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NOTICE -

This report.was prepared as an account of work sponsored by an agency of the United States
Government. Neither the' United States Government nor any agency thereof, or any of their
employees, makes any warranty, expre'ssed of implied, or assumes any legal liability of re. )
sponsibility for any third party's use, or the results of such use, of any information, apparatus, I

,

product or process disclosed in this report, or represents that its use by such third party would
not infringe privately owned rights. .
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Availability of Peforence Materials Cited in NRC Publications

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

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

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

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

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

Referenced documents available for inspection and copying for a fee from the NRC Public Docu-
ment Room include NRC correspondence and ir,ternal NRC memoranda; NRC Of fice of Inspectioni

| nnd Enforcement bulletins, circulars, information notices, inspection and investigation notices;
*

Licensee Event Reports, vendor reports and correspondence; Commission papers; and applicant and )
licensee documents and corresobndence.

i The following documents in the NUREG series are availaole for purchase from the NRC/GPO Sales
' Progra m : formal NRC staff and contractor reports, NRC sponsored conference proceedings, and
N RC booklets and brochures Also available are Regulatory Guides, NRC regulations in the Code of
Federal Regulatoons. and Nuclear Regulatory Commission issuances. -

'

1 Documents available from the National Tech'nical information Service include NUREG series
{ reports and technical reports prepared by other federat agencies and reports prepared by the Atomic

Energy Commission, forerunner agency to the Nuclear Regulatory Commission.

{ Documents available from public and speciJl technical hbraries include all open literature items,

f' such as books, journal and periodical articles, and transactions. Federal Register notices. federal andstate legislation. and con:pessional reports can usually be obtained from these libraries.
I

| Documents such as theses. dissertations _ foreign reports and translations, and non NRC conference
j proceedings are available for purchase trom the organization sponsoring the pubitcation cited.
.

Single copies of NRC draft reports are available free upon written request to the Division of Tech- .

nical information and Document Control. U 'i Nuctear Regulatory Commission, Washington, DC |
20555 )

,

Copies of industry codes and standards used in a substantive manner in the NRC requiatory process |
| are maintained at the NRC Library, 7920 Norfolk Avenue. Bethesda, Maryland, and are available '

there for reference use by the public. Codes and standards are usually Copyrighted and may be|

, purchaWd from the originating organi2ation or, if they are American National Standards, from the
f American National Standards Institute.1430 Broadway, New York NY 10018.
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FOREWORD

on July 29, 1980 an advance notice of rulemaking
was published for the siting of nuclear power reactors..

,

One of the principle elements contained in the advance
notice was.the development of a comprehensive analysis of
all technical issues relevant to siting. Sandia National
Laboratories was contracted by the Nuclear Regulatory
Commission to perform the analysis and document the tech-
nical guidance to support the formulation of new regula-
tions. This report completes the effort.to provide the
technical guidance.

The work has been primarily focused toward the
development of generic siting criteria, uncoupled from
speci.fic 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. NU REG- 0773, "The Development of Severe
Reactor Accident Source Terms: 1975-1981," provides the
detailed description of the considerations that went
into the development of the spectrum of source terms
(SSTs) in general terms; a more specific discussion
of the concept of a representative or generic spectrum of
source terms is given in pages 6 through 21 of NUREG-0771,
" Regulatory Impact of Nuclear Reactor Accident Source
Term Assumptions." 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
Ilght 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 of occurrence. 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.

iii
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The siting source terms were used to calculate accident
. consequences at 91 U. S..reactorisites-using site specific
- meteorology and population data and assuming an '112 0 MWe
reactor. These' calculations treat siting factors such as
weather conditions:and. emergency response probabilistically
but postulate the siting source term release. The results
are thus' conditional consequence values.

Currently there is significant controversy about the
realism of accident source terms, that is,.the accuracy.

.
with which they describe potentialireleases of radioactivity
for a gien sequence of events in a. core melt accident.
The work done to'date on siting uses the source terms

: developed for the Reactor Safety Study, held unchanged
! by newer projections - as explained in NUREG-0772, " Technical ~ -

Bases for Estimating Fission Product Behavior During LWR'
Accidents." The staff expects newer information'to be -

available by mid 1983 to modify these source terms. In

: the meanwhile, sensitivity' analyses are givenLto 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,l

only through consideration of material such as this can
reasoned decisions be made concerning recommendations for'

i
improved siting regulations.

This report represents some of the work being'done
to support the expanding use of probabilistic risk assess-
ment in the regulatory process. The NRC must be careful

;

; with the results of such analyses, considering the-vory.
i 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.

*

q,. ; *N

Robert M. Bernero, Director '

Division of Risk Analysis
U.S. Nuclear Regulatory Commission

|
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Abstract'

' Technical quidance 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 develooed 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- e

tude, meteorology, 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 Cummary

| 1.1 Introduction

At the request of the Nuclcar 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 hatards.
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 standof f 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-i

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 ased to perform these consequence analyses, is
described briefly in Section 2.2.1 and more fully
in Append.ix 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 us,ing 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 0 present an examination
of the population distributions surrounding existing
sites to provide perspect ive on demographic characteris-
tics and to determine (1) whether there is evidence of
a trend over time to 1 as-dense siting and (2) whether
site characteristics d ffer 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

1-2
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national parks or wilderness areas. 'ntis study, which
was performed by Dames and Moore [5] under contract -

to~Sandia, is t. resented-in full in Chapter 4 an.d .
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 ex1 mined 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 aret

o latimates 6f the number of early fatalities
are very scrisitive 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 SST1 (large
core melt,- loss of most safety systems) .
Because the core melt accident source terms
SST1-3 used in this study neglect or under-
estimate several depletion mechanisms, which

~

may operate efficiently within the primary
loop or the containment, consequence magnitudes
calculated using these source terms may be
significantly overestimated.

o The weather conditions at the time of a large
release will have a substantial impact on the
health effects caused by that release. In
marked contrast to this, mean health effects
(average result for many weather sequences)~~are
relatively insensitive to meteorology. Over the
range of meteorological conditions found within
the continental United States (1 year meteoro-
logical records from 29 National Weather Service
stations), mean early fatality values for a
densely populated si te 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 radicactive plume onto a
population center. For an SSTl release,.the I

peak result is about 10-times less probable I
in a dry locale than in a wet one.-

o The distances to which consequences might occur
depend principally upon source term m'agnitude "

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 <5 115 <25
Early Injuries ~10 ~30 '

Land Interdiction ~ 20 >50
. 150 -

>50

SST2' Early Fatalities ~G.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 SSTl
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 SSTl 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-magnitudo in
the means, ~ 2 in the peaks, and ~ 1 in the
probability of having at least one early
injury.

Latent Cancer Patalities. ~ 1 order-of
magnitudo 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 contors.

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

o Population densition (people /sq mi) about the
41 siten have the following maximum, 90th
percontilo and median values within the indi-
cated distance intervals:

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

Full Circle
MaxFmum 790 660 710
90th porcontito 190 230 380
Median 40 70 90

Most Populated
7775' Sector
~~Naximum 4200 3800 4500

90th porcentilo 950 1000 1800
Median 330 270 480

1-5
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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 I

densely populated locations.

o A site availability data base has been con-
structed on a 5 x S km grid cell for the con-
tinental tinited 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.)

l
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,4

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.
.

T
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2. Consequences-of Potential Peactor Accidents

2.1 Introduction

During this study, a large nunber of calculations
| 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
citing criteria (e.g., population distribution, reactor

; power level). A number of additional parameters were
investigated to determine the sensitivity of predicted
consequences to variation or uncertainty in data used
as input.

All consequence calculations for this study were
performed using CFAC2, an improved version of CFAC,a
the Reactor Safety Study [1] conseguence model.
Section 2.2.1 provides a brief overview of the CFAC2
model, while Section 2.2.2 describes the data used as
input to the consequence calculations. Section 2.2.3
is a qualitative discussion 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 reference case for examination of the
impact of variations in parameters end assumptions.

Section 2.3 briefly describes the five accident
source terms used in the celculations. These source
terms, denoted SST1-5, were developed by NRC and range
from a full core-melt with uncontrolled release to a
gap release with minimal Icakage. Section 2.3.1 pre-
sents results of conseguence calculations for each of
the five source terms, and Section 2.3.2 examines the
potential impact on conscouences of reductions in the
magnitude of the most severe accident (SSTl).

Section 2.4 examines the impact of meteorology and
population on consequence estimates. Meteorological
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 conseguences 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. CFAC 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 Backgroundi

2.2.1 Overview of Consequence Model

The accident consequence calculations described
in this chapter were. performed using CRAC2 [2,3), 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

i 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,
timing that are used as input to the consequence
model.6 etc.)Given these estimates, a 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 to 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 during and 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-

c

lated for downwind distances.
|

a. Results calculated using the two models are similar,
i ac 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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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'c
data, the dispersion model uses the subsequent meteore-
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
conseguences can be produced.

The consequence model uses the calculated airborne
and ground radionuclide concentrations to estimate the
public's exposure to external 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 frcm the reactor site.
A simple evacuation model is incor,; orated, which is based
on a statistical analysis of evacuation data assembled-

by the U.S. Environmental Protection Agency [7-9] (see
Appendix E). The model incorporaten 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.

! Egsed on the calculated radiation exposure to down-
| wind ii-.dividuals, the consequence model estimates the
i number of public health effects that would result from

the accidental release. Early injuries and fatalities,
t 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, aearly fatalities are calculated assuming an
LD of 510 rads to the bone marrow. Supportive
meb![kktreatmentoftheexposedindividualisalso!

| assumed. Early injuries are defined as non-fatal, non-

| carcinogenic illnesses, that appear within 1 year of
the expcsure and require medical attention or hospital
treatment. The late somatic effects considered include
latent cancer fatalities plus benign and malignant
thyroid nodules.

The consequence model also includes an economic
model to estimate the potential extent of property
damage associated with the release of radioactiva
material. The total offsite dollar cost of the acci-
dent is estimated as the su'm of (1) the evacuation cost,
(2) the value of condemned crops and milk, (3) the cost
of decontaminating land and structures, (4) the cost of
interdicting land and structures, and (5) relocation
coets (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-related data (e.g., meteorology, popula-
tion), reactor core radionuclide inventories, and 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, vendor, start-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.

2-5



4. Meteorological data consisting of hourly re-
cordings of weather conditions from 29 National
Weather Service stations plus mixing heights
from Holzworth [10].

5. Annual site wind roses obtained from either j

Environmental Impact Reports or Safety Analysis '

Reports.

6. Site economic data, updated from those used in
WASH-1400 to reflect inflation and changing
economic conditions.

A core radionuclide inventory for a.3412 MWt (1120
MWe) reactor was calculated for this study using the
SANDIA-ORIGEN [11] couputer codc. This calculation
assumed an end-of-cycle fuel burnup of 33,000 mwd /MTU
(about 25 percent greater than was assumed in WASH-1400)
which is representative of the current generation of
larger reactors. Differences in reactor size were
accommodated by linearly scaling the inventory with
rated thermal power level. A description of the inven-
tory calculations and a discussion of the impact of
inventories on predicted consequences are presented in
Appendix B. The sensitivity of consequences to reactor
size is examined in Section 2.7.1.

The emergency response submodel incorporated in
CRAC2 is described in Section 2.5 and Appendix E. The
model allows specification of up to six emergency re-
sponse scenarios plus a wefghted sum of these scenarios
termed " Summary Evacuation." Unless otherwise specified,
calculations were performed using the scenarios presented
in Table 2. 2. 2-1. The scenarioc range from a prompt
evacuation to sheltering to no emergency response. The
response distance of 10 miles was selected to coincide
with the Emergency Planning Zone (EPZ) recommended by
the NRC [12). The delay timon 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 weighting" of scenarios 1, 2, and 3, and

! a. Thirty percent of the time, all people within 10
miles evacuate with a 1 hour delay and 10 mph speed;,

40 percent of the time, all people within 10 miles
| evacuate with a 3-hour delay and 10 mph speed; and
! 30 percent of the time all people within 10 miles

| evacuate with a 5-hour delay and 10 mph 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, ---

Relocation 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 consecuence
predictions has not been performed. However, a number
of partial uncertainty estimates have been derived using
sensitivity analycis techniques [1,13,14].

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 increaces 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.

4

A plume of radioactive material may be depleted
during transport by dry deposition and/or washout pro-
cesses. The dry-depcsition 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

| 2-8
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of dry deposition. Since washout of material by rain-
fall is a very efficient removal mechanism, it is im-
portant to account for the frequency, intensity, and
spatial variability of rainfall. Moreover, because
high-consequence events are usually associated with
rainfall over population centers, failure to adeguate-
.ly model rainfall can lead to large inaccuracies in
predicted peak consequences.

Wind trajectories determine the specific popula-
tion exposed by downwind transport of the plume of
radioactive material. With the exception of the com-
puter code CRACIT [17,18], current conseguence models
neglect wind trajectories. Although results obtained
with CRACIT indicate that treatment of wind trajectories
may affect risk less than intuition suggests [6], a
thorough examination of this subject (perhaps using a
Caussian puff models, particularly for sites with complex
terrain, seems essential (19].

The sensitivity of predicted consequences to dif-
ferent emergency response scenarios is examined in
Section 2.5. If consequence models are to be applied
to evaluate the risk at specific sites, consideration
should be given to those characteristice of the site and
of local organizations that could influence the effec-
tiveness of offsite emergency response. 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
Iliroshima 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 0ak 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 SSTl release (defined in Section 2.3)*

New York City meteorology*

the Indian Point wind rose and population*

Summary Evacuation*

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 in-
pact of possible source term changes on the regulatory

,

i process [16,22]. These studies found that the Design
! Basis Accidents (DBAs), which have been the basis for
i regulatory policies governing nuclear power plant siting

and design, do not constitute a realistic representation ji

!-
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of the full spectrum of possible accident source terms
for any reactor design. Therefore, they do not provide
an adequate estimate of reactor risk at specific sites.
Consequently, after review of current source term in-
formation, the NRC defined a spectrum of accidents [22],
which more adequately spans the range of possible accident
source terms and better reflects current understanding
of fission product behavior during reactor accidents.

The spectrum of accidents that was ' defined ranges
from accidents within the design basis envelope to core

| melt accidents which may release large quantities of
radioactive material to the environment. Five accident
groups were designated as being representative of the
spectrum of potential accident conditions. Each group
represents a different degree of core degradation and of
failure of containment safety features. Brief descrip-
tions of the characteristics of the accident types in-

. cluded in each group are presented in Table 2.3.1-1.

For the purpose of decision-making in such areas as
siting and emergency response, NRC defined a set of five
Siting Source Terms (denoted SST1-5) to represent the
five accident groups. By adjusting the probabilities
associated with each of the five source terms, the set
can be made to approximately represent any current LWR
design." 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 (nogmalized to 100 forsource term SSTl) of the mean values 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 th S re: P for SSTl = 1 x 10-5,

for SST2 = 2 x 10-S, ST 1
and P for SST3 = 1 x 10-4P2 3

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.

2-11
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compared to the SSTl source term. The mean consequences
calculated ~for the SSTl release exceed those from the
SST2 release by 1.to 4 orders of magnitude and exceed I
those from releases SST3, SST4, and SST5 by 4 to 7 orders i

of magnitude.- Early fatalities, early injuries, and land
interdiction do not result from releases SST3, SST4, and
SSTS because these accidents do not release-enough radio-
activity to produce doses that exceed the dose thresholds
for these consequences.

Table 2.3.1-1. Brief Descriptions Characterizing
the Accident Groups Within the NRC
" Accident Spectrum" [22]

Group 1 Severe core damage. Essentially involves loss
of all installed safety features. Severe
direct breach of containment.

Group 2 Severe core damage. Containment fa'ils to
isolate. Fission product release mitigating -

systems (e.g., sprays, suppression pool, fan
coolers) operate to reduce release.

-r

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

Release Characteristicsa Source Term

SST1 SST2 SST3 SST4 SSTS

Accident Type Core Melt Cbre Melt Core Melt Gap Release Gap Delease.

Containment Failure Mode Overpressure H2 Explosion - - -

or Loss of
Isolation

'
containment Leakage Large Large 14/ day 14/ day 0.ll/ day

Time of Release (hr) 1.5 3 1 0.5 0. 5 -

Release Duration (hr) 2 2 4 1 1
M

[ warning Time (hr) 0.5 1 0.5 - -

A
Release Height (meters) 10 10 10 10 10

Release Energy 0 0 0 0 0 -

Inventory Release Fractions

Xe-Kr Group 1.0 0.9 6 x 10-3 3 x 10-6 3 x 10-7

I Group 0.45 3 x 10-3 2 x 10-4 1 x 10-7 1 x 10-8

Cs-Rb Group 0.67 9 x 10-3 1 x 10-5 6 x 10-7 6 x 10-8
Te-Sb Group 0.64 3 x 10-2 2 x 10-5 1 ,go-9 1 x'10-10

Ba-Sr Group 0.07 1 x 10-3 1 x 10-6 1 x 10 1 x 10- 211

Ru Group 0.05 2 x 10-3 2 x 10-6 0 0

La Group 9 x 10~3 3 x 10~4 1 x 10-6 0 0

As defined in the Reactor Safety Study (1].a.
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Table 2.3.1-3. Comparison of gonditional Mean Consequences Predicted for FiveSource Termsa,

Source Mean Early Mean Early Mean Latent Mean Thyroid Mean Interdicted
Term Fatalities Injuries Cancer Fatalities Nodules Land Area

bSST1 100 100 100 100 100

w SST2 1 x 10-2 0.5 7 3 1 '

SST3 0 0 2 x 10-2 5 x 10-2 0

SST4 0 0 4 x 10-4 8 x 10-5 0

SST5 0 0 4 x 10-5 8 x 10-6 0

',

a. Assumptions: 1120 MWe PWR, population distribution and wind rose for Indian Point,
New York City meteorology, " Summary Evacuation" of persons within 10 miles.

b. All consequences are normalized to 100 for s,?urce term SST1.



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 source
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 SSTS release.

Figure 2.3.1-3 displays the variation with distaneg
of the mean individual risks (averaged over 360 degrees )
of early fatality and early injury for source terms SST1
and SST2, and of latent cancer fatality (from early ex-

cposure only ) for all five source terms. These curves
were calculated ass 0 ming 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., SST1 and SST2)
and are zero offsite ( 20.25 mi) for small source terms
(e .g . , SST3, SST4, and SSTS ) . 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
decreases 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<

i ' cancer risk curve.for'the SST1 release crosses the risk'
curve for the SST2 release at short distances. The-
falloff in the latent cancer fatality risk at short

i distances ( $ 2.mi) for SST1 is. caused by the very high
risk of early fatality:at these distances. Because of

| the high early fatality' risk,,the latent cancer fatal- 1
'

|' ity risk 1 1s essentially conditional on surviving the
high early radiation doses produced close to the 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 relative >

:
2 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.

Togeth'er, the results presented in Table 2.3.1-3;
: and Figures 2.3.1-1 through 2.3.1-3.show that theLSST1
i

accident.would likely. dominate overall reactor risk to
i 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 SST1, 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

3' be considered further. In addition, because offsite risk
i is dominated by the most severe core-melt accidents, the
i remainder of this chapter will concentrate principally
j 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 severei

i reactor accidents. A recent study [15] suggested that
' source terms for atmospheric releases could be substan-
i tially smaller than those assumed in WASH-1400 (or also
j 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; ,

i following an accident to amounts substantially below
those usually assumed. Such removal processes include4

plate-out of hot vapors, agglomeration and deposition of'

aerosols, and' dissolution of soluble materials in water.
,

i

i

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 coolant system and containment and on the chemical
and physical form of the fission products. For exam-
ple, Campbell et al. [231 suggest-that under accident

i conditions in LKRs, fission product iodine would be in
! the form of a soluble metallic jodide.(probably CsI)

rather than volatile, molecular iodine, as is currently
assumed. Also, Morewitz [24),.after review of past
reactor accidents and destructive tests,_ concluded that
in all cases where water was present, no fission product
tellurium had been released. Morewitz prcrosed two
explanations for this observation: Either tellurium
remains in solution in the form of soluble CsTe2, or
tellurium particles are efficiently scavenged by rapid
droplet growth caused by condensation of water vapor.
Morewitz further noted that even in the absence of water
droplet formation, the generation of large quantities
of aerosol frem structural materials (steel, concrete,
etc.) would produce rates of aerosol agglomeration
rapid enough to ensure that a large fraction of the
radioactive particles would quickly settleout inside
the containment.

These suggestions have received substantial sup-
port in a recent NRC report [16). The significance
of these proposals is that the solubility of volatile
fission products and potential aerosol removal mecha-
nisms could limit the quantity of release'd radionuclides
to levels one to two orders of magnitude below those
currently assumed.

To evaluate the impact on predicted consequences
o!! significant reductions in the amount of released
rpterial, a series of calculations was performed with
arbitrary reductions in the quantities of released
fission products. The impact of potential reductions
due to the solubility of fission products in water
was evaluated by arbitrarily reducing the release

afractions of iodine, cesium, and tellurium to SC,
10 and 0 percent of the standard SST1 level, singly,

a. The tellurium release fraction includes both
tellurium and antimony and the cesium release
fraction includes both cesium and rubidium (ace
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 simultanecusly
(50 percent reduction only). To evaluate the impact
on predicted consequences of potential reductions in
source terns due to efficient aerosol removal processes,
calculations were perforned with the release fraction
of all isotopes except noble gases arbitrarily reduced
to 50, 10, 5, and 1 percent of the SST1 release.

The results of the calculations are surrarized in
Tables 2.3.2-1 and 2.3.2-2. Assumed in these calcula-
tions were the Indian Point site, New York City reteor-
ology, an 1120 MEe reactor, and Surrary Evacuation.
The results in Table 2.3.2-1 indicate that a facter of
10 reduction in the release fraction of either iodine or
tellurium resulte only in about a factor of 2 reduction
in early effects. Because of the dose-threshold for
early effects, this does not imply that iodine or
tellurium "acccunt".for half of the early effects.

Table 2.3.2-1 coes, however, present a measure of
the relative doses resulting from exposure to individual
elements. Iodine isotopes acccunt for about 35 percent
of the expected acute bone marrow dose and for about 80
percent of the thyrcid dost. , Bene-marrow dose has been
shown to be the dominant cause of early fatalities.
Tellurium isctores account for about 35 percent of

the acute bone marrow doce and about 20 percent ofpgg
thyroid dose. Eggguseof.the long half-lives of Cs
(2 years) and Cs (30 years), cesium is the dominant
element for long-tern exposure. However, a factor of
10 reduction in the release fraction of cesium reduces
the mean number cf latent cancer fatalities by only 25
percent.

The small reduction in the nunter of latent cancer
fatalities is a result of the assunption in CPAC2 that
land will be interdicted to reduce long-terr exposure.
Thus, reducing the release fraction of cesium reduces
the amount of interdicted land but does not significantly
alter the total population exposure. The amount of
interdicted land is very sensitive to the release frac-
tien of cesium. A factor of ten reduction in the cesium
release fraction results in an 85% reduction in the
interdicted land area. The sensitivity of latent 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 Reductiogs in SST1 Release
Fractions of Iodine, Cesium, and Telluriuma,

CLatent Acute Dos 4
Accident Early Early Cancer Area of Land
Release- Fatalities Injuries Fatalities Bone Marrow Thyroid Interdiction

SST1
b(Standard) 100 100 100 100 100 100

50% I 75 75 98 85 60 100
10% I 60 55 95 70 30 100
On I 50 55 95 65 20 100

Y 504 Cs 95 95 90 95 100 55
0 104 Cs 90 95 75 90 100 15

On Cs 85 90 60 90 100 1

_

50% Te 75 65 95 85 90 100
104 Te 50 45 90 70 80 100
On Te 45 40 90 65 80 100

50% I,Cs 70 70 90 80 60 55
106 I,Cs 45 55 70 60 30 15
04 I,Cs 40 50 55 55 20 1

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

a. Assumptions: 1120 MWe reactor, Indian Point site, New York City seteorology,
Summary Evacuation.

b. All consequences normalized to 100 fur source term SST1.
1

c. Relative doses are approximate 11 Independent of distance.

<
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Table 2.3.2-2. Sensitivity of Mean Consequences to Reductions in SST1
Release Fractions of All Elements Except Noble Gases ,ba

i

!

cAccident Early Early Latent Cancer Acute Doses Interdicted i

Release Fatalities Injuries Fatalities Bone Marrow Thyroid Land Area

SSTl
b(Standard) 100 100 100 100 100 100 '~

d50% SSTl 30 35 74 53 50 55

7 10% SSTld 1 4 32 16 10 10
0

d5% SSTl 0.2 2 19 11- 5 5

.

1% SSTid 0.03 1 5 8 1 1

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

b. All consequences normalized to 100 for source term SST1.

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 indicatethat an order-of-magnitude decrease in the release
fractions causes the mean number of early fatalities
to decrease by about 2 orders-of-magnitude and other-

consequences to decrease by about 1 order-of-magnitude.The 99th percentilc a
of the calculated distribution ofearly fatalities

for the standard SST1 release was8,300.
When the SSTl release fractions for elementsother than noble gases were reduced to 10 and 1 percentof the standerd values, the 99th percentile values forearly fatalities fell to 100 and 0, respectively.

Only the impact on consequences of potential
reductions in the magnitude of source terms has beenexamined in this section. Two other areas of largeuncertainty, the energy release rate accompanying a
radioactive release and the physical characteristicsof the released material (as reflected in the dry
deposition velocity) are discussed in Sections 2.7.2and 2.7.3, respectively. Other areas of uncertainty,such as release timing (including variable and longduration releases) and release height, have not beenaddressed in this study.

In summary, if resolution of present uncertainties
concerning Source term magnitudes determines that theamount of material
cantly less than that currently assumed, released to the atmosphere is signifi-there could belarge decresses

in the predicted consequences of large
| core melt accidents (e.g., SSTl and SST2). Thereforethe reader should bear in mind that

sented in this report may be significantly overestimatedthe consecuences p,re-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 aredependent on four factors: 1) the assumed source term,2)

the meteorological conditions during and followingthe release, 3) the number of people exposed to the re-leased material, and 4)
protective measures. the effectiveness of population

In the previous section, the senai-
tivity of cal mc uences to the source term was discussedIn this section, the impact ut .

:onsequences of the moto-

Thode'~ consequences that would be equalled or exceeded
a.

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 Sensitivity to Meteorological Record

Predictions of the potential consequences of reac- |

tor accidents normally assume that an accident may occur
'

at any time, day or night, 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 meteorological record required by CRAC2
consists of the site wind rose and 8760 hourly observa-
tions (1 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 f requency distributions for var-
ious consequences. Current regulatory policy requires
a licensee to monitor meteorological conditions for at
least 1 year as part of the site approval process [25].
Data from reactor sites, however, are often of poor

Some site meteorological files do not includequality.observations of precipitation and there are often " gaps"
in the recordings. For this study, meteorological
records from 29 National Weather Service (NWS) stationswere used with the site wind rose. The 29 records represent
the broad range of climatic conditions found in the United
States, ranging from arid climates, such as Phoenix, AZ,
to wet climates, such as Apalachicola, FL. NWS data have
several potential advantages over reactor site data in

they are generally of higher quality, are readilythat contain more detailed observations, and areavailable, A description of the 29
of durations of up to 30 years.found in Section A.3 ofmeteorological records may be
Appendix A.

A sensitivity analysis was performed to examine
the impact that the meteorological record used in theEach ofcalculations has on predicted consequences.
the 29 records was used as input for calculations at

Indian Point and Diablo Canyon sites (i.e., thethepopulation distributions and wind rose for each siteIndian
were used with each of the 29 NWS records).it has one of the highest
Point was selected becausepopulation 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 SST1 release.

2-24
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Any observed variation in therpredicted consequences at -

either of the two sites must be due either to differences ,

in the 29 meteorological records or to inadequacies in ,~
rthe procedure used to sample weather sequences,

- . .

,

| The weather sequence sampling procedure currently 4.
used with CRAC2 has several~ deficiencies. Because only -

one year of data is sampled, very low probability , ~f *
sequences (e.g., intense rain at 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 distances 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 4 consequence events with-condi .
tional probabilities less than 10-2 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

I 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 ,;

byaboutafactoroften(10{to10atalitgCCDFsalsovary
fatalities) of the 29 earlyj

fatalities). Thisi

f #

4

a. Complementary Cumulative Distribution Functions are
Tog-log plots of the probability that a consequence
of a given magnitude will be equalled or exceeded.

,

1
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a

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

In marked contrast to the Indian Point result,

| the 29 early fatality CCDFs.for the Diablo Canyon site
( Figure 2.4.1-2) are not closely clustered. Because of

.

the very low population density surrounding the Diablo|
Canyou site, early fatalities occur above the 99th per-
centila of the distributions" 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 among the
29 recordu and inadequacies in the weather sequence
sampling procedure.

Results similar to those presented in Figure 2.4.1-2
were found by Sprung [263 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 thn conditional distributions, the
meteorological record used in the calculations does not
have a significant impact on the predicted distributions
of early fatalities (CCDP mean values differ by less than
a factor of 2). Figures 2.4.1-3 and 2.4.1-4 show the 29
carly-injury CCDFs for the two sites. Except for three-
of the meteorological records, there is again very little

variation among conseguences with conditional probabili-
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-
alles is not certain, but is probably due to inadequacios
of the weather sequence nampling procedure (i.e., rain
events beyond 30 miles are not appropriately weighted).

Those conseqtlences that would be equallod or exceededa.
by 1 out of every 100 re]cacos.
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Figures 2.4.l'-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 in each meteor-
ological record. These two figures clearly indicate
that the meteorological record does not have a signifi-I

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 eccnomic 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 dif ferences in predicted consequences
among the 29 meteorological re rds occur at
probabilities less than 10~2 and probably arise
from variations in the frequency of precipita-
tion an.) inadequacies in the procedure used to
sample weather sequences.
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Figure 2.4.1-5 Figure 2.4.1-6
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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 onact of precipitation may
need to be categocized to distances beyond
the present 30 miles, perhaps to 100 miles.
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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 SSTI 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 Distribution

To examine' the role of. population distribution
in determining reactor accident consequences, a sensi-
tivity study was perforraed using the actual population
distribution and 1-year average wind rose from each of
the 91 U.S. reactor sites-having either,an operating
-license or a construction' permit. Csiculations per-
. formed using-actual site population distributions also
provide a better understanding of past siting policy
and a reference against which the consequences 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 Neather .

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 SST1 release and of Summary
Evacuation.j

Figures 2.4.2-la through 2.4.1-Ic show early
fatality, early injury, and latent cancer fatality
CCDFs for all of the 91 sites. The figures htruncated at conditional probabilities of 10-gve becn(one
in a thousand releases). This was done because con-
sequence probabilities and magnitudes for improbable

events (ghosewithconditionalprobabilitiesless
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

arate . 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.

!

2-32

__ _ _ _ _ _. . . . . .. _ _ _ _ _ ~.



CC-E

Conditional Probability of > X

o. o. a

M ij j,

i{! }? 'j '| ,f , j ''.l '{ .f/ |?|?f')Q y $
, \ ||{ ,l ', ';,''

'' '

_::s s;$: ..!!:|r
. bMu - :.

:.* jw - ;gp - >' -* - - - - '- m
f'.Z;~ ~.a : - J Q - 6r '?'f|||? y x.j,:n, '''>f f / ,,|

'g--w ,
,-e- -

, ,

Y $ $^ ,c, . . , . - ;jQjf'

[g ,g. m a:._-=: y- - . - -
~.

gg-2e - : 9-.
-

y
o m r.n, o p . _ . - _

n a et a~- m -

r rt m m

< *f*h
_ . . _ -

g . . _ . - , . _ _ . - . - - _ . - . . . -

&& nM
n< b~ w
u- G >DN
@g " ". y Conditional Probability of > X
Po c ce o
o et a r et

~ s 5 quo oOm
O (t 3 H '

" * + -
-

]
~

| q "
y1c. ^ - - fJ g4n r g p.

IO OHe
nw 3 %

'
t |

; ||

I ) I :s . :O^mO~ M
f .. y yt- 9~ >

m
* /.(,,J N i

'

.

m* W D' M ! /!o ggw cs -
4 ,

. |
,

fjO y M _; .V / b

gfN . |

'

' |" 'g/
''

,|
Ho c g. w w / y# - -

ao, N 3 g.pp .- -
.

-
-/ ,/.

(OmnpY
oamac o

-

,
. >

' '
-s-

. :::' C-n o m u. --

..c. 7- W ^-

# , /.DGOmM M " #
(t 2 ft @ y -

f% f. -
.

30 ~

amMa = .

m .. rt m +

n a
n o r.n m o.ow w

Conditional Probability of > XMM H-
w a

WMWcw X
gmk ' 2nr - -

5 5- 4
~.. e -~nmen u

WW<MG ct
etHAM3 o
H H O m rt p _-
@ rt C D tt -

/.
7

<

m H. W tt O -

@ rt @ Q
MmHcp m 2
ta O* n n =1 / /g

n /O O. .D 7.,n @
'

n m - -

&b M : .

O M N i. <~ .

'

*#@Q M . ,t . .. ,Qg
-

- ,, -
",.Emms - ^"O@GOH p __,q.____

-
- %gp '

-

O -J i et H r :A -

*O O# *

~~.=~'.~.T'.' $5f- - w/'<

ng,

H*

? . . _ .g _



_ - . _

(e.g., sheltering or prompt relocation) would signifi-
cantly mitigate the consequences of low-probability,
high consequence events [273 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. ,

quencesataconditionalprobabilityof10geinconse-P( 21)3 and over nearly 4 orders of magnitu
(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 means of the early fatality
CCDPs versus n'imber of sites. Only four sites have
means above 250 fatalities; over half are less than 50.
Table C-1 in Appendix C lists the conditional mean
number of early fatalities, early injuries, and latent
cancer fatalities for each of the 91 sites. The 99th
percentile of the conditional distributions of early8

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-lb) range
over approximately 1 order of magnitude in the condi-
tional probability of having any injuries [P( 21)] and

probability of 10 gnsequence magnitude at a conditional
over 2 orders in e

The conditional mean numbers of.

early injuries range from 4 to 3600. The latent cancer
fatality CCDFs (Figure 2.4.2-Ic) 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.I

|
|

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 from 1 to
710 people per. square mile (see Section'3). There-

|

I fore, the distributions of early fatalities, which are
confined to areas within a few tens of miles of the

1 site (most occur within a~few miles, see Section 2.6),
show the greatest "ariability. .Early injuries can
occur to many tens of miles, but most occur within
about 30 miles. Within 50 miles of the 91 sites,
average population densities range from 10 to 2100
people per square mile.' Since this range (factor of

~

210) is less than that observed to 20 miles (factor of
710), .the variability in the 91 early injury CCDFs is
less than that obtained for early fatalities. Finally,
when averaged over very large areas, the variability
in the 91 population distributions is greatly reduced.
The population densities within 200 miles of the 91
sites vary between 14 and 335 people per square mile
(factor of 24). Thus, the distributions of latent
cancer fatalities, which can occur over very large
areas, show the least variability.

Some specific characteristics of population
distributions which might impact the variability
of consequences are discussed in Section 2.7.4.

.'

Finally, for each of the 91 sites examined in this
report, early fatality, early injury, and latent
cancer fatality CCDFs conditional on an SSTl release
are presented in Appendix C. When examining these
_PEDF0, it is important to remember that they are
not truly site specific. Although each CCDP was
calculated using the site's wind rose, the population
distribution about the site, and an appropriate
substitute meteorological record, the SSTl release
assumed in each calculation was not modified to
reflect the specific design of the site's reactor.
Instead, a standard 1120 MWe PWR was assumed in
each calculation.
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2.5 Sensitivity to Emergency Fesponse

Should an accident at a nuclear power plant
lead to a significant release of radioactivity, public
radiation exposures could be mitigated by evacuation,
sheltering, relocation, or medical prophylaxisa,
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 SSTl release from an
1120 MWe reactor, Indian Point population and wind rose,
and New York City meteorology.

The emergency response submodel in CRAC2 was brief-
ly described in Section 2.2.2 and is more fully described
in this section and in Appendix 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-
l active material. Sheltering is the expeditious

movement of people indoors, if possible, into
basements or masonry buildings which afford en-

i

|
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 paramoters ennentially dator-
mino the impact of the CRAC2 omergency response model
on connoquence predictions:

Warning Timo: Time from accident notification by
-pinnt pornolnol to relonne of radioactivity due to
containmont failuro (e.g., 0.5 hr for SSTI).
Dolny_Timot Timo from accident notification to the
Tnitintion of omorgency responno (0 hr for sheltering:
1-5 hr for evacuntion).
Icyncuntion Radium: The radiun within which all
occupants of n 90* noctor (contored on the plumn
contortino) ovncunto (10 mi in the bano caso
eniculation).

Ivncuation Spon_d Tho offectivo npond at which ovn-
cucon movo radially away from the ronctor (10 mph in
tho bnno cano cniculation).
I?vacuation Dintancos The rndini dintance to which
Dio ovacunon movo [5 mi boyond tho evacuation radiunr
thoroforo, 15 mi for tho bnno caso cniculation) before
they are removod from the cniculation bocnuno they nro
annumod to have enough information to avoid additionni
oxposuro.

Sholtoring Hndlun: Tho radiun within which all non-
ovncunting occupantn of n 90' noctor (contorod on the
plumo) tako nholtor. If the nholtoring radiun in lonn
thnn.or oqual to the evncuntion radiun, only ovncuntion
taken pinco. If the nholtoring radiun in inrgor thnn
tho ovncuntion rndlun, then all pornonn betwoon the
ovncuntion rndlun and the pholtoring rndlun tako ahol-
tor. licyond the nholtoring rndlun, normn1 nctivity in
nnnumod to continuo (i.e., nomo peoplo are outdoorn).

~Shiolding Factor [293: The frnetton of the dono to
nn iniidiiiltored Individuni rocoived by nn individuni
nholtored in n buildinq or in n vehiclo (i.e., during
ovacuation). Shiolding factorn for buildings dopond
on the honninq ntock (porcent brick, avnlinbility of
banomontn) and, thoroforo, vnry by geographic region.
Difforont nhiniding factorn are unod to decronno
unnhioided oxposuron to the radianctivo plumo and to
contaminnted ground (noo Appondix A).
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Relocation-Time: The period which elapses after pas-
sage of the. radioactive plume before non-evacuating
individualsfare moved from contaminated areas (24 hr
in the base case calculation)

Relationships b'e' tween several of these eight emergency 1
response model parameters are schematically depicted
in Figure 2.5-1.

The CRAC2 emergency response submodel allows for
the specification of up to six different emergency re-
sponse scenarios and will calculate a weighted average
of the results for any designated set of scenarios.
CRAC2 calculations presented in other. sections of this
report generally assume " Summary Evacuation," which is
the weighted summation of three different evacuation

'

scenarios as follows:

Delay
Scenario Type of Response Response Before

Number Weighta Response Distance Speed Response

1 30% evacuation 10 miles 10 mph I 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 sensiti'rity of the CRAC2 evacuation model to
evacuation speed has been prdviously 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 ef fects 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 CCDP 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 ( $1 hr);
and (2) that Summary Evacuation yields results nearly
identical to those obtained for scenario 2 (3 hr delay).
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aTable 2.5-1 presents mean and 99th percentile values
of early fatalities and early injuries for emergency
response scenarios 1, 2, and 3 and for Summary Evacuation.
The table shows (1) that, for evacuations of population
within 10 miles of the reactor, mean and 99th percentile
values of early fatalities are more sensitive to delay
time than are the corresponding values for early injuries; k

and (2) that for both early fatalities and early injuries,
'

99th percentile values are about 10 times mean values.
1

The different sensitivities displayed result large-
ly from the fact that each consequence has a different
characteristic distance within which the consequence is
calculated to occur (distance dependencies are discussed
in detail in Section 2.6). For most weather sequences,
fatal doses of radiation are generally confined to dis-
tances of less than 10 miles. Therefore, for almost all
of the weather sequences sampled, the entire population
potentially subject to fatal radiation doses is evacuat-
ing. Consequently, mean and 99 percentile values for
early fatalities are highly sensitive (factors of 82
1400/180 and 7 210,000/ 1400) to delay time. In contrast
to this, doses of radiation sufficient to cause early
injuries frequently occur to distances significantly
greater than 10 miles. Therefore, because a significant
fraction of the population potentially subject to doses
sufficient to cause injuries (i.e., the population beyond
10 miles) is not evacuating, mean and 99th percentile
values of early injuries are less sensitive (factors of
1.7 and 1.1) to delay time than are the corresponding
values for early fatalities. Finally, for evacuations
of population within 10 miles, peak values (worst case

for an conditional probabi-
5,10-3)y weather sequence,

calculated
,

of early fatalities and early injuriesi lities of

'

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
canters (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.

I~
i

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 830 8,300 3600 33,000

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

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

- - _ _ _ _

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

Oa 3600 18,000 6300 41,000

5 1100 11,000 5500 40,000

10 830 8,300 3600 33,000

25 700 7,200 1800 9,400

- -

a. No evacuation

! Assumptions: 1120 MWe reactor, SSTl release, New York
City meteorology, Indian Point population and wind rose.
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and early injuries 1for Summary Evacuation. The table
shows that mean and 99th percentile values of early
fatalities and injuries are all quite sensitive to the
distance within which population is evacuated.

Becausg )$10-worst case results (conditional probabilities of
for early fatalities are generally caused by rainout of
the radioactive plume onto a city located further than
10 but less than 25 miles from the reactor, evacuation !.

within 25 miles lowers'the worst case number of early I

fatalities from 57,000 (for evacuation within 10 mi) to I

15,000 (for evacuation within 25 mi).

The 1 ext three tables examine the sensitivity4

'

of .early health effects to sheltering parameters.
Table 2.5-3 displays the effect of the distance within
which population takes shelter in preferred locations
(building interiors, basements if available) on early
fatalities and early injuries. Examination of the table
shows that the effect of response distance for sheltering
is similar to that for evacuation. Mean and 99th percen-
tile values of early fatalities and injuries are al'1
quite sensitive to sheltering distance. As before, 99th
percentile values are about 10 times the mean result and
a 25 mile response distance significantly decreases (by

about a factor of 5)3)
the worst case result (conditional

probability of 110- below the result obtained with a
10 mile response dir.tance.

Table 2.5-4 illustrates the impact of the avail-
ability of basements upon the degree of shielding (and
thereby the reductions in consequences) afforded by
sheltering. The table shows that mean and 99th per-
centile values of early fatalities are substantially
decreased, if Northeast regional shielding factors
(building characteristics: 87% basements, 47% brick)
are used rather than Pacific Coast regional shielding
factors (building characteristics: 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 Injuries for
Preferential Sheltering Followed by
Relocation. ~Results are Conditional
on an SSTl Release.

|
|

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

5 830 9,300 5600 40,000

10 56 0 5,500' 3700 32,000

15 490 4,900 2700 25,000

25 420- 4,500 1800 11,000

Assumptions: 112 0 MWe reactor, SSTl 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
Conditional on an SSTl Release.

Nuraber of Early Fatalities Early Injuries
Basements Mean 99th Percentile Mean 99th Percentile

a 1200 9,300 4100 34,000Few

bMany 56 0 5,500 3700 32,000

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

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

Assumptions: 112 0 MWe reactor, SSTl 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 24 to 6 hours is
presented in Table 2.5-5. As before, because' shelter-
ing was assumed to take place only to 10 miles, mean
and 99th percentile early injury val:tes show little
sensitivity, while mean and 99th percentile values for
early fatalities decreaen by a factor of two.

1

1

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

'

i
__ .

Relocation Early Fatalities Early Injuries
i

| 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 toge,ther in a single table
the results of all the calculations which examined
evacuation or sheltering separately. The table pre-
sonts 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 mein early
,

| health consequences on response time and the less '

strong dependence on response distance.
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Table 2.5-4, Dependence of Early Fatalities and Early talaries on me-sponse Distance for tight
Emergency Respcsise Scenarios. Results are Cbeditional~ ca sa 56T1 Release

Emeroency Response Response Distence (ai).

g characteristies C" 5 10 15 25 08 ~5 to 15 25

nean Early Fatalities tasan Early Intertoe

Evacuation 5 hr delay, 1 aph 3,6 00 2,100 1,900 1.800 1,800 6,300 6,200 5.300 5,100 4,700
5 hr delay.10 mph 3,6 00 1,6 00 1,400 1.300 1,250 6,300 6.000 4,100 3.300 2.500
3 he delay, 10 mph 3.6 0C 1.200 920 86 0 793 6,300 5,00C 4,000 3,000 2,200
Samary Evacuation 3,6 00 1,100 830 78 0 700 6,300 '5,500 3.600 2,700 1.800
1 he delay,10 mph 3.6 06 440 180 110 40 6.300 4.600 2,500 1.500 700g

bsheltering 24 hr relocation 3,6 C 9 e 1,200 e c 6,300 e 4,100 e c
12 hr relocation 3.60' e 75 0 e c 6,300 e 3,900 e cy
6 hr relocat; e 3,6 00 830 54 0 49 0 420 6,300 5.600 3,700 2,700 1,800

d99th Percentile Early Fata11tleed 99th Fereenti'.e Early injurise

Evacuation 5 hr delay, 1 aph 18,00C 16,000 14,000 - 12,000 11,000 41,000 41,000 40,000 41,000 28.000
5 hr delay, 10 mph 18,00C 14,000 10,000 9,400 S.8C0 41,000 40.000 34.000 26,000 10,000
3 hr delay,10 mpn 18.000 11,000 8.000 7,309 7,000 41.000 40,000 32,000 26,000 10,000
Swamary Evacuation 18,000 11.000 8,300 7.6 00 7,200 41,000 40,000 33,000 26,000 9,400a

1 hr delay,10 mph 18,000 7,000 1,400 1,200 1,000 41,000 39,000 30,0C0 24,000 5,200
,

Sheltering 24 hr relocation la,00C e 9.300' c c 41,000 'c 34.000 e. ch

12 hr relocation 18.00C c 7,500 e c 41,000 e 33.000 e. c
6 hr relocation 16,A00 9,300 5,500 4.900 4,500 41,n00 40,000 32.0 % 25,000 11,000

As sapt ions: 1120 3pde reactor, SST1 release, Indian Point population and wind rose, New York City stateorclogy,

a. No emergency resposae. b. mortheast Regional Shielding Factore. c. Not celesiated. 1. hva em9mitm8e aquelled
oc escoe4ed fo11 crime 1 out of
swery 100 relenose.
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Figures . 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 scenarios predict 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 .many weather sequences ' the radioactive plume
,
~

reaches; people before they begin to evacuate. And
shattering with expeditious relocation is inadequate

,

because for many wecther-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

i provide sufficient protection for a substantial number of
weather sequences, at these distances little sensitivity
to differences in emergency response is observed. In

; agreement with Table 2.5-6, both figures show that
individual risk of early health consequences decreases
most rapidly with distance for expeditious evacuation<

(1 hr delay, 10 mph) or sheltering with expeditious
relocation (after 6 hr) .

The emergency response submodel in CRAC2 is able
to apply one emergency response scenario to an inner

; region and a second scenario to an outer region. Using
- this option, the impact of emergency response scenarios,
i - which call for both evacuation and sheltering, and the

ef fect 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 responso 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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a - 5 hr delay, 1 reph, within 10 mi
0 - 5 hr delay, 10 mph, within 10 mi

- 3 hr delay, 10 mph, within 10 mix

o - Summary Evacuation, within 10 rrl
v - Sheltering within 10 mi, 6 hr relocation
D - 1 hr delay, 10 mph, within 10 mi



.__ .__-_-_____- - - . .- ._ . . .._. - _ _

,

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

_

.

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

0 - 10 Summary None 830 8,300 36 00 33,000

0 - 25 Summary None 700 7,200 3800 9,400g
I

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

0 - 10 1 hr 10 - 25 40 750 750 5,800

-

Assumptions: 1120 MWe reactor, SST1 release, Indian Point population and wind
rose, New York City Meteorology, Northeast regional shielding facters, relocation-
of sheltered individuals after 24 hr.

i

|
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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 valaes for early injuries

| (factors of 2.5 and 1.5, respectively). Further,3,posk
| early fatalities (conditional probabilities 1 10~ ) are

reduced by a factor of almost' 10 (peak 15,000 to '1,6 00) .|

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, Pigure 2.5-5 indicates the sensitivity
of early fatalities to the range of emergency response
scenarios examined. In Figure 2.5-5 the CCDP for Sum-
mary Evacuation is the " base case" (see Section 2.2.4)
result. The two bounding early fatality CCDPs for no
emergency response and for expeditious evacuation to
25 miles show that the emergency response scenario
selected has a substantial impact on consequence
magnitude.

.
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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 ?.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 injuri'es and long-term effects
such as delayed cancer deaths and interdiction of
land. Because early consequences would occur _only
after large, acute doses of radiation, these effects
would be limited to areas close to the reactor (a few
tens of miles). Population restrictions within these
areas could therefore significantly impact the number
of early consequences. As a result, estimates of
' distances to which fatal or injury-causing do9es of
radiation could be received are of interest for the
development of reactor siting criteria. Following a
severe reactor accident, contamination could be cuf-
ficiently high to require interdiction of property
(buildings and land) to substantial distances (several

- ~~

tens of miles). Because interdiction 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 largo
distances from the reactor. As a result, latent can-
cors would generally be less affected by population
restrictions close to a reactor than would early
fatalities or early injuries.

For each sampled meteorological sequence, the
CRAC2 coda 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 SSTl and SST2
carly 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 SST1 release early fatality distances range from
1 to 20 miles, early injury distances from 1 to 80 miles,
and interdiction distances from 1 to 100 miles. Thus,
for a single event, consequence distances are strongly
influenced by the weather at the time of the release.
However, the figures also show that for a specific
release (e.g., SSTl), CCDFs calculated using different
meteorological records are quite similar. For example,
the 90th percentile values of the 29 early fatality
CCDFs calculated assuming an SSTl release range only
from 6 to 9 miles.

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

j 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 (SSTl 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 fatalsor. injury-causing doses of radiation#

could be received: assuming no emergency response.
However, given a.. severe reactor accident, some-type
of emergency response would be expected _and therefore,'

acute doses-close to the reactor could be reduced. As
- shown in Section 2.5, emergency protective actions can

i have a substantial impact on reactor accident conse--
! quences. iFigure 2.6-4 compares SSTl fatality distance

CCDFs calculated using New York City meteorology and
four different emergency response scenarios: no emergen-
cy response, sheltering, and two evacuation scenarios

| (1 hr delay, 10 hph, within 25 mi; 5 hr delay, 10 mph,
! within 25 mi). In general, these CCDFs show that early

fatality distances are quite sensitive to emergencyi

response. . Thus, effective implementation of emergency +

protective actions in areas near the reactor could re-'

sult in substantial reductions in distances to which
fatal or injury-causing doses.of radiation could be'

, received. For example, with no' emergency response the
! 90th precentile value of the' fatality radius for an

'
j SSTl release is R 8 miles, while with sheltering the
~

90th percentile distance is 4 miles and with expeditious
evacuation (1 hr delay, 10 mph) the distance is further
decreased to about 2 miles. CCDFs of fatality distance
that were calculated using other meteorological records
show the same sensitivity to emergency response.

Other distances that might be of interest for the
development of siting criteria are those within which
the EPA Protective Action Guides (PAGs) [32] for whole
body and thyroid dose might be exceeded. A PAG is de-

,

; fined as the projected dosea to an individual in the |
general public which warrants the initation of emergency ;4

,

a. The " projected dose" is defined by the EPA as the
,

dose that would be received within a few days follow- !

ing the release if no protective actions are taken.
PAGs range from 1 to 5 ren 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. -

i
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protective actions and, as such, is a trigger value
to aid in decisions to implement thete 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 SSTl accident i

while they would probably not be exceeded beyond about !

30 miles for an SST2 release. In addition, doses would
nearly always exceed PAGs to distances of approximately
30 miles for the SSTl 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 (SST1, SST2,
and SST3) and for three conditional probability Jevels:
mean, 99th percentile, and peak (maximum calculated).
The distances presented in the table sunmarize 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
l 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 latentI

cancer fatalities versus distance for the SST1, SST2,
i and SST3 releases. These curves were calculated assum-
'

ing an 1120 MWe PWR, New York City meteorology, and a
one mile per hour evacuation to ten miles after a five
hour delay. In general, the results show that signifi-
cant fractions of latent health effects could occur at
large distances from the reactor. For the uniform

!

1
!
'
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Table 2.6-1.- Summary of Consequence Distancesa (, ige,)

bScurce Consequence Conditional Probability Level
Term

Mean 991 Calc Max l

SST1 Early Fatalities <5 6 15 < 25

Early Injuries ~ 10 ~ 30 2 50

Land Interdiction ~ 20 > 50 > 50

cPACS 2 50 > 50 > 50
;

SST2 Early Fatalities ~ 0. 5 <2 G2

Early Injuries <2 <5 ~5

Land Interdiction <2 ~7 ~ 10*

cPAGs $ 20 ~ 20 < 50

cSST3 PAGs 50.5 <2 <3

a. These distances are for a 1120 MKe PER which is
comparable in size to many of the most revently
sited nuclear reactors,

b. Mean distances are the average of the probability
distributions of distance; 99% distances refer to
those beyond which a consequence or dose is cal-

; culated to occur in 1 in 100 accidents; and the
I , calculated maxima represent the largest distances

calculated.
1
'

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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slow evacuation (5 hr delay, 1 mph, 10 mi response distance).
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population distribution, the calculated cancer fatal- t

ities are shown tc be somewhat uniformly distributed
3

with distance. This unifcre distribution results i

because the decrease in cancer risk with distance is )
approximately offset by the increase in the exposed j

population. The results shown for the Indian Point
site illustrate the impact of a highly non-uniform
population distribution. The high population densities
within approximately 50 miles of the Indien Point site
(relative to lower densities further away) cause a
significantly larger fraction of the' predicted cancer
fatalities to occur within 50 miles of the reactor.
Thus, the high ncn-uniformity of the exposed population
distribution also causes the distribution of cancer
fatalities to be non-uniform with distance.

Section 2.3.2 discussed recent reviews of accident
phencmenology which indicate that the ragnitudes of cur-
rent source terms for severe reactor accidents may be
significantly too large. To investigate the impact
of source term reductions on distances to which conse-
quences might occur, a series of calculaticns was per-
formed for the SST1 release reduced by arbitrary factors
of 2, 10, 20, and 100. Important assumptions for the
calculations included New York City meteorology, an 1120
Mhe PKF, and nc emergency response. Table 2.6-2 summar-
izes the results and in general shows that reductions
in severe accident source terns substantially reduce
consequence distances. An order of magnitude reduction
in the SSTl release reduced the peak fatal distance from
about 20 miles to 5 miles while a two-order of ragnitude
reduction reduced the peak distance to 1 mile. Similar
reductions are shown for early injury and land inter-
diction distances.

This secticn has examined the impact of meteor-
ological conditions, accident severity, and emergency
response on consequence distances. Four factors, that
also could influence consecuence distances, are dis-
cussed in other sections of this report. They are
reacter size (i.e., size of radionuclide inventory,
see Section 2.7.1), plume heat content (determines
plume rise, see Section 2.7.2), dry deposition velocity
(see section 2.7.3) and interdiction criterie (see

| Section 2.7.5).
i

|

|
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Table 2.6-2. Sensitivity of Fatal, Injury, and Interdiction Distances to Release.

aMagnitude

I

Source Fatal Distance (mi) Injury Distance (mi) Interdiction Distance (mi)

b b b b D' DMean 99% Peak Mean 99% Peak Mean 99% Peak

SST1 3.9 12 18 11 35 50 19 55 85

1/2 SST1c 2.5 10 18 7.0 20 25 14 45 50
Y
cn
"' 1/10 SSTlc 0.9 2.2 5.0 2.8 10 18 5.5 18 25

1/20 SST1c 0.5 2.0 2.0 1.9 7.0 10 3.6 12 18

1/100 SSTlc 0 1.0 1.0 0.9 4.0 5.0 1.1 10 10

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.
1

i

I
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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 SST1 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.

j The rates of increase are largest for early fatalities
and smallest for interdiction distance. Table 2.7.1-1r

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 SSTl Releasea

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

I
.

Mean 99th Mean 99th Mean 99th Mean 99th Mean 99th

Y 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 45 37.2 120

750 455 5,300 1880 16,000 6710 20,000 16.0 49 53.7 190

1120 831 8,200 3640 33,000 8110 24,000 19.3 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,
SSTl release, New York City meteorology, Indian Point population and . wind rose,
Summary Evacuation.
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Table 2.7.1-2 Dependence of Mean Early Fatalities
Upon Reactor Size and Evacuation
Scenario, Conditional on an SSTl

aRelease

Evacuation Scenario

Reactor Best Summary No
bSize (MWe) Evacuation Evacuation Evacuation

11.2c 0 0.3 1

56c 0 2 34

112c 0 9 147

250 0.01 34 551

500 6 172 1490

560c 17 224 1700

750 102 455 2380

1120 176 831 3580

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. I 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 Evac u a-
tion that size is ~ 500 MWe; for Summary EvaCJation,
~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 sensible heat. For example, the !
release categories described in WASH-1400 [1] had
energy release rates of up to several hundred million
BTUs per hour.a The rate of energy release determines
the final plume height and, therefore, the downwind

| distance at which the plume first contacts the ground
[ (touchdown). Since under the same weather conditions
I a buoyant plume would be more dilute at touchdown than

a nonbuoyant plume, a significant reduction in the
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 radioactive
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
i 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 [34]. These
dif ferences 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

6a. In WASH-1400, an energy release rate of 170 x 10
BTU /hr was assumed for a PWR-2 accident.
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by performing calculations for an SST1 release with
three arbitrary energy release rates:' 17, 170, and
430 million BTU / hour. New York City neteorolcgy_and
a uniform population density of 50 recple per square
mile beyond 1 mile were assured. Table 2.7.2-1 com-
pares selected results for these energy release rates
with a cold (no sencible heat) SSTl release (the base

i case, see Section 2.2.4).
|

Table 2.7.2-1. Sensitivity of Estinated Consequences
ato Energy Pelease Rate

Eelease SSTl SST1 SSTl SST1

Energy Release
6 6Rate (ETU/hr) 0 17x106 170x10 430x10

Mean Early Fatalities

Surmary 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 (mi) 50 50 50 60

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

a. Assumptions: New York City meteorclogy, unifctm
population of 50 people per square mile beyond 1 mile.
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6The results for the low-energy release (17 x 10
BTU /hr) differ only slightly from those for the cold
release, because this release rate is not large enough
to cause ' substantial dif ferences in the plume touchdown
point. The two high-energy release 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 very large distances, the amount of initial
plume-rise does not significantly affect the trainsport
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 conse-
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. Iloweve r , for low probability events
(i.e., precipitation), the hot releases could result in
fatalities out to 25 miles. The non-monotonicity in the

6riskataboug8milesforthetwohotreleases(170x10
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 SST1 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. Ilowever,
consequences which can occur to great distances, such3

, 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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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 dry-
deposition models incorporate a " dry-deposition
velocity" which is defined as the ratio of the tite-
integrated air concentration of a material to the
concentration of the material on the ground. A large
number of parameters can affect the value of the
deposition velocity. About 80 have been listed by
Schmel [39]. 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,
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 different
elements may be associated with particles of different
sizes. Gravitational nettling 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 SSTl 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 distribut!'ns 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 frca 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 veraus 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.

i -

Land Interdiction
j Early Fatality Distance Early Injury Distance Distance

Dry-
Deposition Maximum Maximum Maximum
Velocity Calcu- Calcu- Calcu-
(cm/sec) Mean 90% 99% lated Mean 90% 99% lated Mean 90% 99% lated

Y
g 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 20 40 50 16- 40 65 85
e

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 23 25 20 25 40 45

10 1.4 3 3' 3 3.5 6 15 18 13 22 23 25

Assumptions: 1120 MWe reactor, SST1 release, New York City meteorology, Summary<

Evacuation within 10 miles.

_ _
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distance (see Section 2.6). The mean distances for
each consequence are only marginally sensitive to
derosition 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 l

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, wo::st-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. Radial and 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 thatj

I distribution. Beyond 20 miles all of the distribu-
tions were identical. Each had uniform populations
of 750 people per square mile from 20 to 30 miles,
2500 from 30 to 50 miles, 500 from 50 to 100 miles,
and 300 from 100 to 500 miles. None of the distribu-
tions had any people within 0.5 miles of the reactor
(0.5 mile Exclusion Zone). All nine distributions
met the following criterion: within 5, 10, 15, 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 within 20 miles of
the reactor, but each had a different distribution
of those people, as is sche.matically depicted in
Figure 2.7.4-1. ,

Figure 2.7.4-1 indicates that the reference
distribution-(Distribution 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 mile from
2 to 20 miles.- Distribution 2 was constructed from
the reference distribution by moving the population
within 20 miles forward into 5 high density rings.
Distribution 3 moved the population wit.hin 20 miles
entirely into a single.22.5' sector. Distributions
4 through 8 moved all of the population within 2, 5,

10, 15, or 20 miles, respectively, into a single'
,

22.5* sector toward the back of the vacated region.
Distribution 9 was constructed by scaling the actual
population distribution aro'und a,New England reactor _

site, so that the resulting distribution had 530 people 1

per square mile from 0.5 to 2 miles and 750 people'per
square mile in each of four distance intervals: 2-5,
5-10, 10-15, and 15-20 miles.

. .

! The transformations used to generate Distribu '
'|

-
.

tions 4 through 8 in effect created population centers'

by vacating'15.of the 16 sectors of the reference l
distribution out to 2, 5, 10, 15, or 20 miles, respec- I

tively. The population centers tnereby created nad
the followit}g-sizes and distances from the reactor: I

s
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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 1 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 ni.
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.

.
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- - - - - -----= ------.--. ---.. . .

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, I

early fatality and early injury CCDFs were calculated )
assuming an SSTl release from an 1120 MWe reactor, '

Summary Evacuation, New York City meteorology, and a j
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 CCDP is shifted
toward higher consequences).

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

The CCDF shifts downward because, with 15 sec-
tors vacant to 20 miles, many plumes do not intersect
any population before plume concentrations fall below
fatality dose thresholds. Therefore, the probability
of having at least 1 early fatality is substantially
decreased. If plumes were always exactly 1 sector wide,
then the probability of having at least 1 early fatal-i

ity would decrease by a factor of exactly 16. Bacause
plume meander frequently causes plumes to be much wider

!
|
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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 CCDFs
calculated using population distributions 4 through 8
to the Reference Distribution CCDP. The presence of
population centers and vacant land in Distributions
4 through 8 produces two effects which are related.
First, because increasingly larger areas of land sur-
rounding the reactor are being vacated, the probability
of observing any early fatalities decreases from 0.8
for the Reference Distribution to 0.001 for Distribu- ;

tion 8. Second, because the population centers are '

increasing in size (from 6000 people in Distribution 4
in Distribution 8), the maximum numberto 1,000,000

(conditional probabilities of $ 10~gfearly fatalities ,

caused by adverse weather) also increases from 2 5 x 104
ently fatalities for the Reference Distribgtion (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 calcula
number of early fatalities increased to 6.5 x 10gedfrom,

the Reference Distribution value of 2.5 x 104'

| 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

2-86

l
!

__ ___ _



10* - - - - - - - - - - ' - - --

| '~ N Disinieurie= 1
N. = - _

- Detteleurlow is %
A 10'': N
g - Distnesurion 5

e :~'*%,
~

- Distaisution f, ''%,':t
" ~

* ~ '' \y 10''.
\ L ._.m .

Distnipunton / V .. ,_ ,:

2 -

-

g 10. 7 : : . - . - . - + - -

Disvaisurion 8 qv
_,,, ,

.

10 , .. .. , , . . , ' , , . . . . , ......,*.......,',,,..m,
10* 10 10' 10 10 10' 10'

X,1 AR'Y f AIAtillis

Figure 2.7.4-4. Comparison of the Early Fatality
CCDFs for Distributions 4 thru 8 (distributions
that contain cities)to that of the Reference
Distribution.a

10* j%,

Distaisufica 1

A 10 'h-~o-e- ,'*'-*sa

Distatsuvion 9 *-g

5
.-e

-

| 10''-
e .

' 10'*:8 :
" :

.

.

10'' . . . . . . , ' . . . . . , ' , . . . , * . . . . . , ' . . . . , ' , . . . . ,
10* 10 10 10 10 10 10*

X, EARLY FAIAllilFS

Figure 2.7.4-5. Comparison of the Early Fatality
CCDF of Distribution 9 (scaled real population
distribution) to that of the Reference Distribution.a
a. Assumptions: 1120 MFe reactor, SST1 release,

New York City meteorology, uniform wind rose,
Summary Evacuation.

2-87



Table 2.7.4-1. Early Fatalities and Early Injuries for
Population Distributions 1 Through 9,
Conditional on an SSTl Release

.- _.. . . - - _ _ _ _ ._.- . . _... _

___ Early Fatalities Early Injuries __

Distri- 99th 99th
bution P( 21) Mean Percentile .P(2tl) Mean Percentile

- _ _ _ _ _ - . - - - - _ _ _ _ _ _ _ - = - = - -_ _ _ _ . - _ . .

31 0.79 400 1200 0.99 2~.2x10 19,000

2 0.79 1000 2700 0.99 3.9x103 30,000

3 0.14 400 5600 0.17 2.2x103 67,000

4 0.32 560 5800 0.82 2.3x103 17,000

5 0.04 250 8500 0.48 2.2x103 26,000

6 0.01 110 90 0.38 1.5x103 27,000

7 0.006 160 0 0.20 1.9x103 59,000

8 0.001 110 0 0.05 1.2x103 34,000

9 0.17 260 2800 0.62 1.8x103 24,000

- - - - - - - . . . - . - - . . . . _ =__ _ ...... -- . --

P(2tl) = 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.

4

Assumptions: 1120 MWe reactor, SSTl 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 exargined by impos ng popu-5lation centers of three sizes (10 , 10 , 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 13 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
112 0 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, 9 0th , 99th, and maximum early fatality values
for each CCDP 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 CCDP. 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 getween 10 and 20 miles
cause peak early fatality values to increase substan-
tially and mean values to increase by up to factors

a. The' maximum distance to which early fatalities
occur for an SSTl 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.

Improbagleeventswithconditionalprobabilitiesb.
5'10 caused by adverse weather, e.g., rainoutof

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 on Early Fatalities, Conditional
on an SSTl Release

. _ _ _ . . _ . . . .

Center Center Early Fatalities
Population ' Distance

~~~~

(mi)
Mean 90 Per- 99 Per- Maximum

centile centile Calculateda
___

D 23 67 150 1,700Background --

___

175.0 23 67 150 1,700

92.5 23 67 150 1,700

52.5 23 67 150 1,700

32.5 23 67 150 1,700

_ _ _ _ _ . -

52.5 23 67 150 1,700

* '

105
16.25 37 67 150 51,000

11.25 44 67 160 49,000

16.25 26 67 150 11,u00

| 11.5 27 67 150 10,000
4

| 10
; 5.5 24 68 160 1,700
1

2.25 120 190 2,300 5,100

Maximum value calculated for any weather sequenge. Ana.
improbable event (conditional probability $ 10- )
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, SST1 release, New York
City meteorology, uniform wind rose, Summary Evacuation.
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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-

i

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 early
fatalities (the CCDP for the population center at 5.5
miles is almost identical to the background CCDF). The
population center at 5.5 miles experiences few early
fatalities because the characteristics 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 for most
weather sequences sampled.

Fourth, population centers very close to a reactor
($5 miles) are more likely to experience early fatal-
ities even with evacuation (the CCDP 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 evacuation 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

I 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, 1 mph), 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 SST1 release
from an 1120 MWe reactor, and'New York City meteorology.

Table 2.7.4-3 presents for each emergency response
scenario the mean number of early fatalities calculated
to occur within each of 20 distance intervals to 17.5a

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 SSTl release at a reactor having
a surrounding population density of 100 persons per
square mile and no exclusion zone. However, if.the
reactor had a 1-mile exclusion zone, 58 fatalities
would be avoided. Alternatively, an effective emer-
gency response vithin 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 effects of exclusion zone size and
emergency response effectiveness 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

i 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
j ineffective evacuation (Poor Evacuation). Alterna-

tively, an 0.5-mile exclusion zone and a very effective
evacuation within 2 miles (achieved possibly by earlyi

warning [41]) and a reasonably effective evacuation
from 2 to 10 miles reduced mean early fatalities
12-fold (320 to 26).

|

Table 2.7.4-5 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

aScenarios, All Evacuations

bDistance Emergency Response
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 2.1 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: SSTl release, 1120 MWe reactor, New
York City meteorology, uniform wind rose, 100 people
per square mile.

b. No emergency response beyond 10 miles; relocation
after 1 day ( .e., 1-day exposure to radioactivity
deposited on the ground).

|

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

aand Exclusion Zone Size

Emergency Exclusion Mean Early Fatalities
Response Zone (mi)

>10 mi $E10 mi Total

D
'

Best Evacuation 0.5 14 2.5 16.5

3.0 14 2.5 16.5'

Summary 2.0 14 9.3 23.3
DEvacuation 1.0 14 29.6 43.6

0.5 14 47.7 61.7

5.0 14 1.4 15.4
Poor 3.0 14 19.0 33.0

bEvacuation 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 $s2 mi 0.5 14 11.8 25.8
Summary > 2 mi

_ _ _

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

b. No emergency response beyond 10 miles; relocation
after 1 day (i.e., 1-day exposure to radioactivity
deposited on the ground).

I

i
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Table 2.7.4-5. Probability of Having at Least
1 Early Fatality or Inj rya by-g
Exclusion Zone Distance

Emergency None Poor Summary Best None Poor Summary BestResponse

Distance Early Fatalities Early Injuries
7 (mi)
e
"

0 1.00 1.00 0.96 0.88 1.00 1.00 1.00 1.00
0.25 1.00 1.00 0.81 0.38 1.00 1.00 l'.00 1.00
0.5 1.00 0.97 0.76 0.26 1.00 1.00 0.92 0.72'
O.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 0.41
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: SSTl release, 1120 MWe reactor, New York City meteorology,
100 people per square mile.

.
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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 q
that a large Exclusion Zone without an emergency i

!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 SST1 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 ( ~1 mi) 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

! 2-96
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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 SSTl source
term, the Indian Point population distribution and wind
rose, and New York City meteorology.

Figures 2.7.5-la through 2.7.5-lc present CCDFs for
latent cancer fatalities and the interdiction distance
and area. Table 2.7.5-1 presen
(conditional probability of 10~gs mean and 90 percentile) values of latent cancer
f atalities 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 (cicadshine dose;
inhalation dose, which includes the chronic dose from

500

a. Latent cancer fatalities ~ population dose ~p D(x)xdx,

x owhere p= population density (approximately constant
over large areas), D(x) = dose at distance x, x =

interdiction distance, and 500 mi = maximum dis 8ance
for latent cancers (variable but large). From the
transport and deposition algorithms used in CRAC2,

~2D(x) a- x So latent cancer fatalities
500

- p in x which is approximately linear in x forg
x

o $s50 mix *
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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)

i

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

.

+- no interdiction meteorology.-

A- 50 rem interdiction dose
X- 25 rem interdiction dose
0- 10 rem interdiction dose
c- 5 rem interdiction dose
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Table 2.7.5-1. Mean and 90th Percentile Values of.Several
Consequences by Interdiction Dose'Levela

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-

Y
.
*

5 4,300 9,100 56 90 580 640 36'
1

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

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

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

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

a. SSTI 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 (x a D -1/2)g g
and Figure 2.7.5-2c shows that interdiction area is
inversely proportional to interdiction dose (A e-D -1),g g
which is not surprising since interdiction area should

distance ( A --x
gional to the square of interdictionbe roughly propor
).g g

Table 2.7.5-1 and Figures 2.7.5-la.through 2.7.5-1c
show that latent cancer fatalities, and interdiction
distance, area, and costs are all quite sensitive to
interdiction dose. If all contaminated land were
interdicted, the mean number of latent cancer fatal-
ities would be reduced by about a factor of 20 from
the number that would occur, if no land were inter-
dicted (at the 90 percentile level the reduction factor
is 15). Similarly, 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 can be 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 dc-
creapes mean latent fatalities by 57,000 and produces

g 4interdiction costs of $1.9 x 10 or -S3 x 10 per life
saved. Further decrease from 50 rem to 25 rem saves

5an additional 4000 lives at a cost of ^ S7 x 10 per
life, while the decrea'e from 25_ rem to 10 rem savess

D3000 lives at a cost of wSS x 10 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.

|

1
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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 SSTl 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.

J
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 SSTl (large
core melt, loss of most safety systems).

i

Because the core melt accident source terms i

SST1-3 used in this study neglect or under!
estimate several depletion mechanisms, which I

may operate efficiently within the primary loop
or the containment, consequence magnitudes
calculated using these source terms may be
significantly overestimated.

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

o Peak early fatalities (maximum value calculated
for any weather sequence) are generally caused
by rainout of the radioactive plume onto a
population center. For an SSTl release, the
peak result is about 10-times less probable,

in a dry locale than in a wet one.'
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o The 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 and
early injuries as follows:

Source Maximum
Term Consequence Mean 99% Calculated

SSTl Early Fatalities <5 415 <25
Early Injuries ~10 ~30 550
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
SSTl 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
rite population distribution. For each of the
91 population distributions examined, early
fatality, early injury, and latent cancer fatal-
ity CCDFs were calculated assuming an SSTl
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.

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
i
' enhances the effectiveness of sheltering.

Expeditious response requires timely notifi-
cation of the public. If the evacuation is
expeditious (timely initiation), evacuation-

| speeds of 10 mph are effective. Evacuation
before containment breach within 2 miles, after
release within 10 miles, and sheltering from;

10 to 25 miles appears to be a particularly'

-effective response strategy.

o Because accident source terms increase with,

reactor size, smaller reactors pose lesser-!

risks to the public than are posed by larger
reactors.

o Buoyant plumes (high heat content) can be
,

lofted over close-in populations, thereby
decreasing the risk of early health effects,

at short distances ( $ 10 mi) but increasing;

that risk at longer distances ( ~ 20 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-buoyaat 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.

i
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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 SST1. However, for smaller accidents
(e.g. 1/10 SST1, SST2) early health 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 of land
interdicted. As interdiction dose is in-
creased, interdiction costs (value of inter-
dicted land and buildings) increase more
rapidly than does the number of latent cancer -

fatalities avoided.

3

4

1
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i 3.' Population Statistics for Current Reactor Sites

3.1 Introduction

This chapter examines a variety of characteris$ics|

of the population distributions about the 91 reactors |-

sites first discussed in Section 2.4 and described in i

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 exclusiod? zone, site !,

population factors, the distribution 'of population
densities within different radial annuli,and distances,,

maximum population' densities within 22'. 5 and 45 sec-
tors, and time-dependent trends in site population -

densities. As a, grotyp these analyses delineate the
,

demographic characteristics of current reactor sites
; and provide a perspective of past siting decisions.

The populat' ion distributions examined in this chapter ;
were derived from 1970 census data. A computer program

3was used (see Apper7d'1x 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 "controid" of th,e CED, when'it may actually
be dispersed over areas which are substantially larger , ,

than the area of the spatiki interval in.which the cen-
troid isilocated. 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
J ($ 40 people per sq mi). Beyond 7 miles, errors are un- i
'

likely to be substantial for population-densities greater i
*than 500 people per square mile. |

!

Throughre this chapter results are frequently pre-4

! sented for enea of the five NRC administrative regions. ,

Figure 3-1 displays the boundaries df these regions and
,

the locations of the 91 reactor sites examined. In
'

Sectio' ' 3.2 scatter piots of site exclusion zone dis-n
tances and, site population factors are presented by

j regioni. *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 '

t
,

I s s

i
'
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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 cities
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 sind
direction may significantly influence risk at some
sites, a wind rose weighted farmulation 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 m
concentric annuli (r = 0, r, = n).o

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

Pi is the population of annulus i assuming a
luniformpopulationdensgtyof10002 2Pe P e

per sq mi, i.e, pi = 10 N (ri - ri_1)
pi is the actual population of annulus i.

pi,3 is the actual population of the ith radial
interval of wind rose sector j.

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

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

j Site population factors (both SPF and WRSPP for n =n 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.

3-5
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Table 3-1

SPF and WRSPF Values for the Five
aNRC Administrative Regions

NE y S_ W g

SPF 0.16 0.22 0.09t0.15 0.03io.04 0. Olio.02 0.01 0.01
5

SPF 0.1710.19 0.10 0.14 0.05 0.03 0.03i0.03 0. Olio.0110
SPF 0.20 0.18 0.12 0.12 0.08 0.06 0.04t0.03 0.03iO.0220
SPF 0.25t0.24 0.14 0.13 0.09t0.06 0.05t0.04 0.04 0.0430

WRSPF 0.1710.29 0.lOiO.18 0.04iO.04 0.0210.02 0.01 0.01
WRSPF 0.18 0.22 0.11 0.16 0.05i0.03 0.04t 0.06 0.02t0.01
WRS 0.2210.20 0.13 0.14 0.08t0.07 0.05t0.04 0.03 0.02
WRSPF 0.2610.26 0.1510.14 0.09t 0.07 0.06t 0.06 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, 91 values of popula-
tion density are available, one for each of the 91
population distributions. By cumulation of the 91
values for a given portion of the grid, a population
density CCDP may be constructed.* Six different sets
of population density CCDFs have been constructed for
the following areas of the population distribution
grid:

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

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

Nopulation density CCDFs dre 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-
fled population density (x-axis value).

3-6
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Se t 3: the most populated 22.5* sector in each
of six annuli (0-2, 2-5, 5-10, 10-20,
20-30, and 30-50 mi) on the 16 sector
grid.

Set 4: the most populated 22.5* sector in each
of six radial distances (0-2, 0-5, 0-10,
0-20, 0-30 mi, and 0-50 mi) on the 16
sect,or grid.

Set 5: the most populated 45' sector (two
adjacent 22.5* sectors) in each of six
annuit (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 22.5* sectors) in each of six
radial distances (0-2, 0-5, 0-10, 0-20,
0-30, and 0-50 mi) on the 16 sector
grid.

Each set of CCDFs contains CCDFs for each of the five
NRC administrative regions (NE, MW, S, W, SW) and for
all regions combined (All). CCDFs were also calcu-
lated for 45' sectors because atmospheric dispersion
can produce plumes with an angular dispersion greater
than 22.5*.

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 22.5* andi

45* 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 22.5* sector for each of the five
| administrative regions and for all regions combined.

| Finally, Figures 3-9 th. rough 3-11 present scatter plots j

!
1
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7able 3-2. Maximum, 90th Iercentile, Median, and Minimum
Population Densities (people /sq mi) for Seven
Radial Annuli by Geographic Region and for All
Regions Combined.

CCDP Value Maximtun 90th Iercentile

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
>

>

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

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

30-50 2500 1200 210 630 290 2500 i 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

Region NE MW S W SW All NE MW S W SW All
_ - - . . _ . . .-. .._ _ - ..- . . . .4_. . ~ _ __

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

90|40 9 10 0 7 010-20 170 90 70 60 30

| 20-30 180 120 100 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. Maxinn, 90th Percentile, Median, and. Minimn
Population Densities (people /sq mi) for Seven. Radial
Distances by Geographic Region and for All Regions

,

0:xnbined.
|

I ~

i
|

CCDP Value , .ximm 90th Percentile

Region NE M4 S W SN All NE M4 S W SW All

Interval (mi)

0-5 -790 540 180 100 30 790 740 270 100 100 30 190
1

! 0-10 650 660 200 170 30 660 470 270 150 170 280 230i
; !
:

| 0-20 710 470 410 160 110 710 630 340 250 160 110 380
.

8

! 0-30 1500 850 380 320 180 1500 1300 460 290 330 180 420!
'

I

I| 0-50 2100 890 210 460 200 2100 880 830 200 460 200 530

i !
- 0-100 760 370 170 350 100 760 750 350 130 360 100 440i

;

0-200 350 210 160 120 50 350 340 200 100 120 50 290
i.

I CCDF Value Median Minirun .

!
'
;

' Region NE Mi S W SW All NE M1 S W SW All,!
. _.. . . . . _ . . . . .- . _ . . .. .. . _.- ._;

Interval (mi)

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

0-10 120 60 70 30 20 70 4 10 6 3 7 3-

0-20 210 90 60 50 30 90 ' 30 10 20 1 8 1
!

, 0-30 230 120 100 50 -30 110 50 20 10 2 7 2:
!

! 0-50 320 120 90 50 90 120j 50 20 20 10 20 10 '

O-100 330 120 80 70 70 90 80 10 40 10 30 10
,

0-200 290 130 80 40 40 90 50 30 20 20 10 10 .
!

'

3-15
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by administrative region of the site specific popula-
tion data for population density seven annull and seven
radial distances, and for four radial distances of the
most populated 22.5* sector.

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

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

3.4 Time Dependent Trends

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 the 91
reactor sites examined in this study. Only four sites
were selected prior to 1960, two each in the Northeast
and the Midwest. Not until 1973 was a reactor site
selected in the Southwest.

Because the years during which sites were selected
are dis *.ributed 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

,

3-17
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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 for-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]

of 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 time
trends within each region, one for regional differences
corrected for regional time trends, and a residual term

,

'

for variability not attributable to either regional
dif ferences 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).

i

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
i

Regional time trend 18.4 4 4.6 ,

Regional differences 7.1 4 1.8
;

corrected for regional4

time trends
4

| 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 -0.08), 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,
The Site Population Factor: A Technique For
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 of 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 alternatives on land availability.
The study included consideration of the impacts on
site availability of environmental factors (seismicity,
topographic character, surface and groundwater availa-
bility, and restrictions due to regulations (wetlands,
National parks, etc.)) as well as_ population.

4.2 M ethodology

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
(GD4S), 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.

4-1
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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 Distribution -- a measure
of the uniformity of population distribution
within a specified (circular) area.

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

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

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 expressed in fractions of gra-
vity (g);

3. Site Preparation -- A relative measure of the
i

ruggedness or topographic character expressed
as an index which indicates the percentage
of land with access and construction diffi-
culty; and

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

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

It is necessary to keep in mind that the goal of
this study was to provide information regarding land
availability and not to select sites on which to con-
struct nuclear power plants. The defined issues were

| 4-2
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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 location4

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
sourcen and flow of information on the demographic and
environmental issues as well as how these issues are
combined to provide assessments of land availability

,

for various siting criteria.
,

i 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

I
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 ef fect 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.

4-3
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4.2.4.t Geographic Intdemntion Management Sy# tom , ,O

-

%
-

' s i

'fho Dames and Mooro Goographic Information\Annago- '

munt ,\lyntom (GIMG) was employed for ~ thin, mtudy. GIM S
in a comkutorized syntom that providen piktinern with
pulatin{cWnsivo approach to recording, ntor.ing, mani-
n comp

g and dinplaying the mappable 'informadion used
in studian of this nature. The syarcm providos a datn

3ban'u'4which can be rondily updat*id, nuO n) lown ovalun-
,

| tion of many alternativo critorin that would othorwino t

be explored by timo-consumint) manualiprocoduron.
; \, s s

,

4.2.5f Mappityyt# proach e g. ,

i ys

TheiranpiiteJf approach in a function of four re- x

Inted factors: (1) charactorintion of tho"ntudy nronf
(2) naturo of the input datar ( 3). nanlynin mothodology;
and (4) destrud output or dinplay productg. Al1 of
thono factora nro important in datormining tho bano
map nnd grid col 1 nizo and nhnpo. Unndson thoso con-

the Alborn Ih uni Aron pr6jectio,n wans idor n t ionn , l i

uhonon at a nenlo of 1:3,1611,000 (l'inen = 50 milon)
for digitizing input datn and dinp'.nying output rosditn.
In addition, it won docidod that doth would lio analyzod

using n grid nyntom conninting of gqunro colin 5 kN.on
n nido (onch coil reprononta 25 )cn or 9.65 nyunro ~
milon). An artificial equal-aroni,} rid wnn pincod on'3 '

tho bnuo map by convorting lbngitudo atu1 latitudo y,
coordinnton.into X nnd Y coordinnton given in motorn ,

on the ground from nn origin in tho nouthwont_cor@r
,

'of the mnp. Uning grid colin of thin nizo und nhnpo
and the Alborn projection onnuron that any mapn pro-
duced from tho annlynin ;hnvo novoral imporVnnt chnenc-
torintion:

~~

%,'

1. Format in connintont wit.h mnp projuction nnd
luvol of dotnit of input data; ,

2.i
_

N-

- A rollnblo nampling of population datn
(unpocially for tho nmallor nron nnnul1) in

'mnintainods-

3. Comptntor timo and cont aro n t. nn officient
lovolt

4. Mnpn nro of manngonblo nizo whilo rotnining
important visiblo regional pnttornnt

,
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J

5. Directional bias of analysis is minimal; and

6. Line printer graphics show area relationships ,

truly, and thus, do not' distort the implied I

impacts of criteria. |
,

4.3 Data Base

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

.

.l. Demographic Data
!

o Location and population of urban centers
."2

o 1980 population estimated for enumeration*

districts
.

2. State and national boundaries,

3. Restricted lands

o Legally protected

o Major wetlands

4. Seismic hardening
,

o Seismic acceleration

; 5. Site preparation

o Topographic character

6. Water 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.

; 4-6
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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 1,000,000 people.

Populations for these urban centers were identi-
fled 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 f rom 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
j 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 I

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 ateas 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 Feorganization 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-
sonabic 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

4-8
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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 kand McNally Atlas, as this was the most
detailed, up-to-date and uniform source of information.

,

!
I

| 4.3.3.2 Wetlands

I! Desides 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 [ 3] .

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 1:2,000,000
scale sectional sheets of the National Atlas [2] 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 map file called
restricted lands (Figure F1 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
L considered in the seismic evaluation of a nuclear power
! plant site:

1. Fault Rupture llazard -- primarily a siting
problem;

'

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

3. Strong Ground Motion (vibratory) -- both a
uiting and design issue.
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Siting requirements are specified by the NRC'[4]
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
ef fort 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 [83 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 icvel 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-
fled 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,

4-12



-

t-

.

I
! 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

L 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 [9], seismic hardening costs were-
calculated and shown on a graph relating the Sa fe .
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 0.29 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
planto 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 0.69, it was felt

i

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".

1
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The contn durived from Plyuro 4-2-(1977 dollarn)
woro next convorted to 1900 dollarn yielding a low of
$31.5 million and a high of $73.9 million. . To enlculate -
the cont of poinmic hardoning that won connidored an
"ndditional", the donlyn-banin value of $31.5 million
won nuhtractud from all the contn. ' Thin renultod in a
rango of contn of 0.0 to $42.4 million. Tho graphic
dinpiny of noinmic hardening cont in-nhown in Piqure P3,
Appondix P.

4.3.5 Hito Proparation

An incronno in olope or ruggednenn of terrain
trannlaton directly into incronned cont for conntruc-
tion. Tuin includon the difficulty that may be encoun-
tored in excavation for foundationn, conntruction of
acconn roadn whore low gradon nro required (due to
the trnnuport of largo componentn nuch nn the turbino
or prennuro vonnol), and finally, monnuron that munt
be taken to mitigato environmental dinturbancon nuch
nn control of run-off and oronlon from cut ulopon.

To ovalunto tho impact, of topographic charnetor
on nita preparntion cont over a largo regionn! nron,
a gonorn) index that indicaton both the ntoopnenn or
ulopon and tho aron 1 oxtent of nuch nlopon won nought.
Uuch data wan found in n pnpor by if. II. linmmond (10)
and hin mnp which won ndnpted and found in the National
Atlan (2). 1(ogionn on tho mnp are charactorized by the
porcentage of their nron which in clanniflod with n
topographical gradient of lonn than 0 porcont n l opri
(gently nloping). The H porcont, nlopo in not a critical
thronhold value for land utiliznt. ion, it doon, howevor,
indicato n value hoyond whleh movoment or vohiclon
becomon impodod, nnd in yonoral, conntruction and oper-
nLlon hocomen more diflleuIL.

The umnllont region dollmited and givon a clonni-
rication han an nron or about 000 nquaro milon. Smallor
aronn oro omittod or abnorhed into the ndjacent region
that. they mont renomblo. With thin lovol of runolutlon,
it in ponnible that uiton nultablo for building n nucloor
power plant oxlut within_the nron charnetorized by
ovon the highont rroportton of rugged torrain. Ilovover,,

at thin regional lovol or nnolynin, thono opocial con-,
ditionn are not practically obnorved. Ilocauno not only
nito ruggodnoon but the ruggodnoun of tho acconn routo
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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. Standards -- most states have issued stan-
dards regarding the maximum permissible
mineral concentration in surface water to
be used for cooling. 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 by tran-
spiration which is also at a maximum during
low flow periods;

3. Ecology -- maximum ecological impact on fresh
water biota can occur on some streams during
low flow periods if the mineral concentration
exceeds cortain 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 operational rule 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 Euell [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 10 years is at least 300 cubic.
feet per second (cfs). (The 7-day, 10-year low flow
or 7010, 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 7010 of at least 300 cfs, or (2) could furnish
a sustained flow of at least 300 cfs if storage were
provided. For their study, 300 cfs was selected as
the needed flow in the stream on the assumption that
many states will not permit more than 10 percent of
the dependable flow to be withdrawn for a consumption
use. Ten percent of 300 cfs equals 30 cfs which is
the amount of water that might be considered necessary
to cool a 1,000 MWe nuclear power plant if cooling
towers, sprays, or ponds are used. The requirement
of 30 cfs for cooling is in agreement with the informa-
tion produced by Giusti and Meyer [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 coots 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 7010 of 300 cfs. Based on this information, a com-
puter model 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 une
of a reservoir. The model determined the least of the
cost alternatives for supplying surface water to a
cell. The cost information was mapped and is shown
in Figure F5, Appendix F. There are eight equal inter-
val levels between zero and $300 million. Costs above
$300 million were grouped together -- amounting to about
10 percent of the study area. This grouping at the
high cost end allows regional differences in the more
reasonable range of costs to be displayed.

| |
|
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14.3.6.2 :Groundwntor' Availability

Groundwater in an important nource of cooling' water
in many parta~of the country. Charactorintico of ground-

-.wntar can vary quito dramatically _within n nmall region.
Despito -thin,- nn- attempt- wan made to 'locato n .nource
of information that would satinfy the broad acala
requiremonta of thin utudy. Uning the USGS Wator-
Supply pnpor 1800 (13), and supplementing thin with
auch maps an the Ilydrologic Inventigationn Atlau [14),
Toctonic Map of North Amorien-[15), and-Shaded Holief
of U.S. [16), major regionn and uubregionn of the-
country woro mapped an nourco data. Although variabil-
ity oxints within any one of the regions or nub-rogionn,
regionn 'do nhow dif ferencon regarding their charactorin-
tien of quality, quantity, depth to water, and required
well field nize.

Unned on thono charactoristico, cont information-
wnn appliod to the mnp data, lloth capital conta and-

30-yone operating and maintenanco contn woro calculated
for onch of the dolimited nronn on the bonin of dollarn
por woll. To obtain tho oquivalent of 30 cfn from
any of the gonornlized aquiforn, it would he nocononry
to nink neveral wollo. %e required numbur'of wollo
wan eniculated by dividing 30 cfn by the expected yloid
por well of the given nquifor. Multiplying thin number
of wolin by the cont.por well renulted In the cont anno-
clated with bringing 30 cfn to the nurfaco from any of
tho'genornllzod nquiforn. It wan obnorved that neverni
of the gonornllzod nyutter aronn require well fieldo
which are too large for practical uno. Por thone nronn,
groundwater wnn connidored to be unnvn11able in a proc-
tical nonno. Por ronnonably nized well field aronn,
the cont of collecting tho water from numeroun wolln
and bringing it to a ninglo point was entimated. Por
onch of the groundwater regiono, the two contn -- that
of bringing the water to.the nurface, and that of
collecting the water from a well field, woro added
together. The cont data were then mapped an in nhown
in Figuro P6, Appondix P.

.4.3.6.3 Combined Wator contn

Uning the cont information for both nurface water
and yroundwater,'a mnp fflo wan croated which indlentod
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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 j

establish a base of available land. This base was con- |
'

structed from the protected area and environmental
consideration data bases. The environmental factors
were combined by dividing utility functions for each
factor, and then summing the utility values within each
cell. The protected areas were then overlaid on 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.
This 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 8 (high suitability)
6.1 to 12.1 7
12.1 to 18.2 6
18.2 to 24.1 5
24.1 to 30.3 4
30.3 to 36.4 3
36.4 to 42.4 2

No reasonable estimate 1 (low suitability)

4.4.1.2 Site Preparation Utility Function

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

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

TABLE 4-2

SITE PREPARATION UTILITY FUNCTION
,

Topographic Character
(percent of area that
is gently sloping *) Utility Valu_e

> 80 percent 8 (high suitability)
50 to 80 percent 5
20 to 50 percent 2

< 20 percent 1 (low suitability)

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

Utility. values have also been assigned to data
representing the cost of obtaining cooling water. Based
on.this cost information (described in Section 4.3.6),
costs in excess of $300 millir 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 FW1CTION'

Combined' Water Cost |4

|
(in millions of 1980 dollars) Utility Value

O 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 Issuo 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 individuni 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 fileo. 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 citing 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 in Tables F1.1 through F1.5, Appendix F.
The numbers in each column indicate the amount of
land in the specified category. The area is shown
in square miles as well as percent of the total state
area.
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4.5- Demographic Analysis

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 1/2'
sectors surrounding a site.

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 of sizes. 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-of f

; distance and the amount of area that is constrained by
| the specified criteria.
I
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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 cet 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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Figure 4-3- Example of Standoff Zone Maps.
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every area constrained in Figure F9.8 is also con-
serained 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 constrain 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 those which result
from stand-off zone criteria.

Another interesting spatial effect of the demo-
graphic criteria can be seen on any of the maps in
which the annulus is defined using an inner radius
greater than zero. In these cases, the annulus
surrounding a prospective site is shaped like a
ring rather than a circle and the effect is that
the shape of some of the constrained areas is also
that of a ring. The occurrence of this type of pat-
tern depends upon the specified density threshold
in conjunction with the limits of the 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 i
miles of significant population and the pattern of .

Iconstrained land is solid.
1

|
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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 amountlof 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 increase accordingly due 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 milen,-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 wan 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 annul'us. In this manner, data
files were created for the 2-30 mile composite annulus
for the_following densities.

2_50 persons / square mile'

500 persons / square mile |/

750 persons / square mile
1,000 persons / square mile
1,500 persons / square mile

Example maps for the northeast are shown in Figures
F10.1 thru F10.4, Appendix F.

Besides creating a composite map file for a
particular annulus (such as 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 annuli -- each with its own given popu-
lation density threshold. For example, as discussed
above, 6 individual data files were added together to
create the 2-30 mile composite annulus. Now, a dif-
forent annulus with a different population density
' threshold was added to the 2-30 mile composite annulus.
Two maps wereLcreated in this manner and are shown
in Figures Fil 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 annugi represent popu-
lation density figures (persons / mile ).
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TABLE 4-5

CCMPLEX CCMPOSITE , POPULATION DENSITIES

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

(1) 100 250-

(2) 100 500
( 3) 250 500,

(4) 250 750 ;

(5) 500 750 '

(s) 500 1500

4.5.4 Sector Population Density,

|

To this point in the chapter, any potential demo-
graphic criteria addressing population density were |

j 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 i

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 net 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 allowingi
'

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 aquare mile can be located
in any 45 degree sector at distances within 3 miles
of a site.

i-
!
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The impact 'of sector criteria. 'was investigated 0-
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 2

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 sector and the maximum of the
16 counts was recorded. This procedure of determining
the maximum count was 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 aumber of people allowed within the circle *

to be located in any sector. Tae total number of peo-
pie 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 .ind 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:

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

(12.57 x 250) + (Area of 2-20) x 750=

( 314 2 + 9 33075 )=

= 9 36,217 people

Using only one density (250 persons per square mile)
for 0-2 miles and four densities for the 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 dio-
tributions. Thus, if a criterion was stated that no
more than 1/4 of the people allowed by a uniform den-
sity of 750 persons per square mile within 20 miles
would be allowed in a sector, the threshold would be
9 36,217 x 1/4 = 2 34,054 people.

Being consistent with previously computed impacts,
the impacts for sector criteria for any particular
density or fraction were composited to 30 miles . That
is, sites exceeding a threshold at 2 miles were re-
corded and saved into a map file. Sites exceeding a
threshold at 5 miles were also recorded and stored
into 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 found that any criteria at smaller radii tended
to eliminate sites in rural areas as well as in cities
but only out to their edge. Criteria applied at larger
radii tended to eliminate cities and large areas around
their edges (similar to a "standof f" critoria) but
allow local population concentrations in rural areas.
By compositing critoria for all five radii, both urban
and rural population concentrations were evaluated for
their impact on availability of potential nucicar
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 P. Each table shows the impact
of alternative fractional criteria along with the uni-
form density criteria on land availability. All of

i the fractional and uniform density criteria have been

| composited to 30 miles by adding the individua1' impacts
of a criterion at 2, 5, 10, 20, and 30 miles.'

Each table considers a unique combination of
allowable annulus population densfty 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. Tables P2.1 through F2.12
are formatted such that the numbers in the columns re-
present the amount of land that is uniquely constrained
by the specified criteria.

The columns are arranged so that total magnitude
of constrained land decreases from left to right. As
an example, Table P2.1 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 and 2-30 mile annulus. The
leftmost column "Available Land," shows the amount 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 o f the
state area. This is the area that would be constrained
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by' applying a uniform (annular) density criterion-and I
it is additional to the area _alrcady 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, "l/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 equare 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 1/3 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 critorion is applied. For example, Table
F2.13 indicates that 68.2 percent of the land in
Alabmna 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 F2.1. 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
i 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

Fcr 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-
forent levels of composite environmental suitability.
As discussed earlier, these statistics are shown in
Tables Fl.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)

1 100 250
2 250 500
3 250 750
4 500 750
5 500 1500

Five tables were produced -- one for each popula-
tion case -- which compared the environmental suitabil-
ity levels to an 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 if a given set of population
criteria (a population case) is applied. These statis-
tics are shown in Tables F 3.1 to F 3. 5.

To illustrate the effect of applying 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 F 3.10. The
columns representing population cases have been arranged
such that in moving from left to right, the stringency
decreases. The lef tmost 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

The analyttent methods unod in this sturly woro
donigned to exploro the impact of various demographic
siting criterin on the nyniinbility of land considered
suitable for the niting of nucione power plants. thps
were created so that impacts could be onstly vinuni-
ized and tabular statistics woro prepared to allow a
more rigoroun analysis.

Tho dotormination of Innd considered suitablo for
siting was accomplished through a multi-objectivo envi-
ronmental nuitability analynin. The nnnlysis was per-
formed using factorn genorn11y reinted to engineering
costs as wall an conservation of specific resourcon.
Hocnuno this investigation concerned tho entiro 48
contiguoun Ifnited Staten and wnn not n sito nolection
project, environmental factors woro analyzod at a rein-
Lively gonorni lovel of detnit and woro onch connidorud
to be of equal importanco. The most suitablo nrons woro
charactorized by nn adequato water nupply, low noinmi-
city and gentle topography as well nn an nbnence of
protected ronourcon. Although the map of environmontal
suitability (Figuro FO) nhown the onntorn one-hnif of
the country to ho moro nuitablo than the wontorn, it
in felt thnt thoro are numeroun suitable niton nynilablo
in the wontorn portion.

Throo typon of population critorin woro inventi-
gnted: ntand-off zonen, annuinr donnity and noctor
donnity. The of fectn of ntand-of f zone critoria nro
straightforward. Thoro tu n direct relationnhip betwoon
the ntand-off distanco and tho amount of Innd aron con-
ntrainod.

The annlynin of annuine donnity thronholdn nhowed
that the uno of amn11or radii to define the annulun
resulted in conntraints on niton nonr both inrgo and
omn11 urban populationn nn well an niten nonr nomo
locally donno rural nronn. Lnrger rodii tended to
constrain a grontor amount of nron nont suburban
population but only around major cition; umall urban
and rural aronn woro not conntrnined.

Hocauno ronults of ronctor accident connoquenco
cniculations indiented (Section 2.7.4, Chnptor 2) that
cortnin rink charnetorintien doponded strongly on the
maximum number of pornonn within any given direction
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sector, sector population criteria were designed. |
Their impacts were investigated to determine the amount i
of land area that would be constrained additional to 1

that affected by annular density criteria. It was |

found t1at sector criteria affected the same areas and
those adjacsnt to the areas 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 remotenesc).
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:

5-1
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Sparseness Measure

Category _ Definition
, , ,

Most Sparse 1. Less.than 50,000 persons and no

j community with more than 25,000
persons within 20 miles.

l-

f 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 |

wTth at least one community
with more than 25,000 persons
within 20 miles.

Least Sparse 4. 150,000 or more persons within
20 miles.

Proximity was defined in terms of total population
and the presence of cities with population 2100,000
within 50 miles of the site. Four proximity categories
were defined as follows:

Proximity Measure

Category Definition

Not in Close Proximity .l. 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.

Y
| In Close Proximity 4. 1,500,000 or more persons
i within 50 miles.

5-2
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The distance of 20 miles and a community size of
25,000 (sparseness measure) were chosen because the NBC
Siting Folicy 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 cites in the U.S., where
reactors are currently operating or under construction.

Tabic 5-1. Site Remoteness Matrix

Proximity

- Category 1 2 3 4 Total
,

1 11 1 3 0 15

2 3 1 4 2 10
Sparseness

,

3 4 7 10 4 25

4 0 0 11 23 34

Total 18 9 28 29 84

Within this matrix remoteness decrease 9 as one movec from
cell (1,1) 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 Bemote Sites (1,1) 11
2. j (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

84

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. LWPs 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 ( 2 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 measu e of the-

ragnitude of these impacts can be obtained by calcu-
lating average growth rates for population and economic
activity in the areas surrounding nuclear powur 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,
retail trade, 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

'

Category 1 2 3 4 Total

'

1 4 _ _ _ 4

2 1 1- - -

Sparseness

3 2 2 1 5-

i
- - 5 6 8 114

Total | 7 0 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 Covernment, Revenue and Expenditures
for Remote and Non-Remote Groups'

Remote Non-Remote .q

Baseline Construction Percentage Baseline Construction Percentagw ,

Variable Period Period 'Increaset Period Period Increaset |

Property Tax Per capits 71 88 24 112; 139 ~24

Total Government Expenditures 7,658 12,567 64 78,582 115,478 47

Education Expenditures 3,852 6,566 70 30,274 57,159' 89

on Highway Expenditures 684 909 33 5,677 6,383 12

s
* Health Expenditures 792 1,687 113 3,626 5,657 56

Public Welfare Expenditures 174 200 15 5,275 9,787. 85 ,

i

!

* Property tax per capita in dollars, expenditures in thousands of dollars.
t[(Construction Period Value/ Baseline Period-Value)-13100.

.
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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 total government, 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

kt~e (1)Xt=Xto

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.

Et ci (2)f nX &>n Xt, g t, t
6=

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
sites. 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.

Averace Yearly Growth Pates (%)a Impact
Construction Impacts Differences

Preconstruction Construction (%)b {g)c

Remote Non-Remote Remote Non-Remote Remote Non-Remote

Population 1.7+0.2 1.4+0.2 6.1+0.8 1.6+0.6 4.3+1.0d 0.2+1.4 4.1+2.4d

Total Employment 5.7+0.4 3.9+0.2 12.0+1.5 4.4+0.9 7.1+1.9d 0.5+1.1 6.5+3.0d

S Total Payroll 8.4+0.3 5.7+0.3 18.9+2.4 7.3+1.5 10.5+2.7d 1.6+1.8 8.9+4.5d

Retail Employsnent 5.5+0.3 3.8+0.3 9.8+1.0 4.3+0.6 3.4+1.3d 0.5+0.9 2.8+2.2d

Retail Payroli 8.1+0.2 5.0+0.3 9.9+1.0 4.5+0.6 1.7+1.2 -0.5+0.9 2.2+2.18

Construction Employment 8.3+0.8 3.9+0.5 33.3+3.5 11.8+2.2 24.9+4.3d 7.9+2.7d 17,1e7,od

construction Payroll 10.8+1.0 7.2+0.6 45.9+5.0 17.2+3.1 35.1+6.04 10.0+3.7d 25.1+9.7d

a. All values are significant at the 0.01 level by f?-test
b. (Construction Orowth 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



Dy subtracting baseline period growth rates from
construction perf r4 growth' rates, estimates of the
growth rates due unly 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 for 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 Tabic 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 significant at the 0.01 level.

5.4 Transmission Line Costs

Transmission line costs are comprised of installation
and operating costs. Installation costs depend on (1) the
length of the right-of-way along which the lines will be
strung in order to connect the power plant to the existing
national power grid; (2) right-of-way acquisition costs;
(3) the number and size (conductor rating) of the lines
installed; and (4) installation labor costs (right-of-way
preparation, construction of line towers and substations,
stringing of lines). Operating costs consist principally
of the cost of line losses during transmission and main-
tenance costs.

Transmission losses are Icos for shorter line lengths
and larger conductors. Larger conductors cost more than
smaller conductors, require a wider right-of-way (125 tt
wide for 230 kV cable; 200 ft for 500 kV [81), 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 prefer to minimize future transmission
losses by installation of larger conductors.

Unit costs for labor (hourly wages) in suburban areas
werc 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
costa 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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.entailfhigher' transmission line.'nst'allation and oper-it:

. .

. Lating costs.- This is'not always.the case, however.

Maps of theLexisting national, transmission' grid
show'that, except-for'the more_ remote regions of.the

p~ _ Rocky, Mountains,1 grid transmission lin'Es - 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 to7

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 _ grid. Because this
gridLruns through both remote and no'n-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,
j length, and. acreage of the transmission lines which

connect 29 power plant sites (those 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], shcws that1

for existing sites right-of-way lengths do not correlate,

t with remoteness. Some remote sites are closer. to. the
; national grid than are some less remote sites. Thus,
i it is distance from the national transmission grid and

not distance from major population centers (remoteness)4

; that principally determines the costs of transmission
line installation and operation.,

:

! 5.5 Discussion

|: Major construction projects have large workforce
j requirements. In rural settings, when workforce re-
t 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 c

[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 [19-21).

L
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Table 5-6. . Power Transmission Line' Data for 29 Operating
Nuclear Sites

Remoteness Total Miles of Estimated ~ Acres Average Kilovolts
Index Right-of-Way 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
3-2 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 60 756 134
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 (16-18,25].

The willingness of rural communities to accept
change depends upon community perception of the benefits
(and risks) that will acccmpany 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
f acility promises increased tax revenues, new jobs, more
reta il trade, and therefore improved government services,
an end to out-migration of children and friends [14,15],
and a higher standard of living [21], many rural commun-
ities welcome these projects (at least initially).

5-12
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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 elderly, and minorities suffer), if the project
is perceived to benefit principally distant cites
(e.g., electric generating stations [19,25]), if
project decisions affecting the community are made
without community involvement, and if there are con-
cerne about the safety of the facility (e.g., nuclear
power plants [21]).

The degree to which the socioeconomic impacts,
characteristic of rural industrialization and boom-
towns, have occurred as the result of nuclear power
plant siting was examined by gathering data about peak
construction employment, number of 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 it: 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 im tuding 15 nucicar
power plants and for 28 remote cor.struction 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
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Table 5-7. Footnotes

l* @eveercial Nuclear Power Stations in the United States--Operable, Under Cbnetruction or Ordered-August 1, 1980
Wa11 chart, published by Nuclear News, IA Grange Park, Illinois.

2The remeteness indes as defined by sparseness and proximity measures (see test).

3 ennessee Valley Authority, Final Environmental Statement, Yellow Creek Nuclear Plant Unita 1 and 2, Vol. 1T
Vol. 2., January 1978.

4 Mississippi Power t Light Company, Final Enitronmental Statement Related to Construction of Crand Culf Nuclear
Stations Units 1 and 2, Sec. 8.2, August 1973.

5 ouston Lighting & Power Company, * Benefits and Cbets* Chapter R and "Susunary Benefit-Cost Analysis" Otapter 11H
of South Texas Project-Environmental Report, Vol. 1, amended June 1975.

6Altameda Area Planning and Development O)uumi s s ion, impact of the Georgia Power (bmpany Nuclear Plant on Q3ssuuni t y
Pacilities in the Toomb--Appling PiCounty Area, Georgia institute of Technology, Winter 1969.

7 Shields, M. A., et al ., Socioeconomie Impacts of Nuclear Power Plants: A Paired Comparison o* Operating Facil-
ities, NLRE0/CR-0916, Oak Ridge, TNs Oak Ridge National IAboratory, July 1979.

8 Central Savannah Area Planning and Development Cossnission, impact of the Georgia Power Cbmpany Vontle Nuclear
Pmser Plant on the Central Savannah River Area, Appendix A, Georgia Institute of Technology, Spring 1972.

9 111tnois Power Company, " Economic and Social Ef fects of Plant Construction and Operation," Chapter 8 of
Fnvironnent Deport --Con s t ruct ion Permit Stage for the Clinton Power Station, September 1974.

10Pijawka, D., Arkansas Nuetear one, Preliminary Site Report, Washingtons U.S. Nuclear Regulatory Cossaission,
W February 1979.
I

H IIPijawka, D., St. tuete, Units 1 and 2, Preliminary Site Visit Report, Washington: U.S. Nuclear Regulatory
W Consai s s ion, February 1979.

12Pijawka, D., Crystal River, t'n i t 3, Preliminary Site Visit Report, Washington U.S. Nuclear Regulatory
Comrai s s ion, February 1979.

13 ork. M. N., Diablo Canyon, Units 1 and 2, Preliminary Site Visit Report, Washingtons U.S. Nuclear RegulatoryY
Comuni s s ion, February 1979.

14 Alabama Power Cbspany, Final Environmental Statement Related to Operation of Joseph M. Farley Nuclear Plant.
Units I and 2, December 1974.

15Flynn, J., Surrey Nuclear Plant, Units 1 and 2, Preliminary Sit e Visit Report, Washington: U.S. Nuclear
Regulatory Commission. February 1979.

16Flynn J., Socioeconnele Impact s of Nuclear Genes at ing Stat ions, Surry case Study. Washingtons U.S. Nuclear
Regulatory Cossaission, November 1980.

17Pijawka, D., and Yoquinto, G., Socioeconnmic impacts of Nuclear Generating Stations, Diablo Canyon Case Study,
Washingtons U.S. Nuclear Regulatory Commission, December 1980.

IBAlabama Power Company, Estimate, February 1979.

19 Based on percentages f rom a survey at Joseph M. Farley $2. Malhotra, S., Manninen. D., Migration and Residen-
tial location of Workers at Nuetear Power Plant Construction Sites, Vol. II, Profile Analysis of Worker Survey, Final
Feport. BHARC-100/80/030, Seattle, WA Battelle Human Af faire Research Centers, September 1980.

20 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 (t)
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 Study ,7 1 476

__ __

N = 28 Weighted
Average =

58
Non-remote

NRC Labor Migration Study ,76
(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

lJ. A. Chalmers, Bureau of Reclamation Construc-
tion Worker Survey, Bureau of Reclamation, Engineering {

~

and Research Center, October 1977.

2In 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.

_

3Mountain West Pescarch, Inc., construction Worker
Profile, Final Report, prepared for the Old West Regional
Commission, 1975.

,

4A. 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
j Dakota State University, July 1976.

5 . S. Wieland and F. L. Leistritz, Profile of theJ
Coal Creek Project Construction Work Force. Agricultural
Economics Miscellaneous Eeport No. 33, Department of
Agricultural Economics, North Dakota .Ctate University,
February 1978.

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

7The NRC labor migration study included only one
remote site.

8TVA has published numerous reports containing the
results-of construction worker surveys conducted at TVA
sites. For example see Tennessee Valley Authority,
llartsville 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 curveys 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 (19] and few are more than 100 miles from a
major metropolitan area.

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. Impacts 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 Beactor Data

Calculations were performed for 91 sites where
reactors are currently operating, are under construction,
or have been assigned a construction permit. Table A.1-1
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 f actors, see reference
[2].

|

* Latitudes and longitudes were taken from reference [1].

|
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i- Table A.1-1 Cenwral _ Bite and Reactor Data

Actual or'
~

'Incation Power Level: Reactor . Expected Date
-Plant' (County / State) (MWe) g Supplier -of Startup

Allens' Creek Austin. TX- 1200 BWR CE /87
Arkansas.1,2 Pope,.AR '836 PWR .B6W -12/74

. 912 PWR C-E 3/80
Ba!!!y .

Porter, IN.. '645 UWR GE ' 6/87
Beaver. Valley 1,21 Beaver, PA 833 - PWR . W '4/77

'

833 PWR W 5/86
Bellefonte 1,2 Jackson, AL 1213 'PWR B6W 9/83

1213 PWR ' B 6W 6/04
- Big Rock Pt.. Charlevois, MI ,. 63. BWR. CL 12/62.
Black Fox 1,2 Rogers, OR 1150 BWR CE 7/85

1150 BWR- CE . 7/88
Braidwood 1,2 Will, it. 1820 PWR - W 10/85'

- - 1120 PWR ' W 10/86
Browns Ferry 1,2,3 Limestone, AL 1067 BWR CE 8/74

1067 BWR CE 8/75
1067 BWR GE 3/77

Brunswick 1,2 Brunswick, NC 790' BWR GE 3/77.
790 BWR CE 11/75

Byron 1.2 Ogle, IL 1120 PWR W 20/83
1120 PWR W 10/84

Callaway 1,2 .Callaway, MO 1150 PWR W 10/82
1150 PWR W 4/87

Calvert Cliffs 1,2- Calvert, MD 850 PWR C-E , 5/75
850 PWR C-E -5/77

Catawba 1,2 York, SC 1845 PWR W 7/83
1145 PWR W 1/85

Cherokee 1,2,3 Cherokee,-SC 1280 ~PWR C-E 1/90
1280 PWR C-E 1/92
1280 PWR C-E Indef. I

Clinton 1.2 . Dewitt , IL 950 BWR CE 12/82
950 BWR- CE Indef.

Coranche Peak 1,2 Somervell, TX 1150 PWR- W /81
1150 PWR: W /83

Cooper Nemaha, NB 778 BWR- CE. 7/74
Crystal Piver 3 'Citris, FL 825 PWR B&W 3/77
Davis-Besse Ottawa, OH 906 PWR. 86W 11/77
Diahlo Canyon 1,2 San Luis Ohlspo, CA 1084 PWR. W . /81

1106 PWR 'W /81
r9nald C. Cook 1,2 Berrien, MI 1054 PWR W 8/75

1094 PWR W 6/78
Dresden 1,2,3 Crundy, IL 200 BWR- CE 8/60

800 .BWR CE 8/70
800 BWR CE 10/71

Duane Arnold Linn. IA
. 1100 BWR GE 3/82

545 BWR GE 5/74
Fermi 2 Monroe, MI
F i t z pa t r ic k * Oswego, NY 821 BWR CE 7/75
Forked River " Ocean NJ 1120 PWR C-E $/86
Ft. Calhoun Washington, NB 457 PWR C-E 9/73
Ft. St. Vrain Weld, CO 330 HTCR CA 1/79
Cinna (Brookwood) Wayne, NY 490 PWR W 3/70
Ctand Culf 1,2' Clairborne, MS 1250 BWR CE 4/82

1250 BWR CE 9/86
Hadden Neck: . Middlesey, CT 575 PWR W 1/68
Hartsville A1 A2, Troysdale 6 Smith, TN 1233 BWR CE 7/86

B1,82 1233 BWR CE 7/87
1233 BWR CE Indef.
1233 BWR CE- Indef.

' Sane mite as Nine Mile Point
**Same site as Oyster Creek

1

A-2

-

-_ . . - -. . - , _ - _ ._-.- . . - -- - . ._. - . . . - . - . .-. -



- - . - . -. - _ - - - _ - _ _ _ - . . . - - - --__ - _ - - _ - _ _ - -

&

4
4

. . , . .

+

1

[c

Table 4.1-1 General Site and Reactor. Data (cont!

Actual or-
-Location . Power Level .

Reactor- Espected Date
Plant (County /Statel (MWe) M Supplier of Startup

Hatch 1,2 Appling, GA' 786. ' BWR 'GE 12/75'
' 786 BWR GE 8/79

' Salem, NJ 1070 BWR GE --12/06Hope Creek 1,2*- 1

1G70 BWR GE 12/89 .
Indian Point 2,3 Westchester, NY 873 PWR W 7/74 j

'

965 - PWR W . 8/76
Joseph M. Farley 1,2 Houston, RL 060 PWR' W ~12/77

860 - PWR W 11/80
Fewaunee Kewaunee, WI 535 PWR' W- . '.6/74'

* Lacross Monroe, WI 50 BWR Allis 11/69
.-

LaSalle 1,2 LaSalle, IL 1078- BWR GE 6/81
1078 BWR ' GE . 6/82

Limerick 1,2' . Montgomery, PA 1055 BWR CE 4/85-
1055 BWR "GE 4/87

. Maine Yankee L. Lincoln, ME 790 - PWR C-E 12/72

. Marble Hill 1,2 Jefferson, IN' 1130 PWR W /86
1130 PWR W /87

McGuire 1,2 Mecklenberg,' NC 1180 PWR. W. 8/80
1180 PWR W 4/82

- Midland 1.2 LMidland, MI. 530- . PWR B6W 7/84'

805 PWR B6W 12/83
Millstone 1,2,3 New London, CT 660 BWR ' GE 12/70

870 * PWR C-E 12/75
. .

< 1150 PWR W 5/86-
Monticello Wright, MN 536 BWR GE 7/71- Nine Mile Pt...1,2** Oswego, NY- 610 BWR GE 12/69

1080 BWR GE 10/86
North Anna 1,2,3,4 Louisa, VA 850 PWR W 6/78

850 PWR' W 8/80
934 PWR B6W 4/87
934 PWR - B6W 4/88

Oconee 1,2,3 Oconee, SC 860 PWR B6W 7/73
860 PWR B6W 9/74
860 PWR B6W 12/74

' Oyster Creek *** Ocean, NJ 620 BWR GE 12/69
Palisades VanBuren, M3 740 PWR - C-E 12/71
Palo Verde 1,2,3 Manicopa, A2 1270 PWR C-E 5/83

1270 PWR C-E 5/84
1270 PWR -C-E 5/86

Peach Botton 2,3 York, PA 1065 BWR GE 7/74
1065 BWR GE 12/74

Pebble Springs 1,2 Gilliam, OR 1260 PWR B6W .9/88
1260 PWR B6W 9/90

Perkins 1,2,3 .Davie, NC 1280 PWR C-E Indef.
1280 PWR C-E Indef.
1280 PWR C-E Indef.

Perry 1,2 Lake, OH 1205 BWR GE 5/84
1205 BWR GE 5/88

Phipps Bend 1,2 Hawkins, TN 1233 BWR GE Indef.
1233 BWR GE Indef.

Pilgrim 1,2 Plymouth, M4 670 BWR GE 12/72
1150 PWR C-E Indef.

Pt. Beach 1,2 Manitowoc WI 497 PWR W 12/70

' Same site as Salem
**Sare site as Fitzpatrick

- ***Same site as Forked River
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Table A.1-1 General Site and Reactor Data (cont)

,.
Actual or

. .
.' Location- Power Level Reactor. Expected Date

Plant (County / State) (MWe) h Supplier of Startup

Prairie Island 1,2 Goodhue, MN 520 ' PWR W-. 12/73
520 PWR W 12/74

Quad Cities'l.2 Rock Island, IL 800 BWR GE 8/72
800 BWR GE 10/72

Rancho Seco Sacranento, CA 913 PW R - 86W 4/75
River Bend 1,2 West reliciani, LA 94 0 BWR GE 4/84

940 BWR GE Indef
Robinson 2 Darlington, SC 665 PWR W 3/71
St. Lucie 1,2 St. Lucie, FL 777 PWR. C-E 12/76

777 PWR C-E 5/81
Saler. 1,2* Salem, NJ 1090 PWR W 6/77

1115 PWR W 1/81
San Onofre 1,2,3 San Diego, CA 436 PWR W 1/68

1100 PWR C-E 12/81
1100 PWR C-E 2/83

Seabrook 1.2 Rockingham, NH 1150 PWR W 12/83
1150 -PWR .W /85

Sequoyah 1,2 Hamilton, TN 1148 PWR. W /80'
1148 PWR W 6/81

Shearon Harris 1,2, Wake & Chatham, NC 900 PWR W 3/85
3,4 900 PWR W 3/88

900 PWR W 3/94
900 PWR W 3/92

S hor eham Suffolk, NY 820 BWR GE 3/83
Skagit 1,2 Skagit, WA 1288 BWR GE *Indef

1288 BWR- CE Indef
South Texas 1,2 Matagorda, TX 1250 PWR W 4/84

1250 PWR W 4/86
Surry 1.2 Surry, VA. 775 PWR W 12/72

775 PWR W 5/73
Suaquehanna 1,2 Luzerne PA 1050 BWR GE 1/82

1050 BWR GE 1/83
Three wile Island 1,2 Dauphin, PA 792 PWR GE 9/74

880 PWR W 12/78
Trojan Columbia. OR 1130 PWR W 5/76
Turkey Pt. 3,4 Dade, FL 666 PWR W 12/72

666 PWR W 9/73
Vermont Yankee Windham, VT 514 BWR GE 11/72
Virg!! Summer Fairfield, SC 900 PWR W 6/81
Vogtle 1,2 Burke, GA 1100 PWR W /85

1100 PWR W /88
WPPSS 1,2,4 Benton, WA 1250 PWR B&W 6/85

1100 BWR GE 1/83
1250 PWR B6W 6/86

WPPSS J,5 Graya Harbor WA 1240 PWR C-E 6/86
1240 PWR C-E 6/87

Waterford 3 St. Charles, LA 1165 PWR C-E /82
Watts Bar 1.2 Phea, TN 1177 PWR W 9/81

1177 PWR W 6/82
Wolf Creek Coffey, ks 1150 PWR W 4/83
Yankee Rowe Franklin, MA 175 PWR W 6/61
Yellow Creak 1,2 Tishomingo, MS 1285 PWR C-E 11/85

1285 PWR C-E 4/88
21reer Clermont, OH 810 BWR GE /81
Zion 1,2 Lake, IL 1100 PWR W 6/73

1100 PWR W 12/73

TSame site as Hope Creek
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Table A.1-2 General Site Data
!

. .
.

Sheltering
Plant Number Site. Latitude Lonettude . Meteorological Station Region State

Allens Creek .I' 29-40-43 94-06-15' ' Fort Worth (14) 3 TX
Arkansas 2 35-18-42- 93-13-15 Columbia (10) 7 AR
Bailly .3 41-38-30. 87-07-30 Chicago (9)' 2 IN
Beaver Valley 4 40-37-18. 80-26-06 Washington, DC -(29) 1 PA
Bellefonte 5 -34-42-32 85-55-36 Mashville (23) 7 AL
Big Rock Point 6 45-21-32 85-11-45 Milwaukee (21) 2 MI
Black Fox 7 - ~ 3 6-0 7-01 95-32-54 . Columbia (10) 3 OM'-

Braidwood 8 41-14-37 88-13-44- Moline (22) . 4 IL
Browns Ferry 9 34-42-13 87-07-16 Nashville (23) 7 AL -
Brunswick 10 33-57-32 78-01-15 Cape Hatteras (6) 6 NC
Syron- 11 42-04-30 89-16-55 Moline (22) 4' IL
Callaway . 12 38-45-42 91-46-52- -Columbia (10) 4 . MO
-Calvert Cliffs 13 30-25-39 76-25-35 washington, DC (29) ' 6 MD
Catawba' 14 - 35-03-05 81-04-10 Nashville (23) 6' SC
Cherokee 15 35-02-12 01-30-43 Nashville (23) 6 SC

| Comanche Peak.
16 ^ 40-10-19 88-50-03 Moline (22) 4 . ILClinton
17 32-17-49 97-47-07 Ft. Worth (14) 3 TX

Cooper . 19 40-21-41 95-38-17 omaha (25) 4 NB
. Crystal River 20 28-57-26 82-41-56 Apalochicola (2) 7 FL

Davis-Besse 21 41-35-42 83-05-11 Chicago (9) 2 ON
Diablo Canyon 22 35-12-41. 120-51-00 Santa Maria (27)- 5 CA
Donald C. Cook 18 41-58-44 86-33-43 Chicago (9) 2 MI
Dresden . 23 41-23-23- '88-16-17- Moline (22) 4' IL+

j Duane Arnold 24 42-05-54 91-46-21 Omaha (25) 4 IA'
Fermi 26 41-58-41 83-15-34 Chicago (9) 2 MI
Fitzpatrick* 27 43-31-19 76-23-54 Milwaukee (21) 1 NY
Forked River **. 28 39-48-36 74-12-36 New York (24) 1 NJ
Ft Calhoun 29 41-31-12 96-04-50 Omaha (25) 4- NB

9 Ft. St. Vrain 30 40-14-40 104-52-27 ' Dodge City (11) 4 CO
Ginna 31 43-16-39 77-18-30 Milwaukee (21) 1 NY,

Grand Gulf J2 32-00-27 91-02-53 Lake Charles (17) 7 MS
Haddem Neck 33 41-28-56 72-29-57 New York (24) 1- CT
Hartsville 34 36-21-15 06-05-10 Nashville (23) 7 TN
Hatch 35 31-56-05 82-20-40 Charleston (8) 6 CA

.Hore Creek'** . 92 39-27-46 75-32-08 Washington. DC (29) 1 NJ,

! Indian Point 36 41-15-57 73-56-06 New York (24) 1 NY
'

Joseph M. Farley -25 31-13-21 85-06-42 Lake Charles (17) 7 AL
Fewaunee - 37 44-19-34 87-31-27 Milwaukee (21) 2 - WI
Lacrosse 39 43-33-36 91-13-42 Madison (18)- 2 WI

; LaSalle 38 41-14-24 88-40-12 Moline (22) 4 IL
i. Lime r ic k 40 40-13-12 75-35-24 Washington, DC (29 ) 1 PA

Maine Yankee-- 42 43-57-02 69-41-48 Caribou (7) 1 ME
,

Marble Hill 41 38-26-00 85-26-53 Moline (22) 2 IN>

'

McCulte 43 35-25-59 60-56-55 Nashville (23) 6 NC
Midland 44 43 35-10 84-13-08 Milwaukee (21) 2 M1

!

*Same site as Nine * tile Point
**Same site as Oyster Creek
***$ame site as Salem

I
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Table A.1-2 General Site Data (cont)

Sheltering
Plant Number Site Latitode Longitude Meteorologleal Station - Region State

Millstone 45 41-18-32 72-10-04 Boston (4) 1 CT

Monticello 46 45-20-03. 93-50-55 Madison (18) 2 MN

Nine Mile Point * 47 43-31-19 76-23-54 Milwaukee (21) 1 NY

North Anna 48 38-03-48 77-47-13 Wa shi ng ton, DC ( 29 ) 6 VA

Oconee 49 34-47-40 82-53-55 Mashv111e (23) 6 SC
Dyster Creek'* ' 50 39-48-50 74-12-41 New York (24) 1 NJ
Palisades 51 42-19-24 86-18-52 Chicago (9) 2 M1

Palo Verde 52 33-23-25 112-51-45~ Phoentz (26) 3 A2
Peach Bottom 53 39-45-33 76-16-08 Washing ton, DC (29) 1 PA

Pebble Springs 54 45-42-05 120-08-17 . Medford (19) 5 OR

Perkins 55 35-50-53 80-27-10 Mashville (23) 6 NC
Perry 56 41-48-03 81-08-36 Chicago (9) 2 OH
Phipps Bend 57 36-27-47 82-48-32 Nashville (23) 7 TN

Pilgrim 58 41-56-40 -70-34-41 Boston (4) 1 MA

59 44-16-35 87-31-08 Milwaukee (21) 2 WIPoint Beach .
60 44-37-25 92-38-04 Madison (18) 2 MNPrairie Island

Quad Cities 61 41-43-18 90-20-30 Moline (22) 4 IL
Rancho Seco 62 38-21-00 121-07-12 Fresno (15) 5 CA

River Bend 63 30-45-26 91-19-54 Lake Chaires (17) 7 LA
Robinson 64 34-24-12 80-09-30 Nashville (23) 6 SC
St. Lucie 65 27-20-55 80-14-47 Miami (20) 7 FL
Salem t 66 39-27-46 75-32-08 Washington, DC (29) 1 NJ
San Onotre 67 33-2-53 117-31-17 Santa Maria (27) 5 CA
Seabrook 68- 42-53-53 70-51-05 Boston (4) 1 NH
Sequoyah 69 35-13-31 85-05-13 Nashville (23) 7 TN
Shearon Parris 70 35-38-00 78-57-22 Nashville (23) 6 NC
Shoreham 72 40-57-30 72-52-00 New York (24) 1 NY
Skagit 71 48-32-00 122-07-26 Seattle (28) 5 WA
South Texas 73 28-47-42 96-02-53 Brownsville (5) 3 TX
Surry 75 37-10-00 76-41-50 Washington, DC (29) 6 VA
Susquehanna 76 41-06-00 76-09-00 Washington, DC (29) 1 PA
Three Mile Island 77 40-09-12 76-43-37 Washington, DC ( 29) 1 PA
Trojan 78 46-02-24 122-52-06 Medford (19) 5 OR
Tu. key Point 79 25-26-02 80-19-54 Miami (20) 7 FL
Vermont Yankee 80 42-46-49 72-30-57 Caribou (7) 1 VT
Virgil Summer 74 34-17-54 81-18-55 Nashville (23) 6 SC
Vog tle 81 33-08-31 81-45-53 Charleston (8) 6 CA
WPPSS 1,2.499 84 46-28-03 119-18-51 Medford (19) 5 WA
WPPSS 3,5 85 46-57-11 123-28-11 Med f o rd (19) 5 WA
Waterfosd 82 30-00 00 90-28-12 Lake Charles (17) 7 LA
Watte Bar 83 35-36-10 84-47-25 Nashville (23) 7 TN
Wolf Creek 87 38-14-20 95-41-20 Omaha (25) 4 KN
Yankee Powe 88 42-43-41 72-55-29 New York (24) 1 MA
Yellow Creek 89 34-57-24 88-12-57 Nashville (23) 7 MS
Zimmer 90 38-51-55 84-13-45 Nashville (23) 2 OH
Zion 91 42-27-34 87-48-23 Chicago (9) 4 IL

*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

Shielding
Region % Brick % Homes With. Factor *
Number Lccation Housing Units Basements . Cloud Ground

1 Northeast 47 87 0.5 0.08

2 Great Lakes 36 77 0.6 0.1

3 Southwest 40 13 0.7 0.3

4 Midwest 35 71 0. 5' O.09.

{ 5 Pacific Coast 27 23 0.7 0.3

6 Atlantic Coast 45 51 0. 6 -~ 0.2

7 Southeast 59 16 0.7 |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 toLgamma
exposure from ground-deposited radionuclides.

.
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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 1/2* in width). This study
used 34 annuli, with radii of 0.5, 1, 1.5, 2, 2.5, 3,
3.5, 4,14.5, 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 dcawn 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 Apperdix 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~ hourly
observations consist of wind speed, wind direction,
stability class, and precipitatien. These data are
used in the dispersion / deposition submodel to deter-
mine the rate at which -the radioactive plume travels,
disperses, and is depleted.

Past studies,have typically employed data gathered
by a licensee over a one-year period at a proposed
site, usually as part of the license application. For
this study we have selected 29 National Weather Service
(NWS)-stations as the sources of meteorological data.
NWS data are available for a large number of sites, ,

cover long periods of time, are generally of higher
quality, and are more detailed than actual reactor site
data. Each of the MWS stations selected has approxi-
mately 25 years of available data. Therefore, rather
than select a single year at random, a Typical Meteor-
ological Year (TMY) [3] was used to represent the long-
term average behavior of the weather at a station. The
technique'used to determine a TMY involves comparing
the distribution of certain weather characteristics for
a given month over the entire period of record. Using
statistical techniques described in reference [3), the
one month "most typical" of the period is selected as
part of the 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
iCenter (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

! A-9
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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 data available in
the TMY. tapes.

CFAC2 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 af ternoon mixing height [5]
(see Figure A.3-1). Table A.3-1 lists the 29 NWS sta-
tiens 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 P. Addi-
tional rainfall data for the 29 stations are included
in Table A.3-3.

t

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

Mixing Mixing
Height Height

No. Station (m) No. Station (m)

1 Albuquerque, NM 2600 16 Great Falls, MT 2000

2 Apalachicola, FL 1200 17 Lake Charles, LA 1100

3 Bismarck, ND 1500 18 Madison, WI 1200

4 Boston, MA 1100 19 Medford, OR 1600

5 Brownsville, TX 1300 20 Miami, FL 1200

6 Cape Hatteras, NC 1000 21 Milwaukee, WI 1200

7 Caribou, ME 1300 22 Moline, IL 1200

8 Charleston, SC 1300 23 Nashville, TN 1600

9 Chicago, IL 1200 24 New York, NY 1200

10 Columbia, MO 1200 25 Omaha, NB 1300

11 Dodge City, KS 1600 26 Phoenix, AZ 2400

12 El Paso, TX 2600 27 Santa Maria, CA 800

13 Ely, NV 2400 28 Seattle, WA- 1200

14 Fort Worth, TX 1500 29 Washington, DC 1500

15 Fresno, CA 1600

A-13
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Table A.3-2 Meteorological Data for 29 WWS Statione Summarised f
Using tsoother Sin Categorise

' weather sin Definitione

B - Rain starting within indicated interval-(alles).

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

A-C D E F - Stability categories

1(0-1), 2(1-2), 3(2-3), 4(3-5), 5(07 5) - wind speed intervale (m/s).

Percent of Weather Sequences

E--

O O 2 O~
-

S 3 0- ~
e - -

[ j 0 R* 0; O wg-

: ~ ~ ~
u - a . e: t 2 : a j : &

* u 2e
3 1 8 2J 3 | 3 g g -

2 i s 1 : a ! i 3 3 1 a
Weather Bin

1R (0) 1.46 4.50 3.94 8.89 2.25 6.69 10.14 5.87 6.19 6.26 3.69 1.30

2R (0-5) 0.09 0.70 0.15 0.17 0.06 0.11 0.38 0.29 0.15 0.11 0.11 0.06
' 3 m (5-10) 0.31 1.14 0.40 0.79 0.39 0.75 1.26 0.88 0.68 0.75 0.27 0.26

4 m (10-15) 0.55 1.34 0.67 1.24 0'.49 1.12 1.60 1.32 1.21 0.91 0.58 0.51
5 m (15-20) 0.33 1.11 0 76 0.82 0.54 1.02 1.28 0.81 0.87 0.91 0.37 0.34

6 m (20-25) 0.3? 0.99 0.55 0.90 0.53 3.83 1.12 0.87 0.68 0.76 0.55 0.32

7 m (25-30) 0 9. 'J6 0.66 0.94 0.42 0.83 1.29 0.99 0.86 0.76 0.50 0.34
88 (0-10) 2.uw 1.36 1.02 0.55 0.34 0.14 0.53 0.51 0.51 0.53 0.24 0.98

9 8 (10-15) 2.01 1.02 0.90 0.43 0.27 0.08 0.42 0.43 0.41 0.42 0.25 0.96
10 s (15-20) 1.78 1.04 0.63 0.50 0.27 0.09 0.40 0.33 0.35 0.39 0.14 0.91

11 S (20-25) 1.55 1.02 0.73 0.37 0.21 0.07 0.29 0.39 0.38 0.32 0.15 0.71
12 S (25-30) 1.62 1.19 0.88 0.45 0.31 0.14 0.33 0.39 0.28 0.45 0.18 0.89

13 A-C 1.2.3 12.97 6.44 4.22 1.51 1.18 1.66 4.29 3.05 2.66 3.32 2.48 11.08
14 A-C 4.5 11.08 15.70 7.11 7.52 11.46 12.48 5.48 13.11 10.98 13.53 13.03 14.74
15 D 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
16 D 2 1.51 2.19 1.71 0.74 0.59 0.21 1.82 1.06 1.02 0.92 0.43 1.31
17 D 3 3.07 2.81 3.18 1.77 1.95 1.67 4.49 3.41 3.62 3.05 1.61 2.91
18 D 4 4.81 7.72 8.56 9.63 7.33 8.50 10.92 12.45 11.90 11.18 7.39 5.89
19 D 5 19.29 12.31 35.99 45.75 43.07 38.66 31.10 19.92 32.15 27.92 49.13 20.50
20 E 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
21 E 2 1.26 1.85 1.11 0.23 0.54 0.26 0.53 0.83 0.48 0.50 0.09 1.53

| 22 E 3 3.15 2.48 1.91 0.79 2.44 1.23 2.43 4.01 2.20 2.00 0.67 3.15
| 23 E 4 7.87 5.34 6.21 6.36 7.28 9.68 6.71 7.57 7.25 9.06 7.68 6.45

| 24 E 5 2.35 1.85 1.67 3.13 2.69 3.01 2.09 1.80 2.84 2.23 3.74 2.51
25 F 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
26 F 2 6.94 14.51 7.71 1.13 3.69 1.56 3.11 8.17 2.75 2.32 0.72 9.59

27 F 3 7.50 6.46 5.48 1.80 6.40 4.20 4.75 6.92 4.93 4.73 2.24 8.32
i 28 F 4 5.78 4.01 3.85 3.58 5.30 5.00 3.28 4.61 4.60 6.74 3.74 4.42
|

| 29 F 5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

,
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Table A.3-2 seeteorological Date for 29 WWS Statione summarized
Using Weather Bin Categories (cont)

Weether Sin Definitions

R - Rain starting within indicated interval (alles).
8 - Slowdown occurring within indicated interval (alles).

A-C D E F - Stability categories

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

Percent of Weather sequences

O-

7 c - -

0 0 0 7-
. - -

t 2 S; a 3 * - -

, -

t 0 0 2 : 0 3- -
,-

': # g 6 | ? 1 :* -
e o

2 1 2 *

"!
~

ee -a .

r : - - - a : :- -

EE 3 I I E z z au 6 o
w..th.r ein

1R (0) 3.06 3.97 2.09 5.56 3.73 6.08 4.61 4.37 6.12 5.94 6.60 7.96

2R (0-5) 0.36 0.10 0.11 0.40 0.32 0.24 1.37 0.32 0.18 0.11 0.18 0.14

3 m (5-10) 0.65 0.47 0.56 0.94 1.00 0.98 1.56 1.14 0.66 0.79 0.79 0.71

4R (10-15) 0.65 0.66 0.49 1.11 0.98 1.28 1.59 1.34 1.20 1.03 1.04 1.16

5R (15-20) 0.66 0.45 0.32 0.82 0.68 1.03 1.13 1.15 0.84 0.83 0.90 0.86

6R (20-25) 0.57 0.45 0.40 0.59 0.76 0.84 1.13 1.02 0.71 0.66 0.01 0.76

7R (25-30) 0.51 0.48 0.39 0.76 0.66 0.98 1.19 1.31 0.88 0.00 0.73 0.70

8 8 (0-10) 0.86 0.49 0.90 0.59 0.51 0.94 1.47 0.62 0.59 0.47 0.73 0.27
95 (10-15) 0.32 0.33 0.81 0.39 0.43 0.73 1.37 0.50 0.40 0.32 0.66 0.18

to S (15-20) 0.73 0.25 0.70 0.40 0.35 0.75 1.20 0.49 0.34 0.35 0.65 0.21

11 s (20-25) 0.28 0.33 0.62 0.34 0.38 0.58 1.27 0.41 0.32 0.41 0.68 0.16

12 s (25-30) 0.64 0.33 0.78 0.33 0.42 0.68 1.29 C.53 0.43 0.35 0.70 0.21

13 A-C 1.2.3 9.60 4.12 16.69 4.49 3.97 J.38 15.49 3.46 2.25 3.50 4.40 1.92

14 A-C 4.5 13.70 14.92 7.45 8.12 11.58 8.64 6.06 15.70 9.68 10.73 11.18 10.18

15 D 1 4.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

16 D 2 1.54 0.67 4.65 1.36 1.35 2.40 10.54 0.95 1.26 1.71 2.23 0.70

17 D 3 3.12 2.35 5.91 2.92 4.87 3.90 7.31 2.39 2.53 4.68 3.86 2.50

1804 8.57 9.57 4.94 8.64 13.79 11.86 4.50 8.89 10.61 1C.82 9.66 10.82

19 D 5 25.41 31.63 7.21 42.24 19.93 29.43 5.27 17.64 36.80 29.33 19.65 37.96

20 E 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

21 E 2 0.59 0.43 2.40 0.55 0.75 1.26 2.93 1.16 0.78 1.63 1.36 0.31

22 E 3 1.78 2.10 3.85 2.34 3.89 1.97 3.26 3.73 0.10 2.56 3.36 1.91
23 E 4 10.75 8.80 6.37 6.28 6.29 5.40 ,2.11 8.20 6.90 5.74 6.06 7.79

24 E 5 3.78 2.88 2.39 2.79 0.99 1.24 0.45 1.97 2.11 1.47 1.07 3.08

25 r 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

26 r 2 2.82 2.90 13.63 2.32 6.95 8.12 13.89 8.06 5.22 8.24 7.25 1.32

27 r 3 4.29 5.14 11.28 3.09 9.62 4.32 7.65 8.54 3.78 5.32 8.26 3.54
20 r 4 4.81 6.18 5.07 2.64 5.75 2.96 1.26 6.12 3.71 3.49 4.41 4.59

29 r 5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Table A.3-2. Meteorological Cata for 29 NWS Statione Summarised

Using weath,r sin Categoriae (cont)

i

Weather sin Definitione

R - main starting within indiented interval (miles).

8 - 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 intervale (m/s).

Percent of Weather Sequences

E -

2 %
~23 e

; e t 0 8
yf .-

$ ! lI

i i a a s
Weath;r sin

1R (0) 5.43 1.00 2.24 8.72 5.79

2 m (0-5) 0.13 0.08 0.19 0.42 0.39

3 m (5-10) 0.62 0.31 0.40 1.87 1.28

4R (10-15) 0.89 0.25 0.62 2.12 1.14
5 m (15-20) 0.70 0.23 0.41 1.90 0.88

69 (20-25) 0.51 0.24 0.32 1.53 0.87
7R (25-30) 0.59 0.22 0.43 1.77 0.86

8 8 (0-10) 1.16 1.27 2.41 1.36 0.71
9 5 (10-15) 0.90 1.21 1.84 1.44 0.67

10 5 (15-20) 0.75 1.20 1.63 1.02 0.48

11 5 (20-25) 0.67 0.91 1.45 0.98 0.63

12 8 (25-30) 0.86 1.13 1.77 1.21 0.63

13 A-C 1.2.3 3.79 16.02 7.96 5.15 7.33
14 A-C 4.5 12.36 15.92 12.53 6.87 11.30

15 D 1 0.00 0.00 0.00 0.00 0.00

16 D 2 1.26 1.52 11.16 2.95 2.98

17 D 3 3.23 3.16 8.66 6.55 6.08

18 D 4 8.87 6.69 6.97 16.12 10.64

19 D 5 30.39 6.30 13.40 19.46 16.20

20 E 1 0.00 0.00 0.00 0.00 0.00

21 E 2 0.99 1.96 2.44 0.72 1.85
22 E 3 2.24 3.57 2.41 2.07 3.52
23 E 4 6.53 6.35 2.42 4.82 5.27
24 E 5 1.77 0.92 0.81 1.02 1.23

25 r 1 0.00 0.00 0.00 0.00 0.00

26 F 2 7.63 11.20 11.16 3.46 9.81
27 r 3 4.17 12.09 4.81 3.80 6.38
28 r 4 3.56 6.22 1.54 2.68 3.09

29 F 5 0.00 0.00 0.00 0.00 0.00

| A-16-



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

Hours of Annual
Observed Rain

Station Rainfall (inches)

Albuquerque (1) 128 7
Apalachicola (2) 394 65
Bismarck (3) 345 16
Boston (4) 779 41
Brownsville (5) 197 16
Cape Hatteras (6) 586 49
Caribou (7) 888 31
Charleston (8) 514 52
Chicago (9) 542 37
Columbia (10) 548 37
Dodge City.(ll) 323 26
El Paso (12) 114 6
Ely_(13) 268 10
Fort Worth (14) 348 33
Fresno (15) 183 7
Great Falls (16) 487 16
Lake Charles (17) 327 41
Madison (18) 533 29
Med ford (19 ) 404 17
Miami (20) 383 53
Milwaukee (21) 536 27
Moline (22) 512 37
Nashville (23) 578 49
New York (24) 697 49
Omaha (25) 476 30
Phoenix (26) 88 4

Santa Maria (27) 196 10
Seattle (28) 764 40

j Washington (29 ) 507 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
Regula tory 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. )

,

1

i

f

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

Site' Wind Rose Data

Explanation of Titles:

Arkansas 1+2 190 ft 6/69-5/70
<~ +~ ww <~

reac tors
anemometer period of

site name height data
collection

|

Note: All wind roses in Table A.4-1 are presented as
the probability of wind blowing toward the sector
indicated. This is the opposite of the conventional

! definition used by meteorologists.

|

!

|
|

|
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Setle A.e-1 esse stad esse ses.
promessai'r *8 #8ae one.sas e== ore. e..ee.

a mee um mee e ese se ese
eiggs.a 2 .fR' ,_E. .Br * A E. .EF

aan.no ce a Ig_a e/1/ nets - t/si/1sts

. ass .ets .ees .ese .eas .es .est . eee

. set .ets .ees .ose .ees .eos .se .aes

nen. . 3, a . 111.11 s/se-Sne

.ses .ete .es . eve .nse . set .ess .es:

.eas .e s .est .ese .s ee .ett .est .oes

o. star 32t_13 It/e/s1 - 12/3/s?

.oes .ses .ees .ees .ees .ess .see .ess

.ees .ese .ees .ees .e se .ese .ess .eee

e.. e v .y 3, a 113,13 orts /se - e/s/te

.eet .ete .es: .es: .ses .nst .sas .e se

.ess .eas .ea .es .see .ose .es? .oos

e. .r.ai a _n.j s n21
.ees .evs .een .oes .ets . set .see . eve
.see .ees .es .eee .est .ess .ees .ess

os, e n p.sas ut13 2/es - 2/t)
,13: .ets .ets .sen .see .ese .est .ess
.ess .ess .ese .see .ees .est .est .ses

on..a r.. 33 rs la/vs - as/is
.see .ess .eae .eae .s s .ese .es .ese
. set .ees .ese .oes .ese .ees . eve . nee

erase e a m 11/s/?> iontzn
.ses . :: .ett .eas .es: . eve .ees .een
.es2 .eet .see .ses .04: . Gee .ese .ees

e r ewn. F.fty 3. Se 3 ltt.ft 2/11/47 * 12/al/es

.e ti .ees .ess .ese .est .est .oss .ese

.os .est .ess .ese .es: .eva . set .cos

seva ten 3. * 212.11 e/25/te - 1/5/12
.ess .ett .:ss .eet .es .est .ese .een
.ess .eet .see .ete .oss .eee .est .ese

syren ! .){,1) e/II/ts = s/st/te

.eet .ee, .es: .oss .e t,s .een .eis .est

.oss .est .eee .ose .ee .see .ese .see

Cent...y _1t_e. s/e/ts - t/iz23
elle .see .ete .44: .ess .ete .ess .est
.os! .see .cle .eJe .ess .see .o03 .e

C. ..se callt 3. 3 ,2[_[g
.!!e .eGe .ete .ees .oes .est .ses . eve
.ees ,ese .ese .ese .eas .eae .eae .osa

Cat.wb. 3 .){_[1 s/se/71 - jzjj/t2

.e3: .ose .30t .est .een . ele .els . ele

.ets . eve .37, . Gee .es .els .ees .ent

,

Cherek . .,)e fs s/ll/?> - e/11/to

| .ese .see .ise .ios .see .ee, . tie .ese
.see .ess .evs .ess .eie .oas .e s .eie<

f
' Cliaten j)A s/73 * e/t)

.see .een .40s .ess .es3 .ee! 8e3 .es2
.

.ete .see .e va .ese .ess .ese .eee .eer
|

| C===.a.h. p..n ,11_m. 1z11/? - s/liz29
.nst .see .eas .eas .ese .ose .eet .e s
.oes .see .eae .eas .es .ees .ses .see
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fable A.4 1 otte Wine Rees Beta teene)

erementasty of wine esseine seseees seeter

.m -Oms as mir e ear se - ser
statten 2 m ou .ege_, a _y,_ a a

Coen aC 3, 2 agt.f_t . 1g42

. eta .len .ess .eas .ess ' .see .est .e62

.0 7e .e42 .e42 .e Se .see .343 .et .e73

Ceeper 23.13 3no-2m

.314 .317 .e 79 .elt .e30 .ed .e6e . lee

.s ee .eet .ets .e31 .ett .e34 .ese .e90

Crystal aiver ',jj_g3 2/1/75 - 12/31/7S

.043 .ees .all 440 002 .el? .643 .e30

.e62 .e47 .e9e .321 .314 .e64 .061 .0 34

bevie-et 1 ,}},[3 e/4/*4 - t/3/7S

.e64 .336 .330 .302 ' 041 .e39 055 .037

. ele .e39 .454 .057 .0?? .e41 .e 3e .e39

Diable Canyon 1. 2 359 ft 10/69 - 9/70

.e31 .012 .014 .6ll .024 . eel 363 .328

.eS9 .629 .055 .017 .634 .8ll .303 .075

Dreseen 2. 3 M-
.eOS .0 D0 094 .067 .301 .005 .000 054
049 .033 .039 .033 .036 .033 .869 .055

Desno Arnote 141 ft 19]19

.329 .073 . ell .034 .051 .C42 .003 .095 ,'
0?S 040 .032 .034 .039 .e64 .441 .076

Parley 3.'2' M
.073 .070 .064 .044 .044 .445 .067 .090
.097 .083 .066 .042 .044 .035 .440 .056

Feret 3 9/3/73 - 8/31/?4

.041 .000 .009 .102 .003 .004 063 - .047

.024 .02% .059 .063 .049 .050 .eSS .0$0

Fi t z pa tr ica {02_11 1943 - 1944

.00? .059 .302 .132 .Ill .0S6 .033 .035
040 .447 033 .014 .019 .037 .301 .066

Forked Giver 400 ft 2/64 - 2/47

.0?S .094 .001 068 .087 .093 .075 .063

.444 .037 .0$2 .015 039 .440 .047 .040

Fort Calboon 40 f t [ggge - 9/73
.993 .0$9 .634 .421 .042 .479 .333 .090
071 .010 .017 .022 .020 .044 .Ill .126

Fort St. Vrain 205 ft 1947 a 1940

.063 .069 .e76 .017 040 029 .035 .039 '

.364 .005 .074 .044 .0$$ .043 .0 53 .049

Ga nna 3.3. $0 ft 1944 - 1967

.090 .001 .502 .097 .332 .301 .079 .044

.030 .032 .034 030 .043 .e36 .030 .052

Grand Genf 3 lygg - 1960 ,
_

'I
.143 .074 .462 .043 .034 .e43 010 .864 '

.045 .040 .o61 .04e 040 .e44 .000 .317 I

needes seen 33, gg g
' .est .044 .043 .03s .070 .340 .265 .012

. ell .004 .e09 .013 015 .092 .055 .055

marteettle .33 ft s/3/73 - 3/31/74

.441 050 040 .456 911 .034 .See .025 1

.045 .333 .375 .063 .i 50 .074 .069 .0 53 |
|

1

1
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' senile a.4 1 01ee slaa amee tota sente
prememulty et uses Olming so. ores anter

Station , d'.
uns - at gut a set SE. 003u
00W - SW JE u uuu . 1 E

ma tch. B. I.1. 2 - }}g_fj - 6/1/70 - 9/31/74

.659 . Se t .002 073 07S .077 .072 .049

.040 . 9 98 . 0 51 .067 .003 .660 - .017 .04e

indlan Point 2, 2 - 199 f t 1/1/71 - 12/31/71

.076 .455 0 58 039 .053 .079 .877 .078

.324 .33S 066 .627 019 .019 . 041 .063

neweenee 10g_[1 0/31/60 - 3/25/70

092 .9 90 - 064 .079 ' .094 .317 002 000
.066 .055 .042 . .030 .422 .023 .020 .050

LaSalle 1.'2 500 fS

000 .0 D0 .996 .047 .301 005 .000' 056
.049 .031 039 033 .034 .033 .See .0SS

La Crosse 350 ft 1960 - 1978

.1 D4 - .339 .004 .010 .051 .024 076 042

.325 .101 .040 .011 .022 . .010 .426 .033

Limerick 1 2?g_[1 - ' 1/72 - 12/74

.071 060 .052 . ell .090 .350 .109 .059

.054 .039 .035 .046 .0470 .040 .037 .040

marble Mill _jj_{} 1/14 - 12/74

.450 .341 .324 - .074 .462 .e60 .044 .037

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

No Vankee 149 ft 7/67 - 4/40

.310 .324 .002 .041 041 ' 0SS .000 .009

.075 .040 .444 .030 .024 .027 .031 .044

meCette 1. 2 ' 130_[3 10/17/10 - 10/14/71

.070 .090 .322 .042 .054 .042 .042 .040

.057 040 .113 .070 .056 .037 .030 .030

pieland 2 -1942 - 1946

060 .002 .123 .306 .324 .666 064 .051
.041 .046 .061 .043 .045 .024 .020 .632

Millstone 1. 2 }}}_ft 9/65 - 9/67

030 .See .076 270 .070 .070 .070 .073
.066 .060 .036 - .035 .050 .035 .025 .041

montirello 149,ft 2/9/67 - 2/10/40

.009 .091 .063 055 .030 .009 .304 .119

.036 .041 .629 .011 .031 055 .052 .06S

mine n. Pt. 1, 2 204 ft 1963 - 1964

.002 .060 .304 .331 .110 .059 .054 .037

.041 .040 .034 .013 .010 .037 .097 .069

North Anna 1. 2. 1 IL9_f1 9/16/71 - 9/11/72

.341 .095 .050 .047 .015 .047 .074 004

.300 .040 .044 .039 .041 .035 .042 .054

Oconee 1. 2. 3 6/19/60 - 6/19/69

' 021 036 .075 .051 042 .043 .061 .001.

i .374 .004 .100 .950 .060 .030 .036 .019
|

|- Dyster Creet 400 ft 2/64 - 2/67
i

i. 0?S .096 .001 .068 .007 .093 .071 .063
.044 .037 012 .055 .039 .040 .047 .040

Pallese. ..S$ ft 9/67 - 9/60

.204 .113 .027 030 .050 046 .072 001

.000 .033 .413 .012 .052 .030 .049 093
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s.nle a.4 1 site mine a anta is.nts

Pr.e>.esisty es wind ele.sne se ree seeeee

'u put at get 3 Rat St - SSR e

Station d E Su E- W uum E _ sent

Pale verde 1 209 .f S t/13/73 - t/11/74

.95S .473 .144 0 62 .960 .547 . 0$2 83$

.040 859 .See ' .448 - .073 .999 .956 .Sei

' Peach Dotto. 2. 3 ))0 f t ' 9/47 * 7/69

.00$ .See 944 .092 .969 .091 .315 .. '.109

.960 043 .431 .932 .434 .046 .054 .064

Pebble Springs i]]_{} I/74 - 12/74

. elf . .839 .075 - .301. .333 .0 64 .421 009

.012 .019 0$0 . ell . ell- .020 .620 . ele

P$rkins - ,11_[1 '30/12/73 - 10/13/?4

836 067 .325 .066 .0 $8 .047 ~.064 .053
.060 .066 ,104 .067 .963 .037 .044 - .034

Perry 1 '1g0_(1 S/1/12 - 4/10/t3

.10S .095 .092 604 .003 0$4 .017 .042

.049 .030 .457 045 040 .037 .454 .873

Phipps' 0eed _}}_{} 2/1/14 - 1/11/71

.037 .054 .307 .306 .0$1 .911 .993 .120

.054 .110 .312 945 .020 .016 .821 019

P61 erie 1 M
811 .30$ .310 005 .094 .060 .053 .646

.011 .030 .442 .035 .440 ' .031 .033 .030

Point Seech 3. 2 111_fi 4/6? - 4/49

.000 . .122 .007 .040 003 997 075 .456

.996 .070 .055 .922 .020 .010 .431 .036

Prairie 1. 2 140 ft 6/1/78 - S/31/72.

061 .031 .425 031 0?) .102 .325 .665
.444 .023 .619 .019 .095 .104 .134 000

Qued C6ttes 1. 2 400 ft 4/60 - 9/69

072 .120 .090 .049 .445 .049 .083 .067
.060 .051 .042 .420 037 .033 .075 .063

Pancho Seco $$ ft 1947 - 1969

.486 .013 .069 .307 .314 .070 .100 074

.949 .034 .029 .021 029 .039 057 .042

04verbend 1 31) ft 10/1/12 - 9/10/73

.057 .450 .048 .040 054 ,040 .461 .066

.069 .046 066 .060 .016 .002 .072 .047

N. 6. Dobinson 2 120.ft 4/14/67 - 4/19/40

049 .074 .072 .001 .071 .031 .036 .043
.341 .114 .095 .0$0 .040 .035 .030 .029

Saint Leele 1 ,10_11 11/1/7? - 12/31/72

.662 .056 .043 .044 .030 .041 .053 .029

.04S .034 .070 .000 .321 .093 .990 .667

0.le. 3, 2 200_t1 4/69 - 5/11

067 .062 040 .056 073 .095 .132 .094
.062 .446 .049 .031 020 .023 042 .074,

San Onof re le p 1/25/73 - 1/24/74

.066 .061 .094 .065 .000 .109 .060 .431

.034 .311 .434 .020 .016 .022 .049 .0 70

6eabrook 1 .30 ft 11/71 - 10/72'

039 .040 .969 .009 .310 .147 .lel .049
.039 .024 .033 .046 .030 .041 .043 .037

|
b4
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fehle 0.0-1 08te Wind toes este teenti

probability of W6a0 eleetne 9esorde teeter

u m ut 90 0 000 00 est
Stetten d .gfu, E E 4E 2. -uMW

Gegenyah 1, 2 ,)],[3 4/21/71 - 3/31/72

.See .lli .148 60 .424 .024 . Gal .070

. 4 50 .369 .!!6 .026 .til .000 .043 .019

theoro. terrie _1g_g, 3/74 - 12/to

079 .307 .000 .070 .993 .454 .057 .042
.003 . 04 7 .003 .047 .033 .031 . ell .053

See,n ,1La,

.034 .011 .621 .037 .320 .309 .005 042

.037 .07,8 .448 .420 .409 .050 .039 .020

therehen 1}g,{} 10/1/73 - 9/10/74

.See .329 .999 .450 .079 .303 .9 94 .044
450 049 049 .043 .032 .020 0 3e. .041

0.vth re.as ,11_g3 t/20/73 - 7/20/74

.340 .044 629 .tle .411 .414 .020 .037

.079 .470 .000 .047 .453 .059 .337 ella

Varg 6n C. Sommer g 122}
.060 .090 .lle .007 .044 .See .Olt 043
.429 .442 .000 .070 .059 .041 .052 054

Sorry St 1. 2 lle it 13/47 - 12/49

.464 .002 .002 042 059 .est .007 .001

.0 74 .453 .044 .046 .0$7 .eli . ell .043

Desqwenenne 1 1996 - 1940

.037 .070 .125 .324 .044 .059 .300 .090

.044 .039 .049 .094 040 .042 .034 .629

three Mlle Island 100 ft 4 /71 - 1/72

.414 .045 .994 .059 091 .092 .091 .070

.040 .027 .034 057 .005 002 .062 .057
4 Trelen ,}g_[g 9/1/?! = 9/31/73

.303 .070 026 .033 .022 .037 .070 .132

.372 .0$4 .016 .006 .007 ,009 .046 .320;

'

turkey Point 3. 2 ,}{_13 [96)
.030 .041 .047 027 027 .047 054 .077
.035 .020 .040 .300 .336 .435 .300 .062

Vereont fe.ikee 1 340 ft 9/67 - 7/40

.072 .027 .010 .023 .069 006 .317 .196

.070 .025 .017 .019 .024 .066 .005 .006

Yogtle .lL,[1 12/73 - 12/74'

.044 .042 .074 .079 004 075 .056 .031

.043 .043 .072 .445 .069 .060 463 .060

Waterfere 3 .2f_[1 t/72 - 4/13

.042 .053 .045 .047 .049 .454 044 .072
046 .092 .000 .059 .029 .300 .003 077

Wette set 1. 2 300 ft 7/3/73 - 4/30/Tl

.033 .309 .303 009 040 .t 11 .039 037
2053 .306 .332 .459 .041 .019 .014 .019

WPPS 1. 4 y g/74 3/15

.300 .042 .043 .052 .048 .099 .307 .005

.364 .045 .034 .031 .022 .026 .040 .075

WPF0 2 ,jj,jj 4/74 3/75

.300 002 .043 .452 .06) .0t* .307 .005

.844 .045 .036 .038 .022 .024 .040 .075
4

|

|

L
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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 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 measure 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 [7] , the change in the Consumer Price Index
(C PI ) 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, S940 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 to
obtain the updated per capita value of nonfarm assets.
The 'apdated 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 WAsil-1400 figures.
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Table A.5-1 National Economics Data
i

|

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

i (S/ person)
|

! Value of residential, 17,000 32,000*
business, and public'

property ($/ person)

Depreciation rate for 0.2 0.2
improvements (yr- )

Relocation cost 2,900 4,300**
($/ 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

Average Annual Average
Fraction of Sale of Farm Average Share Value of Major
State Used productst of Dairy productst Farmlandt Farming

State as Farm Land *,** ($/aere-year) ($ dairy /$ products) (4/ acre) . Season

Maine 0.077 250 0.182 485 May-Sept
New Hampshire 0.097 150 0.444 802 May-Sept
vermM t 0.283 177 0.791 657 Msy-Sept
Massachu se t t s 0.123 372 0.283 1366 May-Sept
Rhode Island 0.081 476 0.220 2133 May-Sept

*
Cor.necticut 0.140 500 0.313 2158 May-Sept
New York 0.315 188 0.579 642 May-Sept
New Jersey 0.197 376 0.162 2222 May-Sept
pennsylvania 0.307 239 0.413 669 May-Sept
Ohio 0.618 183 0.153 1516 May-Sept
Indiana 0.728 206 0.067 1498 May-Sept
Illinois 0.795 213 0.041 1786 May-Sept
Michigan 0.285 197 0.238 955 May-Sept
Wisconsin 0.520 194 0.598 807 May-Sept
Minnesota 0.563 160 0.185 854 May-Sept
Iowa 0.944 242 0.050 1458 May-Sept
Missouri 0.724 111 0.079 674 May-Sept
North Dakota 0.922 45 0.047 306 May-Sept
South Dakota 0.922 46 0.074 257 May-Sept
Nebraska 0.967 99 0.027 470 May-Sept
Kansas 0.915 92 0.034 437 May-Sept
Delaware 0.471 508 0.046 1725 April-Oct
Ma ryla nd 0.414 273 0.227 1799 April-Oct.

Virginia 0.371 126 0.171 864 April-Oct
West Virginia 0.270 44 0.203 472 April-Oct
North Carolina 0.368 261 0.056 819 April-Oct
South Carolina 0.327 148 0.063 635 April-Oct
Georgia 0.417 164 0.058 609 April-Oct
Flor 1Ja 0.368 233 0.077 930 April-Oct
Eentucky 0.557 141 0.117 792 April-Oct
Tennessee 0.507 118 0.140 669 April-Oct
Alabama 0.400 144 0.041 515 April-Oct
Mississippi 0.475 135 0.047 520 April-Oct
Arkansas 0.494 158 0.030 691 April-Oct
Louisiana 0.332 137 0.087 763 April-Oct
Oklahoma 0.782 68 0.051 442 April-Oct
Texas 0.811 54 0.053 354' April-Oct
Montana 0.658 20 0.026 186 May-Sept
Idaho 0.894 93 0.114 485 May-Sept
Wyoming 0.560 15 0.024 119 May-Sept
Colorade C.570 69 0.039 332 April-Oct
New Mexico 0.600 21 0.056 100 April-Oct
Arizona 0.556 36 0.069 134 April-Oct
Utah 0.236 36 0.215 265 April-Oct
Nevada 0.127 19 0.117 104 April-Oct
Washington 0.369 132 0.138 586 May-Sept
Oregon 0.300 68 0.093 330 May-Sept
California 0.318 316 0.119 936 April-Oct

* Fraction of total state area (including water areas) devoted to agricultural use
** Reflect 1979 statistics
tReflect 1978 statistics

i

l
r

i
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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 [1] 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 SM4DI A-
ORIGEN computer code [2]. This inventory, which was cal-
culated using a 25% greater fuel burnup than used for the
WASH-1400 inventory, was used to perform the reactor con-
sequence calculations discussed in Chapter 2. (A spent
fuel burnup of 26,400 mwd /MTU was assumed to calculate
the WASH-1400 inventories.)

The 3412 MWt PWR inventory was calculated by assuming
that the three regions of the reactor core (each initially
loaded with uranium enriched to 3.3% U-235) were operated
at a constant specific power density of 38.3 MW/MTU
charged. A three year refueling cycle and an 80% capacity
factor were also assumed. This inventory is representative
of an equilibrium core at a time when the three regions
have average burnups of 11,000, 22,000, and 33,000 mwd /MTU
charged (end-of-cycle).

The SM4DI A*ORIGEN code calculates the time dependent
activities of approximately 500 radionuclides; including
activation products, fission products, and actinides. Of

" this number, only 54 radionuclides are expected to signi-
ficantly impact reactor accident consequence calculations
and as a result, are 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 [1]. 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.

B-1
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Table B.1-1 Inventory of Radionuclides in the 3412 MWt PWR Core

Radioactive Inventorg)Source (curies x 10" Half-Life (daye)No. Radionulcide

1 Cobalt-58 0.0075 71.0
2 Cobalt-60 0.000045 1,920
3 Krypton-85 0.0066 3,950
4 Krypton-85m 0.31 0.183
5 Krypton-87 0.57 0.0528
6 Krypton-88 0.77 0.117
7 Rubidium-86- 0.00048 18.7
8 Strontium-89 0.9C 52.1
9 Strontium-90 0.052 10,300

10 Strontium-91 1.2 0.403
11 Yttrium-90 0.055 2.67
12 Yttrium-91 1.2 59.0
13 Zirconium-95 1.5 65.2
14 Zirconium-97 1.6 0.71
15 Niobium-95 1.4 35.0
16 Molybdenum-99 1.7 2.8
17 Technetium-99m 1.4 0.25
18 Ruthenium-103 1.2 39.5
19 Ruthenium-105 0.82 0 185
20 Ruthenium-106 0.29 366
21 Rhodium-105 0.56 1.50
22 Tellurium-127 0.075 0.391
23 Tellurium-127m 0.0098 109
24 Tellurium-129 0.25 0.048
25 Tellurium-129m 0.067 34.0
26 Tellurium-131m 0.13 1.25
27 Te11urium-132 1.3 3.25
28 Antimony-127 0.077 3.88
29 Antimony-129 0.27 0.179
30 Iodine-131 0.87 8.05
31 Iodine-132 1.3 0.0958
32 Iodine-133 1.8 0.875-
33 Iodin e-134 2.0 0.0366
34 Iodine-135 1.7 0.280
35 Xenon-133 1.8 5.28
36 Xenon-135 0.38 0.384
37 Cesium-134 0.13 750
38 Cesium-136 0.039 13.0
39 Cesium-137 0.065 11.000
40 Barium-140 1.7 12.8

; 41 Lanthanum-140 1.7 1.67
42 Cerium-141 1.5 32.3
43 Cerium-143 1.5 1.38
44 Cerium-144 0.92 284

j 45 Pra seod ymium-143 1.5 13.7
: 46 Neodynium-147 0.65 11.1
| 47 Neptunium-239 19.0 2.35
'

48 Plutonium-238 0.0012 32,500
649 Plutonium-239 0.00026 8.9 x 10
650 Plutonium-240 0.00029 2.5 x 10

51 Plutonium-241 0.054 5,350
552 Americium-241 0.000036 1.6 x 10

53 Curium-242 0.014 163t

1 54 Curium-244 0.00084 6,630

B-2
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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 [33 Consequence calculations were per-
formed using end-of-cycle equilibrium inventories for the
WASil-1400 3200 MWt Westinghouse PWR, the 3412 MWt Westing-
house PWR, a 3578 MWt General Electric (GE) BWR, and a
1518 MWt Westinghouse PWR. Calculations were also per-
formed for the 3412 MWt PWR at 1/3 and 2/3 of the way
way through the annual operating cycle. (The 3578 MWt
BWR and 1518 MWt PWR inventories, like those for the
3412 MWt PWR, were generated with the SN9DI A+0RIGEN 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.

i 1) The 3412 MWt PWR land interdiction and
decontamination results are approximately

|~ 30% larger than those for the WASil-1400
PWR. Differences for other consequences

j

i 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

3412 MWt 3578 MWt* .1518 MWt
Characteristic WASH-1400 PWR BWR PWR

Total Uranium in --- 89.1 136.7 47.5
Fresh Core (MT)

Initial U-235 3.3 3.3 2.66, 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)

"The SANDIA-ORIGEN BWR calculations were performed on a per fuel assembly basis.
The code generated radionuclide inventories by blending individual assembly
results.



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-o f-Cycle End-of-Cycle End-o f-Cycle 1/3 Cycle 2/3 Cycle
(days) 3412 MWt PWR 3200 MWt PWR ?578 MWt BWR 1518 MWt PWR 3412 MWt PWR 3412 MWt PWR

(Ci)

5 1.03 1.36 0.44 0.68 0.84Kr-85 0.117 6.64 x 10
8Mo-99 2.8 1.66 x 10 0.94 1.05 0.45 1.02 1.01
8Tc-99m 0.25 1.43 x 10 1.00 1.05 0.45 1.03 1.01
8Ru-103 39.5 1.25 x 10 0.85 1.06 0.44 0.87 0.96
7Ru-105 0.185 8.22 x 10 0.88 1.07 0.43 0.86 0.94
7

Ru-106 366 2.90 x 10 0.86 1.24 0.42 0.66 0.83
6

Te-129m 0.34 6.70 x 10 0.79 1.06 0.44 0.88 0.96
7

m Te-131m 1.25 1.28 x 10 1.00 1.07 0.44 0.97 0.98
8j, Te-132 3.25 1.27 x 10 0.92 1.06 0.45 1.00 1 00
7Sb-129 0.179 2.72 x 10 1.22 1.06 0.44 0.93 0 97
7

I-131 8.05 8.74 x 10 0.98 1.06 0.45 0.99 1 00
8

-I-132 0.096 1.29 x 10 0.92 1.05 0.44 0.99 1.00
8

I-133 0.875 1.84 x 10 0.94 1.05 0.45 1.02 1.01
8

I-134 0.037 2.02 x 10 0.95 1.05 0.45 1.02 1.01
8

I-135 0.28 1.73 x 10 0.88 1.06 U.45 1.02 1.01
7

Cs-134 750 1.26 x 10 0.60 1.20 0.38 0.55 0.76
6

Cs-136 13.0 3.91 x 10 0.77 1.04 0.41 0.67 0.84
6Cs-137 11.000 6.54 x 10 0.72 1.39 0.44- 0.67 0.83
8

Ba-140 12.8 1.68 x 10 0.94 1.05 0.45 1.02 1.01
7Ce-144 284 9.15 x 10 0.92 1.14 0.45 0.77 0.90

,
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Table B.2-3 Summary of CRAC2 Consequence Predictions.

lWASH-1400 Scaled
Consequence End-o f-Cycle End-o f-Cycle End-o f-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

Hean Early 800 690 890 750 780 150 150
Patalities

Mean Early 3600 3000 4100 3400 3500 960 970
Injuries

Mean Latent 7800 7000 8400 6800 7300 5300 5400-
Cancer_

{ Patalities

Mean Land 200 140 280 130 160 92 97
Interdicgion
Area (km )

Mean Land 3800 2800 5900 2800 3100 2000 2100
Decontamination

Areg)(km

4

1 1nventory = (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%. I

3) Comparison of the 3412 and 1518 MWt PWR
results indicate reductions in reactor size
result in proportionately larger reductions
in early~ consequences.

4) Comparison of the 1/3, 2/3, and end-of-cycle 1

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 invencories 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 Eatinates

This appendix presents the consequence estimates
for each of the 91 sites analyzed in Chapter 2. It |

is important to note that in each case the calculations |

annumed (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 af ter 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 an estimates of existing / reactor combinations.

Table C.1 provides a summary of the mean early
fatalition, early injurien, and latent cancer fatalities
for SST1, SST2, and SST3. Figures C-1 through C-18 con-
tain early fatality, early injury, and latent cancer
fatality CCDFs for each of the 91 siten, conditional on
an SST1 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 Nisaber (Per Reactor-Year) of Early Fatalities, Early .
; Injuries and Iatent Cancer Fatalities for each of 91' Sites,
for SST1, SST2, or SST3 Accident Source Terms.-

.c

Asstaptions:

(1) Standard 1120 Ms IWR

(2) Stsmary Evacuation

(3) Actual Site Population and Wind rose

(4) Best Estimate Meteorology

Mean latent .
Mean Early Fatalities * Mean Early Injuries * Cancer Fatalities *
SST1- SST2 SST3 SSTl SST2- SST3 SSTl SST2 SST3

Allens Creek- 31Wy - OxP P 93xP 0.9xP OxP 62NP 49xP 0.2xP2 3 y 2 3 1 2 3

Arkansas 17xP OxP OKP 150xP 0.2xP P3. 95 kP1 2 382xP 0.3xPy 2 3 1 2

Bailly 58xP OKP OKP 1200KP 0.5xP OxP 3300KP 26 &P 0.9xPy 2 3 t 2 3 1 2 3

Beaver Valley 150xP 0xP OxP 1200xP 0.4xP OxP 3400xP 20&P 0.6 xP1 2 3 1 2 3 1 2 3

Bellefonte 63xP 0.0BxP OxP 110KP 5.6xP OKP 1000xP 70xP2 0.3xP3y 2 3 y 2 3 1

i Big Rock Pt. 15xP &P NP 90xP 0.5xP 0xP 680xP 53xP 0.2xPt 2 3 1 2 3 1 2 3

Black Fox 13xP OxP OxP 220xP 0.01xP OxP 78&P 69xP 0.3xPy 2 3 t 2 3 1 2 3

; Braidwood 160KP 0.05xP NP 420xP lOxP OxP 3200xP 240xP 0.9xPy 2 3 y 2 3 1 2 3

| Browns Ferry 25xP OxP P 220W 0.03xPy 2 3 1 2 0@3 970xP 69xP 0.3FP
t 2 3

!

[ Brunswick 12xP NP OxP 120xP 0. 01xP OxP 890KP 98xP 0.4xPi 2 3 i 2 3 t 2 3

|
cDetailed Probabilistic Risk Assessments (PRAs) have not been perfonned 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 tenne, the set can be made to approximately
represent any current IMR design. BasedoncurrentlyavailablePRAs,fMCpssuggested
that 3 3resentative probabilities for the p~rs are: P for SST1 = 1 x 10F , P f0Ey 2for SST3 = 1 x 10~ . h re are very large variationsSST2 = 2 x 10 ", and P
(factors of 10 to 100)3in the accident probabilities associated with a specific design.j

Caution should be used when applying these nunbers. Probability times consequence is
not an adequate representation of risk; it provides only a cmmon neasure for cmpara-

!~ tive purposes (i.e., rank ordering), h Caplementary Ctsnulative Distribution i

Functions (shcwn in Figure C-1 through C-18) are a better representation of risk.
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Table C-1. -(continued)
i

Mean Iatent
'

Maan Parly Fatalities * Mean Farly Injuries * Gncer Fatalities *
SST1 SST2' SST3 SST1 SErr2 SST3 SErrl SST2 SST3

0.7xP4.3xP2 OxP 2500xP 190xP2 3Byron 54xP O.09xP2 OxP3 330xPi 3 1i

0.3xP100xP 0.04xP OxP 1200xP 97xP2Callaway 10xP 0xP OxP3 i 2 3 i 31 2

Calvert Cliffs 18xP 0xP OxP 170xP 0.08xP OxP 2400xP 120xP 0.4xP
1 2 3 y 2 3 1 2 3

0.4xPOxP 1500xP 110xP2 3OxP 710xP 0.2xP2 3 1Catawba 100xP 0xP2 3 11

OxP 250xP 0.1xP OxP 1200xP 76xP 0.3xPOterokee 27xP OxP2 3 1 2 3 i 2 3i

130xP 0.7xP2 OxP 2300xP 170xP 0.7xPClinton 16xP 0xP OxP3 1 3 1 2 31 2

OxP 640xP 49xP 0.2xP337xP 0xP2 3 1 2Comanche Peak 1.3xP OxP31 0xP2 1

900xP 81xP 0.3xP3Cooper 4.7tP OxP OxP 47xP 0.09xP OxP3 1 21 2 3 1 2

Crystal River 21xP OxP2 0xP 88xP 0.9xP OxP 590xP 66xP 0.3xP
i 3 1 2 3 1 2 3

Davis-Desse 21xP OxP OxP 420xP 0.6xP OxP 2600xP 160xP 0.5xP
t 2 3 1 2 3 1 2 3

Diablo O nyon 4.7xP 0xP OxP 50xP 0xP OxP 1200xP 98xP 0.4xP1 2 3 1 2 3 1 2 3

Donald C. (bok 55xP 0.04xP OxP 590xP 2.2xP OxP 2500xP 120xP 0.4xP
1 2 3 1 2 3 i 2 3

540xP 0.3xP OxP 3300xP 260xP 0.9xPDremien 42xP OxP OxP 1 2 3 1 2 3i 2 3

Duane Arnold 21xP 0xP OxP 380xP 0.4xP OxP 1700xP 190xP 0.8xP
1 2 3 i 2 3 1 2 3

Fermi 160xP 0.08xP 0xP 970xP 7.1xP OxP 3000xP 200xP 0.6xP
1 2 3 1 2 3 1 2 3

Pitzpatrick 5.OxP 0xP OxP 110xP 0.06xP OxP 1200xP 57xP 0.2xP
1 2 3 1 2 3 1 2 3

Forked River 84xP OxP OxP 530xP 0.8xP OxP 4400xP 200xP 0.6xP
i 2 3 1 2 3 1 2 3

0.4xPPort Olhoun 50xP 0.1xP OxP 440xP 3.0xP 0xP 1100xP 110xP2 31 2 3 1 2 3 1

810xP 82xP 0.3xPPt. St. Vrain 15xP 0xP OxP 220xP 0xP OxP3 t 2 31 2 3 1 2

1900xP 89xP 0.3xPGinna 11xP 0xP 0xP 370xP 0.1xP OxP3 i 2 31 3 3 1 2

Grand Gulf 14xP 0xP 0xP 73xP 0.7xP OxP 700xP 60xP 0.3xP
3 2 3 1 2 3 1 2 3

Iladden Neck 110xP OxP OxP 890xP 1.2xP OxP 2100xP 160xP 0.5xPy 2 3 i 2 3 1 2 3

U$ce~ footnote, page C-2.
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'!hble C-1. . (contintwl)

Mean Intent i

Nan Parly Fatalities * Nan Parly Injuries * Omcer Fatalities * |
T3ST1 SST2 SST3 SST1 SE2 SST3 SST1 SST2 SST3 |

liartsville 19xP 0xP OxP 140xP 0.04xP OxP 970xP 64xP 0.2xP
1 2 3 1 2 3 1 2 3

Ilatch 4xP OxP OxP 62xP 0.04xP2 3 t 2 3OxP 770xP 64xP 0.2xPy 2 3 y

Ilope Creek 120xP OxP OxP 440xP OxP OxP 3000xP 160xP 0.5xP
t 2 3 t 2 3 1 2 3

Indian Pt. 830xP 0.08xP OxP 3600xP 18xP OxP 8100xP 590xP 1.8xP
t 2 3 1 2 3 t 2 3

Joseph M. Parley 12xP 0xP OxP 85xP 0.03xP OxP 670xP 56xP 0.2xP1 2 3 1 2 3 1 2 3

Kewaunee 1.2xP OxP2 3 1 2 OxP 1200xP 70xP 0.3xPOxP 78xP 0xP
t 3 t 2 3

200xP 1.8xP 0xP 850xP 58xP 0.2xPInCrosse 32xP OxP 0xP3 y 2 3 1 2 3t 2

In Salle 26xP OxP OxP 180xP 0.6xP 0xP 2000xP 200xP 0.7xPy 2 3 1 3 3 1 2 3

Limerick 970xP 2.2xP 0xP 2000xP 6.6xP OxP3 t 25400xP 370xP 1.3xP1 2 3 t 2 3

Maine Yankee 4.1xP 0xP OxP1 2 3 34xP 0xP OxP 770xP 29xP 0.1xP1 2 3 1 2 3

mrblo 11111 28xP OxP OxP 420xP OxP OxP3 y 2 32400xP 180xP 0.7xPg 2 3 t 2

McGnire 130xP OxP OxP 680xP OxP OxP 1600xP 130xP 0.5xPy 2 3 t 2 3 t 2 3

Midland 320xP 0.2xP OxP 1100xP 1.3xP OxP 2200xP 130xP 0.5xP1 2 3 t 2 3 1 2 3

Millstono 240xP 0.02xP OxP3 1 2 3 1 2 3
990xP 4.5xP OxP 3200xP 160xP 0.6xPt 2

N nticello 12xP OxP OxP 200xP 0.00xP OxP 1100xP 98xP 0.4xPt 2 3 1 2 3 1 2 3

Nine Mlle Pt. 5.2xP 0xP OxP 110xP 0.06xP OxP 1200xP 58xP 0.2xP1 2 3 t 2 3 1 2 3

North Anna 14xP OxP OxP 92xP 0.08xP OxP 1800xP 75xP 0.3xPt 2 3 y 2 3 t 2 3

Oconco 2.0xP OxP2 OxP 240xP 0.03xP OxP 1100xP 70xP 0.3xPt 3 t 2 3 1 2 3

Oyster Creek 84xP OxP OxP 530xP 0.8xP 0xP 4400xP 200xP 0.6xP
t 2 3 t 2 3 1 2 3

Palisados 37xP 0.02xP OxP 250xP 1.3xP OxP 1700xP 90xP 0.3xPt 2 3 t 2 3 y 2 3

Palo Verde 5.8xP OxP2 OxP3 59xP 0.2xP OxP3 t
450xP 26xP2 0.09xPt t 2 3

Peach Ibtton 97xP 0xP OxP1 2 3 400xrt 0.02xP OxP 2000xP 140xP 0.4xP2 3 1 2 3

I
| *See footnote, page C-2.
|
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Table C-1. (continued)

Mean Iatent

Mean Early Fatalities * Mean Early Injuries * Qincer Patalities*
SST1 SST2 SSP 3 SST1 SST2 SST3 SSTl SST2 SST3

OxP3 230xP 18xP2 0.07xP33.7xP OxP2Pebble Springs 0.41xP 0xP2 OxP3 t1 y

2.1xP2 OxP3 1500xP 120xP 0.5xP3520xPtPerkins 98xP OxP2 OxP3 t 21

520xP 4.2xP2 OxP3 2500xP 160xP2 0.6xP3Perry 95xP 0.07xP1 2 OxP3 y 1

82xP2 0.3xP1300xP1300xP 16xP2 OxP3Phipps Ded 170xP 0.3xP2 OxP3 t 3t

0.3xPP11grjm 71xP 0.02xP2 0xP3 300xP 2.4xP2 0xP3 1500xP 85xP2 3i 1 1

OxP3 1400xP 77xP 0.3xP110xP 0.3xP2Pt. Beach 7.7xP 0xP2 OxP3 1 y 2 31

0.4xP31400xP 110xP2260xP 2.4xP2 OxP3Prairie Is. 56xP OxP2 OxP3 y 1t

0.7xP170xP2Quad Cities 17xP 0xP2 OxP3 290xP 0.04xP OxP3 1900xPt 31 1 2

870xP 87xP2 0.3xP0.02xP2 OxP3 1Rancho Seco 15xP OxP OxP3 110xP1 3y 2

t y 2 0.2xP30.2xP 750xP 60xPRiver Bervi 31xP OxP2 OxP3 200xP1 2 OxP3

59xP2 0.2xP30.0lxP2 OxP3 880xPtRobinson 16xP OxP2 OxP3 170xPtt

700xP 69xP 0.4xP3310xP 0.6xP OxP3 1 2St. Incio 77xP OxP2 0xP3 1 2t

0.5xPOxP3 3000xP 160xP2Salen 120xP OxP2 OxP3 440xP 0xP2 31t 1

1800xP 150xP2 0.5xP3San Onofre lixP OxP2 OxP3 150xP OxP2 OxP3 1y y

Seabrook 13xP OxP2 OxP 210xP 0.04xP OxP 1000xP 54xP 0.2xP
1 3 y 2 3 1 2 3

OxP 1300xP 95xP 0.3xPSequoyah 110xP OxP2 OxP 690xP 0.6xP2 3 1 2 3t 3 1

1300xP 110xP2 0.4xP3260xP 0.4xP OxP3 1Shearon liarris 40xP 0xP2 OxP3 1 2| 1

OxP 870xP 1.9xP OxP3 3400xP 170xP 0.5xPShoreham 140xP 0xP2 2 y 2 31 3 1

OxP3 500xP 49xP 0.2xPOxP 370xP 0.4xP2Skagit 50xP 0xP2 3 t 1 2 31

32xP OxP OxP 610xP 43xP 0.2xPSouth Texas 5.2xP 0xP OxP3 1 2 3 1 2 31 2

Surry 65xP OxP OxP 330xP 0xP2 OxP 1700xP 95xP 0.3xP
1 2 3 1 3 y 2 3

0.5xP700xP 0.2xP2 OxP 3300xP 150xP2 3Susquehanna 180xP 0xP OxP3 1 3 11 2

*See footnote, page C-2.
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Table C-1. (continued)

Mean Iatent
Mean Parly Fatalities * Pban Parly Injuries * Chncer Stalities*
SW1 SST2 SST3 SSTl SST2 SST3 SSTl SST2 SST3

1200xP 4.5xP OxP 3500xP 170xP 0.6xP'1hree Mile Island 240xP 0xP3 1 2 3 1 2 31 0xP2

OxP 1100xP 73xP 0.3xP3350xP 3.8xP2 3 1 2Trojan 46xP 0.1xP2 0xP3 11

'Ibrkey Pt. 31xP 0xP OxP 460xP 0xP OxP 690xP 83xP 0.4xP
1 2 3 1 2 3 t 2 3

320xP 4.4xP 0.3xPV;rmont Yankee 130xP 0xP2 OxP3 t 2 OxP 1800xP 72xP23 1 31

0.2xP120xP 0xP OxP 1000xP 63xP2 3Virgil amner 12xP OxP2 0xP3 1 2 3 1t

85xP OxP OxP 900xP 70xP 0.3xPVogtle 0.07xP OxP2 0xP3 t 2 3 1 2 3t

110xP 0xP OxP 310xP 37xP 0.2xPWPPSS 1,4 0.1xP 0xP2 OxP3 1 2 3 1 2 31

120xP OxP OxP 720xP 53xP 0.2xP3WPPSS 2 1.0xP 0xP OxP3 t 2 3 t 21 2

WPPSS 3,5 0.1xP OxP OxP 110xP OxP OxP 310xP 37xP 0.2xP
t 2 3 t 2 3 1 2 3

OxP 580xP 8.3xP OxP 990xP 93xP 0.4xPWat.erford 170xP 0.2xP2 3 1 2 3 t 2 3t

Watts Bar 13xP OxP 0xP 110xP 0.02xP2 3 1 2 3OxP 1000xP 66xP 0.3xPt 2 3 t

Wolf Creek 2.4xP OxP OxP 34xP 0.04xP OxP 760xP 70xP 0.3xP
t 2 3 1 2 3 t 2 3

Yankee ibwe IRxP OxP OxP 180xP 0.05xP 0xP 2300xP 100xP 0.2xP
t 2 3 t 2 3 t 2 3

Yallow Creek 5.6xP 0xP OxP1 2 3 68xP OxP OxP 850xP 63xP 0.3xP
t 2 3 1 2 3

Zimer 46xP OxP OxP 670xP 0.4xP OxP 2400xP 170xP 0.6xP
t 2 3 t 2 3 1 2 3

Zion 520xP 4.lxP2 3 1 2 3 1OxP 1600xP 32xP 0xP 4000xP 330xP
t 2 1.2xP3

*See footnote, page C-2.
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Note: These CCDFs do not represent effects from Gricting rOrctor/Dito combinnticn'J,
all assume an 1120 MWe reactor. In addition, these results are conditional
on the occurrence of a hypothetical SSTl release. Recent evidence suggests
that the source term magnitude assumed for SSTl may be overestimated by'a
factor of 10 or more (see section 2.3.2).
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Figure C-1: 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.

*See footnote, page C-2.
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Cato 'Ihcco CCDFa do n*.t rcpr;c;nt off;cto from Exicting rocctsr/cito combin2tionJ,
all occume cn 1120 MWe rccctor. In cdditicn, thsco reculto cro conditicnal
on the occurrence of a hypothetical SSTl release. Recent evidence suggests
that the source term magnitude assumed for SSTl may be overestimated by a
factor of 10 or more (see section 2.3.2).
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Figure C-2: 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.

*See footnote, page C-2.
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Note: 'Ihese CCDFs do not represent effects from existing reactor / site combinations,
all assume an 1120 MWe reactor. In addition, these results are conditional
on the occurrence of a hypothetical SSTl release. Recent evidence suggests |

that the source term magnitude assumed for SSTl msy be overestimated by a |

factor of 10 or more (see section 2."J.2). |
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Figure C-3: 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.

*See footnote, page C-2.
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CSto 'IhDOO CCDF3 do not rcprCCcnt offects froen Cxicting rCCct";r/Cito cosabinations,
q

cli OCGume on 1120 MWe rs ctcr. In cddition, thrCo reculto aro conditional
!

on the occurrence of a hypothetical SSTl release. Recent evidence suggests j

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-4: Early fatality, early injury, and latent cancer fatality CCDFs at named sites,
conditional on an SSTl release.
Assumptions: 1120 MWe reactor, summary evacuation, representative meteorology
(see Appendix A), and actual site population and windrose.
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*See footnote, page C-2.
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Note: Wese CCDFs do not represent effects from existing reactor / site combinations,
all assume an 1120 MWe reactor. In addition, these results are conditional
en the occurrence of a hypothetical SSTl release. Recent evidence suggests
that the source terin magnitude asstaned for SSTl 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 SSTl release.
Assumptions: 1120 MWe reactor, summary evacuation, representative meteorology

; (see Appendix A), and actual site population and windrose.

*See footnote, page C-2.
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Noto: '!hcse CCDFa do not reprocent effecto from cxicting react:r/cito combinationJ.
all assirae an 1120 MWe reactor. In addition, these results are conditional
on the occurrence of a hypothetical SSTl release. Recent evidence suggests
that the source term magnitude assumed for SSTl may be overestimated by a
factor of 10 or more (see section 2.3.2).
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Early fatality, early injury, and latent cancer fatality CCDFs at named sites,Figure C-6:
conditional on an SSTl release.
Assumptions: 1120 MWe reactor, summary evacuation, representative meteorology
(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 SSTl releace. 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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Early fatality, early injury, and latent cancer fatality CCDFs at named sites,Figure C-7:
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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_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - _ _

Noto: Thece CCDFo do not rcproc;nt offseto from exicting rc cter/cito combin2tiona,
all asattne tn 1120 MWa reactor. In cdditicn, th2co rcculto cro conditional
on the occurrence of a hypothetical SSTl release.' Recent evidence suggests
that the source term magnitude asstuned for SST1 may be overestimated by a
factor of 10 or more (see section 2.3.2).
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Figure C-8: 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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Nstor 'Ihoca CCDFa do not rcproc;nt offccto from cxicting rOOctor/cito combin&#iono, .'
'

all accume en 1120 MWa rocctor. In cdditicn, thasa raculto cro conditioini .

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-lO: 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: 'Ihese 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 magnitode assumed for SSTl may be overestimated by a
factor of 10 or more (see section 2.3.2).
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Figure C-11: Early fatality, early injury, and latent cancer 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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all assume an 1120 MWe reactor. In addition, these results are conditional
on the occurrence of a hypothetical SSTl release. Recent evidence suggests
that the source term magnitude assumed for SSTl may be overestimated by a
factor of 10 or more (see section 2.3.2).
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Figure C-12: 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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Noto: 'Iheca CCDFa da not rceprgccnt offccto from cxicting racctor/Cito combin0 tion 3
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 SSTl 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 SSTl release.
Assumptions: 1120 MWe reactor, summary evacuation, representative meteorology
(sce Appendix A), and actual site population and windrose.
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Nota Thaco CCDFa do ntt r6proccnt offecta from cristing ra;cter/cito combinctiona,all ecaume 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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Assumptions: 1120 MWe reactor, summary evacuation, representative meteorology
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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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Early fatality, early injury, and latent cancer fatality CCDFs at named sites,Figure C-15:
conditional on an SSTl release.
Assumptions: 1120 MWe reactor, summary evacuation, representative meteorology
(see Appendix A), and actual site po,talation and windrose.
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Note: "these CCDFs do not represent effects from existing reactor / site cosabinations,
all assume an 1120 MWe reactor. In addition, these results are conditional
on the occurrence of a hypcthetical SSTl release. Recent evidence suggests
that the source term magnitude assumed for SSTl may be overestimated by a
factor of 10 or more (see section 2.3.2).
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Note: 'Ihese CCDPs 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 inagnitude assumed for SSTl may be overestimated by a
factor of 10 or more (see sectaion 2.3.2) .
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Figure C-17: Early fatality, early injury, and latent cancer fatality CCDFs at named sites,
conditional on an SSTl release.
Assumptions: 1120 MWe reactor, summary evacuation, representative meteorology
(see Appendix A), and actual site population and windrose.
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NOto 'Ih;ca CCDFa da not rcprco;nt offcets from exicting roccter/ site combinations,
all assume an 1120 MWe reactor. In addition, these results are conditional
on che occurrence of a hypothetical SST1 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-18: 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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Appendix D: Additional Population Statistics for-Current
Reactor Sites

The demographic characteristics of the 91 reactor
- sites described in Chapter 2 and Appendix A were analyzed
for this study. These data, which were summarized in
Chapter 3, provide a perspective of previous siting
decisions and delineate the population characteristics
of current reactor sites. 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.1-1 thru D.1-8) : Eight annuli
(0-2, 2-5, 5-10, 10-20, 20-30, 30-50,
50-100, and 100-200 mi).

Set 2 (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-
fled population density (x-axis value).

D-1
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Set 3 (Figures D.1-17 thru D.1-22): the most
populated 22.5* sector in each of six annu11
(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 22.5" sector in each of six radial
distances (0-2, 0-5, 0-10, 0-20, 0-30 and
0-50 mi) on the 16 sector grid.

Set 5 (Figures D.1-29 thru D.1-34): the most popu-
lated 45' sector (two adjacent 22.5* sectors)
in each of six annuli (0-2, 2-5, 5-10, 10-20,
20-30, and 30-50 mi) on the 16 sector grid.

Set 6 (Figures 0.1-35 thru D.1-40): the most popu-
lated 45* sector (two adjacent 22.5* sectors)
in each of six radial distances (0-2, 0-5,
0-10, 0-20, 0-30, and 0-50 mi) on the 16
sector grid.

Each figure contains six CCDFs, one for each of the five
NRC administrative regions (NE, MW, S, W, SW, see Figure
3-1) and one for all regions combined (All).

Tables D.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 annull; Table D.2 presents similar
data for.eight radial distances; Table D.3 for the most
populated 22.5* sector of six annu11; and Table D.4 for
the most populated 22.5* sector of six radial distances.
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Combined (All): Population Density Within the Most Populated 22.5* Sector
of the Annular Interval 10-20 Miles.
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Figure D.1-21. CCDFs of Population Density (people /sq mi) at 91 Reactor Sites for the
Five NRC Administrative Regions (N E , MW, S, W, SW) and for All Regions
Combined (All): Population Density Within the Most Populated 22.5* Sector
of the Annular Interval 20-30 Miles.
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Figure D.1-22. CCDPs 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 22.5* Sector
of the Annular Interval 30-50 Miles.

- - - _ _ _ _ _ _ .



_ - _ _ _ _ _ - - _ _ _ _ _ _ _ _ _ __ _ _
_ _

_.. _ - _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _

l

1 1 l
'

g g g

8.6 0..9.. *

8.6 8.6 0.6

~

i .4 .4.4
I

E
O t

u ..i u .., ...

m

tu
' - ' ' - |' * ' ' '' ' ' -' *o e e e

c 1 10 108 1800 if4 1 10 to8 1000 1E4 5 18 108 1000 SE4
~

M p Mt
1 4

o o
8 4
" g ... ... ...

.

0.6 3.6 0.6

m
0.4 0.4 8.4

s.a s.2 s.2

,
. . . . . . . .i .i .. .. . i .. .. .. .. .

, ,

1 as too toes are s is noe goes tr4 se see sees 114

Mean Population Density (people /sq mi)

Figure D.1-23. CCDFs of Population Density (people /sq mi) at 91 Reactor Sites for the
Five MRC Administrative Regions (NE, MW, S, W, SW) and for All Regions
Combined (All): Population Density Within the Most Populated 22.5* Sector
of the Radial Distance 0-2 Miles.
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Figure D.1-24. CCDFs of Population Density (people /sq rai) 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 22.5* Sector
of the Radial Distance 0-5 Miles.
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Figure D.1-25. 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 22.5* Sector
of the Padial Distance 0-10 Miles.
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Figure D.1-26. 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 22.5* Sector
of the Radial Distance 0-20 Miles.
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Figure D.1-28. 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 22.5* Sector
o f the Radial Distance 0-50 Miles.
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Figure D.1-29. CCDFs of Population Density (people /sq mi) at 91 Reactor Sites for the
Five NRC Administrative Regions (N E , MW, S, W, SW) and for All Regions

Combined (All): Population Density Within the Most Populated 45" Sector
(two adjacent 22.5* sectors) of the Annular Interval 0-2 Miles.
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Figure D.1-30. CCDFs of Population Density (people /sq mi) at 91 Reactor Sites for the
Five NRC Administrative Regions (NE, MW, S, W, SW) and for All Regions
Combined (All): Population Density Within the Most Populated 45* Sector.
(two adjacent 22.5* sectors) of the Annular Interval 2-5 Miles.
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Figure D.1-31. CCDFc of Population Density (people /sq mi) at 91 Reactor Sites for the
Five NRC Administrative Regions (NE, MW, S , W, SW) and for All Regions
Combined (All): Population Density Within the Most Populated 45* Sector
(two adjacent 22.5* sectors) of the Annular Interval 5-10 Miles.
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Figure D.1-32. CCDFs of Population Density (people /sq mi) at 91 Reactor Sites for the
Five NRC Administrative Regions (NE, MW, S, W, SW) and for All Regions
Combined (All): Population Density Within the Most Populated 45' Sector
(two adjacent 22.5* sectors) of the Annular Interval 10-20 Miles.
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Figure D.1-33. CCDFs of Population Density (people /sq mi) at 91 Reactor Sites for the
Five NRC Administrative Regions (N E , MW, S, W, SW) and for All Regions

Combined (All): Population Density Within the Most Populated 45' Sector
(two adjacent 22.5* sectors) of the Annular Interval 20-30 Miles.
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Figure D.1-34. CCDFs of Population Density (people /sq mi) at 91 Reactor Sites for the
Five NRC Administrative Regions (NE, MW, S, W, SW) and for All Regions
Combined (All): Population Density Within the Most Populated 45* Sector
(two adjacent 22.5* sectors) of the Annular Interval 30-50 Miles.
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Figure D.1-36. CCDFs of Population Density (peopie/sq mi) at 91 Reactor Sites for the
Five NRC Administrative Regions (NL MW, S, W, SW) and for All Regions
Combined (All): Population Density Within the Most Populated 45* Sector
(two adjacent 22.5* sectors) of the Radial Distance 0-5 Miles.
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Figure D.1-37. CCDFs of Population Density (people /sq mi) at 91 Reactor Sites for the
Five NRC Adminintrative Regions (NE, MW, S, W, SW) and for All Regions
Combined (All): Population Density Within the !bst Populated 45* Sector

I (two adjacent 22.5* 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 Reactor Sites for the
Five NRC Administrative Regions (NE, MW, S, W, SW) and for All Regions
combined (All): Population Density Within the Most Populated 45* Sector
(two adjacent 22.5* sectors) of the Radial Distance 0-20 Miles.
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Figure 0.1-39. CCDFs of Population Density (people /sq mi) at 91 Reactor Sites for the
Five NRC Administrative Regions (NE, MW, S, W, SW) and for All Regions
Combined (All): Population Density Within the Most Populated 45* Sector
(two adjacent 22.5* 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
I Five NRC Administrative Regions (NE, MW, S, W, SW) and for All Regions

Combined (All): Population Density Within the Most Populated 45* Sector
(two adjacent 22.5" sectors) of the Rndial Distance 0-50 Miles.
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TABLE D.1-1

PO PULATION DENSITIES (PDOPLE PER SQ. MI.) POR 91 REACTOR SITES2

INNER MID 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 21 30 39 286 48 35
2 ARKANSAS 1+2 58 83 26 16 15 42 47

L 3 BAILLY S 271 283 534 1024 906 145 134
-

4 BEAVER VALLEY l+2 160 565 342 787 403 210 139
5 BELLEFONTE 1 21 89 30 41 147 87 76

- 6 BIG ROCK POINT 54 14 27 9 16 11 39
7 BLACK P0X 29 10 147 234 36 38 35*

8 B RAIDWOO D 1 127 53 79 168 700 258 111
9 BROWNS FERRY 1, 2, + 12 121 88 98 71 76 80

m 10 BRUNSWICK 1 + 2 31 25 62 26 13 40 48
11 BYRoti 1 83 59 250 127 85 439 74

'. 12 CALLAWAY 8 12 32 87 24 123 56-

' 13 CALVERT CLIFF 1 + 2 34 52 55 51 456 201 167
14 CATAWBA 1 49 237 431 154 107 116 73

'

15 CIIEROKEE 48 113 113 220 162 95 91
16 CLINTON 18 46 36 168 79 68 188
17 COMMANCHE PEAK 20 20 7 33 142 94 30

~ = 18 COOK DC 1+2 93 157 115 226 117 418 169
19 OOOPER S 14 22 19 22 22 70 40

= 20 CRYSTAL RIVER 15 30 11 8 31 89 25
_ 21 DAVIS BE 1 31 55 89 380 212 350 158

22 OIABOO CAN YON 1+2 0 30 69 32 17 13 151
23 DRESDEN 2+3 68 118 199 259 1157 156 108,

24 DUANE ARNOLD 50 346 42 37 54 58 94
- 25 FARLEY l +2 22 29 71 27 41 48 55*

26 FERMI 2 126 259 386 1254 562 194 125
- 27 FITZPATRICK 29 150 50 72 129 79 67

28 PORKED RIVER 1 76 131 146 176 565 875 148
E 29 PORT CALt!OUN 101 25 312 182 23 34 42
$ 30 PORT ST VRAIN 9 35 143 188 192 15 6
5 31 R. E. GINNA 77 124 611 143 67 114 52

32 GRAND GULF 1 16 28 19 40 40 49 57
- 33 IIADDEM NECK 113 211 473 803 305 822 158

34 HARTSVILLE 44 37 61 46 148 46 83
35 IIATCH, E.I. 1+2 13 20 38 28 33 41 64

J 36 INDI AN PT 2 + 3 752 617 732 2046 2462 304 196
[ 37 KEWAUN EE 21 33 80 99 66 84 139

-- 38 LASALLE 1+2 12 53 90 75 140 391 118
~i 39 LA CROSSE 13 22 89 34 35 55 106

40 LIMERICK 1 792 381 668 1877 619 705 169
' 41 MARBLE HILL 88 44 301 379 67 141 104

42 ME YANKEE O G 36 63 45 18 82
43 MCGUIRE 1+2 64 137 505 193 113 111 73
44 MIDLNND 2 535 87 289 85 109 185 97.

45 MI LLSTON E 1 + 2 582 284 167 102 410 624 204
-

y 46 MONTICELLO 67 38 45 155 340 35 26

m

_
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TABLE D.1-1 (cont'd)

|

SITE 0-5 5-10 10-20 20-30 30-50 50-100 100-200
o***********************************************************************

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 !

l49 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 96 246 362 653 428 .i63
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 BB4D 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 RIVER 3END 1 49 74 86 176 43 92 34
64 H. B. ROBIN SON 2 97 75 50 75 77 98 68

j 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 11 -

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 SiOREHAM 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 40 111
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 O 8 26 162 35 58 79
82 WATERPORD 3 181 119 282 490 91 40 27
83 WATTS BAR 1+2 22 31 61 68 101 61 103
84 WPPSSl+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

COMMULATIVE POPULATION DDN SITI ES (PDOPLE PER SQ. MI.) POR 91
REACTOR SITES, CIRCLE RADII ARE GIVEN IN MILES

SITE 0-5 0-10 0-20 0-30 0-50 0-100 0-200
o********************************************************************

1 ALLENS CREEK 31 23 28 35 196 85 48
2 ARKANSAS 1+2 58 77 39 26 19 37 44
3 BAILLY S 271 280 471 778 860 324 182
4 BEAVER VALLEY l + 2 160 464 373 603 475 277 174
5 BELLEFONTE 1 21 72 41 41 109 92 80
6 BIG ROCK POINT 54 24 26 16 16 12 32
7 BLACK P0X 29 15 114 181 88 51 39
8 BRAIDWOOD 1 127 72 77 128 494 317 163
9 BROWNS PERRY 1, 2, + 12 94 89 94 80 77 80
10 BRUNSWICK 1+2 31 26 53 39 22 36 45
11 BYRON 1 83 65 204 161 112 357 145
12 CALLAWAY 8 11 27 61 37 102 67
13 CALVERT CLIFF 1+2 34 48 53 52 310 229 182
14 CATAWBA 1 49 190 371 250 159 126 87
15 Cl!EROKEE 48 97 109 171 165 113 96

90 74 15916 CLIdTON 18 39 37 109 s

17 00MMN4CilE PEAK 20 20 10 23 99 95 46
18 COOK DC 1+2 93' 141 122 180 139 349 214
19 COOPER S 14 20 l? 21 72 58 44
20 CRYSTAL RIVER 15 26 15 11 24 73 37
21 DAVIS-BE 1 31 49 79 246 225 318 198
22 DI ABLO CANYON 1+2 0 22 57 43 27 17 117
23 DRESDEN 2+ 3 68 105 176 222 021 322 162
24 DUANE ARNOLD 50 272 100 65 58 58 85
25 FARLEY l + 2 22 27 60 42 41 46 53s

26 FERMI 2 126 226 346 851 666 312 172
27 FITZPATRICK 29 119 67 70 107 86 72
28 PORKED RIVER 1 76 117 139 160 419 761 301
29 PORT CALP UN 301 44 245 210 91 48 43
30 PORT ST 2.AI N 9 29 114 155 179 56 19
31 R. E. GINNA 77 112 486 295 149 123 70
32 GRAND GUL5' 1 16 25 20 31 37 46 54
33 !!ADDEM NECK 113 187 401 624 420 722 299
34 IIARTSVILLE 44 39 55 50 113 62 78
3 5 !!A T C II , E.I. 1 +2 13 18 33 31 32 39 58
36 INDI AN PT 2 + 3 752 651 711 1453 2099 752 335
37 KEWAUNEE 21 30 68 85 73 81 124
38 LASALLE 1+2 12 42 78 76 117 322 169
39 LA CROSSE 13 20 71 51 41 51 92
40 LIMERICK 1 792 483 622 1319 871 746 313
41 MARRLE IIILL 88 55 240 317 157 145 115
42 ME YANKEE O 4 28 47 46 25 68
43 MCGUIRE 1 +2 64 119 408 289 176 128 87
44 MIDLAND 2 535 199 266 166 129 171 116
45 MILLSTONE 1 + 2 582 359 215 152 317 547 290
46 MONTICELLO 67 45 45 106 256 9L 42
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TABLE D.1-2 (cont'd)

SITE 0-5 0-10 0-20 0-30 0-50 0-100 0-200
o*************************+s******************************************

47 NINE M. PT. 1+2 29 119 67 70 107 86 72
48 NORTH ANNA 1, 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 SPRT.NGS 5 3 1 2 10 14 40
55 PERKINS 79 102 178 219 189 119 88
56 PERRY l 224 228 190 249 329 183 173
57 PHIPPS BD1D 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 85 126
60 P RAI RI E 1 + 2 60 65 55 88 261 100 51
61 OUAD CITIES 1+2 18 53 248 153 85 85 134
62 RANCilO SECO 22 27 107 321 175 201 63
63 RIVERBEND 1 49 68 81 134 76 88 47
64 H. B. ROBIN SON 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 O 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 POINT 1 + 2 0 123 165 316 211 72 24
80 VERMONT YANKEE 1 102 84 95 80 168 314 255
81 VOGTLE O 6 21 99 58 58 73
82 WATERFORD 3 181 135 245 381 195 79 40
83 WATTS BAR 1 + 2 22 29 53 61 87 68 94
84 WPPSSl+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 * SEC'IOR OF EACH ANNULUS

SITE 0-5MI 5-10MI 10-20MI 20-30MI
************************************************************************

1 ALLENS CREEK 209.4 182.3 130.8 153.1

2 ARKANSAS 1 + 2 364.2 676.5 112.0 69.4

3 BAILLY S 1123.1 1650.5 4113.3 9294.1

4 BEAVER VALLEY l + 2 1073.8 2108.9 1003.9 6199.0

5 BELLEFONTE 1 199.6 420.6 89.1 79.7

6 BIG ROCK POINT 716.9 48.9 160.5 28.7

7 BLACK FOX 267.3 81.0 1148.5 2232.1

8 BRAIDWOOD 1 619.3 283,1 409.3 1462.9
9 BROWNS FERRY 1, 2, +3 189.1 814.7 502.6 730.4

10 BRUNSWICK 1 + 2 452.3 112.9 809.6 254.8

11 BYRON 1 356.3 173.8 2191.8 355.3
12 CALLAWAY 129.8 57.3 161.8 557.6

13 CALVERT CLIFF 1 + 2 293.4 240.3 220.0 171.7
14 CATAWBA 1 263.0 1613.2 2719.9 607.2

15 CHEROKEE 276.9 981.9 448.0 807.3

16 CLINTON 107.8 287.3 83.1 1001.1
17 COMMANCHE PEAK 316.6 88.5 29.2 183.6

18 COOK DC 1+2 335.3 1053.0 474.3 1930.4

19 OOOPER S 54.2 108.6 63.1 83.7
20 CRYSTAL RIVER 235.3 164.5 51.7 52.6

21 DAVIS-BE 1 337.6 313.3 417.2 2358.0

22 DI ABID CANYON 1+2 0.0 175.2 566.8 295.7

23 DRESDEN 2+3 332.7 359.6 2023.6 1093.6

24 DUANE ARNOLD 269.1 2488.4 102.4 86.2

25 FARLEY l + 2 160.7 134.5 619.9 46.1
26 FERMI 2 586.9 1364.6 2637.4 6556.7

27 FITZPATRICK 468.3 1758.1 310.2 599.6
28 FORKED RIVER 1 458.6 858.5 847.5 1029.9

29 FORT CALHOUN 976.8 239.0 3212.8 1593.9

30 FORT ST VRAIN 139.1 120.7 574.2 965.4

31 R. E. GINNA 692.2 515.3 5883.2 700.6
32 GRAND GULF 1 207.8 168.7 60.7 301.1

33 HADDEM NECK 789.6 881.2 1725.3 2730.1

34 HARTSVILLE 456.9 79.6 274.1 160.2

35 HATCH, E.I. 1+2 210.4 112.9 136.1 61.5

| 36 INDI AN PT 2 + 3 2513.7 1916.9 2363.0 14617.9

: 37 KEWAUNEE 225.1 197.0 814.8 1292.6

38 LASALLE 1+2 122.2 192.5 383.3 337.7
,

| 39 LA CROSSE 148.3 68.0 891.6 160.7
'

40 LIMERICK 1 4232.5 1340.1 2167.5 12296.5

41 MARBLE HILL 649.0 166.2 2318.0 3443.4

| 42 ME YANKEE 0.0 50.9 218.8 683.2

43 MCGUIRE 1 + 2 388.5 425.8 3096.1 433.5

44 MIDLAND 2 2006.6 276.6 2221.0 304.1 .

45 MILLSTONE 1 + 2 3739.0 1369.8 865.4 251.1
|

46 MONTICELID 456.3 190.9 98.2 621.0
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TABLE D.1-3 (cont'd)

SITE 0-5MI 5-10MI 10-20MI 20-30MI
co**********************************************************************

47 NINE M. PT. 1+2 468.3 1758.1 310.2 599.6
48 NO RTH ANN A 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 l 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 + 2 355.1 876.7 617.3 625.4
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 RNMCHO 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
69 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 3219.4
72 SKAGIT 288.3 525.8 207.1 502.3
73 SOUTH TEXAS 0.0 61.4 265.7 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 2560.7 869.8
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 1199 1 2107.5 4119.7
80 VERMONT YNMKEE 1 507.7 SS2.1 361.2 350.6
81 VOGTLE 0.0 74.4 76.9 991.7
82 WATERPORD 3 880.3 452.7 3399.3 5068.1
83 WATTS BAR 1 + 2 203.1 98.3 248.0 163.3
84 WPPSSl+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 YELDOW CREE.. 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. 5 * SECTOR OF EACH CIRCLE

SITE 0-SMI 0-lOMI 0-20MI 0-30MI
o***********************************************************************

1 ALLENS CREEK 209.4 136.7 98.1 128.6
2 ARKANSAS 1 + 2 364.2 598.4 194.6 125.1
3 BAILLY S 1123.1 1355.6 3423.9 5163.4
4 BEAVER VALLEY l + 2 1073.8 1594.2 903.2 3845.3
5 BELLEPONTE 1 199.6 335.6 107.7 80.5
6 BIG ROCK POINT 716.9 215.9 132.2 66.2
7 BLACK POX 267.3 66.8 861.4 1622.9
8 BRAIDWOOD 1 619.3 218.8 316.7 878.7
9 BROWNS PERRY 1, 2, +3 189.1 611.1 529.7 427.3,

10 BRURSWICK 1 + 2 452.3 113.1 607.2 411.4
11 BYRON 1 356.3 162.6 1656.5 889.0
12 CALLAWAY 129.8 43.0 129.7 341.3
13 CALVERT CLIFF 1 + 2 293.4 229.0 210.1 109.3
14 CATAWBA 1 263.0 1209.9 2075.7 1259.9
15 CHEROKEE 276.9 736.4 361.2 501.1
16 CLINTON 107.8 215.5 72.2 572.2
17 COMMANCHE PEAK 316.6 79.1 38.5 102.0
18 COOK DC 1+2 335.3 867.9 572.7 1141.4
19 COOPER S 54.2 90.3 63.3 56.5
20 CRYSTAL RIVER 235.3 123.4 53.5 41.4
21 DAVIS-BE 1 337.6 238.7 327.8 1367.2
22 DI ABLO CANYON 1+2 0.0 131.4 441.6 201.4
23 DRESDEN 2+3 332.7 269.7 1538.2 876.8
24 DUANE ARNOLD 269.1 1922.2 505.8 241.8
25 FARLEY l + 2 160.7 100.8 475.8 231.4
26 FERMI 2 586.9 1073.2 2069.3 4507.6
27 FITZPATRICK 468.3 1318.6 362.0 365.6
28 FORKED RIVER 1 458.6 758.5 825.3 939.0
29 PORT CALHOUN 976.8 244.2 2417.8 1960.0
30 PORT ST VRAIN 139.1 90.6 430.7 553.9
31 R. E. GINNA 692.2 386.5 4507.8 2392.7
32 GRAND GULF 1 207.8 178.5 51.8 183.1
33 HADDEM NECK 789.6 660.9 1439.7 2009.7
34 HARTSVILLE 456.9 114.2 205.6 155.2

| 35 HATCH, E.I. 1+2 210.4 84.7 102.1 61.2
36 INDI AN PT 2 + 3 2513.7 1627.5 2161.0 8684.2
37 KEWAUNEE 225.1 147.7 618.5 735.8
38 LASALLE 1 + 2 122.2 144.4 301'.9 228.0
39 LA CROSSE 148.3 53.7 682.1 392.5
40 LIMERICK 1 4232.5 1343.5 1758.1 7511.8

5

41 MARBLE HILL 649.0 184.6 1753.1 2692.1
42 ME YNRKEE 0.0 38.1 173.6 404.3
43 MCGUIRE 1 + 2 388.5 319.4 2386.1 1301.3
44 MIDLAND 2 2006.6 549.1 1718.5 911.8
45 MILLSTONE 1 + 2 3739.0 1962.1 877.7 485.5
46 MONTICELLO 456.3 143.2 86.2 368.5
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TABLE D.1-4 (cont'd)

SITE 0-5MI 0-10MI 0-20MI 0-30MI
o*********************************************************************

47 NINE M. PT. 1+2 468.3 1318.6 362.0 365.6
48 NORTH ANNA 1, 2, +3 187.2 73.9 47.0 178.5
49 OCONEE 1, 2+3 215.1 629.3 235.0 611.8
50 OYSTER CREEK 458.6 758.5 825.3 939.0
51 PALISADE 415.8 448.9 741.4 452.0
52 PALO VERDE 1 69.7 57.3 56.5 74.1
53 PEACH BOTTOM 2 + 3 290.1 191.4 969.7 841.6
54 PEBBLE SPRINGS 76.4 19.1 6.4 5.2
55 PERKINS 458.8 291.7 529.3 651.1
56 PERRY l 811.4 1276.5 993.4 2573.3
57 PHIPPS BEND 265.9 215.9 688.3 374.3
58 PILGRIM 1 886.6 584.3 456.1 1155.4
59 POINT BEACH 1 + 2 355.1 657.6 627.4 362.0
60 PRAIRIE 1 + 2 280.3 496.1 171.2 557.5
61 QUAD CITIES 1 + 2 109.8 180.1 1456.3 860.5
62 RANCHO SECO 348.6 146.1 430.4 1814.3
63 RIVERBEND 1 295.8 231.9 335.1 1078.7
64 H. B. ROBIN SON 2 525.0 523.5 280.0 270.5
65 SAINT LUCIE 1 947.7 1012.7 419.0 230.7
66 SALEM 1 + 2 626.6 450.8 1511.5 1543.0
67 SAN ONOFRE 280.9 735.6 796.4 951.5
68 SEABROOK 1 540.7 352.3 475.5 344.2
69 SEQUOYAH 1 + 2 294.2 283.0 1456.0 799.7
70 SHEARON HARRIS 190.5 182.1 580.4 647.5
71 SHOREHAM 805.7 813.7 1289.1 2361.5
72 SKAGIT 288.3 451.5 201.2 301.2
73 SOUTH TEXAS 0.0 46.0 199.3 98.3
74 VIRGIL C. SUMMER 17.7 74.9 173.9 1091.1
75 SURRY ST 1 + 2 244.5 1313.9 1318.8 1164.1
76 SUSOUEHANNA 1 1309.7 748.9 1979.1 1362.8
77 THREE MILE ISLAND 2157.0 1758.2 1656.6 824.4
78 TROJAN 365.9 1618.7 480.5 382.6
79 TURKEY POINT 1 + 2 0.0 966.8 1628.8 2316.4
80 VERMONT YN4KEE 1 507.7 526.0 270.9 261.4
81 VOGTLE 0.0 55.8 57.7 559.2
82 WATERFORD 3 880.3 426.9 2618.1 3979.2
83 WATTS BAR 1 + 2 203.1 124.5 186.0 127.9
84 WPPSSl+4 0.0 71.4 436.3 281.7
85 WPPSS 3+5 453.7 145.0 405.5 196.8
86 WPPSS 2 0.0 71.4 403.7 289.3
87 WOLF CREEK 427.6 123.0 39.7 129.5
88 YANKEE ROWE 95.5 528.8 223.7 464.0
89 YELDOW CREEK 132.2 76.2 213.0 107.0
90 ZIMMER 1 325.9 162.0 747.0 3264.5
91 ZION 2040.9 3779.5 1724.0 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. j

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.
**************************************s**

1 ALLENS CREEK' O.82
2 ARKAdSAS 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 O.51
7 BLACK POX O.53
8 BRAI DWOOD 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 O.37
16 CLINTON O.61
17 COMMANCHE PEAK O.87
18 COOK DC 1+2 0.38
19 COOPER S 0.46
20 CRYSTAL RIVER O.83
21 DAVIS-BE 1 0.39
22 DI ABLO CANYON 1+2 0.50
23 DRESDEN 2+3 0.42
24 DUANE ARNOLD O.27
25 FARLEY l + 2 0.78
26 FERMI 2 0.57
27 FITZPATRICK O.61
28 PORKED RIVER 1 0.38
29 PORT CALHOUN O.23
30 PORT ST \' RAIN O.37
31 R. E. GINNA O.28
32 GRAND GULF 1 0.47
33 HAD,DEM NECK O.33
34 HARTSVILLE O.76
35 HATCH, E.I. 1+2 0.78
36 INDI AN PT 2 + 3 0.21
37 KEWAUNEE O.75
38 LASALLE 1 + 2 0.32
39 LA CROSSE O.21
40 LIMERICK 1 0.47
41 MARBLE HILL O.42
42 ME YANKEE O.38
43 MCGUIRE 1 + 2 0.47
44 MIDLNiD 2 0.31
45 MILLSTONE 1 + 2 0.31
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TABLE D.2-1 (cont'd)

SITE EX. DIST.
***************************************

46 MONTICELID 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 l 0.57
57 PHIPPS BERD 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 O.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 O.38
73 SOUTH TEXAS 0.89
74 VIRGIL C. SUMMER 1.01
75 SURRY ST 1 + 2 0.35

' 76 SUSOUEIIANNA -1 0.35
77 THREE MILE ISLN4D 0.38
78 TROJAN 0.41'

79 TURKEY POINT 1 + 2 0.79
80 VERMONT YE9KEE 1 0.17
81 VOGTLE 0.68'

82 WATERFORD 3 0.57
83 WATTS BAR 1 + 2 0.75
84 WPPSSl+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
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D.3 Site Population Factors

Table D.3-1 presents the Site Population Factor
(SPF ) and the Wind Rose Weighted Site PopulationnFactor (WRSPF ) for each of the 91 reactor sites dis-n
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.

i

D-54

. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



- - - - - - _ _ .

.

Table D.3-1. SITE POPULATION FACTORS (SPF) AND WIND ROSE
WEIGHTED SITE POPULATION FACTORS (WRKSPF)
FOR 91 REACTOR SITES

SITE NAME kt;GION SPF5 SPF10 SPF20 SPF30 nRSPF5 MRSPFIO mfSPF20 a4SPF30
ALLtNS CREEK da .38004E-01 .261406-01 .27089E-01 .296696-01 .291o7E-01 .281906-05 .2Voult-08 . 3332 9t-01
ARKANSAS I +2 S .34 7 J IE-01 .60184E-UI 43306E-01 41624 d-0 3 .io405E-01 .60023E-01 48d53E-01 42315t-01

HAILLY S *f .17129 d +00 .2 5 44 7 b + UO .JJ386E+00 46225E+00 .l5890E+00 . 2 42 94 E+ 00 40154E+00 .51190d+UO
BE AVER V A LI.tY I +2 NE .90963E-98 .25042h+00 .2HH70E+00 39618 d +00 .76206E-01 . 22261 E+ 00 .2420eE+00 . 3 44 74 E + 00

BELLEFOn1E I S .60386E-01 .729086-01 .59 8 33E-UI .54642d-01 .68433E-01 .842006-01 .65040E-01 .59119E-01
t$1J ROCK POINT e .32287d-01 .25840E-01 .2/HSIE-OI .239756-01 .3J5866-01 .212216-08 .27626E-01 .23175E-01
BLACK FOX Sn .11214E-01 .14603c-OL .551396-01 93130E-01 .14032E-01 .33323d-On 4181HE-08 ./3356E-OI
HRAIDnOOD I An .iJ580E+00 . 4 0 993E +00 .9673Jd-01 11I?6E+00 .l2694c+00 .30149E+00 . M6966-01 .996 HIE-01
UR04NS FhlMY 1. 2 + S .792 Hod-02 .44405E-01 .645Hi-01 .70623E-Oi .8 3 /89 E-02 .52503E-01 .78J23E-01 .71910E-UI
BRUNSHICK 1 +2 S . 2018HE-01 .22260E-01 .J2303E-01 .3147?d-01 .l?567E-UI .22345E-OI .321636-03 .3tH82E-Of
BYRON I an .71903E-01 . 6 7122 E-U I .IIH26E+00 .12009E+00 .780llE-01 .7346IE-01 .30123E+00 .IlolOd+00
CALLA n A f Ad 901536-02 .10237E-03 .193J06-03 .3 2205E-01 .51928E-02 .RJ736E-02 .3138dE-01 .28294d-01
CALVERT CLIFF I +2 Ne .19608d-01 .304Jlh-01 40544 E-0 ! 42617t-01 .25289E-01 .41027E-01 .55162c-01 533J76-01
CAIANHA I S .2d3 Hod-01 .9780th-Of .2O l 99E + 00 19J20d+00 .I53676-01 .5867AE-OI .2 4 996 E +00 .24078E+00
CHhROKEE 5 .32J64E-Of .6084JE-01 74 998E-U I 304H6E+00 .3890$E-01 .82775d-01 .904FJE-UI .IIV3td+00
CLIATON Mn .194996-03 .31270E-Ol .33218d-01 .62132E-01 .35294E-01 .23542E-01 .2 9821E-01 . 65 338E-0 4
COM AdUdE PE AK sn .H49126-02 .l2700t-01 .408 556-01 .15435d-ol .20585E-01 .20185E-01 .15354E-01 .I#198E-01

CmK DC 3 +2 da .H469/2-01 .IlJ03E+00 .Il942d+00 .14056E+00 .Ra946E-01 .40590E+00 .808J96+00 .13656 E + 00
C(XW6R S d4 .lUO/HE-04 .148BIE-Oi .l68226-01 5790lE-OI .50219E-01 .14122E-01 .I5043d-01 .lis0SE-OI

a CRYSTAL RIVER S 16346E-01 .22169E-01 .18219E-01 168876-01 .29057E-08 .3004JE-01 .24442E-01 .215776-05
3 UAVIS-HE I M .J/672t-01 .4045th-01 .597386-03 .42140t+00 .56239E-01 .59827E-01 .70913E-01 12167E+00

U1 DIABLO CANYON I +2 4 .0 9859HE-02 .35215c-OI 34517J-01 .0 .57101E-02 .l4153E-01 .18607t-01
Un DRESDEN 2 + J M .44/20d-Ol .6116VE-Ol .Illl3E+00 34J18d+00 42523E-01 ./04H9E-01 .94396E-OI .11379E+00

DUAdE ARNOLD dn .39515E-01 .l29396+00 .32819E+00 10952E+00 .31349d-01 .lJ590E+00 .13519E+CO . tin 56d+00
FARLEY I +2 S .614996-01 .17446d-Ul . J J 556 E-01 .J23J26-01 .88854E-02 .I50526-01 .28956E-ul .21465t-Of
FEMI 2 74 n .1582 i E +00 .19837S+00 .245J1E+00 4402th+00 .12502E+00 17859d+00 .18463E+00 .31/92b+00
FITZPAIRILK NE .19642d-OI .6H462E-03 .62453d-01 .63600E-01 . l M665E-01 .98174E-01 .6JJ90E-03 .H2/J4c-Ol
FORKE0 RIVER I dE . A05ME-01 . 94 44 3E-O l 3124V8 +00 .l25416+00 .W/291E-01 .72195E-Of . M 249d-01 .402/3t>OO
FORT CALH00d da .7J93Hb-OI .555466-01 . 8 2 5d2d +00 .140 71 E+ U0 .304J4E+00 .730MIE-01 .20531d+00 .2Jiudd+00
FORT ST VRAIN N .73334E-02 .202N5t-Of .632Vod-OI .H6448d-01 .5165tE-02 .2199 7 t-01 .60302t-OI 97J50d-ul
O!NWA R.t. At 4 / l H4 t-O I .72451h-Of .23521d+00 .2 8 ill d +00 . 4 6.465E-O f .Hl548E-OI .3J809t+00 .J il l Tt+ w
GRAND GULF- I S .32290c-03 .19601t-01 .l0J42E-UI .234056-01 .3352J6-01 .22H49E-01 .21192E-01 .24940E-01
ilAl)DEu NELK At .122J l d +00 4492HE+00 .2 44 84 E+ 00 .3632Jd+00 95413E-01 .19216E+00 .39tO5E+00 .32323h+00
HARfSVII.Lt S .21551d-01 .269 Hit-OI .3/9216-05 .3920Jt-03 .208J2d-01 .265246-01 .369H06-01 .J /dd0d-01
il A IL.f . E.I. I +2 S .til22b-01 34120d-08 .22/38E-01 .23HH96-Of .l2JJ0d-01 .l3566d-01 .21401t-01 .22HHle-01
[hu!Ad PA 2+J at . H l 32 66 +00 .74045t+00 .7J53/d+00 98620d+UO .lll63E+08 93J46t+00 .H/47/d+00 .Ill67t+01
KhdAUdde An .9J7 HUE-02 .17J906-01 .36593d-01 4/V46b-01 . 3 6 J*>H E-O l .23622t-01 4911/d-OI .12662d-UI
LASALLE I +2 An .lJ544E-01 .292JJE-04 .53404i-01 .59426E-OI 90269E-02 .244/4d-01 .60214d-01 .640806-01
LA CROME da .Ill26E-01 .19149h-01 .J9481d-OI .JHoH9t-Ul .lM2/OE-OI .2046ft-01 .502396-01 .481596-01
LIMENICK I de .69380d+00 .5H125t+00 .59209d+00 9J1/0d+00 .H25H2E+UO . 6 5562 b +00 .64060d+LO .1/14 0E + 00
4A4HLt .i!LL An .525906-01 4NH206-Ol .12 JOSE +00 .idO/Je+00 424116-06 .45150t-01 .14/29d+00 .24629t+00
ME YANKEE dc .O .1/540c-02 .1489/t-Of .230J2E-01 .0 .Il468t-02 .ll224E-Ol .IV443d-OI
MCGUIRt I +2 3 .6Hb216-01 .8919/c-Ol .22294c+00 .21153t+00 .53J20E-01 .H6 3 / /h-01 .20tJ9d*00 .' 7d+00
MIDLAdD 2 da .51650t+)O .362 /2c +00 .32Hl4E+00 .2/955d+00 .4127Jd+00 .33162t+00 .2/olut+00 ,ld+00..

MIILS'10dE I +2 at . 44 5/ /t +00 .JV /95h +0U .JtV30E+UO .214/9d+00 .J8361E+00 .JJ459t+00 .21492d+00 . 2 4015t +00
MONilLtLLO *n .Jo459t-of .J699Hb-Oi 4J10id-Ut .6 J24'4 E-01 .J37/6b-0! .34901t-UI . 3 '$819 d-01 .6625Vd-Ol
NINE 1. F I +2 at .19642d-01 6H432E-01 .6249Jt-Ul .636006-01 3893H6-01 .D5 Mot-03 .8J0JJt-Oi .H2225t-Of.

NORTil Adh A 1 /. +J i ./151/h-02 .302426-01 .2049/i-01 .2i/H5d-Ut .1 / /2 6E-01 .22J56L-01 .240406-01 .2VJIJt-OI
OCONhh 1.2+J S .20946d-01 ./lOHJ=-Ul .710/26-04 .H /14 /c-O l .2 0 3 /6 d-U l .5406Vd-01 .56JJ4t-03 .10361d-03
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Table D.3-1. (continued)

mRSPF 0 nRSPFJO
.8d249f-(01 .IO2/Js+0011Te n4WE Rdo!ON SPF5 SvF10 SPF20 SPF30 NRSPF5 mRSPFIO

Un itM t.REdi oc .6058HE-01 9444 J d-01 . IIMe700 .6254HE+00 .5MTT-01 727936-01

PALISADE An 549606-01 741 HIE-Cl .78747E-01 .74770E-01 .64503E-01 9010Jd-05 .104 66E+ 00 3 004 It+ 00

PALO VERDE I Sn .59341E-02 . 57060E-02 .6484$d-02 .63384h-02 .721dlE-02 .6>e26E-02 .682236-02 67$69d-02

PEACH HOTT04 2+J nc .21202E-01 462 Hoe-OI .10392d+00 .8547td+00 . 3 6166 E-01 4J229E-01 .3040$E+00 . 8 62 66d+ 00

PEBBLE SPRINGS d .320J9E-02 . 2 6601 E-02 .19549t-02 .19J796-02 .10165E-02 .l86436-02 12494E-02 161776-02

PERKId5 S .56HH56-04 . 7 3595E -O f .31950d+03 .14722d+00 .69392E-UI 715016-01 .I292/E+00 463/66+00

PtRRY I en . l d l34 E +0J .196 JJ E + 00 19713d+00 .20f366+00 .19364 E + 00 . 22 5032+ 00 .2sd54d+00 . 23100d +00

PHI PPS BENO 5 30324E+00 84HHod-01 . 91704 E-01 .918586-01 . 4 4 >4 3 d + 00 .Ill26c+00 .91/14E-08 909976-01

FILGH!m i NE . f l 5J4E +00 .lD9J6d+00 .3159/E+00 .1/2 /2E+ 00 .10 359 E +00 10456E+00 .12056E+00 .18116d+00
Polter H6AGH I +2 gn .2/811E-Ol 42796E-Ol .50634d-01 .56137d-UI .30601E-01 .61374d-01 .7didlE-01 .54/596-03
PRAIRIE I +2 Ad . 525 33 E-01 .60449E-01 .512396-03 .6H463d-OI .680/86-01 697796-01 .8184Jd-OI . V S0 66 h-01

GUAO CITIES I +2 da 92684E-02 .2889Hb-01 .115166+03 .30114d+00 .14518E-02 .26202d-01 .33312d+00 .34606E+UO
RANCHO SLCO d .819656-01 .36493t-Ol 494J16-01 .142166+00 .2tI86E-Ol .245 fin-01 .6246dE-05 . l 640 /t+ 00

RIVE 95cAO I S .J0302t-01 .43/67E-ci .533SHE-01 615056-01 .26094E-01 .35615E-01 .5JVild-01 83389d-01

H. H. ROUINSON 2 S 44152d-01 .60/49t-01 .563646-01 .591366-01 .Ji$38E-05 409 44 d-01 4099 3 t-01 46313t-01

SAINT LUCIE I S 546J4d-01 .H390lE-01 .696$9E-01 .61306E-01 .26940E-01 .573R8E-01 .503266-01 4JV64t-UI

SALEM i +2 aE .20414d-01 44992c-01 12 554 d+ 00 . 51034d +00 . lolled-OI .J7371E-01 . l J494t+ 00 .ItJ14d+G)

SAH 090 PRE d 6VUO2E-02 4H7826-01 .H4H196-01 .96533E-01 .66242E-02 .33136d-01 .69350E-ul ./3$45t-01

SE4dduoK 1 at .$1564d-01 70954E-01 75761d-01 740996-01 .53782E-01 .53509t-01 .61434d-01 .603806-01

SEQUOYAH I +2 S ./4$406-01 .92644d-01 .l$431d+00 143H5E+00 .30lM5E+00 994296-01 .24639t+ 00 .22043d+00
SHEAR 0W HARRIS S .IV205h-0I . 32 954E-01 . 712 71d-01 .l002Hd+00 .id313E-01 .27650t-01 .62001c-01 .H940ld-OI

SKAulf * .34459c-01 . 4 J 992t-01 42038d-01 4 736 7e-01 .55447E-01 72359E-01 .614Jid-01 .61342d-04

S HORttl A 4 db .io4VJt+UO .45Ho2h+UO .22164d+00 .33JBHs+00 .14089E+00 34828t+00 .2J9/od+00 .J 90696 + 00
I SOUTH TcXAS Sn 0 .J2$69t-02 .Il9$4d-03 .l!540d-OI .0 . 31599E-02 .Il621E-Ol .30927c-01

Ln VIROIL 0. SUM 4ER S .509 Hod-0J 36901E-01 .25477E-01 .59106E-01 .53440E-03 16344t-01 .212J56-01 .545J5E-Of

ch SURGY Sr i + 2 S 314V96-0) .3012Jt+LO .12692E+00 .14067d+00 .541J4E-01 99182E-01 .Ililot*00 .1210ld+00

SJ500t14Hn4 i Hb .HH44VE-98 . lO799c +tu .1 / v'J9E+ 00 .1/VvoE+00 .IJ911E+00 14H40h+00 .lH670E*U0 .36442t+00

IHuhu 4ILL ISI. Aa0 * . 22949E +'m . 31201 c +00 . JV 9 366 + 00 .31154E+00 .191 79 d +00 .309196+00 42313h+00 .JV4$3c+00

IR3JAd 4 6UOJVE-JI 3 0 /94 t +00 .H1903d-01 .H0561d-OI .63927E-01 .idolJE+00 .1345$E+00 14013d+00

TUUKcY Po!NT I +2 S .0 .5J6H4E-08 945Hid-01 .lolv0d+00 .0 44722E-01 72$04c-ul .lo295e+UO

vbwvdaT YANKth i Nt 93964E-01 .Y4/21E-Of .93013d-01 .H38 Mod-01 . l O917 E+ 00 141596+00 .lll3Jd+00 .103996 + 00

VOUTLe 5 .0 .J670He-02 10H 716-01 .J9924d-01 .0 .349546-02 .109136-01 .29J34c-Ol
rl A f t;RF010 J S 16J26d+00 .1414 3E + 00 .li64Jd+00 .253Fic+00 .143F6E+00 14J89c+UO .19424e+00 .20 /1 Ti+ 00

nAffS liar I +2 S 15094t-01 .22252E-Ul .J4H296-01 412did-01 .501586-01 37329t-Of .21514c-Ol .31321d-04
WPPSSl+4 m 0 .JJ914t-02 .2341Ht-01 .24944d-01 .0 .14139E-02 . 3J15 Jt-O l .JI135t-Ol

n PvSS / 4 .0 .26920d-02 .225696-01 .21173d-01 .0 512396-02 . 2V iist-O f .J0129c-01
HPPSS J +3 m 81904 b-0 6 .lHJilt-Of .2too46-ol .JIVisc-UI .14094d-01 .I522/c-01 . l V20 /c-01 .20$J5t-01
*0lt GdetK 4a 169Vic-03 .I2J59t-Ol .184406-01 .152Olt-01 .H571Hd-02 66541b-02 .M017/d-02 .lJJ136-01

1240Jd-JI .J 3 226t-O l . 5 8 97;c-01 .6(440t-OI .33420t-01 .J0271c-Ol 441 Hit-ci .DoJd9c-Ol
YAnKt- Hohd e

YblLoa CHhhs S .obtO5E-02 .1411/t-04 .22901c-Ol .25J71c-OI 662 00c-02 .16426c-Ol .23J14E-OI .2634Td-UI

/14MhH I *a .2/9406-01 .doJV/t-ul 93633d-O! .20$l$d+00 .20ljaE-Og .J/J55c-01 .IV/0Jd-01 .1 / 3/Ot+ 00

ZIO4 en .IljoJc+00 ./0$olt+UO .5432/d+UO .53$M$d+00 .8 /4 /2b+ UO .M4040h+UO .6d373d+00 .63/dic+00
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Appendix E: CRAC 2: A Brief Description

The accident consequence calculations presented
in Chapter 2 were performed using CRAC2 [1,2], an im-
proved version of the WASH-1400 consequence model CRAC.
A number of modifications were made in the upgrade from
CRAC te CRAC2. These include changes in the treatments
of atmospheric dispersion parameters, plume rise, pre-
cipitation scavenging (wet deposition), mixing heights,
weather sequence sampling, emergency response (evacua-
tion and sheltering), and latent cancer risk factors.
These changes are briefly described below. In addition,
several errors found in CRAC were corrected in the CRAC2
version.

E.1 Atmospheric Dispersion Parameters

The values of the horizontal dispersion coeffi-
cients, a obtained from the Pasquill-Gifford curves
(and parabe,terized 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 (minutes) is made by means of the formula2

Y [t \2 2"
o 3 miny

where O is within the range 0.25 0.3 for 1 hr < t
2< 100 hr and equals NO.2 for 3 m:.n < t2< 1 hr.

In CRAC2, O 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. 2 5, rather than 0.3, was selected for long-
duration releases because it results in higher con-
centrations.

The vertical dispersion coefficients, o obtainedg,
from the Pasquil-Gifford curves (parameterized by Martin
and Tikvart [6]) are based on data from releases over

E-1
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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]:

! If !#1)az2 "zl *
2 '

where 0 is the unadjusted parameter, a2 is the ad-21 zjusted parameter, r1 = 3 cm, and r2 = 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].

E.3 Precipitation Scavenging (Wet Deposition)

The WASH-1400 consequence model (CRAC) used weather
data which reported rainfall in terms of the incidence
or nonincidence of rain within any clock hour. To
calculate precipitation scavenging, the model assumed
that rain reported for a clock hour fell at a rate of
1 mm/hr for half the hour. The CRAC2 code contains a
more sophisticated wet deposition model which requires
as input the amount of rain falling in an hour. Rain
is assumed to occur during the entire hour with a con-
stant rate. The hourly rainfall rate is multiplied by
a rainout coefficient to determine grecipitation scav-

A coefficient of 1.0 x 10- (sec)-1
for stable conditions and 1.0 x 10-3(mm/hr)-1

enging.
(sec)-1is used

(mm/hr)-1 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

E-2
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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) esed 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 E5-1A). Differences in
peak predicted consequences of an order of magnitude
or more are not uncommon.

There are several reasons for the large variation
in consequences due to the WASH-1400 sampling technique.
Given an accident, large consequences are normally,

associated with relatively low probability weather
conditions such as rainfall within a few 10's of kilo-
meters of the site [14], wind-speed slowdowns, or
stable weather conditions with moderate wind speeds.
Not only is the occurrence of rainfall or a slowdown
important, but where it occurs as well. 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 .11, 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 by the two methods is provided in Figure

'
E.5-1. For both methods, early-fatality frequency dis-
tributions (CCDF's) for a PWR2 release [15] were cal-
culated with CRAC, using 32 different sets of weather
sequences sampled from the New Y rk City weather datao
summarized in Table E.5-1. Also assuged 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
i

i The CRAC2 evacuation model [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 ef fectiveness, given a specific delay time

| and speed.* Unlike the RSS model in which persons continue

*The evacuation effectiveness would decrease linearly
with an increasing nonparticipating fraction of the
population. In actual evacuations, Civil Defense
personnel have observed a nonparticipating minority
of approximately 5%.
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Table E.5-1 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
,

i 1 R (0) 697 7.96
h 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 (30-25) 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

1 13 A-C 1,2,3 168 1.92
l 14 A-C 4,5 892 10.18

15 D1 0 0.00,

j 16 D2 61 .70
17 D3 226 2.58
18 D4 948 10.82
19 D5 3325 37.96
20 E1 0 0.00
21 E2 27 .31
22 E3 167 1.91
23 E4 682 7.79
24 E5 270 3.08
25 F1 0 0.00
26 F2 116 1.32
27 F3 310 3.54
28 F4 402 4.59
29 F5 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 come distance, people may
learn their position relative to the cloud and be
able to avoid it.

The new model also calculates more realistic ex-
posure durations to airborne and ground-deposited
radionuclides than the RSS evacuation model. The RSS
consequence model employs an exposure model for an in-
stantaneous point source and thus all released plumes
have zero effective lengths. Because of this, evacu-
ating persons overtaken by the cloud in the RSS evacu-
ation model are exposed to the entire cloud at the
point overtaken. However, a released cloud of radio-
active material would have a finite release duration
and a length that depends on the wind speed during
and following the release. A person overtaken by the
front of the cloud might still escape before being
passed by the entire cloud and thus receive only a
fraction of the full cloud exposure.* The revised
evacuation model assigns the cloud a finite length
which is calculated using the assumed release duration
and wind speed during the release. To simplify the
treatment, the length of the cloud is assumed gp 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

tit 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
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are evacuating. Because radionuclides would be depos-
ited continually from the cloud as it passed a given
location, a person while under the cloud would bei

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 [16] 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 [18] show that, if a constant evacuation speed
was assumed, a distribution of delay times could be
estimated. For assumed evacuation speeds of 10 mph
or greater, delay times were found to be satisfac-
torily represented by a normal distribution with 15,
50, and 85 percentile delay times of approximately 1,
3, and 5 hours respectively.

The CRAC2 evacuation model can incorporate this
distribution of 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.

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
WASII-1400. The RSS factors assumed a latency period
duricg 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 I

to 30 years. Based on recommendations in BEIR III [20],
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 10gected Total Latent Cancer (Excluding Thyroid) Deaths perEr

Man-Rem From Internal Radionuclides Delivered During
Specified Periods

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 O

GI Tract (a) 13.5 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 O O

Breast 25.6 25.6 25.6 16.8 9.4 4.6 1.7 0.3 0

y Bone 6.9 6.7 5.0 2.6 1.6 0.9 0.4 0.1 O

All Other 21.6 19.8 17.1 11.2 63 3.1 1.2 0.2 O

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.O'

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

I

,
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Appendix F: Site Availability Maps and Tables

This appendix contains the site availability data
that was discussed in Chapter 4.0. Figure F1 shows
legally protected and wetland areas in the U. S.
where reactor siting would be restricted. Seismic
acceleration contours are shown in Figure F2. Figure
F4 shows the topographic character of the U. S. in terms
of percent land that is gently sloping (gently sloping
was defined as less than 8% slope). Figures F3, FS,
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. Associatsd with these costs are the utility
values discussed in Section 4.4.1 of Chapter 4.0.
Tables Fl.1-F1.5 show the fractions of land, by state,
that fall within each of the environmental suitability
categories shown in Figures F3-F7.

Figures F8.1-F8.13 show land that would be
restricted from reactor siting by standoff distances
to cities. The cities and standoff distances consi-
dered in each figure are tabulated below.

Standoff Cities
Figure Distance (Population 2)

__
(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
P8.7 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.ll, F8.12, and F8.13 show the restricted
areas for the Northeastern U. S. only.
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Figures F9.1-F9.26 show areas that would be
restricted from reactor siting by population density
criteria. These criteria restrict the number of people
that can reside in an annulus surrounding a reactor
site. The population density restrictions and the
annuli considered in each figure are tabulated below. _

The population restrictions are shown in terms of
'

average population density (people within the annulus /
annulus area).

Radii of the Average Population
Annulus Density

Figure (mile) (people / mile 2)

F9.1 0-2 100
F9.2 0-2 250 g
F9.3 0-2 500

~

F9.4 0-2 750
F9.5 0-5 100
F9.6 0-5 200
F9.7 0-5 350 -_.

F9.8 0-5 500 s

F9.9 0-10 100 f

F9.10 0-10 200
F9.ll 0-10 350
F9.12 0-10 500
F9.13 0-20 200 .

F9.14 0-30 500
F9.15 0-30 1000 -

F9.16 5-10 150
F9.17 5-10 350 -

F9.18 5-10 500
F9.19 5-20 800
F9.20 10-20 400 L
F9.21 10-20 500
F9.22 10-20 1000

-

F9.23 20-30 500 s

F9.24 20-30 1000
F9.25 30-50 500 i
F9.26 30-50 1000

,

Figures 9.3 and 9.4 show restricted areas for the
Northeastern U. S. only.

Figures F10.1-F10.4 show areas in the NE U. S.
that would be restricted from uiting 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 F10.1, F10.2,

F10.3 and F10.4 consider density restrictions of 500,
750, 1000, and 1500 people / mile , respectively for the
Northeastern U. S.

Figures Fil c.d 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 Fil considerg a population density
restriction of 100 people / mile within 2 miles gnd a
compositepopulationdensityof500peopge/ mile .

Figure F12 is based on a 250 people / mile density

restriction within 2 miles and a composite populatign
density restriction (2-30 miles) of 500 people / mile

'

.

The 2-30 mile composite restriction is as defined for
,

Figures F10.1-F10.4. .

Tables F2.1-F2.24 show the fractions of land
available for reactor siting in each state if sector
population restrictions are added to a composite
population density criterion. These restrictions would
limit the number of people that could reside within
any sector in each of the composite annuli (see Section
4.5.4 of Chapter 4.0). For these tables, five annuli -

were considered: 0-2 miles, 0-5 miles, 0-10 miles,
0-20 miles, and 0-30 miles. The allowable populations
in each annuli were calculated assuming 250 people /

2mile betwegn zero and two miles and from 250 to 1500people / mile in the two to thirty mile region. An
acceptable site must satisfy the sector population

'

restriction for each of the composite annuli. The
sector population restrictions (fraction of annulus
population allowed within the sector), sector widths,
and the 2-30 mile average population densities
(people within an annulus / annulus area) considered
in each table are given below. Tables F2.1-F2.12
show the land areas that are uniquely restricted by

( the specified criterion. Tables F2.13-F2.24 show
'

the fraction of land available for reactor siting
based on the specified criterion.
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-

Sector Population Density (2-30 miles)
Table Width Restrictions (people / mile 2)*

1 1 1 1 1 1 .1
F2.1 & F2.13 22.50 250g, g, g, g, y, y, 7 .

1 1 1 1 l~ 1 1 |0 500'F2.2 & F2.14 22.5 g , g, g, 7,.7, 7, 7

h, f, f, f, f, f, f0 750 iF2.3 & F2.15 22.5

h, f, f, f, f, f, f .1500F2.4 & F2.16 22.5

-f, f, f, f, f, f0
j F2.5 & F2.17 45 250

, f, f, , f, f0F2.6 & F2.18 45 500

f,f,f,f,f,fF2.7 & F2.19 45 750

f,f,,,f,fF2.8 & F2.20 45 1500

k, f, f, f0F2.9 & F2.21 90 250 -
-

f, f, f, fF2.10 & F2.22 90 500

f, , f, fF2.ll & F2.23 90 750

f, , f, fF2.12 & F2.24 90 1500

Tables F3.1-F3.5 show the environmental suitability4

of land not restricted by each of 5 population siting
criteria. (The environmental suitability classi fica-

'

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
i 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.

'

i
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Population 0-2 miles 2-30 miles (compgsite)
Table Case (people / mile 2) (people / mile )

F3.1 1 100 250
"

F3.2 2 250 500
F3.3 3 500 750
F3.4 4 500 750 ,

F3.5 5 500 1500

Tables F3.6-F3.10 show the effect of applying different
population criteria (the five cases considered in Tables
F3.1-F3.5) on land available within each of the suita-
bility categories. The suitabil'ity category considered
in each table is tabulated below.

Table Environmental Suitability Category

F3.6 low
^

F3.7 medium-low
F3.8 medium

'

F3.9 medium-high
F3.10 high

.

.

;
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