adioactive
material reaches the ground in sufficient concentra-
tions to cause early health effects. Thus,-,for a
buoyant release the probability of having any early
fatalities and injuries is strongly dependent on the
occurrence of precipitation. The final plume height•
is calculated in CRAC2 using the formulae developed .by
Briggs [33] for emissions from smokestacks. Consider-
able differences could exist between smokestack plumes
and plumes released in a reactor accident [341. These
differences have been investigated by Russo, Wayland,
and Ritchie [35] who found that predicted consequences
were only marginally sensitive to the moisture content
of the plume and atmosphere but, under certain condi-
tions, consequences could be quite sensitive to radio-
active heating and initial plume momentum.

For the present study, the sensitivity of predicted
consequences to energy release rate was investigated

a. In WASH-1400, an energy release rate of 170 x 106
BTU/hr was assumed for a PWR-2 accident.
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by performing calculations for an SSTl release with
three arbitrary energy release rates: 17, 170, and
430 million BTU/hour. New York City meteorology and
a uniform population density of 50 pecple per square
mile beyond 1 mile were assumed. Table 2.7.2-1 com-,
pares selected results for these energy release rates
with a cold (no sensible-beat) SST1 release (the base
case, see Section 2.2.4).

Table 2.7.2-1. Sensitivity of Estimated Conseauences
to Energy Pelease patea

Release. SSTI ZSS7T SST1 SSTI

Energy .Relea'se
Rate (BTU/hr) 0. 17x10 170..•IO 430x10

Mean Early Fatalities

Summary Evacuation .22. .12 9 10
No Evacuation 140 140 47 47

Mean Early Injuries

Summary Evacuation 140 180 110 85
No Evacuation 350 390 270 150

Mean Latent Cancer
Fatalities 730 790 830 860

Maximum Calculated
Fatal Distance (mi) 17.5 17.5 25 25

Maximum Calculated
Injury Distance (,im) 50 50 50 60

Maximum Calculated Land
Interdiction Distance (mi) 85 85 85 85

a. Assumptions: New York City meteorology, uniform
population of 50 people per square mile beyond 1 mile.
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The results for the low-energy release (17 x i06
BTU/hr) differ only slightly from those for the cold
release, because this release rate is not large enough
to cause substantial differences in the plume touchdown
point. The two high-energyrelease rates result in
consequences markedly different from the cold release.
Because the occurrence of precipitation is necessary,
to cause significant numbers of early health effects
for hot releases, the mean number of early effects is
lower for the high-energy releases.

At.:ver.y large distances, the amount of initial
plume-rise does not significantly affect the transport
and deposition of radioactive material. Consequently,'
latent cancer fatalities, which occur to great distances
(see Section 2.6),, are not significantly affected by
plume'buoyancy. The maximum observed- fatal distance 'is:
8 miles farther for the high-energy releases, although
the maximum calculated injury distance is only slightly
increased and interdicted land distance is unaffected.
Neither land interdiction nor injury distances are very
sensitive to energy release rate because these cohse-
quences also occur to-distances where initial plume
rise is generally not important.

Figure 2.7.2-1 plots the conditional-individual
risk of early fatality versus distance for the four
energy release rates,.assuming a uniform wind rose.
Within 10 miles, the hot releases have lower risks than
the cold releases. However, for low probability events
(i.e., precipitation), the hot releases could result in
fatalities out to 25 miles. The non-monotonicity in the6
risk at about 8 miles for the two hot releases (170 x 106
and 430 x.10. BTU/hr) is believed to be an artifact of
the weather-sequence sampling procedure used (see
Section 2.4.1).

.In summary, for an SSTI release the estimated
numbers of early fatalities and injuries and the
distance to which early fatalities occur are both
quite sensitive to the energy release rate. However,
consequences which can occur to great distances, such
as latent cancer fatalities, are not sensitive to
energy release rate. The maximum distances, to which
early injuries may occur or land may:be interdicted,
are also not sensitive..to-energy release rate. A
cautionary note: these.conclusions may not hold for
source terms significantly smaller than SST1.
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Figure 2.7.2-1. Individual Fisk of Early Fatality
Versus Distance for 4 Energy Release
Rates, Conditional on an SSTI Release.
Assumptions: SSTI release, New York
City meteorology, uniform wind rose,
no emergency response.
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2.7.3 Dry Deposition Velocity

The deposition of radioactive material on the
ground is the first step in many of the pathways by
which radioactive material can reach people. Dry
deposition of airborne material onto a surface is a
complex process which includes a number of different
phenomena such as gravitational settling, turbulent
and molecular diffusion, and inertial impaction [36].

Hosker [37]:and Kaul [38] have reviewed current
models of dry removal processes.. All current dr,,y-
deposition models incorporate a "dry-deposition
velocity" which is defined as the ratio of the time-ý
integrated air concentration of a material to the
concentration of the material on the ground.ý Alarge
number of parameters can affect the value of the
deposition velocity. About 80 have been lisited by
Sehmel [39J. Among these are surface roughness,
relative humidity, chemical composition, and particle:
diameter. Dry deposition velocity is highly sensitive
to particle diameter [39].

Radioactive material released to the atmosphere'
is likely to have a range of particle diameters, each
with a different deposition velocity. Despite this,:-•I
in CRAC2 only a single deposition velocity may be input
for each element considered, and generally the same
value (1 cm/sec) is used for all elements except noble
gases (the deposition velocity of noble gases is zero).
All CRAC2 calculations presented in other sections of
this report treat deposition velocity in this manner.

As discussed in Section 2.2.3, there are large
uncertainties about the characteristics of the radio-
active aerosol released from containment. Because
predicted ground concentrations can be very sensitive
to deposition velocity, a sensitivity analysis was per-
formed to assess the impact of dry deposition velocity
on predicted consequences. The analysis was somewhat
simplistic in that only a single deposition velocity
was used. Thus, no attempt was made to account for a
range of particle sizes by use of a distribution of
deposition'velocities. Also neglected were effects of
chemical composition and the possibility that differentelements may be associated with particles of different
sizes. Gravitationallsettling of particles, which can
be treated by "tilted plume" models [40] was also
ignored (gravitational settling would be the dominant
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contributor to dry removal for particle diameters
greater than about 5 microns).

Calculations were performed for an SST1 release
with five deposition velocities: 0.1, 0.3, 1.0, 3.0,
and 10.0 cm/sec-a These values are believed to span
the range of possible deposition velocities. Only non-
buoyant releases were considered. For buoyant releases,
early consequences are dominated by the occurrence of
precipitation; therefore, the variation of consequences
with dry deposition velocity could be substantially
smaller for buoyant releases (see Section 2.7.2). Other
assumptions included Summary Evacuation, an 1120 MWe
reactor, the Indian Point population distribution and
wind rose, and New York City meteorology. Different
population distributions and emergency response assump-
tions could impact the observed variation'of early con-
sequences with deposition velocity (see Sections 2.4
and 2.5).

Figure 2.7.3-1 presents the early fatality CCDFs
for the set of deposition velocities examined. Except
for the low-probabililty, high-consequence events,
there are only very minor differences. Mean numbers
of early fatalities vary by less than a factor of 1.5.
Deposition velocities of 0.1, 0.3, and 1.0 cm/sec yield
the highest consequence events (over 50,000 fatalities)
from weather sequences with precipitation beginning
between 10 and 20 miles from the reactor. With either
a 3 or 10 cm/sec deposition velocity, the particulate
matter in the plume is sufficiently depleted before
this distance range is-reached and, thus, rain does not
produce a ground concentration in this interval high
enough to cause significant numbers of early fatalities.

Figure 2.7.3-2 shows the conditional individual
risk of early fatality versus distance within 10 miles
of the reactor. Larger values of deposition velocity
result in slightly greater individual risk within 2
miles of the reactor but a much reduced risk farther
out. Table 2.7.3-1 lists the means, 90th and 99th
percentiles, and maxima of the CCDFs of early fatality
distance, early injury distance, and interdicted land

a. In all calculations a single deposition velocity
was used for all elements except noble gases.
The deposition velocity of the noble gases was
assumed to be zero.
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Table 2.7.3-1 Sensitivity of the Distances (miles) to which Consequences
Occur for Various Deposition Velocities.

Land' Interdiction
Early Fatality Distance Early Injury Distance Distance

Dry-.
Deposition Maximum Maximum Maximum
Velocity Calcu- " Calcu- Calcu
(cm/sec). Mean 90% 99%* lated Mean 90% 991% lated Mean 90% ;99% lated

0.1 2.1 4 15, 25, 7,2 15. 55, . ,65 11 30 60 100

0.3 1.9 4 15 25- 7.1 201 4:0. 50 16 40ý. 65* 85

1.0 1.7 4 12 18 8.3 25: 35 50 19 40 60 85

3.0 1.6 3 4 18 6.6 12 231 25 20 25.. 40 45

10. 1.4 3 3 3 3.5- 6 15 18 13 22 23 25

-J
-'0

Assumptions: 1120 MWe reactor, SSTI
Evacuation within 10 miles.

release, New York CI ity meteorology, Summary



distance (see Section 2.6). The mean distances for
each consequence are only marginally sensitive to.
deposition velocity. However, the tail of the dis-
tributions (99th percentile and maximum calculated.)
are very sensitive to deposition velocity. As the
deposition velocity increases, there is .a large re.-
duction in the 99th percentile and maximum calculated
distances. Again, the tails of each distribution
result from sequences with precipitation beginning
some distance from the reactor. Deposition velocities
above about 3 cm/sec deplete the plume closer to the
reactor, and thus the distance to which precipitation
can produce significant ground concentrations is much
reduced.

Despite the narrow scope of this sensitivity anal-
ysis (only the deposition velocity has been studied
rather than trying to account for the more realistic
condition of a distribution cf deposition velocities),
the following conclusions can be drawn:.

o For a single deposition velocity applicable to
all particulate matter, the maximum distance
to which land is interdicted and early fatal-
ities and injuries occur is very sensitive to
deposition velocity. These maximum distances
occur for low-probability, worst-case weather
conditions.

o For the population distribution and emergency
response scenario assumed"(Summary Evacuation),
the mean number of early fatalities is only
moderately sensitive to deposition velocity-and
thus may be largely insensitive to the particle-
:size distribution of the released material.,

2.7.4 Population Distribution

Results presented in Section 2.4, Site Meteor-
ology and Population, showed that early fatalities
and early injuries are strongly sensitive to the
characteristics of the surrounding population distri-
bution. Three sets of calculations were performed
to better define the sensitivity of early-fatalities
and injuries to the following features of population
distributions: (1) radial and angular variations in
population density, (2) the size and distance of
population centers, and (3) exclusion zone size.
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... ,Radial and Angular Variations. Radialiand an-
gular variations in population density were.examined
by constructing a hypothetical reference population
distribution and then calculating consequences for
that distribution and eight transformations of that
distribution. Beyond 20 miles all of the distribu-
tions were identic'al. • Each had uniform populations
of ,750 people per ýsquare mile from 20 to 30 miles,
2500:from 30 to 50 miles, 500 from 50 to 100 miles,
and- 300 from 100DPI. to 500 miles. None of the distribu-
tions had any people within 0.5 miles of the reactor
(0.51mile Exclusion Zone). All nine distributions
met the following criterion: within 5, 10, i5, 20,
and 30 miles of the reactor, the average population
density was either zero (the distribution is empty to
that radial distance) or 750 people per square mile
(if there are any people within a given radial dis-
tance,, then on average within that distance there
are 750 people per sq mi). In addition, all nine
distributions had 939,000 people within20 miles of
the reactor, but each had a different distribution.,
of those people, as is schematically depiC.ted in
Figure 2.7.4- ..

Figure 2 1 indicates that the reference
distribution (Dis:tribution 1.) was uniform from 0.5.
to 20 miles. It had.530 people per square mile from

0..5 to 2 miles and 750 people per square milie•ie from
2 to 20 miless.! Distribution 2 was constructed from
the refer~ence distribution by moving the population
within-20 miles forward into 5 high density rings.
Distribution 3 moved the population within 20 miles
entirely into a single 22.50 sector. Distributions
4 through 8 moved all of the population within 2, 5,
10, 15, or 20 miles, respectively, into a single
22.50 sector toward the back of the vacated region.
Distribution 9 was constructed by scaling the actual
population distribution around a New England reactor
site, so that the resulting distribution had 530 people
per square mile from 0.5 toý2 miles and 750 people per
square mile in each of four distance intervals: 2-5,
5-10, 10-15, and 15-20 miles.

..Tbhe transformations used to generate Distribu-

tions 4 through 8 in effect created population centers
by vacating 15 of the 16 sectors of the reference
distribution-out to 2, 5, 10, 15, or 20 milesprespec-
tively., The Population centers thereby-created: had
the following sizes and distances from the':reactor:
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.4

Distribution 7 Distribution 8 Distribution 9

Figure 2.7.4-1. Schematic Representations of the ?Nine Hypothetical Population Distributions
Used to Examine the Impact on Consequences-of Radial and Angular Variations in Population
Density.

1) Distribution 1 (Reference Distribution): uniform to 20 mi.
2) Distribution 2: 4 high density population rings.,-,
3) Distribution 3: all population in I sector.
4) Distribution 4: 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: real distribution scaled to match the densities of Distribution 1.



Distribution City Size City Distance (mi)

4 6,300 1
5 55,800 3
6 232,000 6.75
7 527,000 12.5
8 940,000 16.25

For each of the nine population distributions,
early fatality and early injury CCDFs were calculated
assuming an SST1 release from an 1120 MWe reactor,
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.

Figure 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 I sector (vacating 15 .sec-
tors out to 20 miles) reduces the likelihood of having
any early fatalities (,the CCDF shifts downward) but
increases 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 leastj 1early fatal-
ity would decrease by a factor of exactly 16.. Because
plume meander frequently causes plumes to be much wider
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Figure 2.7.4-3. Comparison of the Early.Fatality
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in 1 sector) to thaet ofthe Reference Distribution*a

a. Assumptions: ' 1120 MWe reactor, SSTI 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
of- 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. Therefore, the mean (expected) result
(400 early fatalities) is unchanged (see Table 2.7.4-1).

Figure 2.7.4-4 compares the early fatality-oCCDFs
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 forý Distribu-
tion 8. Second;- because the population centers are
increasing in size (from 6000 people in Distribution 4
to 1,000,000 in Distribution 8), the maximum number of
early fatalities (conditional probabilities of < 10-3
caused by adverse weather) alsoincreases from 2.5 x 104

early fatalities for the Reference Distribution (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 1200 to 2800. Because Distribution 9 contains
population centers (17,700 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 i04 from
the Reference Distribution value of 2.5 x. i04•.

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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Figure 2.7.4-5. Compariscn of the Early Fatality
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distribution) to that of the Reference Distribution.a

a. Assumptions: 1120 MWe reactor, SST1 release,.
New York City meteorology, uniform wi'nd rose,$
Summary Evacuation.
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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

Early Fatalities Early Injuri-es

Distri- 99th 99th
bution P( Ž1) Mean , Percentile P( ?1) Mean Percentile

1 0.79 400 1200 0 0.99 2.2x,0 3 19,000

2 0.79 1000 2700.- 0.99 3.9x10 3 30,000

3 0.14 400 5600 0.17 2.2x10 3 67,000

4 0.32 560 5800 0.82 2.3x10 3 17,000

5 0.04 250 8500 0.48 2.2x10 3 26,000

6 0.01 110 90 0.38 1.5x,0 3 27,000

7 0.006 160 0 0.20 1.9xI0 3 59,000

8 0.001 110 .0 0.05 1.2x,0 3 34,000

9 0.17 260 2800 0.62 1.8xl0 3 24,000

P(>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.

Assumptions: 1120 MWe reactor, SST1 release, New York
City meteorology,, uniform wind rose, Summary Evacuation.
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might occur, are both highly variable. Therefore,
because each of the nine distributions met the same
radial population density criterion (populated radial
intervals have population densities of 750 people per
sq 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 single 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 imposing popu-
lation centers of three sizes (l04, i105, and 1 people)
upon a 50 people per square mile background population
density at the distances given in Table 2.7.4-2, thereby
generating i3 population distributions, the background
distribution and 12 distributions with population cen-
ters. Early fatality CCDFs were calculated for each ot
the 13 distributions assuming an SST1 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 CCDFs identical to the
background CCDF. Early fatalities are confined to
25 miles because, even for unfavorable meteorological
conditions, plume concentrations fall below all early
fatality thresholds before that distance.a

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

a. The maximum distance to which early fatalities
occur for an SSTI release was shown in Section 2.6
to range from 13 to 25 miles, depending on meteor-
ology, and is 18 miles for New York City meteorology.

b. Improbable events with conditional probabilities
of '<i03 caused by adverse weather, e,g., rainout
of the radioactive plume onto a population center.
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Table 2.7.4-2. Effects of Size and Distance of Population
Centers onEarly Fatalities, Conditional
on an SSTlRelease .

iJ

Center Center
Population Distance

(mi)

Early Fatalities

Mean. 90 Per-
centile

99 Per-
centile

i -. ..

::.Maximum
.Calculateda

Backgroundb 2.3 67 150 1,700

175.0 23 67 150 1,700

92.5 23. 67 150 1,700
106

52.5 23 67 150 1,700

32.5 23 67 150 1,700

52.5 , 23 67 "150 1,7.00

27.5 23. 67 1"50 1,700
105

16.25 37 67 150 51,000

11.25: 44 67 160 49,000

16.25 26 67 150 "11,000.

11,5 . 27 67 150- io00oo
.104

5.5 24 68 160 1,700

S 2•.25 '120 190 2,300 5,100

a. Maximum value calculated for any weather sequence. An
improbable event (conditional probability ._ I0Q.-)
typically. caused by adverse weather (rainout of the
radioactive plume onto a city).

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

Assumptions: 1120 Mwe reactor, SSTI release, New York
City meteorology, uniform wind rose, Summary Evacuation.

a I
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of 2, but do not affect 90th or 99th percentile values
(only mean and peak values differ from those of the back-
ground CCDF)'. Examination of individual calculations
shows that population centers between 10 and 20 miles
experience early fatalities principally when rain falls
on .the radioactive plume after it arrives over the popu-
lation center. Because this is an .improbable event, it
affects only the CCDF peak and not" its 90th, or 99th
percentile values.a

Third, if effectively evacuated, population cen-
ters between 5` and 10 miles probably can avoid ýearly
fatalities, (the CCDF for the population center at 5.:5
miles is almost ident'ical •to ..the background CCDF). The
population center at 5.5 miles experiences few early
fatalities because the charatcteristics of Summary Evac-
uation (delay times, evacuation .speed, see Section 2.5)
assure that most persons in the population center avoid
large exposures to radioactivity by evacuation forlmost
weather sequences sampled.

Fourth, population centers very close to a reactor
(•5 miies) are more likely to experience early fatal-
ities even with evacuation (the CCDF of the population
center at 2.25 miles differs from the background CCDF
at all levels of probability). Early fatalities are
likely to occur because only a timely warning followed
by.a very prompt evacuationý cOUld assure'that all
people in population centers within 5 miles of a
reactor will escape plume exposures (see Section 2.5).

Exclusion Zone Size. All existing reactors are

surrounded by an exclusion zone, which has no permanent
inhabitants and is controlled exclusively by the utility
operating the reactor. At current reactor sites exclu-
sion zones are irregularly shaped with minimum exclusion
distances which range from 0.1 to 1.3 miles (average 0.6
miles, see Appendix D). Larger exclusion zones would be
expected to reduce the incidence'of early health effects
(those health effects induced by relatively large doses
to individuals). The influence of exclusion zone size
on early fatalities and injuries was examined for each-

a. The effects of rain are discussed more fully in
Sections 2.4 and 2.6; the effects of assuming
emergency response beyond 10 miles are considered
in Section 2.5.
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of four emergency response scenarios (Scenarios 1, 5, 6,
and 7 as defined in Section 2.2.2). Scenario 1 is an
.expeditious evacuation (1 hr delay, 10 mph), Scenario 5
.is No Emergency Response, Scenario:6 is Poor Evacuation

(5 hr delay, lmph), and Scenario 7 is Summary Evacua-
tion. All calculations assumed no immediate emergency
response beyond-10 miles,, a uniform-population distri-
bution (100 persons-per square mile), an .SSTl release
from an 1120 MWe reactor, and NewYork City meteorology.

Table .2.7.4-3 presents for each emergency response
scenario t.he mean number of early fatalities calculated
to occur within each of 20 distance intervals to 17.5
miles (for :New.York City meteorology, early fatalities
are confined to 17.5 miles). Without any emergency
response, the expected total number of early fatali-
ties is 338, given an, SSTI release at 'a reactor having
a surrounding population density of 100 persons per
square mile. and no exclusion zone. However,,, ithee
reactor had a 1-mile exclusion-zone, 58 fatalities..
would be avoided. Alternatively, an effective emer-
gency response within 10 miles (e.g., Best Evacuation)
would reduce the mean number of fatalities observed
from 338 to 23 without .any exclusion zone, and to 14
fatalities (those occurring beyond 10 miles) with a
1-mile exclusion zone..

The combined..effecý-ts of-exclusgion zone size .and
emergency responseýeffectiveness are further illus-,;
trated by the data in Table' 2.7.4-4, which-is drawn
from Table 2.7.4-3. Table 2.7.4-4 presents for various
combinations of emergency response effectiveness and
exclusion zone size the number of early fatalities
occurring within and beyond 10,miles and their sum.

:Table, 2.7.4-4 shows that for large core-melt accidents
mean early fatalities are reduced 16-fold (from 320 to
<20) by an 0.5-mile exclusion zone and a very effective
evacuation (Best Evacuation), by a 3-mile exclusion
zone and a reasonably effective evacuation (Summary
Evacuation), or by a 5-mile exclusion zone and an
ineffective evacuation (Poor Evacuation). Alterna-
tively, an 0.5-mile excliusion zone and aY very effective
evacuation within 2 miles (achieved possibly by early
warning [41]) and a reasonably effective evacuation
from 2 to 10 miles reduced mean early fatalities
12-fold (320 to 26).

Table 2.3--;4-5 shows how the probability of having
at least 1 early fatality or early injury varies with
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Table 2.7.4-3. Mean Early Fatalities by Distance
Intervals for Four Emergency Response
Scenarios, All Evacuationsa

Distance .Emergency Responseb

Interval
-None Poor Summary Best

0.0
0.25 6.3 6.3 5.6 3.9
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
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

'3.0 29.5 10.0 2.3 0
3.5 26.6 6.5 1.5 0
4.0 19.;6 5.1 0.7 0
4.5 14.7 3.9 0.2 0
5.0. 11.3 02.1 0.1 0
6.0 15.2 0.6 0.0 0
7.0 7.8 0.2 0.0 0
8.5 3.1 0 0 0

10.0 6.4 0.6 0.0 0

12.5 6.9 6.9 6.9 6.9
15.0 .0 0 0 0
17.5 7.1 7.1 7.1 7.1

Total 338 166 76 23

a. Assumptions: SST1 release, 1120 MWe reactor,
York City meteorology, uniform wind rose, 100
per square mile.

New
people

b. No emergency response beyond 10 miles; relocation
after 1 day (i.e., 1-day exposure to radioactivity
deposited on t-he ground).
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Table 2.7.4-4. Dependence of Mean Early Fatalities

on Emergency Response Effectiveness
and Exclusion Zone Sizea

Emergency Exclusion . :Mean Early Fatalities:*
Response Zone (mi)m • i-- " • >10 MI _<10 ýMi Total

Best Evacuationb 0.5 14 2.5 16.5

3.0 14 2.5 16.5
Summary 2.0 -14 9.3 23.3
Evacuationb 1.0 4 29.6 43.6

0.5 14 .47.7 61.7

5.0 14 1.4 15.4
Poor b 3.0 14 19.0 33.0
Evacuationb 2.0 14 :50.0 64.0

1.0 !:-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

No Evacuation 2.0 14 173.1 187.1
1.0 14 266.8 280.8
0.5 14 306.6 320'.6

Best <2 mi 0
Sumr > i 0.5 14 11.8 25.8Summary > 2 mi . .. "

a. Assumptions: SST1 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. Probability of Having at Least
1 Early Fatality or Inj-rya by
Exclusion Zone Distance

'0
ul

Emergency None Poor Summary Best None Poor Summary Best
Response

Distance Early Fatalities Early Injuries
(mi) " 0

0 1.00 1.00 0.96 0.88 1.00 1.00 1.00 1.000.25 1.00 1.00 0.81 0.38 1.00 1.00 1.00 1.00

0.5 1.00 0.97 0.76 o0.26 1.00 1.00 0.92 0.72
0.75 0.97 0.85 0.55 0.21 1.00 1.00 0.85 0.50
1.0 0.97 0.60 0.37 0.10 1.00.: 1.00 0.82 o.41
2.0 0.59 0.40 0.19 .0.01 0.98 0.97 0.76 0.36
5.0 0.20 0.10 0.02 0.01 0.78 0.57 0.39 0.36

a. CCDF intercept on probability axiz (y-axis).

b. Assumptions: SST1 release, 1120 MWe reactor, New
100 people per square mile.

York City meteorology,



exclusion zone size. The table shows that the probabi-
lity of having at least 1 early fatality following a
large core-melt accident (SSTl release) can be reduced
to 0.2 by the following combinations of an Emergency
Response and an Exclusion Zone distance:

Emergency Response None Poor Summary Best

Exclusion Zone (mi) 5. 4 2 0.75

Taken together Tables 2.7.4-3 through 2.7.4-5 suggest
that a large Exclusion Zone without an emergency
response is not nearly as effective as a substantially
smaller Exclusion Zone and a. timely emergency response.

Finally, because atmospheric releases of radio-
activity of the size of SST1 are improbable (possibly
extremely improbable, see Section 2.3.2, Source Term
Uncertainties), it is important to note that for smaller
releases (e.g., SSTl reduced an order of magnitude or
SST2) the mean and peak distances to which early fatal-
ities and injuries are likely to occur is much reduced,
even with no emergency response (see Section 2.6, Dis-
tance Dependencies). Thus, for SSTl reduced 10-fold, on
the average (mean result) fatalities would be confined
to 1 mile and injuries to 3 miles, while for SST2 these
distances are 0.5 miles and 2 miles, respectively.
Thus, for releases substantially smaller than SST1,
because early health effects are usually confined to
only a few miles, typical Exclusion Zones ( -lImi) can
have a substantial impact even without an emergency
response.

2.7.5 Interdiction Dose Criterion

Following a nuclear power plant accident, contin-
ued usage of land contaminated by radioactive material
deposited from the plume would result in increased
population exposures, and thus would increase latent
health effects. Chronic exposure to contaminated land
can be avoided by interdicting the usage of the land
until removal processes (decontamination, radioactive
decay, weathering, runoff) have decreased exposures to
acceptable levels. The dose criterion (allowed ground-
shine dose to an individual accumulated in 30 years)
for interdiction of land is called the "interdiction
dose." As interdiction dose increases, latent health
effects increase (because more people are continuing
to use contaminated land) and interdicted land area
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and interdiction costs decrease (because less land is
interdicted).

All of the calculations presented in other sec-
tions of this report used an interdiction dose of 25
rem due to a 30-year exposure to contaminated land.
This section examines the sensitivity of latent cancer
fatalities and of interdiction distance (distance to
which land is interdicted), area, and costs to inter-
diction dose. Calculations were performed for four
different 30-year interdiction doses (5, 10, 25, and
50 rem) and also for no interdiction. All of these
calculations used an 1120 MWe reactor, the SSTI source
term, the Indian Point population distribution and wind
rose, and New York City meteorology.

.. Figures 2.7.5-la through 2.7.5-1c present CCDFs for
latent cancer fatalities and the interdiction distance
and area. Table 2.7.5-1 presenrs mean and 90 percentile
(conditional probability of 10- ) values of latent cancer
fatalities and of interdiction distance, .area, and costs
as a function of interdiction dose. In Figures 2.7.5-2a
through 2.7.5-2c the mean values in Table 2.7.5-1
(except the cost data) are plotted versus interdiction
dose. Examination of the CRAC2 code showed that the
near linear dependence of mean latent cancer fatalities
upon interdiction dose displayed in Figure 2.7.5-2a was
to be expected.a Figure 2.7.5-2a shows that, if all
contaminated ground were interdicted (interdiction dose
of zero), then 3200 latent cancer fatalities would still
result due to the pre-interdiction dose (cloudshine dose;
inhalation dose, which includes the chronic dose from

500

a. Latent cancer fatalities - population dose- PJD(x)xdx,

where p = population density (approximately constant
over large areas), D(x) = dose at distance x, x =
interdiction distance, and 500 mi = maximum disvance
for latent cancers (variable but large). From the
transport 2 and deposition algorithms used in CRAC2,
D(x) - x-. So latent cancer fatalities

-p In xj which is approximately linear in xO for

xO < 50 mi.
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Figure 2.7.5-1: Impact of 30-Year Interdiction Dose upon a) Latent Cancer Fatalities,
b) Interdiction Distance (mi), and c) Interdicted Land Area (sq mi)

Legend

+- no interdiction
A- 50 rem interdiction dose
X- 25 rem interdiction dose
0- 10 rem interdiction dose
o- 5 rem interdiction dose

Assumptions: 1120 MWe reactor, SST1 release, Indian
Point population and wind rose, New York City
meteorology.
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Table 2.7.5-1. Mean and 90th Percentile.Values of Several
Consequences by Interdiction Dose Levela

•o!
•D

Interdicted
Interdiction Latent Cancer Interdiction Land Area Interdiction

Dose (rem) Fatalities Distance (mi) (sq. mi) Costs (billions)

90 Per- 90 Per- 90 Per-
Mean centile Mean centile Mean centile Mean

5 4,300 9,100 56 90 580 640. 36

10 5,400 11,000 32 52 200 380 17

25 8,100 20,000 19 35. 76 140 5

50 12,000 31,000 14 25 41 86 2

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

a. SST1 release, 1120 MWe reactor, Indian Point population and wind rose, New York
City meteorology.
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radioactivity deposited in the respiratory system;
and pre-interdiction groundshine dose, which is assumed
to be 1 day in duration). Figure 2.7.5-2b shows that
interdiction distance is inversely proportional
to the square root •of the interdiction dose (xo^Do-I/2
and Figure 2.73.5-2c shows that interdiction area is1
inversely proportional to interdiction dose -(A_ Do-.),
which is not surprising since interdiction .area should
be roughly proportional to the square of interdiction
distance (Ao0 o-x ).

Table 2.7.5-1 and Figures 2.7.5-la through 2.7-.5-lc
show that latent cancer fatalities, and interdiction
distance,, area, and costs are all quite sensitive to
interdiction dose.- If all contaminated land were
ý.interd icted,ý the mean number of latenti :cancert fatal-
ities would 'be .reduced by about a factor .of '20 from
the number that would zoccur, -if :no-land Were inter-
dicted-(at the 90 ýpercentile level "the reduction factor
is 15). .Similrarlyi a 10-fold increase (5 to: 50 rem) in
interdiction dose produces about a 10-fold decrease in
mean interdiction area and nearly a 20-fold decrease
in mean interdiction costs.

Data :in :Table -2.7.5-1 canýbe- used to illustrate
the inverse relationship.between .latent -fatalities and
interdiction costs... For' example, changing-the inter-
diction dose criterion from no interdiction (all doses
are tolerated) to an interdiction:dose of 50 rem de-
creaýes mean latent fatalities by 57,000 and produces
interdiction costs of $1..9 x 109 or: -1$3 x 104 per life
saved.-. Further decrease from 50 rem to 25 rem saves
an additional 4000 lives at a cost of '-$7 x' 10 per
life, while the decrease from 25 rem to 10 rem saves
3000 lives .at a cost of.-$5 x 106 per life. Therefore,
because of the inverse relationship between latent
cancer fatalities and interdiction area, the high cost

..of interdicting land may make the interdiction of
large areas .(selection of a low interdiction dose)
unacceptable.
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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 SST1 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 for many
weather sequences):are decreased dramatically
(about two orders-of-magnitude) by a one order-
of-magnitude decrease in source term SSTI (large
core melt, loss of most safety systems).
Because the core melt accident source terms
SSTI-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 effectsý
(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 SST1 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-istances to which consequences might occur
depend principally upon source term magnitude
and meteorology. Frequency distributions of
these distances, calculated using large numbers
of weather sequences, yielded expected (mean),
99 percentile, and maximum calculated distances
(expressed in miles) for early fatalities and
early injuries as follows:

Source- Maximum
Term Consequence Mean 99% Calculated

SSTI Early Fatalities <5 :SI5 <25
Early. Injuries -10 -30 <50
Land Interdiction -20 >50. >50

SST2 Early Fatalities '0.5 <2 <2
Early- injuries <2 <5 -5
Land Interdiction <2 -7 -10

The maximum calculated distances are associated
with very improbable events, (e.g., rain-out of
the plume onto a population center). ''For the
SSTI release'reduced by a factor of 10, early
fatalities are confined to-' 5 miles, early
injuries to -20 miles, and interdiction of
land to -25 miles.

o Calculated consequences are very sensitive to
site population distribution.: For each of the
91-population distributionsexamined, early
fatality,.early injury, and latent cancer fatal-
ity CCDFs were calculated assuming an SST1
release from an 1120 MWe reactor. The resulting
sets of CCDFslhad the following ranges:

Early Fatalities. -3 orders-of-magnitude
in the peak and mean numbers of early fatal-
ities and in the probability of having at
least one early fatality.

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

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.
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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 sheltering (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 the7:risk of early healthleffects
at short distances ( <10 mi) but increasing
that, risk at longer distances (-20ý.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.
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o Exclusion zones (unless very large) are
unlikely to significantly reduce early health
effects for very large core melt accidents
such as SSTI. However, for smaller accidents
(e.g. 1/10 SST1, SST2) 'early ýhealth effects
could be significantly mitigated by-exclu-
sion zones of 1 to 2 miles.

o Decreasing the level of contamination at which
land is interdicted decreases latent cancer
fatalities and increases the amount ofland
interdicted. As interdiction* dose is,-Iin-•
creased, interdiction costs (value of inter-
dicted land and buildings) increase more
rapidly than doesthe number of latent cancer
fatalities avoided.
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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 annulioand distances,
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 CED, when it may actually
be dispersed over areas which are substantially larger
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
(• 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 regions 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 trends of site population charac-
teristics are analyzed by region in Section 3.4.
Finally, population characteristics for individual
sites and additional regional results are presented
in Appendix D, and additional population data are
available in NUREG-0348 [1].

3.2 Exclusion Zones and Site Population Factors

Distance to the exclusion zone boundary, distance
to nearby cities, and site population factors have all
been used by the NRC to describe population distribu-
tions about reactor sites. Consequence sensitivity to
exclusion zone size and to distance to nearby citiesý
was examined in Section 2.7.4. This section examines
regional variation (1) of the minimum distance to the
exclusion zone boundary and (2) of site population
factors, with and without wind rose weighting.

All reactors are surrounded by an exclusion zone,
which has no permanent inhabitants and is controlled
exclusively by the Utility operating the reactor. Ex-
clusion zones are usually irregularly shaped. For the
91 sites examined in this study, minimum distances to
the exclusion zone boundary range from 0.1 to 1.3 miles
with 0.5 miles being about average. The value for each
of the 91 sites is presented in Appendix D. Figure 3-2
displays these values as scatter plots, one for each
NRC administrative region. Median values for each
scatter plot are indicated on the figure. The median
values increase in the order NE, MW, W, S, SW.

Site population factors were developed by the
NRC [2] to provide a way to compare populations
around different sites. The factors are intended to
be dimensionless measures of the total risk to the
population within a specified radial distance. Since
correlations between population distribution and wind
direction may significantly influence risk at some
sites, a wind rose weighted formulation of the site
population factor was also developed.

The Site Population Factor (SPF) and Wind Rose
weighted Site Population Factor (WRSPF) are defined as
follows:
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where ri is the outer radius of annulus .i of.rM..
concentric annuli (rO = 0, rm =n).

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

Pi is the population of annulus i assuming a
uniform population density ofl000Qpeople
per. sq. mi, i.'e,.=ii.=j00 ?T (r - ri-,)

Pi., 'is the actual. population of annulus i.

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

wj 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
.a selected because it approximates the functional relationship

between risk and distance; and WRSPFn = SPFn whenever
w = 1/.16 for all j, i.e., whenever.the wind rose is uniform.

Site population factors (both SPF and WRSPF for n -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.
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Table 3-1

SPF and WRSPF Values for the Five
NRC Administrative Regionsa

NE MW S W SW

SPF 5  0.16±0.22 0.09±0.15 0.03±0.04 0.01±0.02 0.01±0.01
SPFIo 0.17±0.19 0.10±0.14 0.05±0.03 0.0±0.03 0.01±0.01
SPF2 0  0.20±0.18 0.12±0.12 0.08±0.06 0.040.03 0.03±0.02
SPF3 0 0.25±0.24 0.14±0.13 0.09±0.06 0.05±0.04 0.04±-0.04

WRSPF 5 0.17±0.29 0.10±0.18 0.04±0.04 0.020.02 0.01±0.01
WRSPF 1 0 0.18±0.22 0.11±0.16 0.05±0.03 0.04±0.06 0.02iO.01
WRSPF20 0.22±0.20 0.13±0'.14 0.08±0.07 0.050.04 0.03-0.02
WRSPF 0 0.26±0.26 0.15±0.14 0.00.07 0.06t0.06 0.04±0.03

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, 9.1 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 l00-200 mi).

Set 2: eight radial distances' (0-2, 0-5, 0-10,
0-20, 0-30. 0750, 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: the most populated 22.50 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: the most populated 22.50 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.

Set 5: the most populated 450 sector (two
adjacent 22.50 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: the most populated 45' sector (two
adjacent 22.50 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 set of CCDFs contains CCDFs for each of the five
NRC administrative regions (NE, MW, Si W, SW) and for
all regions combined (All). CCDFs were also calcu-
lated for 450 sectors because atmospheric dispersion
can produce plumes with an angular dispersion greater
than 22.50.

Because of the large 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 which the CCDFs were constructed.
In this section, Figure 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
Figure 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 22.50 and
450 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 for 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 22.50 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
Population Densities (people/sq mi) for Seven
Radial Annuli by Geographic Region and for All
Regions Combined.

CCDF Value Maximum 90th Percentile

Region NE MW S W SW All NE MW S W SW All

Interval (mi)

0-5 790 540 180 100 30 790 740 270 100 100 30 190

5•-10 620 700 250 100 40 700 550 280 180 200 40 260

10-20 i 730 530 510 180 150 730 670 340 300 180 150 380

20-30 2000 1300 490 490 230 2000 1800 620 200 490 240 490

30-50 2500 1200 210 630 290 2500 :770 940 160 620 280 660

50-100 880 440 180 310 90 880 820 430 110 310 90 420

100-200 350 190 160 150 40 350 280 170 110 150 40 190

CCDF Value Median Minimum

IRegion I NE MW S W SW All NE MW S W SW All

Interval (mi) .

0-5 100 60 30 20 10 40 0 8 -0 0 0 0

5-10 130 60 80 30 20 80 6. 4 8 2 7 2

10-20 f170 90 70 60 30 90 40 9 10 0 7 0

20-30 1180 120100 50 40 110 50 9 8 2 7 2

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

50-100 360 130 80 50 40 90 20 10 30 10 20 10

100-200 !170 110 70 30. 30 80 20 30 8 9 6" 6
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Table 3-3. Maximum, 90th Percentile, Median, and Minimum
Population Densities (people/sq mi) for Seven Radial
Distances by Geographic Region and for All Regions
Oombined.

CCDF Value

Region

Interval (mi)

0-5

.0-10

0-20

0-30

0-50

0-100

0-200

Maxijmn

NE MW S W SW All

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 50 350

90th Percentile'

NE MW S W SWAlIl

740 270 100 100 30 1901

470 270 150 170 280 230

630 340 250 160 110 380

1300 460 290 330 180 420

880 830 200 460 200 530

750 350 130 360 100 440

340 200 100 120 50 290'

4 .----- - I -- -

CCDF Value

Region

Interval (mi)

0-5

0-10

0-20

0-30

0-50

0-100

0-200

Median

NE MW S W Sw

100 60 30 20 10'

120 60 70 30 20

210 90 60 50 30

230 120 100 50 30

320 120 .90 50 90

330 120 80 70 70

290 130 80 40 40

Minihu~i

NE MW S W SwAllAll

40 0

70 4

90 30

110 50

120 50

90 80

90 50

8 0

10 6

10 20

20 10

20 20

10 40

30 20

0

3

1

2

10

10

20

0

7

8

7

20

30

10

0

3

2

10

10

10
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Table 3-4. Maximm, 90th -Percentile,. Median, and Minimum Population
Densities (people/sq ni) for the Most Populated 22.50 Sector
within Fbur Radial Distances by Geographic Region and for
All Regions O(mbined.-

(A0

CCDF Value Maximum 90th Percentile

Region NE MW S W SW All ,E MW S W SW All

Interval (mi)

0-5 4200 2000 950 450 320. 4200 3500 2000 510 460 310 950

0-10 2000 3800 1300 1600 140 3800 1300 1400 1000 1500 140 1000

0-20 4500 3400 2600 800 860 4500 2000 2100 2100 780 860 1800

0-30 8700 5200 4000 1800 1600 8700 3700 3200 1300 1800 1600 2500

CCDF Value Median Miniram

Region NE MW S W SW All ME MW S W. SW All

Interval (mi)

0-5 630 350 240 280 170 330 0 .50 0 0 0 0

0-10 '750 220 280 150 70 270, 40 40 60 20 50 201

0-20 •880 620 360 430 150 480 170 40 50 6 40 6

0-30 940 .800 430 290 120 550 1 110 60 40 5 70 5
__ _ I _ _ _ _ _ _ ._ _ _ _ _ _
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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 22.50 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 450 sector 30 of the
91 sites (33%) have'population densities that exceed
750 people per square mile. Fihally, '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'.

iExamination 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

Figure 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 theg91
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 plots of population density within
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30 miles of the site versus year of site selection, for
each region and for all regions combined. The line on
each plot is the least squares linear fit of the data.
The slope of the line is the change in the logarithm of
30-mile population density with time. The lines for the
Northeast, Midwest, and South have slopes which, -given
the scatter in the data points, are little different
from zero (NE = -0.04, MW = -0.01, S = 0.03). Given
the narrow time span and considerable scatter of the
five 'Southwest site selection years, the slope of that
plot (SW = 0.7), though substantial, is of no importance.
Only ýfor the West (W = -0.23) and to a lesser degree
for all regions combined (All = -0.08) do the slopes
of the plots seem important.

To better define the significance of the time trends
displayed in Figure 3-13, an analysis of variance [3]
0f the logarithm-transformed population density data was
performed. The analysis partitioned the variability
in the data among four terms: one for the common time
trend of all regions combined, one for-unique t:ime
trends within each region, one for".riegional•di-fferences
corrected for regional time trends, and a residual term
for variability not attributable to either regional
dIfferences or time trends. The results of this analy-
sis are presented in Table 3-5. In the table, the mean
square value is obtained by dividing the sum of squares
value by its number of degrees of freedom (number of
independent terms in the sum of squares). Comparison
of the magnitude of the mean square values indicates
the relative importance of the three terms (mean square
values large by comparison to the residual mean square
value are useful in explaining the observed variability).

Table 3-5 Analysis of Variance

Source of Sum of Degrees of Mean
Variation Squares Freedom Square

Common time trend 11.2 1 11.2

Regional time trend 18.4 4 4.6

Regional differences 7.1 4 1.8
corrected for regional
time trends

Residual 82.0 81 1.0

TOTAL 118.7 90
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Table 3-5 suggests that the variability in logarithm-
transformed site population data results principally
from a common trend with time. Since this common trend
is not strong (the slope of the linear correlation for
all regions combined is only -0.i08), its importance is
unclear. It is possible that the trend toward less
dense siting with time is (1) real, or (2) an artifact of
the data. If the trend is real, .it may result from some
factor not addressed by this analysis (e.g., with the
passage of time, suitable sites near cities become un-
available, so more remote sites are selected, which
are necessarily-less densely populated!).

References for Chapter 3

1. Demographic Statistics Pertaining to Nuclear Power
Reactor Sites, U. S. Nuclear Regulatory Commission,

.NUREG-0348, October 1979.

2. .J. E. Kohler, A. P. Kenneke, and B. K. Grimes,
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Consideration of Population In Site Comparison,
U. S. Atomic Energy Commission, WASH-1235, October
1974.

3. P. W. M. John, Statistical:Design and Analysis of
Experiments, Macmillan, New York, NY, 1971.
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4. Site Availability Impacts

4.1 Introduction

The previous chapters of this report have examined
the potential consequences of-accidents-at nuclear
power reactors ,and the. relationship of site population
distribution to consequences. In addition, the popula-
tion characteristics of current sites were examined.
In order to reduce societal risk.from siting, it is
.desirable to locate:,reactors in..areas o;f: low population
density... This., of course,, forces a trade-off between
reduced risk and site availability. To evaluate more
precisely the implications: of this trade-off,_ this
chapter reports on work performed by Dames and Moore,
under contract to Sandia, to study the impacts of
siting criteria alternativeson land availability.

.The study included.consideration:,of ý'the: impacts on
site avaiiability of environmental factors (seismicity,
topographic character, surfaceý and groundwater availa-
bility, and restrictions due to regulations (wetlands,
National parks,. etc.)) as well as population.

4.2. Methodology

The. study was performed in three steps: identi-
fication of issues affecting site availability, data
collection, and analysis and display of data. The
final step was performed iteratively, using Dames and
Moore's Geographic Information Management System

(GIMS), which manipulates geographical data in a grid
cell format.

4.2.1 Issues of Concern

A set of general siting-issues was defined and
used to identify and discriminate more suitable siting
areas from less suitable ones., These issues cover a
variety of demographic considerations and a diverse
set of environmental siting criteria relating normally
to costs.
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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: (circular) area;
and

3. Angular:Population:Distributio6n-- 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
difficulty of compliance with seismic design
criteria; assumed to be measured by the maxi-
mum expected (50 year) horizontal ground
acceleration ekpressed in fractions of gra-
vity (g);

:3. Site Preparation- A relative measure of the
ruggedness ortopographic 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 in Figure 4-1. The diagram shows the
sources and flow of information on the demographic and
environmental issues as well as how these issues are
combined to provide assessments of land 7availability
for various siting ;criteria.

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

4.2.3 Display of Results

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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4.2.4 Geographic Information Management System

The Dames and Moore Geographic Information Manage-
ment System (GIMS) was employed for this study. GIMS
is a computerized system that provides planners with
a comprehensive approach to recording, storing, mani-
pulating and displaying the mappable information used
in studies of this nature. The system provides a data
base which can be readily updated, and allows evalua-
tion of many alternative criteria that would otherwise
be explored by time-consuming manual procedures.,

4.2.5 Mapping Approach

The mapping approach is a function of four re-
lated factors: (1) characteristics of the study area;
(2) nature of the input data; (3) analysis methodology;
and (4) desired output or display ;Products. All of
these factors are important in determining the base
map and grid cell size and shape. Based on these con-
siderations, the Albers Equal Area projection was
chosen at a scale of 1:3,168,000 (1 inch = 50 miles)
for digitizing input data and displaying output results.
In addition, it was decided that data would be analyzed
using a grid system consisting of square cells 5 km on
a side (each cell represents 25 km or 9.65 square
miles). An artificial equal-area grid was placed on
the base map by converting longitude and latitude
coordinates into X and Y coordinates given in meters
on the ground from an origin in the southwest corner
of the map. Using grid cells of this size and shape
and the Albers projection ensures that any maps pro-
duced from the analysis have several important charac-
teristics:

1. Format is consistent with map projection and
level of detail of input data;

2. A reliable sampling of population data
(especially for the smaller area annuli) is
maintained;

3. Computer time and cost are at an efficient
level;

4. Maps are o~f-manageable size while retaining
important visible regional patterns;
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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 crit.eria.

4.3 Data Base

The data base consists of those data necessary
for analyzing both demographic criteria and net envi-
ronmental suitability. It includes:

1. Demographic Data

o Location and-population of urban centers

o 19801population estimated for enumeration
district ts

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 availability

o Surface water availability

o Groundwater availability

4.3.1 Demographic Data

Site availability impacts based on demographic
characteristics considered both standoff distances
from urban centers and surrounding population density
and angular distribution. These analyses required
two types of data.
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4.3.1.1 Urban Centers

Data concerning urban centers were extracted from
NUREG-0348 [1] . This publication categorizes urban
centers into three groups: those centers with popula-
tion in excess of 25,000 people, greater than 100,000
people, and greater than 200,000 people. The data:
were updated with information provided by the NRC to
include population figures for urban centers greater
than 250,000 people, greater than 500',000 people and
greater than 1,00.0,000 people.

Populations for these urban centers were identi-
fied geographically by latitude and longitude coordi-
nates. The degrees of longitude and latitude were
converted into X and Y coordinates which corresponded
to the same geographic grid that was applied to the
Albers base map as discussed in Section 4.2.5. This
conversion prepared the data for eventual use in the
production of maps showing how much land would be
available after imposing population center standoff
zone criteria. The analysis of standoff zones is
discussed in Section 4.5.1.

4.3.1.2 Population Density

To calculate population density, analyze various
criteria, and ensure that the results are reliable in
the face of changing national population trends, it
was necessary to obtain the most up-to-date and de-
tailed population figures. Figures from the 1980
decennial census were not available in time for use
in this study. In their place, estimates for 1980
population were used. Data were supplied by the
National Planning Data Corporation (Ithaca, New York).
While it is difficult to give an estimate for the
percent error, it is believed that the data are quite
reliable, especially when individual data points
(which correspond to centroids of enumeration dis-
tricts or block groups) are taken in groups of 4 or 5.
This is typically the case in this study. It is
especially true for all areas except the most remote
and rural. Thus, the data are considered reliable
for its intended function, the analysis of population
data around the more urbanized areas of the country.
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The 1980 population estimates were obtained for-
matted on magnetic tapes with population figures geo-
graphically referenced by latitude and longitude. As
with urban center data, the degrees of longitude and
latitude were converted into X and Y coordinates on the
Albers grid system. This process prepared the demo-
graphic data base for analysis of population density.

The analysis is discussed in Section 4.5.2.

4.3.2 State Boundaries

Using the Albers base map at 1:3,168,000 scale,
all coastlines, international boundaries, and state
boundaries were digitized. The area within each state
was assigned a unique code to identify it for further
use. The state boundaries map file allows analysis
or display of results on an individual state basis
or by any group of states.

4.3.3 Restricted Lands

The nature of certain areas of the country causes
them to be protected or restricted from development.
Two types of lands were considered as restricted:
legally protected lands and existing wetlands.

4.3.3.1, Protected Lands

The Energy Reorganization Act of 1974 (Section
207) states that national forests, national parks,
national historic monuments and national wilderness
areas should be excluded from consideration as poten-
tial nuclear energy center sites. While this study
did not deal with nuclear energy centers, it is rea-
sonable to consider such lands as protected from the
siting of a single nuclear power plant, regardless
of a national policy on-this matter. Utility indus-
tries tend to avoid such areas because of the possi-
bility of time consuming and costly legal battles.
The following areas were considered to be protected:

o National Parks

o National Forests

o National Monuments

o National Wilderness Areas

U
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o National Grasslands

o National Wildlife (Game) Refuges

o National Recreation Areas

o National Seashores

o State Parks

o State Forests

o State Reserves/Refuges

o State •Recreation Areas

o Military Reservations

o Indian Reservations

Three different map sources were used to obtain
the locations of these protected lands. The United
States base map utilized in this study •(compiled by
the U.S. Geological Survey, 1965) was used to extract
the location of national parks, forests, monuments,
wildlife refuges, and Indian reservations. Sectional
sheets at a scale of 1:2,000,000 from the National
Atlas [2] were used to update the boundary information
for the above protected lands as well as to obtain
the location of national recreational areas. Because
of the relatively small size of protected state areas
and some protected national areas, a screening process
was used for certain types of land, rather than iden-
tifying and digitizing every one. Because this study
dealt not with site selection but with the general
patterns of land availability, a minimum size screen
of 100 square miles was used for the following types
of areas: military reservations, national grasslands,
state parks, state forests, state monuments, state
reserves and refuges, and state recreational areas.
Information for these types of lands was obtained from
the 1980 Rand McNally. Atlas, as this was the most
detailed, up-to-date and uniform source of information.

4.3.3.2 Wetlands

Besides the above legally protected lands which
would be restricted from development either on the
basis of national policy or avoidance on the part
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of the utility industry, certain types of environ-
mental restrictions might be imposed as well. For
this study, one such environmental constraint was
applied -- namely, the location of major wetlands. It
is the policy of the Water Resources Council to ensure
the protection of wetlands from adverse impacts and
degradation [3J.

No uniform nationwide data base exists regarding
the location of major wetlands. After consideration
of several approaches to defining the extent'of wet-
lands in an efficient manner, a source was found to
satisfy the needs of this study. The 1:12,000,000
scale sectional sheets of the National Atlas [2J were
used to outline the extent of major wetlands.- At this
scale, only major wetlands can be shown. A comparison
of these source data with more detailed map-data shows
that some of the wetland boundaries have been general-
ized and most wetlands less than 60 square miles were
probably not shown on the sectional sheets.

The locations of both protected lands and wet-
lands were digitized into separate map files. Each
of the 15 different types of protected lands-was given
a unique identifying code to allow individual consi-
deration of each type of protected land. The two map
files were added together to produce a mapifile called
restricted lands (Figure Fl in Appendix F). The re-
stricted lands file was later added to the individual
environmental issue map files as well as the environ-
mental suitability map file to produce maps showing
the location of restricted lands, and conversely, the
net availability of land.

4.3.4 Seismic Hardening

There are generally three major factors to be
considered in the seismic evaluation of a nuclear power
plant site:

1. Fault Rupture Hazard'-- primarily a siting
problem;

2. Dynamic Soil Stability (liquefaction) -- both
a siting and a design problem; and

3. Strong Ground Motion (vibratory) -- both a
siting and design issue.
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Siting requirements are specified by the NRC [4J
and the evaluation of a site (for design purposes) is
based on the additional cost imposed by the site-related
conditions.` Although a detailed site qualifications
study would require the careful consideration of all
three' factors, their evaluation generally requires
effort far beyond the scope of this study. However,
after careful consideration of their overall impact,
a methodology was developed for a coarse screening
process which reflects the overall impact of these
factors. The data necessary to evaluate the potential

problem from the standpoints of rupture hazard and
dynamic soil stability 'were not uniformly available
throughout the United States. For this reason, seismic
hardening was evaluated solely on the basis of Vibra-
tory ground motion.-.

Strong ground motion criteria are determined by
the postulated Safe Shutdown Earthquake (SSE) which is
the largest possible event on the controlling seismo-
genic feature, which could be a capable fault (not
necessarily the closest one) or a tectonic province.
The :SSE is determined on 'the basis of historical
earthquake data '(seismicity) and detailed investiga-
tion of the length and capability of nearby faults,
according to procedures specified by the NRC [5]. The
plant must be able to survive such an earthquake in a
manner which will not result in'the release of radio-
activity in excess of stated limits. An additional
design requirement is imposed by the Operating Basis
Earthquake (OBE) which is commonly defined as having
a peak acceleration equal to 1/2 that of'the SSE.
The plant must be designed so that it can continue
to operate during and after an OBE: alternatively,
none of the structural or mechanical components may
be stressed beyond'their elastic limit by the OBE.

While the detailed investigations required for
the determination of the: SSE for each 5 km by 5 km
grid cell were clearly beyond the scope of this study,
it was possible using available data to probabilisti-
cally evaluate the relative severity of the strong
ground motion hazard in the study area and consider
costs of seismic hardening. This was accomplished
using probabilistic studies of seismic risk prepared
by Algermissen and Perkins [6] and the Applied
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Technology Council (ATC) [7] and supplemented with
information from a U.S. Geological Survey professional
paper [81. The ATC map represents an adaptation of 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 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 much 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).

The seismic risk source data file was further
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,
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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 C9], 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 shows the additional cost of seismic hardening
was generated.

Using the curve shown in Figure 4-2, acceleration
values between 0.2g and 0.6g (0.05 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 U.S. are designed for an SSE of 0.2g,
although it may be possible to build them more cheaply.
For acceleration values greater than 0.6g, it was felt
that there is no reasonable way to accurately estimate
the increased costs of seismic hardening. Rather than
assign a cost, they were labeled "inestimably high".
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The costs derived from Figure 4-2 (1977 dollars)
were next converted to 1980 dollars yielding a low of
$31.5 million and a high of $73.9 million. To calculate
the cost of seismic hardening that was considered as
"additional", the design-basis value of $31.5 million
was subtracted from all the costs. This resulted in a
range of costs of 0.0 to $42.4 million. The graphic
display of seismic hardening cost is shown in Figure F3,
Appendix F.

4.3.5 Site Preparation

An increase in slope or ruggedness of terrain
translates directly into increased cost for construc-
tion. This includes the difficulty that may be encoun-
tered in excavation for foundations, construction of
*access roads where low grades are required (due to
the transport of large components such as the turbine
or pressure vessel), and finally, measures that must
be taken to mitigate environmental disturbances such
as control of run-off and erosion from cut slopes.

To evaluate the impact of topographic-character.on site preparation cost over a large regional area,
a general index that indicates both the steepness of
slopes and the areal extent of such slopes was sought.
Such data was found in a paper by E. H. Hammond [10]
and his map which was adapted and found in the National
Atlas [2). Regions on the map are characterized by the
percentage of their area which is classified with a
topographical gradient of less than 8 percent slope
(gently sloping). The 8 percent slope is not a critical
threshold value for land utilization. It does, however,
indicate a value beyond which movement of vehicles
becomes impeded, and in general, construction and oper-
ation becomes more difficult.

The smallest region delimited and given a classi-
fication has an .area of about 800 square miles. Smal*ler
areas are omitted or absorbed into the adjacent region
that they most resemble. With this level of resolution,
it is possible that sites suitable for building a nuclear
power plant' exist within the area characterized by
even the highest proportion of rugged terrain. However,
at this regional level of analysis, these special con-
ditions are not practically observed. Because not only
site ruggedness but the ruggedness of the access route
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for implacement of heavy components affects the con-
struction costs, the analysis of site preparation costs
is based solely on the general indication of topogra-
phic character, as defined by the data. Figure F4,
Appendix F, is a map showing. the source data with grey
tones implying preparation costs. Four terrain clas-
sifications are shown: regions with less than 20%, 20
to 50%, 50 to 80%, and. greater than 80% gently sloping
(less than 8% slope).

4.3.6 Water Availability

Cooling system cost has become a major component
of total power plant cost. Several factors are in-
volved in determining cooling system cost:. the type
of cooling-system -- mechanical draft wet towers,
natural draft wet towers, cooling ponds, or once
through cooling; climatic temperature distributions,
existing priorities for use of available water,; and
restrictions such as wild and scenic rivers. While
a detailed analysis of these factors is beyond the
scope of this study, a methodology was developed to
present a general picture of water availability and
the cost involved in its use. Sources of both surface
water and groundwater were mapped and costs. were deter-
mined for each. The two. map files were then overlaid,
and a map was produced showing the least cost of avail-
able water.

4.3.6.1 Surface Water

Hydrological implications of water consumption by
nuclear power plants have been discussed by Giusti
and Meyer, [11]. Many existing power plants are located
on sites next to streams and draw their water directly
from those streams without provisions for significant
storage. In siting 'plants along rivers one-must con-
sider the periods of low flow when the impact on the
water resources of total water consumed in the cooling
process is at a maximum. This consideration is espe-
cially significant for plants that do not use cooling
ponds with a large amount of storage capacity. In
light of. this, it is important to have reliable esti-
mates of the low flow of streams from which plants
can draw cooling water. According to Giusti and Meyer
there are several reasons -for estimating these flows:
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1. Safety -- the regulatory staff of the U.S.
Atomic Energy Commission (1972) in reference
to a safety analysis report for nuclear power
plants states:
"Estimate the probable, minimum flow~rate,
resulting from the most severe drought con-
sidered reasonably possible in.the region.
as such conditions may affect the ability
of the ultimate heat: sink to perform ade-
quately-.";

2. ýStandards-- most .states have issued stan-
dards regarding the maximum permissible
mineral concentration in surface water to
be used for coolingý. As is well known, this
-concentration is at a maximum at a low flow

.period because the flow consists of ground-
water discharge which is normally more con-
centrated:mineralogically than surface water.
Additional concentration of the-stream flow
mineral content is brought about ýby tran-
spiration which is also at a maximum during
low flow periods;

3. Ecology -r maximum-ecological impact on fresh
water biota can occur on some streams during
low flow periods if the mineral concentration
exceeds certain limits or if the flow is ab-
ruptly reduced by withdrawal at power plants.
Furthermore,-the withdrawal entails loss of
biota by physical entrainment on the intake
screens: or by physical injury on passage
through the water pumps;,and

4. Plant Operation -- the conditions described
above may be such as to force the shutdown
of the plant, with contingent costs and loss
of revenue to plant operators and loss of
service to consumers. While this may be con-
sidered an acceptable operationalrule under
exceptional circumstances, say once in 10
years, it becomes a serious problem of, mis-
design when recurring more often, say once
every year.

Stankowski, Limerinos, and Buell [12] have exam-
ined the low water flow in the United States to provide
information regarding potential 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 10iyears 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 7QiO 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 Jselected 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 oflwater 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 coolingýis in agreement with the informa-
tion produced by Giusti and Meyer [11]. 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-
terized 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 com-
puter imodel 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.

4-18



4.3.6.2 Groundwater Availability

Groundwater is an important source of cooling. water
in many parts of the country. Characteristics of ground-.
water can vary quite,dramatically within a small region.
Despite this, an attempt: was made to locate a source
of information'that would satisfy the broad scale
requirements of this study. Using the USGS Water
Supply Paper 1800 [131, and supplementing this with
such maps as the Hydrologic Investigations Atlas [14],
Tectonic Map of North America [15], and Shaded Relief
of U..S. [16], major regions and subregions of the
country were mapped as source data. Although variabil-
ity exists within any one of the regions or'sub-regions,
regions do show differ.ences regarding their... characteris-
tics of quality, quantity, depth to water,, and required
well field size.

Based on these characteristics, cost information
was applied to the map data. Both capital costs and
30-year operating and maintenance costs Were calculated
for each of the delimited areas on the basis of dollars
per well. To obtain the equivalent of 30 cfs from
any of the generalized aquifers,, it would be necessary
to sink several wells., The required number of wells
was calculated by dividing 30 cfs by the expected yield
per well of the given aquifer. Multiplying this number
of wells by the cost per well resulted in the cost asso-
ciated with bringing 30 cfs to the surface from any of
the generalized aquifers,. Itwas observed that several
of the generalized aquifer areas require well fields
which are too large for practical use. For these areas,
groundwater was considered to be unavailable in a prac-
tical sense. For reasonably sized well field areas,
the cost of collecting the water from numerous wells
and bringing it to .a single point was estimated. For
each of the groundwater regions, the two costs -- that
of bringing the water to the surface, and that of
collecting the water from a well field, were added
together. The cost data were then mapped as is shown
in Figure F6, Appendix F.

4.3.6.3 Combined Water Costs

Using the cost information for both surface water
and groundwater, a map file was created which indicated
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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 value was saved and placed into another
map file. 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 base of available land. This base was con-
Pstructed 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 this
data.

4.4.1 Individual Site Availability Issue Assessments
(Utility Functions)

To evaluate the suitability of each potential site
area, each of 'the 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.
Thiss was 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

The issue of seismic hardening was assigned a
utility function on the basis 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.

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

12.1 to 18.2
18.2 to 124.1
24.1 to 30.3
30.3 to 36.4
36.4 to 42.4

No reasonable estimate

8 (high suitability)
7
6
5
4_
3
2
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 gently sloping*) Utility Value

>80 percent
50 to 80 percent
20 to 50 percent

<20 percent

*Gently sloping means

8 (high suitability)
5
2'
1 (low suitability)

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) Utility Value

0 to 37.5 9 (high suitability)
37.5 to 75.0 8
75.0 to 112.5 7

112.5 to 150.0 6
150.0 to 187.:5 5
187.5 to 225.0 4
225.0 to 262.5 3
262.5 to 300.0 2

>300.0 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 map used to show the combined water
cost.)

4.4.2 Site Availability 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 composited 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. .The
restricted lands file was then added to the composite
utility value file. A color-coded version of a map
produced from this combined file was supplied to NRC.

4.4.3 Environmental Statistics

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 statistics 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 addi-
tional tables were produced: One for surface water
cost and one showing the five different levels of
composite environmental suitability. These statistics
are shown inlTables F1.1 through FI.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 Demographic Analysis
U

As discussed in Section 4.2, three issues were
defined as relevant to population criteria - stand-off
zones, population density, and angular distribution.
Stand-off zones are restrictions on distances from
urban centers to nuclear plant sites. Population
density is a measure of the persons per square mile
within a specified (circular) area surrounding a site.
The population density, calculations were mapped as
single data files or in combination with other annular
densities to produce composite population criteria maps.
Angular distribution restrictions are limitations on
the permissable population within one or more 22 1/20
sectors surrounding a sit e. .

4.5.1 Stand-off Zones

To study 'the impact of restrictions :imposed by
distance from urban centers, stand-off zone maps were
prepared. As discussed in Section 4.3.1, populations
and locations were provided for urban centers of a
variety, olfsizes., The location of these urban centers
was indicated by a single latitude/longitude coordinate
which was converted to a Y and X coordinate correspond-
ing to grid cells on the Albers base map. Urban centers
were grouped according to their size: greater than
25,000, 100,000, 200,000, 250,000, 500,000 and 1,000,000
people. For each grid cell in the study area, its dis-
tance from the nearest urban center of a particular size
was computed. This resulted in six separate data files.
These files were converted into maps by specifying a
threshold distance at which a cell would be considered
either suitable or unsuitable for siting a nuclear
plant. , Based on the above data, thirteen such stand-off
maps were produced. The maps produced are indicated
in Table 4-4 and presented in Figures F8.1 through F8.13,
Appendix F. The maps illustrating stand-off zones from
the three largest cities were created only for the
northeastern U.S.

Maps of stand-off zones are quite self-explanatory.
There is a direct relationship between the stand-off
distance and the amount of area that is constrained by
the specified criteria.
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TABLE 4-4

STAND-OFF ZONES

Size of Mapped
Urban Stand-Off

Center Distance (in miles)

25,000 5, 10
100,000 10, 15, 25
200,000 25, 30, 40, 50, 100
250,000 12.5
500,000 18

1,000,000 25

An example of these maps is shown in Figure 4-3.

4.5.2 Population Density

A wide variety of population distribution criteria
based on density surrounding a prospective site were
studied for their impact on land availability. Densi-
ties were calculated for both circular areas and annular
areas. As described in'Section 6.3.1, population source
data was identified by a latitude and longitude coordi-
nate system. These coordinates were converted into the
Y and X coordinates compatible with the Albers grid base
map. This raw data were then converted into a set of
map files giving the population density of an area a
given radius centered on each cell. Maps of varying
thresholds were produced from these files. The matrix
shown in Figure 4-4 indicates all of the map files
that were produced regarding population density. An
"X" in a box means that the map files were produced
for both the total US and the northeastern window.
An "NE" in a box means that the map file was produced
only for the northeast. An example of these maps
is shown in Figure 4-5. Maps representative of the
variety of population densities are shown in Figures
F9.1 through F9.26, Appendix F.

An understanding of the spatial relationships
produced by various criteria can be gained by compar-
ing some of the maps. Figure F9.5 shows the areas
constrained by a density threshold of 100 people
per square mile in the 0-5 mile circle. Figure F9.8,
concerning the same circle employs a density threshold
of 500 persons per square mile. It is obvious that
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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 of 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 ýconstrain only the urban
and some suburban areas of major cities. None of
the rural or• smaller urban areas are constrained
and the impacts look similar' to thosewhich 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 annulus 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 small enough so that a relatively small
population is located *between 20 and 30 miles of
the city center, 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 comparison of the St. Louis area between Figure
F9.23 and Figure F9.21, which employs the same density
threshold within the 10 to 20 mile annulus indicates
not only the absence -of a ring structure but also a
shrinking of the extent to which land is constrained
using the smaller 'annulus. The pattern of the area
constrained near Chicago remains solid in both figures;
however, both the extent and amount of land increase
with increasing annular radii. Thus, if the density
threshold remains constant, the extent from the central
city of the criterion's effect increases with increas-
ing annular radius... However, the total amount of land
constrained may not increaseý accordingly dlue to the
possible elimination from constraint of the central
city. -

4.5.3 Composite Population Densities

When using a criterion of the form of less than
500 people per square. mile from 2 to 30 miles,, it is
possible for a cell to satisfy that criterion, while
it doesn't satisfy a 500 people per square mile cri-
terion out to only 15 miles. This occurs when there
is a dense population pocket surrounded by low density
areas.. In order to pinpoint areas for which this
occurs, a new set of criteria were developed which
restricted population to a given density for all
radii from an inner radius to an outer radius.
Thus, for the example -of 500 people per square mile
from 2 to 30 miles, the •new criterion is satisfied
only if the population density is less than 500 .
people per square mile from 2 to R miles, where R
takes every value from 2 to 30.

Evaluating population density for every radius
from the inner radius to the outer radius is imprac-
tical in practice, so an approximation is used..

Using the example of mapping any cells that ex-
ceed the 500 persons per square mile threshold for the
2-30 mile annulus,, density calculations were made for
6 portions of the 2-30 mile annulus and were then
composited. First, any cell that exceeded the 500
persons per square mile threshold within the 2-3 mile
annulus was recorded. Next, unsuitable cells in the
2-4 mile annulus were recorded and unsuitable cells
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in the 2-5 mile annulus were recorded. This process
was repeated for the 2-10 mile annulus, 2-20 mile
annulus, and the large' 2-30 mile annulus. These
6 individual files were then added together, creating
a file in which a-cell: that. was shown to be unsuitable
in any of the 6 was also considered unsuitable for the
2-30 mile composite,,annulus. In this manner, data
files were created'for the 2-30 mile composite annulus
for the following densities.

250.persons/square mile
500 persons/square mile
750 persons/square mile

1,000 pe~rsons/square mile
1,500 persons/square mile

Example maps 'for rthe' no'rtheast are* shown in Figures
F10.1 thru FAA.4, Appendix' 'F.

Besides creating a composite map file for a
Particular annulus (such asý 2-30 miles)and a parti-
cular density (such as 500 persons per square mile), ,
another type of composite was created. 'This consisted
of two separate annui.i -_ each with its o0wn given popu-
lation density threshold. ForS example, as discussed
above, 6 individual data files were added together to
create the 2-30 mile composite annulus. Now, a dif-
ferent annulus with a different population density
threshold was added to the 2-30 *mile composite annulus.
Two maps were created in this manner and are: shown
in Figures Fll and F12, Appendix F. Each map shows
cells that are considered unsuitable for the: 2-30 mile
composite annulus (with density of 500 persons per
square mile) as well as: for the 0-2 mile annulus for
population densities of'either 100'persons per square
mile or 250 persons per square mile. In addition to
these two mapped data files, other complex composite
files were created. Some of these were used for sta-
tistical analyses in combination with the environmental
criteria. (These statistics are'discussed in-Section
4.6). The six complex composite data files which were
created are indicated in Table 4-5. The numbers in
the columns underneath the two annu'i represent popu-
lation density figures (persons/mile).
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TABLE 4-5

CCMPLEX CCMPOSITE POPULATION DENSITIES

0-2 Miles 2-30 Miles (Composite)

(1) 100 250
(2) 100 500
(3) 250 500
(4) 250 750
(5) 500 750
(6) 500 1500

4.5.4 Sector Population Density

To this point in the chapter, any potential demo-
graphic criteria addressing population density were
analyzed using what might be termed a uniform density
distribution. -Criteria were stated in terms of the
number of persons that would be allowed in an area
of a given size -- that is, population density --

and the shape of the area was always circular. Using
a circular area allowed relatively dense concentra-
tions of population to exist provided that the total
number of people within the circle did not exceed a
stated limit.

Results of reactor accident consequence calcula-
tions indicate that certain risk characteristics depend
strongly on the maximum number of persons within any
given direction sector, (see Section 2.7.4). Therefore,
criteria regarding the maximum allowable population
within sectors in addition to total population sur-
rounding a site were considered. The impact on land
availability was examined for alternative sector cri-
teria and compared to the impact of uniform density,
criteria.

Sector criteria were stated. in terms of allowing
up to a fraction of the allowed number of people
to be located in any sector of a particular width..'
For example, a sector criteria might be stated: no
more than 1/6 of the people allowed by a uniform
density of 500 persons per square mile canbe located
in any 45 degree sector at distances within 3 miles
of a site.
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The impact of sector criteria was investigated
with regard to several variables. The parameters
were:

o Distance: Radii of 2, 5, 10, 20, and 30 miles

o Sector width: 22.5, 45.0, 90.0 degrees, and
360 degrees (for uniform density)

o Fraction: 1/16, 1/8, 1/4, 1/3, and 1/2 the
population allowed by uniform density

o Density: 250, 500, 750, and 1500 persons per
square mile

Population counts were determined within 2,-5, 10,
20, and 30 miles of potential sites (grid cells) and
within sector widths-of 22.5, 45.0, and 90.0 degrees..
The maximum number of persons found in a sector of
a stated width and for a particular radius was recorded.
For example, investigating a circle of radius 10 miles
and using a sector width of:22.5 degrees, the circle
was divided into 16 sectors. The number of people was
determined within each sectorland the maximum of the
16 counts was recorded. This procedure of determining
the maximum countzwas undertaken 15 times .. once for
every combination of sector width (3) and radius (5).

Alternative criteria were then applied to the
count data on the basis of allowing a certain fraction
of the total number of:people allowed within the circle
to be located in any sector. The total number of peo-
ple allowed in a circle is dependent upon the radius
(for area) and the density that is allowed. For this
sector analysis, the previously established densities
were analyzed -- 250, 500, 750, and 1500 persons per
square mile and five radii were used -- 2, 5, 10, 20,
and 30 miles. For 0-2 miles, only one density was
used as a part of every criteria -- namely, 250 per-
sons per square mile. To calculate the allowable
population theshold out to 5, 10, 20, and 30 miles
for each of the densities, the area from 2 miles to r
miles (radius) was multiplied by the density and the
product added to the threshold for 0-2 miles with
its 250 persons per square mile density. For example,
at 20 miles using density 750 persons per square mile,
the threshold equals:

4-33



.. (Area of 0-2) x 250 + (Area of 2-20) x 750

= (12.57 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 densities for thet other four
distances resulted in 17. separate:thresholds.. These
thresholds Were used not only for uniform density
criteria analyses but also for calculating the frac-
tional thresholds applied to sector population dis-
tributions. Thus, if a criterion was stated that no
more than 1/4 of the people allowed by, a uniform den-
sity- of ý750 persons per square mile within 20 miles
would. be -allowed in a sector, :the threshold would be
936,217. x 1/4 = 234,054 people.

Being consistent with previously computed impacts,
the -impacts for sector criteria for- any particular
density or fraction were composited to 130 miles.. That
is, sites exceeding a threshold at.2 miles were re-,
corded and saved .into a map file. .ý-,Sites exceeding a
threshold at 5 miles were also recorded and stored
intoi, a :map. file,, as were all sites for: 10, 20,.
and 30 miles. Finally, all five map files were merged
resulting in a:file that showed sites constrained
by any one or more of the thresholds. Spatially, it
was ýfound ,that any criteria at smaller radii tended
to eliminatesites in rural areas as well as in. cities
but-only out to their-edge. Criteria applied at larger
radiitended to eliminate cities and :large areas around
their edges (similar to a "standoff" criteria) but
allow local population concentrations in rural areas.
Bycompositing :criteria for all five radii, both urban.
and rural population concentrations were evaluated for
their. impact on availability of potential nuclear
sites. Additionally, it was found that.the effects
of sector criteria occurred in the same areas as
affected by annular density criteria.

Sector criteria were of interest in regard to
their impact on land availability above and beyond
that already affected-by uniform density criteria.
To depict and quantify this information, tables-were
created to show the amount of land available for siting
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in each state if a particular sector criterion was
established. The information is shown in Tables F2.1
through F2.24, Appendix F. Each table shows the impact
of alternative fractional Criteria along with the uni-
form density criteria on land availability. All of-
the fractional and uniform density Criteria have been
composited to 30 miles by adding the individual impacts
of a criterion at 2, 5, 10, 20, and 30"miles.

Each table considers a unique, combination of
allowable annulus population density and sector width.'
The four population densities and three sector:widths,
resulted in 12 combinations. Twenty-four :tables-were
created as each of the 12 combinations was tabulated
using. two different formats.."•i Tables F2.1 through` F2.12
are formatted such that the numbers 'in the columns re-
present the 'amount of land that-is uniquely constrainedcriteriai ...... ..
by the specified criteria.

The columns are arranged so that total magnitude
of constrained land decreases from left to right.' 'As
an example, Table F2.1 indicates the"impacts'of alter-
native fractional criteria applied to 22.5 degree sec-
tors using a density threshold of 250 people per square
mile for both the 0-2 mile- ýand 2-30 mile annulus. 'The"

leftmost column'"Available'Land," shows the'ramount of
land available for 'siting if the criterion stated in
the adjacent column is applied; that is, no more than'
1/16 of the population allowed in the annulus at a
density of 250 people per square.mile .can be located
in any 22.5 degree sector of the annulus. The:cri-
terion stated in the second column of these 12 tables
always represents the most constraining fractional
criterion.

The rightmost column, "Restricted Lands," shows
the amount of land that is constrained because it
is either legally protected or a major wetland. No
demographic criteria affect these numbers.

The numbers in each of the middle columns show
the amount of land that is uniquely constrained by
the specified criterion which is above the total amount
previously constrained by the criteria in all of the
columns to the right. In Table F2.1, for example,
the column labeled "Uniform Density'" shows-for Alabama
values of 5,703 square miles or 11.0 percent of the
state area. This is the area that would be constrained
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by applying a uniform (annular) density criterion and
it is additional to the area already constrained by
restricted lands (2,075. square miles or 4.0 •percent).
Thus, the application ,of this particular uniform density
criterion in Alabama would constrain a total of 7,778
square miles or 15.0 percent of the state area if no
sector criteria were applied. The next column to the
left, "1/2 Allowable Pop.," would add another 2,355
square miles or 4.5 percent of constraint if a sector
criterion were stated that no more than 1/2 of the
total population allowed..by a density threshold of-250
people per square mile. in both the 0-2 mile and 2-30
mile annuli could be •located in any 22.5 degree sector.
Similarly, using a criterion, of allowing up to I/3 of
the allowable uniform• density population to be located
in a single sector, would constrain an additional.
6,388 square miles or 12.3 percent of the land area.
The total constrained land in this case would be 16,521
square miles or 31..8 percent of the state area. Con-
versely, 68.2 percent (100 minus 31.8) of the land
would be available for siting.

To more clearly summarize the information that
shows the availability of land when specific• sector
criteria are applied Tables F2.13 through F2.24 were
created in a different format than the previous 12
tables. On these tables,• the numbers in the columns
show the amount of land available. for siting if the
specified criterion is applied, For example, Table
F2.13 indicates that 68.,2 percent of the land in
Alabama would be available for siting if a criterion
of allowing up to 1/3 of the population .(allowed by
a uniform density criteria using a density threshold,
of 250 people per square mile in both the 0-2'mile
and 2-30 mile annuli) to be located in any 22.5 degree
sector. This number agrees with the one produced in
the above example regarding Table F2l.. The column
labeled "Uniform Density" indicates land availability
when no sector criteria are applied. The column "No
Pop. Criteria" shows the amount of land available
when only restricted lands are considered a constraint.

4.6 Impact Analysis

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 statistics to quantity the impacts. Many
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of the maps produced have already been reviewed in
other sections of this chapter. All maps were produced
on a transparent base enabling them to be overlaid.
This capability allows creation of complex composite

* population criteria maps. In addition, these popula-
tion criteria maps can be overlaid on the color-coded
environmental suitability map.

To quantify the impacts of various siting cri-
teria, tables were prepared which used the data files
created during the visual or map analysis. For a par-
ticular subject, whether environmental or demographic,
statistics regarding the amount of area impacted were
computed for each of the 48 states. Fifteen tables
were produced which were grouped into three different
types: environmental criteria, environmental suitabil-
ity levels versus selected population cases, and popu-
lation criteria versus individual environmental suita-
bility levels.

4.6.1 Environmental Statistics"

For each of'the three environmental issues--
seismic hardening costs, site preparation costs, and
water availability costs -- a table was prepared that
showed the amount of land 'in each of the categories
that was represented by a utility value (see Section
4.4). Two additional tables were produced: one for
the surface water cost, and one showing the five dif-
ferent levels of composite environmental suitability.
As discussed earlier, these statistics are shown in
Tables F1.1 through F1.5, Appendix F.

4.6.2 Impact Comparisons

The overlay of transparent maps provided a quick
look at potential land availability. A map containing
five levels of environmental suitability along with a
sixth level showing restricted lands, when overlaid with
a variety of population criteria, produces numerous
groupings of data. To present these data in statistical
form, a method was devised to keep each table simple
enough to be understood, while retaining a large
amount of information.

First, five population cases were defined on the
basis of complex composite criteria. These population
cases are shown in Table 4-6. The numbers in the
columns underneath the 0-2 and 2-30 mile annuli repre-
sent population density figures.
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TABLE .4-6

,Population 2-30 Miles
Case 0-2 Miles (Composite).

- 1 00 250
2 .250 500
3 250 750

-4 500 -750.
5. 500 .1500

:Five tables were .produced --. ;one foreach popula-
tion ,c.ase -- which compared the environmental suitabil-
ity levels toan individual population case. These

,statistics .indicate the-amount of land in each of the
environmental suitability levels that is available for
siting nuclear power plants ifa given set of population
criteria (a population case) is.applied. These statis-
tics are shown in Tables F3.1 to F3.5..

To illustrate the effect ofapplying different
population criteria (the five population cases) on land
availability in a particular environmental suitability
class, five more tables were produced. ,In these tables,
-the statistics represent the amount ,of land available
for siting nuclear power plants in a given environmental
suitability-class as well.as the amount of land: uniquely
constrained by each of .the five population cases. These
statistics are shown in Tables F3.6 through F3.10. The
columns representing population cases have been arranged
such that in moving from left to right, the stringency
decreases. The leftmost column of the.table -- available
land -- shows land that is available for the given envi-
ronmental suitability class even.if the most stringent
population criterion (population case 1) is applied.
The second column -- population-case 1 -- represents an
additional amount of land considered available if popu-
lation case 1 were relaxed. The next column -- popu-
lation case 2 -- represents the additional increment
of available land if the criteria for population case
2 were also relaxed. It follows that if no population
criteria were established, the,.amount of land available
in a particular environmental suitability class would
be equal to the total of the first six. columns in the
table; the only land considered constrained would be
that by a restricted land designation.
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4.7 Summary

ýThe 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 siting of nuclear power plants. Maps
were created so that impacts could be easily visual-
ized and tabbular statistics were prepared'to allow a
more rigorous analysis.

The determination of land considered suitable for
siting was' accomplished through a"muti-objective envi-

ronmentalýsuitability analysis. The analysis ,.Iwas per-
formed using"factors generally related to engineering
costs as well as 'conservation of specific resources.
Because. this ihvestiigation. concerned the entire 48
cont iguous United St :ates and•was' not a site selection
project,' environmental factors' were analyzed 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 (Figur"eF8) shows the eastern one-half of
the country to'be more suitable than the western, it
is felt that there are numerous suit~able 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 theareas affected by annular densi-
ties. Also, .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. The use of transparent overlays provides
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)..
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5. Socioeconomic Impacts

5.1 Introduction

Because the construction and operation of a nu-
clear power plant can have social and economic impacts
on nearby communities, the dependence of socioeconomic
impacts on site location was examined by the Battelle
Human Affairs Research Centers (Battelle-HARC) under
contract to Sandia National Laboratories. The Battelle-
HARC study (1) developed a classification scheme for the
remoteness of light water reactor (LWR) site locations;
(2) calculated average growth rates for several demo-
graphic and economic variables during the period of plant
construction for two groups of LWR sites of differing
remoteness, (3) examined the dependence of transmission
line costs on site remoteness; and (4) discussed the
significance of these results in the light of previous
studies of the socioeconomic impacts of rural indus-
trialization projects, boom towns, and nuclear power
plants. This chapter presents a summary of the Battelle-
HARC study. Full details are reported in the final
report of that study [1).

5.2 Site Remoteness

Conceptually, the degree of remoteness of a
nuclear power plant site depends upon both population
density (the more sparse the population the more remote
the site) and proximity to major population centers
(nearby cities of significant size decrease remoteness).
To capture this dual dependence, two measures were
developed to define the degree of site remoteness, one
of population sparseness and the other of proximity to
urban centers.

Sparseness was defined in terms of total population
and number of communities of population 25,000 or more
within 20 miles of the site. Four sparseness categories
were defined as follows:
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Sparseness Measure

Category

Most Sparse

Least Sparse

Definition

1. Less than 50,000 persons and no
community with more than 25,000
persons within 20 miles.

2. From 50,000 to 74,999 persons
and no community with more than
25,000 persons.within 20 miles.

3. From 75,000 to 149,999 persons
or less than 75,000 persons but
with at least one community

Swith more than 25,000 persons
within 20 miles.

4.- 150,000 or more persons within
20 miles.

Proximity was defined in terms of total population
and the presence of cities with population ý100,000
within 50 miles of the site. Four proximity categories
were.defined as follows:

Proximity Measure

Category

Not in Close Proximity

Definition

1. No city with more than
100,000 persons and less
than 400,000 persons
within 50 miles.

2. No city with more than
100,000 persons and between
400,000 and 1,499,999
persons within 50 miles.

3. One or more large cities
with more than 100,000
persons and less than
1,500,000 persons within
50 miles.

4. 1,500,000 or more persons
within 50 miles.

11.

V
In Close Proximity
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The distance of 20 miles and a community size of
25,000 (sparseness measure) were chosen because the NRC
Siting Policy Task Force [2] recommended that population
densities around sites be limited out to a distance of
20 miles and because current siting practice requires
that the nearest town of 25,000 persons be at least more
distant than one and one-third times the distance to the
outer boundary of the low population zone surrounding the
plant site. The distance of 50 miles (proximity measure)
was chosen because workforce commuting distances, which
strongly affect the degree of population increase during
construction periods and thus the magnitude of socioeco-
nomic impacts, are usually limited to about a one-hour
commute [3], or about 50 miles at current speed limits.

Table 5-1 presents the cross-classification by sparse-
ness and proximity of 84 LWR sites in the U.S., where
reactors are currently operating or under construction.

Table 5-1. Site Remoteness Matrix

Proximity

Category 1 2 3 4 Total

Sparseness

1 11 1 3 0 15

2 3 1 4 2 10

.3 4 7 10 " 4 25

4.1 0 .0 1 23 3410 4 i ._ __ _

Total 18 9 28 29 84

Within this matrix remoteness decreases as one moves from
cell (1,i) to cell (4,4) and sites in cells with indices
that sum to the same total [e.g., cells (3,1), (2,2), and
(1,3)] should be similar in degree of remoteness. By
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summing the numbers of sites having similar degrees of
remoteness, the distribution of remoteness over the 84
sites is obtained. Table 5-2 displays this distribution.

Table 5-2. Distribution of Remoteness

Number of
Group Cell Sites

1. Most Remote Sites (1,1). YI
2. A (2,1), (1,2) 4
3. (3,1), (.2,2), (1,3) 8
4. (4,1), (3,2), (2,3), (1,4) 11
5. (4,2), (3,3), (2,4) 12
6. (4,3), (3,4) 15
7. Least Remote Sites (4,4) 23.. .. 8 4

Tables 5-1 and 5-2 show that, of the 84 sites,
only 15 are not located within 20 miles of a town of
25,000 or within 50 miles of a city of 100,000. By
contrast, 23 of the 84 sites have populations of
150,000 within 20 miles of the site and 1,500,000
within 50 miles. Thus, Tables 1 and 2 show that most
current U.S. LWRs are not remotely sited.

5.3 Growth Rates

The socioeconomic impacts of large industrial
projects usually depend on the size of the project work-
force. Since the peak construction workforce ( >2000)
for a nuclear power plant is substantially larger than
the plant's operational staff (-200), the socioeconomic
impacts of nuclear power plants should be largest dur-
ing the plant's construction phase. A measure of the
magnitude of these impacts can be obtained by calcu-
lating average growth rates for population and economic
activity in the areas surrounding nuclear power plants
during their preconstruction (baseline) and construction
periods. Variation of impacts with remoteness can be
examined by performing these calculations for two
groups of sites, a non-remote group and a remote group,
and comparing the results.

Time series data for population, employment (total,
retailtrade, and construction), payroll (total, retail
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trade, and construction), and government revenues
(property tax per capita) and expenditures (total,
education, highway, health, and welfare) were obtained
for the preconstruction and construction periods at
21 nuclear power plant sites. Cross-classification of
the 21 sites, according to the sparseness and proximity
measures previously defined, yields Table 5-3. Table
5-3 shows that 7 of the sites are relatively remote
and the other 14 are nonremote.

Table 5-3. Cross-classification Remoteness Matrix for
7 Remote and 14 Non-Remote Sites.

proximity

Categoryl 1 2 I3 I 4 Total

Sparseness

1 4 1 i4

21 1- l 1

42 - 5 '2 1

-____ -*. 5 1 6 ;' 11

Total 7 1 7 7 . 21

Population data were available in census publica-
tions .[4) for the years 1960, 1966, and 1970 through
1978. :Employment and payroll data were obtained for the
years 1959, 1962, and 1964 through 1978 from County
Business Patterns [5]. Government; revenue and expen-
diture-data were collected from the County and City
Data Book [6] for 1962, 1967,,, and 1972, and from the
Census of Governments [7] for 1977.

Average yearly values of government revenues and
expenditures for the preconstruction (baseline) and
construction periods for the non-remote group of 14
sites and the remote group of 7 sites are presented
in Table 5-4. Table 5-4 also presents the percentage
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Table 5-4. Average Yearly Government Revenue and Expenditures
for Remote and Non-Remote Groups*

Remote

Variable

Property Tax Per Capita

Total Government Expenditures

Education Expenditures

Highway Expenditures

Health Expenditures

Public Welfare Expenditures

Baseline
Period

71

7,658

3,852

684

792

174

Construction
Period

88

12,567

6,566

909

1,687

200

Percentage.
Increaset

24

64

70

33

113.

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

U,

.*Property tax per capita in dollars, expenditures in thousands of dollars.
t[(Construction Period Value/Baseline Period Value)-ll00.
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increase of each variable for the construction period
relative to the baseline period. Table 5-4 shows that
the percentage increases in totaligovernment, highway,
and health expenditures were greater at remote than non-
remote sites, that-the converse is true for education
and welfare expenditures-, and that the increase in per
capita property tax was the same for both site groups.
Therefore, because these data showed no consistent
variation and because the amount of data was scant
(data were available for only 4-years), average yearly
growth rates were not calculated for these government
variables.

The exponential growth of the variable X at a rate
k per year over the time period t is given by

= Xtekt (1)t t

Average growth rates for a group of sites can:,be obtained
by linear regression analysis after recasting equation
1 as follows, where k is the yearly average growth rate
of the variable X for the site group, i is a site index,
and wewwi is a site specific difference term.

tn i = nXi t + kt ei (2)

Average growth rates were calculated for both site groups
for the preconstruction,,(baseline) and construction per-
iods for 7 variables (population, and total, retail, and
construction employment and payroll). Table 5-5 presents
the results of these linear regression analyses.

Examination of Table 5-5 reveals a consistent pattern.
For each of the 7 variables and for both periods (baseline
and construction), growth rates are higher for the remote
site group than for the non-remote group. On the average,
during the baseline period growth rates at remote sites
exceed those at non-remote sites by about 50 percent. Dur-
ing the construction period growth rates at remote sites
are 2 to 3 times, larger than are growth rates at non-remote
sit es. As would be expected, growth rates are largest for
construction payroll and employment. In addition, because
of the increased demand for labor, the average number of
hours worked also increases and therefore payroll growth
exceeds employment growth.
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Table 5-5. Average Growth Rates for Population, Employment,
and Payroll at Remote and Non-Remote Sites.

Average Yearly Growth Rates (%)a

OD

Population.

Total Employment

Total Payroll

Retail Employment

Retail Payroll

Construction Employment

Construction Payroll

Preconstruction

Remote Non-Remote

1.7+0.2 1.4+0.2

5.7+0.4 3.9+0.2

8.4+0.3 5.7+0.3

5.5+0.3 3.8+0.3

8.1+0.2 5.0+0.3

8.3+0.8 3.9+0.5

io.8+1.0 7.2+0.6

Construction

Remote Non-Remote

6.1+0.8 1.6+0.6

12.8+1.5 4.4+0.9

18.9+2.4 7.3+1.5

8.8+1.0 4.3+0.6

9.9+1.0 4.5+0.6

33.3+3.5 11.8+2.2

45.9+5.0 17.2+3.1

Remote

4.3+1_.0d

7. 1+1 9d

I0. + 2 -.7d

3.4+1:. 3 d

1.7+1.2

24.9+4.3d

35.1+6.0d

Construction Impacts(%)b

Non-Remote

0.2+1.4

0.5+1.1

1.6+1.8

0.5+0.9

-0.5+0.9

7.9+2..7d
lO.0O.7Ld

Impact
Differences

(%)c

4.i1+2.4'd

6.5+3.00

8.9+4.5d

2.8+2. 2 d

.2.2+2.7e

17..1Z7.0d

25.i+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
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By subtracting baseline period growth rates from
construction period growth rates, estimates of the
growth rates due only to nuclear power plant construction
(construction impact) are obtained. Table 5-5 shows that
for the non-remote group of sites, construction impacts
were significant only: fo'r construction. payroll and employ-
ment. '.However', for the remote-group of sites, impacts
were signifificant for all variables, being largest for
construction:payroll (35%) and~employment (25%) ,and sub-
stantial for total payroll (10%). Finally, the last
column of Table 5-5 shows that, for all variables except
retail payroll, :impact differences :(remote site construc-
tion impact minus non-remote, site construction impact)
are all statistically .signifian't at 'the-0.0 level.

5.4 Transmission :Line Costs

Transmission line costs are comprised of installation
and operating costs. Installation costs depend on (1) the
l.ength, of the" right-of'wayý along which the lines will be
strungý ihý order to connect the power plant to the-existing
na~tional power grid; :(2)1 right-of-way-acquisition costs;
(31) the number and tsize :(conductor rating) of the lines
installed; and (4) installation labor costs (right-of-way
preparation, constructio;n of line towers and substations,
stringing of lines).',: Operat-ing costs consist principally
of thelcost of line losses during transmission and main-
tenance costs.,

Transmission losses are less for shorter line lengths
and larger conductors. Larger conductors cost more than
smaller conductors,! requirel a wider right-of-way (125 ft
wide for 230 kV cable; 200 ft for 500 kV [8]), and are
more costly to install. Despite these higher costs, EPRI
projections [9] predict an increasing use of higher rated
(larger) conductors through the year 2000. This agrees
with the findings by Power Transmission, Inc. [10] that
utilities currently preferý to minimize future transmission
losses by installation of larger conductors.

Unit costs for labor (hourly wages) in suburban areas
were found by an EPRI study [11] to exceed those in rural
areas by about 25%. Unit costs for the ;acquisition of
land for right-of-way are also likely to be lower in rural
areas than in suburban areas. In contrast to this, total
costs due to acquisition of right-of-way, purchase of
materials and equipment, payment of labor, and transmis-
sion line losses all increase with increasing line length.
Therefore, since remote siting would seem to require
longer transmission lines, remote siting would appear to
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entail higher transmission line installation and oper-
ating costs. This is not always the case,. however.

.. Maps of the existing national transmission grid.
show that, except for the more remote regions of the
Rocky Mountains., grid transmission lines pass through
all regions (both remote and non-remote) of the U.S.
[12]. Although consideration of environmental, social,
and asthetic issues as required by NEPA has tended to
somewhat lengthen line..right-of-ways, the factor that
dominates the length of new transmission lines is the
gross distance of the power plant site from the nearest
leg of the national transmission gr~id. Because this
grid runs through both remote and non-remote areas,
remote siting does not necessarily mean a lengthy trans-
mission line. Table 5-6 presents data in support of this
conclusion..

Table 5-6.presents data on the conductor rating,
length, ardacreage of.the transmission lines.which
connect 29 power .plant sites (tho.se with all facilities
operating as of 1978) of varying remoteness to the
national power grid. Examination of the right-of-way
lengths, *which were drawn from DOE maps:[12] , .shows that
for existing sites right-of-way lengths do not correlate
with remoteness. Some• remotessites are closer to the
national grid than are some less remote sites. Thus,
it is distance from the national transmission grid and
not-distance from major population centers (remoteness)
that principally determines the costs of transmission
line installation and operation.

5.5 Discussion

Major constructioh projects have large workforce
requirements. In rural settings, when workforce re-
quirements can not be met locally, or by commuting from
nearby cities, in-migration of workers occurs. If this
in-migration is substantial, "boomtown" conditions may
result and the host area may experience significant
socioeconomic impacts. This scenario has been:.the sub-
ject of considerable study. Rural industrial development
'studies [13,14] have examined the impacts of industrial
projects upon small, rural communities. Boomtown studies
[15-18] have examined the local. impacts of rapid, large-
scale energy development. projects, located primarily in
remote farming and ranching areas of the Rocky Mountains.
The impacts of nuclear power plant construction have also
been examined by several previous studies [19-211..
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Table 5-6. PowerTransmission Line Data for 29 Operating
Nuclear Sites

Remoteness
Index

Total Miles of
Right-of-Way

Estimated Acres Average Kilovolts
of Right-of-Way Per Mile of Line

1-1 230 4,182 345
2-1 *266 4,030 230

2-1 38' 800 399
532 52 661 '156

3-2 230 4,061 301
3-2 102 1,855 345
3-2 179 2,670 206

2-4 30 545 345
"2-4 151 2,655 309
3-3 118 2,675 418
3-3 85 1,370 267
3-3 .5 91 "345
3-3 95 1,803 "316
3-3 84 1,273 230
3-3 123 2,236 337

3-4 17 309 345
.3-4 124 2,255 345
3-4 24 291 115
4-3 170 3,576 423
4-3 85 1,455 304
4-3 25 358 198
4-3 67 1,218 345

4-4 409 8,291 147
4-4 60 758 134
4-4 4 61 230
4-4 104 2,545 485
4-4 90 1,636 345
4-4 217 4,561 378
4-4 29 527 345
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Significant in-migration to a construction pro-
ject's host area occurs only if workforce requirements
can not be met locally or by commuting from nearby popu-
lation centers (generally, those located within about 'a
one-hour commute of the site [3]). Even when substantial
in-migration does occur, a boomtown can be avoided, if
the resulting population growth is spread over several
nearby communities [22]. In general, •adverse socio-
economic impacts are not observed until the rate of
population growth of a single community exceeds 10 to
15 percent per year [23,24]. Under these conditions
institutional breakdowns may occur- in the labor and
housing markets and in the provision of government
services (education, health care, recreational facil-
,ities, police and fire protection) [23].

The small sizes, undiversified economies, small
tax bases, homogeneous populations, and traditional
life styles of rural communities tend to increase their
susceptibility to socioeconomic impacts resulting from
rapid population growth. Mortgage investors tend to find
small, economically undiversified, rural communities
unattractive investment locales. Lack of mortgage money
combined with shortages of building materials and hous-
ing construction workers can produce a serious housing
shortage. Because of their limited tax bases and because
the project under construction generally yields little
tax revenue until nearly completed, rural communities are
often unable to finance the increased load of government
services needed to accommodate rapid population growth.
Finally, rural communities having a homogeneous popu-
lation and life style may be less willing or able to
welcome newcomers having different ideas, ways of doing
business, and life styles and to accept the changes in
personal, social, business, and institutional inter-
actions that incorporation of the newcomers into their
communities would entail [16-18,251.

The willingness of rural communities to accept
change depends upon community perception of the benefits
(and risks) that will accompany the changes, and upon
the degree of community involvement in the decisions
which determine the nature and rate of the changes.
Because the construction of a large industrial or energy
facility promises increased tax revenues, new jobs, more
retail trade, and therefore improved government services,
an end to out-migration of children and friends [14,15],
and a higher standard of living [211, many rural commun-
ities welcome these projects (at least initially).
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However, community resistance may develop, if the
economic benefits are unevenly distributed (e.g.,
business men and land owners profit while the poor,
the elder ly, and minorities suffer), if the project
is perceived to benefit principally distant cites
(e.g.., electriic generating.stations [19,25]), if
project decisions affecting the community are made
without community involvement, and if there are con-
cerns about the safety of the facility (e.g., nuclear
power plants [21]).

The degree to which the socioeconomic impacts,
characteristic of krural industrialization and boom-
towns, have occurred as the result of nuclear power
plant siting was examined by gathering data about peak
construction employment,,: n umber oof in-migrants, and
socioeconomic impacts at: 12 remote nuclear power plant
sites. The data, which were extracted from Environmen-
tal Impact Statements and post-licensing case studies
(where available), are presented in Table 5-7. For the
12 sites listed in Table 5-7, peak construction employ-
ment was approximately 2200 (+700), or 5 percent of the
surrounding population to 20 miles. For the 9 sites
where in-migration data were available, peak construction
in-migration (workers plus families) on an average repre-
sented only 3 percent of the surrounding population to
20 miles. Examination of the last column in Table 5-7
shows that with scattered exceptions (crowded classrooms,
Yellow Creek; stressed government services, Hatch; wage
inflation, St. Lucie; safety controversy, Diablo Canyon)
the socioeconomic impacts at the 12 sites were largely
beneficial (significantly increased tax revenues, in-
creased retail trade). Given the modest increases in
total population in the regions surrounding the sites,
it is not surprising that detrimental impacts were
minimal, while economic impacts were favorable.

Since socioeconomic impacts depend principally
on the rate of population growth, which scales with
construction workforce growth, additional data on
construction workforce growth were developed for 19
non-remote construction projects including 15 nuclear
power plants and for 28 remote construction projects
including one nuclear power plant. The data are pre-
sented in Table 5-8, which shows that an average
remote site experiences twice as much in-migration
as a non-remote site.

5-13



Table 5-1. Socioeconomic Impacts at Selected Remote Sites

Site
(Projected

Year of
Completion for
Each Reactor
at a Site)

1

YELLOW CREEK
3

1985. 1988
(Luke, MS)

GRAND GULF
4

1982, 1986
(Port Gibson.
MS)

SOUTH TEXAS
5

PROJECT
1984, 1986
(Palacios, TX)

Utility
(Total

Meqawatts
at Site)

1

TVA
2570 MWC

Mississippi
Power & Light
2,500 K•e

Houston
Lighting and
Power Company
2,500 1*e

Remoteness
Indea

2

(1,1)
Most Sparse
Least
Proximate

Estimated Peak
Construction
Employment
(Workers)

2,60n

Tots
ti;

It

Pr
Dame

al Popula-
on Within
20 Miles Estimated

(19R8 Number of
rojected, Inmiqrants
ovided by at Peak of
es& Moore) Construction

55,430 780 Workers
(470 with
families, 310
without fami-
lies)

* Overall kmss smaent
Social and Economic Impacts

Increase in students will require seventeen classrooms and
teachers, classroom space is currently scarce..

(1,1) Up to 2,600

(1,1) 2.100

]1ATCHf
6

.
7  

Georgia Power
1975. 1979 Company
(Baxley, GA) 1,572 hWe

unI

VOGTLE
8

1985, 1988

(Waynesboro,
Gh)

CLIMTGN
9

1982
(Clinton, IL)

ARFMSASI
0

1973.1976
(Rueselvilis,
AK)

STý LUCIEI1
1976, 1983
(Hutchison
Island, FL)

CRYSTAL12
RIVER
1977
(Crystal
River, FL)

DIABLOI
3

CANYON
1981, 1981
(Avle _ Beach,
CA)

FARLEy1
4

1977, 1980
(Dothan, AL)

SURREYI 5
1972, 1973
(Gravel Neck,
VA)

Georgia Power
Company
2,200 MWe

Illinois Power
Company
1,900 NWe

Arkaosas Power
and Light
Company
L1748 MWe

Florida Power
and Light
Company
1,554 MWe

Florida Power
Corporation
825 Hue

Pacific Gas
*and Electric
2,190, MWe "

Alabama Power
Company
1,720 MWe

Virginia
Electric and
Power Company
1,550 MWe

(1,1)

(1,2)

(2.2)

(1,1)

(3,1)

11,11"

(2,1)

(3.1)

(4,4)20

2,300

3,800

1,200

973

1,847

1,790

.2,470

2,25018

1,934

27,592 Not provided 1. More electrical power available.
2. Dramatically increases the tax base.
3. Significant irect and indirect increases in employment

and income.4(P. B-16)

32,307 2.000 persons Similar to Grand Gulf.

49,808 920 to 1,150 Some growth impacts on schools, housing, and public services
workers but not serious. Nounmanageableistrains on community

intrastructure.: Plant's economic benefits (reduced tax rate,
growth and employment) were viewed very positively.by host:
area.,

26,170 815 workers 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
beneficial, efforts to-attract new and-related commercial
activity should continue.(p. 27)

47,792 41A persons Minimal impacts anticipated due to close'proximity (approximately
(191 workers, 60 miles) of-large urban areas. .

121 adults, .

106 children)

I. Stablilize areai.s construction workers.
59,322 200 persons 2..•Increases in direct -and indirect employment and income.

-3. Expansionof electric power provisions to the service
area. • .... .

4. Increase in property. tax payments which-aided in reversal.
of- school overcrowding and financial difficulties. .

11 Increased tax base by approxiately 355. " - "

Not provided 2. Publicconstruction projects in the county had to he -"

delayed or cancelled due to inflated wage rates resultinq.
from construction of the plant. ., . - , .

1., Increased tax, base. "39,705 Not provided ~arlctdt rsaN2. 50 (85) of operating Workforce relocated to Crystal
River,. -.. , : -

3. Retail-sales in area increased due to relocation of - .
non-local construction workforce. : ,

101.151 3,30A 1. Divisiveness of-ýentire Diablo Canyon issue a'mong
personsl

7  
community residents (not necessarily due to workforce "
in-migtation). Operation of facilities held up due to

:environmentalists' concerns regarding-geologlc-fault
at site.

93,185 1,657 1. Increase in direct and indirect employment and*

workersI
9

income.

284.669 102
persons16

1. Increase in tax base.
2. Increased employment, business income, tourism, traffic

and land cost during construction in Surrey and Isle of
Wight Counties.
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Table 5-7. Footnotes

l"Commercial Nuclear Power Stations in the United States--Operable, Under Construction or Ordered--August 1, 1980,
Wallchart, published by Nuclear News, La Grange Park, Illinois.

2 The remoteness index as defined by sparseness and proximity measures (see text).
3 Tennessee Valley Authority, Final Environmental Statement, Yellow Creek Nuclear Plant Units I and 2, Vol. 1,

Vol. 2., January 1978.
4Mississippi Power & Light Company, Final Environmental Statement Related to Construction of Grand Gulf Nuclear

Stations Units I and 2, Sec. 8.2, August 1973.
5 Houston Lighting & Power Company, "Benefits and Costs" Chapter R and "Summary Benefit-Cost Analysis" Chapter 11

of South Texas Project-Environmental Report, Vol. 1, amended June 1975.

6 Altameda Area Planning and Development Commission, Impact of the Georgia Power Company Nuclear Plant on Community
Facilities in the Toomb--Appling BiCounty Area, Georgia Institute Of Technology,. Winter 1969.

7Shiels, H. A., et al., Socioeconomic Impacts of Nuclear Power Plants: A Paired Comparison of Operating Facil-
ities, NUREG/CR-0916, Oak Ridge, TN: Oak Ridge National Laboratory, July 1979.

8Central Savannah Area Planning and Development Commission, Impact Of the Georgia Power Company VoLtle Nuclear
Power Plant on the Central Savannah River Area, Appendix A, Georgia Institute of Technology, Spring 1972.

9 1llinois Power Company, "Economic and Social Effects of Plant Construction and Operation," Chapter 8 of
Environment Report--Construction Permit Stage for the Clinton Power Station, September 1974...

lOPijawka, D., Arkansas Nuclear One, Preliminary Site Report, Washington: U.S. Nuclear Regulatory Commission,
U, February 1979.

llPijawka, D., St. Lucie, Units 1 and 2, Preliminary Site Visit Report, Washington: U.S. Nuclear Regulatory
(. Commission, February 1979.

12Pijawka, D., Crystal River, Unit 3, Preliminary Site Visit Report, Washington: U.S. Nuclear Regulatory
Commission, February 1979.

1 3 York, M. N., Diablo Canyon, Units 1 and 2, Preliminary Site Visit Report, Washington: U.S. Nuclear Regulatory
Commission, February 1979.

1 4 Alabama Power Company, Final Environmental Statement Related to Operation of Joseph M. Farley Nuclear Plant,
Units 1 and 2, December 1974.

1 5 Flynn, J., Surrey Nuclear Plant, Units 1 and 2, Preliminary Site Visit Report, Washington: U.S. Nuclear
Regulatory Commission, February 1979.

1 6 Flynn J., Socioeconomic Impacts of Nuclear Generating Stations, Surry Case Study, Washington: U.S. Nuclear
Regulatory Commission. November 1980.

1 7 pijawka, D., and Yoquinto, G., Socioeconomic Impacts of Nuclear Generating Stations, Diablo Canyon Case Study,
Washington: U.S. Nuclear Regulatory Commission, December 1980.

1 8 Alabama Power Company, Estimate, February 1979.
1 9 Based on percentages from a survey at Joseph M. Farley #2. Malhotra, S., Manninen, D., Migration and Residen-

tial Location of Workers at Nuclear Power Plant Construction Sites, Vol. 11, Profile Analysis of Worker Survey, Final
Report. BHARC-100/80/030, Seattle, WA: Battelle Human Affairs Research Centers, September 1980.

2 0 Based on population size within 20 and 50 miles of the site, Surrey is classified as non-remote. However when
natural barriers are taken into consideration the population of the area within 20 miles of the site which has easy
access to the site is considerably less. The figure for 50 miles is still appropriate as a representation of the
population within commuting distance of the site.
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Table 5-8. Variation in Migrant Proportion by Location

Migrant
Proportion (%)

Construction Workers

Number of
Location* Sites. Average Range

Remote

Bureau of Reclamation 10 59 40-89
Water Development Projects 1 ,2

Old West Regional Commission Study, 14 60 .. 21-97
Coal-fired Power Plants 3

North Dakota:State University 2 50 **
'-Leland Olds and Square Butte 4  1, 39
Coal.Creek

5

NRC Labor Migration Study6 , 7  1 47

N =,28 Weighted
Average =

58
Non-remote

NRC Labor Migration Study 6 ,7
(excluding TVA) 8 29 15-49

TVA Sites 8

Nuclear 9  7 26 11-40
Non-nuclear 9  2 34 29-47

Bureau of Reclamation
Water Development Projects 2  2 17 12-22

N 19 Weighted
Average =

27

*Remoteness assignments were made using the sparseness and proximity
measures described in the text.

"*Migrant proportions were not provided separately for these sites in
the reference document.
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Table 5-8. Footnotes

iJ. A. Chalmers, Bureau of Reclamation construc-
tion Worker Survey, Bureau of Reclamation, Engineering
and Research Center, October 1977.

2 1n general the Bureau of Reclamation Water
Development Projects were constructed in sparsely
settled regions of the western United States. Two
sites, however, were located in the Phoenix area and
are included in the nonremote group.

3 Mountain West Research, Inc., Construction Worker
Profile, Final Reporti, prepared for the Old West Regional
Commission, 1975.

4 A. G. Leholm, F. L. Leistritz and J. S. Wieland,
Profile of Electric Power Plant Construction Work
Force, Agricultural Economics Statistical Series, Issue
No. 22, Department of Agricultural Economics, North
Dakota State University, July 1976.

5 J. S. Wieland and F. L'. Leistritz, Profile of the
Coal Creek-Project Construction Work Force. Agricultural
Economics Miscellaneous Report No. 33, Department of
Agricultural Economics, North Dakota State University,
February 1978.

6S. Malhotra and D. Manninen, Migration and Resi-
dential Location of Workers at Nuclear Power Plant
Construction Sites, Vol. II Profile Analysis of Worker
Surveys, Battelle Human Affairs Research Centers,
September 1980.

7 The NRC labor migration study included only one

remote site.
8 TVA has published numerous reports containing the

results of construction worker surveys conducted at TVA
sites. For example see Tennessee Valley Authority,
Hartsville Nuclear Plants Socioeconomic Monitoring and
Mitigation Report, March 31, 1978, Knoxville, Tennessee,
Tennessee Valley Authority, 1978.

9Multiple surveys were conducted at the TVA sites.
The average and range of migrant proportions shown are
for 35 surveys conducted at the nine TVA sites.
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5.6 Conclusions

Classification of current nuclear power plant
sites according ,to remoteness shows that most sites
are nonremote, while few are truly remotely sited. In
fact, although half of the current sites are .located
in nonmetropolitan counties, a majority are within 60
miles of [191 and few are more than 100 miles from a
major metropolitan area.

The d a a on. an •c n

The data on growth rates (Table 5-5) and con-
struction workforce in-migration proportions (Table
5-8) show that population and economic growth rates
are higher at more remote as, opposed to less, remote
sites. Impac ts do increase with site remoteness.
However, although the differences in growth rates
between more and less remote sites presented in
Table 5-5 are all statistically significant, the
6 percent growth rate in total population observed
for the more remote sites is significantly below the
rate of 10 to 15,percent needed to produce boomtown
conditions and thus adverse socioeconomic impacts.
This conclusion is supported by the data presented
in Table.5-7,.which showed that 12 somewhat remotely
sited nuclear power plants produced principally
favorable socioeconomic impacts (much increased tax
revenues, increased retail trade, some strains on
government services, stabilization of population) on
nearby communities.

Finally, it ,seems clear (1) that should future
nuclear power plants be sited no more remotely than
are current plants, then they will have few if any
adverse socioeconomic impacts and (2) should they be
sited in truly remote locations, then the potential
for adverse impacts on nearby small rural communities
can be substantially reduced by advance planning.
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Appendix A: Site Data

A large body of site-related data was collected for
use in performing the consequence calculations discussed
in Chapter 2 of this report. These data are summarized
in the following sections of this appendix as listed
below.

Section Data Description

A.1 General Site and Reactor Data

A.2 Site Population Data

A.3 Weather Data

A.4 Site Wind Pose Data

A.5 Economic Data

A.1 General Site and Reactor Data

Calculations were performed for 91 sites where.
reactors are currently operating, are under construction,
or have been assigned a construction permit. Table A.1-l
lists the site locations (county/state) and the power
level (MWe), type, supplier, and date of startup (actual
or expected) for the reactors located at these sites.
Table A.1-2 gives the latitude and longitude of each
site,* as well as the meteorological station and shelter-
ing region assigned for performing site consequence cal-
culations. The meteorological data used in this study
are further described in Section A.3.• The sheltering
region is based on housing types and is used to determine
external.exposure shielding factors when population shel-
tering is. assumed to be an emergency protective measure.
The important housing characteristics and assumed shield-
ing factors for the seven regions used in this study are
described in Table A.1-3. For further information on
sheltering regions and shielding factors, see reference
[2].

*Latitudes and longitudes were taken from reference [1].
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Table A.1-1 General Site and Reactor Data

Plant

Allens Creek
Arkansas 1,2

Bailly
Beaver Valley 1,2

Bellefonte 1,2.......

Big Rock Pt.
Black Fox 1,2

Braidwood 1,2

Browns Ferry 1,2,3

Brunswick 1,2

Byron 1,2

Callaway 1,2

Calvert Cliffs 1,2

Catawba 1,2

Cherokee 1,2,3

Clinton 1,2

Comanche Peak.1,2

Cooper -
Crystal River 3
Davis-Besse-
Diablo Canyon 1,2

Donald C. Cook 1,2

Dresden 1,2,3

Duane Arnold
Fermi 2
Fitzpatrick*
Forked River **
Ft. Calhoun,
Ft. St. Vrain
Ginna (Brookwood)
Grand Gulf 1,2

Haddem..Neck
Hartsville,-Al,A2,

BlIB2

-. Location P
(County/State)

Austin, TX
Pope, AR

Porter, IN

Beaver, PA

Jack son, AnL

Charlevoix, MI
Rogers, OK

Will, IL. .

Limestone, AL

Brunswick, NC

Oglej IL

Callaway, MO

Calvert, MD

York, SC

Cherokee, SC

Dewitt, IL

Somerve.ll, TX

Nemaha, NB
Citris, FL
Ottawa,; Ol:
San Luis Obispo, CA

Berrien, MI.

Grundy; , " IL

Linn, IA
Monroe, MI
Oswego, NY
Ocean, NJ
Washington, NB
Weld, CO
Wayne, NY
Clairborne, MS

Middlesey, CT"
Troysdale & Smith, TN

'ower Level
(MWe)

1200
836
912
645
833
833

1213
1213

•63 .
1150
1150

,1120
1120"
1067
1067.
1067

790
790

1120.
1120
1150
1150
850
850

1145
1145;
1280
1280
1280
"950

950
1150
1150

778
825
906

1084
1106
1054
10 .94

200
800
800
545

11I00

821
::1120

457
330

... 490
1250
1250
575

1233
1233
1233
1233

BWR
PWR
PWR
BWR
PWR
PWR
PWR
PWR
BWR
BWR
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
Supplier

GE
B&W
C-E
GE
W
W
B&W
B&W
GE
GE
GE
W
W
GE
GE
GE
GE
GE
W
W
W
W
C-E
C-E
W
W .

C-E
C-E.
.GE
GE
W
W
GE
B&W
B&W
W
W
W:
W
GE
GE
GE
GE
GE
GE
C-E
C-E
CA
W

GE

W
GE
GE
GE
GE

Actual or
Expected Date

of Startup

/87
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
8/75
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

Indef.
12/82
Indef.

/81
1/83

7/74
3/77

11/77
/81
/81

8/75
ý6/78
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

Indef.
Indef.

A

*Same site as Nine Mile Point
**Same site as Oyster Creek
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Table A.1-l General Site and Reactor Data (cont)

Plant

Hatch 1,2

Hope .Creek 1,2*

Indian Point 2,3

Joseph M. Farley 1,2

Kewaunee
LaCross
LaSalle 1,2

Limerick 1,2

Maine Yankee
Marble' Hill 1,2

McGuire 1,2

Midland 1,2

Millstone 1,2,3

Monticello
Nine..Yile Pt. 1,2**

North.Anna 1,2,3,4

Oconee 1,2,3

Oyster Creek ***

Palisades
Palo -Verde 1,2,3

Peach Bottom 2,3

Pebble Springs 1,2,

Perkins 1,2,3

Perry 1,2

Phipps Bend 1,2

Pilgrim 1,2

Pt. Beach 1,2

*Same site as Salem
**Same site as Fitzpatrick

***Same site as Forked River

Location
(County/State)

Appling, GA

Salem, NJ

Westchester, NY

Houston, AL

Kewaunee, WI
Monroe, WI
LaSalle, IL

Montgomery, PA

Lincoln, ME.
Jefferson, IN

Mecklenberg, NC

Midland, MI-::

New London, CT

Wright, MN
Oswego, NY

Louisa, VA

Oconee, SC

Ocean, NJ
VanBuren, MI
Manicopa, AZ

York, PA

Gilliam, OR

Davie, NC

Lake, OH

Hawkins, TN

Plymouth, MA

Manitowoc, WI

Power Level
(MWe)

786
786

1070
1070
*873
965
860
860
535

50
1078
1078
1055
1055

790
1130
1130
1180,
1180

530 .
805
660.-.-
870

1150
536
610

1080
850
850
934
934
860
860
860
620..
740

1270
1270
1270
1065
1065
1260
1260
1280
1280
1280
1205.
1205
1233
1233

670
1150

497

BZWR.

BWR.
BWR
BWR
BWR
PWR'
PWR
PWR
PWR
PWR
BWR
BWR
BWR
BWR
BWR
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
Supplier

GE
GE
GE
GE
W
W
W
W
W
Allis
GE
GE
GE
GE
C-E
W
W
W
W
B&W
B&W
GE.
C-E
W
GE
GE
GE
W
W
B&W
B&W
B&W
B&W
B&W

.GE
C-E
C-E
C-E
C-E
GE
GE
B&W
B&W
C-E
C-E
C-E
GE
GE
GE
GE
GE
C-E
W

Actual or
Expected Date
of Startup

12/75
.8/79

12/86 -

12/89
,7/74..

8/76
S.12/77:

11/80.
6/74

1n/6.9/.
6/81
6/82
4/85
4/87ý

- 12/72
/86
/87

8/80-
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
12/71
5/83
5/84.
5/86
7/74.

12/74
9/88
9/90

Indef.
Indef.
Indef.

5/84
5/88

Indef.
Indef.
12/72

* Indef.
.,12/70.
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Table A.1-1 General Site and Reactor Data (cont)

Actual or
Reactor Expected Date
Supplier of StartupPlant

Prairie Island 1,2

Quad Cities 1,2

Rancho Seco
River Bend 1,2

Robinson 2
St.Lucie 1,2

Salem 1,2*

San Onofre 1,2,3

Seabrook 1,2

Sequoyah 1,2

Shearon Harris 1,2,
3,4

Shoreham
Skagit 1,2

South Texas 1,2

Surry-l,2

Susquehanna 1,2

Three Mile Island 1,2

Trojan
Turkey Pt. 3,4

Vermont Yankee
Virgil Summer
Vogtle 1,2

WPPSS 1,2,4

WPPSS 3,5

Waterford 3
Watts Bar 1,2

Wolf Creek
Yankee Rowe
Yellow Creek 1,2

Zimmer
Zion 1,2

*Same site as Hope Creek

Location
(County/State)

Goodhue, MN

Rock Island, IL

Sacramento, CA
West Feliciani,

Darllngton, SC
St. Lucie, FL

Salem, NJ

San Diego, CA

Rockingham, NH

Hamilton, TN

Wake & Chath'am,

Suffolk, NY
Skagit, WA "

Matagorda, TX

Surry, VA

Luzerne, PA

Dauphin, PA'

Columbia, OR
Dade, FL

Windham, VT
Fairfield, SC
Burke, GA

Benton, WA

Grays Harbor, W;

St.' Charles:, LA
Rhea, TN

Coffey, KS
Franklin, MA
Tishomingo, MS

Clermont, OH
Lake, IL

Power Level
(MWe) Type

520 PWR
520 PWR
800 BWRý
800 BWR
913 PWR

LA 940 BWR
940 BWR
665 - PWR
777 .PWR
777 PWR

1090 PWR
1115 PWR

436 PWR
1100 PWR
1100 PWR
1150 PWR'
1150 PWR
1148 PWR
1148 PWR

NC 900 PWR
900 PWR
900 PWR
900 PWR
820 BWR

1288 BWR
1288 BWR
1250 PWR
1250 PWR

775 PWR
775 PWR.

1050 BWR
1050 BWR

792 PWRý
880 'PWR

1130 PWRI
666 PWR
666 PWR
514 BWR
900 PWR

1100 PWR
1100 PWR
1250 PWR
1100 BWR
1250 PWR
1240 PWR
1240 PWR
1165 PWR
1177 PWR
1177 PWR
1150 PWR

175 PWR
1285 PWR
1285 PWR

810 BWR
1100 PWR
1100 PWR

W
W
GE
GE
B&W
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
B&W
GE
B&W
C-E
C-E
C-E
W
W
W
W
C-E
C-E
GE
WG
W

12/73
12/74
8/72

10/72
4/75
4/84

Indef.
3/71

12/76
5/83
6/77
1/81
1/68

12/81
2/83

12/8"3
/85
/80,

6/81
3/85
3/88
3/9,4
3/92
3/83

Indef
Indef
4/84
4/86

12/72
.5/73

1/82
1/83
9/74ý

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
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Table A.1-2 General Site Data

0

Plant

Allens Creek
Arkansas
Bailly
Beaver Valley
Bellefonte
Big Rock Point
Black Fox
Braidwood
Browns Ferry
Brunswick
Byron
Callaway
Calvert Cliffs
Catawba
Cherokee
Clinton
Comanche Peak
Cooper
Crystal River
Davis-Besse
Diablo Canyon
Donald C. Cook
Dresden
Duane Arnold
Fermi
Fitzpatrick*
Forked River**
Ft. Calhoun
Ft. St. Vrain
Ginna
Grand Gulf
Haddem Neck
Hartsville
Hatch
Hope Creek***
Indian Point
Joseph M. Farley
Kewaunee
LaCrosse
LaSalle
Limerick
Maine Yankee
Marble Hill
McGuire
Midland

1
2
3
4
5
6
7
8
9

1!0

12
13
14
15
16
.17
19
20
21
22
18
23.
24
26
27
28
29
30
31
32
33
34
35
92
36
25
37
39
38
40
42
41
43
44

29-40-43
35-18-42
41-38-30

40-37-18
34-42-32
45-21-32
36-07-01
41-14-37
34-42-13
33-57-32
42o-04-30
38-45-42

,38 -25-39

.35-603-05
35-0.2-12
40-10-19

.32-17-49
A40-21-41
28-57-26
41-35-42

.35-12-41
41-58-44

ý41-23-23
42-05-54
41-58-41
43-31-19
39-48-36
41-31-12
.40-14-40•
43-16-39
32-00-27
41-28-56
36-,2.1-15
31-56-05
39-27-46
4.1-15-57
31-.13-21
44-19-34
43-33-36
41-14-24
40-13-12
43-57-02
38-26-00
35-25-59
43-35-10

96-06-15
.93-13-15
87-07-30

80-26-06
85-55-3685-11-45

95-32-54
,88-13-44
87-07-16
78-01-15
89-16-55
91-46-52
76-25-35 .
81-04-10
81-30-43
88-50-03
97-4 7-0 7
95-38-17
82-41-56
83-05-11

120-51-08
86-33-43
88-16-17
91-46-21
83-15-34
76-23-54
74-12-36

.96-04-50

104-52-27
77-18-30
91-02-53
72-29-57
.86-05-10
82-20-40
75-32-08
73-56-06

.85-06-42
87-31-27
91-13-42
88-40-12
75-35-24
69-41-48
85-26-53
80-56-55
84-13-08

Fort Worth (14)
Columbia (10)
.Chicago (9)
Washington, DC (29)
Nashville (23)
Milwaukee (21)
Columbia (10.)
Moline (22)
Nashville (23)
Cape Hatteras (6)
Moline (22)
Columbia (10)
Washington, DC (29)
.Nashville (23)
Nashville (23)
Moline (22).
Ft. Worth (14)
Omaha (25)
Apalochicola (2)
Chicago (9)
:Santa Maria (27)
Chicago (9)
Moline (22)
Omaha (25)
Chicago (9)
Milwaukee (21)
New York (24)
Omaha (25)
Dodge City (11)
Milwaukee (21)
Lake Charles (17)
New York (24)
Nashville (23)
Charleston (8)
Washington, DC (29)
New York (24)
Lake Charles (17)
Milwaukee (21)
Madison (18)
Moline (22)..
Washington, DC (29)
Caribou (7)
Moline (22)
Nashville (23)
Milwaukee (21)

Number Site Latitude Longitude .Meteorological Station
Sheltering.

Region

3
7
2
1

7
2
3
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

State

TX
AR
IN
PA
AL
MI
OK
IL
AL
NC
IL
MO
MD
SC
SC
IL
TX
NB
FL
OH
CA
MI
IL
IA
MI
NY
NJ
NB
CO
NY
MS
CT
TN
CA
NJ
NY
AL
WI
WI
IL
PA
ME
IN
NC
MI

*Same site as Nine Mile Point
**Same site as Oyster Creek

***Same site as Salem
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Table A.1-2 General Site Data (cont)

Plant

Millstone
Monticello
Nine Mile Point*
North Anna
Oconee
Oyster Creek*
Palisades
Palo Verde
Peach Bottom
Pebble Springs
Perkins'
Perry
Phipps Bend
Pilgrim
Point Beach
Prairie Island
Quad Cities
Rancho Seco
River Bend
Robinson
St. Lucie
Salem t
San Onofre
Seabrook
Sequoyah
Shearon Harris
Shoreham
Skagit
South Texas
Surry
Susquehanna
Three Mile Island
Trojan
Turkey Point
Vermont Yankee
Virgil Summer
Vog tle
WPPSS 1,2,4tt
WPPSS 3,5
Waterford
Watts Bar
Wolf Creek
Yankee Rowe
Yellow Creek
Zimmer
Zion

Number Site Latitude Longitude Meteorological Station
Sheltering

Region

45
46

.47
48
49
50
51
'52,
:53.
54
55
56
57
58
59
60
.61

62
63

64
65
66ý
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

42-19-24
33-23-25
39-45-33
45-4 2-05

-35-50-53

41-48-03
36-27-47
41-56-40
44-16-35

44-37-25
41-43-38
38-21-00
30-45-26
34-24-12
27-20-55
39-127-46
*33-2-53
42-53-53
35-13-31
35-38-00
40-5.7-30
48-32-00
28-47-42
37-10-00
41-06-00
40-09-12
46-02-24
25-26-02
42-46-49
34-17-54
33-08-31
46-28-03
46-57-11
30-00-00

"35-36-10
38-14-20
42-43-41

• 34-57-24
38-51-55
42-27-34

72-10-04 Boston (4)
93-50-55 .Maison (18) •
76-23-54 Milwaukee (21)
77-47-13 Washington, DC (29)
82-53-55 Nashville (23)
74-12-41 "New.York (24)
86-18-52 Chicago (9)

112-51-45 Phoenix (26)
76-16-08 Washington, DC (29)

120-08-17 Medford (19)
80-27-10 ,Nashville (23)
ý81-08-36 'Chicago (9),
82.-48-32 Nashville (23)
70-34-41 -:Boston (4)
87-31-08 zMilwaukee (21)
92-38-04 'Madison (18)
090-20-30 :Moline (22)

121-07-12 Fresno (15)
91-i'9-54 Lake Chalres (17)
80-09-30 Nashville (23)
80-14-47 Miami (20)
75-32-08 Washington, DC (29)

117-31-17 Santa Maria (27)
70-51-05 Boston (4)
85-05-13 Nashville (23)

*78-:57-22 Nashville (23)
-72-52-00 New York (24)
122-07-26 'Seattle (28)

96-02-53 Brownsville (5)
76-41-50 Washington, DC (29)
76-09-00 Washington, DC (29)
76"43-37 Washington, DC (29)

122-52-06 .Medford (19)
80-19-54- Miami (20)
72-30-57 Caribou (7)
81-18-55: Nashville (23)
81-45-53. Charleston (8)

119-18-51 Medford (19)
123-28-11 Medford (19)
:90-28-12 Lake Charles (17)
84-47-25 Nashville (23)
95-41-20 -Omaha (25)
72-55-29 New York (24)
88-12-57 Nashville (23)
84-13-45 Nashville (23)
87-48-23 Chicago (9)

State

CT
MN
NY
VA
SC
NJ
MI
AZ
PA
OR
NC
OH
TN
MA-
WI
MN
IL
CA
LA
SC
FL
NJ
CA
NH
TN
NC
NY
WA
TX
VA
PA
PA.
OR
FL
VT
SC
CA
WA
WA
LA
TN
KN
MA
MS
OH
IL

0

*Same site as Fitzpatrick
**Same site as Forked river

tSame site as Hope Creek
ttSame site as Skagit
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Table A.1-3 Sheltering Regions

Reg ion
Number

1

2

3

4

5

6

7

Location

Northeast

Great Lakes

Southwest

Midwest

Pacific Coast

Atlantic Coast

% Brick
Housing Units

% Homes With
Basements

Shielding
Factor*

Cloud Ground

47

36

40

-3

35

27

45

59

87

77

13

71

23

51

16

0.5

0.6

0.7

0.5

0.7

0.6

0.7

0.08

0.1

0.3

0.09

0.3

0.2

Southeast 0. 2

*The ratio of dose received when sheltered to the dose that would

be received if outdoors. Cloud.,refers to gamma exposure from
radionuclides dispersed in the atmosphere. Ground refers to gamma
exposure from ground-deposited radionuclides.



A.2 Population Data

CRAC2 requires a description of the population
distribution surrounding the reactor site being eval-
uated. Distributions are input as population counts
for individual spatial elements. These elements are
the cells in a polar grid consisting of up to 34 annuli
and 16 sectors (each 22 1/20 in width). This study
used 34 annuli, with radii of 0.5, 1, 1.5, 2, 2.5, 3,
3.5, 4, 4.5, 5, 6, 7, 8.5, 10, 12.5, 15, 17.5, 20, 25,
30, 35, 40, 45, 50, 55, 60, 65, 70, 85, 100, 150, 200,
350, and 500 miles. The population distribution for
each site was derived from 1970 census data using a
program called SECPOP which was developed by the Office
of Radiation Programs, Environmental Protection Agency.*
SECPOP constructs a polar grid from user-specified annu-
lar radii and number of sectors. This grid is centered
on a location specified by latitude and longitude. A
data file containing census data is then scanned to
determine which enumeration district centroids fall
into each spatial element. The population of each
enumeration district is considered to be wholly within
the spatial element in which its centroid falls. While
this is an approximation, especially in sparsely popu-
lated areas for which the centroids are widely dispersed,
it has an accuracy comparable to much of the other data
used as input to CRAC2. In addition, the nature of the
inaccuracy is such that it should have a very limited
impact on conclusions drawn from exercising the model.
The latitudes and longitudes for the 91 sites are pro-
vided in Table A.1-2. Summary population statistics
for each site are provided in Chapter 3 and Appendix E.

*Technical Memorandum 73-146, U.S. Department of
Commerce, Office of Telecommunications.
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A.3 Weather Data

CRAC2 requires an input file containing 8760
hourly weather'observations (one year). The ho urly-.;
observations consist of wind speed, wind direction,
stability class,. and precipitation. These data are
used in the dispersion/ deposition submodel to deter-
mine the rate at which the radioactive plume travels,
di'spe'rses, and; is -depleted.

Past studies have typically'employed data gathered
by a licensee over •a one-year' period at aa prop6sed
site, usually as part of the license application. For
this study we have selected 29 National Weather Service
(NWS) stations -as the sources of meteorologial. data.
NWS-data, i are"' zavai1 al-e fr 'a large' numberý of sites,
cover long periods of time, :are generally ,of higher
quality, and sare more Adetail-ed 'than* actual reactor site
data. Each o'f the NWS stations selected hasapproxi-
mately 25 years of available daitai.-, Therefore, 'rather
than' select a single year at random,m a Typical Meteor-
ologica~l, Year (TMY)ý [31] was used to represent the long-
term average behavior of the weather at a station. The
technique u:sed to determine a, TMY ýinvolves comparing
the distribution of certain 'weather characteristics:for
a given month over the entire period of record. Using
st-atistical' techniquesdescribed i3nreference [3], the
one month "most typical"i of the period is selected as
part of týhe TMY.:This procedure was performed for each
of the twelve calendar months to obtain the TMY. In
addition, a small amount of smoothing is performed at
the boundaries between months to avoid abrupt changes
in weather conditions.

The criteria used to generate the TMYs were
selected based on their relevance to solar heating
simulations and include temperature, wind speed, and
insolation. Since these parameters are correlated to
the data required for the CRAC2 input, the TMYs are
considered to be reasonably representative years to
use as input to the consequence model. These data are
probably better than the single year weather data used
in the past which are of uncertain quality and are
subject to the anomalies of a single year's weather.

The TMYs are available from the National Climatic
Center (NCC), Asheville, NC. The data tapes supplied
by the NCC are not compatible with CRAC2 requirements.
In addition, these tapes do not contain a classification
of stability class. A conversion program, METDAT, was
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developed by Science Applications, Inc. (SAI)+ under
contract to Sandia. This program uses CRSTER [4],
developed by the National Oceanic and Atmospheric
Administration (NOAA), to generate the stability class
using the insolation and wind speed ýdata available in
the TMY tapes..

CRAC2 requires rainfall intensity data for each
hourly observation. Like atmospheric stability, rain-
fall data are not available on the TMY tapes. Therefore,
rainfall statistics were gathered from other NWS data
and were merged with the TMY information using the METDAT
program.

The diffusion model used in CRAC2 also takes into
account mixing height during dispersion calculations.
The mixing height can affect the vertical diffusion of
the radionuclide plume because mixing is essentially
terminated at these levels. The mixing heights used for
the 29 NWS stations were determined from :the Holzworth
isopleths of mean annual afternoon mixing height [51
(see Figure A.3-1). Table A.3-l lists the 29 NWS sta-
tions with the assigned mixing heights. Figure A.3-2
shows the location of these stations in addition to the
locations of the 91 reactor sites.,

The meteorological data used for each of these 29
stations are summarized in Table A.3-2 in terms of the
weather bin categories described in Appendix F. Addi-
tional rainfall data for the 29 stations are included
in Table A.3-3.
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Mixing Heights. •From reference []



t.a
•a

* NWS STATION
* REACTOR SITE

Figure A.3.2 Geographic location of the 29 NWS Stations and the 91 Reactor -ates.



Table A.3-1 NWS Station Locations and Mixing Heights

No. Station

2

,3

4

5

6

7

8

9

*0

11

12

.13

14

15

Albuquerque, NM-

Apalachicola, FL

Bismarck, ND

Boston, MA

Brownsville, TX

Cape Hatteras, NC

'Caribou, ME

Charleston, Sc

Chicago, IL

Columbia, MO

Dodge City, KS

El Paso, TX

Ely, NV

Fort Worth, TX

Fresno, CA

Mixing
Height

(in)

2600

1200

1500

1100

1300

1000

1300

1300

1200

1200

1600

2600

2400

1500

1600

No. Station

16

17

18

19

2.0

21

22

23

24

25

26

27

28

29

Great Falls, MT

Lake-Charles, LA

Madison, WI

Medford, OR

Miami, FL

Milwaukee, WI

Moline, IL

Nashville, TN

New York, NY

Omaha, NB

Phoenix, AZ

Santa Maria, CA

Seattle, WA

Washington, DC

Mixing
Height

(m)

2000

1100

1200

1600

1200

1200

1200

1600

1200

13,00

2400

800

1200

1500
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Table A.3-2 Meteorological Data for 29 NWS Stations Summarized

Using Weather Din Categories

Weather Bin Definitions

R - Rain starting within indicated interval (miles).

- S - Slowdown occurring within indicated interval (miles).

A-C D E F - Stability categories

1(0-1), 2(1-2), 3(2-3), 4(3-5), 5(GT 5) - Wind speed intervals (m/s).

Percent of Weather Sequences

-41
S

0*

0~

C 0
.0 c e

0 14to

0 -

O -4

W 0 0 .14 U

o.

0

Weather Bin

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

R (0)

R (0-5)

R (5-10)

R (10-15)

P (15-20)

R (20-25)

R (25-30)

s (0-10)

S (10-15)

S (15-20)

S (20-25)

S (25-30)

A-C 1,2,3

A-C 4,5

D I

D 2

D 3

D 4

D 5

E I

E 2

E 3

E 4

E 5

F I

F 2

F 3

P 4

F 5

1.46

0.09

0.31

0..55

0.33

0.33

0.40ý

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

1.11

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

1i.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

ý0.83

0.83

0.14

0.08

0.09

6.o7

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

0.00

1.56

4.20

5.00

0.00

10.14

0.38

1.26
.1.60

1.28

1.29

0.53

•0.42

0.40

0.29
"0.33

4.29

5.48

0.00

1.82

4.49

10.92

31.i0

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 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

1(0-1), 2(1-2), 3(2-3), 4(3-5), 5(GT 5) - Wind speed intervals (We/).

Percent of Weather Sequences

0 0 0
a4 0

5. 4

- N

Weather Bin

I 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

8.57

25.41

0.00

0.59

1.78

10.75

3.78

0.00

2.82

4.29

4.81

0.00

3.97

0.10

0.47

0.66

0.45

0.45

0.48

0.49

0.33

0.25

0.33

0.33

4.12

14.92

0.00

0.67

2.35

9.57

31.63

0.00

0.43

2.10

8.80
2.88

0.00

2.90

5.14

6.18

0.00

2'.09 5.56

0.11 0.40

0.56 0.94

0.49 1.11

0.32 0.82

0.40 0.59

0.39 0.76

0.90 0.59

0.81 0.39

0.70 0.40

0.62 0.34

0.78 0.33

16.69 4.49

7.45 8.12

0.00 0.00

4.65 1.36

5.91 2.92

4.94 8.64

7.21 42.24

0.00 0.00

2.40 0.55

3.85 2.34

6.37 6.28

2.39 2.79

0.00 0.00

13.63 2.32

11.28 3.09

5.07 2.64

0.00 0.00

3.73

0.32

1.00

0.98

0.68

0.76

0.66

0.5i

0.43

0.35

0.38

0.42

.3.97

11.58

0.00
1.35

4.87

13.79

19.93

0.00

0.75

3.89

6.29

0.99

0.00

6.95

9.62

5.75

0.00

6.08

0.24

0.98

1.28

1.03

0.84

0.98

0.94

0.73

0.75

0.58

0.68

3.38

8.64

0.00

2.40ý

3.90

11.86

29.43

0.00

1.26

1.97

5.40

1.24

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

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

0.00

0.95

2.39

8.89

17.64

0.00

1.16

3.73

8.20

1.97

0.00

8.06

8.54

6.12

0.00

6.12

0.18

0.66

1.20

0.84

o. 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

8.24

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

3.86

9.66

19.65

0.00

1.36

3.36

6.06

1.07

0.00

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

8.12 13.89

4.32 7.65

2.96 1.26

0.00 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

1(0-1), 2(1-2), 3(2-3), 4(3-5), 5(GT 5) - Wind speed intervals (mi/).

Percent of Weather Sequences

U,
(.4

a
a 0

0.

I-

(.4

a

.,

Go

(.4
-4
4,

"6)

0%

4J,0'

A4
U

Weather Bin

R (0)

R (0-5)

R (5-10).

R (10-15)

R (15-20)

R (20-25)

R (25-30)

S (0-10)

S (10-15)

S (15-20)

S (20-25)

S (25-30)

A-C 1C2,3

A-C 4,5

D I

D 2

D 3

D 4
D5

E 1

E 2

E 3

E 4

E 5
Fl

F 2

F 3

F4

P5

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

o.o0

1.26

3.23

8.87

3o.39

0.00

0.99

2.24

6.53

1.77

0.00

7.63

4.17

3.56

0.00

1.00

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

0.0.0

1.96

3.57

6.35

0.92

0..00

11.20

12.0 9

6.22

0.00

2.24

0.19

0.40

0.62

0.41

0.32

0.43

2.4 1

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

0.00

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

0.00

5.79

0.39

1.28

1.14

0.88

0.87

0.86

0.71

0.67

0.48

0.63

0.6•3

7.33'

11.30

0.00

2.9198

6.018

10.64

16.20

0.00

1.85

3.52

5.27

1.23

0.60

9.81

6.3 8

3.09

0.00
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Table A.3-3 Summary of Rainfall
29 NWS Station TMYs

Data for

Station

Albuquerque (1)
Apalachicola (2)
Bismarck (3)
Boston (4)
Brownsville (5)
Cape Hatteras (6)
Caribou (7)
Charleston (8)
Chicago (9)
Columbia (10)
Dodge City (11)
El Paso (12)
Ely (13)
Fort Worth (14)
Fresno (15)
Great Falls (16)
Lake Charles (17)
Madison (18)
Medford (19)
Miami (20)
Milwaukee (21)
Moline (22)
Nashville (23)
New York (24)
Omaha (25)
Phoenix (26)
Santa Maria (27)
Seattle (28)
Washington (29)

Hours of
Observed
Rainfall

128
1394
345
779

197
586
888
514
542
548-
323

114:
268
348
183!
487"
327
533
404
383
536
512
578
697
476

88
196
764
507

Annual
Rain

(inches)

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
10
40
32
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A.4 Site Wind Rose Data

CRAC2 uses a straight-line trajectory model for
plume movement, employing the wind speeds in the weather
sequence to determine the rate of travel. To calculate
the effects of the accident in different directions,
CRAC2 uses the wind rose as an empirical distribution
for the probability that the plume trajectory will be
in a given direction. All consequences are calculated
assuming that the plume follows each of the 16 direc-
tions, and the results are weighted by the frequency of,
wind travel in that direction.

The wind rose data for the 91 sites were taken from
either the Environmental.,Reports or the Preliminary or
Final Safety Analysis Reports submitted to the ,Nuclear
Regulatory Commission. The site wind roses used in this
study are presented in Table A.4-1. A summary histogram
of peak to mean wind rose probability ratios for the 91
sites is presented in Figure A.4-1. This histogram
illustrates the importance of wind rose probabilities to
reactor accident consequence calculations. (The mean
wind rose probability is 1/16.)

-"
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Figure A.4-1 Summary Histogram of Peak to Mean Wind Rose Probability Ratios
for the 91 Sites



Table A.4-1

Site Wind Rose Data

Explanation of Titles:

Arkansas

site nan

I ator2
""re actors

190 f t'

anemometer
.height

6/69-5/70

period of
data

collection

Note: All wind roses in Table A.4-1 are presented as
ithe probability of wind blowing toward the sector
indicated., .This is the opposite of the conventional
definition used by meteorologists.
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'able A.4-1 Site Wind Rose Data

Probability of Wind Blowing Tovards Sector

N MRSE WE INE
Station S SSW SW WSW

E • SE *BE SSE
w WNW NW NNW

Allens Creek

Arkansas 1. 2

Bailly

Beaver Valley 1, 2

Bellefonte 1

Big Rock Point

Black Fox

Braidwood 1

Browns Ferry 1, 2, 3

Brunswick 1-2

Byron I

Callaway

Calvert Cliff 1. 2

Catawba 1

Cherokee

Clinton

Commenche Peak

10 _•

.121 .073 .043
.107 .075 .062

190 ft

.103 .074 .052

.025 .015 .037

230 ft

.064 .105 .095

.064 .068 .069

150 ft

.087 .078 .051

.055 .023 .021

54 ft

.064 .075 .092

.069 .066 .031

250 ft.

-. 112 .075 .071
.056 .039 .034

33 ft

.180 .055 .026

.067 .064 .056

30 ft..

.105 .113 .077

.052 .048 .048

300 ft

.072 .066 .058

.052 .067 .056

350 ft

.055 .077 .145

.059 .065 .084

30 ft

.097 .089 .081

.053 .037 .048

10 m

.126 .096 .074

.051 .040 .026

33 ft

.116 .089 .070
.084 -. 058 .038

30 ft

.023 .056 .207

.075 .079 .179

30 ft

.036 .048 .124
.. 064 .059 .075

10 m

.104 .093 .086

.070 .068 .071

10 a

.151 .084 .041

.060 .040 .029

8/1/1972 - 7/31/1973

3 .024 .022 .021 .027
.050 .046 .055 .101

6/69 - 5/70

.074 .126 .087 .053

.056 .098 .077 .057

12/4/51 - 12/3/57

.086 .069 .056 .040

.063 .038 .028 .053.

9/15/69 - 9/5/70

.041 .083 .137 .123

.023 .040 .059 .. 067.

1971

.082 .071 .067 .060

.040 .037 .053 .064

2/61 - 2/63

.081 .099 .058 .057

.046 .088 .037 .037

12/73 - 11/74

.026 .022 .030 .051

.045 .034 .046 .079

11/1/73 - 10/31/74

.065 .061 .070 .065

.045 .043 .044 .056

2/11/67 - 12/31/68

.058 .052 .067 .055
-. 036 .032 .072 .101

9/25/70 - 1/5/73

.088 .053 .037 .036

.078 .053 .044 .047,

6/11/73 - 5/31/74

.065 .075 .063 .076

.058 .049 .044 .039

5/4/73 - 5/4/74

.043 .058 .070 .058

.028 .036 .046 .083

.069

.104

.021

.042

.038

.066

.050

.064

.076

.053

.065

.045

.059

.160

.045

.063

.054

.099

.041

.038

.057

.069

.050

.116

.078

.082

.026

.017

.059

.019

.052

.067

.076

.149

.045

.024

.087

.060

.104

.055

.054

.056

.025

.025

.064 .061 .103

.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

.032 .060 .105
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Table A.4-1 Site Wind Rose Data (cont)

Probability of Wind glowing Towards Sector

Station

Cook DC 1. 2

Cooper

Crystal River

Davis-BE 1

Diablo Canyon 1. 2

Dresden 2, 3

Duane Arnold

Parley 1. 2

Fer~ni 2

Fitzpatrick

Forked River

Port Calhoun

Port St. Vrain

Ginna R.E.

Grand GulfI

Haddem Neck

N NNE NE ENE E ESE SE SSE
S SSW SW WSW W WNW NW NNW

200 ft

.091 .105 .055

.078 .042 .042

318 ft

.116 .117 .079

.094 .061 .025

33 ft

.043 .048 .051

.062 .047 .098

35 ft

.064 .116 .130

.030 .039 .058

250 ft

.031 .012 .014

.059 .029 .055

300 ft

.088 .090 .096

.049 .031 .039

165 ft

1967

.045 .056 .069 .057

.050 .040 .063 .072

3/70 - 2/71

.037 .030 .041 .060

.031 .027 .034 .058

l/l/75 - 12/31/75

.048 .082 .057 .043

.121 .111 .064 .061

8/4/74 - 8/3/75

".102 .081 .039 .053
.057 .077 .041 .038

10/69 - 9/70

.015 .026 .045 .363

.017 .014 .015 .103

:.067 .101 .085 .:080

.033 .036 .033 .060

1971

.036 .051 .062 .083

.034 .039 .060 .061

.062
.073

.100
.090

:030-
.034

.037

.039

;128
.075

.056

.055

.095

.076
.129 .073 .053
.075 .040 .032

33 ft

.073 .070 .064

.097 .083 .086

.041 .088 .089

.026 .025 .059

200 ft

.087 .059 .102
.040 .047 .033

400 ft

.075 .096 .087

.044 .037 .052

40 ft

.093 .059 .034

.071 .018 .017

205 ft

.063 .069 .076

.164 .085 .076

50 ft

.090 .081 .102

.030 .032 .031

.101 .074 .062

.065 .060 .061

129 ft

.048 .046 .043
-. 013 .006 .009

33 ft

.045 .058 .048
.045 .113 .175

.044
.062

.102
.063

.132
.014

.068

.055

.. 021
.022

.057

.064

.097

.038

.043

.040

.038

.013

.044 .045 .067 .090

.044 .035 .040 .056

9/l/73 - 8/31/74

.083 .086 .063 .047

.069 .050 .058 .058

1963 - 1964

.115 .056 .053 ;035

.018 .037 .101 .068

2/66 - 2/67

.087 .093 .075 .063

.039 .040 ' .047 .040

10/68 - 9/70

.042 .079 .113 .098
.028 .064 .115 .126

1967 - 1968

.040 .029 .035 .039
.058 .043 .051 .049

1966 - 1967

.112 .101 .079 .044

.045 .036 .030 .052

1951 - 1960

.036 .043 .070 .064

.040 .044 .080 .117

1963

.070 .160 .265 .052

.035 .092 .055 .055

I

Hartsville 2/1/73 - 1/31L74

.056 .051 .034 ý044

.063 .050 .074 .069
.025
.051
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Station

Hatch, E.I. 1. 2

Indian Point 2. 3

Kewaunee

LaSalle 1, 2

La Crosse

Limerick 1

Marble Hill "

Me Yankee

McGuire 1, 2

Midland 2

Millstone 1, 2

Monticello

Nine M. Pt. 1, 2

North Anna 1, 2, 3

Oconee 1. 2. 3

Oyster Creek

Palisade

Table A.4-1 Site Wind Rose Data (cont)

Probability of Wind Blowing Towards Sector

1 NNE MWE ENE E ESE SE SSE

8 SSW SW WSW w WNW NW -NW

150 ft 6/1/70 - 0/31/74

.055 .069 .082 .073 .075 .077 .072 .049

.040 .038 .051 .067 .081 .068 .057 .044

100 ft 1/1/71 - 12/31/71

.076 .055 .038 .039 .053 .079 .077 .070
.124 .135 .066 .027 .019 .019 .041 .063

180 ft 6/31/68 - 3/25/70

.082 .090 .064 .075 .094 .117 .082 .080

.066 .055 .042 .030 .022 .023 .028 .050

300 ft

.088 .090 .096 .067 .101 .085 .080 .056

.049 .031 .039 .033 .036 .033 .060 .055

350 ft 1968 - 1970

.194 .139 .084 .018 .051 .026 .076 .062

.125 .101 .048 .011 .022 .010 .026 .033

270 ft 1/72 - 12/74

.071 .068 .052 .051 .090 .150 .109 .059

.054 .039 .035 .046 .0670 .040 .037 .040

33 ft 1/74 - 12/74

.058 .141 .124 .074 .062 .060 .044 .037

.045 .044 .063 .060 .047 .030 .030 .041

149 ft 7/67 - 6/68

.118 .124 .082 .041 .041 .055 .088 .089

.075 .068 .064 .030 .024 .027 .031 .044

130 ft 10/17/70 - 10/16/71

.070 .090 .122 .062 .054 .042 .042 .040

.057 .068 .113 .078 .056 .037 .038 .030

1962 - 1966

.060 .082 .123 .106 .124 .066 .064 .051

.045 .046 .061 .043 .045 .024 .028 .032

152 ft 8/65 - 9/67

.038 .060 .076 .170 .078 .070 .078 .073

.066 .060 .036 .035 .058 .035 .025 .041

140 ft 2/9/67 - 2/10/68

.089 .091 .063 .055 .030 .089 .104 .119

.036 .041 .029 .051 .031 .055 .052 .065

204 ft 1963 - 1964

.082 .060 .104 .131 .118 .059 .054 .037

.041 .048 .034 .013 .018 .037 .097 .069

150 ft 9/16/71 - 9/15/72

.141 .095 .058 .047 .055 .047 .074 .084
.100 .048 .044 .035 .041 .035 .042 .054

6/19/68 - 6/19/69

.021 .036 .075 .051 .062 .043 .061 .081

.174 .084 .100 .058 .060 .038 .036 .019

400 ft 2/66 - 2/67

.075 .096 .087 .068 .087 .093 .075 .063

.044 .037 .052 .055 .039 .040 .047 .040

55 ft . 9/67 - 8/68

.204 .113 .027 .030 .058 .046 .072 .081
.080 .033 .013 .012 .052 .038 .049 .093
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Table A.4-1 Site Wind Rose Data (eont)

Probability of Wind Blowing Towards Sector

Station

Palo Verde I

Peach Bottom 2, 3

Pebble Springs

Perkins

Perry 1

Phipps Bend

Pilgrim 1

Point Beach 1, 2

Prairie 1.2

Ouad Cities 1, 2

Rancho Seco

Riverbend I

H. B. Robinson 2

Saint Lucie I

Salem 1. 2

San Onofre

Seabrook I

N NNE NE
S SSW SW

• 200 ft

.055 .073 .144

.048 .059 .068

: 320 ft

.085 .064 .046
.060 .043 .031

S 30 ft

.017 .039 .075

.012 .019 .050

30 ft

.036 .067 .125

.068 .066 .104

200 ft

.105 .095 .092

.045 .030 .057

33 ft.

.037 .054 .107

.054 .110 .112

72 ft

.051 .185 .118

.051 .038 .042

150 ft

.088 .122 .097

.096 .070 .055

140 ft

.065 .031 .02S

.046 .023 .019

400 ft

.072 .128 .090

.068 .051 .042

50 ft.

.066 .073 .069

.049 .034 .029

135 ft

.057 .058 .048

.069 .066 .066

120 ft

.045 .074 .072

.141 .114 .095

50 ft

.062 .056 .063

.045 .038 .070

300 ft

.067 .062 .060

.062 .046 .049

10 M

.066 .061 .054
..034 .111 .134

30 ft

.030 .040 .069

.039 .024 .033

ENE E ESE SE
WSW W WNW NW

8/13/73 - 8/13/74

.082 .068 .047 .052

.048 .073 .059 .056

8/67 - 7/69

.052 .069 .095 .115

.032 .034 .046 .054

1/74 - 12/74

.201 .313 .094 .021
.055 .035 .028 .020

10/12/73 - 10/11/74

.066 .058 .047 .064

.067 .063 .037 .044

5/1/72 - 4/30/73

.084 .081 .054 '.057

.045 .048 .037 .054

2/l/74 - 1/31/75

.106 .053 .071 .053

.045 .020 .018 .021

.085 .094 .060 .053

.035: .048 .031 .033

4/67 - 4/68

.048 .081 D097 .075

.022 .020 .018 .031

6/1/71 - 5/31/72

.031 .073 .102 .125

.019 .055 .108 .134

4/68 - 9/69

.049 .045 .069 .083

.028 .037 .033 .075

1967 - 1969

.107 .114 .078 .100

.021 .029 .039 .057

10/1/72 - 9/30/73

.048 .054 .048 .061

.060 .076 .082 .072

4/14/67 - 4/19/68

.081 .071 .037 .036

.050 .040 .035 .038

11/1/72 - 12/31/72

.046 .030 .041 .053
.088 .121 .093 .098

6/69 - 5/71

.056 .073 .095 .132

.037 .028 .023 .042

1/25/73 - 1/24/76

.065 .088 .109 .060

.028 .016 .022 .049

11/71 - 10/72

.089 .110 .167 .145
.046 .038 .041 .043

SSE a
NNW

.035

.041

.109

.064

.009

.014

.053
.034

.042
.073

.120
.019

.046

.030

.056
.036

.005
M0O0

067
.063

.074

.062

.066

.067

.043

.029

.029

.0.67

.094

.074

.031

.070

.049

.037

_e
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Table A.4-1 Site Wind Rose Data (cont)

Probability of Wind Slowing Towards Sector

Station

Sequoyah 1. 2

Shearon Harris

Skagit

Shoreham

South Texas

Virgin C. Summer

Surry St 1. 2

N NNE NE
S SSW SW

33 ft

.066 .151 .161

.058 .169 .116

ENE
WSW

E ESE SE SSE
W WNW NW 8NNW

4/21/71 - 3131/72

.48 .024 .024 .035

.026 .011 .008 .013

1/76 - 12/76

.079 .053 .054 .057

.047 .033 .031 .035

.070

.019

.062

.053

Susquehanna 1

Three Mile Island

Trojan

Turkey Point 1, 2

Vermont Yankee I

Vogtle

Waterford 3

Watts Bar 1, 2

WPPS 1, 4

WPPS 2

10 m

.079 .107 . .098

.083 ..067 .063

10 m

.014 .011 .021

.037 .021 .041

150 ft

.060 .129 '.095

.050 .045 .049

33 ft

.148 .046 .029

.075 .078 .080

202 ft

.068 .090 .118

.029 .042 .080

150 ft

.064 .082 .002

.072 .051 - .046

.037 .070 .125

.046 .039 .049

100 ft

.054 .045 .054

.040 .027 .036

30 ft

.203 .070 .026

.172 .054 .016

30 ft

.038 .041 .047

.035 .028 .048

140 ft

.072 .027 .018

.070 .025 .017

30 ft

.064 .062 .074

.043 .043 .072

30 ft

.042 .053 .045

.046 .092 .088

300 ft

.033 .109 .183

.053 .106 .132

33 ft

.100 .082 .063

.164 .045 .036

33 ft

.100 .082 .063

.164 .045 .036

.037

.028

.050,

.043

.010
.047

.087

.070

.062

.045

.126

.054

.059

.057

.013

.006

.027

.100

.023

.019

.079

.065

.047

.059

.089

.059

.052
.031

.052

.031

.128 .109 .085 .062
.. 109 .058 .039 .020

10/1/73 - 9/30/74

.079 .103 .094 .066

.032 .028 .036, .041

7/20/73 - 7/20/74

.015 .014 .020 .037

.o53 .059 .137 .153

1975

.064 .046 .055 .043

.059 .041 .052 .056

11/67 - 12/69

.059 .061 .087 .081

.057 .052 .055 .043

1956 - 1960

.044 .059 .100 .090

.040 .062 .031 .029

4/71 - 3/72

.091 .092 .091 .070

.085 .082 .062 .057

9/1/.71 - 8/31/72

.022 .037 .070 .132

.007 .009 .046 .120

1969

.027 .047 .051 .077

.136 .135 .100 .062

8/67 - 7/68

.069 .086 .117 .196

.024 .066 .085 .086

12/73 - 12/74

.084 .075 .056 .031
.069 .060 .063 .060

5/72 - 4/73

.049 .056 .064 .072

.029 .100 .083 .077

7/1/73 - 6/30/75

.040 .U31 .035 .037
.041 .019 .014 .019

4/74 - 3/75

.061 .099 .107 .085

.022 .026 .040 .075

4/74 - 3/75

.061 .099 .107 .085

.022 .026 .040 .075
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Table A.4-1 Site'Wind Rose Date (cont)

Probabilityof'Wind Blowing Towards Sector

N 'NNE NE ENE E ESE SE SSE

Station S SSW SW ýWSW W WNW. NW NNW

WPPS 3, 5 60 m 5/73 -4/74

.071 .098 .124 170 -. 125 .031 .015 .010

.014 .019 .062 .074 047 .052 .050 .027

Wolf Creek 10 m 6/1/73 - 5/31/75 "

.080 .100 .040 .024 .030 .041 .064 .069

.164 .058 .039 .035 .039 .046 .061 .111

Yankee Rowe 30 ft 10/71 - 9/72

.101 .080 .052 .037 .039 .041 .072 .086

.086 .064 .065 .063 .047 .036 .052 .081

Yellow Creek 33 ft 7/1/74 - 6/30/75

.142 .097 .049 .039 .040 .050 .057 .087

.037 .070 .049 .019 .021 .046 .060 .330

Zimoer I 30 ft 3/1/72 - 2/28/74

.108 .066 .068 .056 .051 .059 .047 .062

.062 .031 .027 .023 .030 .054 .127 .129

Zion 35 ft 1970

.071 .078 .079 .113 .069 .076 .046 .071

.046 .059 .037 .039 .035 .035 .060 .096
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A. 5-- Economic Data

The input data to the economic model in CRAC2 can
be divided into two groups: those which are national in
character and I those which are applicable to individual
states., Appendix VI of WASH-1400 [6] contains a detailed
discussion of these parameters.

The national data can be: further divided into data
which lmeasure costs on a per capita basis, and data
which measure costs on a per acre basis. Decontamina-
tion costs for business, residential, and public areas,
relocation costs, consumed dairy products, and consumed
nondairy products, are all measured in dollars per per-
son. The decontamination cost for farm land is measured
in dollars per acre. Table A.5-1 lists current figures
for these cost parameters and in addition compares these
costs with those contained. in Appendix VI of WASH-1400.

WASH-1400 Appendix VI describes some of the decon-
tamination techniques considered when the original costs
estimates were made. It does not, however, give a
detailed breakdown of costs. As an approximation, the
decontamination costs were broken down into labor,
energy, and durable goods (equipment) components. The
breakdown of costs was assumed to be 40% labor, 50%
energy, and 10% durable goods for farmland decontamina-
tion and 60%, 30%, and 10% for decontamination of public
areas. Using data contained in the Statistical Abstract
of the US [71, the change in the Consumer Price Index
(CPI) from 1972 to 1979 was calculated for each of these
areas. These factors are 1.69 for labor, 2.66 for
energy, and 1.55 for durable goods. The updated decon-
tamination costs were obtained by multiplying the origi-
nal WASH-1400 cost figures by the appropriately weighted
combinations of these CPI factors.

Relocation costs were calculated in Appendix VI as
a combination of lost income, both individual and cor-
porate, and moving costs. These costs, which were cal-
culated on a per capita basis, are $1,100 for lost
individual income, $940 for lost corporate income, and
$1,300 for transportation expenses. Based on data from
the Statistical Abstract, the employee compensation rate
has increased by a factor of 1.44 between 1973 and 1978.
The nonfarm business gross national product (GNP) has
increased by a factor of 1.54 and transportation services
by a factor of 1.53 in the same period. The updated
relocation cost was obtained by summing the products of
each of the three costs and the appropriate factor.
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The revised per capita value of residential, busi-
ness, and public areas, and annual per capita dairy
and nondairy consumption costs were derived from data
contained in the Statistical Abstract of the U.S. The
net value of residential, business, and public assets,
less farm assets, was divided by the US population toobtain the updated per capita value of nonfarm assets.

The updated agricultural consumption figures were
obtained by dividing the total annual market value of
these commodities by the US population. Per capita
agricultural consumption figures are used by CRAC2 to
determine radiation exposure through dairy and nondairy
product ingestion.

The data, which are supplied on a state-by-state
basis, all relate to farm costs and values. The input
parameters are fraction of state area devoted to farm-
ing, average annual sale of farm products in dollars
per acre, the fraction of farm sales resulting from
dairy products, the average value of farmland in dollars
per acre, and the major farming season. Table A.5-2
lists the values for all of these fields. The Statisti-
cal Abstract of the United States is the. source for
farmland value and farmland fractiOn. Farm sales and
dairy share are found in reference [8]. The farming
seasons are the same as the WASH-1400 figures.
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Table A.5-1 National Economics Data

Description WASH-1400 Data Current Data

Decontamination cost 230 500*
for farmland ($/acre)

Decontamination cost for 1,700 4,400*
residential, business,
and public property
(S/person)

Value of residential, 17,000 32,000*
business, and public
property ($/person)

Depreciation rate for 0.2 0.2
improvements (yr-1)

Relocation cost 2,900 4,300**
(S/person)

Annual cost of dairy -- 135**
product consumption
($/person)

Annual cost of -- 690**
non-dairy product
consumption ($/person)

*Represents 1979 statistics
**Represents 1978 statistics
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Table A.5-2 Agricultural Land Use Characteristics

Fraction of
State Used

as Farm Land*,**

Average Annual
Sale of Farm

Productst
($/acre-year)

Average Share
of Dairy Productst
(S dairy/$ products)

Average
Value of
Farmlahdt
(S/acre)

Major
Farming
SeasonState

Maine
New Hampshire
Vermont
Massachusetts
Rhode Island
Connecticut
New York
New Jersey
Pennsylvania
Ohio
Indiana
Illinois
Michigan
Wisconsin
Minnesota
Iowa
Missouri
North Dakota
South Dakota
Nebraska
Kansas
Delaware
Maryland
Virginia
West Virginia
North Carolina
South Carolina
Georgia
Florida
Kentucky
Tennessee
Alabama
Mississippi
Arkansas
Louisiana
Oklahoma
Texas
Montana
Idaho
Wyoming
Colorado
New Mexico
Arizona
Utah
Nevada
Washington
Oregon
California

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
0.471
0.414
0.371
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

250
150
177
372
476
500
188
376
239
183
206
213
197
194
160
242
ill

45
46
99
92

508
273
126

44
261
148
164
233
141
118
144
135
158
137

68
54
20
93
15
69
21
36
36
19

132
68

316

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
0.18,5
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
.0d140
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

485
802
657

1366
2133
2158

642
2222669.

1516
1498
1786

955
807
854

ýý1458:674•
306
257
470
437

1725
1799

864
472
819
635
609
930
792
669
515
520
691
763
442
354
186
485
119
332
100
134
265
104
586
330
936

May-Sept
May-Sept
May-Sept
May-Sept
May-Sept
May-Sept
May-Sept
May-Sept

,.May-Sept
May-Sept

-:May-Sept

May-Sept
May-Sept
May-Sept
May-Sept
May-Sept
-May-Sept
May-Sept
May-Sept

* May-Sept
May-Sept
April-Oct
April-Oct
.April-Oct
April-Oct
April-Oct
April-Oct
April-Oct
April-Oct
April-Oct
April-Oct
April-Oct
April-Oct
April-Oct
April-Oct
April-Oct
April-Oct
•May-Sept
May-Sept
May-Sept
April-Oct
April-Oct
April-Oct
April-Oct
April-Oct
May-Sept
May-SeptApril-Oct

*Fraction of total state area
**Reflect 1979 statistics

tReflect 1978 statistics

(including water areas) devoted to agricultural use
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Appendix B: Reactor Core Radionuclide Inventories

B.1 Core Radionuclide Inventory

Reactor accident consequence calculations are often
performed using the Reactor Safety Study El '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, whichkwas 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-ORIGE 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 input to 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 Ell. Table B.1-1 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 perform 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.1-1 Inventory of Radionuclides in the 3412.MWt PWR Core

No. Radionulcide
Radioactive. Inventor•
Source (curies. x 10") Half-Life (davs)

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

Cobalt-58-
Cobalt-60
Krypton-85
Krypton-85mKrypton-87

Krypton-88
Rubidium-86
Strontium-89
Strontium-90
Strontium-91
Yttrium-90
Yttrium-91
Zirconium-95
Zirconium-97
Niobium-95
Molybdenum-99
Technetium-99m
Ruthenium-103
Ruthenium-105
Rutheniuin-106
Rhodium-105
Tellurium-127
Te6lurium-127m
.Tellurium-129
Tellurium-12.9m
Teliudium-131m
Tellurium-132
Antimony-127
Antimony-129
Iodine-131
Iod ,ie-132
Iodirie-133
.Iodine-134
Iodine-135
Xenon-133
Xenon-135
Cesium-134

,Cesium-136
Cesium-i137
Barium-140
Lanthanum-140
Cerium-141
Cerium-143
Cerium-144
Praseodymium-143
Neodynium-147
Neptunium-239
Plutonium-238
Plutonium-239
Plutonium-240
Plutonium-241
Americium-241
Curium-242
Curium-244

0.0075:
0,000045
0.0066
0.31
0.57
0.77
0.00048
0.96
0.052
1.2
0.055
1.2

1.6
1.4
1.7
1.4
1'.2
0.82
0.29
0.56
0.075
0.0098
0.25
0.067
0.13
1 .3
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

1.51.5

0.92
1.5
0.65

19.0
0.0012 "
0.-00026
0.00029.
0.054
0.000036
0.014
0.00084

B-2

71 .0
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

35.0
2.8
0.25

39.5
0.185

366
1.50
0.391

109
0.•048

34.0
1.25
3.25
3.88
0.179
8.05"0-.0958

0.875
0.0366
0.280'5.28

0.384
75013.0

11,000
12.8
1.67

32.3
1.38

284
13.7
11.1
2.35

32,500
8.9 x:10

6

2.5 x.1o 6

5,350
1.6 x 105.

163
6,630



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 ocalculations 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) BWRi 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 SST1
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 results 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%).

*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

w

3412 MWt 3578 MWea 1518 MWt
Characteristic WASH-1400 PWR_ BWRl PWR

Total Uranium in-. --- 89.1 136t.7 47.5
Fresh Core (MT)

Initial U-235 3.3 3.3 ý2.66, 2.83 3.2
Enrichment
(percent)

Refueling Cycle annually annually, annually -annually

Number of Years 3 3 3,4 3
an Element Spends
in Core (years)

Capacity Factor 80 80 80.
(Percent of time
at Full Power)

Average Fuel 26,400 33,600". 28,000
Burnup at dis-
charge (MWd/MTU):

Average Power 40 38.3 26.1 32.0
Density (MW/MTU)

aThe SANDIA-ORIGEN BWR calculations were :Performed on a 'per fuel :assembly basis.

The code generated radionuclide inventorie-s by blending- individual assembly
results.
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Table B.2-2 Inventory of Selected Radionuclides for the Reactors Studied.

(Designated Inventory) + (3412 MWt PWR Inventory)
WASH-1400

Radionuclide Half-Life End-of-Cycle End-of-Cycle End-of-Cycle End-of-Cycle 1/3 Cycle 2/3 Cycle
(days) 3412 MWt PWR 3200 MWt PWR 3578 MWt BWR 1518 MWt PWR 3412 MWt PWR 3412 MWt PWR

(Ci)

Kr-85 0.117 6.64 x 105 1.03 1.36 0.44 0.68 0.84
Mo-99 2.8 1.66 x 108 0.94 1.05 0.45. 1.02 1.01
Tc-99m 0.25 1.43 x 108 1.00 1.05 0.45 1.03 1.01
Ru-103 39.5 1.25 x 108 0.85 1.06 0.44 0.87 0.96
Ru-105 0.185 8.22 x 107 0.88 1.07 0.43 0.86 0.94
Ru-106 366 2.90 x 107 0.86 1.24 0.42 0.66 0.83
Te-129m 0.34 6.70 x 106 0.79 1.06 0.44 0.88 0.96
Te-131m 1.25 1.28 x 107 1.00 1.07 0.44 0.97. 0.98
Te-132 3.25 1.27 x 108 0.92 1.06 0.45 1.00 1.00
Sb-129 0.179 2.72 x 10 7  1.22 1.06. 0.44 0.93 0.97
1-131 8.05 8.74 x 107 0.98 1.06 0.45 0.99 1.00
1-132 0.096 1.29 x 108 0.92 1.05 0.44 0.99 1.00
1-133 0.875 1.84 x 10 8  0.94 1.05. 0.45 1.02. 1.01
1-134 0.037 2.02 x 10 8  0.95 1.05 0.45 1.02 1.01
1-135 0.28 1.73 x 10 8  0.88 1.06 0.45 1.02 1.01
Cs-134 750 1.26 x 10 7  0.60 1.20 0.38 0.55 0.76
Cs-136 13.0 3.91 x 10 6  0.77 1.04 0.41 0.67 0.84
Cs-137 11,000 6.54 x 106 0.72 1.39 0.44 0.67 0.83
Ba-140 12.8 1.68 x 108 0.94 1.05 0.45 1.02 1.01
Ce-144 284 9.15 x 107 0.92 1.14 0.45 0.77 . 0.90

w
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Table B.2-3 Summary of CRAC2 Consequence Predictions.

Consequence
WASH-1400 . . I . . Scaled!

End-of-Cycle End-of-Cycle End-of-Cycle 1/3 Cycle 2/3 Cycle End-of-Cycle End-of-Cycle
3412 MWt PWR 3200 MWt PWR 3578 MWt BWR 3412 MWt PWR 3412 MWt PWR 1518 MWt PWR 1518 MWt PW

3'

.Mean Early
Fatalities

Mean Early
Injuries

Mean Latent
Cancer
Fatalities

Mean Land
Interdic~ion
Area (km

Mean iand
Decontamination
Ares
(km9)

800

3600

7800

200

3800

690

.3000

7000

140

2800

890

4100

8400

280

5900

750

3400

6800

130

2800

*780

:3500

7300

160

3100

150

..960

5300

150

970

5400

92 97

2000 2100

iInventory = (1518 MWt/3412 MWt) x (3412 MWt PWR inventory).
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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-cycleý,
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 lthe 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.1 provides a summary of the mean early
fatalities, early injuries, and latent cancer fatalities
for SSTl, 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 SSTI 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 risk estimates for existing
reactor/site combinations.
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Table C-1. Mean Number (Per Reactor-Year) of Early Fatalities, Early
Injuries and Latent Cancer Fatalities for each of 91 Sites,
for SSTI, SST2, or SST3 Accident Source Terms.

&

Assumptions:

(1) Standard 1120 MWe PWR

(2) Summary Evacuation

(3) Actual Site Population and Wind rose

(4) Best Estimate Meteorology

I

Mean Early Fatalities*
SST1 SST2 SST3 -

Mean Early Injuries*. .:Can
SSTI SST2 SST3 SST1

Mean Latent
cer Fatalities*

Allens Creek

Arkansas

Bailly

Beaver Valley

Bellefonte

Big Rock Pt.

Black Fox

Braidwood

Browns Ferry

Brunswick

31xP1

17xP1

58xP1

15QxP1

63xP1

15xP1

13xP1

16OxP1

25xP1

12xP1

OXF2

0XP2

0xP2

0. 08xP2

0XP2

0. 05xP2

0xP2

0xP2

OxP3

Wx3

OXP3

OxP3

OxP3

OxP3:

OxP3

Q'cP3

OXP3

OXP3

93xP1

115oxP
1

1200xP1

11 OxP1

90xP1

220xPl

42ex1

220xP1

120xP1

0.9xP2

0.2xP
2

0.4xP2

5.6xP2

.0,5xP2

0. OlxP 2

10XP2

0 03xP2

0. 0lXP2

OxP 3

0x23 .

OXP 3

OXP 3

OxP3

OXP 3

OxP 3

OXP 3

OxP3

620xP1

95 0,P 1

3300xPi

3400xP1

18 OxP 1

.6 8Ox2 1

780XP1

3200xP1

970xP 1

890xP1

SSr2

49XP2

82xP2

260XP2

2 OxP
2

53xP2

•69xP2

240xP2

69xP 2

98xP2

SST3

0.2xP3

0.3xP3

0.9xP3

0.6xP3

0. 3xP3

0.2xP 3

0.3xP3

0. 9xP 3

0. 3xP 3

0.4xP3

*Detailed Probabilistic Risk Assessments (PRAs) have not been performed for all reactors.
Therefore, consequence calculations were performed in this study using Siting Source
Terms (SSTs) defined by NRC (see Section 2.3.1, Chapter 2). By adjusting the probabil-
ities associated with each of the source terms, the set can be made to approximately
represent any current LWR design. Based on currently available PRAs, NRC ýas suggested
that epresentative probabilities for the SSTs are: P1 for SSTl 1 x 10-, P2 for
SST2 = 2 x 10', and P3 for SST3 = 1 x W0 . There are very large variations
(factors of 10 to 100) in the accident probabilities associated with a specific design.

Caution should be used when applying these numbers. Probability times consequence is
not an adequate representation of risk; it provides only a comon, measure for corpara-
tive purposes (i.e., rank ordering). The Ccuplementary Cumulative Distribution
Functions (shown in Figure C-I through C-18) are a better representation of risk.
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Table C-i. (continued)

Mean latent
Mean Early Fatalities* Mean Early Injuries* Cancer Fatalities*

SSTl SST2-ý SST3 SSTI SST2 SST3 SSTI SST2 SST3

Byron 54xPI 0.09xP2  OxP 3  330xPI 4.3xP2  OxP3  2500xP1  190xP 2 0.7xP3

Callaway lOxP1  0xP2  0xP3  100xP1  0.04xP2 OxP 3  1200xP1  97xP2  0.3xP3

Calvert Cliffs l8xP1  OxP 2 . OxP 3  l.7OxP O.08xP2  xP3 2400xPI l20xP2 Q.4xP3

Catawba lOxP1  OxP2  OxP 3  7l0xP1  0.2xP2 OxP 3  1500xP 1  llOxP2  3.4x3

Cherokee 27xPI OxP2  OxP 3  250xP1  O.IxP2 0xP3  1200xP1  76xP2  0.3xP3

Clinton 16xP1  OxP2  OxP 3 .30xP 1  O.7xP2 0xP3  2300xP1  17OxP2 0.7xP3

Comanche Peak l.3xP1  OxP 2  OxP 3  37xPI OxP2  0xP3  640xPI 49xP2 0.2xP3

Cooper •4,7x/P1 OxP2 ,,OxP3 47xP1 0.09x!)2 xP 900xP1 81xp• 0.3xP3

Crystal River 21xP1  OxP2  OxP 3  88xP1  0.9xP2 0xP 3  590xPI 66xP2 .,0.3xP3

Davis-Besse 21xPI OxP2  OxP3  420xPI 0.6xP2  OxP3  2600xPl l60xP2  0.5xP3

Diablo Canyon 4. 7xP1  OxP 2 OxP3  50xP1  0xP2  OxP 3  1200xP1  98xP2  04xP3

Donald C. Cook 55xP1  0.04xP2  OxP3  590xP1  2.2xP2  0xP3  2500xP1  120xP2 0.4xP3

Dresden 42xP1  0xP2  OxP 3 540xP1  0.3xP2  OxP3  3300xP1  260xP2 0.9xP3

Duane Arnold 21xP1  OxP2  OxP3  380xP1  0.4xP2  OxP 3  1700xP1  190xP2  0.8xP3

Fermi l60xP1  0.08xP2  OxP3 970xP1  7.lxP2  OxP3  3000xP1 200xP2 0.6xP3

Fitzpatrick 5.OxP1 0xP2 OxP 3  llOxPI 0.06xP2 0xP3  1200xP1  57xP2 0.2xP3

Forked River 84xP1  OxP2  OxP3  530xP1  0.8xP2  0xP3  4400xP1  200xP2  0.6xP3

Fort Calhoun 50xP1  0.ixP2  OxP 3  440xP1  3.0xP2  OxP 3  ll00xP1  llOxP2  0.4xP3

L't. St. Vrain 15xPl OxP 2  OxP 3  220xPl OxP2  0xP3  81OxP1  82xP2  0.3xP3

Ginna llxP1  OXP2  OxP3  37oxP1  O.lxp2  OxP3  l900xpl 89xP2 0.3xp3

Grand Gulf 14xP1  OxP 2 OxP 3  73xP1  0.7xP2 OxP 3  700xP1  60xP2  0.3xP3

Haddem Neck llOxP1  OxP2  OxP3  890xP1  1.2xP2  0xP3  2100xP1  160xP2 0.5xP3

• e •footnote, page C-2.
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Table C-I. (continued)

Mean Early Fatalities* Mean Early Injuries*
SSTI SST2 SsT3 SSTl SST2 SST3

Mean Latent
Cancer Fatalities*

SST1 SST2 SST3S*

Hartsville

Hatch

Hope Creek

Indian Pt.

Joseph M. Farley

Kewaunee

LaCrosse

La Salle

Limerick

Maine Yankee

Marble Hill

McGuire

Midland

Millstone

MDnticello

Nine Mile Pt.

North Anna

Oconee

Oyster Creek

Palisades

Palo Verde

l9xP1

4xP]

120xP1

830xP1

12xP1

1. 2xPl

32xP1

26xPl

970xP1

4. lxP1

28xP1

l3OxP1l

320xP1

240xPl1

12xP1

5. 2xP1

14xP1

2. oxp]

84xP1

37xP1

5.8xP1

oxP2

oxp2

0 OBxP2

OxP2

0xP2

0xP2

0xP2

2 .2xP2

OXP2

OxP2

OxP2

0. 2xP2

0. 02xP2

OxP2

OxP2

OxP2

OxP2

2xP2

0. 02xP2

Oxp 2

0xP3

0xP3

oxP3

0XP3

0xP3

0xP3

0xP3

0xP3

0xP3

oxp3
0xP3

0xP3

0xP3

0xP3

0xP3

0xP3
OxP3

Oxp 3

0xP3

0xP3

0xP3

140x]? 1

6 2x1'1

44Ox1'1

3600xP1

85xP1

78x1'1

200x]?1

180x]?1

2800x]? 1

34x1'1

420x]?1

680x]?1

llO0x]?1

499OxP 1

2box Pi

1 l~x]?

92xP1

240x]?1

530xP1

25OxP1

59x1'1

0. 04xP2

0 0xP2

18xP2

0.03xP2

0xP2

1. 8xP2

0. 6xP2

6.6xP.2

OxP2

0xP2

...oxP2

1. 3xP2

4.5xP2

O.x08XP2

0. 06xP2

0. 08xP2

0.03xP2

0. 8x]P2

1. 3xP2

0. 2xP2

0xP3

0xP3

Oxp?3

OXP3
0xP3

0xP3

0xP3

0xP3

0xP3

oxp3

0xP3

0xP3

0xP3

Oxp 3

0xP3

0xP3

0xP3

0xP3

0xP3

0xP3

0xP3

97OxP1

770x]?1

3000xI' 1

BlO0x]?l

670x1'1

1200xP1

850x1'1

2800xF'1

5400x]?1

77x]?1

240OxP1

1600x]?1

220Ox]?1

3200x]?1

llO0x]?1

1200x]?1

1800x]?1

llooxP1

4400x]?1

l70Ox]?1

450x]?1

64x]?2

64xP2

160x]?2

590x]?2

56x]?2

70x]? 2

58x]?2

200X]?2

370x]?2

29x1'2

180x]?2

l3OxP2

l3Ox]?2

160x]?2

98x]?2

58x]?2

7 5x]?2

7Ox]?2

200x]?2

90X]?2

26X]?2

0. 2xP3

0. 22iV

0. 5xP3

0. 3xP3

0. 2xP3

0. 7xP3

1. 3xP3

0. lxP3

0. 7xP3

0. 5xP3

0. 5xP3

0. 6xP3

0. 4xP3

0.2xP3

0. 3xP3

0.3AP3

0. 6xP3

0. 3xP3

0. 09xP3

Peach Bottorn 97xP1 OxP 2 OxP 3 400xP1 0.02xP 2 OxP 3 2800xP1 140xP2 0.4xP3

*See footnote, page C-2.
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Table C-I. (continued)

Mean Latent
KMean Early Fatalities* Mean Early Injuries* Cancer Fatalities*

SSTI SST2 SeT3 SSTI SST2 SeT3 SeT1 SST2 SST3

Pebble Springs 0.41xP1  OxP 2  OxP 3  3.7xP1  OxP 2 OxP 3  230xP1  18xP2  0.07xP3

Perkins 98xP1  OxP 2  OxP 3  520xP1  2. lxP2  OxP3  l500xPl l20xP2  0. 5xP3

Perry 95xP1  0.07xP2  OxP 3  520xPl 4.2xP2  OxP3  2500xPl 160xP2  0.6xP3

Phipps Bed 170xPI 0.3xP2  OxP 3  300xPl 16xP2  OxP 3  1300xPI 82xP2  0.3xP3

Pilgrim 7lxPI 0.02xP2  OxP 3  300xPI 2.4xP2  OxP 3  1500xPI 85xP2  0.3xP3

Pt. Beach 7.7xP1  OxP2 OxP3  1 lOxPI 0.3xP2  0xP3  1400xPI 77xP2  0. 3xP3

Prairie Is. 56xP1  OxP 2 OxP3  260xPl 2.4xP2  OxP3  1400xP1  ll xP2  0.4xP3

Quad Cities 17xP1  OxP2  OxP3  290xP1  0.04xP2 OxP 3  1900xP1  l70xP2  0.7xP3

Rancho Seco 15xP1  OxP2  OxP3  llOxP1  0.02xP2  OxP 3  870xP1  87xP2  0.3xP3

River Bend 31xP1  OxP2  0xP3  200xP1  0.2xP2 OxP 3  750xP1  60xP2  0.2xP3

Robinson 16xP1  0xP2  0xP3  170xP1  0. 0ixP2  0xP3  880xP1  59xP2 0.2xP3

St. Lucie 77xP1 0xP2 0xP3  310xP1  0.6xP2  0xP3  700xP1  69xP2  0.4xP3

Salem 120xP1  OxP 2  OxP3  44°XP1  0xP2  OxP3  30°°xPl  l6°xP2  °.5xP3

San Onofre IlxPI 0xP2  OxP 3  l50xPI 0xP2  OxP 3  1800xPI 150xP2  0. 5xP3

Seabrook l3xP1  OxP 2  OxP 3  210xPl 0. 04xP2  OxP 3  1000xPI 54xP2  0.2xP3

Sequoyah II0xP1  OxP2  OxP 3  690xP1  0.6xP2  0xP3  1300xPl 95xP2  0.3xP3

Shearon Harris 40xP1  OxP 2  OxP 3  260xP1  0.4xP2  OxP 3  1300xP1  llOxP2  0.4xP3

Shoreham 140xP1  OxP 2 OxP 3  870xP1  1. 9xP2  OxP 3  3400xP1  170xP2  0.5xP3

Skagit 50xP1  0xP2  OxP 3  370xP1  0.4xP2  0xP3  500xP1  49xP2  0.2xP3

South Texas 5.2xP1  OxP2  OxP 3  32xP1  OxP2  0xP3  6lOxP1  43xP2  0. 2xP3

Surry 65xP1  OxP2  0xP3  330xP1  0xP2  OxP 3  1700xP1  95xP2  0.3xP3

Susquehanna 18OxP1  OxP 2  OxP3  700xP1  0. 2xP2  OxP3  3300xP1  150xP2  0. 5xP3

*See footnote, page C-2.
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Table C-I. (continued)

Mean Latent
Mean Farly Fatalities* Mean Farly Injuries* Cancer Fatalities*
SSTI SST2 SST3 SST1 SST2 SST3 SSTI SST2 SST3 '

Three Mile Island 24OxP 1  OxP 2  OxP 3  1200XP 1  4.5xP2  OxP 3 3500xP1  170xP2 0.6xP3

Trojan 46xP1  0. lxP2  OxP 3  350xP1  3.8xP2  OxP 3  ll0OxP1  73xP2 0. 3xPl3

Turkey Pt. 31xP1  OxP2  OxP3  460xP1  OxP2  OxP 3  690xPI 83xP2  0.4xP3

Vermont Yankee 130xP1  OxP 2  OxP 3  320xPl 4.4xP2  OxP 3  1800xPI 72xP2  0.3xP3

Virgil Summer 12xP1  OxP 2  OxP 3  120xPl OxP 2  OxP 3  1000xPI' 63xP2  0.2xP3

Vogtle 0.07xP1  OxP 2  OxP 3  85xPI OxP 2  OxP 3  900xP1  70xP2 0.3xP3

WPPSS 1,4 0. lxP1  OxP 2  OxP 3  ll0xP1  OxP 2  OxP 3  3l0xP1  37xP2 0.2xP3

WPPSS 2 1.OxP1  OxP 2  OxP3  120xP1  OxP 2  OxP3  720xP1  53xP2  0.2xP3

WPPSS 3,5 0. lxP1  OxP2  OxP 3  llOxP1  OxP2  OxP3  310xP1  37xP2  0. 2xP3

Waterford 170xP1  0.2xP2  OxP 3  580xP1  8.3xP2  0xP3  990xP1  93xP2  0.4xP3

Watts Bar 13xP1  OxP2  OxP 3  llOxP1  0.02xP2  OxP 3  1000xP1  66xP2  0.3xP3

Wolf Creek 2.4xP1  OxP2  OxP 3  34xP1  0.04xP2  OxP 3  760xPI 70xP2  0.3xP3

Yankee Rowe 18xPI OxP2  0xP3  180xPI 0.05xP2  OxP3  2300xP1 l10xP2  0.2xP3

Yellcw Creek 5.6xPI OxP2  OxP 3  68xP1  OxP2  OxP 3  850xP1  63xP2  0.3xP3

Zimmer 46xP1  OxP 2  OxP 3  670xP1  0.4xP2  OxP3 2400xP1  l70xP2 0.6xP3

Zion 520xP1  4.1xP2  OxP 3  1600xP1  32xP 2  OxP 3 4000xP1  330xP2  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 SST1 release. Recent evidence suggests
that the source term magnitude assumed for SST1 may be overestimated by a..
factor of 10 or more (see section 2.3.2).
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Figure C-l: Early fatality, early injury, and latent cancer fatality CCDFs at named sites,
conditional on an SST1 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 suggests
that the source term magnitude assumed for SST1 may be overestimated by a
factor of 10 or more (see section 2.3.2).
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Figure C-2: Early fatality, early injury, and latent cancer fatality CCDFs at named sites,
conditional on an SST1 release.
Assumptions: 1120 MWe reactor,."sumniary evacuation, representativeýmeteorology
(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. In addition, these results are conditional
on the occurrence of a hypothetical SST1Irelease'. Recent evidence suggests
that the source term magnitude assumed for SSTlniay be overestimated by a
factor-of 10 or more (see section 2.3.2).
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Figure C-3: Early,.fatality, .earlyinjury, and latent cancer fatality CCDFs at named sites,
conditional on an SSTl release..
Assumptions: 1120 MWe reactor, summary evacUationi, representative meteorology
.(see Appendix A), and actual-site population and-w-vindrose'.:
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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 SST1 release. Recent evidence suggests
that the source term magnitude assumed for SST1 maybe overestimated by a
factor of 10 or more (see section-2.3.2).
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Figure C-4: Early fatality, early injury, and latent cancer fatality CCDFs at named sites,
conditional on an .SSTl release.
Assumptions: 1120 -Me reactor1 'summary evacuation, representative me teorology
(see Appendix A) , and actual site population and windrose.

*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 SST1 release. Recent evidence suggests
that the source term magnitude assumed for SST1 may be overestimated by a
factor of 10 or more (see section 2.3.2).
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Figure C-5: Early fatality, early injury, and latent cancer fatality CCDFs at named sites,
conditional on an SSTI releasee.:
Assumptions: 1120 MWe reactor, summary evacuation, representative meteorology
(see Appendix A)J, and actual site population.and windrose.
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Note: These CCDFs do not represent effects from existinq reactor/site combinations,
all assume an 1120 MWe reactor. In addition, these results are conditional
on the occurrence of a hypothetical SST1 release. Recent evidence suggests
that the source term magnitude assumed for SSTI may be overestimated by a
factor of 10 or more (see section 2.3.2).
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Figure C-6: Early fatality, early injury, and latent cancer fatality CCDFs at named sites,
conditional on an SST1 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. In addition, these results are conditional
on the occurrence of a hypothetical SSTI 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-7: Early fatality, early injury, and latent cancer fatality CCDFs at named sites,
conditional on an SSTI 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 SSTI 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-8: Early fatality, earlyjinjury, 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 sitelpopulation and windrose.
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Note: These CCDFs do not represent effects from existing reactor/site combinations,
all assumne:aWn 20 MWe reactor. In addition, these results are conditional
on the occurrence of a hypothetical SST1 release. Recent evidence suggests
that the source term magnitude assumed for SST. may be overestimated by a
factor of 10 or more.(see section 2.3.2).
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Figure C-9: Early fatality, early injury, and latent cancer fatality CCDFs at named sites,
conditional on an SSTl release.
Assur.ptiOns:: 1120 MWe:reactor, summary evacuation, representative meteorology
(see Ai-nendix 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 suggests
that the source term magnituderassumed for :SST1 may-be overestimated by a
factor of 10 or more (see section 2.3.12). .
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Figure c-10: Early fatality, early injury.., and latent cancer fatality CCDFs at named sites,
conditional on an SSTI release. .. - .
Assumptions: 1120 MWe.reactori summary evacuation, representative meteorology
(see Appendix A):, and. actual site .population and windrose.

*See footnote, paqe C-A.
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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 SSTI may be overestimated by a
factor of 10 or more (see section 2.3.2).
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Figure C-ll: 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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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 SST1 release. Recent evidence suggests
that the source term magnitude assumed for SST1 may be overestimated by a
factor of 10 or more (see section 2.3.2).
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Figure C-12: Early fatality, early injury, and latent cancer fatality CCDFs at named sites,
conditional on an SST1 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. In addition, these results are conditional
on the occurrence of a hypothetical SSTl release. Recent evidence suggests
that the source term magnitude assumed for SST1 may be overestimated by a
factor of 10 or more (see section 2.3.2).
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Figure C-13: Early fatality, early injury, and latent cancer fatality CCDFs at named sites,
conditional on an SST1 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 dofnot 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 SST1 release. Recent evidence suggests
that the source term magnitude assumed for SST1 may be overestimated by a
factor of 10 or more (see section '2.3.2).
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Figure C-14: Early fatality, early injury., and latent cancer fatality CCDFs at named sites,
conditional on an SST1 release.

.. Assumptions: 1120 M%,.e reactor, summary evacuation, representative meteorology
(see Appendix A), and actual sit n population and windrose.

*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 ev idence suggests
that the source term magnitude assumed for SSTI 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 fatality CCDFs at named sites,
conditional on an SST1 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. In addition, these results are conditional
on the occurrence of a hypothetical SSTl release.- Recent evidence suggests
that the source term magnitude assumed for SSTI may be overestimated by a
factor of 10 or more (see section 2.3.2).
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Figure C-16: Early. fatality, early injury, and latent cancer fatality CCDFs at named sites,
conditional on an SSTI 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. In addition, these results are conditional
on the occurrence of a hypothetical SST1 release. Recent evidence suggests
that the source term magnitude assumed for SST1 may be overestimated by a
factor of 10 or more (see section 2.3.2).
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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 SST1 release. Recent evidence suggests
that the source term magnitude assumed for SST1 may be overestimated by a
factor of 10 or more (see section 2.3.2),.
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Figure C-18: Early fatality, early..injury, and-latent cancer fatality CCDFs at named sites,
conditional on an: SSTI 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 currentreactor sites. This appendix contains addi-
tional demographic data which complement the data
presented in Chapter 3. These data are presented in the
following sections.'

Section Data Description

D.1 Site Population Statistics
D.2 Exclusion Distances
D.3 Site Population Factors

D.1 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.I-I thru D.I-8): Eight annuli
(0-2, 2-5, 5-10, 10-20, 20-30, 30-50,
50-100, and 100-200 mi).

Set 2 (Figures 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).
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Set 3 (Figures D.1-17 thru D.I-22): the most
populated 22.50 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.1-23 thru D.1-28): the most popu-
lated 22.50 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.1-29 thru D.1-34): the most popu-
lated 450 sector (two adjacent 22.50 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.1-35 thru D.1-40): the most popu-
lated 45* sector (two adjacent 22.50 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.1-1 thru D.1-4 present the data used to
construct the CCDFs in Figures D.1-1 thru D.1-28.
Table D.1 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 22.50 sector of six annuli; and Table D.4 for
the most populated 22.50 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.
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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): Population Density Within the Most Populated 450 Sector
(two adjacent 22.59 sectors) of the Radial Distance 0-10 Miles.
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Figure D.1-38. CCDFs of Population Density (people/sq mi) at 91 ReactoroSites 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 22.50 sectors) of the Radial Distance 0-20 Miles.
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Figure D.1-39. CCDFs of Population Density (people/sq mi) at 91 Reactor Sites for the

Five TTRC Administrative Regions (NE, MW, S, W, SW) and for All Regions

Combined (All): Population Density Within the Most Populated 450 Sector

(two adjacent 22.50 sectors) of the Radial Distance 0-30 Miles.
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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): Population Density Within the Most Populated 450 Sector
(two adjacent 22.50 sectors) of the Radial Distance 0-50 Miles.



TABLE D.1-1

POPULATION DENSITIES (PEOPLE PER SQ. MI.) FOR 91 REACTOR SITES
INNER AND OUTER ANNULAR RADII ARE GIVEN IN MILES

SITE 0-5 '5-10 10-20 20-30 30-.50 50-100 100,200

1 ALLENS CREEK 31
2 ARKANSAS 1 + 2 58
3 BAILLY S 271
4 BEAVER VALLEY 1 + 2 160
5 BELLEFONTE .1 21
6 BIG ROCK POINT 54
7 BLACK FOX 29
8 BRAIDWOOD 1 127
9 BROWNS FERRY 1, 2, + 12
10 BRUNSWICK 1 + 2 31
11 BYRON 1 83
12 CALLAWAY 8
13 CALVERT CLIFF 1 + 2 34
14 CATAWBA 1 49
15 CHEROKEE 48
16 CLINTON 18
17 COMMANCHE PEAK 20
18 COOK DC 1 + 2 93
19:COOPER S .14
20 CRYSTAL RIVER 15
21 DAVIS-BE 1 31
22 DIABLO CANYON 1 + 2 0
23 DRESDEN 2 + 3 68
24 DUANE ARNOLD 50
25 FARLEY 1 + 2 22
26 FERMI 2 126
27 FITZPATRICK 29
28 FORKED RIVER 1 76
29 FORT CALHOUN 101
30 FORT ST VRAIN 9

,*, 31 R. E. GINNA 77
32 GRAND GULF 1 16
33 HADDEM NECK 113

* 34 HARTSVILLE 44
35 HATCH, E.I. 1 + 2 13
36 INDIAN PT 2 + 3 752
37 KEWAUNEE 21
38 LASALLE 1 + 2 12
39 LA CROSSE 13
40 LIMERICK 1 792
41 MARBLE HILL 88
42 ME YANKEE 0
43 MCGUIRE 1 + 2. 64
44 MIDLAND 2 535
45 MILLSTONE 1 + 2 582
46 MONTICELLO 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
26

534
342
30
27

147
79
88
62

250
32
55

431
.113

36
7

115
19
11
89
69

199
42
71

386
50

146
312
143
611

19
473

61
38

732
80
90
89

668
301

36
505
289
167

45

39
16

1024
787

41
9

234
168

98
26

127
87
51

154
220
168

33
226

22
8

380
32

259
37
27

1254
72

176
182
188
143
40

803
46
28

2046
99
75
34

1877
379

63
193

85
102
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

8 7
1 1
38

258.
76
.40

439
123
201
11 16

95
68
94

418
70
89

350
13

156
58
48

194
79

875
34
15

114
49

822
46
41

304
84

391
55

705

141
18

il1
185
624

35

35
47

134
139

76
39

ý35

80
48
74
56

167
73

Si91.

188
30

169
40
25

158
151
108

94
55

125
67

148
42
: 6
52
57

158
83
64

196
139

•18
106
169
104

82
73
97

204
26



TABLE D.I-I (cont'd)

SITE 0-5 5-10 10-20 20-30 30-50 50-100 100-200

47 NINE M. PT. 1 + 2 29 150 50 72 129 79 67
48 NORTH ANNA 1, 2, + 3 12 28 29 58 146 183 161
49 OCONEE 1, 2 + 3 42 176 68 163 72 77 94
50 OYSTER CREEK 76 131 146 176 565 875 148
51 PALISADE 70 106 92 58 158 423 148
52 PALO VERDE 1 6 7 8 7 122 18 8
53 PEACH BOTTOM 2 + 3 44 96 .246 362 659 428 263
54 PEBBLE SPRINGS 5 2 0 2 15- 15 48
55 PERKINS 79 109 203 251 172 96 78
56 PERRY 1 224 230 178 296 374 135 170
57 PHIPPS BEND 82 57 128 98 78 78 92
58 PILGRIM 1 119 85 132 407 699 110 194
59 POINT BEACH 1 + 2 30 80 63 88 70 90 139
60 PRAIRIE 1 + 2 60 67 51 114 358 46 34
61 QUAD CITIES 1 + 2 18 64 313 77 47 85 150
62 RANCHO SECO 22 29 133 492 93 210 16
63 RIVERBEND 1 49 74 86 176 43 92 34
64 H. B. ROBINSON 2 97 75 50 75 77 98 68
65 SAINT LUCIE 1 71 160 34 29 41 58 38
66 SALEM 1 + 2 45 102 334 348 778 410 249
67 SAN ONOFRE 18 103 183 134 632 314 1i
68 SEABROOK 1 120 .88 89 64 272 129 16
69 SEQUOYAH 1 + 2 108 115 303 71 51 82 89
70 SHEARON HARRIS 23 69 168 205 109 97 74
71 SHOREHAM 135 146 347 847 699 714 173
72 SKAGIT 49 52 34 66 43 74 9
73 SOUTH TEXAS 0 10 25 11 26 94 31
74 VIRGIL C. SUMMER 1 43 47 194 67 110 84
75 SURRY ST 1 + 2 26 253 185 194 212 40 i11
76 SUSQUEHANNA 1 188 130. 330 178 172 378 354
77 THREE MILE ISLAND 320 470 499 248 168 506 281
78 TROJAN 104 197 50 52 190 48 26
79 TURKEY POINT 1 + 2 0 164 179 437 152 26 8
80 VERMONT YANKEE 1 102 79 99 68 217 363 236
81 VOGTLE 0 8 26 162 35 58 79
82 WATERFORD 3 181 119 282 490 91 40 27
83 WATTSBAR 1 + 2 22 31 61 68 101 61 103
84 WPPSS1+4 0 6 69 22 16 14 43
85 WPPSS 3 + 5 28 24 46 53 49 86 20
86 WPPSS 2 0 6 61 27 16 14 43
87 WOLF CREEK 34 4 9 32 21 97 35
88 YANKEE ROWE 12 88 84 129 255 311 261
89 YELLOW CREEK 15 32 42 35 49 66 65
90 ZIMMER 1 53 87 203 622 126 156 105
91 ZION 538 697 347 484 1130 196 83
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TABLE D.1-2

CUMMULATIVE POPULATION DENSITIES (PEOPLE PER SQ. MI.) FOR 91
REACTOR SITES, CIRCLE RADII ARE GIVEN IN MILES

SITE .... 0-5 0-10 0-20 0-30 0-50 0-100 0-200

.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

ALLENS CREEK
ARKANSAS 1 + 2
BAILLY S
BEAVER VALLEY 1 +
BELLEFONTE 1.
BIG ROCK POINT
BLACK FOX
BRAIDWOOD 1
BROWNS FERRY 1, 2,
BRUNSWICK 1 + 2
BYRON 1
CALLAWAY
CALVERT CLIFF 1 + 2
CATAWBA 1
CHEROKEE
CLINTON
COMMANCHE PEAK
COOK DC 1 + 2
COOPER. S
CRYSTAL RIVER
DAVIS-BE 1
DIABLO CANYON 1 +
DRESDEN 2 + 3
DUANE ARNOLD
FARLEY 1 + 2.
FERMI 2
FITZPATRICK
FORKED RIVER 1
FORT CALHOUN
FORT ST VRAIN
R. E. GINNA
GRAND GULP 1
HADDEM NECK
HARTSVI LLE
HATCH, E.I. 1 + 2
INDIAN PT 2 + 3
KEWAUNEE
LASALLE 1 + 2
LA CROSSE
LIMERICK 1i••

MARBLE HILL
ME YANKEE
MCGUIRE 1 + 2
MIDLAND 2
MILLSTONE 1 + 2
MONTICELLO

2

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

23
77

280
464

72
24
.15

.72
94
26
65
.11
48

190
97
39
20

141
20
26
49
22

105
272

27
226
119

117
44
29

112
25

187
39
18

651
30
42
20

483
55

4
119
199
359

45

D-45

28
39

471
373
41
26

114
77
89
53

204
27
53

371
109

37
10

122
19
15
79
57

176
100

60
346

67
139
245
114
486

20
401

55
33

711
68
78
71

622.
240

28
408
266
215

45

35
26

778
603

41

16
181
128

94
38

161
61
52

250
171
109

23
180

21
11

246
43

222
65
42

851
70

160
210
155
295

31
624

50
31

1453
85
76
51

1319
317

47
289
166
152
106

196
19

860
475
109

16
88

494
80
22

112
37

310
159
165

90
99

139
22

ý24
225

27
821

58
41

666
107
419

91
179
149

37

420
113

32
2099

73
117

41
871
157

46
176
129
317
256

85
37

324
277

92
i2
51

317
77
36

357
102.
229
126
113

74
95

349
58
73

318
17

322
58
46

312
8.6

761
48
56

123
46

722
62
39

752
81

322
51

746
145

25

128
171
547

90

48
44

182
174
80
32
39

163
80
45

145
67

182
87
96

159
46

214
44
337

198
117
162

85
53

172
72

301
43
19

70
54

299
78
58

335
124
169

92
313
115

68
87

116
290

42



TABLE D.1-2 (cont'd)

SITE 0-5 0-10 0-20 0-30 0-50 0-100 0-200

47 NINE M. PT. 1 + 2 29 119 67 70 107 86 72
48 NORTH ANNA i, 2, + 3 12 24 28 44 109' 165 162
49 OCONEE 1, 2 + 3 42 142 87 129 93 81 91
50 OYSTER CREEK 76 117 .139 160 419 761 301
51 PALISADE 70 97 93 74 128 349 198
52 PALO VERDE 1 6 7 8 7 81 34 14
53 PEACH BOTTOM 2 + 3 44 83 205 292 527 452, '311
54 PEBBLE SPRINGS 5 3 1 2 10 14.. '40
55 PERKINS 79 102 178 219 189 119 .88
56 PERRY 1. 224 228 190 249 329 183 173,
57 PHIPPS BEND 82 63 112 104 87 80 89;
58 PILGRIM 1 119 94 122 280 548 220 201
59 POINT BEACH 1 + 2 30 67 64 77 73 85 1.26,
60 PRAIRIE 1 + 2 60 . 65 55 88 261 100 51
61 QUAD CITIES 1 + 2 18 53 248 153, 85 85.- 134
62 RANCHO SECO 22 27 107 321 175 201 63
63 RIVERBEND 1 49 68 81 134 76 88 47
64 H. B. ROBINSON 2 97 80 58 67 73 92 74
65 SAINT LUCIE 1 71 138 60 43 42 54 42
66 SALEM 1 + 2 45 88 272 314 611 460 .302
67 SAN ONOFRE 18 82 158 144 456 350 96
68 SEABROOK 1 120 96 91 76 202 147 49
69 SEQUOYAH 1 + 2 108 113 255 153 88 83 87
70 SHEARON HARRIS 23 58 141 176 133 . 106 .82
71 SHOREHAM 135 144 296 602 664 702 305-
72 SKAGIT 49 51 38 54 47 67 . 23
73 SOUTH TEXAS 0 7 21 15 22 76 42
74 VIRGIL C. SUMMER 1 33 43 127 89 105 89
75 SURRY ST 1 + 2 26 196 188 191 204 81 104
76 SUSQUEHANNA 1 188 144 284 225 191 331 348.,
77 THREE MILE ISLAND 320 433 483 352 234 438 321
78 TROJAN 104 174 81 65 145 72 37,
79 TURKEY POIN4T 1 + 2 0 123 165 316 211 72 24
80 VERMONT YANKEE 1 102 84 95 80 168 314 255
81 VOGTLE .0 6 21 99 58 58 73
82 WATERFORD 3 181 135 245 381 195 7.9 40
83 WATTS BAR1+2 22 29 53 61 87 68 94
84 WPPSS1+4 0 4 53 36 23 16 36
85 WPPSS 3 + 5 28 25 41 48 48 77 .34
86 WPPSS 2 0 4 47 36 23 16 36
87 WOLF CREEK -34 11 10 22 21 78 46
88 YANKEE ROWE 12 69 81 107 202 283. 267
89 YELLOW CREEK 15 28 39 37 44 60 64
90 ZIMMER 1 53 78 172 422 232 175 122
91 ZION 538 657 424 457 888 369 154
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TABLE D.1-3

POPULATION DENSITIES (PEOPLE PER SQ. MI.) IN

MOST POPULATED 22.5* SECTOR OF EACH ANNULUS

SITE 0-5MI 5-10MI 10-20MI 20-30MI

1 ALLENS CREEK
2 ARKANSAS 1+ 2
3 BAILLY S
4 BEAVER VALLEY 1 + 2
5 BELLEFONTE 1
6 BIG 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 CLIFF 1 + 2
14 CATAWBA 1
15 CHEROKEE
16 CLINTON
17ý COMMANCHE PEAK
18 COOK DC 1 + 2
19 COOPER S
20 CRYSTAL RIVER
21 DAVIS-BE 1
22 DIABLO CANYON 1 + 2
23 DRESDEN 2 + 3
24 DUANE ARNOLD
25 FARLEY 1 + 2
26 FERMI 2
27. FITZPATRICK
28 FORKED RIVER 1
29 FORT CALHOUN
30 FORT ST VRAIN
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 HILL
42 ME YANKEE
43 MCGUIRE 1 + 2
44 MIDLAND 2
45 MILLSTONE 1 + 2
46 MONTICELLO

209.4
364.2

1123.1
S107 3.8

199.6
716.9
267.3
619.3
189.1
452.3
356.3
129.8
293.4
263.0
276.9
107.8
316.6
335.3

54.2
235.3
337.6

0.0
332.7
269.1
160.7
586.9
468.3
458.6
976.8
139.1
692.2
207.8
789.6
456.9
210.4

2513.7
225.1
122.2
148.3

4232.5
649.0

0.0
388.5

2006.6
3739.0

456.3

182.3
676.5

1650.5
2108.9
420.6

48.9
81.0

283.1
814.7
112.9
173.8

57.3
240.3

1613.2
981.9
287.3

88.5
1053.0

108.6
164.5
318.3
175.2
359.6"

2488.4
134.5

1364.6
1758.1

858.5
239.0
120.7.
515.3
168.7
881.2

79.6
112.9

1916.9
197.0
192.5

68.0
1340.1

166.2
50.9

425.8
276.6

1369.8
190.9

130.8
112.0

4113.3
1003.9

89.1
160.5

1148.5
409.3
5021.6
809.6

2191.8
161.8
220.0

2719.9
.. 448.0

83.1
29.2

474.3
63.1
51.7

417.2
566.8

2023.6
102.4
619.9

2637.4
310.2
847.5

3212.8
574.2

5883.2
60.7

1725.3
274.1
136.1

2363.0
814.8
383.3
891.6

2167.5
2318.0

218.8
3096.1
2221.0

865.4
98.2

153.1
69..4

9294.1
6199.0

79.7
28.7

2232.1
.1462.9

730.4
254.8
355.3
557.6

171.7
607.2
807.3

1001.1
183.6

1930.4
83.7
52.6

2358.0
295.7
1093.6

86.2
46.1

6556.7
599.6

1029.9
15931.9

965.4
700.6
301.1

2730..1
160.2
61.5

14617.9
1292.6

337.7
160.7

12296.5
3443.4

683.2
433.5
304.1
251.1
621.0
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TABLE D.1-3 (cont'd)

SITE 0-5MI 5-10MI 1O-20MI 20-30MI

47 NINE M. PT. 1 + 2 468.3 1758.1 310.2 599.6
48.NORTH ANNA 1, 2, + 3 187.2 98.5 57.2 294.6
49 OCONEE 1, 2 + 3 215.1 821.7. 277.7 920.6
50 OYSTER CREEK 458.6 858.5 847.5 1029.9
51 PALISADE 415.8 460.0 944.2 220.5
52 PALO VERDE 1 69..7 53.2 75.4 88.1
53 PEACH BOTTOM 2 + 3 290..1 255.2 1292.9 1092.9
54 PEBBLE SPRINGS :76.4 21.2 5. 3 8..6
55 PERKINS 458.8 314.9 675.8 810.2
56 PERRY 1 811.4 1561.6 899.0 3837.3
57 PHIPPS BEND 265.9 287.9 915.8 ...557.4
58 PILGRIM 1 886.6 611.8 413.4 1773.1
59 POINT BEACH 1 + 2 355.1 876.7 617.3 i 625.4
60 PRAIRIE 1 + 2 280.3 596.8 219.0 :-866.5
61 QUAD CITIES 1 + 2 109.8 .240.1 1937.6 383.8
62 RANCHO SECO 348.6 101.5 573.9 3087.3
63 RIVERBEND 1 .295.8 298.9 440.0 1673.5
64 H. B. ROBINSON 2 525.0 523.0 198.9 262.9
65 SAINT LUCIE 1 947.7 1350.3 221.0 303.3
66 SALEM 1 + 2 626.6 601.1 2014.0 1568.1
67 SAN ONOFRE 280.9 887.1 1061.9 1252.7
68 SEABROOK 1 ...540.7 469.8 548.7 453 .3

S69 SEQUOYAH 1 + 2 294.2 372.0 1900.2 274.7
70 SHEARON HARRIS 190.5 242.8 721.1 1106.3
71 SHOREHAM 805.7 816.3 1589.7 32,19.4
72 SKAGIT 288.3 525.8 207.1 502.3
73 SOUTH TEXAS 0.0 61.4 26.5.7. 53.3
74 VIRGIL C. SUMMER 17.7 99.8 206.9 1956.7
75 SURRY ST 1 + 2 244.5 1751.9 1320.4 1521.0
76 SUSQUEHANNA 1 1309.7 561.9 2560.7 8.69.8
77 THREE MILE ISLAND 2157.0 2319.5 1622.8 1158.4
78 TROJAN 365.9 2151.1 176.8 582.6
79 TURKEY POINT 1 + 2 0.0 1289.1 2107.5 4119.7
80 VERMONT YANKEE 1 507.7 532.1 361.2 350.6
81 VOGTLE 0.0 74.4 76.9 991.7
82 WATERFORD 3 880.3 452.7 3399..3 -5068.1
83 WATTS BAR 1 + 2 203.1 98.3 248.0 163.3
84 WPPSS1+4 0.0 95.1 581.8 158.1
85 WPPSS 3 + 5 453.7 193.3 540.7 225.5
86 WPPSS 2 0.0 95.1 538.3 197.7
87 WOLF CREEK 427.6 21.5 16.8 225.3
88 YANKEE ROWE 95.5 705.1 286.1 670.6
89 YELLOW CREEK 132.2 101.6 262.6 102.3
90 ZIMMER 1 325.9 180.0 949.5 5331.2
91 ZION 2040.9 4367.4 1665.5 3344.7
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TABLE D.1-4

POPULATION DENSITIES (PEOPLE PER SQ. MI.) IN
MOST POPULATED 22.50 SECTOR OF EACH CIRCLE

SITE 0-5MI 0-10MI O-20MI 0-30MI

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

ALLENS CREEK
ARKANSAS 1 + 2
BAILLY S
BEAVER VALLEY 1 + 2
BELLEFONTE 1
BIG ROCK POINT
BLACK FOX
BRAIDWOOD 1
BROWNS FERRY 1, 2, + 3
BRUNSWICK 1. + 2
BYRON 1
CALLAWAY
CALVERT CLIFF 1 + 2,
CATAWBA 1
CHEROKEE
CLINTON
COMMANCHE PEAK
COOK DC 1 + 2
COOPER S
CRYSTAL RIVER
DAVIS-BE 1
DIABLO CANYON 1 + 2
DRESDEN 2 + 3
DUANE ARNOLD
FARLEY 1 + 2
FERMI 2
FITZPATRICK
FORKED RIVER 1
FORT CALHOUN
FORT ST VRAIN
R. E. GINNA
GRAND GULF 1
HADDEM NECK
HARTSVI LLE
HATCH, E.I. 1 + 2
INDIAN PT 2 + 3
KEWAUN EE
LASALLE 1 + 2
LA CROSSE
LIMERICK 1
MARBLE HILL
ME YANKEE
MCGUIRE 1 + 2
MIDLAND 2
MILLSTONE I + 2
MONTI CELLO

209.4
364.2

1123.1
1073.8

199.6
-716.9

267.3
619.3
.189.1
452.3
356.3
129.8
293.4
263.0
276.9
107.8
316.6
335.3
S54.2
235.3
337.6

0.0
332.7
269.1
160.7
586.9
468.3
458.6
976.8
139.1
692.2
207.8
7,89.6
456.9
210.4

2513.7
225.1
122.2
148.3

4232.5
649.0

0.0
388.5

2006.6
3739.0

456.3

136.7
598.4

1355.6
1594.2

335.6
215.9

66.8
218.8
611.1
113.1
162.6

43.0
229.0

1209.9
736.4
215.5
79.1

867.9
90.3

123.4
238.7
131.4
269.7

1922..2
100.8

1073.2
1318.6

758.5
244.2

90.6
386.5
178.5
660.9
114.2

84.7
1627.5

147.7
144.4

53.7
1343.5

184.6
38.1

319.4
549.1

1962.1
143.2

98.1
194.6

3423.9
1903.2

107.7
132.2
861.4
316.7
529.7
607-.2

1656.5
129.7:
210.1

2075.7
361.2

72.2

38.5
572.7

63.3
53.5

327.8
441.6..

1538.2
505.8
475.8

2069.3
362.0.
825.3

2417.8
430.7

450.7.8
51.8

1439.7
205.6
102.1

2161.0
618.5
301.9
682.1

1758.1
1753.1

173.6
2386.1
1718.5

877.7
86.2

128-.6
125.1

5163.4
3845.3

80.5
ý66.2

.. 1622.9
878.7
427-.3

)411.4
889.0

341.3
...109.3
1259.9

501.1
572.2
102.0

1.141.4
-56.5
41.4

1367.2
201.4
876.8S241.. 8
231.4

4507.6

365.6
939 0

1960.0
553.9

2392.7
183.1

2009.7
155.2

61.2
8684.2

735.8
228.0
392.5

7511.8
2692.1

404.3
1301.3

911.8
485.5
368.5
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TABLE D.1-4 (cont'd)

SITE O-5MI 0-10MI 0-20MI 0-30MI

47 NINE M. PT. 1 + 2
S48 NORTH ANNA 1, 2, + 3
49 OCONEE 1, 2 + 3
50 OYSTER CREEK
51 PALISADE
52 PALO VERDE 1
53 PEACH BOTTOM 2 + 3
54 PEBBLE SPRINGS
55 PERKINS'
56 PERRY 1
57 PHIPPS BEND
58 PILGRIM 1
59 POINT BEACH 1 + 2
60 PRAIRIE 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
71-SHOREHAM,
72 SKAGIT
73 SOUTH TEXAS
74 VIRGIL C. SUMMER
75 SURRY ST 1 +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 YELLOW CREEK
90 ZIMMER 1
91 ZION

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
5,25.0
947.7
626.6
280.9
540.7
294.2
ý190. 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

1318.6
73.9

629.3
758.5
448.9

57.3
191.4

19.1
291.7

1276.5
215.9
584.3
657.6
496.1
180.1
146.1
231.9
523.5

1012.7
450.8
735.6
352.3
283.0
182.1
813.7
451.5

46.0
74.9

1313.9
748.9

1758.2
1618.7

966.8
526.0

55.8
426.9
124.5
71.4

145.0
71.4

123.0
528.8

76.2
162.0

3779.5

362.0
47.0

235.0
825.3
741.4

56.5
969.7

S6.4'
529.3
993.4
688.3
456.1
627.4
171.2

1456.3
430.4
335.1
280.0
419.0

1511.5
796.4
475 .5

1456.0
580.4,

1289.1
201.2
199.3
173.9

1318.8
1979.1
1656.6

480.5
1628.8

270.9
57.7

2618.1
186.0
436.3
405.5
403.7

39.7
223.7

213.0
747.0

1724.0

365.6
178.5
611.8
939.0
452.0

74.1
1,841.6

5.2
651.1

2573.3
374. 3

1155.4
362.0
557.5
860.5.5

1814.3
.1078. 7

270.5
230.7

1543.0
951.5
344.2
799.7
647.5

2361.5
301,.2

.. :98.3

1091:. 1
1164.1
1362.8

824.4
382.6

2316.4
261.4
559.2

3979.2
127.9
281.7
196.8
289.3
129.5
464.0107.0

3264.5
2349.3
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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 (MILES) FOR 91 REACTOR SITES

SITE. EX. DIST.

I ALLENS CREEK 0.82
2 ARKANSAS 1 + 2 0.65
3 BAILLY S 0.12
4 BEAVER VALLEY 1 + 2 0.38
5 BELLEFONTE 1 0.57
6 BIG ROCK POINT 0.51
7 BLACK FOX 0.53
8 BRAIDWOOD 1 0.28
9 BROWNS FERRY 1, 2, + 3 0.76

10 BRUNSWICK 1 + 2 0..57
11 BYRON 1 0.29
12 CALLAWAY 0.68
13 CALVERT CLIFF 1 + 2 0.71
14 CATAWBA 1 0.47
15 CHEROKEE 0.37
16 CLINTON 0.61
17 COMMANCHE PEAK 0.87
18 COOK DC 1 + 2 0.38
19 COOPER S 0.46
20 CRYSTAL RIVER 0.83
21 DAVIS-BE 1 0.39
22 DIABLO CANYON 1 + 2 0.50
23 DRESDEN 2 + 3 0.42
24 DUANE ARN~OLD 0.27
25 FARLEY 1 + 2 0.78
26 FERMI 2 0.57
27 FITZPATRICK 0.61
28 FORKED RIVER 1 0.38
29 FORT CALHOUN 0.23
30 FORT ST VRAIN 0.37
31 R. E. GINNA 0.28
32 GRAND GULF 1 0.47
33 HADDEM NECK 0.33
34 HARTSVILLE 0.76
35 HATCH, E.I. 1 + 2 0.78
36 INDIAN PT 2 + 3 0.21
37 KEWAUNEE 0.75
38 LASALLE 1 + 2 0.32
39 LA CROSSE 0.21
40 LIMERICK 1 0.47
41 MARBLE HILL 0.42
42 ME YANKEE 0.38
43 MCGUIRE 1 + 2 0.47
44 MIDLAND 2 0.31
45 MILLSTONE 1 + 2 0.31
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TABLE D.2-1 (cont'd)

SITE EX. DIST.

46 MONTICELLO 0.30
47 NINE M.* PT. 1 + 2 0.97
48 NORTH ANNA 1, 2, + 3 0.84
49 OCONEE 1, 2 + 3 1.00
50 OYSTER CREEK 0.25
51 PALISADE 0.42
.52 PALO VERDE 1 0.56
53 PEACH BOTTOM 2 + 3 0.51
54 PEBBLE SPRINGS 0.49
55 PERKINS 0.37
56 PERRY 1 0.57
57 PHIPPS BEND 0.47
58 PILGRIM 1 0.27
59 POINT BEACH 1 + 2 0.75
60 PRAIRIE 1 + 2 0.44
61 QUAD CITIES 1 + 2 0.24
62 RANCHO SECO 0.40
63 RIVERBEND 1 0.57
64 H. B. ROBINSON 2 0.26
65 SAINT LUCIE 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 HARRIS 1.33
71 SHOREHAM 0.19
72 SKAGIT 0.38
73 SOUTH TEXAS 0.89
74 VIRGIL C. SUMMER 1.01
75 SURRY ST 1 + 2 0.35
76 SUSQUEHANNA 1 0.35
77 THREE MILE ISLAND 0.38
78 TROJAN 0.41
79 TURKEY POINT 1 + 2 0.79
80 VERMONT 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
86 WPPSS 2 1.21
87 WOLF CREEK 0.75
88 YANKEE ROWE 0.59
89 YELLOW CREEK 0.43
90 ZIMMER 1 0.24
91 ZION 0.57

D-53



D.3 Site Population Factors

Table D.3-1 presents the Site Population Factor
(SPFn) and the Wind Rose Weighted Site Population
Factor (WRSPFn) for each of the 91 reactor sites dis-
cussed in Chapter 2 and Appendix A..For every site,
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.

• 4
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Table D.3-1. SITE POPULATION FACTORS (SPF) AND WIND ROSE
WEIGHTED SITE POPULATION FACTORS (WRWSPF)
FOR 91 REACTOR SITES

(I

SITE NAME REGION
ALLENS CREEK Sn
ARKANSAS I + 2 S
BAI LLY 5 mt
BEAVER VALLEY I + 2 NE
BELLEFONTL 1 5
BIG ROCK POINT MAA
BLACK FOX Sm
BRAII)qOOD I A A
BROWNS FERRY 1. 2, + S
BRUNSWICK I + 2 5
BYRON 1 IAn
CALLAWAY MA
CALVERT CLIFF I + 2 NE
CATAWBA.. S
CHEROKEE S
CL INTON jAM
CO(MAi.CHE PEAK 5i
C(X)K DC I + 2 Aw
C(XOPER S MN
CRYSTAL RIVER 5
DAVIS-BE I Mw
DIABLO CANYON I + 2 4
DRESDEN 2 + 3 MWi
DUANE ARNOLD A"
FARLEY I + 2 S
FERMI 2 :01
FITZPAFRICK NE
FORKED RIVER I 14E
FORT CALHOUN An
FORT ST VRAIN w
GINNA R.E. 4i:
GRAND GULF I S
HADiDEM NECK 1E
HAR'SV I LLE S
liA'T'CHt, E.I. I + 2 5
I NDI Aj PT 2 + 3 iqE
KbE ,AUaE3: ,,JA
LASALLE I + 2 .4w
LA CROSSE- ,Ar
LIMERICK I 1E
MARBLE. HILL
ME YANKEE
MCGUIRE I + 2
MIDLAND 2
M II..LS. o1E I + 2 ,4F
MONTI L;ELLO 0
NINE M,. PT. I + 2 a•
NOIk'Tf ANNA I. 2. + 3 'S
OCONEE I. 2 + 3 5

SPF5
.31084E-01
.34737E-01
.11129E+00
.90963E-IJ1
.60386E-01I
.32287E-01
. 17274E-01
;13580E+00
.79286E-02
.2018HE-OI
.7)963E-01
.90153E-02
.19608E-01
.28386E-0l
.32364E2-)I
.19499E-01
.84912E-U2
.W4697E-01
.1uu/8E-UI
.16346E-01
.32672E-03
.0
.44120E-01
.39515E-01
. 114992-01
.15821E+00
.19642E-UI
.*805HE-0I
.73958H2h-0
.73b44E-U02
.4/1184E-UI
.12290E-011
.12231E+00
.21 5572-01
.11122E-01
.8I326E+00
.93780E-U2
.13544E-01
.F/126E-4)1,
.69D802,+UO
.b259OE-UJ
.0
.68!:2.7E-0 I
, b15hoE ÷!)o

* 44b3?/E+OU
.304552-0.1

.*9642E-Ul

.7,415l /-02
.2U 9 46E-0I

SPFIO
.26170E-0i
.60184E-01
.2 1 447E+L0
.25042E+0O
.72908E-03
.25840E-01
.14603E701
.10993E+00
.44405E-01
.22260E-01
.67722E-01
.10237E-01
.30431E-01
.97801E-01
.60843E-01
.31270E-01
.127OOE-01
.I IJ03E+00
.148IIE-Ol
.22168E-01
.40451E-01
.9859HE-02
.67169E-01
.12939E+00
.17446E-01
.19137E+00
.68462E-0.1
.94443E-01
.55546E-01
.20285E-01
.72451E-01
.19601E-01
* 14928E+W
.26881E-UI
.14720E-01
.74045E+00
.173902-01
.29233E-01
. 19149E-0I
.581252+0u
.488 201:-0

1764UE-02
.89197E-:U
.362l2t-+LU
.39 792E+,O
.364H8E8O:0
.68462E-01
.16242E-01
./*10832-U)

SPF20
.27085E-01
.48306E-01
.33316E+00
.29870E+00
5131 33E-0lI

.21861E2-01

.55139E-01

.96933E-01

.64588-E01'

.32303E-01,

.11826E+00

.19330E-01.

.40544E-01
.20199E+÷00
.7499HE-0O
.332 18E-0I
.10855E-0I
. 11942E200
.16822E-l01

18219E-01
. 55738E-0I
.35215E-01
.1113E*00
.12819E÷+0
.33556E-01
.245331E00
.62453&-01
.11249E+00
.12552E+00
.63296E-01
.23521E+00
. 19342E-01
.2 4484E+400
.37927/,0l
.22/31E-01
.7355/2+00
.36593E-01
.*5!404--O I
* 3948%7&-101 .1
.59208E+00.
. 12305E+(.
.1415/E-Ul
.222942+00
.32814E+00
.31930E+00
.401082-01
.624t32-0I
.2049 IE-01
.710122-01

SPF30
.29669E-01
.41624E-01
.46225E+00
.38618E+00
.54642E-01
.23975E-01
.93730E-0l
.11376E+00
.70623E-01
.31477E-01
,2009E+00

.32205E-01

.42677E-0I

.19320E+60

.I0486E+00:

.62132E-01

.15435E-01

.14056E200
17901E-OI
.161872ý-01
.121406+00
.34517E-01
.143782+00

10952E+00
.32332E-01
.44021E+00
.63600E-01

I125482E00
14071 +00'

.86448'E-0
.213713E+00
.23405E-01
.36523E+00%
.39203E-03

.23.889EoI

.98620E2+Ob

.41946E-0I

.59426E-0l

.386HQE2-o

.13 IIOE10+

.18013E+00

.230322-03

.2 hi53+E00

.2 18552E+00

.21479E+00

.63248E-013

.63500a-01

.2328!E-0I

.8 7412-0I

WRSPF5
.29167E-01.
.26405E-01
.15890E+00
.76206E-0f
.68453E-01.
.33586E-01
.14052&-01
.12694E200
.83789E-02
.1 7567E-01
.78011E-03
.51928E-02
.25289E-03
.15367E'-0
.38806E-01
.15294E-01
.20515E-0I
.88946E-O01
. 10219E-;0:
.29057E-Or
.56239E`01

.42523E-01

.313492'01

.88854E-02
.12502E+00

.59291E-01

.10434E+00

.51651E-02

.46365E-01I

.13523E-03
.95413E--O I
.20832E201
.12330E-01
.11163E÷+0
.1635E,-01
.90269E202
.182/0E-01
, 82582 E+UO
.4241 I1E-01
.0

.47273.+00

.38361E+00
,3t726E-or I
.18938E-01
.1/126E-01
.203162-01

WRSPFIO
.28190E-01
.60023E-0.1
.24294E+00
.22261E+00

*.84200E-01
.27221&-01
.13323E-01
ý.iOl A9E+OO
.52503E-0!
.22345E-01
.73461E-01
.83736E-02
.41027E-01
.58678E-01
.82775E-01
.23542E-0 I
.201'85E-0I
.10599E+00
.14122E-01
.30043E-01
.59827E-u1
.57107E-U2
.704892-03

I335902E00
.15052E-0I
.17859E+00
.9831742-03O
.72795E-01
.73083 E-0 1
.21 997E-0 I
.81548E-01
.22849E-01
.19216E+00
.26524E-01
.135662-01

.953466+00

.23622E201

.24474E-01

.20467E 01

.65562E200

.45750E-0l
11468F-U2

.863"IE-01
. .33162E+00
.334b9E+00
.34902E-03
.985866-01
.22356E-03
.54069E-O0

WRSPF20
.29801E-01
.48555E-01
.40154E+00
.2420sE+00
.65040E-0I
.27626E-01
.41818E-0I
.88696E-01
.78023E-0.1
.32963E-01

10 102s2E+00
.17585E-0 1
*5536.22-0.3

.24996E+00
-. 90473E-01
•.29828E-0I
.15354E-01
.10839E+00

35045E-03
.24442E303
.70913E-01
.14153E-01
.94596E- 03

.1351'9E+00
S.28956E-O0

.I8463E+00
• 833592-031

.88249E-01

.20,j58E+M0

.60302&-01I

.33809t- +00

.21192E-:03

.3910)5E+00

.36980E-01

.21401t-03

.8/47/3: *00
,4913/3:-03

.602146-01

.bO259E-03

.64060E+00
14/129i+00

S.1222E-03
.2uH39E+0u
.2761 12+0(Xi
.21492E+00
.3883•7-01
.83033E-01
.24040E-01
.5633qt-01

MRSPF30
.33529E-01
.42915E-01
.5150E÷00
.344742+00
.591392-01

.23175E-01

./3356E-01
.99681E-01
.77910E-0I
.31882E-0.
.330302+00

.28591E-0f

.53537E-03

.24078E+00

.. 1931E+00

.65338E-03

.1 7198E-01

.13656E+00

.17308E-01
.21577E-01
.12767E+0X)
.18607E-01
.11579E+00
,13 n62+00
.284652-01
.313192E2+O
.82(342-03
.102 13+010
.23105E+00
.97050E-01
.333772E+÷
.24940E-01
.23225E+00
.3/85OE-0I
.22 88E-01
.111,6 7E+01

.126622-03

.64080E-03

.481358E-0
.'I/140E+00)
.216292+00

19443&-0l
... 20379E+UO
.239813E+00.
.240U E÷+00
.60259E-Ut
.82225E-03
.29313i3-01
, l Jm1 -01



Table D.3-1. (continued)

S;ITE iiAME
OYSTER CREEK
PAL ISADE
PALO VERVE: I
PEACH BOTHOA 2 + 3
PEBBLE SPR.INGS

.PERKINS
PERRY I
PHIPPS BEND
PILGRIM I
POINT BEACH I + 2
PRAIRIE I + 2
OUAD CITIES I + 2
RANCHO. SECO
RIVERIE-,:D I
H. 1. ROBINSON 2
SAINT LUCIE I
SALEM I + 2
SAN ONOFRE
SEABR(X)K I
SE,)1J(OYAH I + 2
SHEIARON HARRIS
SKAul i

0. SHOREHAM
I SOUTH TEXAS
UI VIRGIL L,. SUMMIER
Ch SURRY SIC I + 2

SSUOU6A;t•rA I

THREE A ILE ISI.AAI
"R: JANl
TURKEY POINT I + 2
VEI•M)O;T YANKEE I
VoT(;'LE
NATI:RFOR)J 3
WA'[S BAR I + 2
ýNPPS I1+4
rlPPSS 2

WPPiS J + 5
AOI.t: ý.;Rc2 EK
YAIvKE' ROAE
Yh LLO'I CREEK
ZI. vm.R I
ZIO 4

REG I ON
=4

NEi

NE

S

,'WE0
S

S

,iE
SPil

NE

S

An

j
S

.,1

. SPFS

.54980E-01

.59341E-02

.21262E-01

.32039E-02

.56885E-0 I

. I1834E+00

.10524E+00

.11534E+00
.21 f77E-OI
.52533E-01
.92684E-02
.11965E-O1
.30502E-01
.44152E-01
.54634E-01
.204.14E-0I
.69UU2E-02
.671564E-0 I
.74640E-01
.10925E-oI
.34859E-Ol
* 16493E+UU
. 0
.b0986E-OJ
. I1499E-0i

H *H449E0) I
. 22949E+4)
.6U039E-0 I
.0
.95964E-Ul
.0

16326E+00

:15094E-0I
.0
.j
a.- 1904 E-01

.1,699EIt-91

.124U3tJ0

.650•bE-02
.2/940E-0I
. 1136Jt+(A

* SPFI0

.7418IE-0I

.57060E-02

.46280E-uI

.2660 E-WU2
*.73595E-UI
. 1963JE+00
.84886E-01
.*10936E+00
.42796E-01
.60849E-0I
.28898E-01
.16493E-U1
.43167E-01
.60(49E-UI
.839UIE-0I
.44902E-OI
.48712E-OI0
.70954E-01
.92644E-01
.32954E-01
o43992E-Ol
. 15862E+UU
.32669E-02
.169OIE-0I
.10123E+00
. I0759E+00

.312(iIt+00
.10 194E+W.
.53684E-01
.94227E-01
.36769i-U2
.14)43E+ W
.22252E-'01
.33914E-.2
.269 2 0M-02
.18N311t-0I
.12359E-01
.352266-01

14111E-0I
.4639/E-UI
.10 6 1E+ (A

. SPF20

. II 74ME+00
.78747E-01

.64846E-02

..103922+00

.19549E-02

.11950E+00
* 1s7 IE+O0
.97704E-01
.11597E+00
.50634E-0I
.58239E-0l1
.I1516E+00
.49437E-01
.55364E-01
.56364E--Ul
.69659E-01
l12554E+00

.75767E-01

.16439E+00

.7i277E-01.

.42008d-01

.22164E+0O

.11964E-01

.254 17E-01
12692E+00

.I 1999E+4W
;3(996,-+00.
8,390JE-UI

.9085HE-0-l
:ý9t0oJE-01
.19H71E-01

,11643E+00
.34829E-OI
.2541HE-UI
.22569E-01
.21064b-Ol

.il4,I0E-01

.22904E-01

.936gE-0O

..* . I :/ 1 00

SPF30
1.2 74=8E+00

.714770E-01
.63884E-02.
. 1547 1.E+00
.19379E-02
.14722E+00
.20736E+00.
.91858E-01

11212E+00
.56137E-01
.68463E-01

10.374E+J0
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Appendix E: CRAC 2: A Brief Description

The accidenticonsequence 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 CRACzwere corrected in the CRAC2
version.

E.Il Atmospheric Dispersion Parameters

The values of the horizontal dispersion coeffi-
cients, a. , obtained from the :Pasquill-Gifford curves
(and paraxeterized by Tadmore and Gur [3]) 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 [4] endorses the method suggested by
Gifford [5]. An adjustment for releases of duration
t 2 (minutes) is made by means of the formula

cr( 3tmin)

YPG

where 0 is within the range 0.25-0.3 for 1 hr < t2
< 100 hr and: equals ,0.2: for .3 min < t 2 < 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, az, obtained
from the Pasquil-Gifford curves (parameterized by Martin
and Tikvart [6]) 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 [7,8]:

z z= r2/r) 0.2
z2. z 2 1.

where (zY is the unadjusted parameter, Uz2 is the ad-

justed parameter, r1 =:3 cm, and r 2  10 cm. Impacts
of these changes in the treatment of dispersion para-
meters were examined in [9].

E.2 Plume Rise

The WASH-1400 consequence model used plume rise
equations. recommended •in Briggs (1969) [10]. The plume
rise model used in CRAC2 is based on a more recent .
paper by Briggs: (1975) [11]T.

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 precipitation scav-
enging. A coefficient of 1.0 x 107 (sec)V1 (mm/hr)- 1

is used for stable conditions-and 1.0 x i0- (sec)-
(mm/hr)-l for neutral and unstable conditions.

E.4 Mixing Heights

The WASH-1400 consequence model used Holzworth. [12]
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
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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 ± thirteen hours to provide coverage of
diurnal, seasonal and four-day weather cycles [13].
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-lA). 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 [14], wind-speed slowdowns, or
stable weather conditions with moderate wind speeds.ý
Not only is the occurrence of rainfall or a slowdown
important, but where it occurs as well. Rain 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 probabilities 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
[15] 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 50 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 this method assures that low probability adverse
weather conditions are -adequately included.

A comparison of the variation in consequences due
to sampling bythe 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 assuied were a uniform
population density of 100 people/mile 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 modeI [16,17) is signifi-
cantly:different from the RSS 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%. i
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Figure E.5-1. Comparison of Uncertainty Due to Sampling by (A) WASH-1400
and (B) Weather Bin Techniques. For each technique, 32
different sets of weather sequences are used to generate
early-fatality frequency distributions for a PWR2 release.
A "best estimate" using all 8760 available sequences, is
shown by the darkened line.
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Table E.5-1 One Year of New York City Meteorological
Data Summarized Using Weather Bin
Categories

Weather Bin Definitions

R - Rain starting within indicated interval
(miles).

S - Slowdown occurring within indicated
interval (miles).

A-C D E F - Stability categories.

1(0-1), 2(1-2), 3(2-3), 4(3-5), 5(GT 5) -Wind Speed
intervals (m/s).

Number of
Weather Bin Sequences Percent

1 R (0) 697 7.96
2 R (0-5) 12 .14
3 R (5-10) 62 .71
4 R (10-15) 102 1.16
5 R (15-20) 75 .86
6 R (20-25) 67 .76
7 R (25-30 61 .70
8 S (0-10) 24 .27
9 S (10-15) 16 .18

10 S (15-20) 18 .21
11 S (20-25) 14 .16
12 S (25-30) 18 21
13 A-C 1,•2,3 168 1.92
14 A-C 4,5 892 10.18
15 D 1 0 0.00
16 D 2 61, .70
17 D 3 .226 2.58
18 D 4 948 10.82
19 D 5 3325 37.96
20 E1 0 0.00
21 E 2 27 .31
22 E 3 167 1.91
23 E 4 682 7.79
24 E 5 270 3.08
25 F1 0 0.00
26 F 2 116 1.32
27 F 3 310 3.54
28 F 4 402 4.59
29 F 5 0 0.00

8760 100.00
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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 traveling 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,Athe 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 over the 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

*pIt 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.

E-7



are evacuating. Because radionuclides would be depos-
ited continually from the cloud as it passed a given
location, a person while under the cloudý 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 [161 and [17]..

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 :[181 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,Adelay 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 evacuation 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 2.5.1

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.1-3 of
Appendix A lists sheltering factors for different
regions in the U.S. A discussion of sheltering is
provided in [19].
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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. Basedion recommendations in BEIR III [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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Table E.7-1 Expected Total Latent Cancer (Excluding Thyroid) Deaths per
109 Man-Rem From Internal Radionuclides Delivered During
Specified Periods

I-.
0

WASH-1400

Time Period (years) After Accident

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 13.8 9.7 6.8 4.0 1.7 0.5

Lung 22.2 22.2 22.2 14.5 8.1 4.0 1.5 0.2 0

GI Tract(a) 13.6 13.6 13.6 8.9 5.0 2.5 0.9 0.1 0

Pancreas 3.4 3.4 3.4 2.2 1.3 0.6 0.2 .0 0

Breast 25.6 25.6 25.6 16.8 9.4 4.6 1.7 0.3 0

Bone 6.9 6.7 5.0 2.6 1.6 0.9 0.4 0.1 0

All Other 21.6 19.8 17.1 11.2 6.3 3.1 1.2 0.2 .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 15.8 8.1 4.0 1.5 0.2 0.0

GI Tract(a) 16.9 16.9 16.9 9.7 5.0 2.5 0.9 0.1 0.0

.Pancreas 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

All Other 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 Fl 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.l-Fl.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 standoff distances consi-
dered in each figure are tabulated below.

Standoff Cities
Figure Distance (Population )

(mile)

F8.1 5 25,000
F8.2 10 25,000
F8.3 10 100,000
F8.4 15 100,000
F8.5 25 100,000
F8.6 25 200,000
F8.7 30 200,000
F8.8 40 200,000
F8.9 50 200,000
F8.10 100 200,000
F8.11 125 250,000
F8.12 18 500,000
F8.13 25 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.l-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).p.

4

Radii of the
Annulus
(mile):Figure

F9.l1
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

Average Population
Density ...

(people/mile 2 )

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
Northeastern U. S. only.

areas for the

Figures FI0.I-FlI.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 FIO.I, F10.2,
F10.3 and F1O.4 consider density restrictions of 500,
750, 1000, and 1500 people/mile., respectively for the
Northeastern U. S.

Figures FIl 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 Fll considerl a populationdensity-
restriction of 100 people/mile within 2 miles ind a
composite population density of 500 people/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/mile 2 .
The 2-30 mile composite restriction is as defined for
Figures FI0.1-FIO.4.

Tables F2.l-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/
mile 2 between zero and two miles! and from 250 to 1500
people/mileý in the two to thirty mile region. An
acceptable site must satisfy the sector population-
restriction for each of the composite annulfi. 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.l-F2.12
show the land areasfthat are uniquely restricted by
the specified criterion. Tables F2.13-F2.24 show
the fraction of land available for reactor siting
based on the specified criterion.
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Sector Population
Restrictions

Population
Density (2-30 miles) •

.(People/mile 2 )Table Width

F2.1 & F2.13 22.50 1- 11 1

F2. 2 & F2. 14 :22:.50 1111

F2. 3 & F2.15 22.50 1 1 1 1 1 1 1
16' 8' 6' 4' 3' 2' T

F2,.4 & F2.16 2 2.50 3 ~

F2. 5 & F2.17 450 1 1 1 1 I 1

S2 6,6 &,72.18 45, 5, ,

P2.7 & F2.19 450 1 115 1 1

.. .. • • 26 , 6 7 •3 •,' T

F2.8 &,F2.20. 450 1 1 1 1

F2. 9 & F2.1 45° 1 o1 1F2 9& F.21 0° ' 3' 2''T

F2.10 & F2.22 9g0 1 1 i 1

F2.11 & 72.23 90 ° 1 1 1 1
F4' 3' .2' 1&

P2.12 & F2.24, 900 1 1 1 1

250

500

750

1500

250

5.00

750

1500

250.

500

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.

1ý
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Population
Case

0-2 miles
(people/mile

2 )
2-30 miles (compcsite)

(people/mile )Table

F3. 1
F3.2
F3. 3
F3.4
F3.5

1
2
3
4
5

100
250
500
500
500

250
500
750
750

1500

Tables F3.6-F3.10 show the effect of applying different
population criteria (the five cases considered in Tables
F3.I-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 Cateqory

F3.6
F3.7
F3.8
F3.9
F3.10

low
medium-low

medium
medium-high

high
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HORIZONTAL ACCELERATION: EXPRESSED AS A FRACTION OF GRAVITY (g) IN ROCK
WITH 90% PROBABILITY OF NOT BEING EXCEEDED IN
50 YEARS.
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TABLE F1.1

A,- ",-A :

AV, A4SAS

C4..Ir04N16

CO..08ADO

,ONNECT I CUT

DE.4..ARE

FLO-4.DA

CE3O.;IA

ID0•D

ILLINOIS

INDIANA

LOUISIANA

PIAINE

PIARYLAND

MASSAC•• SETTS

FMIcHIGA

MINNESOTA

MISSISIPP:I

MoNTA44A

NIERASKA

NEVADA

NE, HAMIPHI RE

!EN SEXICO

"Lw Mexico

NORTH CAROLINA

NORTH DAKOTA

PENNSYLVANIA

RH40DE IsSLAND

SOUTH CAROLINA

SOUTH DAKOTA

TENNOESSEE

TEXAS

UTAH

'IAGINIA

NAS5 INGTON

SET VIRGINIA

240MING

SEISMIC 24ARE4.14Ž J-.r::T4 rF2CTIO,.
COES I'. Y..L"O'7 0" ,, 98..
STATE AREA. IN £GJA-4E MILES AND % 01 S7AVE

INESTIMA;l V1 HIGH
3 • TO 42 2

24 2 70 30 2
i6 2 TO 24

'I2 
:1 

"-. 

b

UTILITY VALUE 1 3 4 -

oc 0 C !"C CZ1!
C- 0. 0 C% 0 C0% 0 0.. 0 * a. iC.V
.2. IC 49 29 3 25t.,.: 4

0 2% 0 . c:. 0 2 %,. 40. . Z'.
6;343 473 '2z I 4o 724 20.Z ZT.- 32.t: -Z--'

0:: 091, 1 13 12% - 7 .
6.2F. Z200 2;42 2Sc1 3416 83a 1412" l2t-" ;.4; 1.::sc.

399 1 247 1 -. 158% 27 ".%

0 0 0 0 0 ' 5. 72!F . 2. 10432!

0 0% 00% 00 0 0%. 0 0% 0.
C. 0 0 C, 0 5~

0 . 0 0 0 0 0. 0 0,. 0 I: 2 C.0 -C
0 l C . 0 0 £r

0 007 0 0x 007 07. 0 0 0 0 00. go3,
0 0 0 0 0 0 o 46272.- :7xzo 593ý-

0 0*7 00% 0 07 0 07 007 0 0 0 07. 77 z. V*
2q 434 702 1409 3377 140-1 n.'- 259-E 58o 54.'-

0 07 077% -23% 2 4% *5 0 239%. 114. 43

.73. 819 94. 120. 965 '23L4. 6'T 2.C 36. 63-'*
1 27 1 074 2 27 471 .2% 2 87 e 1% 32 4*4 •4 -!.

23Z.4 97 1342 2764 20.260 00 54" 323. 3. - ::54:

4 27 1 77 2 45 3 1% 4 67 2$570 20 3.0 53 5 .. 7 1%
0 0 0 0 0 0 . 23. '3205" 13Z 3N'4.

0%0 0 0o 007 007. 0.0. 1277 6 B 1.8 , 3 t'-

0 0 0 : 0 0.. 2g9 146" 5430! C. 540-
0 07 0 0 c 00 07 007 0 1 2 68. 9 % 9 0 0.

0 0 0 0 0 0 2220 .< 9795 91 004! 20 3 .22,.
0 0 11 0 007 00. 00 1 "487 1297 73. 0
1283" 232 174 212 415. 2603 420' 28793 2473 402b"

3.2% 0.67 0 41 0 207. 6 7% 10 4. 721 0;3 . .
0 0 0 0 0 0 0 3373. 1241" 481!.-.

007. 0 0 7. x 0.000 0 0 0 007 007 70 12 21 97.
0 0 0 0 0 10722 7962 9 2I015 35 340"'

0 07 007 0 0% 0 0 0.07 31 57. 23.4 44 17 1 0-
* 0 0 0 0 0 11311 14! 1115,

0 07 0 0• 0 0 07 0 0% 0 07 0 07• 0 07 98 77 1 3*,
0. 0: 0: 8002' 0 o. 0 0

0 07 0.07 0 04 0 0% 0 0%.Zo000. 0 0% 0 07 l
0 0 0 0 0 0 0 52154 91:76. .163

0 0x 0 0 0 07 07 0 07 0 07 84a 3 2% 7.
0 0 0 , 6094 24924. 65914

007 .00 0 004 0.071 007% 007. 0 07 71 07 2q 0:.
29 1o25 193 262 233 1245 2972 28883 3841 476.s,

0 17 0 37 0. 4% 0 AS 0 77 2 4.7 6 27 81 2% 6 0%
79821 59 628 685 1 9. 4642 7324 42354 , 45•4 49934

11 47. 08 0 7 1-.0 1 -3" 7 17_ 0 20 604.17 4b S7
13521 252 " 74 : 522 50 10895 6272 "7593 472%. 140447
097 0.27 0.37 0347 2. 47 7 37 4.27 53 . 31 8%

0 0 0 0 0 5694 34.2B 6664.! 153, 72

0.0:00 7O 007: 00 007. 7 3% 4 77 060% 2 01

31565 " 2220 2953 4767 143212 17978 10692 587 202!7 1104.2

2 0a %77: 4237. 22 97. 2 6376 9 7% 5 3. is 23..
0 0 0 0 0: 759 674. 0 11-7 :4.E

0 07 0 07 0.07 007 0 80 21 72 17 0 06 12. 6%
3049 9. 4024 oo

0 0 : 0.07 007 007 0.07 31 7 I1 71. 50 27 0 05
0 : 0 . 0 : 0 220 2292 6020o 3253e 121744

007 0%.07 0.07 00 0.07" : •5 0: 9 77 49 7% 25 07
0 0 0 o. 0 21037.. 71221 22202 6o93 5022o

0, 07" 0 07 0 07o 0 07 0,07 41 97 . 14 27 24 .7 . 29 .?

0 0 0 0 154 : 10905 4970 26...13 862- 076-
0 07 007 0.07,1 00: 0 37 22 57: 9 81. 51 47. 17 0.

0 0 0. 0. 0. 0: 0 64433 657". 71007D
0.07: 0 : 007: o 0 0% 0.07 0 00 90 7. 9 3.

0 0a 0 0. 0. 0: 0 s507 2=3. 483:

0 07 0 007 00 007: 0.0. 007. 0 07 94 474 56&
0 0 0 . 0 0 .124617 15932 25.01 3464 bi94-t

0 07. 00x 0 0 00 7 07 "35 4: 22 97 366 5 "

0 00: 1So 454 694 3034-. 9792"
07 0 07 0.0 007 0.070 0.27 057 e 4.873207

0 0 0. 0 0 "74, 444r 30533 3551 45270
00% 0.07 00 7 o00 007 149Z 987 6747 76;

0. 0 0 0 0.2204 0 0 120L.

0 0-3 007 007 0 .007 .100 07 007 0.0 007 1
1843 2 2564 5037 390G 2663 31180

40 47% 59 • 2%7 37 26.27 12 57 0.07. 8 77'
0 .00 0 • 0 0 00 0 54214 22793 77007

007: 0.07 0.07. 007: 0.07. 0.07 0 0% 70 47 294.7
3532 540 5)69 4.26 : 37 .12342 . 1508 5787 2594. 4212-7

84 17 27 1.7 15 287 .9 237 .
0 0 0 0 0: 0 2248 262124 9491 26804,

0 0, 0 0% : 007. 007 007 0 07 .04 97 5% . 0%

17573 1274 1204 1766 2210 4873 $17 2573 2-!-!•2,. 802
20 67 1 5% 1 47 2 17 2 67 5 7 . 1- 30 07. 33'07

0 0 830 0 00 223 985S

0 0OI 0 07 " 0 07 00 00789 68 0. 0% 007 • %0-

00 0 1 0 . 8 504 2563 26-7; 7.!t 4'.14be
0 07 0 07 0.07 0.4.7 V to. i5 . 36 3 57 '. :. ': -t
7044 39. 454 52%1 647 2520 5037 527037 .4742 :.932.

20 2. 0 67 0 77 0 77 0 97 3 67 7 3% 40 3% 7.
0 0 0 0 0 2248 l2- 1905- M7.2: 24:0.7

007 00 7 0 0074 0 007 4 4ex .1 79 2% 1*: - .
C 0 0 0 0 0 L, 51°- ! 72 --- z.

0 07 0 7. 007 0W0 00% 0 0% 0 0:. 92'. f%
2O 2. 9 270 24: 299 123.4 3252 64.72 27Z7 ".'q

1 14*. 0 37 0 37. 0 27 0 37 I 3Z 3 3 a, % 66 Z 27.

TOTWA 1622!8 12720 05141 20207 38349 257403 1836412 17915.' 57.7
547 04 05% 0 77 1 37 so.0 if 2Z-

... UTILITY VA2UES ARE DERIVED FRO MAP 0F EFFECTIVE PEA

ACCELERATT•O EPPAESSEL AS •g ¢GAAV2TYI )AND ASSOCIATED COSTS
or oEIS.4 -CiARD0ENIk" COSTS ARE RELEVANT TO 1100 MRe PLANT
FOR S'Aý 8-40UTDO' EARTYO2.4E THE %g HAS A PROA6ILITY 0F
LESS THA4 0 57 0 o5:14; E4CEEDED IN 50 YEARS VNESSTII111.

.41N" REFERS TO AREAS 24TT7 OREATEP THAN 60%t COSTS F0.
AREAS WIT1 20% T1' .01.9 WEKE 2HVIDEC INTO EMG4,. INTERVA..
AND AOIBSEC U,1.ITv 1 .6.5 4-• .- a
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TABLE F1.2

SITE PREPARATION UTILITY FUNCTION *.
PER CENT OF AREA LESS THN" 0% SLOPE (GENTLY SLOPING I
STATE AREAS IN SQUARE MILES AND I OF STATE

7ABULATION U 20% OF AREA
20% TO 50% OF AREA

TO R T0" or ARE"0 OP THAN O 30 AREA
I RESTRICTED LANDS

UTIITY VALUE I 2 2 a

ALABAMA 0 27360 30069 2403 2007? 51907
0?* 33?% 59% 5% 4%

ARIZONA 125 2972 5134% - 492 59405 114342
Ox 3% 45" 0G: 22

ARkNANSAS 6269 7131 "14381 18914 6263 5 23258
122% 13% 27,: 36% 12X

26075 2112S9 32223: 235515 21492 .160364
1 72 13% 22% 16% 32

COA07296 A3626 46922 7932 20660 :1043.26
7% 13% 45 02 -27%.

CONNECTICUT 0 2673 2538 0 0 5211
DELA&ME 0% 3. 4%: .% 0*.

O 0:: 6- 2220 .- 39 2327
. 0% 0ox 3% 92%. "2:

FLORIDA 0 0 4941 41392 13105 2 9322

.0%: 0%. 9%: 70X: 22%:
GEORGIA 520 2742 30725 15691 5867 29602

IS1 10%. 22=: 27: 101*
1044 4362 13009 2:7860 0 37519 93550

5% 17% 33% 0 47.:
ILLINDIS 0 1013 2946t 24704 1361 56539

0IN N 2I . 22 44 2"
INDIANA 0 2557 13217 19146 1322 36342

01 7% 1371? "32Z 4%
IOWA 0 23096 37249 4922 0 6067

0% 2252 6% 9%. 0%
•4(64 .0 9202 49540 223 193 6=6t7

Z tax : 9 " 30%v 0o
PENTUCKY 9795 14670 13026 290 2470 40269

245. 36%: 22% 6%
LOIJISIANA 0 0 9573 24164 14417 4,124

S0%: 20% .50% 30%.
M1I1N 618 1i22 .197? 0 327 34075

a% 33% 64% .02 1 -
.VYL"IND 0 1321 9809 3950 145 11155

al : 12% .71 "3% I%
"ASS8CHuslrs 0 2741 . 297 0 0 9628

0% 3=% 69% X. 0%0
RICHIMAN 0 0 30166 22"2 9679 61837

o0x 0%: -497 36%. 16"
MINIDSOTA 0 &1M7. 34817 24~4: 234926 92914

" 0 '%: 1 42 % 29% 29%
MISSISSIPPI 0 4507 29770 9766 3841 47964

OX 19%, -6-% 20% "9%
92999.32 7662 96904 19M46 12002 4226 69933

12 39% 27% " 172 -6%

RWTANA 3242 41427 26327 0 47160 :249426
2Z- 28% 39% .0% . =2% .

01MASIIA 0 7097 .: 31546 17244 a1234 - 77721
0% 32% 41% 2% 2%.--

MIEVADA 0 2490 97944 29 20222 :130610
S % 2. *,79? 0o 189%

NEW 6WSUIRE 772 2269 2229 0 12297 9467
AM 26% 54 • 0% 13%

NEW lERY . 0 1023 1254 2443 0 S0P0
0% 23Z 19% 69% 0% .

;am mNICO " 0 0649 62638 13471 31236 :121744
MEN ,14% 1- 51%: 21% 26X

-. 63 " 2136 232 24926 975 : 930 9 0219
" . 22%: 20% 2%. 20%

NORTH CAROLINA 2461 296 t9424 27640 2627 90769
: s SK* I1, 1 25 a38A 3? 171

NORtTH DmrDT 0 2432 3=70 2063 6272 71006
* 0% "3 47A 40%. 9%

OIO4 q947 : 24 24649 12527 : 2326 419833
an3 01 32%. .36% 6%.

O•L•LHMA 1090 4690 49V447 10932 3464 69614
21 . 7%. 71% 16%. 2%

OREGON •26695 : 29799 32096 -0 30349 97929
172 29% 323 0l 321

PENNSYLVANIA 7054 2*4743 9891 9 22551 42279
16%: 3$% 22% 0% *5

IHDE ISLAND .0 0 1206 0 0 1206
0% 0% 100% 01 0: .

SOUTH CAROLINA 339 376 11995 13826 2663 31189
1% 2% .39% 21% 9%.

SOUTH DAKOTA 2274 4169 31874 16997 8 22793 77007
2z 2% 41% .22% 30%

TENNESBEE 2312 2922 : 17727 965 2 3296 42122
3% 46% 42% 2% 6%

T4S 534 6106 :174906 74942 2491 !20839
2% 3% &2% 29% 22

UTAH 1709 w36e 43483 6021 25523 95121
3% 10% 21, . 7 30%

VERIONT 1640 2616 1273 0 "1023 992
17% 57% : A6 0 I "02

VIRGINIA 2999 5201 22927 4063 9665 41268
7 23% 262 101% 141%

IA3:1%:;T3. llJ• 12352 21722 a 0 24762 69316
152 109 31% : "0% 36%

lEST VIRGINIA : 16936 4072 376 : 0 2 27122 24102
70% 2?1{ 2% 0%X 13%

UISERS2 . 0. 0267 3229 9242$ 2029 273
01, 19, IL 14. •

laYbINO 6253 23202 .23403 0 252222 9790
61 13%. 52%: 0% 26%

TOTAL 362293 412897 2393039, 522176 257673
9% 24% 42% 17% 19%

;; -SITE PREPARATION UTILITY 15 DERIVED FROM A CONSIDERATION,
OF AR AEA'S TOPOGRAPHIC CHARACTER SOURCE DATA IS A rAP
INDICATING S OF AREA THAT IS GENTLY SLOPING (LESS THAN 8%
SLOPE) MW CONTAINS 4 CATEGORIES UTILITY VALUES HERE
AREW4ED ON TiE RASIG OF RELATIVE DEGREE OF DIFFICULTY
"aR ACCESS MND CONSTRUCTION
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TABLE 1.3
04104091f4 WATER IGmNV.C1 6 ONAS') 0221.770 V%82612 -.
COSTS IN MIL.LIONS 0R DOL.LARS t2490
UTATE AREAS IN "VANE "ILA$5 244 It or STAVE

1TABU.ATION ME THA4 $300 "21".2

262 5 TO 300 0
225 0 TO 262 5

287 5 TO 225 0
120 0 70.20' 5

3 t TO 10 C

USIrT' VALUE 2 2 3 4 5 6 7 a 9

ALABAMIA 0 0 0 0 37 1370 103b4 29... " 203. 2o7n .7' "

43201m. 0 0 0 0X '0 06 32 20. 38,. 352, % .1

ZONA 59 37 47 39 2)63 135 3b603 3638 2297 5"2O. .34.,.;

2 R 0 R 26 16 7, '32. 3%
A*K3PASA 0 0 0 0 s524 . 95. 6567 1779t 1603' 6263 53z29
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7.0!: 6.71: 10.6: .,163
3157: 4392: 4545:3=
6.51: 9.11 :, 9.41: 6.&.
1976 : . 1642 : 1621 :&
5.: 1%5,4: 4.6%: •4. ,
656 904 .907 762

'S91 6f. ft 611 461. 9
4 : 421 2 :,2 0 .396

1. S. 49%: 2- .91:i%4.4
3631 :4726 : 3544 =
-6.21: 7.71: 7. 9% .7%
72 : "44 :'2107 : 3 '147

.41: 50: 2.6&X: 2.9
42w1 : 5269 B OB6 :+ 4101

.91. 11.01 :.2.n1 : 6Z
720n. 46W:. 4410 :3.L

10.41 : 10.01 : 4.3: :'-4. 49
1631 : 32274 "S. 73
1.11 1 .4: 0.61: 0.8
2577: 127: : 1s"
2.31: 4.01: .2.: 2.0

70,52 : , .0 ., 6 ' 0.79 : =
0711 061Wr 0.714 50
67 697 714 650

1 951 .752 .561 "

0.61: 4. 91: 5.41: 23.0
1966 : 1700 19• :3 1014
1.61: 1.42 1.1 : 1.3
2164 : 4410 : 4719 3
6.31 61:. 9,41: 9. 7 ,
34&4 6041 4902 : 6747
.6.06 11.92 : . 7: 13.4:
3937 1949 : 1004 579
5.5 2..71: 1.41: 60%
320 4700 442:.
7.71 11.3: 11.02: 9.9
5163 4246 : 4176 4130
S7.43: 6.1% 6.02 0.91

: 35=: 1756 : 2007
2 : 3.612 : 1.01 :,. 2.
330•4693: 40192: 42%
7.1 1061: 9.02 9.

0 .0. 29: 3
0.041 0.0: 2,41: 2.31
2393 3339 : 43=3 : 4403
7.7 101 i 13.91 4 ,02
16"6 1727 647 309
2.21: 2.31: 0.61: 0.61:
2818 3"99 S 4683 : 5423
6. 71 . 59. 2 :114" 12.91

17003 19397 12477 : 10354
6.3: 7.2:. 461: 3.91
1390 10"1 1: 1119:
1.62% 1 : 1 1.02 1 .3
975 "4 : 994 550

9. 9.10.1 10.12 5.6.
3213 4236 4642 : 452
7.68 10.31 1131 13.27
3117 3339 2676 2142
4.5% 4.86 4.11 3. 11
2287 2976 2741 "2741
9.3 5 11.9 2 4 11 11.41
5520 632: 5047 3669
9.71 12.0. 0.91: 66%
1737 1563 ' 7.2 .6$
1.% 61.6 061Z 0.6.

2.5 5 702: 2075 51907
11.02 A, 040
3329 59405 ;114342
2.9 1 : 5 :.01

620 3165 6263 : 53257
9. 5. : 1: .6"

2142 22603 : 52492 :160363
1. 31 14.31 : 32.1 :
1139 3947 : 29360 :104325

.1 X 3.1 : 27.31
1 4969 0 3512

0.4 : .. 1 : 0.00
135 :, 6 : 39 :2324

2.8?M :,.26.11: 1,75
227: 11397 : 13108 :i5987
3; %: 19.3 : 22.12
1004 :,7014 :5647 :56604
3:.22 21.01 I 10.02
,444. 1206 :75019 i2550

,0.5J: -1.42 : :4491:5 .
1293 :11792 1361 56536
32.31 20:91 5,41
1466 10547 22 36341

927 3613 0 560~
• 1.6 " :...3 e: .0.02
,712 27 71 193 N224
2,.01 "',4.51 . 0.2, '
"094 24314 : 470 40270

,S.521 1.0.71L :_2.1:
'1071 2725 : 14417 44154
2. a& 7.7% :29. 91
599 130 357 24074

I ft12. 3.1 1. 01 :
57 $742 : .145 : 11155

3.2 51 . : 1.3 :
7674: ,0 666

1204 13423 94": 979.. 1637
.20 2:-1.71.: 1.71L

44 &= 24926W 65913
i£ 6O.4 : W 29.0%
1042 2905 :.2421. 4766

94 5356 4514 :6993
1.4 :7.71 : .&.n
367 :' 206 :047160 :146457

0A 3 0.61 : 21.6 1I ,
510 :+17 :21514. 77721

0.71 2.01: 2.02:
141 1177 : 50255 :110627
01; ".12 :I 1631

241 1901 1197 9464
0,25 20.12 12.61

194 :699 0 6t01
I. 6 :5.8. : 020
S 2 1476 : 31&6U :121744

.0.12, .4. 2 :,.25912:
2467 : 14707 '. . 5219
2.91 29.33 19.1
5245 9110 , 6627 : 50769

.4.6% 17.91 17.01
'4731 473 63272: 71005
0. n 0.71 9.3:
1399 17775 : 52226 41823
2.31: 42.n1 : 5.6:
1177 . 4043 : 3444 -94*4
1.71{ 5.61 :" .502:

1206 4159 . 30349 : 97927
1.21 .4.21 :.3L,02
1216 17467 : ,3551 : 4520
a. 71: 262.6 : 7.1 .

0 1129 : . 0 : 1207
O.0O: 94.41 001 :
1177 4825 2463 : 2216
2.61: *5.52: 6.51:

212 : 610: 22"793 : 77000
0.31•: 40. 5.462:
2 612 476 : .26 : 42122
5.21 :4.7: 4.t3 :
3647 20941 : •491 :260A29
1.42 7.61 : 2.01
425 2064 :,25553 90180

0.513 2.41 30'032
290 560 1023 9954

2 9. :5.7% 10 41
1563 6402 . 654 41167
3.18 16.02 13.68
1139 6301 24762 69"16
1.6 :". 11 35.7:
s64 2277 : 2721 24106

3.61. 9.41 11.31:
1245 &12s 5026 57024
2 22 10to. n a.t
"326 550 22225 97985

0.31 0.41" 25.7

C.

TOTAL
1405512 123194 163116 182502 148233 137771 49349 2622611 57673

46•. . 2.71 5 41% .o 4,91 4.31 .1.62 9.32 18.31

NOTE: "AVAILA1LE LAND I T1HAT AVAILABLE 004DER TIE MOST CON-
STRAINING CRITERIA (I. IF > 1/16 OF THE POPULATION ALLOWE
DY A UNIFORM DENSITY CRITERION 1S FOUNG IN A SINGLE SECTOR
O 22. 5 DEGRES. ) NUIMBERS IN THE COLUMNS REPRESENT THAT LA
UNIQUELY CONSTRAINED 9Y THE IVIEN FRACTIONAL CRITERION. THIS
LAND IS CONSIDERED AVAILABLE IF THE CRITERION IERE RELAXED.
IF SECTOR CRITERION IS APPLIED. ASUMER THAT •NIFORM DENEITY
CRITERION IS ALSO IN EFFECT. .. COMPOSITE OF 5 RADII6 1

P-63



7AsIu.ATIOP

TABLE F2.2
POPULATION SECTOR ANALYSIS - TOTAL U. S.
OENSITY - S00 /IQ. NI. --- SINGLE SECTOR (22. 5 DEGREESI

STATE AREAS IN SOWAM MILES AND % OF STATE

AVAILABLE LAN
f1$1 ALLOWAILE POP

> 1.8 ALLNAJLILE POP,
• 1/ 4 AL LOIABLE POP.

• > 1/4 ALLOWABLE POP.
- I 2 1/3 ALLOWABLE POP.

> 1/2 LLOAL POP'UNIFORM DENSITYI fI[RSTR ICTE.D LANDl0S

ALABAMA

CALIFORNIA

COLORADO

CONNECTICUT

DELAWIIRE

FLORIDA

ILLgOIA

ILLUEDIS

INDIANA

IOWA

RJENTUCAV

L&JISIAMA

MAINE

MARYLAN

NICHIGAN

MINNESOTA

NISSOUGPPI

MqONTdAN
94IASM

NEVADA

fe HAMPSHIRE

NEW! JERSEY

MEN MEIqFCO

HORTN CAROL.IM

140111 DAKOTA

OHIO

OREGON

PENNSYLVANIA

OHME ISLA

SOUTH1 CAROLINA

SOUTH DAOTA

TENNESSE

TEXAS

UTAH

VERMONT

VIRGINIA

WASHINGTON

WEST VIRGINIA

WISCONSIN

WIYOM ING

1.0 24036
:46.31z

2.0 4&600
:40.8%,

m.0 304

570 442

S0' 43429
60.1I:

&.0 :" 10:

7.0 : 069
24 9 :

00 2014

9.0 2504J

10.0 3975:
:47. 61[

II 0 19370
.: •': :34'6 1:6

120 a 7003
14 .79
11.0 22213

17. U
14.0 16961

281.9
19, •0 16119:

:' 41. 11 1

1 .•: ý-ý $ :29

17.0 :25229
77.02

1. 0 : 2122
:39.0:

19.0: 434:
-. 0%:

SO. 0 22996
*6 242

51.0 :41171

22 0 3412.
: 0.411

2.0 0 41963

: 9.4% :

: 4. II
32.0 :6632: 3. &Z

16 0 .3029
. 77.38

270. • 23619.
M. 222

N.0 121
I ý 1.71 :

.29.0 : .11300:
9 : 60•r :

20.0 94v
19 32

3210 owls5

e. 0 7160
17 1:

34.0 47131

210 12266
96.4z :

24.0 909

27.0: 0:
:0.01:

3 .0 9764
: 2t3. =1

9. 0 :,50759
: ".lr :Z

40,0 1"362
39 .5

41.0 :194524
: 72.4:

42.0 53480:
42.91:

43.0 .93060
23.9"

44.0 12120

.29.41
43.0 . 29757

:,41.52
4-.0 ,,93

39.02
47.0 : 26566

4..: "494

71.9 1

2 0 . 3088:
4.92 : 4.01l

926 : 1197
0. ej &. "a%1"
0 .92 : 0.01444 4661

4410 4032
2502 3.0:
1633 : 2490
1.64 : 2.42
•145 : £32:
2.52 : -".41

39: 241,.
1.71 : 10.42
375 23069
6. 221
2704 3619
6.432 4.31•
742 :in2

0.91 :, 51.
4332 . 724
7.73 : .4z
249002040
4.f2 :iO "1.
23" 544:
4.21 - 13.01
1447 : 27154
1.AM : 4."6,
1487 "10468
3. 6%; 1. 12
2499 273

23"{
2.41 4. :

1341 4374

.1042 5597
£52 5

1 197 .216
2. ,01",1
2502 :292I0•
2.21 : ".62
302 1117

0. l 0,52
1197 2490
18 2 3221
907: 791:

W004m: 0.17
434: 674

4.4: :7.11:
.299 3%44.11.:" 4.92:

423 : 1126
0.22 : 1.01
2270 2: 2 .1

071 :. 11
1 i" :..230&
0.7%I :. 3 . 22
16P11 :31136
4.1% :.7.53

1940 3273
21.1 M "5.4X

2063 139
2.11 1.6 "
241 :3349
2.42 7.4:

0 : 10 :.

0.02. 0.0:
2133 : 2519
4.32: 3.11

39 : 1197
0.11 1.64
£370 25277
3.32: 6.1

10605 t11545
3,9Z . £24.72

1129 1004
122I 1 22

0 772

2133 2277
2.21 S.22:
1024 230
2.42: 3.41
994 1150

4. Ix 452
.2229 213

0:4 932:
0.2 151:

4072 4323
7. :t 8.31
14"9 1 062
1.1 0.91
3912 2466
7. 21. 5.42
6i37 4516
3t. ft 2 i.
1698 : 1544
1.42: 1.52
357: •270
6.92 : 1.22
347 339

12, 9 : 142 5
4140 : 2741
7.02 : 4.42
4439 9 4912
7.42 " 0. 42

•£1164 £ 0041
£s4e1 1 :"

-350 417:
11.1 2& 7.42
-491 :3 29

3.•1• :'14. 22
5336 2042
9.12 1.92:
3049: 22W 6*
S1. :7 2.524 " 3M:
21490 : 2 93'7

4.21: 9+ 0

7.2: 7 61

9.127 :•:P £12.71 41
1023: a

.9.21 0. 0

1100: 41;1
. : 7. "

.:134 :462S
5.32:. 7A

3172 s -"
2.71: 2.
4072 :.23
6.52: 10.9
474 4It"

.1146 73
*0 : 0.5%
2 :.143021.77. i. 91

0.SM":"O 43 4:
0.4? US 6.4

•. 7 + 7.0%
2.70 : 41

". 3. 4% 3.0%
!1Q .917
1.1 5 i0. •
4111 4839
.21 . 9. 41

4140

1476 917
2 •. As 1. 3Z.:

94. 41 3:1 2%
3903 3001
5.72L 4.3
1949 1427
201 2.112

9.4% : 9.6%:
39: 97

3.21 7.21.
2441 2339:
7.91 '0 72
940: 121:

1. 1: 0.71
3406 : 4304
8. i% 10.2% i 1
12140 . 9254
4.31: 3.42:
1=46 . 733
1.41 0..9%

49.o 378
7.02 . 9Z2:
3931 4564
9.3% 11.1%
2422 : 2431
3.52: 2.22.
1920 : 2673

. 02 : 11. 1.
4970 : 4391
9.71: 7. 71:

3: 492:
0.72: 0.52:

4515
9.34

-0.91•

1737
3. 2zX
4033
2. 2
1766
1.7•
309

5.92
164

7.12
2&25
"4. 4%
4410
7.-51•
.942

3172

13.6.4092:

11.31
.1812

2286:
4.72

4.42
.924

2492

"3. 7z

8.92
2111

.2 1

1320
1.02

4.01
85490.4?.

3082
1.49

0.4%

g11

23.
3011

"IIV

0.64
4*64

4149

6494

4300.4%

4910
11.0 :m

2438

2.42
12919
1.71

,4574:

3106

2.42

4169

20-

.831'
3.11%

5).01%
4507
10. "•

2'018
11.7%
3194

0.3%,

2567 : 3329 2075 : 51907
492: 6.44 4.02:
. 444 2026 29405 : 114342

0.4 8 " 1. :•2'0
820 1736 62 3 53251

1. 22 2.32 11.91
2191 16115 5 21492 1t0363
1 42 10 0. 32. 12
619 2490 29660 :104326

:0.41 2 41 27.:3
231: 3732: 0 3212

4.92", 71.72 0.0O
145 42: 39 2327

4.26 2: 19.3 : 1.72
2663 7131 : 1310S :93529
4.31 12.0 2:22.: 1
21•, 11 4429 : 5867 9605

3.71 7.41 10.02:
434 . 743 37519 : 93550

•0.51 :0.9,44 9:
1013 : 7936 1361 . 56540
1.92: 13.92: 2.42
199 59 : 1322 : 3M343
1. ft 4.42.. 3.42
211: 2075 0: 56064

0.92 : 3.7Z£ 0.0%
540 + 2 3046 : 193 a52267

0.72: 2.52: 0.21,
M248 : 2•82 :2 470 : 40269

1'.4: '64. : 41
.994" 2200 : 14417 : 49153

2.1: .4.2 :29.9:
427: 349: 3257: 34074

1.•I 2.92 : 1.01
,99 4507 : 145 11135

6.21 : 40.42 : 1.31
649: 511: 0: 16427

4 29.31 : 0.02
2393: 7472: 9679 :1837
2.91: 1242: £s..2 :
"907 : 2 '24926 : 32913
1.12: 3.92f 29 0:
£12 :'2 . 1792 3841 . 47983
8.42 3.72 8.02

VMS 3444 4514 .9934
1. 2: 5.0z: 6•.2:
339 454 : 47160 :149437

.0.21 : " 0.31 :31. :
47 "1052 .1334 : 77721

0.42: 14. 2 :02,
22: 909 : 2022 :110619

"0.2: 0.21: 19.32
347 : t090 :'.1197 :9447

3.71 : £1.12 : 12.42
454 : 96 " 0 6010

"8.1 : 73.46 : 0.01
209 "94 :" 31232 121741

0.32 - 0.85 : 25.92
.252 : 1 : 9930 :20219

.01 17.31 19. 2:
-36 .0037.27 : 20760

".42:"9.9: 17.01:
154 237 6572 71004

021. .0.5 9.32
2209 : 10490 2326 41832
4.01Z : 2.11 3.61
1147 .2222 3 444 49414
1.71: 3.4 5.'0
12 ." 2413 30349 . 97929
1.&1 23.2 31:02:
2.32 $11117 3531 43278
1."1 24. " *7.ft

5: 907 0: 1207
4.9 75.721: 0.0
1505j 2644 23 : 31199
4.9 2 9.51: 9.1 :

164 415 22793 : 77008

0.32. 0.52:2942
2721 3644 : 2596 42122
6/.8 SZ .7?+ &' 2Zl

3030 12902 5491 :24983
1.12 4.52 2-.01
330 1071 2225533 65181

0.4 . 1.32 30.0%-
347 347 1023 .9932

3.2. 3.5 :10.42
1998 4072 45665 41147
A 492 9.92 13.82
1216 3744 24762 69316
1. " 5.242 35.3 7
413 1447 3721 24105

4.02 64.1 132.

1392 .3908 .5029 . 702£
2.M 4. 91. 9.9

222 4 : 25222 97985

0.2% 0.42: 25.72:

46749 .177165 557473
1.9 2 1.8. t19.3

IV3

TOTAL.
1446=5• 79720 131711 139287 .128934 114370

24. 22 2:4% .4.21 4.42 .. 4.+21 2.92

NOTE- AVAILA"LE LANO" 11 THAT AVAILABLE L44DER THE MST CON-

STRAINING CRITERIA I3. .. IF > 1114 OF THE POPULATION ALLOWED.

.9 A UNIFORM DENSITY CRITERION 13 FOUND IN A SINGLE SECTOR_

OF 22. 2 DEGREES. 1 NUIMERS IN TOW COLUIMN REPRESENT THAT LAD

UNIOIGELY CONSTRAINED BY THE OIVEN FRACTIONAL CRITERION. THIS

LAND IS CONSIDERED AVAILABLE IF THE CRITERION WERE RELAXED.

IF SECTOR CRITERION 19 APPLIED. ASSJUME THAT UNIFORM IEQUITYI
CRITERION IS ALSO IN EFFECT. - COMOSITE OF 5 RADII•



TA:SLATION

TABLE F2.3
POPIPLATION SCTOR ANALYSIS - TOTAL U. 3.
DEN6SITY .750 */SO.1 MS. - SINGLE SCTOR (22. 2 DEGREES)
STATE AREAS IN 550402. MILES AND It OF STATIE

AVAILABLE LAND
U 114 ALLOWABLE POP

> 2/6 ALLOWdABLE Pop.
711% ALLOWABLE POP

> 1 6 d.LSAULE POP.
S13 ALLOABLE POP.

> /2 ALLOWABLE POP.
UNSIFORIM DEINITY

I T

ALABAMIA

ARIZONA

ARKANSAS

.ALIFORNIA

C0cOrAO0

CONNECTICUT

DELAWARE

FLORIDA

GEORGIA

ILLINOIS

INDIANA

IOWA

KANSAS

HETItCAY

LOIBIANA

MAINE

IMARYLAND

MABBACISTTe

MICHIGAN

HMINESOTA

flIssisIPPI

MISSOURI

NEVADA

NEW MEXICO

NORTH CAROLINA

MNT DAKOTA

OHIO

OREGON

PENNYLVANIA

RHODE ISLAND

SOUTH CAR•L I•

SOUH DAKOTA

TENNSSEE

TEXAS

VIRGINIA

22ASSIINGTON,

WEST VIRGINIA

WISCONSIN

WYONING

TOTAL

1 0 27435
52r91

2. 0.: 47429
I;42.52

3. 0 31645

4:0 :172993
5 44, 6-7

5.0 65038

A0 0 403

I. 7

7.0 9342
27. 42

1.0 25013

:4 49527[

15.0 26461
1. 0 : i6e43

49.3I:
10.0 :4 972

78,921

t.*0 24167

190: 454.9 .

12.+ 0, 9842,:

27.42:

12.'0 30647

14.0: 69157

15.0 42ow:
"+"49.9%,

16.0 16943' .. is9.31

MO 26T224,'0 97494•

472Z

I1.0 24900

10.0 4960

S.0 24067
3W291

11.0 43637
90, eix

401s
390 64544

.2.192
24.0 : 17494 -

85.72

2 :0 9B2597. 0 5-'113

' :24.17+9:

21.0 :50&9u
72. 2

r :- 564169
• :44.01:

21.01 4113 :
M.0 022

0. 01
89 0 14544

:69. iz

39. 0 511I9

4k.5t

40. 0.7612

: 4.12
41.0 :9124

22 41

42. : 5449

44. I :

* 2;39 42

36. 0 11368

3531%

37.0 0.74

460 .0721

34.0 2179437 72

51.01

40.0 :102442
.:43.11[

71..729"

177.4 
,

420 '461
:" 4. 11[

43. 0 5"941

`441 a 14552
I . 31.3ZT7

44.41[
46. 0 4++0721

: 4.5%[

480,0 70262
:71. 71Z

1743M9
57-42[

2972
5.71
1419
2 21

2.01
433.:
2.71

a. 7%:
1573.

10:
4.415224

4.5 :2425

02W4415:

2490
4.42
1614
5.01X

'1554 :is"l

2-911994
I. q5[
1197
3 0
1486:

I0"

0.02,

405
4.71

1912

0.

3.21
1042
1. :.

01 52
-0

0.01

1646:
It"
301

0.72

I . ?z[
4.61
772:

0.42

4.5
0

1429
31.41 :
IsZ
2.64

Il

1061
1.67
7232

10
0.01

1914
4.31
5468

2.11.:

1.02

10

14S&
3.41Z
2949

3.61[
2I. 8Z
245

0.42x
1554
2.72

0:
0.01

2760
9.32
1255

4217:
7.91
4739
3. 0.
1479
1.4

5.21

20. 01:
3175
5. 21:
2995
4.9•
t062
1.3%1:.
7746:.t

13.71

10.726019 :
14. 31
232:
4.0 a
1727:
4,321,

4IIm

1246
3.42
4,16

610
452

7,22
4555
7,41
5472:
6.41
2415

a. 941:

917
O. &1':

is. 1It

0. 71:

043
3. 0%

5.22

.214

7.IS
53271944
1. SZ.

7.11

29:
2.42

2450

.3.2:

7142

2094
5.01Z
9939:

1106
1.32

714

7.22,

7220

577750 321951
2.61
924

3.6In
4777

0.61

5.42
1254
1.41
243 .
&.52
4m93
2s. 4v
174,

309

13. 3
2425
4, 4
2706

753
0.91

4900

713.2

4314:

7. 7Z*

2461
3.01
is. n1

27.

7. 51

8604
6. 31:"
414241

7.1 2Z

3. .:

7.7%•:474:

7. 91[+

2.21

8043052

"96
&.9OX

2645
:17 72

457

4. 5%;:

O.72

27471

7. VZ[

2.22

4767

11.45%

0519
39.6

0372

A. 11

&. 4%

102 :.

1474

2902:

.154

10943

1.6111

2402:
5.21

7321

50914
4. &1

42071:

7406

492"
3.31

3667 :
7.11

02524. WX•

44m6
2.02

1421.
I.61

7.41
290:

122.42.+
1499
2.91.:
446:
7.4

9"51.22
4156 :

7. 41
4497:

12. 4 L::

S. 0% :
5.01
2.11
2722
9.22.:2145.
33469,:

1221

1004
9:01:

41 :4. a:
4304:
7.01

2.32:
490m:
SO. 2z .
4121a. q'[
&.9S

0. 52
2312
1.7:

7.2:

754

46139.21:

9. 0a'

I. OL"
752:

0.41 :

9 21

5101 :

2451
2.52
2061

0. It

,~S1 :1

0.01

0342

9.41[0291
4352

4593
S8,15[:

9.61

1467:

513:
0.21

1071

1.02

10' 21:
i54

4.62[

7.41

1.0"2

23590S5.9

1554

592
4.41,

2952
14. nZ

S4.:

4.6 " :

2224.
10.'~ v
591-
6.93

4 9Q
34:

6. A''
3.72

4342

676
0. 2

091
0.21

052

4507
5.106

"417

2122

0736
13.1 :

5.01

4400

4So It

13. 49 :

1.1•

11.61
3254

41782

5. 42
52120.32

11. l%

01. 6z[

O,92

2624 2056 : 2075 : 51907
5.52. 2.52 : 4.01

44 15479 59405 :114345
0.42 51. 52.01 :
380 1554 42.43 23359

1619: A 1 29 11. I :
5304 233287 5292 :140363
S.41 3. 3. 32.51% :
704 19&2 20660 :104324

0.71 261.1': 27.52
415 2943.: 0 301t
0. 5 456.91 0.02
114 396: 9 227

7.11 17.01 1, 272
2770 &44425 13505 5922
4.71 2.0 91 S25 1t
2342 =12.: 517 54602
4.01 6.25 0 : iO0O1
444 465,': 3799 I3550

0.011 0. 82 44.91
1214.: 6417 : 1361 :5429
2.22 1:.41: 2.41
a345.: 41'': 1322 : 26341
&.0t :Stl. 4z :3i. 6%

940 1795': 0 6047
501.0 . :22 001[

I9M 1747 593 :2267
0.71 2.12 0.2
2392 2152 i2470 :40269
691. f 2•: 2 416.1
5042': 1253 14417 46215
2. 2Z 3: . 29•: 1
647 179 : 357 24074

591 2.32 .:1 -1. z
964 229 243 11154

8661 2222 5 .3Z.
743 446M . 0 342

64." 52.72 '0.O:
2725•4..: 9479: 611m
4.42 10.64 13.72.
11426: 8557 249M G3:I51
I.2 2.01 2W1.0
156 , p 3 3M641 . 47M3

9 .431 222 a01.
265 : 4514 : .649M3

I.• 2z 4.2: 111, :
212 412: 47140 :214045

0.21 0. :2 31.61':
3 49.-• 1534 : 77722

0.4" A1. 1.: 2.01
S 46 3 : 03225 :110617

0.1%[ 0.41: 16.2 1:
. 946 : "1197 94%7

4. OR :0. -' 12. 42
40 9433: 0: 0000

4, 72 67.61 0.01:
526 049 2146 :521744
02. 1 0.72 2692

:7 7453 9920 50I02
Z.54 25521 :2$9610
3942 i 433 6•4 30769
7.2 0 " 01.5%[ 17.0%

145: 299: 372 : 72005
0.21: 0.42: 9.2:.
3164 : 620. : 4 : 4121r
7.41: 19.-4: B".:"

5.4 : 206B4: 34264 z .415
.1: 301 : 59.01 :

1&02• 90 23 30349 ! 979
.2 : 2.01 :201. 02

31[4 9023. : 325 1t 652
701. 19. 9z .7. t

425 62:.. 0: 2205

5440 2297 :24463 21109

134 :7.41 .471 1
i. 7 : 4 22793 . 77005

0 21. 0 . 5 n 29.41 1

16 523 14 •2294 : 7222

o 27 0.4 9 42.21

3275 105712 491 z726640

21 1 .. X1: 2,1:

92 2 :38 25551 : 626

0. 5.21t.: 20.01
236: 326 202: 9653
3.41: 2.42: 50.42:
2104 3 445: 14965 :41144
5.12 8 .42 2 53.61

2341 30M 24762 : T317
2.91: 4.51: 35.72:

964 1 312 2722 24104
4.51: 5.42 12.32:
s&79 3546 $ 028 57022

22 3&7 :252252 97967
0.21: 0.41: 22.71:

42233 248019 557473
2.01 4,9219 53.

68192 152542 257471 214690 107473
2.01 , 4.01 3. 2 .61 3..5

DTE:. AVAILADIE LAND7 29 THA AVAILABLE UNDER THE NOS CC*-
ITRAININO aCR1TS RIA t . IF > 1/16 OF THE POPULATION A ALLOWED
my A UNIFORI DENSITY CiRiMIION IS FOUND IN A SINGLE SECTOR
Or 22. 2 DEGREE I NIUMBERS IN THE CGOLUWS REPRESENT THAT LAND.
UNIGE&LY CONSTRAINED MY THE GIVEN FRACTIONAL. CRITERION THIS:
LAND IS COSIDERED AVAILABLE IF THE CRITERION WERE RELAXED.
IF SECTOR CRITERION 13 APPLIED, ASSUME TH4T UNIFORM DESEITY
CRITERION IS ALS 1N EFFECT-. - £O0I87E OF 5 W40ll
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TAIBLATI1O

TABLE F2.4
P13P£LATI?4P ICCYOP ANIALYSIS - TOTAL U- 3.
06)4311 S" 150 3$01. 4.4 SINGLE 41CTOR Q525 DEGREES)
STATE A04AS IN WOIANE MILES5 AND Z OF STATE

AVAILABLE LAND
> fbALLOWALE POP

1/6/ ALLOWABLE POP.
> 114 A3LL& L POP.

3/3/ ALLOWABLE pop-

£ /2 A! _3A3LE POP.

0314" DENSTYV

ALABAMA4

CAL IFAIIIA

CONNECTICUJT

IN.434041

PLOP £04

ONOeGA

£0430

luIINOI

IND01N0A

OWYLAN

"10641007A

MISISIPPI

smas

NEW 041014D

#MJTN CARM.INA

1040430CIL14D

Sa51 CAIROINIA

SOL""C DOPW

TOALMkOC

1.0 32462': 704
h62: 1.41:

2L 0 4944 1621:
4.2 L. 417

3 . 0- . ":.

". 41 5.9

14. 0 : 6 30"93 "atl

: 611VA 40.

6.0 .299 219:

L ::• 74 r" 51 .:' 3. 6%

9.0 22-1 241

. II, £S:"I41!

10.0 41004 o0
:0.0:. 00X

I1. 0 29712': 714I .:. . W :: t. 1.
12. 30: 13290. 5134

3 46.6"

£ V2 00.S.. ' .01 : 0.•1
"14.0 ra sm•O :• 0.:

ftN. Is:. 0. 61 z19.0,; 20429.: 647

&&.0 21£9 ' l
45 71 0£!

17.0 '7194.: 0.:
3. 0.: am 006

£9.0 1•0 473':
U .1 . UI .8.0 1n

20-0 27387
m .. L0:3 %I11.0 ."44&= 473.:-

ft. 792 0. It"
102.0 2i?•.:0 71•.- 0I. 0%.: O. PI

4 0 7 7433

60 @1 . 001I
14. 0 49405 50

". 071 .as.0 130~ : 907
4". 61 0.7%

".9% : 0.= 3+,
47.0 1 90':

7. •1 0. 11"
410 4 ý : M

130 1 3.51
3 0 1 06134 : 704

: 70.0% 0.464
30.0 • *dl161':: +1440

41 :.3.91
51.0 19512: 106

3.91 0.21:
m.0 39 10I 0
. L: 043., 0.01

110 .1131 4.03

34.0 a $ : 111950
:' 6. 4%{ : 1.3

35-0 ~PN9 .N

32.n4%t 06", "
37.0 10 : 196

3.0.:' 19002 I
S. " 0.15

39. 0 195: 0
:6 01: 001f

40.0 309£ 5469

41.0 319402 .3• 79
. : i . 6%,: 1.4 :

42.0 5016: £119:
6451.: 1-31

43.0 9607 0:
06.91 0.1:

44 0 : 16704 1164
. : 4001 32.r;

45.0 . 3320 124•
do : 1: 1 @1

46.0 8312.6 £0

. 243 .0 0X
47.0 31932. 367

56.0•: .0.61
44.0: 70412: 0:

73.21: 001:

£1,3531 .21521
61.0% t. I%

3 433 17506 3444
32.0 : 3.41 64.71
743. 44 32£.

001: 01 .4: 0• 1:
2714 . 3914 : Z374
7.01 5.51 4.0
3591 3: 242": 2136
2.3 ;2 2.01 2'.01
1314 10a= I"3 .
1.7 101 041

i16 183 401
2. 21 3.51. 7.• f
19r: 251 270.

3.1 . 10. • s :1.:41
1r37 1064 : 13261
3.0 1.: S 2..,
3104 : 3395
3.62 4. 91': 7. 5Z
830: 519: SW:,

.1.01 0.71 : ..
72 : 4449 33

13.9:, ; 7.91.: 6.2:
2.45 3903

3.7*1 9. 01;' £1 01
7411,.. 442 : 2403

12.41%. It.:. 4.3
789: 1511 4 :

£201• 1+3: ; 143£: ,-

- 5.41 1:. 4 .0 1.4 f
1399., 1. 31,: 3 -
3.941 4.0% ..
2 .9% 4.8: 11 *- •,:.

1030:- 1140: 1•51
301.:., 5.41: 4.01 :

950 : 1224,: 1071 £:
4.9%: 11.0%:: 9•...-

2491 3860,: 4

6 4£ :. 'L:.: 6 :
307 : 31,: 44.51:
2725 ,: , 6 f 25 21
4.21{:' 63.1:- +. •:
0 424 : 3400t' : 34363:4.3 2: 01: Z .ft
3094 : 313&4: 4730'

5742,: 2379 2700
a312 5. 1%' 5.31:

"0.7{: 1.M'-: W.L•
.04 00..: 0.41:

3130 i£37 £033
2.2 £.511.3

0.• 0. 7,: 0.21:
ft*,": , 431 :•676;

S.5" $.64, 7.11:
361' ,, 04 : 33 .L..

5. = 4.0t 3. 31':
4695 45 • 50

0.64b1 0.41 0.1I:
3557 : 3347. 4322
5111: 5.71: 3.1:
1776 : 3454 : : 395
3513{: 5I.31 .: 7,61::

2055 12116 : 6"4
2.91: 1.71: 091 :
314 3117. : 4=1
7.13: 7.•: £0.51
3094" . 153 : 3374
3. 0.71: 3.4Z1:

907 06: 340.
0+9: 0.9: 0. ":

4322 2731 4464
5.21 0O1 9.91

37 21 46
7.31 2 41 4.01
1033 1274 20710
213: 431: 9.91

917: 579 374.
1.31: 0.31t 0.1$
1322 . 2210 . 3012

3.31 : 1.0: . 0359

3.21. 2+71• 2.41%
473 . 247 : t£"

0416 0,41 021%
054- 549. S304713: 531: 31

6.7"% 3 +.1X. a 4%{

1534 2441 . 3995
3.7 S1 .5 : 9.7 .1

.1197 : 1204 : 14"0
1.. £1. : 311:. 1

321 . 1703 2"415
3,4 7.1. 10 I£ 0 1
4240 2792 4043
7.41 .071. 7.1%

502: 3•02 3: 213
051 05.3. 0 3.

99456 37023 104450 A
3 31 2,91 3.4%

0I. 4x
94" :

2. 74;

1327

3000:

1. 01.

Ia. a%

A335

3. 4

1100 :

£4. SI.:

£4294

213"
4.'

3•4.
5,00

. 3s

14.33{:

673{

340•

0. 3Z :

3640
0. 5 :

£043

a%42.

21.31:

112

9. 4 .

0.22

S47191•:

1311

1041•

4243

4 91

04159

23.312

2330

0.3 As

3 01-

14711.

3040

5 .31
143

0 32

0702 2692 2075 51900
S.3.; 51.2 4.01
402 1443 59405 :£14343

0.41 1.21 52: 01
830 £476 62633 52233
.&- 3.8% 101

2548 1100 4 1492 140342
1.61 : 4.9 32.11 !

704 . 1416 . 246600:104325
0.71 £41 271. :
911 3473 . 0 5210

9. e1 1.1t. 0.01
144: 2 367 39: 2336

7.11. 1*5.01. 1.71:
23" : 02 12105 929399
4.1 : 10 1 ": M-11
234 219 :,. 906:7 51604
4. 43 : RE 10.01

444 67& 37519 :3213

0.5 001 44.91
1303 5645 :, 1361 : 3659
2.31 :. 10.01 : 3.41.:
24132 3612 : 122• : 34342
6.4.41.10.51: 23.4:

" 99 . 660 : 0 : 50007
1.0,: 3.0 :, 0.01
539 1431 1932 127

0. 7i 2.01 0312Z
3441 3005 3470 40270
4:11 8 &11 6. 411:,
1062 1766 14417 48154

2.31. 2.71 2 9.91.:
465 : 7 : 357 : 34071

1£91 321 1.01L
£214. 27•0 148 1:155

10.9: 4.471: 1.21:
975. 4063 0. 3O:

£1.31 47. 1 : 0 020.:
3020 5742 :9479 & 18"
4.91: *.31 2 5.72
1355 R191.: 34924 : 03910
1.51 :a .3.1 23.0Z1
£107 :$ £515 : 3141 : 47M
R. 51.,: 2.3t.: 8"01
1013 255• 7 451& 699M1
1.4: 371, : 456. 2.:
3219:. 405 . 47160 :340450

0.31: 0.W1 3 1% :
2 0010£ 1534 77721

ý0. 4%1 101 20•01
164 370 20255 :110&17

0.412.; 0.2% 291.3r%
405 : £1197 9469

4.31 9.412: £3.1.6
.1012 4181: 0: 1010
12.71 :52.321 : 0.01

310 712 . 31524 :1217"4
0.23: 0.61: 35.9:"
2963 :: 49•9 : 9930 : 50219
5.91 : 13.9: £9.01
3512: 4217 : 3027: 50769
4.91: . 1= 17.0%:

145 D 390" . 272 : 7100S
0.2% 0.41. 9.21:

3245 £132 :. 3464 . 4415
1: 371-: 501

1411. £333 50349 97927
1.71 : 1. 9 1 .3.01-
3241"' : 3037 : . 2551 1 4327

7.01 : 17.91 7.01
164 5S9 0 1204

13.61 49.61 O. 0
1440 2220 23A3 311£9
5.21 7.1: 3515

1644 367 22793 77007
O0 2% 0 532 29. 6%
3584 30910 2" 42123
0.%3 .741% 431
3455 3435 .$491 2&0239
1 231.:" 201

3764 10£ 25353 0510
04% 0.91 :,20 01
333 M33 1 023 98353
341 341.. 10 41

2312 310 : 5045 411
5 31 7.61 f13
1443 3692 : 24762 09317

904 1303 2721 24105
4.1 541 £11.31
1747 22M 5022 .7023
3.11- 4.9% 30 1.

332 267 25225 97937
0.21 0 41 2 7Z

a

14523 4959 12193 257672
3 41 2.3% 4 =1 1£.31

N011: *AVAILABLE LAD TW•T 1)44 AVAILABLE UNDER TI MST CON-
3TR2AINING CRITER4IA 41.0. IF > 1/10 OF THE POPULATIN' ALLOWED

3V A lNIFOPrN 363421tY CRITERION IS FOUN0D IN A SINGLE SECTOR

OF 22 5 OCONE0$. ) 3AS IN THE CGLWNS REPRESENT 1)41 TAT4L.

(531NI2I5. CONSTRAIIN. IV TIE G3IVEN FRACTIONAL CRITERION .TWIG

LAND1 S C0N32 t"RED AVAILABLI IF THI CR+13I £01N ABE ILA61.r0
IF SCTOR CRIT11I30N IS APPLIED. 435116E TH4AT UNIFiW" DEN0ITM
CITERION S1 ALOND 10 3l1CT. - COe011W 1 OF 5 RADII .9
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.TABLE F2,5
POP.LA'TION SECTOR ANALYSIS - TOTAL U 9
DENSITY - 230 .1931/M.I *.. DOUBLE SECTOR (45 0 DEGREES5
STATE AREAS IN SOUARE MILES AND X OF STATE

TABULAT ION AVAILABLE LAND

S118 AL.LOW(ABLE Pop
> 1/6 ALLOWABLE POP.

> (/4 ALLOWABLE POP.
/2 ALLOWABLE POP.

> 1/2 ALLOt44BLE POP.
>1 UN FORM DENSITY

R ESTRICTED LANDS

ALAANMA 1.0 19647 (534 5616 5944 6813 4555 5702 -207, 51907
*3. 29 3 01 * 09t 81 I 1 31, IX 6 (tX 4I0%, :

ARIZONA 2 0 44969 236 1949 1110 1361 1882 3329 59405 . 114343
31. 3Z 0.31. 172. 1.01 1.21: "1 2.91 52 0% ;

ARKANSAS 3.0 2 89767 762 . 3616 3426 3307 1872 3165 6263 53258
54 02 1.41 10.5% 6.4Z 6.41{ 3.51 %93 11.91

CALIFORNIA 4.0 59693 1449 7604 5713 4495 5124 2290 3' 1492 (60364
Alb 37. 22 0 92 4 72 3 6% 4. 01 21 14 2X 32. 114

COLORADO 3. 0 61702 . 1004 2625 1380 2953 2055 3947 29660 104326
59.11 1 01X 2.351 121: 2.91 2.01: 3 82 27.51%

C0NNECTICUT 6.00 30 0 29 68 :97 19 4989 0 5212
02 001 0.6 1.31 1.91A 0.40% 9S:9 7 0.01%

0DL0AAARZ 7.0: 444 0 376 290 376 20: 600 39 2326
19. I 1. 0.0 16.22 12.01 16. 2 9.717 26. 1% 1.7%

FLORI DA *.' o 12790 2413 3221 4053 4738 4642 11397 13105 593*9
: 23,22 4,11 6918 6.82 8.01 7,81, 19.21 22.11

0EORGIA 9 0 203 •35 1 8• S .70023 3944 3 42 701, 3967 39604
3302 2.41 132 1241 10.32 6.01 12.0 1 (002

IDAHO 10. 0 : 391893 94 3 972 975 1679 .959 1206 373(9 83549
.437: 022 262 3 2 6 :• 2 2.01: 1.02: 1. 44.9

ILLINOIE S1.0 : 17138 1795 8009 : 6176 6745 3322 11792 1361 56338
30.31 3.22 14.22 1092,9 11.9: 6.2 2 00:9 2.4%

INDIANA 12. 0 : 4709 1303 4999 : 5240 4960 3271 10547 1322 36341
132.0 3.62 13.7%: 14:4%: 13:61 9.02 29.01% 3.6%

10W 13.0 3247 1361 6620 : 3260 - 3414 2634 3812 0 56068
57.72: 242 I(1.2 6.9 2 9.71 4.71: 6.01 0.01

KANIAS 14.0: 63166 4"1(5 4393 2364 3300 2499: 371( 193 82265
:79.2% O.31 3.462 2:.92. 4.02 3.0% 4.351 - ,2

KENTUCKY 18.0 14172 "050 4140 : 4936 6"68SO 3329 . 4314 2470 40269
23.41: 1.4% 10. 3: 11:31 165 : .31. 10.72 6.1%

LOJISIANA 1&.0 12931 : (4481 4593 : 2870 4757 24123 3725 14417 48134
26.92: 3.02 9.32: 3.02: 9.92 5.01 7.7• 29:91

MAINE 17.0 253" '68: 2461: 1736. 1901 930 1203 357 34075
74 5. 0.2 : 7.22 5321 5.6 2.41: 3.81 1.0%

MARYLAND 3 10.0 1573. 48 (233 : 772 1001 . 40 5742 145 1116
14(2 0.42 :11 2 6.9 T: . 72 4.81 31 1.3113

MASSACHUETT 19.0 174: 67 309 328 473 482 6774 0 9627
2. 0: 1. 02 3.61 3.92 15. 1 61 76.53 002,

MICHIGA0 0 : 2362 : 2 4(86 4362 25472 3M 2337 13423 9679 61938
3.& 52 0.53 6.81 : 7.12 7.62 4r 1% 21. 71 15.71

NNESOTA 21. 0 42235 3 10232: 913 : 2001 290S I 93I 44 24926 95915
49. 31 1.22: 6.02: 3.35 3.421 2.2 5.41% 29.0:

NIful9B19PPI 22 0 21954 444 5462 : 6080 4613 2536 2905 3841 478•5
43. 0.92.: 11.41 12.7 9.61 : 5.42 6.12 9.02:

M41IS0SOR 23.0 41061 : 704 7344 4314 4169 2470 3356 4516 : 69934
: .'731: 1ý02 :10 92 6,22 6-02 3.3:. 71. 6.3 :

MON.rANA 24.0 94744. : • r 1940.: 1448 897 637 630 47160 :148437
63.91 0.951. 1(.32 1.02: 0.61 0.42 0.6% 31.8:

1MASKA 5 2 .0 65473 415 2377 2441 1515 IM(2 2171 1334:: 77720
642 2 0.351 3.3 3. .111 1.92 2.0: 2.81 2.0%:

NEVADA 2a. o 8063 133 (004 405 975 792 . 1177 20233 :110618
77.6: 0,1.0 0.92 0.42. 091 0.7% 1.1% 16.3%.

NEW 4NA•HII E 27.0 o 3194 116 1090 936 693 338, 1901 1197 9467
:3. 7% 1.22. 1(.9 9.9: 7.3% 3.61: 20.1 12.6&

NO0: JERSEY M 0 19 97 290 434 241 6929 0 8010
0.02. 0.22 1.2. 3.% 3.42: 3.01 96 " 0.01:

SlmMEXICO 29.0 82363 123 1m83 1013 1700 1640. 1476 31536 :121743
677. 0.1% 1.92: 0.81. 1.41 1.3 22 235.91

- O 32.0 . 7449 762 4246 4458 4909 3637 14707 9930 3021(
149.9 1. 92: 8.31: .92. 9.92 7.31 29.32 19.02

NORTH CAROLINA 31.0 6463 1 302 5 105 4861 7469 3831 : 9110 6627 50769
16&71 2.61" 10.1 13.5% 143 1 ( 7.53 17.92 (7.02

NORTH DAKOTA 22.0 36209 61. 2536 965 . 647 936 . 473 6572 71006
32 012 0. 0V2 3.61: 1,41 0.92 31{. 0 7.1 9.31

0HI0 .0 : 2351 1(01 4553 49 : 4487 3059 17773 2326 41033
3.52 326. 10.91. 11.92 1(. 71 7.3"& 42 5%2 5 6.6.:

OKLIAOA 24.0 44011 1727 4526 3677 4497 3609 4043 3444 696t4

6O3EG 232 53 62 3 251 6 4% 5.2% 5 92: 3 01.

iREG.N 2•.0 3249 907 3168 2596 2229 2374 4159 30349 97929
533.31:0.92: 3.22 271: 2.31:2.4%: 42221 102

PIDNSYLVARIIA 36. 0 5790 10532 4894 4709 3268 2567 17467 3551 45279
( 2.81 2.3. 10.7 10.4 1 (1.7% ? 3.71 38.62 7.

RHODE IBLAND 37.0 : 0: 0 0 10 46 10 1139 0 L207
: , 002 00 0 .0.0 091 4 01: 0 92 94 42 0 0%

SOUTH CAROLINA 3. 0 737 454 3426 3735 6031 2519 4825 2663 31190
24.24 El.l1 11.0% 12.02 19.31 9 I % 15,5Z a 53

SJTH DA0TA 39.0 49655 724 2036 907 627 647 O61 22793 77007
63.2% 0.92: 2.62: 1. 2: 0 1: 0 891 0.2 29.62

TE•NESSEE 40. 0 .14030 676 41(99 4314 6379 3773 6176 2596 421M3
33.41% 1.62 9.92 1 0.22 1 . (1 9.02 1 4. 7% & 2

TEAXA 41. 0 :191256 5221 20091 13346 12777 9718 20941 5491 269841

: 67.4% 1.9. : 7.352 5.02: 4 8.2 3. 64 7 89 2.0%
UTAH 42.0 53220 203 1071 714 12(26 1110 2084 25553 95181

: 42.5 0.2: I.1: 0 8X 1.42: 1.3 2 4% 30010
VEONT 43. 0 4420 311 1090 (177 : 66 405 560 1023 9932

44.92. 5.22 11 1: 11.92 6.92: 4.11: 53.7 10 42

VIRGINIA 44 0 95325 1110 4170 : 499 3: 722 : 3368 6601 5665 41169
23. 1% 2.72% 10 22 : 12. 1: 13.9% : 9.22 16 02 13 9x

WASHINGTON 45 0 24974 1592 3175 : 31$6 2883 : 2470 6301 24762 69315
36.02 2.21 3 462 : 4.461: 4.22 : 3.62% 9 1. 35.72

a581 VIRGINIA 46.0 : 7141 695 3831 : 2905 3300 : 1233 2277 2721 24105
296&1 2..91 .92 : 12.02 13 7(27: 5.12 9 42 11.32

W16C01a1N 47. 0 24949 975 7527 : 4603 3037 : 2976 6128 5028 57023
43,61% 1 .7 13. 2% 0. 11: 9.2: 35,0 10 7% 89 .

WrYOMING 480 67627 0 :2530 : 676 61( : 743 530 25225 97997

469.0 0.01: 2.42: 0 71 062: % 0.1 0 62 25 7:

1544002 39908 199(0• 132051 166674 107973 282611 5576/j
TOTAL 300 1,7(.1 6.22 3.02 3.32 3.61 9ý 31 18.32

NOTE: 'AVAILABLE LAND' IB THAT AVAILABLE UNDER THE MOST CON-

STRAINING CRITERIA (i.e. IF :7 1/0 OF THE POPULATION ALLOWED
By A UNIFORM DENSITY CRITERION 1B FOUND IN A DOUBLE SECTOR.
OF 4.. 0 DECREES ) NUMBERS IN THE COLUMNS REPRESENT THAT LAND
UNIQUELY CONSTRAINED BY THE GIVEN FRACTIONAL CRITERION. THIS
LAND IS CONSIDERED AVAILABLE IF THE CRITERION WERE RELAXED.
IF SECTOR CRITERION I• APPLIED. ASUME TH*T UNIFORM D6ENITV

CRITERION IA LS.O IN EFFECT. ** COMPOSITE OF 5 RADII **
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TABLE F2.6
POP•.LATION SECTOR ANALYSIS - TOTAL U S.
DENSITY * 500 0/SO MI *-- DOUBLE SECTOR (45.0 DEOREES)..

STATE AREAS IN SOUARE MILES AND 2 OF STATE

TARtJLATION AVAILABLE LAND
) 3/8 ALLOWABLE POP

> 1/6 ALLOWABLE POP.
> .1/4 ALLOWABLE POP.

> I/2 ALLOWADB E POP

UNIFORM DENSITYR ESTR IC•TED LANDS

ALABAMA 1 0 26653 1710 3937 5192 5058 3146 3329 2075 51900

I 3 3.3x 7 6, 10.05 11.3 6 " 15< 6 4% . 4 0

ARIZONA 2.0 47353 454 1312 1255 1351 11 87 20026 59405 114343

41 0 45 1.15: 1,a 1% 1 . 7% 1.0 1 ,0185 52 0 %

ARKANSAS 2.0 33910 328 4304 2799 2499 1399 1756 6263 53258

63 7% 065 1.3 5,32; 4.7 2 65 3 35 .

CALIFORNIA 4 9 69422 2634 5549 5877 5269 4005 16115 51492 .10363

43.3 1.6% 3$1 3.7% 3.35 2.5% 10.05 32. 13

COLORAD 5.0 65224 328 2712 1390 1624 1696 2490 20660 104326 0
-25% 0 3 2.65 1.31, 1. 7% I 6% 2.4% 27.5X

CONNECTICUT 6.0 29 48 232 376 4182 309 3735 0: 5211

0,62% 0.9 , 45: 7.2%: 9,3 .95 71.71% 0.01

DELAWARE 7 656 .. 29 366 347 200 164. .425 39 2326

28,2 1 2% 16.65 14.9% 12 0% 7. 5 I1 6 : 1.75

FLORIDA -0.0 23170 640 3773 3725 321 3792 : 7131 13105 29357

'9 0% 1.41 645 X 6_41 6,4: 12.0% 2;f. 1:

GEORGIA 9.0 342 14 4025 572 5240 2914.: 4429 1667 58603

0 41: 3,.W: 622: e8x: 6.9% 5.0%: 7.65: 0.0O

10AHO 100 :41099.9: .46 1457 : 1033 640 a11 : "743': 3751!9. 83550.

9".2%: 0.1% 1 .7• 32 , C•,• .01: 0.9 9 44.,95

ILLINOIS 11.0 27396 : 332 7498 4391 : 4053 2673 : 7036 1361. 56$40

4.51 : 2.4% 1 3,33 7.61 7.21 4.71 : 13.95.: 2.45

INDIANA 12. 10731 : '6.: 4642 44251: 5520 3406 : 5298 : 1322 36342

" 29.5% 2:4 1218%.: 12..5% 15212 9.4%134.6% 6 3 6%

IOWA 13.0 39652 415 6427 865 129. 2075 0 56067

70.7: 0.72 115. . I5t11 5.3 2.92 371 0.0%

KANSAS 14.0 70397 290 3349 2133 2277 15093 2046 193 8 62266

1. 656 0 4% 4.14 2.61 28%1 1.95 2.1% 0.2:

KENTUCKY 15.0 1 ,830, .917 2586 3937 6369 2924, 2683 2470 40269

4.'.7 25.3 6&4% 9.6 1582 7.3% 6.'7: 6.2

LU•UISIANA 16.0 i 18653 33 4343 3350 3368 1476 2200 14417 48153

36.'75 0.71 9.05 7.0. 7.0% 3:,3. 4.6% 29.9X

MIANE 17.0 27474 0: 152, : 14241 1679 . 791 6049 357 34074

00 65 0.0% 4.62 3.95 4.'9 2.3% 2.21 1.0%

MARYLAND 18. 2419 106 946 : 926 1 061 926 4507 145 : 11156

22T61 (0% 65.% 6.31 9 77: 8.31 40.45 1:3%:

MASSACIHSjETTS 19.0 569 1 06 454 868 753 743 5115 0 6628
6.01 1.2% 2.32 10.1 9. 71 a 66 59,35 0.02

MICHIGAN 20_0 25650 907 4909 491: 4664 3146 7672 9679 61839

41.21 1.2% 8..11 '0. 7:9%1 5.11 12.41 1 S .

MINNEST0A 81.0 47430 . 345 3242 4 663 9144"1 1720 329 2426 05934

55.21%: 0,22 360 3..,A1 2.6S1 2.01. 3.9% 290%,

MISSISSIPPI 22. 0 26052 : 579 4815 5443 3366 1679 . 1785 3841 478083

54,41% 1.22 203 1,41. 7.71. 3.51 3.75 6.01

MISSOURI 23 0 47169 i376 510$ 3703 3339 . 2181 3464 4516 69933

67 41 0.'1 7.31 5.4% 465B : 3212 5.02 6.52

MONTANA 24. 0 97603 '.0 1081 .656 772 531 434 47160 :348457

65,91 0. 02: 071 04x 0.51. 041 : 0.31 31.0%

NBRASKA 5" 0 86J43 .462 1766 1719 1 1117: 1239 1052 3534 77721
96:4% 0.62 2.35 2.,.2 1.51 1.51 1,41: 200

NEVADA 26.0 67072 : 77 907 685 415 b6i 59 20255 110610.

' 7071 O11 06.,5 0.,6% 04%1: 0.61 0.1:% 16 31

New HAMIPSHIRE 27.0 4256 : 154 2 724 762 463 1090 1197..: 9466
45.01: 2,6. 6W Tx 7.61 6.1: 419: 11.1:% 12 6%:

NEW JERSEY 58.0 270 116i 462 309 434 502: 5996 0 6009

3.4: 1.41 6.01 391. 5.41 6.3: 73.61: 0.01:

NEW MEXICO 390. : 4360 203 2505 1583 926 665 : 946: 31536 :121744

: 69.31 0.22 1322 1 -'3" 06.: 0.6% : 0.65 2595:

NEW YORK 30 0 t 11976 t216 392"! 2066 2105 4369 : 6803 9930 50220

2391 2"3 890: 20-. .10:5, 6.31 17.25 19,801

NORTH CAROLINA 31.0 . 14986 1872 4053 5336.: 7022 3931 5 2037 827 50767

29"55 3.71 8'O% 10.'52 .1 13.9% 75.5 9 95 17,0"

NORTH DAKOTA 32.0 . 60698 0 1 503 .878 616 376 i357 6572 72004

68525 0..0% 2.12 12%'1 0.9% 0:21: 0.32 9 3%

ONTO 33 0 9747 492 356t 5132 5626 4420 10490 2326 41634

23 31 - 3 2 6.5% 1241: 13.41 10 61 25.1 265:

OKLAHOMA 34 0 . 50393 415 3763 3570 : 37•35 1930 23•5 3464 69615

:72.41 0.6% 5.4 .21: 5, 41 2.86 3.41 05:

OREGON 35.0 56586 1110 1940 1640 1650 2239" 2413 30349 97929

57 8% 1 I5 2.0 1. 75 1: 7% 2.31 2 1% 31 05 "

PENNSYLVANIA 36.0 11397 1206 4458 5143. 5250 :3156 1 127 3551 : 45278

25 2% 2.71 9.86[ 11.4% 11.:62 7.01 24.6% 7" 6

RHODE ISLAND 37.0 0 0 10 49 345 97 907 0: 1507

0.0% 0.0% 0.865 4.0: 12.0Z 601"72.22: 0.0 :

SOUTH CAROLINA 3. 0 11030 1052 3291 3976. 4622 : 191 2644 .663 : 31189

3154% 304% 10.65 132.7%: 14.68.1: 6.11: 8.5% 8.25:

SOUTH DAKOTA 39.0 51606 0 811 521 : 569 : 290 415 22793. 77007

67 0% 0.0 1. 1% 075: 0.71: : 45 0.52% 29 6%:

TENNESSEE 40 0 18017 550 3792 4706 : .5607 . 3127 3648 2596 42123

42 65 1.3% 9.05 It 4% : 2335% 7 45% 0"7 6 2%

TEXAS 41 0 207629 2856 1312. 9563 9322 7894 12902 $491 260939

77.2%: 1.1% 49: 3. 65: 3.25% 2.9% 4.95: 2.01 :

UTAH 42 0 54387 : 434 1090 4627 : 1293 724 . 1072 25553 : 65179
63.8% 0.25 2.35 0.75 1.51 05 I 31 30 05.

VERMONT 430 5954: 0 695 097: 511 425. 347 1023 9052

60.45: 0.0%. 7.11 9 1%: 5 2% 43:3 5 10 45%::

VIRGINIA 44 0 14195 782 3551 5008 5201 2692 : 4072 5.65 41166

34 5% 1 9% 80.65 12 2% 12.6% 6.5% 99. 13 6%

WASHINGTON 45 0 30572 : 540 2663 2374 : 2557 2104 3744 24762 . 69315

44:2X : 0 8% 3 95 3 4% : 3.71 305 : 5 4% 35 7%

WEST VIRGINIA 46. 0 0673.: 174 2374 2606 : 2963 1129 1467 2721 24107

443%, 0.75 9.8% 10 01 1231 4 75 : 6.11 : It.3."

W(ISCONSIN 47 0 31334 665 5423 4593. 3648 2403 3906% 5026 57022

55 0% 1 21 9. 57. W 11 6 45 4 25 6 95 0 05

WYOMING 46. 0 70233 : 0 743 :0540 •52 336 405 23225 97986
71 75: 0.01:0 65: 0 8: 05 3% 0 4% 25 7%:

1761966 28-69 145927 136449 140321 91495 177165 557673

TOTAL 56.01 1 30 a 4% 4 51 4 6% 303 50% 28 35

NOTE -AVAILABL.E LAND" Ir THAT AVAILABLE UNDER THE MOST CON-

8TRAININ2 CRITERIA (1 ., IF > 1/8 OF THE POPULATION ALLOWED

aY A UNIFORM DENSITY CRITERION IS FOUND IN A DOUBLE SECTOR
OF 45 0 DEGREES ) NUMBERS IN TH4E COLUMNS REPRESENT THAT LAND

UNIQUELY CONSTRAINED BY THE GIVEN FRACTIONAL CRITERION THIS

LAND IS CONSIDERED AVAILABLE IF THE CRITERIONNWERE AELAXED.
IF SECTOR CRITERION IS APPLIED. ASSUME THAT UNIFORM DENSITY

CRITERION IS AL:O IN EFFECT .. COMPOSITE OF 5 RA6I2 I.
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TABLE F2.7
POP LATION SECTOR ANALYSIS - TOTAL U_ S.
DENSITY - 750 */SQ MI *.. DOUBLE SECTOR (45 0 DEOREESI
STATE AREAS IN SQUARE MILES AND I OF STATE

TABULATION AVAILABLE LAND
> 1/: ALLOWABLE POP

) 1/6 ALLO'WABLE POP.
3 2/4 ALLOWABLE POP.

> 1/3 ALLOWABLE POP.
>112 ALLOWABLE POP

I I UNIFORM DENSITY
: I RESTRICTED LANDS

ALABAMA 10 2994 . 630 4024 41250' 43 2895 256 2075 : 51907
:57.71 161 781 8.07%9.9": 2.61: 2.5: 41 02

ARIZONA 2 0 48308 596 1505 997 12913: 656 1679 : 59405 "114341
42 22 G 51 1.3 0 8 1 . 12 0. 6% 1.5% 52.01

ARKANSAS 3.0 35531 . 492 3628:; 2712. 1959 1119 1554 6263 553258B
66%7 : 019 682 2.1 " 3.71 2.11: 2.91: 11.8:

CALIFORNIA 4.0 752270: 1197 5732 452t :. 5134 3686 : 13327 . 51492 :160364
46.9: 0. 71 3 61 2.98: 3.21: 2.31: a 31 4 35.1.%

COLORADO 5.0 : 67174 311 1690 1361 : 1843 1216 : 862: 28660 :104325
64.41 : 0. 1 1 61 1.31 1.81 1. I 1: I 82% 27.52

CONNECTICUT 6.0 : 154 10'6: 376 0 : 685 444 2 2943 ; 0 5210
3.01: 2.0i: 7.2* 9.6": 13.11 8.51 26.51: 0.01

DELAWARE 7.0: 765: 77: 376: 29& : 212: 174: 396: 39 :2326
:32 81: 3 31: 16.2% 2412 : 9. 11 7251 17.01 1.71

FLORIDA 8.0 : :26422 : 73'.: 3763 2538 : 3136 3175 6465 13105 59357
:44.52: 3 : 6 31 4.31 25.23: 5.3% 10.92 22.11.

GEORGIA 9.0 : 20> 357 4246 4738 4844 2731 3812 2867': 28604
4.6 0.61: 7.22 8.12 . "33' 4.71 6.2SIX 10.02:

IDAH.O 10.0 41920 125: 830 917 8o8 066 685 375t9 '.3550
202.2 0.32 1.0X 11 1.1% 0.811 0810 449 1X

ILLINOIS 1. 0 . 32.134 .. 907 . 2674" 380 " 3841 2355 6417 : 1361 26539
56. : 1.61 :10.01 6.8%: 6.:8 4.21 11.4% 2.4%

INDIANA 12.0 13066 240 : 4767':; 4706': 4504: 3117 : 4159 1322 : 36341
36.02: 1.5%131S: 132 126 2. 8 0.62 11.42: 3.62

IOA 13.0 42547 10"62: 4574 5827W : 2065.: 1197 1795 0 56067
75292 191 ,852% 2.02 3.7: 2.1%: 3.21 0.02

KANSAS 14.0 :757200 965 2548 1911 1747 1148:: 1747 193 82267
: 87.5: 1_2; 3.1% 2.3: 2.12: 1.4% 2.12 0.52

KENTUCKY 1is 0-: 20313 193 2384 . 3724 : 6186 2838 2152 2470 40270
50.42 0.1 5. 91 91: 15 41 7.0: It .3% 6AlL

LOUISIANA 16.0 20564 el 3098 3570. 2413 1428 1853 14417 48154
42.71 17 1Z 6.42 7.4% 5.01 5.02 581 29.91:

MAINE 1710 :-27952. 0: 1303. I322 1:235 791 791 357 34074
.812 0.01 3.81 3.91: 4.22 2,31 2.32 1.01

MARYLAND 180: 28958 106 897: 997': 1148 1476 3599 145 11153
21 91 1.0% 0. B 01 : I 032 : 13.2% 32.31 1.35

MASSACHUJSETTS 19.0 : 859 174 : 830 : 579 724 : 30": 4632 0 SAN
2 100% 2.0O 9.62 .6 7 . 42 9.61 93.7 D. 002

MICHIGAN 20.0 27950 . 926 4622 4854 : 4101 :271 6533 9679 61836
,45101 1.2: 7.21: 7. 8% 662 5.3 10.6% 15.71

MINNESOTA 1.0 ' 40414 116 3088 2506" 0441 17359 5 27 S 24926 08913
5 642 0.1: 3.6. 32.02 2: a8: 2.2 31 X 0229.02 :

MISSISSIPPI 22 0 28207 : 20 402.: 5008': 3320 . 1263 1303 3841 47884
28 91 0.62 0.1 :022o. : 6.91 3.31. 31 8.02 "

MISSOURI 22.0 : 48983 3 270 42652 4034 =252 1726 . 2856 4516 69932
:70.0% 042 6.1 5281: 4.72: 2.1: 4.12 6.51

MONTANA 24.0 : 90179 0 917: 733: 618hi 434 415 47160 :148456
6 •12 0.0A 0,62 0.51. 04Z 0.35 0.31 31.011

NEBRASRKA 25. 0 70040'; 125 2220 1042 2454 666 849 5134 77721
90 12 0t . 2,9 : I. 3; 1 _ 1 0,A : 1. 2 0 1

NEVADA 26. 0 077719 193 733 367 : 550 338 . 463 20255 :110610
79.31: 052. O.72. 0.31. 0. 51 0.31 0.41 1.31:

NEW HAMPSHIRE 27 0 4661 : 97 618 : 704 801 : 444 : 946 1197 : 9468
49.2. 1.0%: 6.93: 7. 42: 3.52 4.7: 0. 0 " 12.6:

NEWJERSEY 280:0 59: 193 396. 318. 463 6060: 5433. 0: 8009
7.52. 2.42 4.91. 4.02: 5. . 7.6% 67.81% 0.0

NEW MEXICO 29 0 85354 : 357 1244": 849 940 : 421 849 31236 :121744
70.1: 0.31 2 31 0.71 0.71. 0.31 0.7% 25.91

NEW YORK 30. 0 14670 " 482 4178 : 4613 5201 : 3513 . 7623 : 9930 2 5028
29.5• 1202 8.31 9. 52 10.4% 7.01 1552. 291. :

NORTH CAROLINA 31.0 18402 " 347 4053 . 4294": 6890: 3621 4333 8•27 50768
3652 0 .71. .OX 62%: 13.62 7. 9.5 • 170. 2

NORTH DAKOTA 32. 0 61133 0 : 1573 733, 338 327 299 6572 71005
86.1 001.: 2 21 1.0 0 02 02 0"42 9.31

ONIO 33.0 11329 647 4150: 537 : 2 4517 9106 2326 41834
.27. 152,: 9 5 91121 236. 10.1% 19 4% 562

OKLAHOMA 34. 0 52274 714 3179 2731 : 279 1669 064 3464 69614
752.1: 1. .x 5862 3.91 46.0 2.42 350. 5.0:

OREGON 35. 50913 135 1756 1293:: 1699 1795 1998 30349 : 97927
60.21 0 .1 1. 8 1.31 1.7% 1.8% 20% 31a 02"

PENNSYLVANIA 36. 0 34378 666 4170 4130 5452 3909 9013 3551 42276
311. 12.52 9.2% 9.12 12.01 8.62 19 91 7 81:

RHMOE ISLAND 37.0 0 10 29 122 193 164 6885 0 1206
0.0 0,82 244 S10.41% 16.02 13 62 2681 00.21

SOUTH CAROLINA 38 0 13549 743 242%2 3387 : 4207 1920 2597 263 31188
434: 5.1: 781 1O.9: 13.25 622 74% . 85%.

SOUTH DAKOTA 90 22965 0: 840 482: 270 280 376 22793 77006
67.5 : 0.0 2. .": 0.6% 0 42 0 41 0. 52 29 62

TENNESSEE 40.0 19937 656 3300 :. 4275 4970 3175 3213 2596 42122
47.3X 1 612 71 j tIo, 12 I1 0 7.524 7,62 6.52

TEXAS 41.0 :217173 1361 11020 9396 99640 5587 10171 5491 .268039
.80.8: 0.21 4. 1: 3.1. 3.62 2.1% 3 82 2.0 :

UTAH 42.0 "55381 251 2168 656 . 782 463 926 25553 05920
625.0 O " 0.31 : 142 0 09 92 13 1 302031

VERMONT 43 0 6128 0 .6761 791: : 52 396 338 1023 9054
: 25 0.01 692 8 01%: 5. 1 40 1 342 20.41

VIRGINIA 44 0 .... 24 473 13299 4362. 2092 2364 3442 2665 41167
39 32 1. 11% 0.7% 10 6% 12 42 5. 71% 0 1 3.8

WASHINGTON 45 0 32292 030 2268 2374 . 2104 1698 3088 24762 69316
46. 42 2.21: 3. 3 3 .4: 3.02: 2.5% 4_5 35.71%

WEST .IRGINIA 46.0 11561 0 1872 2654 : 2800 1177 1312 2721 24105
48 0% 0.01 7 8% I1 02 . 1.61 4 91 5 4% 11.3%

WISCONSIN 47 0 34016 0125 4719. 4130 : . 3590 2268 3146 2028 : 57022
:971 0.22. 8 31: 7.2;.: 6 31 4.0 5 521 88 2

WYOMING 48.0 70677 0. 733 356: 328 270 367 25225 97996
72.1: 0.02: 0.71 0.42: 0.3 0.31 0.4%: 257

1849701 "19801 132151 121809 129552 92244 148018 557673
TOTAL 60 8 .0 7% 4 31 4 .02 4.31 2. 7 4A .9X 18 31 "

NOTE -AVAILABLE LAND- IS THAT AVAILABLE UNDER THE MOST CON-
STRAINING CRITERIA ] I.. IF > 1/8 OF THE POPULATION ALLOWED
BY A UNIFORM DENSITY CRITERION IS FOUND IN A DOUBLE SECTOR
OF 45 0 DEGREES I NUMBERS IN THE COLUMNS REPRESENT THAT LAND
UNIQUELY CONSTRAINED BY THE GIVEN FRACTIONAL CRITERION. THIS
LAND IS CONSIDERED AVAILABLE IF THE CRITERION WERE RELAXED
IF SECTOR CRITERION IS APPLIED, ASSUME THAT UNIFORM DENSITY

CRITERION IS ALSO IN EFFECT. .4 COMPOSITE OF 5 RADII
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TABLE F2.8
FOPULATION SECTOR ANALYSIS - TOTAL U. S

DENSITY - 1500 */SO MI *_. DOUBLE SECTP.I(43.0 DEGREES)
STATE AREAS IN SOVARE MILES AND % OF STATE

TABULATION AVAILABLE LAND
1 1/8 ALLOWABLE POP

1 116 AL.OWABLE POP.
> 1 14 ALLOWABLE POP

-- 1/3 ALLOWABLE Pop1/2 ALLOWABLE POP
1/ IF2 -0 DENSITY

RESTRICTED LANDS

ALABANA I 0 33956 0 2277 3493,: 4555 2856 2692 2075.." 5006
64 ", 2 o 002 4 4 6 7 : BB:. 55 : 5.2% 4 01:

ARIZONA 2 0 50499 328 3119 $50 492 511 :1438 59405 :114341
44 2, 0 32 1.0% 052 0. 4%:. 0. 4ll' I 3. 520,:*

ARKANSAS 3 0 37201 270 3136 2297 1344 1071 ": 1476 6263 : 5325S
69 8% 0 5% 5 9% 4 3i 2.92 2 .0% 26% IB1

CALIFORNIA 4 0 61842 946 4092 4227 3870< 2876 11020 51492.<160365i
5 .0 , 0 6 2 264k':: 1.91 69] 32 I:

COLORADO 5 0 69229 212 1669 1129 1062 875. 1496 21660" 104325
66.84 0.2% 1.6% 1.1% 1.05> 0.82: 1.42 27.52:

CONNECTICUT . o 50 203 203 396 647 540 2673. 0 5212
10.6% 3. 9 3 .92 7.68 12,4: 10.42 51.2 := 0.01

DELAWARE 7. 0 1013 10 270 232 212 1 83 367 39 2326
43.62 0.4%2 1162 10.01 9.11 7.92 15 % 1. 71

FLORIDA 80 31527 SIR 1805 1525" 2229 . 3107., 6002 13105 S9358
153.1 . 0. I 3 01 2 62 3.81 5.2% 10.12 ', 22.1

GEOR1IA 9 0 34258 347,: 32262. 4236.:, 42•52' 2731 3619 S87 58605
54. 52 0.62 2.6% 7.21 7.3:. 4.72: 6.22% 10.02:

IDAH0 D 0. 42460 0 704 820 791.: 579 676.: 37519 83549
58439 O 01[ .02 I O. ox 0.92 0 7 0 9: 44 92:

ILLINOIS 11. 0 35666 357. 501 3599 2929 1901 . 5645. 1361 56539
63"1. 02 :L .6 8.9% 6 41 S.3% 3 4: 10.0% 2.4

INDIANA 12. 0.': 16112 I 772 3831 3976 3754': 2760.: 3812 . 1322 <'36342
: 44,3% 2. .10. 5 0 "92 10,.3: 7.62': -10 51 316%1: ..

IOWA 13 0 4: 145741 39 3715 2393 1496 : 1023 1660 0 :. 56"07
.62 0.11 6.6% 4.3 2.7. 1 '.• 30. 0.02.:

KANSAS 14 0 74913 124 1824. 1370 1177 1004 . 1631,: 193 82266
91.12 0.22 222• 1.7 1,4' 122, 2o0 0.21:

KENTUCKY 15 0 212580 57 2007: 3445 566% 2702 2065 2470 40269
:53.51 0 92 5.0: 8.6: 14. 11. 6.71 5. 1T2 6,1 ::

LOUISIANA 16.0 : 23112 10 2422 : 2934 : 2210 1283 . 1766 14417 : 48154
48.0o 002 5.02 6.11: 4.62' 2.7% 3.72 29,9:.

MAINE 17.0 :2 18207 0 1129,: 1332W: 1496 , 772 7•2 357.:' 34075
:82 8 0.02 33% 3 91: 4.4%' 2 32 273 1.02:

MARYLAND 1. 0.: 3271 164 881.: 1235: 1332: 1370 2720: 140.: 1115 2
29.32 13 5 .901 11 12 x 1 11I 931 12.31: 24.7; 1.3%

MASSACHUSETTS 19. 0 : 1824 87 454 444 743 1013': 4063': 0 0628
:21.12 t102 S 3: 5.11: S.6 :. 1.7: 47.1.: 0.02:

MICHIGAN 20ý 0 . 31305 97 3773.: 4101 ': 3921.:' 3320 :5 2742 ' 9679 . 6193=
50 6% 0. 2% 6.1% & 6 61 6 2% :" 5.42 % 9.31 . 75.•7

MINNESOTA 10 453 822 2056 t5499 ROW59: 1631 :2191 :24986 :,95913
57.7 0.3 : 2.92:2,41, 14.9 2.: .2529. :2 .

MISSIsSIPPI 22.0 29674 222 3320.: 4757. 305 1498 1515. 3041 47841
6202 0.52 6.9 992: 64.4 3.lZ 3,2%2 9.01

MISSOURI 23.0 50489 30" 4236 3821 2557': 1448.: 2557. 4526 _69933

7222% 0.4% 6.12: 2. 1 3.7: 2.1%: 3.72.:. 6.52
NONTANA 24.0 98575: 0. 917. 599' 444: 357': 405 47160 :148456

6 ,41' 0.01 0.6 . 0.41 0.32 0.22: 0.3% .31,8% : 2
NEBRASKA 25.0 71535 60 1525 : 1129 600 52' 801 1534.: 77721

92. 01 0.11 2.01 : 1.5%. 0e82 0.72 1.02 2 0 *.
NEVADA 26 0 88712 ;0. 521,: 309 i 232 212 . 376' 20255 110617

0.203 00 2 02.2 03 0 .22 . 02 . 0 .3 16.32..
NEW HAMPSHIRE 27.0 ' 4912 : 10 5l69: 685..: 743 463 : 9e 1197: 9467

'5192. O 1. 6.0 : 7.32%: 7.81: 4.92: 942. 12.61,
NEW JERSEY 28.0 : 1187 : 145 327 : 270.: 666.: 1197.: 4108 0 9010

:14. 9 . 1.82% 4.21. 3 42 8.31 .14 9: 5232 0.01
NEW MEXICO 29.0 :87217:. 0: 666.: 627 : 579.: 338 702 31536 :121745

71.6: 0.02: 0.2 : 0.31: 0. 52 0.32 0.61 25 92.;
NEW YORK 30.0. :: .178115 :' 425: 3349 : 4246 : 4371, 3397 6996 9930. : 50219

34.92'.091 .: : 8.72' 92 ' 8.72: 6.71: 13.92: 19.91
NORTH CAROLINA 31.0 . 20963 19 :. 2760 3947 6591..: 3744.: 40217 0627 -5.0769

:41.1%: 0.01: 5.42 7.91 13.01: 7. 1 a 63: 17.0%

NORTH DAKOTA 32.0..: 61741 0'" 1169 647 309. 280 . r290 6572 71007
:7 0: 0.02' 1.62 0.92 0.42 0.41: 0.4% 9.32

OHIO 33.0 , 14252.' 895 : 4111 4719 4256 : '4053 : 7122 2326 41034
34:02:' 1.72 9 .9 11.3 10.2 2: 9.7% 17 0: 5.62

OKLAHOMA 34.0 55922:: 39 " 2036 2249 2413.: 1612 1882 3464 69616
80 3X: 0. 1: 292 3 2% 3 52. 2. 3: 2 71 5.01

OREGON 35. 0 60399 : . 261 : 1459 975 965 ; 1710 . 1853 30349. 47929
61. : 0.32: 1 42 1.02 1.02: 1.8 2: 1 9; 31.0%2

PENNSYLVANIA 36 0 172i74 : 97 : 3909 4304 5230 .: 392 : 8097. 3551 45279
36 22 022 6.21 9.59 11.61: 9.72: 17.91. 7.92

RHODE ISLAND 37.0 40 97 87 87 ilt 174: 598: 0: 1207
402 . &0. 7.2z 7 2%. 9 6X .14 4 49.62' 0.01

SOUTH CAROLINA 39 15 961. 0 1341 : 3070 . 4043 . 1992 2220. 2663 31189
:51.22: 0%02 4. 3: 9.92 13 01 6 01 7 1% 9 52.

SOUTH DAKOTA 39 0 5 2439 0 .569 357 : 232: 2•1. 367 22793 77007
be. I o. 02 0.72 0 5: 0 32: 0.32 0. 5 29 6:

TENNESSEE 40.0 22398 193 2220': 3841 :. 4719 : 3059 3098 . 2596 42124
53.22 0 52 . 5 32 9 1 11.2% 7.32 7 4% 6 22

TEXAS 41 0 226061 :. 109t 9892 7141 5993 . 4507 6685 . 5491 268841 9
S4 "' 0 42 . 3.71 : 2.72 :' 2.22 : 1 72 3 22 2o0

UTAH 42 0 ' 56894.. .37 ' 647. 203 . 463 : 473 o0l . 25553 05181
:66 5: 0 42 0. S9 2 0 52': 0. 61' '0.9 30o0

VERMONT 43.0 : 6213" 0 : 569 , 001 462 366 338 1023 9852
6352.0.02 5.82.. 81t1 4.92.. 3.92. 3 4. 10 42:

VIRCINIA 44. 0 " 19470 . 99. 2910. 399.1 4451.. 335 3136. 5665 ; 41166
'44, 9 0 71' 6 92 9 72. 10 % :5 7% 7 6% 13 89:

WASA.NGTON 45 0 35078 415 1718 1669 1322 1660 2692 S 24762 69316
5061% 082 2.22. 242' 1691 24 4 392 35 72

WEST '4IRGINIA 46 0 116998 10 1718 25491 2770 1139 1303 2721 24107
49 42 % 0 02 7 22 10 62 11 52' 4 72 5 42 II 32

WISCONSIN 47 0. 35753 164 4014 3920 3194 2133 2808 . SO26 57022

62 72 . 032 7 0. 6 91 5 S% 3 7.: 4 92 6 92
WYO•M.IN 48 0 : 71227.: 0 . 381. :79 232 251 367 25225 97987

72 7 : 0 0O 0 4X 0 12 0 22ý 0 32 0 42 25.72

1946617 9539 102175 107452 107475 77115 131926 557673
TOTAL 64.02 O. 32 3 42 3 52 3 5' 2 52 4 3% a10.32

NOTE "AVAILABLE LAND' IS THAT AVAILABLE UNDER TiE moIIT. CON-
STRAINING CRITERIA It I IF > I/ OF THE POPULATION ALLOWED
B Y A UNIFORM DENSITY CRITERION IS FOUND IN A DOUBLE SECTOR
OF 45 0 DEGREES ) NUMBERS IN THE COLUMNS REPRESENT THAT LAND
UNIQUELY CONSTRAINED BY THE GIVEN FRACTIONAL CRITERION THIS
LAND IS CONSIDERED AVAILABLE IF THE CRITERION WERE RELAXED
IF SECTOR CRITERION IS APPLIED, ASSUG' THAT UNIFORM DENSITY
CRITERION IS ALSO IN EFFECT -* COMPOSITE OF 5 RADII * ,
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TABLE F2.9
POP LATIN ZSECTOR ANALYSIS -OTOTAL U. S
DENSITY 204/SQ I. 0 "OUA" SECTOR (90. 0 DEGREES)
STATE AREAS IN SQUARE MILES AND . OF STATE

TABULATION AVAILASLE LAND

> 1/4 ALLOWASLE POP

1/ LOW AS.LEOP.LSP
I ) 1/2 AL.LO ABLE POP

)I FORPM DENSITY'
RESTRICTED LANDS

ALABAMA I 0 28834 2364 6977 3924 5?33 2075 11907

5 52 A 6:4 13. 4 1i 52 11 0% 4.02,
ARIZONA 2 0 47575 473 . 1476 2094 3329 5.9405 114342

41 62 a 4% • 3% .1. 8% 2.9 , 12 0%

ARKANSAS 3.0 37162 318 3-95 " 2364 3165 . 6263 53257
69 5% 0 62 7 5X 4. 4% 5 9/. 11 :2

CALIFORNIA 4.0 69268 2803 696 0000 22903 51492 . 160364
43 21 I 12 . 4 4% 5 0% . 14 2% .32 12

COLORADO 2. 0 56928 202 2856 2403 3947 20660 . 104326
63. 2. 0 92 27 % . 2•.32 3.92:27. 5%

CONNECTICUT 6.0 . 39 o0 a" 1 97 4-9- 0 5212
0..72 0 2% 1.. 1 1, .'% 95 7% 0.0%

DELAWARE 7.0 936 29 376 339 608 . 39 2326
40 2% 1.2% •16 2 .145 :5-26.12 1.72

FLORIDA S 0 .722247 1033 5703 5973 11397 13105 39358
37 32 1.7%.9 6%..10,1% 19.22 22:12

GEORGIA 9.0 32124 2394 5983 3201 7016 .5$67 28605
54 9: 4. 1 : 10.22 8 9% 9 12..02 10 0X

IDAHO 10 0 41553 492 : • 1602 t 1t77 1206 37519 "03549
49 7 . 0.62 1 "9% . . 41 1 4 44. 92

ILLINOIS 11.0 29249 1216 : 7922 4970 11792 1362 56240
51 7% 2 2 4. 1. 2 e 209 2 4%

INDIANA 12 0 : 12323 1476 5790 4883 10547 1322 36343
33 9% 4 1 ..% 1 92 13,42 29. 0 3;6%

10WA 13 0.: 42074 9820 6147 3213 3912 0 :6066
:75.02: 1.22 11L,02 .72 6921 0.02:

KANSAS 14 0 . 71410 : 369 : 3090 .3281 3715 .93 . 92266
96.9: 0.72 3.9%2 402 4"5% 0 22

KENTUCKY is 0 22224 830 .. 7073 . 44591 4314 2470 40269
2 52 :% 2. 12 17 6% *It 2 10. 7" 6.2 %

LOUISIANA 16.0 : 20738 : 994 4979 3300 3725 .14417 48153
:43. tI 2, 22 .10.3: 6 92 7.'72 29,9%

MAINE 17.0 , 28603 423 2200 ,1197 1303 397 34075
:98392 .1.2% 622 : ý3.% 3. 3 % 3 I2

mARYLARO 39.0 : 3059 9 251 1004 953 2742 2142 1226
27.4% 2.2% 2 OX 9 62 13223S A 3"

MASSACHUSETTS 19.0 482 ' 97 492 7921 67,74 0 962d6
2.6: 6 1.02 1 7: 9. 79A52 : 0 0DS

MICHIGAN 20.0 29641 704 2201 41:9 13423 :,9679 61836
A463 3 112 94% a 2 21.72 12S72

MINNESOTA 21.0 . 5022 21 2943 2615 4632 24926 85913
59 99 02h 342 : 3.02 2,42 29902

MISSISSIPPI 22,0 32038 724 .5029 3249 2905 3041 47995
66 92 1.3% 1 M051 % 7.0A ý6 22 8902

MISSOURI 23.0 513319 1255 3870 .3619 5356 4516 69935
1 73%42 . ."2 212 7 72 .46.522

MONTANA 24.0 : 99874 B%0 '926 676 920 47160 :14456
:66. 62 002 0 62 052 06 312 8:

NESRASKA 25 0 : 69267 970 1699 1272 2171 1534 77720
99.52 . 2 22 2. 2 2.42 2 .2 2 0%

NEVADA 26,0 . 97159 232 714 1081 2 177 20222 .220629
78 99 0.2% 06 1 2021 I2 932 '

NEW HA•PSHIRE 27.0 . 4487 347 975 560 .901 .21197 . 9467
:47.4. 3.72 10"32 292 01 12 62:

NEW JERSEY 28.0: 29 97 444 521 .6929 0: 8010
0 4: 1.12 23 2 . 6.5% 66. 5% 002:

NEW ME•ICO 29 0 94949 2 241 1592 1949 1476 32236 121743
69 89 0 2% 13 1.6% 26 12 25.9%

NEW YORK 30 0 . 12912 " 2104 2299 5362 14707 9930 20229
25257 4 22 10 5% 10 7% 29 32 19 9%

NORTH CAROLINA 31.0 , 16530 1428 : 8859 621 .9110 8627 50769
32 6% . 2 2 "17 42 12.2% . 17.9% 27 0%

NORTH DAKOTA 320:62146 0: 820 994: 473 1 672 71005
?7. 2 0.0% 1 22 1.42 0 71 : 9. 3

OHI0 33 0 1 20721 1013 5529 4460 17775 . 2326 41932
.25 6 2* 4 : % 2% t0o 7 42 2. 2.66%

OKLAHOMA 34 0 52650 376 4749 433"3 4043 3464 .69614
75 6% 0 22 6 92 6.2 : 82 : % . 0.

OREGON 35 0 56356 1699 2249 3117 4159 30349 97927
522 I 7% 2.3. 3.22 4 22 31.0%

PENNSYLVANIA 36 0 21629 2940 6427 4275 17467 3222 45278
.2.72 43 2422 9 42 39 62 7 9

RHODE ISLAND 37.0 0 0 . . 39 29 1139: 0 1207
0 0% 0 0. 3.22 2 4% 94 42 0 0%

SOUTH CAROLINA 38 0 12535 1013 6311 3941 4925 2663 31180
40 22 3 22 20 22 12 32 15 22 93.25%

SOJTY DAKOTA 39 0 53226 0 627 743 62b 22793 77007
679 002. 0x 84 0% 0 92 29 62

TENNESSEE 40 0 20979 899 6463 3029 6176 2596 42122
49 92 2 12 25 32 21 92 14 7% 6 2%

TE.A3 41 0 21.2698 3667 13529 12497 20941 5491 268940
79 1% 1 4% .5 0%. 62 7.82 2 02

UTAH 42 0 54252 •618 936 1737 2084 25553 95190
63 72 0 72 1 2% 2 0% 2 4% 30 02

VERMONT 43 0 6959 0 : 782 531 2$60 1023 9854
70 62 0 05 7 92 5 42 5 72 10 4X

VIRGINIA 44 0 16772 1399 6070 "466 6601 . 5665 41168
40 7% 3 42 . .4 7% 11.3 I' 6 02 13 02

.'S.I.OTON 45 0 30967 202 3521 3233 6301 24762 69316
44 72 0 72 5 12 4 72 9 12 35 72

W1EST VIRGINIA 46 0 12651 907 3377 2271 2277 2721 24104
12 IX 3 a% 14 40 902 9 42 11 32

WISCONSIN 47 0 34'21 1032 5636 4179 6128 5028 57023
60 9% 2 3% 9 92 7 32 10 72 a 89

1 : N0, 49 0 70792 0 't9 801 230 25-223 97986
72 2 0 0 0% 9 2_ 0 " .06% 25 72

1830731 38643 1H0056 149246 282611 557673
TOTAL 60 22• 3% 5 92 4 9% 9 32 29 32

NOTE "AVAILABLE LAND IS THAT A ý;.AIA. •:NDER TýE 3•OS CON-
STRAININO C8ITERIA Ji . Ir : I.4 OP THE Ir=JLA-ICN ALLOWED

UY A UNIFORM DENSITY CRITERION 16 FiJND IN A '0..AD- SECTOR
OF 90 0 DEGREES I NUJMERS :N THE C0LL'-2S REPRESENT THAT LAND
UNIQUELV CONSTRAINEr I/ T4"E 0IEN VqACT11NAL CRITERION THIS

LAND IS CONSIDERED AVAILABLE IF THE CRITERION WERE RELAXED.
IF SECTOR CRITE:RION 1I APPLIED. ASSUME THAT UNIFORM DENSITY
CRITERION IS ALS0 IN EFFECT .. COMPOSITE OF 2 RADII ..
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TABLE F2.10
POPULATION SECTOR ANALYSIS - TOTAL U S.

DENSITY - 500 */SO MI *0* 'QUAD" SECTOR ý90 0 DEGREES)

STATE AREAS IN SQUARE MILES AND % OF STATE

TABULATION AVAILABLE LAND

I ) 1/4 ALLOIJBLE Pop
.) 1/3 ALLOWABLE POP

> 1/2 ALLOWASLE POP.
S1F411M DENSITY

I "RE8STRICTED 
LANDS

ALAAB"A 1. 0 358B8 376 6233 3995 3329 2075 . 51906

69 1% 0. 7. 12 0 7.7 . 6 4% 403:

ARPIZOMA 2.0 : 49244. 936 116 1563 2026. 59405 .114342

43. 1'. 0V3 1. 0% 4% 1 80 52 03:

ARKANSAS 3 0 40501 07 2779 1872 : 1756 :, 6263 53258

76.0. 0 2: 5 2. 3 52: 3 3: 1 0%:

CALIFORNIA 4.0 79062 1612 6202 5600 1611% 51492 160363

49. 3 1.0 0 3 9% 3 6% 10.0% 32 I%

COLORADO 5.0 69210 * 193 177o 1998 2490 285160 104327
"."670 %66 2: 4%. 27. 5%66.3": 0.53: 1,.73 193: " 5.43 "27.•3

CONNECTICUT 6.0 : 164 3164 482 . 66 3732 0 5211
3.1,' 31: 93" 12.93:71 0 0:

DELAWARE 7. 0 1206 so 347 : 251 . 425 : 39 23Z6

51.93 2.53 14 943 10 l 193S 1.7x

FLORIDA 9 0 29301 s1i 14642 5288 7131 13100 : 59358

1 4709 1. 4 7.6% 3 8 92 12 0 22 1:

GEORGIA 90 396a7 309 5259 4033 4429 5067 8b604

,66Q0% 0 9.03 ,69 7:6% 0,03

IDAWO 10 0 43435 0 926 926 743 37519 63549

520 0 00. 11& 1.31% 09 3A 44.9%

ILLINOIS I1.0 36166 463 4730 "3976 7836 1361 56540

:67. 5: 0.8 6.4% 7.0% 13.9: 2.4%

INDIANA 12. : 10991 : 704 5102 4844 5298 1322 36341

52.33 1.9 14.3% 13.3% 14 6% 3.63

IONA 13.0 49356 193 3291 .2152 2075 0 56067

96.2 033a 29% 33 N 3,7% O 3O

KANSAS 14 0 75309 : 434 1949 2335 2046 . 193 62266

91.5% 053: 2.4% :.:2, : 2,53: 021

KENTUCKy 15. 0 25090 193 628•2.. _3561 :' 2683 : 2470 40269

62.33 : 0.523 1563: 9.93: 6,73: 6.1

LOUISIANA 16.0 25765 : 492 3156 : 2123 : 2200 : '14417 46153

3. 53: 1 .03 6,63: 4.43: 4.6% 29.9%

MSAINE 17.0 30224' 0 16.69 '975: 849 : 357 .34074

:s 073' 0.0% 4.93 2 03, : 1.03I "

MARYLARND IS.0 4014 : 222 1091 1197 '4507 : 145 11156

36.03 20%. 9.73 10.6: 40.4: 1.3:

MArBACHUSXSTTS 19.0 1091 : 261 1139 1033 : 5115 : 0 8629

1a 5: 3 0 13.2 "12, 2.0 :93 0. 0
MICHIG~N 20.0 33052 : 1409 4902 4323 7672 9679 61837

547.7 2.3: 7.93 7.0% 132,42 3127

MINNESOTA 21.0 52766 164 2506 2142 3329 24926 65913

6143 0 *23 3,03 .2.5% 3*9% 29.0%3

M8sS•S pP1 22.0 3 56042 106 : 5 24 1703" 3041 47003

75.3' 0.2 • 603' 4.7: 3,73 .8.0%

MISSOURI 23.0 5%61 .290 3059 2943 3464" 4516 :69933

2 7.6% 0.43 4.4: 4.23 5303 6. 2:

MONTANA 94.0 "491 0 647 704 434 47160 :148456

67. 0 0.03 0. 4% ..5 5 . 0.3X 31.8% :

NEBRASKA 25,0 723 5 193 ' 1177 1390 -. 1052 '1534 : 7772t

9f.1 0..2' 1.53 1.93 1.41 2.03

NEVADA 286. 0 804959 434 347 .733 : 99 20255 :110617

7903' 01 43 03 3 07.7 0 5 to 19•3

NEW HAMPSHIRE 27.0 9520 135 0b6 656 1090 1197 9466

59.32 1.4: 9.23 6.93 11.5% 12.6%:

NEW jnseY 29.0 627 26)1 473 .7323 2996 0 : 9010

7. 91t 3.33 5.9. 9 43 73.6% 0.0%:

NEW X SEICO 9 20 60I 2 724 .702 936 946 31536 :121745
71.313 0 & 6 0.63 :0 0. 6 25.93 :

NEW YORK 30.0 19474 1197 2395 5443 6001 9930 5,0220

31.0' 063 2.43 10.73 1093% 17.5% 19.80

NORTH CAROLINA 31. 0 2262 946 7691 4006 2037 0627 50769

46.61: 1.9% 15. 1 9.5% 9.9' %7 0%

NORTH DAtOTA 32. 0 62947 t 0 . 65. 444 357 6572 "71005

8.97 . 0.0 1.0% 063 0.5% 9.3%3

OH10 "3 0 16434 1033 5423 61)2a 10490 2326 41834

39.2% 29%3 13.03 14 6% 25.13 : 5.63

OKLAHOMA 34,0 56192 1100 3754 2750 :2355 3464 69615

'0.73: 13.6% 2:43 4.03: 3 4% 5.0%

OREGON 35.0 60699. 154 1689 .2634: 2413 30349 97928

62 02 0. 23% 1.7.• 27% . 2.53 31 03

PENNSYLVANIA 36 0 19721 1390 6002 4307 : 11117l 3251 .45279 
.

41. 3X 3,03 13..33 10.0% : 24 68 7.0%

RHODE ISLAND 37.0 19 10 50 212 : 907 0 1206

1.6% 0863 4.9% 17.6% 75.23 0 0:

SOUTH CAROLINA 39.0 16132 145 01)9 2386 2644 '2663 31188

9)s. 1% 0.23 16.)13 , 3 9"53: 923

SOUTH DA•OTA 39 0 52795 0 608 405 415 22793 77006

6805% 0.0 0931 0 5% 0,53 29.63

TENNESSEE 40 0 25244 940 5800 395 : 3646 2596 42123

59.93 2,03 13 89 9 513: .7% 6 23

TEXAS 41.0 :229207 1891 .9003 10345 12902 5491 268039

2 . 5.3. 0 73. 3 3% 3.63 4 :% 2 0%

UTAH 42. 55916 492 1293 96S 1071 25553 .85160

.65 5% 0.6% 1.5% 1". ". 13 30 0:

VERMONT 43.0: 7421 29 250 482 347 1023 9852

752.33 0.33 2 63 , . 4 93% 3 5% 10 4%

VIRGINIA 44.0 : 21635 637 5452 3706 4072 .5665 41)67

52 65 1.3 % 13 23 9 0% 9 9% 13 9%

WASHINGTON 45 0 . 34692 386 27t2 3020 3744 24762 69316

.50.03X 0 6% 3 9 4 43 5 43 3 7%.

WEST VIRGINIA 4".0 : 15459 0 2750 1708 1467 2721 24105

64 13 0.0%: 11.4% 7.13: 6& % 11 3%

WISCONSIN 47.0 40935 193 3937 3020 3908 5026 .57021
. 71 0% 0.3: 6 9% 5 3 6 93 06

WYOMING 46 0 71400: 0 579 376 405 25.05 . 979•5

72.93 003 0.63 0 4%: 0 4% 25 7%

2015062 21627 142462 122968 177165 557673

TOTAL. 66.3% 0:7Z 483 403 5,9 1. 33

NOT7E. AVAILAVLE LAND" IS THAT AVAILASLEL UNDER THIE HOST CON-

STRAININO CRITERIA (1 I. IF > 1,4 OF THE POPULATION ALL.OWED

39 A UNIFORM DENSITY CRITERION IS FOUND SN A 'QUAD" SECTOR

OF 90. 0 DECREES.I NUMBERS IN THE COLUMNS REPRESENT THAT LAND

URNIQUELY CONSTRAINED BY THE GIVEN FRACTIONAL CRITERION. THIS

LAND IS CONSIDERED AVAILABLE IF THE CRITERION WERE RELAXED

IF SECTOR CRITERION IS APPLIED, ASSUME THAT UNIFORM DENSITY

CRITERION 15 ALSO IN EFFECT -- COMPOSITE OF 5 RADII• K
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TABLE 'F2.11
POPULATION SECTOR ANALYSIS - TOTAL U S

DENSITY s 750 ISO MI. Q*. 0UAD SECTOR (90.0 DEISEESI

STATE AREAS IN SGUARE MILES AND . OF STATE

TABULATION AVAILABLE LAND

> 1/4 ALLOWABLE POP
1/3 ALLOWABLE POP

> 1/2 ALLOWABLE POP.

UNIFORM DENSITY
RESTRICTED LANIDS

ALABAMA 1. 0 37838 482 4950 3706 2856 20725 51907

72.9%: 0 9% 9. 5% 7. 12 55: 4 0 :

ARIZONA 2 0 50614 328 1226 1090 1679 59405 1.24342

44 3% 0,3% 1. 1 1 0% 1 22 52 0I
ARAANSAS 3 0 41630 0203 20725. 1534 1554 6263 23259

72 0 4 . 3 97. 2 92 2 9% 11 85

CALIFORNIA 4.0 83520 1033 5098 . 5684 13327 $1492 160364
52.32 0.6% 3. 1: 3.52 932:321%

COLORADO 5 0 70300 174 1427 1072 1962 28660 :104325

67 4% 0 2 1 4%: 1.92 1.98 27 5.

CONNECTICUT 6 0 415 193 1023 637 2943 0 5211

a. 0% 3 7% 19.6%. 12 21 26.52: 0 0%

DELAWARE 7.0 1390 19 280 212 396 39 2326
593 3% 0.9 12 02 9 1I 17. 0 1.72

FLORIDA 8.0 31112 1042 3802 3S31 6465 13105 59357

52 4 1.2 6 4% 6.5% 10 92 22.1 X

GEORGIA 9. 0 40096 290 : 4912 3648 3812 5867 658602

* 68A4 052 8. 4: % 6.22 6.52: 10,0:

IDAHO 10.0 43705 0:. 949: 791 695 37519 93549

32 0.02: 1. 0X: 0.9. 0 .. .4492

ILLINOIS 11. 0 40791 444 3909 : 3619 6417 1361 56540

72.1 0.8% 6.92: 6.4% :114 % 42%..

1NDIANA 12 0 21346 733 4719 .. 4063 4159 1322 3 6342

50.72 2 .02 .13 0, IL 1.22 11.4%" 3.6%

10I4A 13.0 50093 261 2094 :. .1824 1795 : .06067

993.3% 0). 5 2, 3,72. 332. 3.22 0.0%:

KANSAS 14.0 76650 135 1911 1631 .1747 193: 92267
93.2. 0.22 2.32 2.02 2.12 0.22:

KENTUCKY 15.0 .26036 6 241 6031 . 3339 2152 =2470 : 40269

64A72 0.612 15.0 0.32 5.32 6.15:

LOUISIANA 16.0 27464 0O 2702 1708 1953 14417 : 48154

57 02 002 5.62: 3. 5x 3.8% 2%9.2:
MAINE 17.0 30494 0 3534 .97 791 357 :34073

:19 52 0.02 4.5. 2.62: 2532 2. 02

MARYLAND 1 .0 4439 125 1052 1795 3599 145 11155

:39.2 1.12: 9.44 16 .1 22 3: 1.3 :

MASSACHUSETTS 19.0 1795 376 5•20 1013 4632 0: 96

20.7% 4.42% 9.52% 11.7% 53..72 0.0%

MICHIG•II 20.0 36992 222 4429 4092 6533 9679 : 61837

5319. 65 0.42: 7.22: 6. 62: .06: 15. 72 :

MINNESOTA 21.0 53529 193 6 316 2393 25657 24926 : 92914

62.32 0-2% 2.7%: 2.92: 3.02 29.02:

NIRSSISBIPPI 22.0 . 27087 145 : 2310 M 197 13 1 3942 : 47594

77,22 0.32 692 4.1%2 33 a: ý .02:

MISSORI 23. 0 i "6674 w9 3030 2512 8 2;863 . 4 16 . 6V932.

a91.0G 052 432 3826 4.12: 6.52:

MOJNTANA 24. 0 9917213 1 647 511 416 47160 :148456

67.22 0 02 0 .42 0.32 : 0.32 31.98:

NEBRASA 25. 0 72771 357 1245 965 8 949 1534 . 77721

:938.6 0.52: 1.6% 1432:. 2.22 2.02:
NEVADA 26.0 9902 0: 550: 444: 463 20255 :110617

204% 0.02 052 t42 04: 19. 32:

NEW H4AMPSHIRE 27.0 8919 125 520 560 946 1'197 : 9467

61.5, 1.3%3 8 72 5 .9% 10 .0 12 61,

NEW ,JRSEY 29.0 1110 97 260 911 5433 0 : 9011

13.9 121 7.02 10 21 67 92 0 0:

NEW NEXICO 29. 0 8792 0 936 5321 949 31536 121744

72722 0.0 09 2t 0 42. 0.72 25.92 P

NEW YORK 30.0 21954 926 5326 4429 7623 9930 : 50218

432 7 1 92 10.71 : B.92 : 25.22 19.89

NIRTH CAROLINA 31. 0 26393 9 6765 : 4632 4333 0627 50769

52.01 0.1% 13,3% 9212 8.952 17.02

NORTH DAMOT6 32. 0 63362 0 347 . 425 299 6572 71005

9922 0.0! 0.52: 0 6: 0 42 9.32

01410 23 0 19750 1249 5867 5636 9206 2326 . 41833

44.9 272: 14.02: 13.52 19.4% ,.62:

OILAHOMA 34,0 59132 .637 3223 2075 20.4 3464 : 69615

.3 52 0.92. 4A62 3 02: 3 0% 5.02:

OREGON 35 0 61519 174 1650 : 249 1988 30349 : 97929

62 89 2 2. 15 7 2.3% 2 0. 31 02.

PENNSYLVANIA 36 0 22041 290 5 9192 5201 9013 3551 .45278

49 72 O62. .115% .1 52: 19 9: 7 92

RHODE ISLAND 37.0 48 10 193 270 685 0 1206
4.02 0 :. 8 6 2X 2 4% 56 : 0.02.

SOUTH CAROLIN4A 38. 0 19629 0 4275 2326 2297 2663 31159

62 91, 00: 13. 72 7 5. 7.4: 8 59.

SOUTH DAKOTA 39 0 53162 0 347 3298: 376 22793 77006

69 0. 002. 0 52 0 4% 0.22. 29 6%

TENNESSEE 40.0 :27309 116 5269 3619 3213 2596 42122

6492: 0132 1 52, 2 9. 62 7 6x 6 22

TEXAS 41.0 .234659 1042 9406 7990 10171 5491 268839
87.3%: 0 4. 3.52 3 02 3 9% 2 02

UTAH 42.0 3565989 666 ., 724 1 724 . 926 : 2,553 95191

66.42. 0 8. 0.9% 0 89 1.21 30 0%

VERMONT 43 0 7556 0 482: 454 338 1023 9853

76 2 . 002 4 92 . 4 6 A 3 42 t0 4%

VIRGINIA 44.0 23121 647 . 5213 30798 3445 . 5665 41167

56.22 1.62 152 72 7 5% 8 42% 13 82

WASHINGTON 45. 0 36332 454 : 2306 2374 3089 24762 69316

52 4% 0. 72 331' 3 42 42 35 7L

NEST VIRGINIA 46 0 15729 0 : 2876 1467 : 2312 2721 24105

6 32: 002 22. 92: 6.12: 5 42 5237

WISCONSIN 47 0 423215 . 74 . 3213 346: 3246 5029 -57022

74.22 6% 0 52 252. 91,921.

WYOMING 49 0 71796 • 0 290 328 • 367 25225 97996

73 3t 000% 0 32 0 3. 0 4% 25 7

2080704 13949 • 131259 108457 148019a 557673

TOTAL 69.42 0 52 4.32 362 4X 9 10 3

NOTE "AVAILABLE LAND" 18 THAT AVAILABLE UNDER THE MOST CON-

STRAINING CRITERIA (1, . F > 1/4 OF THE POPULATION ALLOWED

,Y A UNIFORM DENSITY CRITERION IS FOUND IN A 'QUAD" BECTOR

OF 90 0 DEGREES ) NUBIRERS IN THE COLUMNS REPRESENT THAT LAND

uNmDUEL.Y CONSTRAINED BY THE GIVEN FRACTIONAL CAITERION THIS

LAND IS CONSIDERESD AVAILABLE IF THE CRITERION WERE RELAXED

IF SECTOR CRITERION IS APPLIED. ASSUME THAT UNIFORM DENSITY

CRITERION 1S ALSO IN EFFECT -- COMPOSITE OF 5 RADII .4

F-73



TABLE F2.12
POPUL.AT10N SECTOR ANALYSIS - TOTAL U S
DENS•ITY *SO 10 S2 M I ."_.An" SECTOR (90 0 DEOREESI

STATE AREAS IN SQJARE MILES AND S OF STATE

TABULATION AVAILABLE LAND

I1/,4 ALLO.ýABLE POP
>1 /3 ALLO..DLE POP.

1/2 ALLOWABLE POP

I j UNIFORM DENSITY
RESTRICTED -ANDS

ALISAMA I.0 39391 0 4!!36 3213 2692 2075 5%0-0

7S5 9 !00 , 97 62 22 2 40 0

ARIZONA 2 0 "1820 31e 772 289 ".438 .59403 114342

A.RS3. 03% 0 7% 0 5% 1.32. 4 202 :

AR-I•SAS 3 0 2. 0 . 1747 1 1274 t .I63 53259
79 8% 0 0% 3% 4%? • It 2.• 2S .10

CALIFORNIA 4 0 88259 926 1603 4063 . 11020 514 92 160363

520 0 06. : 29 2. 2 5% 6. 9% 32 1

COLORADO 5.0 71272 .589 1187 1129 1406 28660 104326

68 3% " 0 62 1 1% : I ID 1 4% 27 5%

CONNECTICUT 6 0 122 . 10 * 676 29 589 2673 0 5212

24 12 0 2X 13 0x II "2 51 3% 0 02

DELAWARE 7. 0 1467 0 241 212 367 39 2326

63. 3 0 02 10 4% 9 IX 15 8% 1 72

FLORIDA 0 0 34479 29 2345 3397 6002 13105 59357

582 1 002 4 02 Z72 10 12 22 1%

GEORGIA 9 0 41309 241 43=3 3165 '3619 5 5867 2-8604

,70 62 0 42 7.4% 5 42X 6 2% 10 02

IDAOA 10.0 43946 0 772 637 676 37519 83220

226% 0'02 092 0 82 0 82 4492%
ILLINOIS 11 0 42981 454 3464 2634 5645 1361 56539

76 0% 0. S 6 12 4 75 ' 10. 0 2 4%

INDIANA 12.0 23980 135 3899 3204 3812 1322 36342

66. 0 0 4% 10.7% 8 02 10i 22 3 6%

lowJA 1310 51299 0 1785 1322 1660 0 56066

91. 5% 00 2 3".2% 2 4% 3:02 0*0 .

KANSAS 14.0 77866 39 1293 1245 1631 193 02267

94.7% 0 02 1: 6% 1.3% 2 02 0 2%

KENTUCKY 15. 0 27097 " 40 5616 2972 2065 2470 40268

67.23 0. 1% 13 9% 7 4% 5 1% h 2 "

LOUISIANA 16.0 20217 0 2306 1449 1 766 14417 48124

.59.62: 0.0 4 82 3 0q 3 7 29.9%

MAINE 17 0 : 30501 : 0 1476 870 782 357 34074

-9 72 o 00 .4.32 2 62 2 32 1 O0

MIARYLAND 19 0 4804 . 319 1341 1747 2750 142 11155

43 2: 2.9% 1202 125 7 24.7% 1.3%

MASSACHUSETTS 19 0 2663 : 39 685 1177 4063 0 8627

:30 9 0 42 7/92 13 62 47 12 0,02

MICHIGAN 20.0 39571 116 3802 3928 5742 9679 61830

6242% 0.22% 6.12 642: 9.32: 12.72
MINNESOTA 21 0 24214 367 : 2345 " 1872 : 2191 24926 00915

63.12 0 42 .2.7% 2 2 2:2X 29 0O

MIsSISsIPPi 22.0 .37703 0 "3099 1727 ISIS 3841 47084

78 72 0. 02 6 5: 3 6: 3.22 : 0":

MISSOURI 23.0 57087 222 2721 :1930 : 2557 :'4216 69933

82.9% O.32 3 9: 2.02: 3 7% 5

MONTANA 24. 0 :100051 0 z 463 : 276 : 402 ; 47160 :140455

67. 4 0 00 0.3% : 032 : 0.3% 33 892
NEBRASKA 22 0 73909 0 859 : 618 901 1534 77721

95.12: 0.02 1. I : 0. 0: 1.02 20

NEVADA 26 0 99446 0 290 251 376 20252 110610

S00 9 002 0 3: 0 22 0 32 10 32

NEW HAMPSHIRE 27.0 6110 0 692 569 1388 1197 9467

:646: 0.02: 7.32 60% 9:4% 12.61

NEW JERSEY 20 0 1602 142 211 1263 "4180 0 : 8009

20 0, 182 642 19.5 2 2, 32 :0.02:

NEW MEXICO 29.0 88404 42 49 4: 702 31536 121745

72.62 0 02 0 2 4 0.62 : 422 92

NEW YORK 30 0 24907 590 4314 4014 6996 & . 9930 20219
:4962 0. 062 8.02 13.92 19 823:

NORTH CAROLINA 32.0 27232 0 6480 4189 4217 8627 : 50769

:23.72 0 02 12 89 8 22 9.32 17 0:

NORTH DAKOTA 32. 0 63420,o 0 357 329 290 6272 71005
89 42 0.02 02X 0 40 9 3:

OHIO 33 0 22861 290 4226 4709 7122 2326 : 41334

24 62 07 10,0 11.3. 17 02 5.6 :

0KLAN'MA 34.0 29878 : 0 2267 1024 10112 3464 .69612

:6 0: 0.02 3 72 2 62:2.72 2.02:

OREGON 35 0 62744 0 1206 1776 : 1523 30349 : 97928

64.1% 0 02 I 22% I 92 : 1,92 31:0%

PENNSYLVANIA 36 0 23440 310 2172 4709 0087 3551 45277
5 0 72 It 42. 10 4% 17 92 7 02

RHODE ISLAND 37 0 : 270 : 0 145 193 2598 0 " 1206

22 4% 0 0% 12 Olt 16. 0% . 49 62 0. 05

SOUTH CAROLINA 30.0 20159 0 0 3992 2152 2220 2663 31109

64 6% 02 1 2 : 6.9 : 7.1 . 022

SOUTH DAKOTA 39 0 53297 0 .241 309 367 22793 .77007

69. 2"4 0 0% 0.3% 0 42 02. 295 6:.

TENNESSEE 40 0 29342 0 4757 3329 3098 . 2296 42122

67 32 0 0% 11 32 7.92 742 622:

TEXAS 41 0 241327 975 6890 . 5481 8682 5491 268939

99 82 O 42 2 62 2 02 3.22X 202:5

UTAH 42 0 57823* 0 425 579 *901 52223 25101

67 9 002 02 2 0 72 0392 30 02

VERMONT 43 0 7528 0 473 434 338 1023 9853

77 02 0 02 4 89 4 42 3 42 10 42

VIRGINIA 44 0 25090 58 4613 2606 3136 5662 41169

60 92 0 12 I1 2" 6 32 7 62 13 82

;ASH•NGTON 45 0 38108 280 11292 1882 2692 247.2 69316

00 0 4% 2 3 2 72 3 9 35 72

WEST VIRGINIA 46 0 16039 0 2625 1419 1303 2721 24106

66 11 0 02. 10 9% 2 92 5 4% 11 .32

WISCONSIN 47 0 43319 203 3099 2267 . 2808 2028 . 5'023

7602 0 42 5 4 42 52 4 9% 98 9

WYOMING 49 0 71 '912 0 193 290 367 25222 97997

73 42 . 00 0 22 0 32 0 42 22 72

2341133 6170 112074 90981 131929 557673

T0YAL 70 4% 0 22 3 7 3 07. 4 32 18 32

NOTE "AAI.AB.LE LAND" IS THAT AVAILABLE UNDER 1-1. HOST CON-

STRAININg CRITERIA i iF ' IA OF THE PO .6TI.N ALLOWED

B' A UNIFORM DENSITY CRi'ERION IS FOUND IN A "OUAD' SECTOR

O 90 0 DEGREES I NU•.ERS IN THE COLUMNS REPRESENV, THAT LAND

UNIQUELY CONSTRAINED BY THE GlVEN FRACTIONAL CRI1ER40N THIS

LAND IS CONSIDERED AVAILABLE IF THE.CRITERION *GRE RELAXED

IF SECTOR CRITERION IS APPLIED, ASSUME THAT UNIFORM DENSITY

CRITERION IS ALSO IN EFFECT *. COMPOSITE OF 5 RADII 44
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TA9J4ATION

TABLE F2.13
POPULATION SECTOR ANALYSIS - TOTAL U. S.
DENSITY - 250 O/SG MI . SINGLE SECTOR 422.5 DSEREES)
STATE AREAS IN SQUARE MILES AND % OF STATE

>1/16 POP IN SECTOR
> 1/8 POP IN SECTOR~ / O.IN SECTOR

> 1/4 POP, IN SECTOR
S1/3 POP IN SECTOR

I /2 P0P IN SECTOR

, N RNO POP CRITERIA

I | NO RESTRICTIONS•ý "P~l I

ALABAMA

A• IZONA

ARAANSAS

CA .IFORNIA

COLORADO

CONNECTICUT

DELAWARE

FLORIDA

GEORG IA

IDAHO

ILLINOIS

INDIANA

IOWA

KANSAS

ENTUCAY

LOUISIANA

FAIRNE

MARYLAND

MIASSACHURSEIT9T

MICHIGAN

MINNESOTA

MissIssIPPi

MISSORI

MONTANA

NEBRASKA

•EVADA

NEW H4AMPSHIRE

NEW JERSEY

NEW MEXICO

NEW YORK

NORTH CAROLINA

NORTH DAKOTA

OHIO

OKLAHOMIA

OREGON

PENNSYLVANIA

RHODE ISLAND

SOUTH CAROLINA

SJTM DAKOTA

TENNESSEE

TEXAS

UTAH

VERMONT

VIRGINIA

WASHINGTON

WEST VIRGINIA

: Sc.NS IN

wvOMING

TOTAL

1.00 16550. 20352.. 24424
31.90. 39 22 47 : 2

2 0 44033 44863 46166
38 5% 39 22 40 4%

3 0 23594 27059 32019
44. 3 50 82 60. 12

4.0 52978 6035R "8575
" 33 0. 37 52 42 52

5.0 58527 681123 64095

56.1 S 58 62 :1.4%
60 : 10 20": 19

0 2% 0.221 0"4
7 0 309 386: 847

13. 3Z 1682 . 27 89
8.0 10769 1527: 19628

2918 12 26 22-:' 33. 1.
9.0 16347 .20439 2 55434

" 27 9- 34 9% 43 62
10 0 356 : 37809 : 40019

42.72 45.32: 47.92
IL10 11"99 1 5101 :23305

2052 : 26.8 : 41 2%.2
12.0 3020 ".442: 8396

8.32: 12.9* 2.3.1%.
123 0 26238 : 28767 .'36911

46 9 - 51.32 ' 65.2

14.0 59579 :. 8580 : 67801
72.42: 76 1 :82:4%

15.0 "1368 : 14234 : 17052
26.2% -352 X 42:32

16. 0 11455 . 23078 ' 16704
23.8% : 2832 : 34.7%

17. 0 23334 : 24772 :26750
68 5% 72.7 %: 79.52

1.0 994 1602 : 2250
a.92 34 4% 20 202

19 0 5S: 251: 415
0. 7 2.92: 4.08

20.0 20024 :20805. 24638
• 3 24 % 33.6 . - 39.82

21. 0 315290 30359 45567
:.4122 44862 53.02

22. 0 18259 20603': 24808

= % 43.02 :51.92
23. 0 : 33254 36969 : 44274

47.62 52.92 : 63.32
24.0 92206 :94396: 96027

62.12 : 63.62 : 84.72
25.0 63815 64356 8"932

.82.2 8298 86.12
28&0 8593 "28692 . 8445

7722 77.5 781.
27. 0 282 : 308 3988

9.92. 32.62 41.92
2 90 0 29: 96

002 0: 42 1-22
29. 0 80346 91350 93337

I6 Ox 66.0a% 69 5%

30.0 w 5703 7440 310625
22.42 14 9 : 21 22

31.0 69129 9486.. 12950
13.62 18:7 % 25 .52

32.0 34099 58019 . 59955
76:ý22 78.92: 94.42

3.0 1872 :4101 : 7305
452> 9.92 : 27,52X

34 0 39633 43213 : 48375
56 92 62.12: 69.5

35.0 49794 52139 54918

S50.9 53.22 $6.12
36.0 3590 6405 9804

" 7.92 24 32 21 72
37.0. 0: 0: 0

0 002 0.02: 0 02
39 0. 5742: 78665 102S8

.104% 25.22 32 92
39.0 84892 . 49723 504;2

:6099 8 33 5 52
40 0 11435 14060": 1687?

27 12 : 33 42 40 22

41.0 216613 179519 196522
61.2• 8 92 73 22

42.0 52264 : 52729 $4117
16242 : 81.92 63 52

43 0 3989 -4488 5443
39,5 : 45 31 55.22

44 0 : 6774 : 9775 22989
16 52 23.72 31 62

45 0 22890 : 25640 28757
33 0% : 37.02 41 5X

46.0 5076 : 7595 9882

21.-1 31:5% 41 02
47 0 19090 23343 28863

34 4- " 40 9% 50 62
49 0 65330 t A9 I01

8872 68 5% 70 32

1405512 1518712 1681820
46 2% 50.01A 55 3

- 30098 : 35397 4L775 44129 1 49833 1 51907
5 Ox 6138 20 s0 5% 85 02 : 96 O :100 0X
48144 - 49215 50942 51609 .. 54937 :114343
42 12 43 O 44 &2 45. 12 48 0% :100 0
3.998 40665 43010 43830 - 46995 : 53258
69 5% . 76 42 809 82.32 : 98. 22 :100. 01

73060 78426 83926 806068 108871 :160364

458: 48 .92 52 32 53.7 67.92 :100 02
- 66624 : 68824 70580 71719 75666 :104326

63.92.: 88.02 67 72 72.5 :2100.0:
116 : 183 203 22 5211 : 5211

2 2: 3.05 3.92 4 3:200.02 :100 02
946 : 1332 1544 1679 : 2287 : 2328

40 72: 57. 32 " 684 72 22 99. 32 :100 0:

2 5138 28535 32569 34856 : 46252 : 59357
42 4% 48 ,, 54 9%,:' 56 7%.: 77.9% : 100.0O%

33186 30889 :43898 : 45722 : 52737 . 58604
56 6 66 42. 74.9 79 0 :90. 0 :100. 0

1:4173d. 43058 44380 :44824 : 46031: 83550

: '500: 51.'2:%3.3 : 53.682% 55 1 :120002
31806 37944 : 42103 : 43386 : 5179 : 56539
56 3: 67.1: 74.52-: 7. 72: 97.6 :1 00.OX

.14002- -19011 ,:- 22986 :. 24472 : 35020 : 36342
38.521: S2.32 :63.3: 67.3%: 96 42 :100,0%

.43242 : 48038 : 51338 22255 : 56067 : 56067

77.1% .72 : 91. 6: 93.22- :-00. 0% :200. 0
72008 : 74828 ". 77578 78358 : 82073 : 822"
97. 5% 912.0 :- 94. : 95.22 99 82 :200 O%

:.20574 : 24049 : 31391 33485 : 37799 : 40269

51, 1 1: 7% 7 0 83.2 :93:92 :100 0%

21092 25640 28940 30012 : 33736 : 49124
43 8 53.22 - 60.22 62 22 : 70 1% :100 02
28593 :30214 339816 32414 .- 33707 : 34074

3 92 8871:7 93.4: 95.2: 99t02 :1 00. OX
w 3242 4120 : 4912 : 5269 :11011 : 11155

29.122: 37.'2 : 44:02 . 47.22 9:.72: 100.02
940 1277 : 1573 1853 8627 : 8627

9.72 13862 : 18.2•:222 :10002 :100.02
29375 34007 37529 -39735 02158 8 61837
47.52 50.02 80. : 7 6 &2: 94.3% :100.0:

49882 5299 35459 :'56356 :60988: 85914
58, 02r 61.72 64.8 6 65:68 : 71.0 :130, 0

>30137 359705 40076 41138 . 44043- 1-813

., : 75: ", 93. 7% :5.92 : 92:02 100.02
"51261 05671 :977 60062: 65417: 69934
73 32 9.86 84" 5% 85.92 : 93.52 :200 .0
99401 99356 :100109 :100476 :101296 :214456
8.832 88'92 6742 67.72: 6.,21: 200. 02
70059 712941 73465 : 74016 : 76107 : 77721
90 22 926% 94.55 : 95.22 - 98.02 :200.02
97275 a9088 99 9 : 9185: 90383 :110618
78 92 792 90.42 6082 8 721000 2
4964 -55727 6129 6369 8270 9467

5242 58969 64:724 87.32 97.4%. :100 0"

492 885 926 0601 0010 : 0010
82 6 82 6 11 68 123.• 100.0 :100.02

85045 68339 88 153 98732 9020 :121744

69. 92 70 91 72 41:72.92 :74. 1% :100.0:
10035 1 9754 24125 25582 40299 : 50219
2992: 3932- 48.0% 5092: 90,2% :100.02
28992- 23893 30697 3 33032 42142 : 50769
37 42 47.1: 60 4%: 6. % 03 0 :00. 0
82900 62900 63487 : 83960 84433 : 71005

-87.22: 9882:% 99.42: 90.22 90 7%2.100 02
12005 16608 20333 : 21732 39507 41833

2972 39 72 48. : 51:9: 94 42• .00.0%
52621 56900 80930 : 42107 : "151 69615
75 6% 92.82 .97.5: 89.22: 95. 02 :00.02
53450 60206- 62214 - 3420 67579p 97928
59 72 : 61 52 : 63 52 - 864921 69.02 :00 02
14697 18789 23044 : 24260 -41727 45278
32 52 41.02 : 50.92 - 53 2 -92.:2 :O 000

0: 29 > 69: 88 ' 208 . 2
o00 2.. 4% .8% 562. 2002 20•02 0

13597 . 17920 .:ý2523 .:237 2020 221899
- 43 6' 7.52 -72 2 76 02 :91, 5:00 Ox

52149 52795 : 53394 -53596 - 54i24 :177007

87 72 6982: -6932 - 698 62 70"42 -20. 02
20873 25756 : 31179 33350 : 39152 - 42122
49 68: 1.1%. 74 02 79 2 93,82 200.02

215919 .22393 239751 242409 263349 269839
80 32% 85 0 - 9892 90 22 go 02 :100 0,
55199 56009 57129 57543 59627 85181
64 92 65.9 % 67. 22 87. % 70 02 :2 00. O

-- 6437 7431 : 7991 9270 .930 : 9853

65 32 75 42 : 01. O 93 9 68 :100. O0
17225 21867 27319 29902 35502 ; 41167
412.8 53-12 66 42 702 2 622 10%00
32098 34972 : 37114 1353 44054 : 69316

4832 50 "253. 525522 :43 2.00 0.
12757 25498 : 19239 19107 21394 : 24106

•52 92 64 3% , 75 72 79.32 o8 72 :100 02
3568X 40733 44622 45866 51994 - 57022
62 - 72 42 • 7. 3 s 42 .1 2. :100 02
7,464 71248 . 721823' 72211 72761 : 97988

7 72.92 72.72 : 73 42 73 72 74.32 :100 02

1864324 2012560 2150329 2199678 2482299 3539964
" .1.32 6,•.21 70.72& 72.42 81.72 100.02

NOTE NUMBERS IN THE COLUMNS REPRESENT THE AMOUNT OF LAND
THAT IS CONSIDERED TO BE AVAILABLE II THE GIVEN CRITERION
IS APPLIED WHENEVER A SECTOR CRITERION IS APPLIED. 17 Is
ASSUMED THAT A UNIFORM DENSITY CRITERION IS ALSO IN EFFECT.
CRITERIA WERE APPIED TO 5 RADII 12. 5. 10. 20. 30) 1NDI-
VI|DALLY AND THE RESULTS COlPOSITED.
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TABLE F2.14
POPULATION SECTOR ANALYSIS - TOTAL U. S.

DENSITY . 500 */So MI. *.. SINgLE SECTOR (22.5 DEGREES)
STATE AREAS IN SQUARE MILES AND % OF STATE

TA3U-ATION >1/16 POP IN SECTOR

3 /9 POP., IN SECTOR
> 3P. POP. IN SECTOR

> /4 POP. IN SECTOR
> 1/3 POP. N1 SECTOR

2 OP IN SECTOR

NO POP CRITERIA

U I NO RESTRICTIONS
P;

ALABAMA 1.0 . 24039 27629 30726 - 34799. 3912! 43936 - .46503 49933" 51907

46 32,: 53 2•2- 9 2 . 67 0D % 75 42- 04 68 % 6l 96" 0% .00 02

ARIZONA 20 46600 47526& 49723: 50421.: 51493> 52467 . 52911 54937 :114343
. 40 92 463 42. 6.44 I1 45 02 45,91. 46. 3% 40 0x:100 02

ARAANSAS 3 0 30677 31343 36004 - 39816 42602 44419 .: 45239 46996 : 53259
S 7 7.62: 58 99%: 67.6: 74.81: 00.t1: 93 42: 949 .4 9 9.2 100 0:

CA.IFORNIA . 4.0 6566.: 70976 : 75859 W 9)996 96512)2 90565 92756 10.971 160364

:45 : 44 3: 47.3: 51.2 % 53.92.: 56 57 16% 67 9% :1000:

CO..ORADO 5 2.0 : 63429 .. 65060 67550.. 69248 70792': 72559 73176 *75666 104326
60.2.: &62 4 :64.7%:A. 41[ 67.9: 69.5% 70,1% 72 5% :100.0%:

CONNECTICUT 6.0: 0 10: 154 : 290 : 647 917 1226.: 1476 5211 : 5211
*0,22% 3.02: S.6% 1242: 1762 2,352.: 29.32% 00.02 :1000

DELAWARE 7. 0 69 608 0 49.. 1216 1554 1710 : 1062 2207 : 2326
:-24 52 26 36. 36 52[ :' 2232 66 98 73 92 90 13 90832 :300.02

FLORIDA 8 0 20149 23884 .26952 : 31092 33033 36458 39121 46252 : 59357

33,92: 40,22 454% 52 42 57 01[ 61 4%.:,, 652912 77.9 :100.0%:

GEORGIA 9 0 25061 28767 3.2385 36824 . 41736 46146 49309 52737 : 6
42 0: 49 .1 2532.: 62 0 71.22. 79.72 '2 42 9002 :100 02

IDAHO 00.0 397298.: 40501 :41727 :42805 : 43808 44053 45297 : 46031 9183550
0 47,62 49.5. 49 92 51 32 5252 53. 72 5 22" 51 i -10030-

ILLINOIS I1.0 19570:: 23903 . 32627 .38976 43155 : 46330. 47343 . 55)79 :156 39
S34.62 42,32: 57.72 68. 9121 76. 32:: 81.9A 93.7Z 97 62 00 02

INDIANA 1 12 0 t 7083 • 9573 .1,L3433 19374; 22633 27724 : 29722 - 35030 2 36342
:192 % 26.3 27.0% 50.62 2025.0 . 76:31 801.8% 96.4 100.02

IOWA 13,0 =3241 34605 430,9.a49375 $. 516 13480. 5392 56066 16066

57.5% :61. ,76.09 86 -3 9)I 992 41[ 96.31 :1O0.00 100.01[

KANSAS- 14. 0 67396 60062 .272616 75646 ;.77933 :7947 00027 82073 . 82266
81.9 , 83. 72 89.3% 92.02 94.72 96.62 97.32: 99. 30 : 0020.

KENTUCKY ISt 0 • 16839 1 89296 20362 2 32951 26788 32860 35116 :.37799 : 40269

41,982 45,4% 5.06 56 72 66.5 11'1"6% 67.2Z :.9, :1900,02

LOUISIANA .16 0 15955 19354 21095 24550 .20204 30542 31236 33736 7 49154
32 9 8.13 % 439 2 .St 01 02.5 7, 63412 65.22 70.1% :100 0%

MAINE 17. 0 26229 26557 ' 27956 29230: .30659 32241 32960 23717 : 34074
:77. 0 0 77-92 92 02 95.2: 90.02 94,62 96. 1: 99.02 :100, 02

MARYLAND t9 0 2123 2393 963 6 390 5 : .. 49 2 1809 6204 11031 : 11155
19 02 21.2 2. 26•6:35.7- 439.2: 52.1) 29 32 99.72 :100,02

MASSACH)USETTS 19 0 . 434 656: 1004 . 1834": 2451 2943 3223 9627 9627

, 02 7 6% 1I.6&%: 21132 29 42 341 I 40 72 •'00. 02 100. 02
MICHIGAN 210. 0 -259)1 23922 29496 33630 39455 42092 44497 52158 61037

36 52 39 72 46.1 :54 4% 62.32 68,12% 71:)9% 94.31 5 00 .02
MINNESOTA 21.0.: 41971 42914 49511 51685 54639 56752 57659 .60998 . 95914

472.:-9 4992 16225 60,22 6262%: 66.12: 67.12. 7$102.100.02:
MISSISSIPPI 32 0 24125 22322. 28458 2.2530 : 37760: 41120 42257 44043 : 47993

50.42 52.92 594%. 67. .92: 78.992:05.92 : 3% 92.012 100.02

MISSOURI . 23.0 4)163 43069 .49090 53937 10035 61065 61953 &6417 : 69934
29 42 &1 62 70.22 ", 02% 90•. 9 67.32. 9962 93.52 :300,01

MONTANA 24 0 96654 :96857 99054 .1922 99155100505 :100943 :101296 149456

:6".62 &.22% 6:026692 4l 7.22:6772.:6&7 92 4922 00002
NEBRASKA 25 0 66527 67724 70213 722 73736 74799 " 75135 . 76)97 77721

:9 6.1:•7)12 90.32 . 9302 94.9 96.22 96.72 9.02 :300.012

PE•A0•4 56.0 :986059 96966 :.7757 98935 39069 89252 99774 90360.1)0619
779 2 762 793 80 9t 80.52 9 0102 931.22 91. 71 :100.02

NEW HAIMPSHIRE 27.0 3619 : 4053 4729 . 5362 : 6031 6832 7150 9270 . 9467
3922 : 42.9 : 49 92 56 7Z 63.72 72-22 73,0% 9• 7.4. 100.02

NEW JERSEY 29 0 .135 , 463 289 )1129 1370 : 266 2)13 - 9010 8010
1.2 7 5.19 13072 14. 137.12 207 • 2 ;64 :100.02, 100.02

NEN MEXICO 29 0 93901 04225 05383 67;46 - ge162 699954 99262 90209 121744

:68.6.07 692.2 70.1% 71:7 "72.4% 73:12 73.32 74.12 00,0:

NEW YORK 30 0 9669 11927 15150 19261 24096 29960 31490 40209 : 50219

59. = 3.8% 302% 20 42 40.0% 57.72 - 7% 00.2 3000

NORTH CAROLINA 31.0 12902 1562 10769 22909 27252 33746 37)04 42142 :0769
25 4% 309 1% 37.02 45.1: $3.7 .66 2: 73.1 830 100.02

NORTm, DAKOTA 32.0 59315 98797 61104 &6250 63497 : 63922 64076 64433 71005
82.1) 02 82 B6. 1 ) 2 .99 42: 9002 :90.22: 90.7: 100.02:

OHIO 33.0 7160 0859 112995 16029 21552 26509 29010.9 39507 : 41833
171 2' 2 298.7% 3 3% 211 63 5 342 69.4% 94.40 :300 0I

O..AP)4A 34 0 47353 ", 49292 53075 B7060 60062 62600 &3796 661• 1 : 69615

002 70,6276 2% 82,02 :,.163 9.9%929 .6 92.02:.100.0.:
OREDN 31 0 55266" 57331 9 923 60992 .62349 63642 6166 67579 : 97929

1 42 : "64 52 :-60 22 62 22 7 672.602 6622 5 69 02 :1000 2

PENNSYLVANIA . 360 9090 11551 14900 19155 2 3507 2095 : 306)0 41727 : 452703.1 "25 5, 2, 9 43.,[ S a O 7 : 92J 2% :1J00
20.1 22 215 32 92 42.32 51,92 620%0 67 62 922 x00

RHODE ISLAND 37. 0 0 0 30 49 135 241 299 . 1206 1206
0 02 02 092 40x .11.22 202 0 2492.4:100 02 :300,02

SOUTH CAROLINA .3. 0 9756 .14999 4407 16968 20207 .74376 .2521 . 29525 ý 31109
313•2 3912 46 2.54 12 649 8 .70.72 :,83 0% 91.)5 :100 02

SOUTH DAKOTA +39 0 50759 50799 51994 52834 53315 536325 53799 5424 ; 77007
- .65 9 " 0%0 67 51 2 6861 69.31 69:62 69 92 7042 :100 01

TEN•E.SSEE 40 0 16656 t1026 20603 24009 29313 33157 35079 39126 42122
-. 39 51 42 89 4 992 57 02 67'2: 79 72% 05 22 932.9 :100 02

TEXAS 4100 294554 205159 217704 229044 239099 .247416 250446 263349 .26182972 4%[ 76 3 " 01 0%. 05. X1 a8s[:9.1 ::3 " 8 9 0

-74562 32 91 999 92 0%.93 22 9902 :100 02
UTAH 42. 0 •53480 " 54609 :55613 56039 37572 9219 58556 59607- :9519•

629 2 64:113 6532 6672 67,6% 60 32 68 7% 70.0 :100.00%

VERMONT 43 0 . 5309 5309 6090 6765 7643 4 9131 0492 9830 9953

53 92 53 92 6172 69 72 77.61 82 "69 6)1 09,9 6 :10002:

VIRGINIA 44 0 12120 14253 16530 20360 24926 : 29433 .31430 31502 , 41167

29 42 3462 40 22 :49. .:- 60 .2 71: 5 , 7632. 96 22 :100 02

WASHINGTON - 45.0 20757 30501 33090 - 35512 . 37963 39594. 40910 44554 69316

41)5 44.32 47 : 3 1 2 :54 922 57). 99 64 32 100102

WEST VIRGINIA 46 0 .9399 10393 11511 13473 : 16144 .. 19962 I93 21394 24)06

39 0. 43. 1% 47 9 2 5B 91 67 0" 79,7% 82 62 99.72 100 02

WISCONSIN 47 0 26566 28796 33949 .3919 . 43309 . 46494 48096 51994 27022

46 6% S 5% 19 5% "8 3 76 02% 81. s2 94 32 91 22 100 02

WYOIN" 40 0 " 69663 69663 706219 71352 71944 72134 72256 72761 97986

71 51 71. 22 72 3% 72 OX 73 32 73"62. 73 92 74. 2 100 02

1845335 172895- 18.3766 2003049 2131962.2349355 2305123 2493229 3039963

TOTAL 54 2ý "56 8% 61 3% 65 9 70 )1 74 02 75 0 973 100 02

NOTE NUBrERS IN THE COLUMNS REPRESENY THE ANOUNT OF LAN4D
THAT IS CONSIDERED TO BE A&AILA9LE IF THE GIIVEN CRITERION

IS APPLIED -YENE-/ER A SECTOR CR!TERION IS APPLIED. IT IS

ASSUMED THAT A UNIFORM DENSITY CRITERION IS ALSO IN EFFECT.

CRITERIA WERE APPLIED TO 5 RADII 12, 5. 10. 20. 301 INI-

DISUALLY AND THE RESULTS C9015PITED,
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TABULATION

A

AR IZ ONA

AR•A NSAS

CALIFORNIA

CO..ORAO0

CONNECTICUT

DEL .•ARE

FLORIDA

GEORGIA

IDANO

ILLINOIS

IDItANA

IOWA

KANSAS

KENTUCKY

LOUISIANA

MAINE

MAqYLAND

MASSACH4USE TTS

MICHIGAN

MINNESOTA

M•SSISSiPPi

MISSOURI

MONTANA

NIERASKA

NEVADA

NEW HAMPSHIRE

NEW JERSEY

NEW "ExICo

NEW YORK

NORTH CAROLINA

NORTH DAKOTA

OHIO

OKLAHOI•A

OREGON

PENNSYLVANIA

RHODE ISLAND

SO.,TH CAROLINA

SOUTH DA•OTA

TENNESSEE

TEXAS

UTAH

VERMONT

VIRGINIA

WASHINCTON

NEST VIRGINIA

WISC3NSIN

WYOMING

TABLE F2.15
POPYLATION SECTOP AN4LVSIS - TOTAL U S.

DENSITY Y 750 e/S0 MI *.. SIN2LE SECTOP 922 5 DEGREES)
STATE AREAS IN SQ3,ARE "ILES AND % OF STATE

)1116 POP IN SECTOR
1/8 POP IN SECTOR

3/6 POP IN SECTOR
> 1 34 POP IN SECT T

> / /2 POP IN SECTO R

:> 

1" Po 

INSC 
OPR 

NSCO

U IIFFORM 
DENSITY

POP'° CR I*TERAI'" No RE.TRITIONS

1 0 27435 30407 33167 3i062 39729 44322 46976 49833 51907

529 9 8 96 63 9% 69 53: 76 5% 85 4% 90 5% 96 0* 100 02

2 0 4T459 48877 50132 51685 52274 52805 53259 34937 .114343

41 5% 42 7Z 43 82 45 2% 45 72 46 22 46 68 46 0% 100 02

3 0 31845 32907 37124 "40559 431.' 44612 45442 46995 1 53259
59 B% 61 87. 69 72 7622 BIOS 83 8% 82 32 se 22 100 02

04 0 71593 75926 80664 85258 69726 93238 95545 108071 160364

44 6% 47.3% 50 37 53 22 56 0%" 58 1% 59 68 67 9% 100 02

3 0 653R8 66961 86640 70406 72028 73099 73803 75666 104328

62. 64 22 65 "8 67-5.1 69 0% 70.11 70 72 72.5% 10002:

6 0 ". 357 627 936 1322 1853 2288 5211 5211

1. 72 6 9 2 127 .1 0% 25 4 358 % 43 52 100 02 :100.02

7 60 37 743 975 1283 1373 1727 1891 2287 , 2326

27 42 32 02 41 9% 55 22 67 62 74.32 61. 3% 9.32 :100 02

a 0 25013 27261 30436 33031 34730 37017 39797 46252 59357
9 42. I 45 92 .1.32 35.72 58 53 .2 43 30702 77 9% :100 0I

9 0 28815 & 31189 34084 37789 42257 481 S 48928 52737 58604

49 22 33 22 58 22 64.52 7 X 2 79.5 : 3 53 900 .1 00 02

I0 40839 41254 42335 43087 44052 44901": 45345 46030 93550

:49 92 49 4% S0 7% 51 6 2.7% 53.7%: 54 3. 55 71 100.0%

110 25167 27657 35425 40627 44815 47546 48761 55179 56539

44 5% 48.92 62 72 71.92 79 32 04 1% 98.22 97 6 :100. 0:

12.0 9843 51637 S1537 20439 24936 28516 : 308b1 3502. 36342
27.1 % 321 I 42. 8: 56.22 68.68 78.52- 84" 9% 96-42 :00.02:

13 0 35647 37201 45220 49533 32342 53731 5 54272 56066 5 6086

63 68 66 4% 00 7% 88 32 934: 953.8 96 8 100 0% .100 0%

14.0 : 69557 71111 74392 '76853 78580 79738 : 80327 . 82073 82266
084. 62 86 42 " 0. 93,4x 95 '% 9.9% :97 86 99.68 .100 02

15.0 . 18480 19676 21404 23623 27338 33254 : 35,47 : 37799"; 40269

45 92. 48 92 53.22 58.7. 6792 826% so5 3 93.92:100.0%

16.0 .18943 :20D429 :22407 25457 28822 30041 31884 337341 45154
39.32 42.42' 4865 32.92 59.42 AR 0% 8822; 70 II 100.02

17 0 26972 26981 28130 29364 30716 32279 32926 33717 :134074

79.22 79.22 8282 88.621 90 1 .94: 72 96 6 : 99'0 '0002

19.0 2480 2712 3329 4207 : 5211 .6427 7411 :18011 " 11155
2.2•2• : 4.3% 29 82 37.72.48.72 57.62 " 44: 9872: 100:0%

19 656 1062 1679 22329 2654 3252 3995 8627 •8627

72.6 12 32 19.53 2602 30. 82 37.72 46832 .1000. "10002

20.0 24067 2,970 30533 35049 39353 42894 45625: 52158 : 61837

38 92 42.02 49 42 Sb. 73L 63.362 69.42 73, ,8 84[39" :I100.802

21 0 43637 43898 49369 52409 5 33215 57292 5.431 . 60988 : 05914

5 082 51,11: 57.22 61.0 0 64.34 2 672 6&802: 71.02 :100 02
22. 0 25331" 2•856 29471 33157 38060 41302 42460. 44043 47883

32.9• 2 56.1: 61.52 69.22 7 2.5 86,32 G872 9202 100 O2

•23.0 43415 44458 50354 .54928 59G048 61625 62361 65417 . 69934
62 .2It 63 82 72.0% 78. 2*: 84 42 s8 12" 9 53 93 5 .100.02

24 0Q .97494 97494. 98411 99434 100128 100563 109881 101296" 1484516

65.72 65.72 88 3 687.02 87 42 : 687 72 02 68 2% :100 02

25.0 88033 8901 71285 73012 74324 73000 '75339 - 76187 . 77721

87" 3 08s72 91 7: 93 92 95 68 96 53 96 92 98 .0 100 02

26. 0 8896 87757 :8491 l9900 99427 0 89735 99899 : 90363 110618

78, %2 93%. 80 02:, 80 53 80 82 :1.1% : 1 32: 81.72 :100 02

27.0 4169 . 4333 4883 5452 . 8166 6 8948 7324 8870 9487

44,02 45 a 31.62 37.62 65.12 73.42 77 4X 87.42 .00 0%

29.0 482 889 1110 I 1457 . 1831 . 2036 2577 8010 .0010

6, 02 10 8% 13 9% 181 2 2042 4 25.4% W.2% 2 000 100%02

09. 84544 85316 6880 07719 98471 ' 89041 G9359 9020 .0121744

69.42 70, It 7.ý32 72.1. 72,72 73.12 73 42 74:1 2:100.02

30.0 12091 13828 16994 20776 25389 29838 32885 40289 : 50219

24 12 27325, 33811.41 4% 50 62 59 42 6501 80.22' 10002
31 0 IS594 17062 20477 23489 27531 - 34267 37809 42142 50769

30 721 35 22 40 32 46 3 5422 :67.52 74.32 83 0 t100 02

32.0 59183 59183 61422 62976 63641 4163909 44134 64433 . 71005

8342 83.4. 86 52. so72.8972 90,1% 90.32 90. 7 2.100.02

33 0 9233 10683 13857 18625 23710 28217 31401 39507 41833

22 111 25 51 33 12 44 52 5•8" 72 67 52 75.1% 94 42 .1002 :

34 0 50180 32013 3S410 57929 80380 62841 64066 88151 69615

72 1% 74 72 79,6.8 83•.• 88 7 90132 92 0% 95.02 10002

35.0 57398 58759 60245 61818 62899 63989 45591 67579 97928

S8 6" 60 02 61 52 N 61 &42 632.8702: 69.02 1002 :

36 0 11368 13655 16687 . 19879 24443 29329 3713 41727 45278

25.%12 30 2. 37 32 43 92 54.02 65 22 72 3% 92 2% 100 02

370 0 10. 39: 193 270 1398 521 120, 1206
0o0 08 322 16 022 224%.32 43 2.1000.100 0%

39 0 11734 14041 135691 177293 20410 24588 2b229 , 28525 . 31189

.3772 43.02 So 32 . 53 42 65 42 78 82 84 1% 91 " :100 0%

39 0 51193 51193 52293 53027. 53461 53673 S3;37 54214 77007

652 66 83 67 92 68 9• 8942 69 72 69 92 70 42 10 00

40 0 19142 19956 22050 2472 8709 33496 36313 39526 42t22

43 17. 47 42 52 32 58 82 68 22 79 53 86 22 93 87 1t00 02
41 0 2086"2 214230 224189 .235103 243798 250003 .253177 263349 268839

77862 772 3 42 07 52: 90.7 :9302 94 22 902.100 02

42 0 5462 53439 56539 . 57591 . 57842 38344 38701 59627 85181

64. 2 5 12 I 8 42 67,.68 . 67. 92 68 52 be 9% 70 02 100 0%

43 0 3481 5491 6205 "813 7662 8154 0492 0830 9853

6 355 7X 63 08 69 91 77 13 828% 86 2% 89.68 100 00

44 0 14552 16038 18238 21452 25553 . 29954 32057 35502 41187

35 32 39 0% 44 32 1 52. 12 62 12- 72.8• 77 92 86 22 100 02

45 0 30774 32742 34653 36940 . 38677 40125 41466 44554 69316

44 47 47 2Z 50 02 13 5332 15 3% 57 92 59 98 64 32 100 0%

46 0 . 10721 10866 11792. 13635 16251 19088 20072 . 21384 24106

44 53 43 12 4897 56 6%2. 47.4. 79 22 03 37. 89 74 .100 02

47 0 29095 30648 35425 39633 43905 47169 48840 51994 57322
51 0 1 3 72 62 12 69 5% 77 I 6 82 72 91 22 100 07

48 0 70262 70262 71072 71564 71912 72163 '7-4 72761 97986

71 72 71.72% 72 32 : 73 02 73 x2 73 6% -. TC 74 32 1.0 02

TOTAL

1745298 1007107 1929952 2047623 2164506 2271978 2334266 2482287 3039963
57 42 59 4% 63 52 67 42 71 22 74.72 76 02 81 72 100 O0

NOTE NUMBERS IN THE COLUMNS REPRESENT TIE AMOUNT OP LAND

THAT IS CONSIDERED TO BE AVAILABLE IF TIE GIVEN CRITERION

IS APPLIED IWENEVER A SECTOR CRITERION IS APPLIED, IT'IS
ASSUMED THAT A UNIFORM DENSITY CRITERION IS ALSO IN EFFECT.

CRITERIA WERE APPLIED TO 5 RADI1 (2, 5. 10. 20. 30W 101-
VIDUALLY AND THE RESULTS COMPOSITED
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TABLE F2.16
POPIJIATION SECTOR ANALYSIS - TOTAL U S.
DENSITy 5 100 */SGoMI. --- SINGLE SECTOR (22 5 DEGREES)
STATE AREAS IN SQUARE MILES AND X OF STATE

TAIULATION >t/16 POP. IN SECTOR
1. /o IN STO- SECTORI 16 POP I ESNTO

I POP. IN SECTOR
> 1/3 POP I PN SECTOR

1,2PP IN SECTOR
UNIFORM DEN1SITYI 0 POP CRITýRIAr NO 6ESTS ICT tONS

ALABAMIA 1 0 32492 33186 34624 36301 39043 44430 47140 49933 51907

62 62 63 9. 66.7% 70 IX 76.89 a5 62 90 8 9 96. 0. too 00
ARIZONA 2. 0 49466 51007 51930 52204 52544 53017 53500 : 54937 114343

43:3% 44.72* 45.32 45.72 4602 46.42 46.92 . 49020% .100 0l
ARKANSAS 3.0 33765 34200 37953 40968 * 43242 44689 45519 46995 53259

634 64.22 713 76.72 01,2% 93.92 85 5, a 922 200 02
CALIFORNIA 4.0 79535 . 92206 01937 89079 922 15 9303 97951 :108871 260364

49 62 51.32 53.52 55.52: 57.52:. 9.42 61 0: 67.9% : 100 07
COLORADO 5.0 68226 60833 70648 71671 : 72539 73475 74190 75666 :104326

6.0 542 660267.7.:67%:69 5%:70.4%:71 12: 72.52 :00.02:
CONNECTICUT 6.0 36 .695 a1 994 : 1399 5027 2538 5 5211 5211

7.42 13.32: 15.62: 19.12 26.92: 39 92 46 71 00 OX 10002o

DELAIAE 7.a0 312 959 052 1 303 1573 1756 1920 2287 2326
3492. w 36,91 45. 22: 5601 67. 6 755 2 82. 62 99 3% • 300.02

FLORIDA S. 0 29394 31546 32733 33794 35155 37413 40250 46252 . 59317
.49 52.3.1%:51 5:1 6 92 59 .22:63.0%:67.92: 77,9%:200357

GEORGIA 9.0 32279 : 33071 35174 30069 42442 46733 49319 52737 5604:
55.31[ 56. 4 60 02 65 02 72. 4 79 72 83 92 90 0. o0002:

IDAHO 10.0 41304 41313 42643 43232 44081 44922 45355 46030 93550
50 02 50 0SX 31.02 51 72 $2.98 $3. e x 4 32 5 12 :10002

ILLINOIS 11.0. 29712 30426 37693 42142 45644 48231 49533 55379 : 56539
5 26• 2 53, 66.7". 74.5 090.7% 95.3%9 7.62 97,62 :100.02

INDIANA 12. 0 13298 14632 17997 21259 25244 28796 31308 35020 . 36342
1 : 36.62 40. t 49.52 :% 3.52 69.5$ 79.29 09.92 96,42 :100.02

ISMA 1 3: 366 39140 46629 :04 507 2 477 5337 :4407 56067 : 56067
:69,0 69.9 S 93 22 69. = 93. 6 96.0% 97 0% 100.02 :100.02

PANS 14.0 72500 7302 75791 77306 79754 79854 010442 : 92073 92266

962 6.7 "2. 9 .94 0 95.72 97.2: 97.9z :99e 100 0
KENTUCKY 13 0 50429 21076 225436 24067 27464 3323•93 35734 : 37799 . 40269

50.7x 52.32 SS. 39.92Z 60.22: 82.72: 69.72: 939 :1300-0
LOUISIANA 16.0 : 21923 220331 23430 35727 2699 20909 31970 : 33736 : 48154

:45 7 45.9ft 48972 53.42 59.62 64.22: 6642: 70, 1 :100.0-
MAINE 27.0 : 27194 27194 20226 29375 30726 32279 2293: W3 33717 34074

79.2 : 7.82 92. 92 622 90.22 94.72 96ý 72 99.02 100.07.
PMARYLAND 1.0 : 779 3156 3706 4931 6002 7045 9260 11021 . 11135

2:4.91 2:5 32 33.22 44.22 53,9% 46.31 74.02 986722100.02

MASSACH4USETTS 19. 0 : 1390 1•33 2094 2480 2943 3590 4564 3627 9627
6I.OX 2 31.52 24.3 20 .7: 34.22 42.6% 52.92 :100 02 100.02

MICHIGA 20. 0 2763N 26419.: 302 35763 39955 43396: 46417 : 52158 61337
44.72: 7 46.02 :2.11 32 .65 4.52 70.22 : 75.1 : 84,32 2100 02

MINNESOTA 21. 0 446212 45094 5050 53114 $9536 57543 : 39797 : 609•9 95924
52.92 : 52.52 30.6, 61. 9 64.62 67.02 : 68 42 : 71L02 D00 02

MISSISSIPPI 2.0.: 2772r: 59110 30204 33341 : 38127 41341 42129 44043 47883
5 : 5.0 : 72-63. 12 69.6 79.61 86.32 960.8 92.02 :100.0%

M18501A1 22.0 . 45345 : 46008 . 52130 55709 : 59415 61947 . 62860 . 65417 69934
: 64.8" :'65.9% 7412%' "9.72•:0.50 08.42 99-9: 935% 100.02

MONTANA 24.0- : 97929= 97926 99768 "9646 :100206 :100572: 100891 : 101296 348456
66.0: 66.02 : 66.5• 67 67.5% :67.7: 68 OX 668 2 9000 2%

EBRAS K. 0 : 69605 70295 7228 73475 74498 75048 75386 :7627 77753
99.62 90.32 93.02 94.52 9592 96.62 97.O2, 99.02 200.02

NEVADA 26.0 0 365 09732 9190 99417. 89629 09822 09986 90363 .110618
7 ].92 0 22 90.62 90. 92 .0 02 .21 22 .3% 3 1.72 :.00 02

PEW HAMPSHIRE 2 7. 0 :4420 :4429 4989 5520 6195 6977 7392 6270 9467
46.72: 46.92t 92.72 6.32 65421 73.72 7602 3742 300.02

NEW JERSEY 20.0 : 042 1 322 1 563 1%299 :2240 2906 3821 9009 . 009
11.02: 16.5 2 19.2:64.6 22.312 2.522 47,72 :t10o00 :2 0.0OX

NEW MEXICO 29. 0 6163 : 6669 7564 0907, 36597 09093 89427 90206 121744
70.6 IM 71.41 73.9% 72.3 722 73 2% 72.5 74.32 :300402

New8 YOR 30.0 34661 3630O 109666: 217133 26036 30330 33293 40299. 50219
2V62 32.52 37.62: 43.2 2: 52.9 60.42 66.32 90,22 :100 02

WORTH CAROLINA 1. 0 29232 19353 21134 23707 27"44 34412 37925 . 42343 50769
37"2 39.3 41.62 . .9 3-562 678 74.7 93.02 1000 2o

NORTH DAKOTA 32. 0 59903 5960 61856 : 63075 63729 6399 64144 64433 71005
42! 64i4. 3 ' 7.2 6980 999 2. 90.1%290.32 90.72 :100 02

0HI0 3. 0 11912 13938 169G4 20111 24492 2•982 32385 39507 : 41833
8.22 533.2% 40.62 48.32 5.%95 69.02 77.42 94.42 ;100.0% -

OKLAHOMA 34.0 : 53200 54320 56414 56267 60641 63024 64269 66131 : 69625
76.42: 78.0% 81,02: 93.72 97.1 90 52 92.32 95.02 :100.02

OREGON 35. 0 : 59649 6044 615 : 63223 63063 64105 65726 67579 : 97929
631 I 61.72 62. : 63.52 64.41 65 5% 67 32 69 02 :300 02

PESNNSYLVANIA 36.-0 215102 15363 17705 20516 24994 30308 33640 41727 45270
33.42 33. 92 39.32 453.3 55 27 :66%52 74 32 92.22 10002

RHODE ISLAND 37.0 10 164 2531 200 323 ' 444 609 1206 12G0
0.X 13.6%2 5092 23 22 37 221 36.92t 50 42 &00:0 :0300 02

SOUTH CAROLINA 30.0 15093 2 5122 16254 17429 20506 24661 26306 20525 31189
: 46.4% 435112 51. 5 5$.92 657:1 79".1 64.32. 91252 00 010

SOUTH DAKOTA . 0 : 12599 51359 525315 53094 53471 :53683 53947 . 54214 77007
:47.01 67012 60.2. 68 9 69 4X 69 7 64 91 70 4Z 31000 2

ESSE 40. 0 20931 21500 22922 25032 220844 33563 36429 . 39526 : 42122
49 7 .2 021 54. 22 59 42 60 52 79. 72 06. 52 93 912 :100 02

TEXA2 41 0 ;229402 :223282 232082 .239262 :245621 .252509 : 254663 263348 268839
21. 62 03. 12 06.32 99 02 91 421 92.42 94 72 . 99 02 100 02

tUTAN 4o 0 %5016 56935 57409 .7755 57949 98450 50926 59627 81918
65•5. 66" 67 42. 67 89 68 0- 60 6% 69 13 70 0% 100 t0

VERMIONT 43 0 5607 5616 2673 6842 7672 0154 0. 492 9930 . 9953
36 92 7.02 632.72 69:42 77.92 92 6% 06 2% 89 6% 100 02

VIRGINIA 44.0 16704 17272 19406 21848 25933 30204 32366 35502 41167
40 6% 43.4% 47.1% 53 1. 62 9% 73 42 7 662 9622% 1002 .

WASHINGTON 45.0 33920 35145 36342 37540 "9034 40414 41062 44554 69316
49.92: 50.,72 52.4% 54.22 56.3: 56.32 60 4% 64. 32 100.02

WEST VIRGINIA 46.0 11126 111236 1947 13655 16270 19097 20082 21394 24106
46 21 46.22 49.62 566%•, 67 2 S: 79" 2% 3.,32 8 72 200.0

iWISCONSIN 47.0 31932 32299 36545 40337 44400 47439 49186 51994 57022
56 024 56 62 64. 312 70 77, 77 92 03 22 96 32 93 22 -2I00 0

IWYOMING 490 0 70612 70812 71313 71642 71970 72163 72394 . 72761 97996
:72.32 72.3: 72.90 73:12 73 42 73.612 73 9. 74 3% 100.02.

1935531 2996350 1997603 2075429 2179979 2204405 2350362 2492296 3039963

TOTAL 621.0 62. 21 65. 4Z 60 32 71 7% 75 12 77 32 81 7% 100 O2

NOTE: NUiU5ERS IN THE COLUMINS REPRESENT TIE AIIOUPNT OF LAND
THAT 19 CONSIDERED TO iE AVAILABLE IF T4E GIVMN CRITERION
IS APPLIED a EINEVER A SECTOR CRITERION IS APPLIED. 1 I
ASAIPED THAT A UNIFORM DENSITY CRITERION IS ALSO IN EFFECT.
CmRITERIA WERE APPLIED TO 9 RADII 42. 5. 10, 20. 302 I2OI-
VIDUALLY ANDO THE RESJLTS COM6POSITED.
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TABLE F2.17
POPULATION BECTOR ANALYSIS - TOTAL U. S.
DENSITY - 250 6/9G. Ml. -. DOUBLE SECTOR (41. 0 DECREES)

.STATE AREAS IN SQUARE MILES AND Z OF STATE

TABULATION ) 1/9 POP. IN SECTOR
1 3/8 POP .IN ECTOR

> 1 13 POP, IN SECTOR
> 1,3 POP. IN SECTOR

u.I/ POP. IN SECTOR
UNFORM DENSITY

NO POP. CRITERIA
I I r N RESTRICTI:ONS

ALABAMA 1.0 o %47 23101 2:617 32782 39571 44129 49833 : 51907
.37. %.40*87 51.A7Z 63.1% -76.22 9..OZ 98.02 :300. 0O

ARIZONA 2.0 :4499 45207 47256 48266 :4978 316048 14937 :114343
39. 22 39.62 43x•3 42•31 4m 1 4'.' 12 44 Oz 100.0.

ARKANSAS 3.0 28767 29129 39145 28171 41938 43830 46991 152213
14. 0[ :1.42 88.0Z 72.1 4 73.62 02. 33 886 2 100.0.o

CALIFORNIA 4.0 19891 81342 88? :- 74419 : 60944 86068 I06971 160364
37.22 36.1% 42.92 46.42 :90.12 53 72. 11'. 79 100:0z

COLORADO 3.0 &1702 62706 8 65331 8710 893 6 71719 78568 10436
59.12 8 I 0.:12 :2.82 83.92 ".6:8 68.72 72.12 3100'0%

CONNECTIChT 6.0 : 10 10 39 10 2 103 .222 :1211; $211
01.212 0.22 0.72 ý2.02%6 3.92 4.32 :300' .0 100.02

DELAWJARE 7.0 , 444 444 820 1100 1478 1479 2287 2326
19.1l: 19.12 35322 47.322 83. 12 72.22 962 : 100.021

FLORIDA U. 0 :.1279 :. 18202 23423 :2,15478 30214 34186 46252 1.99317
2322 n 27.32 36 81 42.9 150. 51672 77:.9 100:02

GEORGIA 9. 0 20135 21924 312 : 362M22 42190 49722 M2737 ;56804
030 37.42 49, T 8 61.82 72.012 70. :900. 300 OZ

IDAHO 10.0 381i9 36339 41212 42286 42985 44824 48030 83150
45.17 41. 92 : 49.41 :20.62: 52.82 1382 :5. 113.: 100.0Z

ILLINOIS 1.0 17139 16933 262943- 33119 : 39• 43386 9179 : 16819
30.22 : 33.12 47.7 • 5682 70.1X 76.72 :'97.68 :100.02

INDIANA 12.0 .'4709 :...6012 11001 :.16241 21201 : 24472 :23020 : 36342
13.02 : 16.512 302 : 44.72 56. : 87.2 : 96.42 :100.02

ilam 13.0 32347 :3:3707 40317 !.44137 49801 : =59 : 1808 : .56088
177 87 ::60.32% 7192 716. 612 9.: 2 92•2Z :300.02 :100.02

KNSAS 14.0 - 85138 &5561 70175 72318 73959 78350 82073 :322"
79" ' 29 7 015.1 M:22 92 221 9.22 9962 3 100.02

KENTUCKY 1S. 0 :%..14272 148M2 3~982 22,V4 2031 3348• 37799 40289
53142 2862. 47. 1Z :.6.4% :74 .9: 6322 93.29% :100. 02

LOUISIANA 18.0 12931 14379 16972M 213842, "719 30011 23386 : 48154
21891 29.9% :9,42 47-.4 :-37:23 68222 70.132 100.01

MAINE 17.0 21399 25488 17927 29683 .3114 .32414 2:3717 34074
74.12 74172 :.130.2: 87.12: 92.7: 9•.% :.99.02:100.'02

MARYLAND L .0: 1373 31621 "76 364 .:4729 59: 31011 : 111151
14. 2 14.1 2. •M 32.%7% : 42.41 47.2 .972 100. 02

MASSACI4USETTS 19.0 : 174 281 169 : G97 : .!1370 1153 68627 9627
1.02 3.02 66 30.42 :1.9 : .21.332 :100.01 :10.010

MICHIGAN 20.0 :-22182 22699 37066 123449 :236176 .39735 1215 : ,41W7
6832% 27.021 43 112 50.92 9 916 6 .8 2 9422% :100.02

MINNE9OTA 1.0 a-423 43257 463i0 9193 94426 982" 60104 : 93934
:49.32 30.2 51. 6 8 .60.02 63 2 :68.612 71.02. :100.01

MissIssIPPi =.a0 2193 22396 27060 3M929 30515 41132 44043 : 47866
:.43:82 46. .622 .9 709•29012 :3.9 92.02. :100.02

MISSOURI I0 41061 41781 49109 ;53422 :17191 60062 46417 : 89934
511-711 19. 72 70.2 76.42 62342 0.92 92-12 :100•0•

MONTANA 24.0 94744 91154 97494 98941 9969 :100476 :101296 146416
263;2 .64. 42 85.71 8 87-3 67. 71 68.2 100. 02

NEBRASKA 21.0 :5475 65690 8"?48 70900 72423 74015 74167 77721
104-2 3492S 6632191 :91.22 9.222 9222n 96020 10002O

NEVADA 3.0 91691 :986020 67024 : ,67429 66404 69195 90363 :110616
7782 77.82 70.72 :.790.2 7992 810.82 61.72 :100.01

NEW HAH41M E 27. 0 2194 : o10 : 4400 _ 5263 1 8053 8289 : 6 9487
272: * 7 31 48Z 412 3&.r4% 63.72 67.1382 87342 :100. 02

NEW JtEY 2.L : • 0 , 19 116 t,403 040 1061 9009 : 0009
002 0: : 1.4211.1t 10.-31 1.5% :32100.021 0 :002:

NEI wEiICO 190 :.62363 6242 370: 9123 0 67091 66732 90206 :121744
7.72 87.82: 9.22 : 9 70.12 .71.61 72.91 74.1% :100.02

M101 :P).30 0 7469 ma 1 12477 : 169U86 21925 23562 40269 : 50219
149 2% 18.42 .2482I .33-72 43.7 2 0. MD. 209 :92 100.0:

NORTH CAROLINA 31.0 3463 9788 14671 21732 29201 31032 :42142 : 10769
&167X 19.n 29.32 42. 92 57.31 65.12 83. OZ 3100.02:

NORTH DAOTA 32. 0 16109 2696 61413 62=79 63024 63960 64433 : 73005
62021 932ý0. M.22 67.981 68.2 .90.32 90 72 :100.02

OHIO =.0 3331 4632 9137 1418, 19873 21732 3907 : 4AID
012. 111% 22021 3 4482.9 5119 94.42 ;100.0%

0KLAHOM5 A 34. 0 44081 42609 10334 S4013 26496 2107 8811 : 6961:
6322 8% 182 7222.31 77.82 9402 69221 9.02 :100.02

OREGON 3. 0 12149 153018 38631 0617 61048 83420 87379 : 992
53.22 54.22 37.42 60.112 62.32 64.62 69.2 0 :300.02

PE14NSYLVANIA 3.0 57090 6042 311698 .16403 21692 24280 41727 45127
312,10 11.12 : 31 6 36 82 47.92 13 82 922 2 1002 OX

RHODE ISLeND 37. 0 0 0 0 50 se 656 1206 :3 206
00.2 0.02 0.02 0.82: 4.82 9 3400 3o00 T02

SOUTH CAROLINA 39.0 7137 7990 ,11416 1510 21142 23700 28525 31189
24.22 23.82 3868. 43.82 : 67.92 76.0 91.5% 100. 02

SOUTH DAKOTA 39. 0 4861 49379 51415 52322 : 1295 5396 4214 77007
83.2 n 34.211 8862& 87.92 6a. 898 4 2.6 70.42 100.0

TENNESSEE 40. : 4050 14726 1969185 2399 29177 23350 39126 42112
33.42 32.012 48 54.211: 70.22. 79.22 953 OZ 100 002

TEXAS 41.0 191254 106477 :20660 :219914 :232690 :242404 :28349 268839

&.74%:89.42 7.82 3382M 9882" 90.22 96.02 10002O
UTA04 42. 0 13220 93422 14494 2108 16423 17143 19627 95101

2.3 2 62.-71 2 .0 "0 882 "6.3 67862 70,02 3100.02
E."MONT 43. 0 .4420 : 4931 .6802 7199 7868 9370 9930 9653

44. 9X 50.01 61.3 273.12: 9. 9812 63.92 69 " :10002
VIRGINIA 44.0 9152 10634 14813 1t6il 25534 28902 31102 41167

23.52 : 25.62 36802 4312 :62.02 70.22 86.22 100.02
WAS*HINGTON 41. 0 24974 .26566 29741 32697 35793 332253 44114 86931

38.02: 39.32 42.92. 4712: 5118. 1 12 84 32.:00 02
WE:ST VIRGINIA 46.0 7141 7636 11667 14572 17672 19107 213•4 24106

298. 2.12 48.42 60.42 74.-2 793 32 M. 72 100.02
WISCONSIN 47 O 24849 23633 32350 37912 42•91 456•8 13994 17032

43.82 45.22 3 56. " 88.61 : 75.42 9042 91, 2 360 0
WYOMING 48 0 67837 67437 70175 70610 71468 72211 72761 97968

8 69.02..: 69.0Z 71.4 " 72.32 72. 92 73.72 74.32 100.02

1544C002 IS877 377299 193023 2091704 2199677 2482288 30399"2
TOTAL so10 32.12 12 = 22 = 22 8862 72:42 01.72 3000 2

NOTE- NUIBERS IN THE COLUMNS REPRESENT THE AMOUNT OF LAM
THAT IS CONSIDERED TO BE AVAILAILE IF THE GIVEN CRITERION
IS APPLIED. WHIEEVER A SECTOR CRITERION IS APPLIED. IT i2
ASSUMED TWAT A UNIFORM DENSITY CaITERIIO 1S ALSO IN EFFECT.
CRITERIA WERE APPLIED TO 5 RADII 2. 1. ,O,r 10. 30) INDI-
VIDlALLY AM THE RESULTS COMPOSITEO.
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TABLE F2.18
POPULATION SECTOR, ANALYSIS - TOTAL U S.

DENSITY - 500 */,S. MI -. DOUBLE SECTOR (45 0 DEGREES)

STATE AREAS IN SQUARE MILES AND % OF STATE

TABULATION > 2/8 POP IN SECTOR

3 1/6 POP. IN SECTOR
S .3 POP. -IN SECTOR

I 1/ O N SECTOR
I 1/2 POP IN SECTOR

I UNIFORM DEUISITY
NO POP CP.TERIA

I NO RESTRIC!IDNSPOP It

ALABAMA 1. 0 26653 29371 2 32308 37500 43357 46503 49S33 51907

t51.32[ ;4 7 62 2[ .72 2% 83 5Z 696Z 960%. 100.0%

ARIZOIOA 2.0 - 47353 47906 ,49119 50373 51724 529.1 3.54937 114343

41.42 41,8% - 43 02 44 12 45 46.3. 48 07. .100 02

ARKANSAS 3.0 33910 34238 3•542 41341 43840 45239 . 46996 53258

63 72' 64 31 72 4% 77.62 02 32 94 9X 60 22 :100 02

CALIFORNIA 4 0 .69422 . 72057 77605 93482 88751 : 92756 .108971 160364

43.32. 44 92[ .4.4% .52: 12 15 32. 57.92 .67. 92 .100 0%

C0LORADO 50 6524 65552 68264 69654 72'7 73176 75666 104326

62.:S. 6292: 6584.66.9` 68.5%: 70.12: 72 5% "100.02:

CONNECTICUT 6.0 :29 777 3309 695 1168: 2476 5221 : 5211

0.62 1.52 ft 32 13. 122;.4% 29.3% :100 02 :100 0%

DLA•kARE 7.0 636 685 . 1071 1419 . 1698 1962 2207 :"20326

2.22 :9529 46 T 61.02 73.0: 0.12 98.32 100.02;

FLORIDA 8.0 23170 24009 27792 31507 25329 39121 46252 59357

39.02 4042 46 02 532 I 59•52 65.92 77,92[ 02[

OSOROA 9 0 28342 30156 34981 40154 45394 .48300 ; 52737 : 58604

494 51. 52 1 972: 68521 77 512 8.42 90.02 :100 0%

IDAHO 10.0 4109$ 41149 . 426015 43637 : 44477 : 45287 46031 8 93550

49 22 491 2: 51.02 0 52.2% 53.2• 54.2% 55 12 .100 02

ILLINOIS 11. 0 27396 58728 26226 40617 :44670 47343 . 35179 56539

4835 50.892 64.1I 71. 79.0. 83.72. 97.62.100 02;

INDIANA 12-0 1 20731 11599 16241 ,20796 2 26316 9722 ; 35020 :36342

59 32 31 92 44.72 57.2% ; 72.42. 91.92 ; 9642% :100.0%

ZIOA 12.0 39652 40067 46494 49279 32361 53992 56067 : 56067

70.71 71ý 52• 8.29 88. 912 9342. w 96.3 :100 00 :.100.02

KANSAS 14. 0 70397 70"68 74035 76167 279445 O W27 6 92073 62266

95.62 05.95 90.02 92 %2 95.42 :97.3 :99.90:100.02;

KENTUCKY 1S 0 10383 19300 2186 .25923 32192 :35116 37799 40269

45 72 47: 92 4 32 . 64;12 799 ;/ 87.22 ;. 93.9% :100 02

LOUISIANA • 16 0 18653 18991 23334 :'6692 ",30060 31536 33736 ! 48154

38,7129 94z 4.5%2:5542.62.42; 6,552:701%2.10002
PAINE 17.0 27474 ;57474 29056 30397 25077 32868 33717 34074

90:62 00. 6% 95.32 992.2X 94.1? 96:2 5 •99. 9902100.02;

MARYLAND 1S 0 2519 . 2625 3570 : 4497 9579 6504,: 11011 11155

22,62 5 3.52 3202: 40 .3 so02.8 32 9872% 100 02

MASSACHUSETTS 19.0 5: 9 695 1148 2017 2770 3 811 9627 6-27

682 9.12 13.32 23.42 32.12 &40.7.. 10 100.002

MiICHIOAN 20.0 25650 26557 31546 36477 41341 44497 52159 61837

.41.3% 429• 1 .102 59.0 66O.X 71.92 84.32 :1000 2

MIHNESO•TA 21.0 4740 47878 90.17 95500 59;"91 117699 6898 83914

55.2 2 . 5.42 99 1% 62.22 63.21 67. 12 71.0? :100.02

MISSISSIPPI . 2. 0 26055 26634 31449 36892 40579 42257 44043 47883

54. 42 55 61. 63,7 77:021 84.972 89932 92.02 :100 02

MISSOURI 23.0 47169 47546 :5260 56432 59772 61953 65417 ý 69934

67.42 6902 75.32 60. 71 9.52 8a. 62 932 52 100.02

MONTANA 24. 0 97803 97803 96884 99540 :100312 : 100843 101296 149456

65.9% 69. 9% 6 6% "7 1" 6:62 67.92 6822 10002;

NESRASKA 25. 0 680943 69326 71092 72809 73996 75135 76187 :77721

: $86" 89. .1 I. $152 93" 71 9522. 96.7 99.0% 100.00%

NEVADA 26. 0 97072 67149 680056 9741 09156 09774 90363 110618

78.72 .79.82 79.62 8022 90,.62 812 81.72% 10002.0

NEW HAMPSHIRE• 27.0 ; 4256 44,80 5220 5'754 6716 : 71o80 8270 9467
45.0 46.6 9 522 629 70.92 73.5 82 7 94 100. 02

NEW JERSEN 29.0 : 270 396 868 : 1277 '1612 2 2113 8010 8010

3.42 4.89 0O.92X 1 4.712 20.1I 36.42I 100,02% :100.02;

NEN MEXICO 29 0 94360 04563 96068 97651 99577 99262 90209 121704

&69.3 69.32 70.7 2. 72.02 75918 73 3. 74.1% .100.0%

NEN YORK 30 0 . 11976 13134 17129 22214 27319 31480 40289 . 50219

.232•0% 62.2 34.12 44.2 .544%2 62.72 80.22 100.02

NORTH CAROLINA 31-0 1496 1•6899 .20912 ;26240 3r'5273 37104 42142 50769

29:.5 33.2' 4V22 31 7X 65.5I :,73. 9 8302 0 100,02

NORTH DAKOTA 32: 0 6069 60699 2204 3082 3700 64076 64433 "7105

9552% 85 52 97.62 8 9%82-9.71.90ý22 90.72 100.02;

0410 3.30 9:747 10229 13790 18972 24598 29019 39507 41933

A. 3 24.32 33 02 45 425 99 2 69 42 94 42 100.02

0KLAH40MA 34 0 50393 50798 54561 50132 61866 63796 66151 69615
72 42 702 78 4? $3.5 89: 9162 95 0% 100 0;

OREGON 35 0 56589 57697 "9637 61277 62929 65166 67579 97928
57.2 58 92 6092 6262 64. 32 66.5%2 69.02% .20. 02

PENNSYLVANIA 26 0 21397 12603 17062 22205 2 7454 : 30610 4172?• 45278

2522• 27.82 37.72 49 02 60.62 67 6% 9222 100 02

RHODE ISLAND 37.0 0 0. 210 S8 203 299 1206 1206;

0.02 0.02 09.2 4.1 1692. 24.8% 2-1000 t 100.02.

SOUTH CARO1.INA 38.0 11030 12082 15372 19349 23971 ; 25091 29125 31189

35.42;' 3872. 49 32 62002 76,9% 03 02 91.5% 10002%

SOUTH DAKOTA 39.0 .51609 31609 52419 52940 53509 : 53799 ;14214 77007

67.02 67.02 68 1% 68 721 69.52 : 69.92 ; 70"2 10'002

TENNESSEE 40 0 18017 18567 22335 27145 32752 35879 39526 42122

42 n2 , 44 1% 53. 12 64 42 77 91 . 15, 22 93 82 100 02

TEXAS 41.0 207629 210486 223669 233231 2423553 250446 263349 268939

.77.22 78 32% 83 2Z 86 82 90.2 293 22. 99.0 100.0.

UTAH 42 0 5439 a 5:422 .55912 56539 l7933 59556 .59627 851018;

6382. 64 4 65.62: 66.42. 67.92 68.72 7002 :100 02.;

VERN•O4T 43.0 5 954 35954 6649 a 7546 ;98 8492 9930 9913

60 42 60 4% 67.52. 76 62 82.92 A12. 6It 200 02ý

VIRGINIA 44.0 14195 14977 18528 23 536 287398 31430 35502 . 41167

34 52 . 36 42% 45 02 37 22 69.-12 76.31 8622 100 02

WJASHINGTON 45 0 305721 31112 33775 36249 39706 840920 44514 69316

44.12 44.9% 48.7% 2; 52%. 55.92 9892 6432 100.02

WEST VIRGINIA 46 0 10673 10847 132221 15926 18799 19916 21384 24106

44.32 45 0 2; 4 1% 65 72. 7792• 92 9X 9e 72 100 0%

WISCONSIN 47 0 31334 32019 37442 42035 45683 49086 5199 57022

55 02 56.2%. 61. .7 73 7% .0 1. 84.3. 91 2 10002

WYVOMIN 46 0 70233 70233 70976 71516 72018 , 72356 72762 97996

7, 72 71 72. 72 42 73.0%. 73 5% ; 73 89 74 32 100 02

1761966 1790938 1936860 2073320 2213636 2305123 2492290 3039964

TOTAL 58.02 58.92 63 72 68.2X 72.81 75.92 91. 72% 100 02

NOTE: NUMBERS IN THE COLUMNS REPRESENT THE AMOUNAT CE LAND -

THAT IS CONSIDERED TO BE AVAILABLE IF THE GIVEN CRITERION

IS APPLIED WAENEVER A SECTOR CRITERION IS APPLIED. IT IS

ASSUMED THAT A UNIFORM DENSITY CRITERION IS ALSO IN EFFECT.

CRITERIA HERE APPLIED TO I RADII (2. 5. 10. 20. 30) 2INI-

VIDUALLY AND THE RESULTS CONROSITED.
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A. I . 1.

TABLE F2.19
POPULATION SECTOR ANALYSIS - TOTAL U. 8.
DENSITY - 750 0/30. "1|. --. DOUBLE SECTOR 445. 0 DEGREES)*
STATE AREAS IN SQUARE "ILES AND Z OF' STAlE'

TAIALATION > 1/0 POP. IN SECTOR
1/ 3 POP. IN SECTOR

a 3 OP. IN SECTOR
71/3 POP. IN SECTOR

, 2 POP. IN SECTOR
WIIORM DENSITY

NO POP, CRIT"R"
>UN I NO RESTRICTI"ON

DLAISIA 1.0 29934 30764 : 34769 3:9W2 44091 46976 .49033 . 51907
977' 5•93 :"67.01' 7503C 04-•9: 90.3- 96022 "100.0%

ARIZONA 2.0 441306 40906 50412 11309 52602 53250 54937 114343
42521 42.92 .44. 11t: 44. 919 46.01: 46.61. 490% :100.0%1

AKANSAS 3. 0 251 560223 596452 42362 64432 = 45442,.: :46995 : 5325
66.71 67.61{: 74.51% 79.851.:' 93 '21 95,32 :9 922. 1 :100.01

CALIFORNIA 4. 0 75270 76467 9,199 86725 V9199 95545 . 109871 . 160364
44.9% 47.7L r 95132 4. 5412 7ý31 9.62 67. 92- 1.00.02

COLORADO 5.0 67174,: 67685 69304 . 70744, 72507 73903 75666 104326
64.414 :*64.9 1 6621 67.92X 69 61. 70.71A 72-52X 100.0:

CONNECTICUT 6.0 114 .261 637 11".9 1924' 2269ý 5213 :5211
3.01 1.02 122.1. 21.92:: 35.02 43.512 .GO0.0% :100.01

?.MAWW 7.0 762 940 '1216 1509 : 1710 19193 227 : 2326
32.91 3611 52-31 641. 72.92 :,61.32 90.31 :.100. OO .

FLOW IDA 0.0 26422: :27174. 50939.346 263 399 65 95
4411 492 5.11 6.4 61.7 ;.67.0% 77ý912 :100.01

41=0IA 9.0 22009 32526 5612 450 46195 :.48926 527'37 1 0604
54.6% 15.2%' 62. 92 70.6 'a. Z :,51 83. .90.0o :100.002

iOANO 20.0 41920 42G045,: 42075: 43792 ;44&679.; 45345.: 46030 13550
0.022": 30.3%.: .1.3%.;5..4%.: 3.051 :.1234. 3 %: 55. 11 i100.02

ILLINOiS I1.0 32134 33042 39716 4256• 46407 49761 55179 :16539
56.92 19 .42 .56 5 75.3'75 2X 96. 2i 97.62 300.02

INDIANA 12.0 13066 13607-: ,974 23160 i44 20961:35020. 36342
26.01 37.4% 50,61 63.71 74.21 84.9 : 9641. :100.0%

Ita 13.0 423547 43600 402 :.10100: 31075.: 472:60675.:6067
73.91:7•.• 9 519 jý O9101.- 94.7 :96.1000 .*00011

5*N466 14.0 7•009 .72V97 7215 : 7743:: 79173 90327 .2073 82266
87.951': 9972 91.2 O : 9C12,96.21 976..b. 999 1% :100.01

NITUCI Y 12.0 1=013 : 505:06 22090W 6644 399 5647 37799, 40269
10.4%.: 50. 91 1692 .. % l 663 i.5 9981 3 93.9M1:W. 0102

LOUISIANA 16.0 20164 21275. 24472 21043 30455 31384 . 33736 :,48154
42.71. 44.41 9 . .21 639: 6621 2 3 70.11 :100.02{

MAINE 27. 0 27983 27995 292 ý30610 3213' :4 3"3 : 2 33717 2:46074
62.1% 02 9601 O 99 2S8 94"396X619.i 9 0. 10010

HARTLAND 190 BD 29913. W9 4716,. 595: 7411 1101: 11155
a5.91..: 46Soz 34.9 499 5321 66.41K 9-9:7100.01,:

"AMMACH4MrTTS 39.0 0 : 9 I9 20o3 29.2 844 5 326 995 9627, 9627
1. 0,.01: 12.01 12 61:, 39.3: 6. 71 46.3: 102.00': 100.01

MICHIGAN 10. 0 8790.) 297 3399 33212, 4254 45625 52250,: 61037
45.02 46"8.1 5.401 621 9 65.2 W .73.9 2 . 21 : 100.02

mmaOTA 31.0 4414 493 96. M1 04204 .. 9664"9: 99432. 60q999: 914
56.41 •6'51: 60 11 621 65.91 : 6902. 71.01 :3002OX

NI99IlppI 2. 0 127 3949 ii 25169: :727577-:. 40997 :-42460 44042 47093

5.691 39. 9 " 61.02 7.11. 29:.419;:97.1 9:32.301 100. OI:
MISSOURI 23.0 449M 49254.: 2519 5 7553: 60905 2562 :65417 :.&9934

700 1 70.41,: 76.11.: 9.31 : 66.1 9 519 : 35.:100.01
6NOT6N 24.0 9917" 99179 : 99096 99:89:: 100447 30093 :01296 :148426

66.12 : 66.11: 66. 92.: .67. 2 6 7.71 69 02 6•92• 1 t100 01

NEBA10A 250:70040 ' 0165 :. 723395. 73427: 74472 75539 76297 :77723
9.21 : 90.31 •: 93.A1.A .5 96.11 96.91 99: 01 :200.02.

NEVADA : 7719: 3732 : 66495`:9 -90124 : 2 9562 99999 90363 :110618

9. 31 791• : 40.11 0.5z *1.1 91.33 81.71 2:100.01
Now HAPS4PIRS 27. 0 4662 : 4787 : . 579 606 & 6 7224 9270 : 9467

49•22:: 50.03 1692 641. 2 72.7K :,77.4 94. : :3.010 0%
Bo,5b539 =0.a 59.. 791 1197. 1505: 1969 2577 6009 909

731 9.1 .492[ 18.99 214. 61" 3•.2 100.02 :100.001ý:
No MEXICO 29.0 .01314 51711 017285 99305 58994 393T 90208 :121744

70.12, 70.41 ?71. %, .72.4 732 1 7:.4: 74.1% :200.02
S50 .0 34673 18:1160 I9339 33912' 29153, 26S" 40299 50219

99.23; 203.21 : 1 n 477.97 ft 1. : 650. 2 0. 2:: 1000 12
NORT CAR.OINA 31.0 11403 33750 22903 27097 33917.: 37• 9 42142 50769

a61 6.92: 44.91 5.41 66.911 74. n 3.01 100.02
NOR9TH 06 20 65153 62133 42706 63439 63777 64134 64433 71005

9611i 91632 9931 99.31 99.8 90.31 90.7 1 30002
Oto 25.0 21139 22976" 2632 23100. 271394 31401 39507 41033

27.21 391.4% 19.52 51.412 64501 75•1 94.41 :100.02

OKLAHOMA 4. 0 52274 52999 16967 395 22J97 64066 66151 69615
7".1, 76.1 4 1.71 : 5,6 &: 09.6": 92..0 :98.02:300, 01:

OREGON :35.0 , 9913 9048 60905 62099 63796 :'65591 : 67879 .9
60.2% 60.31 : 42.1 : 63.4"1 :65.11 : 67.01 69.02 :100.01

PENLVANIA 36. 0 14279 12044 9223 253 28905 :5713 : 41727 : 45273
31 .92 3321 : 31.51 : "1.61 6261 : 72.3 : 92.21 :100.01

RHODEIS.LA 37.0 0 20: 39 164: 357: 523: 1206 1206
0.01 ' •O1 : 3.21 13.62 " 29.6 " 321 . 100.02 200

SOUTH CAROINA .0 13549 242 6724 303021 43 26229 : 25525 32•90
43.42 45.09: 53.62: 64.41: 77.92, 94.11: 91.23 :100.0

SOT DA0U7A 39. 0 51965 51965 : "I05 :53597 :53557 .: :93 4214 : 77007
67. 511 67.51: 68 6": 69.31 69.52 6991{ 7O. 74 :100.01

TEESSEE. 0 19937 20593 : 2393 :2 2269 : 33133 36313 39526 ; 42122
47.31; 4.92: 56.71 66.91 : 73.71 86.21 92 9 200 02

TEXAS 41.0 :217123 :210834 :229554 :237950 :24750" :253177 :263349 :26992

0.92 9231t.1: 5ý41 99 52 92.12 94.21 990.2 :100•0•
WnAN 42.0 05391 55235 56800 5716 89239 1970 59627 : 85123

65.01 65.31 6671 67.52 6.41 6% . 92 70,01 :100.01:
VERVIONT 42 0 6129 6129 6903 7595 8096 8492 930 : 9853

6212- 621.2 :69.01 77.11 221.2 96.21 09.62 :100.02
VIROINIA 44.0 16164" 1667 30226 2459i 29692 2=57 21502 41167

"931 40.41 49.21 59.2 722.1% 77.9 561.2 0002 O
idA4INCTOW 45. 0 251i92 302 35290 37664 39762 43466 45154 69336

.464 47.1 : 509.Z 54.11{ 57.42 59.8K 64.31 :1300.0
WEST VIROINIA 46.0 11561 11161 1•534 16097 91095 20072 21394 24106

48901: .49,02 5 66571".7 730.4 83 31 Be 971 10.00
WISCONSIN 47. 0 • 4016 : 34142 3:063 42991 46501 4849 521994 57022

59.71 :5 9.92 : 0.2 75.42 :01.71 95.71 91. 2X .100.0%
WYOMING 49. 0 : 0677 : 70677 : 73410 72796 : 72124 72394 72761 : 97906

72.1Z 72,92. 73.91 753.3 73.61 73.92 74.3 :100.01%

1849701 1069505 2000166 2122471 2252019 2334266 2493296 303"293
TOTAL 60. 11 61. 5% 65. 69. 8 74 11 76. 91. 71 100. 0

NOTE.: NMBERS IN THE COLUMNIS REPRESENT THE AMOUNT Or LAND
T14AT 1I CONSIDERED TO SE AVAILABLE If, THE GIVEN CR3TEntON
gi APPLIED, NMENE A SECTOR CRITERION IS APPLIED. IT 18.
ASSIUED THAT A UNIFORM 11DEITY CRITER1IN 1 1ALSO IN 9ElECT.
CRITERIA WRE APPLIED TO 5 RADII 42. 5. 2o. 80, 302 "161-
VIDUALLY Ae THE REACLTS C€MPOSITED.
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TABLE F2.20
POPUA.ATION SECTOR ANALYSIS - TOTAL U. 4.
DENSITY - 1500 9/SS. Ml. *.. DOUBLE SECTOR (43.0 DGREES)
STATE AEAS IN GQUARE MILES AND 1 OF STATE

TABULATION > S/i POP. IN SECTOR
I f&6 POP. IN SECTOR

> 1/3 POP .IN SECTOR
> 1/a POP. IN SECTOR

UN, FORMq DENS ITY

A AP I NO POP. CRITERIAI I No RESTRI|CTIONS

ALABMA 10 2399 39o• o 36234 39729 4204. 47140 490M . 51907
45. 4% 65,41 6991 74. 52 9.32' 909O 196 0, 100 0%

ARIZONA 2.0 50498 :50827 51944 52496 :.29 530 0 54937 114343L:"

ARAIA .0.4c 2% .44. 51 4 45 4591 4431 .46.9 4001 to.10%0
ARKAN0SAS 7.0 37201 .3471 40607 "'43904" 44449 . 45519 •995 53258

69.89 70.4% 76,21: 9041 13. 5%, 5•. :.00, A'100. 01
CALIXFOR1NIA 4.0 081842 92767L 8697.9 91106 94975 :.1,978351 : 106871 ;'16034 :34

51. 0: 51.61 543 21 5: . 81 59.21 :.61.0% :..67. 9 :.00 0E
COLORADO 5.0 69229 :69441 7:111 3 72240 : 73301,'. : 74190.,' 75666," 104326.:

4441: 4441: 68.21 69. 2: 70,31': 7 1..: "72 St :100.01:
CONNECTICUT 4.0 s o 5 753 955 1351 : 1998 . 2539: 5 611 f 5211

10.64 : 14.42: 1.2.31 . 25. 92.; 30. 31 48.72 1:00.01 to00.0
DELAWARE 7.0 1013: 1023: 1293 : 1525 :, 1737: 19210 2297.: 2 2 :2

43. A : 44.0':'546 A-5 62 : 74. 7 82. 6. : 9831% 100.0
FLORIDA 8.0 31527 '31584 23399: : 34914' :7143 :40250 464252 S957

532:53,.5 •":2 582 462.6%;: 64.7 81 .79 100, 01:
GEORGIA 9.0 425) 1 3445 37&7 : 42103 "39 49119 i $277 51 S&04":

56.;:"59•.0'4. 4 : 71. 4:M_ t .; 93e1 9001. 1a00o02x:.

IDAHO 10.0 42460 : "4240 : 43144.43995 : 44776 3435 44031 83550,:
OZ. 8:50.0 51.57:.52 .6 :53.2 5 4. 3 S5.51 :100. : "02

ILLINOIS I. 0 356 ": 363 :_ 41041': 44641 : 47432 49533 55179 56539
64.11 : 4S. 71': 75.461-:. 79.01: 84:.2 :?97.461: 97.61 100.01

INDIANA 12.0 :14115 :14898 520729 9 4694' 28440 ;,31508 35020 34"2
: 44.3:4&.5 '.57. O 0A 2 731 92.9• 9A.4%110002. 0%

IOWA 13. 0 45741 : 45790 4949"" 5199 53394" 54407..•: 546047.: 547
: '812:..11'2 9832 173: TV 92.5.9 "5 21 970 1 .:101 100.012

KANSAS 14.0 : 7 110973 : '757. 9: 7 2 9 9 00442 620731 02244

91.21 : 91.24 :-3. * 9: 91 9461. 97401 99 A91200 02KENTUCKY 15. 0 2 1558 2 11 3952.74 203 35734 3799 409
53.•2. 54.42 51 4. 61 :,62. 9% W.7 : 9319 :100.0%

LOUISIANA 16.0 :231t;2 : '23212-: 55544ý i`2477: 30697 : 31970 33734 48254'
48. ON All8O0Z1: •3•01 : 5912: L63.27:8' 4%-; :7018. :100.02:

MAINE 17.0 28207 20207ý 29334 i 30468 33243 5::2935i 2 3727 3 4074
62.2 2.628.1 M4A1. 1% 90. 01 942.:96.72: 199.01 :O 100. o0:

MARYL.AND 19.0 272 3435L • 433= 5556. 4,890 =50 11011 1115:
293: 30. 6 90 490. 811" - 7 4: 1 2: 0 . 7• 100. 02:

MASSACHUSETTS 19 0 124 2911 34 2908 2' 3551 454'4 427 9637
'22 :1% 2212' 3742 *14'421 52*91 00 02

MICHIGAN 20.0 .32305 3'21401-. 35274 39274 4397 464427-52258618237
* &.42 • 3081• : 54. 42" 52 69.7::: 79.17 : 84.3,11200.01W:

MINESOTA 31.0 : 4953-0: 49798 . 9 998122 874 1 97 :98797 v069W 891424
57.71: •57.9E,' Al.01.. 446.4%: 464.515:: 46 42 : '71. 01: o0. 02:

MIS1S1ISPPI 22. 0 : 29674 299: 9::33215" : 37973 42013= :42529 44043 47r03
: 42.02 :0 24 1'.: 4941': ".9a.% : 35.1: 98.81 O 92. 02 100. O2

MIOSAD 2. 0 : 50489 : 307L&:1 41334 : &0055 '7421 42960 45417 49924
72.52{ 72. 6% : 71.71. 84. 21 :,:879.61'.: :99.92 935. 2 10002. E

MOTANA 24.G0 9957•'995:: 75 : 99492 ! 200090 : 100534 200M91 301294: 34845
68.42 : 686.% 4 47.02 67. 42': 47. 7• AB 01 610.2 :100.01

EVRABIIA 25.0 7 21535 : 72103 : 123:2 : :74257'ý: 74865 -475396 76207 77721
9202 92.12.:94'P2.:%• 2X.-: L9.31': 97.02 99 01 2:.0001 "

NEVADA 54.0 98715"7 9872 14 : 9517422 34 : 89774 9994 90343 150410
9021 805:2•9T: 60.:0.7. 031 :117 : S2002 :

NEW HA4I1.E 27.0 4912 4921 :.5491 : 6. 69 1 730 2 81. 32 27 94

NORTH ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~7 D~•T 1, 14 14 •0,.695: 64919: 73824 :" 0 9"•3. 710:

S19 52.02 5002 45.28 '732 %2 0•. 90742 .100.02:
NE0 "MY 29.0 1161 2332 2469 195 2623 362• 090•20 41.000

14.82 : 4.42 2L IZ 54 SE 22 47.71• 100. 41:100.01
01DA MEXICO 29.0 : 97217 : 7217 9799. 8 1510 :99009 89427 :"'90206 :221:744

71 .42: 71.4 6 7221 7272n 7.22, 73.52 74.1% :100.01:
NEW VoYR 30.0 60755 .1793 • 22209 2553" 29905 33 2 : 49 90219,:

6491 -.:5. 71 : 4. 42 6300.1 59.6 62 .3% :44 40.21 :;100.01 :
NORTH CAROLINA 51.0 20043 20093-.723643 57 . 51271 E 34190: 0 37925 42142 50749L:

1.12.: 41.12 44.61 544 1{ 7 : .:1 74. 7 02 X1.100. 02
NRHTH DAKOTA 32.0 46171 :. 6741 6290 43 35 63944 464 144 64433.: 71006

37.02: 07.02 :989.4 : 395 : 5 9.0. : 90.1: 90.72 :100,01
OHIO 33.0 145526: 153247.: 19358 24077.: 420332o: 22309 39307 :1 41l8

34 01 ' 34 41 4 3. 57.42 '7. 67.7: 77.4% : 94.41 :100.02
OKLAHOMA 34.0 55922 : 53940 : 5799: 640245 : 425 6 : 44249: 52 .49415 : .1

90.13 90.4X : 9831 60 5.: 90.: . 92.3 = 95.02 :200. 10
OREGON 350.0 40399 4066 42049 6 43043. '44000 : 152 : 47579 : 97929,:

41.72.: 46191 :4 24% 64.44:% 5•4 47.2: 69.02 :100.0:

PENNSYLVNIA 34.0 z 17274 273470 : 20170 244"62 : 297 :2 2 3340 :41717..:' 45273
:39.1• 391.4. 44. 41' 54. : 4m5.62 74.3 92.0"1 :100.01.

RHODE SLAM 37. 0 40 i'. 145 -232 : 318 : 454 40 120 1204
4.02. 12.02: 19.22 26.42 54.02 30.14 :200,01.2:I00.0

SOUTH CAROLINA 30 0 1 25941 2592 12732: 20392 24434 36304 28525 : 5 31189
:512% 6.51 2. 55. St 4653.7310. 6 04.1X 9251 2 100.092

SOUTH DAKTA 39. 0 2438 52439 53007 : 533,5 5359. 353847 354214 :77007
&4'1:4 % All41. 6491: &942 49 9. 70.4 100.01{

TENINESSEE 40 0 22309 22359 240 20865t 445 6433 3: 4 3952 42122 :

53 21 534,2 589 601.01' ". 9219 6.52X: 93910% 20O0.0:
TEIAS 42.0 224 2 227142 :237023 :2441644 :325O :54643 .263349: 24603

:942.0 4.52 98.21 90.81 92.1294.72,:98.0%1200.02:
UTAH 42. 0 54684 3 57042 57680 45799 5835 : 56924 56948 7 : 05211

68.5 A.4.0 7 0.7 68.02 68.92 69.21 700% :100.02

VERMONT 43.0 6 4252 6253 7 823 7624, 814 8492 6930 9963
635.7:. 9 1 7742.% 69 : 34 9841 n 7.6% :8 00.01

VIRGINIA 44.0 19470 .1879 :22587 25573 30032 32366 35502,L: 42674
O4.491 45.4' 5842' 4%. 1.3% 72.91 78.64. 261.100.01

WASHINGTON 45. 0 35079 a 35492 37210 .3880 40202 41842 44554 924

:50.4%. 51.21:53.72 54.12. 5o.(1 40.41 6443% 100-02
WEST VIRGINIA 4.0 128" 21909E 13&26 11.73 19943 20062 21304 : 24104

49 .42: 49 4% 56.% 47.1' 73.61 93.31 8.7%1200.02:
WISCONSIN 4.0 35753 35917 •3932 N43959 47053 49184 521"4 57022

R42,7R 43.01:7 76.9% 82.1 5 86.31 92.2 2100.0%
WYOMING 48.0 727 71227 : 711423 :72912 7 2143 .72394 72761. 97906

:72.7% .722:3.21: 7.,41 '1.42' 73.91:74.3 2A 0002:Z

1946617 2954252 2059327 5145779 2273250 2330343 2462299 30399644
TOTAL A44.02 44.31 ' .7% 7 712%2 74.112 77. 31 81.72 100.01

NOTE NUMBERS IN TIE COLUMN4S REPRESENT THE AMOUNIT OF LAND
THAT IS9 CONSIDERED TO BE AVAILABLE IF THE GIVEN CRITERION
Is APPLIED WHENEVER A SECTOR CRITERtOION. APPLIED, IT 10
ASSUMED THAT A UNIFORM DENSITY CRITERION IS ALSO IN EFFECT.
CRITERIA WERE, APPLIED TO 5 RADII (22. 5. 10, 20. 302 INDI-
VISUALLY AND THE RESULTS COMPOSITED.
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TABLE F2.21
POPULATION SECTOR ANALYSIS - TOTAL U. S.
DENSITY - 250 4,00.MI. *. -QUAD' SECTOR (90 0 DEGREES)$
STATE AREAS ZN SQUARE MILES AND I OF STATE

TABULSATION 1 1/4 POP. IN SECTOR
> 1/3 POP. 'IN SECTOR

1/2 POP. IN SECTOR
UNI.FORM DENSITV" I O PCP. CRITERIA

70 RESTRICTIONS

ALAAI•A 1.0 29834 311W.::38175.: 44129. 49832 51CRIT-:

52.52: b0o.11 :'73.5. : 81.0X.2: 96.01 :100.%0%
ARIZONA 2.0 47575 48047-: 49524'! 5180m: 54937, 114343

41.681 42:0: 43,31l, 45:11 482, 0 100.01.'
ARKANSAS 3. 0 37162 37481 4146'] 43030 46995 . 53252

8991 070.4' 779. 92 2. 3% 69:22.:,00. 0
CALIFORNIA .0 6926 7072.77908• 980• 8 9 ý09•971 .1603•8:

43.21 44. 31. :- 49. 71T: 53.7, 67..912:10 00•0:
COLORADO 5.0 65959 84608.: 69316,.: 71719 786688: 104326.;

23211. 63. .72, :6&: 8"9.-:72 723Z 100.011 :
CONNECTICUT . 0 29 49 135. 222,: 5211 3211..:

0.72 0..9 : 2.64.:- 4.31 'I0.0 0 t o00. 0::
DELAUARE 7.0 9346 962: 1341 : 1679: 2297.: 2326:,

40.'2"% 41.53%: 57.72X£: 72 •5,.: 99. 3? oo100. 01 *:
FLORIDA 9,0 22147 23179.: 28W9.9'•4O2: 46252 $9357.i

37.32 39.52.: 490;7.: 507.: 7". 9%,: 100 01.,:
GEORGIA 9.0 32154 345237 : 40520,: 42722 ;52737 :' ,98b04.

54.91 20.9, 69:81.,:' X: 90 OZ,: 0 to:100.0':
IDAHO 10.0 41553 42045;: 43647 : 44824 : 46030 : 835•0:

.49.77. B0A3% ,: 52.231t: 53•,% i 55. 11- 100. 0:
ILLINOIS 11.0 29249 30465 -: 39417 : 43329:: 251791 ' 56539

51.72 3, 239,: 67.!92.: 76:'71 97, 6W': 100',01
INDIANA 12.0 12323 13800,:, 19590,:: 24472 35020.: 36342.:

33.92: 38;,01 .: S3..91: 67.:,= 96.41:100W0:
Io"A 13.0 42074 42994,: 49041, ii 522S52: 56067, 667

75.0 76.52': 97.52%,; 93:2 1:I00.0Z:100.02':
KANSAS 14.0 71410 71979": 72077./: 79220: 92073.: 9•2664:

96.r: BM 7.532.: 91ýý32.• 9T.217%2: 99,I•9:00. 0 :
ENTUCKY 12.0 : 21124 21954;:. 9057,: 334 ; 37799 . 40269.

52.5% 54.51 72.,1:: 93.... 93.97":.100"0'
LOUISIANA 54. 0: 207340 21732: r 26711j.:: 3 2 3372, 4815

443.1 .4,, : 55.31 5 63, 70.1 *i 100 0
MAINE 17.0 ;2803 2902:: 31237.: 32454,,: 5717e. 34074

13.9 9 91.41: 92.12: .'02 W00.0.
MARYLAND 19.0 3059 3310-: 4324" 35*94.: 11011": 11525

27.41 29.72[ ! 39..7 : 47;2 ,: 99.,72'100.01-
MASSACHUSETTS 19. 0 : 4102 :,.569.: I042, 1:923 8&9627': 9627

S.4 6,62 . 1.: 21, 21 too W0.1: Soo .2:
MICHIGAN 20.0 29641 .2926: 34S47.,: 30735 52158 : O1937

46.32 47.52: $5.9.: 2.5"12 : 94.31.: 100.0O
MINNESOTA 21.0 50595 507991 53741 : 563U6 .; 6409: 95914

20 •9 5• II.:" 621. 85 65::2' ; 71,01 .100.0. :
MIssissIPpI 02 0 :20412324i27'• : 57709 ,: 4115 3: 44043 .: 470".:

64"92 94, 79:92:95.92': 92.:02 :100. 02.
MBSOUPI 23.0 51319 .52573 : 5644".' 40642': 65417 69434

73.42 5:'72 ', 907 8 5ý.vx2.: 93.52' 50002ox.
ONT4A 24.0 90974 90074..': 99000: 500474 :5101296 :140456

646 ' 4,61 47.2.':: 67. 72 921 8.1 0.:01':
IEBRASKA 25.0 69567 7046,: 72143.: 740155: 76197, 77721'

9.51 .90.6' 92.82,: 9;.2A. , 91.0%:.:,100. 0%;1:
NEVADA 26.0 87159 :97390 : 39OS; 09195,: 90383,:S106191,:

78.9% . 79.02 : 79.62": 90.81 : 05.72,-100.07.:
,EW -- ,,HAMS 27.R0 47444. 49 4427 :: 009 , 4369, 02760: 9467.,:

47.4% 51-12 61.4% 67. 31 017-74% :100.OZ
,EW JERSEY M.0: 29: : 5 0I. : W 1091: '9010 : 9010:

0.4: I..41: 7.025 3; $%,. I50.OX 0 -100.0Z
NEW MEXICO 29.0 : 64949 92190 :8795 : 0712 : 90200.: 121744

69.91: ,70.0: 7131 72.911 : 74..17,:1000. :
NEW YORK 30.0. 1215 .14919. :-20217 j: 25502 4029 : 50219,

53L.5. 972.: 40.'32: 50.9 90..21 1O0.002
,ORTH CAROLINA 35,,,0 .0 ,.o 17959 221,7,3 42142 , 50749

32.6%: 5.'42l: 52.592' : 6552 83.,02 200o0
NORTH DAKOTA 32.0 : 64246 425148 42944 : 6398 6444313: 71005..;

97.22: 07.5p:: 39.72.: 90.51: 90.,71 .:100.02
OHIO 33,0 . 10721 51734 17264 21732 39507 r 41933

23:.6 20.91: 432. 5 1. 9ft 94,42.! 100.02.
OKLAHOMA 34.0 : 5260 53027 : 57771 6207,: 4151 69615.':

:75.61 76,2. 8_013 : 09.2Z.9 : 95.0% 100.01.:
OREGON, 35.0: 56356 20054 0303 4340: ,7579 : 97929

57.22 59 .. 61.41 : 64.2 49.0 : 100,0t .
PENNSYLVANIA 36 0 11628 13568, 19905 . 24260 41727 45278

25.72 30,01. 44.4I2 : 53.62 ' 92.2% :100.01
RHODE ISLAND 37.0: 0 0: ,.39' ,6: 12064: 1206:

0.01 0.0: 3.2. : i.61 106.0D1,.:500. 02:
SOUTH CAROLINA 38 0 12535 13549 59080: 23700 29525.. 3119:

40.21 43.4% :63,71 7602,: .91•5. 100.O'
SUTH DAKOTA 39 0 2226 52226 : 32853 53596,: 54214 77007

67.9 47 614 62 69.61. 70.4? :100.02:;
TENNESSEE 40.G0 20979" 21067, 29332 3330: 34526'- 42122

.4992.5 51+9 7 .,' 79.,32.: 9•1. :11000
TEXAS 41.0 :212696 :216363 :229921 :24240 .. 263349 :269839

791% so21 5% 95513 g 90 go 9002 10002 0
UTAH 42. 0 2452 854970.:: 2206' 57543 59627 85191'

63.7% 644i 855'1X': 67.6' 70.02 :100.02
VERMONT 43. 0 6950 6950 7739 8 9270 : 8830 9953

70.6: 708 62. 70.62 0:3 92, 9.681 :10001:
VIRGINIA 44.0 16772 18171 24241 29902 ' 35202 : 41167

40.7: 44.12.: 29:W 70:2 962. ;10009':'
WASHINGTON 45.0: 30967 31469.: 35020 389223ý 44354: 4931&

44 72 454% : 0. St S5.2% 64.3* 100 0?.
WEST VIRGINIA 46 0 1651 135583, 15693 19107: 21394 2 24106

52 51 586.'22 70.,3" 79.3% :.'71 :100,02
WISCONSIN 47.0 34721 360522 41683 4361" 21994 57023

40. 9 6•:'32 . 73 I73. 0 4t1 91.21• :100. 01
WYOMING 48.0 : 70792 :70792 71410 . 72211 72761 : 97996

:72.2Z 72.2% 7292' : 737, 74"3':100.02

1930731 590372 2020431.2599679 5492•298 3039964
TOTAL 60 242 61: 511 67.41 72.42 91.:72 1000:

MOTE: NUMBERS IN THE COL•MNS REPRESENT THE AMOINT: OF LAND
THAT IS CONSIDERED TO BE AVAILABLE IF THE GIVEN CRITERION
IS APPLIED. HIENEVER A SECTOR CRITERION IS APPLIED. IT II
ASSUIED THAT A UNIFORM DENSITY CRITERION IS ALSO IN EFFECT:
CRITERIA WERE APPLIED TO 5 RADII (2, 5, 10. 20. 30) 1ND|I" '
VIDUALLY AND THE RESULTS CIPOSITED.
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TABLE F2.22
POPUILATION SECTOR ANALYSIS - TOTAL U. a, .: • .. .
DENSITY - S00 0/50. MI. *.. :QUAD" SECTOR (90. 0 DEGREE3)

STATS AREAS IN SOLIARE MILES AIM % OF STATE

TAIULATION 31 1/4 POP. IN SECTOR
> 1/3 pop. IN SECTOR

POP. IN SECTORS 1:0IFmN DENSITY
IN NO POP.' CRIlTERIA'" 3 6NO RESTRICTIONS

L.ABAMA 1.0 . 3: 9 36265 42516 46502 4923 : 51907
69.22 69.'91[ 1 99 69.6: 96.0x :100.00

ARIZONA 2. 0: 49244 501i0 51348 52911 54927 :114343
43.12 43.92 44. 9 46". 2 40.0 :0100. 0

ARKANSAS 3. 0 40501 4063: 423W6 45239 46996 52250
76.02 76.21 6 041 04., : 1 .2 9W 1000%

CALIFORNIA 4. 0 79062 80674 9695• 92756 :106971 160364
49.32 50.3•3.•14 : 5792 67a92 :100.01

COLORADO 0. 69210 69403': 7117" 73176 7566 :104326
66-31 66.52 6032 70.11 722.5 :1000 ox

CONECTICUT &. 0 64 39 Bt1 1476 5211 : .5211
3.22 6.32 15.624 2.32 :100.02 :100.0:

DELAWARE 7.0 12306 12&4 ,2622 1962 2287 :2323
51.92 94.41 69.32 90' 1. 99232 :100.01

FLORA 0. 0 291 29191 3393 392121 46252 : 593• 7
47.112 49.2" 9701. 0" 65: 91 779 0 :200100.0

GEOROIA 9. 0 39607 3096 "44255 493008: 52737. 50604

66. O 66.51 75. 91 :2842: 90.02 :.100:01

I•AHO 10.0 43435 : 43435, 44362:: 457 4600 : 9550
52.01 0 52.01% : 53211• 542 : 5'52 20002

ILLINOIS 1t. 0 4S166 3862-69 43367 47343 91r79: 5659
67.5 60.32m: 76.1: 03. 71: 97.61 :100.01

INDIANA 23 0 1W091 19696 : 3476: 39721 : 33020 36342
5332 5452%:: 615: 916.rim : 96:41 :100.1 :

ISN 13.0 46356 49549 i2940: 539921 " 36066 56066
916.21 S6.62': 9•3.51: 96.3• 2 100.01 100.0 O

KANSAS 14. 0 753093M 75743 77692 0 0027.: •2073 82266
91.52. 92. 11 94.42 97'32ý 99. f2 :100. 01

RIMTUY 15.0: 35090 235273 2:.21956 351126 3779 : 40269

62.51 . 62.62: 7W142 72 939.1 ':100.02

LOIUIS 6. : 35765 6 99413 2336" =736 49154
:52.519z 4.52: 61. 12: &5.52:. 70.12 100.0f

"A1)6 27.0 2 0224 :30224: 216193 : 23068 33727 34074
ft. 71 $ 9:7 :X 93.6 41 96: 5%': 99. 01 :100'02

NARYLAND 12.0: 4024 .4236 5217 6504,' 11011 : 11155
36. 01 3. 01 47.72 0 5613 98.71.:2000:,

K*AMACN4 3 19. 0 1062 13241 2480 2213 6627 : 6627
12.52 15.51 3671 40.72 :.200,0% :100,01

MICHIGAN 30.0 : 3652 2 5262 40162 644466 522561 61637
54.71 57.01 65 OZ 71 9 I6.43 :100.01

MINNESOTA 21.0 =2766 : 1529W0 9556 5769 6090l & i0914
61.41 41.61 64'6•2ý 67. 1W 72. 01: 100: 02

N2661"2391 4111.0 3 609M 36299 1: 39990': 48297,: 44042 47403:
75.3S 75.52 : 0S3.2: RR.3: 93.01' I00.02,

NIEIoWI 22 0 55661 55952 59010': 61953,: 65417 69934
796 t. 60 0 1 04;4: 63,6% 93523%• • 100. 00

I9TARIA 24.,0 : "4•r-: 99491 :iO0130': 100042 t:010296 148456
67.02 67.01: 67 52i 67 9 : 6.2 At.":100. 0Z

omAIRAl 25. 0 72395 72568 : 73745.; 75135 : 76167 77721
92. 1X 93.4 : 94. 921 : 96.7: 99t. 100.02

NEVADA .6 .0 99 M 669: 69041 69774": 90363 :120616

79.9 022 60.5 1W.: 21.2'.: 11.71% :100.01:
l MM9RNI•• 37. 0 52 9655 45623 7190 9270 : 9467

562 59.7 609 2 756 IM 74 11; 1:100.'01

um 36.0 : :0 7 : 1361 3225 6010 1: 6010

7. 11.2 I12 17.012& 641 :tO0.OX :2 00.01
ME51CO 99. 0 866121 r97545 : 626:' 662 90200 :121744

72.32 71. 92. 7.62: 73.3Z: 74'12 :1000S:

Rw vwO 20. 0 : 19474 3066 26045:21486 : 5021
361.62: 41.12 522 67 02202

4.62: 4 6.52 62.6 &- 73.22@.. 93.t0: :20. 00

NORTH DAKOTA 35.0 62947 62947 36 64076 : "3 : 71005':
U-71 U 67:416:90.2IC: 90.'712.00.02:

0410 23.0 16434 17467 22090 2908,: 29307: 41933

393. 41 54.71.69.41: 94:.42 01:

KLAHOA 34. 0 5•612 57392 62046 6276 64191 69619

60. 71 22 9771 91:6: 95.0*t 100: 01 1

OREGON 35.0 6069 042 6552 691566 :6759 97929

62.02 6212 6392 662 690 2t:100.02
PEI35YLVANIA 36.0 167221 3012 26202 30620 41727 45276

.41.2 ,41,4 : 57.72 67.62, 922*2 1:000
RHODE lL.A• 27.0 19 29 - 7 9 9: 1236 1206:.

1. &1 2.41 7,21 2 34. : 1000.20 :0A. 01

SOUTH CAMI.INA MG. 182132 16'77: 33295 25001 =6525 :31199
56.122 50.62 74.71.: OX 02 91. 1 :100.01

SOUTH DAKOTA 29.0 S2769 52785 : 5393 : 53799 : 54214 : 77007
6235 608.35 49.31 . 69.9 : 70.42 :100.01

?INNER= 40.0 2524" 06 4 .: 31904 : 3079 9526.: 42122,
59.92 61.2•: 75.71.: 6952.: 93.62; :200.01

TEXAS 41.0 :229207 :231098 240202 :25446 :26349 :269839
: 6. 6 4601 0932 932. 1:: 90.:02% 2100:012

UTAH4 43. 0 : 57591 : 37392 .556 : 59627 : 3•262
:65.5 266.1 :67.6% 69.;72 70'0% :2OO.01

II•CR43. 0 : 7421 7450 6000 iý8: i : 926 93:3
75.32 75.62 al. 22 86.12 99 " :100.02

VIRGINIA 44.0 21 4= 22272 27724 31430 35502 41167
2.6 54.12 67-32 76,"32.: 6.62 2O001

1ASH1NOCTId 45.0 : 34692 32070 ?7769 400610 4554 69316

50.02 So.61. & 4 4.5: 9 2.9% 64.3%. :20 00

WEST VIRGINIA 46. 0 15499 I2459 19210 : 19918.: 1284 24106

64 .1 64.15. 75.5 .62 9. 72 100.0

WISCOiNSN 47. 0 40935 41130 45065 48006 521994 57022

: 71682 7311% 79" 01.43.: 91:1 :200.0

IWYOMINO 4.0 71400 71400 : 71979 72356 7 2761 97986
:72.9. 72.V 73.51. 736.20 74.32.:10001

2025062 303669031922SS. 2303121 240i226i 3039963

TOTAL 66" 3 67.010 71. 12, 75 I .1L 1 200 01

NOTE: W1INDERS IN TIE COLUMIS REPRESENT THE AMOUNT OF LAD
THAT 18 CONSIDERED TO ME AVAILAIBLE IF THE GIVN CRITERION
1i APPLIED. iOENEVER A SECTOR CRITERION 19 APPLIED, IT 1I

ASSIMED THAT A UNIFORMt DENSITY CRITERION 1I ALSQ IN EFICT.

CRITERIA WERE APPLIED TO RADII (2, 5.-10. 20, 30) IM01-

VISUALLv AmD THE RICITS C¢WBOSTED.
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TABLE F2.23
POPULATION SECTOR ANALYSIZS - TOTAL U. . .
DENSITY . 710 ./50 .1l *... -QAD- SECTOR (90. 0 D0E0RES)
STATE M 4 1AE ISU4URSE "ILES AM % OF. STATE

TABULATION 1/4 POP. IN SECTOR
i n/2 PoP. IN SECTOR

1 82 PDR. IN SECTOR
UN • IFIPORM "ENS¢ty .

I I 65POPCRITER$A
NO MESTRICTIONS

ALA 10 379= 38320 43271 4697 6 49832 : 51907
72. qx 73T. 8" 02; 4%, 90.3 9 6 07. :190. 0%*

MNilo" 2. 0 90614 : 9042 52144 0=9 93M 49"27, I IJ6,33

44.3 " : 9 &46 1 46. : 41 4 0• :10C. Ox

AWLtSr S5 3,0 41630 41633 43907 45442 449S : 53256
7.2: 7.52X 62,42 05-.Z 610.2 :.100_02

CALIFORNIA 4,0 63820 :4852 69861 95545 1086718:160364
92.3% :52. 9 56.01,: 59.61 67. 92 :100+0%

COLORADO & 0 70300 70474 71931 : 73603 7:664 10432
67.41 67.62 66.92.: 70.:71 72.52 11800O

CONNECTICUT 6.0 415 606 1631 226• : 211 1211
0.0 11.71 31.2 43,32 :100.0 :100.0

DLmAWARE 7.0 360 1599 3679 1691 2207 :2326
9.% 60.22 72j22 61ý 31 "6 31 8100-02

P1.ORID•. .0 23112 32154 30916 39707 46212 19317
13241 542•1 60: 62, 67.02 77 q% 100.01

OGIA 9.0 40066 40366 45376. 4626 56737. 98604
"6.42 6 9: 77 2311: 63 12 90OZ 0 100.01

0@ 10. 0 .4705 43705 44554q 45345 46030 O3510
MR.3 an 52.22 1231 % 54; 22 55.1 oo 8000

LLINOs 11.0 : 40791 41224 45143": 40761 5179" 56539
72..1: 72.92 ". O 8623 97:62:100.02 .

INDIAA 12. 0 : 2134 209 2679 3061: 35020 : 36342.:
16.72 60.62 73.71: 04:V2 % 9.42 :100.,02

Iaw 1s. 0 60093 :50354 52440,: S4O7= 56067 : 16067
69.2% at. 0 93:. ; 5 .-: 9 .- :100;02 :100.02

348666 14. 0 76650 767•65 76696 : D0W :: Q073 : 62266
92.22 95.31 9.71: 97.62:.61 :.6% 00.

KENTUCKY 80.0 26056 26277 3JO:: 267. : 377 40269
64.72 65.2Z 60:2% : 6.82 9. 9 '. : 100- 02

LOUISIANA 6. 0 7464 : 57474 176": 166 : 53736 : 46154
07.02 : 17.11- 62.72 :66.21,: 01 100 01:

61MA.. 17.0 30494 30494 532026 . :32926 22717 . 0 :54
69.61 : 6.52 6 94.02 :9.2 : 99.02 :100.02. :

MARYLAND36.0 4439 110.0 4i 4564 : 4 .: 01 : 8", stall 11355
.3961s 4092& 50.1 66 . 42 .9 :1:0002:

W7' 2532. 46Z 2 &.a :46320042 :300.01

1 CHIAN 80.0 26862 27104 4 .34: 43625 :2156 : 61837
*99. 60.02 67221ý 7260% 84.n :300.02

MNNESOT0A 10o 9 35W2936272 56036' 56421: 60966 65984
: 62.2 62.5 6 2 6.:02 7.02 "1000 f

MISSISSPPI ES,0 57907 27872 40466 40460. 44043 67695
77.2 77.6 4.11 66772 9526 * 8:100.02

M!1260231 63.0 66674 . 7002 600=3 62541 65487, 69934.:
. 1.02: : 61.62 il64.6,: 69.. 2 • W.0002

MONTANA 24.0 :9972M 9972 :O ,10027.:0066 :101296,:148416
67.2i : 74 : 67.6 WE0: 8:• "67 :W21100.0 0

N5BA0K: .7277: 7.12§ 74273': 753=6 76867 .77721
95.62 " 94.11 : 95.71 : 96.92 : 96.02 :100.0oz

NEM 66.0 : 660 : 00905 69455,: 6999 : 9063 1.0616
60.42 :00.42 : 09% : 3132 : 71L :00.02

NEW HAMPSHIR 37.0 919 5944 : ,765-.: 74 .6270 : 9467
68.5 .: 62.62 : 71-45 . : 1.412 0. 800

MEN .oh69 6M.0 : 21 & : 67 : 2577: 6130 : 610

:412.9 4710.% 22-1.6 30.41 04:100. 01 : :.O. '
821.9 851.32£ I: 53072 : 53:22. :0.02K :800102

ME N 06.0: 6M692:67692 66626: 69359 :.W 0 903 .21744
:72.25 72. 2 7:01 2 73..4X 7442: 100.0 :

OVA v3.0 : 394 6 2236 53665 40 : 2 :0219
:43.7 4562 56.2x 653.02 6022 n to00,'OZ

MOTH CAROLIN 218 0 6633 26412 533177 27609, 42142, 90769
:522. O 22. ft 6521 74.2.' 6.01 :100.0 :

NOTH SAMOA 360 . 62362 62362 65709 64824 6433: 78005
.69.2 69.22 69.72 9032 90.74 :8O0.0:

.410 =0 16710 31969 2576: 3341 39507 : 410W
.44. 2 47. 6 36. &Z 7582 7. 4 :4100.02

OKLAHOMA 24.0 56132 56766 61992 64066 66151 :69685
83655 2 442 69.02 950 2IL 9502; 3000 %

ORE0ON 25.0 68519 63692 63343 65591 67579 97926
62.6f2 63.02 64 7C 67. IM 6%.01 100 01

PSYLNINI A 26. 0 3204t 12320 2752 37823 48727 41272
4.7 4 6.3 6A061 72,3 922.2% 1001OZ

MOM 1SLAN 37.0 46 68 251 $18 .106 3206
40 I .4n 20:M 4 2 . 100.02 00.0

SOUTH CAROLINA 3, 0 1962 19626 2390 26339 253 5: 31869
62.92 62.92: 76.62 8 6.182 91.52 :100.02.

6SOUT4 DAKOTA 59.0 5316, $5162 : 13637 : 7 4214 : 770071
69.0OI 6902: 69:51: 69.92: 70.42 :10002:

T236656 40.0 27309 27425 3Z694 :36313 :3M&6 42123
A4.f1 & 6 2 1 77.6": at. 22 92. :100.0

TEXAS 41.0 2534A9 :1235701 :24567 :233177 :263349 :268839
83672 67.72• •1. 912 942.2 9602. 100. 02

UTAH8 42.0 56566 57253 57977 56701 59627 6 5311
". 42 7 7. 2 66.12 669.2 70.02 3•000"• "

S42.0 7936 7996 0036 8492 60 9053
76.72 76.71 61.62 4 622 6962" 100:0O

VIRGINIA 44.0 53121 23768 26 979 3M07 31503 43367
36.2 57.71 ".041 77.92 6.22 :100.01

M6.34160TOM 45.0 :3633= 36736 39093 41466 44554 :69316
52.42: 53.31Z.56,42' 5962M 64;31 8100 01

WET VIRGINIA 46. 0 :~. 152 5729 33605 30073 21834 :24806
&5. 31 65.21 77 22 6531 R' 672 8100 02

WISCOMS5N 47. 0 :42385 :43469 45702 46646 531994 5 70322
:74. 22:74.5% 6082 6%5.7% 9.22L :100.02

woIWOIs 46.0 71766 71766 72066 72394 :727681 ; 97906
73.32 73.31:73.52:73. T2:74.21 :100.01

2060704 2094548 2232562 2334266 24626 3039964
TOTAL 66. 42 66 92 73:22 76.61 61.71 100.02

NOTE: NUMER IN THE CO.W6N REPRESENT T14E AMO0UNT OF LAND
THAT IS CONSIDERED TO It AVAILABLE IF THE 0GIVEN CRITERION
36 APPLIED. WHENEVER A SECTOR CRITERINIS 13APPLI.ED- IT IS
ASSUMED THAT? A UNIFORME 0436171CR1126154: ALSO4. IN EpFFET
CRITERIA MIE APPLIED TO 9 RADII132. 5. 0 SO, SO, 130);N.I
YIDIALLY AND 186 RESULTS C56541125.
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TABLE F2...2,4POPUL ATION SECTOR ANALYSIS - TOTAL T BU.
DENSITY * i500 /IS Mn i ** .OUAD" SECTOR (90.0 DEGREES)'
STATE AREAS IN SQUARE MILES AND 2 OF STATE

TABULATION > 1/4 POP. IN SECTOR
> 1/3 POP IN SECTOR

> 1/2 POP. IN SECTOR
S UNIFORM DENSITY
I j.i NO POP CRITERIA

N9-o 0o RESTRICTIONS

ALABAMA I 0 39391 39399 43927 47140 49033": 51907

."S,91{ 75.9X E4.6%X 90."B 96 0% :100 02
ARIZONA 2. 0 5820 52139 -5"291' 53500 J37 114343

.3% 45 62A 46 46"8. 4•08% 00 02
4A5NASAS 3. 0 42499 42499 44245 45519 464995 53259

79 92 799, 93.1: 93.5.:-' $9.2S2 :100 .
CALIFORNIA 4,0 8259 89195 93789 : 97 51t :108971 160344

3 O .5,2 56:5%2. 641.O02 67. 4•2 000{
COLORADO 2 0 71275 71864 73051 74190 7566 :50432&6

68.32 69.9% 7002 71A : 72;52 :100"02

CONNECTICUT 6. 2 1255 1264 "1940 2538 31': 5211 l
24 :% 24.32 37:21 40:71 1 G0001{ :100- 02

DELAWARE " 447 14&7 1708 :; 1920 22!07: 2326.ý
*63. 1I 6. 42 4. I 73.42 9612. 31" 90 .O 100.0%:

FLORIDA 9 0 34479 34509 36853 6 40230 46252 5957
:0. 17% 59.1 2 62."1 6790 "77 9" .100 0 ,

GEORGIA 9 0 :41309 41630 45953: 4911' , 5273?. 5604
70.62 71.02 ?7L942 93.9-2 90.0 :, 00.01

IDAHO 10 0 43946 43946 4471 :: 42355 : 46030 : 83550
322. 6 '2 6% :2 : 54.5 32t: 15ý 1:Itoo0002

-"ILLINOIS 11. : 42901 :43432 4699'; 49233 . 25179.: %4%39
76.0% 76, 2 92, 92 91'6 : 97: 6% 100:O2

INDIANA 2.0 23990 24112 :29004 3120' 35020': "6342
6602 66.44 77 12-905y/92: 96.41{10002:

IOWA 1320 : 51299 51299 S8095 :' 4407 : 56067 : 6067' ,
912 21 91. 5 9472: 97.OX": :100.0.: 100: 0%:

KANSAS 5140 77846 77904 79199 90442 :'02073 9:: =66
: 94.7% 94.72 96. 32, 97.921:: 999• 2 .100. 02

KENTUCKY 15. 0 . 27097 27145 32762: ,: 35734 37799". 40269
467.3% 67.42 St. 91 42:0972939 100: 02

LOUISIANA 16.0 .29217 2119217 30223 : 31970 : 33736 48154..
06 30 5 2. 63 42 6642 7012 1 000

MAINE 17.0 30291 30591 32507'; 32932 33717 ý:34074;:
99. 9 997% 9C41 967.2 ".a:100% 02

MARYLAND 18 0 4924 a 172 6214t 960 110 IO £1122 .
43.22 46.42 50.42 740 01 990fOl :1000:%

MASSACI4SI[TT8 19. 0 . 23 2702 3387 :4244 8627 :. 9627
30. ft 31.22 39. 32 522 92 :100. 02:O 100 0

HICHIGAN 20. 0 : 3971 39667 42499,; 46417 •31•3': 61937,:
62.4% 62.62 487.2 75:12, 94:31 ;100.02.t

MINNESOTA SI. 0 : 24214 24290 54925 29797 60909 : 95914
:6321% :3.52 663• 1 68.42 71. :70 100,01

MISSI81PPI 23.0 37703 37703 40900 48353 44042 47992
79.72. 79.72 95282 89.9% 92.02, 1W000

MISSOURI 23. 0 : 27997 : 02209 60930;: 62960 65417 69934:
: 82.9% :983.82, 97: 12:;: II .'9x9.: 9232,$' 1;00,02

MONTANA 34.0 :100021 10001 :100514 100091 101296 149456:.
67.42 674 7 77 f 4901 68: 22:' 100. 0

NEBRASKA 25. 0 73909 73909 74749 72396 76107 " 77721
95.1 % 92.11 96.3 97.01 9.:1? 00. 0002:

NEVADA 26. 0 99446 99446 99735 9996: 90363 : 110618
90.92 90.92 9.112 91.-32 91-71 :100;02

NEW HAIPS•IRE 27 0 6119 6118 :6813 7382 9.270 : 9467
44.6 64.62 72.02 79;102 .7.4% :100.02

NEW JERKY 211. 0 £602 1747 :2259 391 9009 30: 9•
20,011 2.1-9 9.:21 47. 7 100. 02 ; 00. OX.:

NEW IEXICO 29.0 99404 89404 90973 99427 90208 :121744'
72. 62 73.46 721, 73:32 74AX £2 O0002

NEW YORK 30. 0 -24907 -24942 2927W! 3329 40299 50219
49.42 49.72 SW 3% :. 6632 9022, 100. 02

NORTH CAROLINA 31.0 - 272• 2 - 2722 3326:: 27922 42242 •0769
372: 33. 72 t ". 51663 74-72 093.01 :100;02

NORTH DAKOTA 3. .0 63459 63459 63915 64144 44433 : 71003
S99.42 - 9.42 9:992 90.32 90.72 £0001X

OHIO 33 0 22961 :23120 27676.: 32389 2907 ; 41933 -

24 62 33, 32 66 82 : 77.,42 : 94.,42. : I.02:
OKLAHOMA 34 0 39997 59879 7 6244S .: 644269 66131 : 96913':

86.9 0 96.02 9.71: 92.3% - :01:20002-
OREGON 35. 0 62744 62744 63951 : 62726 67579 979289

64. 12 64.12 6•- :67.12: 69.01 100, 02":
PENNSYLVANIA 36.0 23440 23753 20931 - 33640 41727 41279

31.9% 522.5 6.-9: 74.32 92.22 100.01%
RHODtE ISL4AN 37 0 270 270 41 - 0" - 1206 120b.:

22,41% 22.4% 3•14% 5042:100,0, 3100.01
SOUTH CAROLINA 39 0 2 20129 20159 24154 2 26306 : 28225 : 31189

64.62 44.6% 77 4% 94.2% 91.352 100..00
SOUTH DAKOTA 39. 253297 53297 53539 53947 : 24214 77007 .

692 % 6982 4932 69 9% 70.4%: 100ý02
TENNESSEE 40.0 29342 20242 33100 36429 39324 42122

67.32 67 32 79.4 962 25 93.9 100.02,
TEXAS 41 0 :241327 .242302 :249182 2:25464 :263349 .268839

09 992 90.12 92.72 94.72 99O0 .100 01
UTAH 42.0 27823 35723 39247 29934 29627 ; 85191

6792 6792 404 69.1% 70.0 :100.02
VERMONT 43. 0 75 7 5 58 9 9492 : 930 : 983

770.2% 77.02 91-92 0622:99.62 :.1000.
VIRGINIA 440 235090 285149 29761? - 3234 35302 : 4116

60 61 & , 12, 72,31 78.6% 962.2 :100.02:
WASHINGTON 45 0 38109 38389 39980 41*62 44554 : 69316

55.0: 55.4% 57+72 60-42 64:31 :100.0%
WEST VIRGINIA 46 0 16039 1603 19663 : 002" 21384 - 24106

61.5" 664.5 7742 93-32 90-721 :100.01
WISCONSIN 47 0 : 43319 43521 46619 . 49106 51994. : 57022 -

76.0 -7.37 t 91 7 9632 91.'2:100.02
WYOMING 49.0 71912 : 71912 72105 723294 72761 : 97996

7342 7342 73.% 3 :% 73.92 74. 32 :100. O2

2141133 t ý730' 25'3.P' 2320363 2482297 3039963
TOTAL 70 , ....o 77.32 . 72 100. 02

NOTE NUMBERS IN THE COLUMOS REPRESENT THE AMOUNT OF LAN .

THAT IS CONSIDERED TO BE AVAILABLE IF THE GIVEN CRITERION
IS APPLIED -HENEVER A SECTOR CRITERION IS APPLIED, IT IS
ASSUMED TNAT A UNIFORM DENSITY CRITERION I ALSO.IN EFFECT.
CRITERIA WERE APPLIED TO 5 RADII (2. 5. 10. 20. 301 IN1I-
VIDUALLY AND THE RESULTS COPOSITED.
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TABLE F3.1
L9.3,4O16'A•M 5'J31A91..177 3.069L .0

STATE ^REAr IN SQ0JAAE "ILES ANO % Or STATE

TABULATO 0LW SUITArILITY

E D 0U5-L034

mE~l•• .'T 309. 3.'

ALAS.e Z5o 03o 15758 0954 307ý; l.- 19:1 51-i-

4,1ZONA 21133 57 3"3.11 172 " 'z- 4z. " " '04 1 11-41

27..- %4 • 4". 2% ' * 0s.Ale* SAS 469: 6950: 6=21 e97. - 4195 56b 3 61!

CA,-IP01NIA 40520 16772 9052- 10596 4944 27099:, 3' 49Z;-" 3 '1603.-

CO.OADO 29079'6 13616 10654 12487 3763. 5 ?f9 971 2??0 - 1043Zý
29% 13'. 10% :21. 4%. 1

CONNCTICUT o0 30, 2Z 21 0 530 c 0 523
00 2 1 3 . 0%.5 0'

DEL.A4WARE 0. 0 0 0 126%. 1073 0 3 3

00 0% . 00 0 321 46. O. 2,

FLORID0 0 ". 0 0 1699 29009 I5!56 2063 3104.0 9356

02 0. 0 32 497 26 3%39
GEORGIA 2220 Z625'. 6990, 12973 15739. 1236 3B99 1260 3991•

4%, .% 120, 22.0 270 1 1
IDAHO 10451 7356 11361 9920 4220 2393 21- 37307 93550

I3"'' 92 1401 120- 5 : 3: 07 AS%"

ILLINOIS. 2799 34.7 3792, 1331 19619 .1568 97 1264 3653'

32- 3X 7 2.' 2 350 2 0
INDIANA 0 434 336 .1 6321 12206 .5443 49; 1274 3.34.

00, 30 32 170 34%0 400 0%0 %
31346 30 . 9023 4603.. 25,16 10094 6- 0 0 5606,

00. 360 95, 460 319 1a*. 0... C0%

KASA54 33346.. 263'4 13208 IS 3337 2674 1913 0 93. 9826

39a'. . 2251 390 365 . ?2 :16 7. 71A 0. , 0 -

KENTUCKY 3377. 9376 9439 337 917 10113. 5321 1949 402.E

92 2-3 23, .2 34l5 l 2% 25; 1% 5"A
LOUISIANA4 0 0 347 675,5 20226 669'. 3609 . 3oeO 4.935z

0A 02 3 313" . 427. 14% . 7% 2..

MAIE1 3197 . 630.. 4574. 1474 1602 . 3252 o., 357, 3471"
42 245 133 . 430 3% 10% :.. 0?. 30

MARYLAND "0. 212. 62& o. 1433. 6697 Z9 336 13355

02 20 6% ox 31. 60% 0. 1.

MASSACHUSETTS 203 647 0 347 0 7430 0 0 9627
210 72? 02 40. . 05".96 0 03. 00.

M3ICHIGAN 0 0 0 13390. 22533 - 39046', 251 9428'. 61839

0x .0 00 190., 36 %' 29 % 0 % N1.

MIlNESOTA 0 232 133 23650 26130 7537 704. 24222 .. 959•5
0 . , Ir- 320. ' 306 1%. . 5 . 157.

Mis$sissiPPi 0 2355 4294 '39036 33249 6IO 145" 3696 47893

0 2X" 90 390 28% 13% 0% 00 '

MI SSOURI 11406 1 32400 133539 10171 9235 9666 ad' 4449 69934

316% . Al2 9 330 . 133': .120 00.

MON4TANA 13329' 57307.. 29663.: 23276 .6311" 1633 241 46939-349455

9x 30 502 360 " 42 . . 36 , 0 - 32%
6•IE9A99.A 36437 32236 3 6039/ 13365 37396 . 3233 ~. " 0. . "33.5 7?7.3

"90 .. .6 9 232 . 3 17 3723 40: 702 1

36640 37363 41046 27570.." 4719 463 13q 425 90931 3110613

340 372 230 . 40. 0'. 3 ox0 9
3.634 349199P3.49 13322 3 •474 696d "' 39.. 0 . 260.." 0. 397 94'?

32 372 7' 3.'. .02 29% 05.. 330
',few 6R9SEV 00 0' 0' 627.. 7315 0 0 s 190

0% 32 OX 0x 9' 912. 0 " 02

NEW MEXICO 46831 37939 19230 4449 222 2509. 032.. 30494 :121744

390 313 130 42 05 - 2 . 31 23X

NEW YORK263 49Z9 7139 S443 23. 3926,1 : 415. 9335 30219

NORT CAROLINA 2374 6915 1913 6!36 130 36364 3329 V4-11 3076-
32 1% 40 13 2 . 325 20 15%

N91190 DAKOTA .1241 32207 37476 14347 ti334 3It" 29 6343 . 71005

33O 2% 372 222 M M0 6 22, 02 95
03410 t13o 2735 t737' 3204 7779 21934- 600) 11719 "41933

32 95 42 92 192' 32% . 3 40

OKLAO4MA 7923 11329 19370 1 31209 7016 7604 290 3175 69616

31132 3612 262 3 102 11% 0% 5•

N233 369 32226 24926 44103 . 6176 Z32 30313 119

S 02 205 1330.: 232 420. 62. 0 " 330

fI49YL.Vd43. 0•:1226 9396 7035 "154 376. 22340 374 3377 0 43279

32. 20 , 362 " 5' 21- 490 0x n ?2

93490139 46MAN 0 0 0' 6 0 1139 0 0 3207

0x 07 02. 62 a.' 940 05 02

9011134 CAROLINA4 3090 3363 33349 -063 .11972 212 445433 1 3337

32 q 37% "3621 .%' 35 290 30
SOUTH 94KOTA I3369 7334 3334 . 33947 30605 IT24 164 22629 77007

153 300 150' 160 1-4. 25 0. 292
TE7M4ES9E 4275 , 9363 ' 7065 3S69 125 12130 357 2239 42122

10% 23% 192 132 OX 29Z0 I3 3 5I

TIE.MS 53065 413333 26730. 93936 29442 .23963 347 '1343 26983'

202 15 3 100% 315X 33% I I Ox 20,

VT1444 16521 129431 32420 30094 41 1 ' 2047 917 2463. 911.9

39 150% 151. 12% 62 30 30 29%

VERM01NT 3921 2538 1013 68 0 1390 125 997 0 89 5

390 263 30 132 02 4% 1 3 . 90

VIRGI33NIA 3532 1359 3776 9392 7595 11049 &30 49i35 '43169

91 5.% ' 40 2304 190 270 210 32.
WASHI6'NGTON 2132 7499 10403 0926 309 "9 646 • 337 2.4405 69315

7. 332 35% 130 62 1!Z5 30 320
WE0ST VI90GNIA 3203 9342 4409 49 69 2392" 49 26711 2430.

3 •. 340 9. 0 00 00 220 0 1 1%

WI0SCONSIN sb6 3629 5674 20091 12246 30239 241 4796 57cz.

00. 60 30% 35" 230 1 39 0% 60%

34501N0 37613 233520 20364 1946 "44.9 1149 .154 250731 9796.

39" a4a% 213 16;. 32 3% 00 260

TOTAL 38199 3920053 400812 $31013 373547 412309 23024 .534.50

33 1313 133 137% 12% . 34, 1% 110%

... POPULATION CASE I COMPOSITE

91ADIUS 0 - 3 3I.LEStD03.S315 100 PERISONS P0 903VARfi PMILE
9ID3US 2 - 30 3ILES0IENSITY 210 PERSONS 909 99UARE 393LE

POULTION. 0 CAM I IS I3 t IN INC AMON0T OF L.AN 17 ¢9NST963US
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TABLE F3.2
IMPOA.4TION CASE I o.f

2UW2I4E'd1S.• 7A.SI1J2 .IT- LEVELS ...
S1TAT i-5 got 1e 6um0 t ILAS A I. or VIr

TAM.+LATION LOW SUITABILITY
1601292-L024

tiED122P 2.1!la0•:...17.

HE: U, r U'NC

^L-9mA Se2051;A. %ft.. 283 z!

2172 4011 1598!5 2997 1275.. " : S -P&M '

&M-00S+S 4979 7392 7373 9043 154.1 6" .:-

9. 14. 247. t87. ;. 4 1 W.
CAL..F06920 44s93 IW924 9969 219148 6562 j49'z I64 t-ý-1

307.' 22."'. 67... 72? 47. 127. 1'.

COLORADO 3099. 13925 12 040 132 43 395. 2.L,. 15 2e :.;

202 237 21A !37 2U I-7.

47 132, 9* 42 0a. 73% 0% 7..

DELAWAR 0 0 0 0 286. 4.-! CZ
07. 07 00 . 07. 9 1*. ..

FLO5M2 0a 0 0 2930, 3634 775? 20i 120%
• aX. •0, O • 62!* 1• •• •'

02 02 02' 3%. 422 237
|00a0 259b 3426 9196 25247 27429 4954 I26 5464 5se.

4. 67. 16. 2•6 !7310 • 61 C. 10%

IDAHO 10702 7768 11929 .20239 4510. 68e 6b 3147.Z E-1-:

237. 9 . 14 21L 57. 27. 0% 4514

ILLINOIS 29281 295 4420 23452 23756 6309 1?0 1351 s54.

42 32 SZ • .242. 427 1.. 157 0' 2-:

3210DI1 0 102 2776 0714 183A5 5694 1it 1 32 3343

0.2 22 5, ~241, 50. 267. 4~
10 9409 4941- 279211 2484 413 ' C :o
02 172 W.' 9 50% 20% 47. )" a-

AI 15751 57194 1 25770'. 14359 6610 3374 l i.;I:t
192 33: ' 297. 17"-'' 0o.i .

902, 2631 4301 20297 11 2455 7556 1 2341 2779 77 23-.3 4:,22c
2 " 67.- 292 192 32 77. C.

IflBD2 41M 0 0 376 4671 53961 2526 1' 2293 13&Z.4 4e:t:

07. 2 I2, I42 502 51. 3"-.. R

il45 12;35 8144 4 33 1 24023 7 3.2, 34*,.

4% 1152 242 407. 57. 37. 0% 2' -
0PTANS 289 097 329 4912 4555 221! 21!"

* 0 , 02 37. 44%. 427 . I
m.U r124•7TS - 7921 2457 235 P27 0 5327 942"

,9 172 22 121 oi 0 2.; ot 0o

I2C241 0 00 0 3501S. 59921' O22 s! 959Z 61A3-
OX 02 07 424 472. 13M, 0, 1*:,

fE5O9TA - 0 251 1"40 2 27753 27931 3513 116 24810 5s14.

02 02' 22 2 32. .4. 0M 29%
= is |;ISllvt0 0. 2548 4719 20072 I 4600 5204. 39 390Z 4790.

0 52 202. 422 3071 47. 07. 61.

1 22RM " 23500 *SO4O832 129 2004065 3744"0 . 451. .93

7.7. 292 212 14' 2 4x 52 0t. 67.

12423 2739 2 ant 2992 - 55440' 6454 408 3 47121 124945€

9 %9 2024 142 07. 07.
6259A l ',4205 1122275 21644 124022 28045 129 0 2534 777..-Z

M82 16'4 217. 26 231' 2 0K M 21

INEW406 x77 1011146 276210 49" 492 6476 2' 20=. I2IF
% 1272 .1. 25 35 02 2 0 " 26l..

e4w 41 IE : 2457 4126 946 454 0 1226. 0. 1229" 941-

125 +442 202. 52. 0. o 123. 07. " 32'

a" .i5i58 0 31. 29 S4 .679 5925 a 0 907-
ON0. 42 02 2. 212 747. 0N 0!.

lead IKuC0 .47296 10261 12702, 44p9o - 30 2229 203 31334. . 12174..
292 IS52 252f 42. 02. 22, 0at 267

mw 96m *242 4621 10210 9203 1420 925 77 9053 s3322
62 232 202 292 52 m9 07. 207.

4I2TH C~A10.114 2•43 1255 3590 .. 10676 17043 563.) 2421 3le. S0770

42 22X 72 . 212 35% 11227. 0 177.

OWTH 542T0 A R32M 12342 27554 14321 21474 434 0 5,2 7100!

22 172 252 202 242 12 02 9

6810 44 47Tq 3770 4147 1325 21165 t4242 2064 41932
32 227. 72 252 321 272 27. 5%.

3215 1122021 5L292 2426 7575 2535 48 3397 696!! 4%

M2 272 21% 202 222 47. 02 5%.

W22290 20990 12423 25244 5074 2557 29. .30320 -979;!

0 2211L 14%42 262 5 32 0. 321.

2L Sl •35 S2854 10250 32542 10012 11734 46 3503 42074
51 292 . 232 0% 27. 267. 07. . 9

4040K :. 0 0 125 212 .0., 066 0 0 120T

Op : . 1 0 •2 180, 02' 727 011 - 0.

331;I46m.2M. 544 .671 14552 2361 1255 - 2943 29' 2434 31120
2' V222 47X 4A 4% 9" O. ft.

f8 1OTA I292 SB . 45O 12494 13023 -' 20095 540 4c 22745 770-"

157, 10% 257 162. 214% 1% 07. 307

5av772 " 2047 9264 7003 Ro0 402 49 - '254. 21.-
242 322 22 272 2 - 207. 03. 62

TlEN" 53934 L42465 2 27946 19627 33239 2392 7 2424 2682Ž•

202 24" '202 ' 1 .42 SI 12 5. 07 2.
2111" '21033 113292 t 22516 20223 • 48225 1148 36. Z*518. Me:1
221% 1252 25. 222' " .6 17. 07. 207.

41350 2047 1322. .7. 0 425. Se 9*5 .61.z

427. 292 232 22' 07. 42 27. 201.

- VI1IllIA 4352 2546 23.1 12043 "40 4304 221 2412 4. 't;
122 62 6% 42 29% 247 107 27. 231.

12590I97O6 -7044 002' .. 11590 A 9142 ", 4294 " 4256 71 " -46e!" 6q31.
207. 122 217% 1 23' 64 6%. 07. 3t7.

2597T VIRG0INIA 3947 9902 S626 -1334 233 15,92 77 'C ! 2t. 2-..
1624 427 232 1% 27. 71'/ 0. 1 ,.

M1;0cmNsi 1i6 202 3 1 179 2275 124697 424.. 8- 49-: 0702

- 07 77. 227. 40". ' 267 7. 0. 7

~vtwNO 17727 236., 20709 25.. 4642 . S11 25114. 9'
6
lSt

SIM. 247. 21%. &W. 52. 22 07. 2.%:

TOTAL 402791 424229 439406 519390 44=12 29065!' 7374 550W7:

132 24% 142 20% 152 07. % 0. IWI.

P9P44TIOP2 CASE 2 COMPOSITE

RADIUS 0 It IILES/lIENSITY 230 9868965 PEN 002440 "2LE

042I26 2 - 30 uILES/t026TV 500 VE3RINS P E UNSAPE MILE

OWMTIU cam I toSA IN429 1"t & fl Or LAND IT CO A1F 8
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TABLE F3.3

S1T7T ^&LAS IN s5.v8r .LE s JAr I, (P _-7.7

TA3J..T ION LOW 5'3I TAF I1l

-I :z, A't:

.-. SN 54 6839 I10: 6. ' Se. 2- 10!-! 2!!

AP04 I..4 4A .. I4S; 2Se 2 •. - 4Z' 5-e:
3" 4 41. 2 .. '. .C.*. 5%'.

49.ANSA4 504' 74Z! 7538 - 1: 1; ! 46 &':.. -

9t4 114; 1 4%. 1 22-

CA-3V09NI. 4830.ý 19Z., .05 2Z:: 704' S_~ 7 : 50!0 1 L.-

2 ,5. 52. 4 "- 7'.
c0.0980 .3325 39q 112 .33 397 " 99 32 2 :19

30" , 3 33 ... 23.
CONNECTICUTV3 1 5 33E 0 -4 !:

7% 91% W49 8 0%. 5C:.
08:8.4893 0 0 C. .. 1 37. c 7

FLORIDA3 07 0 0 3930 3 69743 93 54: 3122" 502:

%3 9,C 0.. 37' * 85.. 1,- 0% !..

ILLINOIS 3349 2342 454 13393 " 24:7! 64! " 0 t 33!-1 5-.52Z
A3 4-. 93 24., 44 3 .. 0 %

INDIAN1 0 533- s 3405 0907. 19319 4479 t0 131? 3834Z
01' ' 3 Z 5- 5. 533.. 32 03- 4".

.0" 0 9409 49&0 29024 11677 1989 0 0 58089
0NA 170! 91 " 5301 21% 4-. 0.. 0%.

5.64969 1577; 27300 Is77, 14'.4 .67!4 1930 0 193 9-;:.'

1I•EfrIKIY 4393 103286 115&1 774 1498 .2162 28 2433 41271
3 1 283 59. 201 42. % 0c• 8'

LOUISIANA 0 0 278 -040 2"437822 9 2 95. .13348. 4e9.

01 01 00 X1 741. 554 4!V

83I'432 1235 8444" 4903 "6511 1727 @'IS 357 360-,A
4% 253 141 491. 53 3:.. C

9493.Y4 0 339 948; 618 545.2 3.7- 14315
ox 31 91 83 4926 331 *. 1

96ASSACU49ETTS 030 5"54 376 IQ330 0 475' 0 0 982'
101 391" 43 131 0" 55. 03.

3NIC3430N 0 0 0 |5343 399167 - 6949 77 9602 6083"
0 03* 03 25% 491 &1? 01 36%

I'14MS0T1 0 211 1737 21130 201791 2692 308 214920 95914

01 0" 23 331 331 33 0 m29
ississippi 2548 4768 20140 14032 9998 39 3902 47893

03 521L 33%1 4*P 0, 93"
NIsOLI 12294 13799 34957 x3204 0152 3033 0 453b 68933

33 ;201 31% 36%8. 35% 4! 0" 83

3893..487 13 2739 39992 23440 6552 50; 39 47121 3494-!
t9 a 1 23 20% 1381 41 03 03 323

NEDR54A . 14205 . 12275 16550 314069 1852 917 0 " 3534 772;.
101 1638 213 393 234:. .1 ; 03 22%

WVADA 37709 5848 278• 0 0086 492 531 02 024. 110632
343" 17% 253 53 01 0x 0- 189.

NEW4 H4AMPHIRE3 3457 4217 1033 540 0 3033 0 3347 9481
315 451 31 81 01x 11% 0a 133

NEW,4 JERSEY 0 405 97 . 27. 2046 5375 *0 " 0 303
03. 5%. 1% it 261 67Z W3 0X

MEN 39I3C0: 47227 35249 36780 4738 339 917 154 3132 '313744
39% Is% 35% 41 9 01 1% 03 268

NEW3 Y K. 3291 6697 30 309 30007 1534 9253 77 491 5
33 381- 07 053 5.7% 3t 21X 210%. 3% 161{ DIX 20%

N0RTH C93 48LINA .. 2983 3293 3896. 11377 39049. 4767 221" 0405 5076.
6% 33 71 • 21 361C 9k 01. 17

RTH DAKOTA " 32 2352 17534 31431 "11512 30. 0 657 730•5
321 17. 253 .. 210" 16% 1% o" 9

OHI0 3449 4906 2995 7739 14157 0473 212 2113 43833
3z 11% ?7 19%[ 34%{ 201A¢ 1% 5%

03L.840M8 0335. 11060 23033 34301 7604 2220 " 6 3397 . 68916

312% 371 32% 23% IS% 33 0% 23
0RGON 29 2102' 13500 25273 5423 2D55 19 30330 979.

01 213 341. 2863 61 23 0%.. 313
PENNSYLVANIA4 2374. 13693 10768 3966 3323 496 39 3513 452-*

53 30% 2,42 91 33. 2133 01 93
RHO0DE ISLAND41 0 0. 261': 32" 0 83 0' 0 32-'

03 0. 223 273 1 53 0 01
9OUT0rH CAROL.INA 1573 7073 . 14903. 3370 1325 2451 29 2634 33310

53 231 473 43 4" 93 03 0a.
SOUTH D6R0T0 11823 7450 11303 132063 10924 44 4f 2.745 7700i:

353 301. 1334 . 63 341 3 03 333
TE NNE9SSEE 593I 13338 9399 7286 290 3300 49 2549 A2.2;'

14". 32% 22% 173 13 81 0" 83
TE-AS 54069. 4311638 20053 931"03 34004 30926• 23c 54!; 26806-

20. 31. . 303 353 I3N 43 01.
U8TAH4 19046 13192 32528 10113 4925 9.8 23-; 532. 67:-;

2 1%. 4 1 1? 5t• 12%'• 6%. 1:1 01. 301•

VERMONT " 17 5+•' 134.1 07 0 " .7 G •• ••
415e 33 38ý 63! 3o

VI'642333 4382 2596 2355 12217 " 9 t97 36608 193 347 41kt.s
333. AS1 83 303 253 934 C- ~

8S94N33TON 7527 6059 31725 9399 443 0 43 247364 -931.
31 2 12, 373 341 8- 5!. 0 c3

NEST VIRGINIA 3047. 10007' 522 1 33 393 1330 30 33 2 4:L71 :
163 42% 243 133 1 . 0% 1.

WISCON9SIN 3ib 3802 . 689 37 • 3304 3348 477. 5723:
03 71 313 .11 .14 ." 028 8.

WY0OMING 37737 133.• 2019 139575 4681 434 2- 253', 87r3-
193 14% 21:% 383 5% 0:.

10T83. 408733 439399 4439433 808437 4522310 358827 549. 552'" o

.4 POPULATION CASE(9 3 COMIPOSITE

*8ADJUS 0 - 2 ISILESr/OdEiSTY 250 PERSONS PER S0QUARE MI3LE"
RADIUS 2 - 30 333L3•53O•I3V 70 PERSONS4 PEP 00UAR8 "ILE

PI3P4AAlIOg CAM I Is 2 IN84 l3 w AMO4UNT or 3.8D" IT 3099198A1

F- 89



TAGBJLATI 0N

P TABLE F3.4
P0-U,-Tto. CASE . -0e

ONVIE0P A NTAI S4ýT8.TtLtE L 5E ..
STATE ^11 A5 58 50A41 0• 1 or 5 0 A6f

LO. SUV APILI7T

.... SSSIAO..

I I I P! *1r

ASABASA 50 8514 se 11930 175 •530 I'58
0:: 3:5. 7

R II2OA Z2'1 409o2 15985 24.e1 5805 13"0

2. 45 14% 268 t 1%
AR8KA•SAS 5105 7548 7604 100o8 1573- -. 1

05X "4I 14. 159 305 2%

CALIFR03NIA 47285 19846 .0200 1206-"7363 11831

29. Z2?" 6 0 8 .5% 7%

COLORADO 35498 54002 11252 13230 4024 5b88

30% 53 35 4% 2
CONNECTICUT 405 1322 54C 434 0 250S

8% 25% 10% 0% 0o. 4e '
DELAWARE 0 0 0 0 200' 286

OX 0% 0 o0x5' 8&%' 12%

FLOR•IDA6 0 0 0 5046 39025, 5•82

0% 05 0% 3%. 66%' 5
0EORGIA 2644 3b67. 9930 -15990 57930 2577

IDAHO 10779 7797 12014 10354 4642 . 444
133% 95 14% 525. 85. 12

ILLINOIS 3484 2200 . 4690 14070 -25488 5230.

X5 45 2% 5' 455 95'
INDIANA 0 521 1930 9283 20272 . 30115

05 %5 5% 2& : 56. a,,
IOWA 10%' 9457 5010 58477-. 11918• .18

05 175 95 55%, 5 2%
8KANSA8 13807 27493 15874 14716'- 8958.. 5226

19% 33% 197 58'. 85% 1 x

KPENTUCKY 4555 10490 11773 3545 5544. 1293

115 265 295 20" 4. 3%

LOUIBSANa 0 0 376 7025 24993 15341

0: 0% IA % 55. 52% 31

MAIN5 E 1 245 8453 4941 1654708 1756 4A4

4% 25% - 554 505* Z 55 X,
MARYLAND 0 338 1004 743 57815 3585

oz 35' 9. 75: 525 20%
SSASSACMUWTTS 917 . 1640 540 1430 " 0 4092

5I5 I95: 85 6 75 0' 475
MICHIOAN 0 0 0 15951. 31237 - 4970

0t 05 0X 2685 .55. 85

MIN4ESOTA 0 261 51-7 -. 0516 58477. 1959

'a" 0X 2%5 335 337. .1
MiSsissiPPi 0 2 2615 " 4873 20429 15073.1: 1052

05. 55 1507 435 315. 2.

MISSOURI 12516 39"3 15552 11348 1 50335, 2123
I8s 20% 225 165 155 3%

MONTANA 13529 27348 30069 23469 6 881 299

-9 565" 20% 165 4., 0o

NEBRASKA 14254 12-284 16627 54137-. 18316 "0a

EVADA 37847 18846 27638 5'185 51 - 40%
34% 577.: 25X 57. 05 05

NEW KI•S4IRE a 476 4375 1 1071 : 714.: 0 837
165 48X 55 " 5: 0I 7."

NEW R3EY &Mc 51 t 145.. 154M" 235114 4883

WE X 5IC(l2O 47324 82986 : 58888 4777 318 627

391% 5 555: 4. o0 I it

NEW YORK 3416 6967 2 5)020 . 11001. 1689 6195

72 14X. 2•2 225 " 3 a 525.

"MTN CARO.LIN 3070 5440 4092 1284 1 65086 5654

6%8 35 35. 245 327 'It
NORTH 00T4 8338 . 12385 .. 17544 14321 51541 309

125 177 25% 285 58 . 07
0410 5467 8000 3117 3347 5 1505 . 63505

- 5 25 7f( 20%. 385 1&85
OKL6H554 8545 5)978 . 22330 14494 7720 148%

- 5 75: 3 257. 55 25

OREGON 299 25085 13700 2532 . 74 14
05 22% 14. 286: 4 NO

PENNSYLVASNIA 548 14504 11050 45386 515 1 774

65. 255 286 105' 35. t5

RHODE 5l4(AW8 0 0 290 405 0 sit
05 05 545 345 0"5 425

SOUTH CMROLIN546 1650 7344 15570 5486 15293 5503

25 245: 497. 05: 4 at5

SOUTH DAKOTA 81570 7480 : 11132 52072 ,%00) 251

TENNESE 6137 13096 9$45 7691. 357 5189

- 155 33% =3 - 55 5 .1 45.

TEXAS 54204 43567 2•274 94445 2458& 0203

20% 16% 557 355 535 35

UTAM4 . 13200 13201 12564 10113 4835 714
21% I5% 15% 12X 6% 1 1

VERMOT 2 4.27 2934 1370 87 0 2)2

435 30, 145 51% 0 25L

VIORINIA 4407 2892 2432 12574 10685 2689
1) 75% 6% .1" 286 75

66ASHIN070N 7828 - 8583 51870 1534 4655 25886

11% 12% 157 14% 7% 4%

WEST VIRGINIA 4072 10219 6012 135 203 743

17% 42% - O5 1 IS 35

WSICONSIN 15)6 3831 6523 23759 -5392 23'4

- 01. 75 I11. 427. 27% 45
WYOM8ING 17775 13655 20738 - 5563 4690 2 580

545 255 - 165 X% 05

TOTAL 410763 423915 650935 686084 465237 114556

145 14 355 205 155% 4%

44* P08U.ATI85 CASE 4 COMPOSITE

IAISIUS 0 - 2 "ILESI7 .SIYTY SO0 PE790N7S PEG SBOUARE MILE

RADIUS 2 - 30 MILESIDEhSITV 750 P[SONS PER SGUARE M5ILE

PVWILATISO CEAE 1 IS 4t& IN 555 MOUNT OF L.Oal It CUMTR1A1

F-90

0, Z052 !!.

01. 2z:.

1062 .55431 5853t4
5? 3 :!;

se 02803 5O432•

0% C%.

a 39 a3&6
07. 2?.

425 52600 59358

9' 5715 580.0.

50:, 37550 83555
05, 45%

10 1355 56541

0. 122- 36342
05 4:'.

05. 00 05

0 193 8226'
01. 0%l29 2441 40270
0% 85

743 13674 48152
25 29%

0 357 34074

05 2.5 isOx. I >-0 545 15558l
05X 15

0 0 862"
0. 0

0 987" 61837
0% 16%"
39 24807 55915
oz. 2-%

0 3341 47083

0 4516 89933

0 47160 148455
05. 325

0 1534 77720
0o 2%
s0 .20246 5510818
a% Is%

0o' 1197 . 9466

0. 0' 009
07. 05"
40 - 31488 121744
O. 268.
.0, 920 50258
05 225
67 6540 50•69

0 - 8572 71006
&06 22 . 4112

o0. 5%
19 3445 69615

.: 30349 9 7928
05 355-
15 " 3532 45278
05 . 35

0 0 5208
Ox. 0"

0 - 2883 : 35589

0 22793 - 77007
05I. 305

O% 20
19 2577 .425522

39 5 452 :58854
05 25

174 22379 953150
0 305
50 1013 - 9053

68 '597 41165

29 24733 69318
o0 38%?

S0 5725 2410!

50 4970 57022

59 252"08 81900

0% 26%

3333 353486
0% 10.
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0% 07 0% 3T7 480 7
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1071" 7W07 3 03. 30374 4614 357
133' 917 147 127: 64 0."

3493 8248 483 1 34315 24383 . 4034
47 4% 7 7 47% 77

O 550' 1949 V" 20M83 2229

to0 94 7 5057 2 "9 :)3 3 .034 93

07 77 9- 577: 237 27I 36007 276201 35M4 .4873 7074 830
* IV?9 347% " %. 3 3 97*. 37

4'55, 04919 11" 20 3660 926'
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0 0- 374 7025 25=2 3013

1*145 8453 49041 138994 1774. 328
43V- 257 327% 50.. U7. 3

0' 338 3033 3751 6446 3842,
GI' 37 97 27 Se% Q7
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..7 207 133 247 M 0 323
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14214 3224 314627 14214 10345 002
lit87 167 21T sx3 247 37

37006 13846 276=8 N2o$1 033 - 280
34% 3711 257 11' 07: 02

33-438 1476 4371 3083 M79 0 442.
16% 4&7 I1% 97 07 07L
0V 7 280 394 307 3361 3059

CO473•3 36004 . 3933 4794 3 482
S 97 " 16 37 .6 47 07 07

34"4 7"13 1134" Il430 3774 4804
* 77 347 22= 2=7 41 307
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6%A 37' 87 257' 377 47

A074 130 122831 1753 39149 11390 . 212 "
I 3127 177 257 207 • 07. 071:.

- 463: 8013': 2744 - 9 57031 4432
* 47: 127 M7 237 27 33n

345 33p,974 2494 -3439 7740 1129
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4243 8075 3241 s"6 30 .412

MM2I 3107. 47 2137
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07 07 1I7 397 1. 307
03.39 3449 7421 30403 14 3293. 3245

as87 247 49% 7 7 4044 338" 7438 114334 .3072 3 1643:
307 107 327 34T : 47 0

436 14050. 940l 7777 374 1496,S35%7 3=7 237 IVA 31 47
04223 43482 21190 "9 6 36490 194I,

207 17 113 347 337 27
1389 1332013 32074 130313 4335 523

227 307' 307 127 1737
4227 -2443 3399 97 : 0 364

- 437 207 14 137.1 07 27
4487 2702 2841 . 380 304 3998
1 33 77. -4t 3137 27% 27

8 39 22*. 32005 954 4403 3872

384 4072 20M48 435M 3145 23 231
177 431 . 26" 17 37 27
114 1"3 62333 24000 15749 374as 07 7% 3 427 287 3
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30 n 4% 23% 34%: 57 07

434403 424228 4157442 424334 474353 63339
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F- 91
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$I. 5.3s,21

0"1' 2023 ..
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01.33e 8!.* 5*3:
0% 1%
15 383 :rl , "t
0% 4ý

10 13531 5653-01." 2%.

0 I3.. 3434.

0%06

0D 0%41

29 2443: 6026.

33 13390e 49183
17" 2-x

0 35' *3407.
0% 1 14

0 147 1115.
0 I3 x

0 0. 8626

0 9479 6 3837
0% 16%

14 24907 65931

0 M.. 284.. 47044

0 4516 49933

0 4?760 14045.
0o 32%

0 1534 77720
07 27.
s0 . 02W46 .311061
0•- 18%

0 337. 19 946
01'" 13

0. 0 8010
014 07'
92310O? 7321744

so 920 S0239
a% 20%
&8 854X0 50749

0 4572, 71005

lob 252n 4384

39 2447 69415
0 30349 97928
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0 0 3204

0 . 2443 1 33380
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0 22793 77005
0I, 30%
to. 25" 42122
07{ 47.1

29 9462 .246033
07 2%

48 230t 70

30 1013 V1353
0% 30t
40 514 41W47
0% 14"

0 .4742. 49313
07 736%

1 27231 2410.2
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0'. 97Z
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07. 247

3903 500775
0% 187

4£

TOTAL



TABLE F3.6
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ISTATE 401rAt IN *LOlAAI MILE.S awt %[ or STVET
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^SE PE60PSA

4L.AIAa 99S 36.6 1493 42T 37 421t 3 3 3 a; .2 ".. t.O .

I39.- 3' 0). . 07 it - 3.. 4%.
3727 29 4F C c IC 53.- 2.9-c- 1323"

S ¢ 0.. 0- 'r, C. 44'. 2l.

AM S 14:95- 1321 3.06 2;22 125 324 303Z9.- 623 93225x

279 "40. 0% :D . s8". I2*.

CMI trA 4944 3739 492 339 733 1004-P 5249 z2 C3.z

3". 3! 0 0. 0% ". 0 3!. 3!;.

COLORADO 3763 133 29 3. a a 1: 213..' 3a03•.

4a , .% Ox 0%. ! Z7:. .

CWONECT ICUT 0 0 0 0.0. 0. 0 5
0* 0t. 05 0. 09- w . 300; C0,

DELAWR 1234 647 46 97 56 2za 0 7. -3Z.
929 29Z3. 4 0%. ;%

FLORIDA !400- 755O. 359 160;1 3369 39 1 2333 13133s 5•'3..

A9x 133 19- 31. 2%4. 229

GEORGIA 35739 1674 243 270 116 3 * 34315 5G. .? 6o•.•
279 39 0. 09 0 " . 94. , 10-

IDAHO 43&0, 367 50 A9 IQ 3t6 41254 37519 03t!;

-- 9 0% 094 09 0.4 06 496 4as

ILLINOIS 39610.9 4140 937 313 3 097. 3293 2s539 13 36 56W4

359 79 2% 39., 24 1 459 2
I NDI A N A 22 306 9 0338 9 7 5 9 " S 609 19 3 32D4D .392 36 3 .:

349x. 36% 39 39. 341 4a

TEA4 10094 1330 1393 241 3 136 4i 2 43350 .0 56,0b

339 910•9- 09 ... 7 3,9 717 0@%

I.NESA9 5 674 936 274 374 97. 39 74120, 397 9220'

z2 3 09 09' 91% 05

KENUC8Y 617 4129 354 46 16 319 . 391 92 470 4028-

22 It 09. a% 0. I9 699.- 6%
LOWS~4 20226 3735 435 63. 324- 959 749 343 43:iSS~kA 4'5 5'04119

42r 3M '% 39 35. 301.
VI3 602, 325 0 39 0- .0 31963 357 3432

59 Ox 09 09 09- .0 149. 3 1

O"4L4N0 - 3435 3476 40 304 465". 300 3484t . 345 331114

=f31 339 52 3, 6"9 309 339. 1

81*54041"9TS 0 0 0 0 0 0 3647 0 O627

- 090- 09 09. 0 09. 0%: 1009 0.

MIlCHI4GA 3133 3 633 046 1370 965 3937 1 1709 9679 6r333
36 109 29 29 - 29 59 28% 369

93140907T 3660.- 350 347 29 . 290 397 33334 .9446 99913
30% 29 09% ax 91, 02 3 39 29"

MISoISSIPPI 13249 351 232. 941 135 463 29371 3941 47393

32f 3L 0% 3%. 09 % 3 t 99. ex

"I j3OUR 9235 330 37 163 go 393 34960 4936 69933

133 39 0 09 0" 09 7 6

MONTAN• 6333 03 34 39 30 99 944,47 47160 14345'

09 09 0• 0% 05. OX 4al'. 32.

"8342iKA 17396 "a 37 1364 2 10 5773t-. 13534 7772C

-229 32 0X: 09 c2 09' " 749. 2X

*V60DA 463 29 0 s9 0 0 99951 30255 1330137
S 0% 0% a02 0 09 07X 331.- 139%

-NEW 4•4•94J93 0 0 0 0 0 ' 0 3370 3It-" 467
09 09 09ft.0. 0 9 in7% IW

63 amv&7 3093 367 370 12345 3082 25.' 0 3010

ft 33 9- 31. 36% 239 329 01

GREWMEXICO 322 07 30 0a 19 0 90970 31336 121744

09: 0IL 0 02 Ox"- 0- 749 269-

9E4 9'0.8 73 676 306 35•4 - 37 1216 37V97 9930 50239

1% 32 %2 0 9 0 29 749ý 209'
343l7r34 CAROINA laws 24 203 540 232 S33 32003 0627 50769

33 72• T ' 02% 3 It 459 37 n.

MONTH VD 7A 33194R4 39D 39 29r. Go 34. 33,9 6572 73006

362 0 9m 0ox 0I 09 91 TAX 9"

0HI0 7779 3481 W?7 39 3364 • : 33)2442 36 41032

I.• 133 2.9; 3 29 62 539 9

I7016 530 9 336 43 " 336 146 4 It63

1 30 3L 09 02 0', 0 949 590. 44303 975 347 293 263 753 09 30349 972

4% 32, 09 Ox Ox 12 62 329

Pf333YL.3&4 376 704 241 393 345 454 29613 3551 42727

" " 1. 2 . 32. • " 0 13% 379 3% .

336ISL0ND 0 0 a0 0 0 0 ., 06 0 33206

09 09 09 09 9 0" 3 .009 0

RODLT""4 C0LINA G`4 270 0 . "9 27203 2663 31138

3 3, 09, 09 02 09' 37*- 99' ,

S.OT O06T 30609 390 39 77 59 49 43136 3273. 77007

14. 0 09 0% 0. O9 014 56% 309.

?3id3SSEE 335 1i54 s0 63 I 77 o39073 2596 421;

09 09 0a 09 0- 405 93" ' 64 '

1T3XA 59442 3696 946 772 " 94 2413 22.82096 5492 ,2934C

332 32 09 0ft 0. 139 W4t 2

41UTAH 435 0 0 a 0.t 0 0 54793 2553 45193
69 O9- 0, 0 0 0 09x 649 309

IMEhfOWT 0 0 0 0' 0 0-0 830 3023 9953

It"9 02 0 0MO 0- 90. I30.

.18 3 7395 23455357 3"29 444 1399 23035 5665 41368

I33 " 69 39 39 3a 3" 56% 34.
NA6, NT01N 3"0 316 1345 336 40 309 39642 2347161 69336

6% 39 09 09 09 09 57L 385

WEST VI001NlA AIR - i34 0 0 39 23353 2721 24108
09 09 09 0" 01. ga09 O. I33%

WISCO9NSIN 134&6 3459 367 - 329 35 03033 35233 3026-, 57023

2 13 4% 32 39 1% 39 6z9. 99

WOMING 4449 39" to 29 19 So 6794 3225 " 979*t

52 0". 0 0 0 09 6O0. 39% 6 -

T03TAL 273547 677 3132333 13729 10914 31971 19749316 357673

1.-% 29 09 09 09 39 659 is%

303 -1UAILAD3E LAND" i3 THAT1 9A"It."L3 O1 1HE MOST

CONSTRAINING, POPULATION CG.3372926 H 130 3901SER 333 73POULATION" CAW CIB0u.a OIMES4ENrr THAT LAN UNlGM.

136368•D 39 9361 042l93-09 F-92
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IDLAWARE 0 o 0 C o . 2.1c9 39
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2274 9 07 . 7. o0x. 2I 62. 20'

9H9o2 1 4 328 8 49 2 6 3be49 375 1 37j2% 07 o0x 07 .07 0

LL341DI 13932 16213 '243 376 136 290 40104 1362 565C
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'47 o7 07 14 140 37 487 3 x,A9YLM 39 290 290 :22 o60 be0 9977 1343 3
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