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FOREWORD .. .

On July 29 1980 an- advance notlce of rulemaklng
was publlshed for the . s1t1ng 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. prov1de the
»technlcal gu1dance.~ - :

The work has been prlmarlly focused toward the
development‘of generic siting-criteria, 'uncoupled:from
specific plant, design.. To achieve:this end, the NRC
. staff developed. a:representative set of severe:accident
_release source:terms: which.covers: the full spectrum:of
postulated: severe accident releases for typical’light
water reactors. NUREG-0773, "The Development of Severe
.Reactor Accident Source Terms: 1975-1981," provides the
.detailed description.of: the:.considerations:that went
~into the development of. the spectrum:of. source terms
(SSTs) in general:termsj; a more. specific“discussion“'
of the concept of a- representatlve .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

-1ight water reactor _designs .as follows: o

Probablllty of SST1 releasel l b 4 lO 5/reactor year
Probablllty of SST2 release 2 x 10” 5/reactor year
Probablllty of SST3 release l x 107 4/reactor year

Table 2.3.1- 3 presents the comparatlve 1mpact of theser\
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.
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The siting source terms were used to calculate accident
consequences at 91 U. S. reactor sites using site specific
. meteorology and population data and assuming an 1120 MWe
. reactor. These calculations treat siting factors such as
. weather conditions and emergency response probabilistically
- but postulate the siting source term release. The results
are thus cond1t10na1 consequence values. Sl

Currently there is- s1gn1f1cant controversy about the
realism.of-accident source terms, that is, the accuracy
with which they describe potential releases of radioactivity
for a gien sequence of events in a. core melt accident.
The work done to date on siting uses the source terms
developed for the Reactor Safety Study, held unchanged
by newer projections. as explained in NUREG-0772, "Technical
Bases ' for Estimating:Fission Product Behavior During LWR
Accidents." The staff expects newer information to. be
available by mid 1983 :to modify these source terms. 1In

..the meanwhile, sensitivity-analyses are ‘given to explore

~how the calculated. consequence values would change w1th
.varlous source term reductlons..r

Contalned in- thls report are sen31t1v1ty studles for
the major parameters important to siting decision making.
Only through consideration of material such as this can
reasoned decisions. be made concernlng recommendatlons for
1mproved s1t1ng regulatlons.e' S

Thls report represents some of . the- work belng ‘done
'to support the expanding use of probabilistic risk assess-
.ment in the regulatory process. The NRC must be careful
with the results of such analyses, considering the very
large uncertainties in the results. -The studies shown
in this report must be used in a manner that is consis-
tent with the ‘stated objectives. The results are to
provide technical perspective on siting-related issues.
Results presented in this report are not significantly
different than results of consequence studies that have
been available in the open literature for decades. Given
the source term assumptions, large consequences are
calculated. However, the risks (probabilities times
consequences) posed by such accidents :are very small.
Therefore, the absolute numbers should only be gquoted
. ‘with. the associated probabilities and with the stated
-assumptions recogn1z1ng the- uncertalntles in the

analyses. : _
S ', L /:7
/7/ oD S

L T e tan= - "\—_"{/7-—;‘ - t./wtw

Robert M. Bernero, Director
Division of Risk Analysis
U.S. Nuclear Regulatory Commission
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Abstract

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

The impact on consequences of source term magni-
tude, 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, topogravhy, 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, maqgnitude, and dependence on site demography
and remoteness.
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1. Introduction and Summary
1.1 Introduction

At the request of the Nuclear Regulatory. Commission,
Sandia National Laboratories has performed a study to
develop technical guidance to support the formulation
of new regulations for siting nuclear power reactors [1].
Guidance was requested regarding (1) criteria for popula-.
tion density and distribution surrounding future sites,

and (2) standoff distances of plants from offsite hazards.

Studies were performed in each of these two areas of
concern.

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

The studies of site characteristics, which are-
presented in this report, involved analyses in four
areas, each of which could play a role in evaluating
the impact of a siting policy. The four areas were:

(1) consequences of possible plant accidents, (2) pop-
ulation distribution characteristics for existing sites,
(3) availability of sites, and (4) socioeconomic impacts.

Accident consequence analyses were performed to
help define the risks associated with existing sites
and with alternative siting criteria. Conseguence
analyses also help to evaluate the dependence of risk
on factors such as meteorology, population distribution,
and emergency response which can be mandated or con-
strained by regulations. Population distributions at
existing sites were examined to provide perspective
on demographic characteristics as well as to determine
whether there have been trends with time or regional
differences in site selection. The site availability
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analysis examined the impact of various population
distribution criteria on the amount of land restricted
from siting. Impacts of environmental and legal con- -
straints were also examined. In addition, studies were
performed to evaluate the extent of socioeconomic impacts
and the degree to which they are dependent on site demo-
graphic characteristics. These four areas of analysis
provide information that could be used to assess and
compare alternative siting criteria.

The information developed by this study is pre-
sented in four chapters and six appendices. Chapter 2
presents the results of the consequence analyses that
were performed to identify factors that have a signi-
ficant impact upon risk. The factors examined include
source term magnitude (Section 2.3), meteorology
(Section 2.4.1), population (Section 2.4.2), emergency
response (Section 2.5), consequence distances (Section
2.6), reactor size (Section 2.7.1), plume heat content
(Section 2.7.2), dry deposition velocity (Section 2.7.3),
characteristics of population distributions (Section
2.7.4), and criteria for the interdiction of contami-
nated land (Section 2.7.5). CRAC2 [3,4], the computer
model used to perform these consequence analyses, is
described briefly in Section 2.2.1 and more fully
in Appendix E. Model input data are described in
Section 2.2.2. Site specific input data are presented
in Appendix A and core radionuclide inventory data
in Appendix B. Data and model uncertainties are dis-
cussed in Section 2.2.4. Finally, a series of site
specific calculations were made using a standard set
of source terms uncorrected for the characteristics
of the reactor at the site. The results of these cal-
culations are presented in Appendix C.

Chapter 3 and Appendix D present an examination
of the population distributions surrounding existing
sites to provide perspective on demographic characteris-—
tics and to determine (1) whether there is evidence of
-a trend over time to less-dense siting and (2) whether
site characteristics differ significantly in different
regions of the country. The site availability analyses
developed a capability for measuring the impact of
population criteria on the availability of reactor ,
sites. Also considered in these analyses were the seis-
micity, topogaphic character, availability of surface
and ground water at potential sites, and the restric-
tion of power plant siting because of the presence of
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national parks or wilderness areas. This study, which
was performed by Dames and Moore [5] under contract

to Sandia, is presented in full in Chapter 4 and
Appendix F. Finally, a study was performed to examine
the socioeconomic impacts of reactor siting and the
dependence of the magnitude of these impacts on site
demography. The study examined impacts caused by
large construction projects, energy boomtowns, and the
construction of nuclear power plants. Also examined
was the impact of site remoteness on transmission costs.
The study, performed by Battelle-HARC under contract
to Sandia, is summarized in Chapter 5 and presented

in full in a separate report [6].

1.2 Summary

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

o Estimates of the number of early fatalities
are very sensitive to source term magnitude.
Mean early fatalities (average result for many
weather sequences) are decreased dramatically
(about two orders- of—maqnitude) 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
8ST1-3 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. 1In
marked contrast to this, mean health effects
(average result for many weather sequences) are
relatively insensitive to meteorology. Over the
range of meteorological conditions found within
the continental United States (1 year meteoro-
logical records from 29 National Weather Service
stations), mean early fatality values for a
densely populated site show a range (highest
value/lowest value) of only a factor of 2, and
mean latent cancer fatalities a factor of 1.2.




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. -

The distances to Wthh consequences might occur
depend principally upon source term ‘magnitude
and meteorology. Frequency distributions of.
these distances, calculated using large numbers
of weather sequences, yielded expected (mean),
99 percentile, and maximum calculated distances

(expressed in miles) for early fatalities, early’

injuries, and land interdiction as follows:

Source : , : : Maximum
Term Consequence - Mean 99%  Calculated
SSTl  Early Fatalities <5 £15 <25

Early Injuries ~10 ~30 <50
Land Interdiction ~20t_ >50 >50
SST2 = Early Fatalities ~0.5 . <2 <2
Early Injuries . <2 <5 - ~5

Land Interdiction <2. ~7 - ~10

The maximum calculated distances are associated
with improbable events, (e.g., rain-out of the
plume onto a population center). For the SST1-
release reduced by a factor of 10, early fatal-
ities are confined to ~5 miles, early injuries
to ~20 mlles, and 1nterd1ct10n 'of land to ~25
miles. : :

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

of CCDFs had the following ranges:

Early Fatalities. ~3 orders-of-magnitude

in the peak and mean numbers of early fatal-
ities and in the probability of hav1ng at
least one early fatality.
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Early Injuries. ~ 3 orders-of-magnitude in
the means, ~ 2 in the peaks, and ~1 in the
probability of having at least one early
injury.

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

Generally, mean results are determined by the
average density of the entire exposed popula-
tion, while peak results (especially for early
fatalities) are determined by the distance

to and size of exposed population centers.

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

. to 25 miles appears to be a particularly effective
response strategy.

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

Distance (mi) 0-5 0-10 0-20
Full Circle R
Maximum 790 660 710
90th percentile 190 230 380

Median 40 70 90

Most Populated
22.5° Sector

Maximum 4200 3800 4500
90th percentile 950 1000 1800

Median 330 270 480



o At the 91 sites examined, the distance to the
nearest exclusion zone boundary ranges from
0.1 to 1.3 miles and averages about 0.5 miles.

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

densely populated locations.

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

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

_detrimental and that the detrimental impacts can
be mitigated by advance planning.

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

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

2.1 Introduction

“'puring- thls’study; a large nunber of calculatlons
were performed to provide a basis for understanding®
the derendence of reactor accident conseguences on 81te
characteristics. Some characteristics were examined
because of the possikility of their inclusion in reactor
siting criteria (e.qg., population” dlstrlbutlon, reactor’
power level). A number of additional parameters were
1nvestlgateo to determlne the sen51t1v1ty of predlcted
consequences to varlatlon or uncertalnty 1n data used
as 1nput 2 v

YL consequence calculatlons for thlS study were
performed using CRACZ,_an 1mproved verelon of CRAC, S
the Reactor: Safety Study {1]- consequence model." -
Section 2.2: l-provides a br:ef overview of thé CRAC2"

: model, wh11e Sectlon 2. 2 2 deecrlbes the data useéd’ as“

1nput to' the’ consequence calculatlons. Section 2.2.3
is a: ouolltatlve discussion of the sources ‘ané 1mpacts
of uncertainties asscciated with the conseguence model.
Section 2.2.4 defines the "kbase case" calculation which
was used as a" reference ‘cate for examination’ of "the
1mpact of varlatlonq 1n parameters and assumptlons.g'j

Section 2.3 briefly describes the five ac01denttd
source ‘terms used in the: calculat10ns.~ These source
terms, ‘denoted SST1- -5, were’ developed Ly NRC ‘and’ ‘range

from a full core-melt with uncontrolled release to a

gap release with minimal’ leakage. "Section 2. 3. 1 Fre~
sents results of conseguence ‘calculations for each of -
the five socurce terms, and Section 2.3.2 examines the
potential impact on consequences cof reductlons in the
magnltude of the most severe ac01dent (SSTl) o

Sectlon 2.4° examines the impact of meteorology and
ropulation on conseauence estimates. Meteoroloq1cal
data from 29 Naticnal Weather Service staticns and w1nd
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 concequences of var-
ious emergency response assumptions; both evacuation
eand sheltering scenarios are evaluated. Section 2.6
discusses the distances to which various consequences
occur and the sensitivity of these distances to input

a. CRAC stands for Calculation of Reactor Accident
Consequences.
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data and assumptions.. Section 2.7 examines the sensi-
tivity of consequences to variations in reactor size,
energy-release rate, dry deposition velocity, population
distribution, and land-interdiction criteria. Finally,
Section 2.8 presents a summary of the 1n51ghts gained
from these calculatlons..' . S _ ,

:2.2MHBaCkground
2.2. l Overv1ew of Consequence Model

The acc1dent consequence calculatlons descrlbed
in thlS 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
Appendlx E.9 The model descrlbes the progress1on of
the cloud- of radioactive mater1a1 released from the -
containment structure durlng and following: a reactor o
ac01dent, and. predlcts its interaction with and. 1nf1u-
ence on the environment. and man. A, schematic. outline .
of the computatlonal steps taken 1n the model is pre-.
sented .in. Flgure 2. 2 1-1. . : . .

Analyses of potentlal plant system fallures and
acc1dent phenomenology provide an estimate of accident
probabilities and release characteristics (magnitudes,
t1m1ngls etc.) that are used.as input to the consequence
model. Given these. estlmates,‘a standard Gaussian dis-~
per51on model . is. used to calculate.ground~-level concen-
trations of alrborne radloactlve material downwind of
the. reactor site. Weather data for a l-year period are
input; to the dlsper51on model in the form of hourly hp
recordlngs of wind speed thermal stablllty, and accumu-
lated prec1p1tatlon. The wind direction is assumed to
be invariant durlng and follOW1ng the release._ Radionu-~
clide concentrations within the cloud are depleted by
deposition (both wet and dry) and radioactive decay,
and integrated air and ground contamlnatlon are calcu—
lated for downwind dlstances.

v Results calculated u51ng ‘the two models are similar,
as shown in the recent Internat10na1 Comparison
Study of Reactor Accident Consequence Models [5,6].

b. Spec1f1c release characterlstlcs assumed in thl°
study are descrlbed in Sectlon 2.3.

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

The conseguence model uses the calculated airborne
and ground radlonucllde concentrations to estimate the
public's exposure to ‘externsl radiastion from (1) air- -
berne radlonuc11oes ‘in the cloud and (2) radionuclides
deposited from the ‘cloud ontc the ground, and internal
radiation from (1) radionuclides inhaled directly from
the passing cloud, (2) 1nba1ed resuspended ra01onuclldes,
and (3) the 1ngest10n 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 1ndlv1dual.

The consequence model allow= the input of either
S1te-spec1f1c or hypothet1cal populatlon data as a func-
tion of distance and: dlrectlcn from the reactor site.

A simple evacuation” model is 1ncorporated, which is based
on a statistical analysis of evacuation data assembled

by the U.S. Environmental Protection Agency [7-9] (see
Aprendix E). The moéel incorporates a delay time kefore
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.

BEase¢ on the calculated rédiation exposure to down-

wind individuzls, the conseguence model estimates the
number of public health effects that would result from
the accidental release. Early injuries and fatalities

latent cancer fatalities, and thyroid and genetic effects

may be computed. Farly fatalities are defined to be
those fatalities that occur within 1 year of the exposure
period. They are ectimated on the kasis of expecsure to
the bone marrow, lung and gastrointestinal tract. Bone
.marrcw damage is the dominant contributor to early
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fatalities. 1In both the Reactor Safety Study and this
study, early fatalities are calculated assumlng an

‘of 510 rads to the bone marrow. Supportlve

1éa9 treatment of ‘the exposed 1nd1v1dua1 is ‘also

assumed. Early injuries are defined ‘as ‘non-fatal, non-
carcinogenic 1llnesses, that appear within 1 year of
the exposure-and’ requlre ‘medical ‘attention or hospital
treatment.” The late somatic effects con51dered include
latent cancer fatalities plus benign and mallgnant
thyr01d nodules., N

The consequence model also 1ncludes an economlc
model to estimate the potential extent of’ property
damage assoc1ated with the release of radioactive
materlal. ‘The total off51te ‘dollar cost of" ‘the dcci- . _
dent is est1mated as the ‘sum ‘of - (l) the evacuat1on cost,.
(2) the' value of" condemned crops and mllk, (3) the cost
of decontamlnatlng land ‘and " structures, (4) the cost of
1nterd1ct1ng ‘Yand- and structures, ‘and’ (5) relocatlon' ‘
costs (mov1ng costs and temporary loss of " 1ncome)

2.2.2 Input Data for Conseouence Model

CRAC2 requlres a 1arge ‘set of input data,‘lnclud— ,
ing acc1dent release characterlstlcs and source ‘terms, -
various site-related data (e. gy, meteorology, popula=
tion), reactor core radionuclide ‘inventories, and emer-
gency response scenarios. The accident release charac-
teristics and source terms assumed 1n this study are
descrlbed 1n Sectlon 2. 3. -

The site=related data, gathered for use in this ~
study, are presented 1n Appendlx A ) The data gathered
1ncludes. -

1. General s1te and reactor data (e. g., reactor
e ‘151ze, vendor, start-up date, site locatlon)
‘for each of the 91 U. S. sites at which a = ,
reactor ls operatlng or ‘a constructlon permlt
”dhas been obtalned.l ‘

2. - Regional shleldlng factors for sheltered
" populations.

- 3. Site populatlon data derived from the 1970
‘ 'census.v _

a. The dose that: would be lethal to 50 percent of the
populatlon w1th1n 60 days.v '
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';4};y'Meteorologlcal data con31st1ng of - hourly re-d
. .. cordings of weather conditions . from 29 Natlonal

}.Weather Serv1ce statlons plus m1x1ng helghts -

.'f;from Holzworth_[lO]

- ;‘Env1ronmenta1‘
ﬂumReports.ﬁx

6. Site economic data, updated from“éhoéé”usea'in”

which is representatlve‘of the current generatlon'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.
_1nventor1es on predlcted consequences are'presented 1n
Appendlx B." The sens1trv1ty of consequ 1C s to reactor
size 1s.exam1ned i L

CRAC2 ‘is descrlbed ‘in Sectlon 2.5 and Appendlx E The
model allows spec1f1cat10n of up to six emergency re— '
sponse scenarios plus a welghted sum of these scenarios
termed "Summary Evacuatlon.W; Unless other ;se spec1f1ed,

calculations were performed u51ng the scenarios presented

in Table 2.2.2-1. The scenarios range from a prompt
evacuatlon to shelterlng to.no emergency .response. The
response dlstance of 10 m11es ‘was. selected to. coincide
with the Emergency Plannlng Zone (EPZ) recommended by
the NRC [12] . The delay t1mes and speeds assumed were
based on a statlstlcal analysis of evacuation data
gathered by the EPA (see Appendix E). The "Summary
Evacuation" was deflned as .a 30 percent, 40 percent,

30 percent weighting® of scenarios 1, .2, and 3, and

a. Thlrty percent of the t1me, all people w1th1n 10
miles evacuate with a 1 hour delay and 10 mph speed;
40 percent of the time, all people within 10 mlles
evacuate with a 3-hour delay and 10 mph speed; and -
30 percent of the time all. people w1th1n 10 mlles
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 sen51t1v1ty of
predlcted consequences to emergency response assumptions
is examined in Section 2.5. Differences in emergency.
response due to site- spec1f1c characterlstlcs were not
addressed.

Table 2.2,2—1.1.Emergéh9y RéSPdnSe;S§énérios

Scenario Type of  Response  Delay Time = Response

Number =~ Response . .. Distance . Before = Speed
- ' o - .. . Response . C
1 Evacuation  _1b miles ,;fhouri '”:"10 mph -
2 . Evacuation 10 miles  3-hours . 10 mph
3 .\EVaddatiQﬁ 10 miles  5-hours  :tf_1Q”mph_
4 Evacuation 10 miles 1v_5fhoursﬂv » }'1:mph
5. _Sﬁéitering,_‘lovmiles " none, 'v:  R
Relocation = = ... = .6-hours =~
6 ‘No Emergency e - —
Response ' B '

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
(l) 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. 1Input data uncertainty arises from
problems assoc1ated with the quality and ava11ab111ty of



“data, selection or determination of approprlate values

for model " input (including radioactive source ‘terms), - ‘
and statistical varlatlonq in: data. TO date, a comEre-:**

e

‘hensive" assessment of these uncertalntles in- consecuence :
predictions has not been performed. =~ However, a number- -

cf part1al uncertalnty estimates have been derlved u51ngf
Sen81t1v1ty analysis techniques [1,13,14}.

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 respcnse. (see Section 2.5).
Each of these areas is briefly described below.

Radioactive source terms for atmospheric releases '
are subject to a numbter 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 sutfaces, agglomeratlon and deposition
of aerosols, and dissolution in water. Better specifi-
cation of the timing of a release ‘is 1mportant for two
reasons: (1) a longer warning period increases the chance
of an effective emergency response and " (2) a 1ong, slow
release spreads the radioactive material over a larger
area, thereby decreasing individual doses and (usually)
health effects. The particle-size dlstr;butron cf the
released material, and thus the efficiency of dry édego-

- sition processes during downwind transport, is determined S

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 conclusicns reached by this study. For example,
some of the conclusions about emergency plannlng and
response presented 1n Sect1on 4 5 could be °1gn1f1cantly
altered

N

‘ B plume of radloactlve material may be depleted
durlng transport by - dry dep081t1on and/or washout pro-
cesses. . The dry- depos1tlon removal rate is strongly

_dependent on the gize distribution of particulate matter

in the plume. ‘Therefore, the current lack of information
about this size dlstrlbutlon prevents rellable modellng



of dry deposition. .Since washout of material by rain-
fall is a very efficient removal mechanism, it is im=-
portant to ‘account for the freauency,‘lntensity, and
spatial variability of rainfall. Moreover, because
high-consequence events are usually associated with
rainfall over population centers, failure to adequate-
-1y model rainfall can lead to ‘large ‘inaccuracies ‘in-
predlcted peak consequences.

wWind trajectorles determine the specific popula-”
tion exposed by downw1nd transport ‘of the plume of - -
radioactive material. ' With the exception of the com-
puter code CRACIT [17, 18],‘current consequence models‘
neglect wind trajectorles. Although- results obtained
with CRACIT indicate that treatment of wind trajectorles
may affect risk less than intuition suggests- [6],
thorough examination of this subject (perhaps u51ng a
Gaussian puff model), partlcularly for s1tes w1th complex
terrain, seems essent1a1 [19]

The sensitivity’ of pred1cted consequences to dif-
ferent emergency response scenarios is examined in
Section 2.5. If consegquence models are to be applied
to evaluate the risk at specific sites, consideration
should be given to those characterletlcs of the site ‘and
of local organlzatlons that could 1nfluence ‘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 rocad ‘hétwork should be examined.

Road networks could be part1cu1arly 1mportant if popu-
latlon densities are sufficient to result in "traffic
jams" or "bottleneck" conditions, or if terrain features
are likely to cause evacuatlon routes and the plume
tra]ectory to overlap.

Another area of uncerta1nty is the est1mat1on of"
the late somatic effects, of which the incidence of
cancer is the most important. The recent BEIR III
report [20] discusses these uncertainties, which are
largest for low doses (and dose rates) of low-LET
radiation. In addition, Loewe and Mendelsohn {[21] have
recently conducted a reassessment of the dosimetry data
for the populations exposed by the detonations at
Hiroshima and Nagasakl. 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: redef1ne the source terms from the two detonat1ons



and at Oak Ridge . Natlonal Laboratory to recalculate
dose estimates. .. When completed these .reassessments
may result in some changes in. estlmates 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 calculatlons examine the impact on predlcted con=
sequences of a wide variety. of parameters .and. .assump-.
tions. . To s1mp11fy the examination.of the impact of
varlatlons in input parameters. and assumptlons, a
"base case" calculatlon was deflned. Assumed in the
base case were., . ‘ .

.‘.a standard 1120 MWe PWR
* an SST1 release (def1ned in Sectlon 2 3)
* New York City meteorology
.-~ .the Indian Point wind rose. and populatlon
- - Summary Evacuatlon; S

The. values of all other 1nput parameters were those

typlcally used in CRAC2.- The sensitivity of predlcted
consequences to. the base. case, assumptlons and to other
input parameter values is. dlscussed in later sectlons._

2.3 'Reactor Acc1dentASource Terms.

Th1s sectlon descrlbes the reactor acc1dent source
terms used to perform the consequence calculatlons.
Consequences that might result from these source terms
are compared and the most ‘important source terms are
identified. 1In addition, source term uhcertainties are
addressed.  Results that show the impacts of these uncer-
tainties on reactor acc1dent consequences are presented
and dlscussed., '

©2.3.1 ACcident Release Cnaracteristics‘and Source Terms

The Nuclear Regulatory Comm1331on recently spon-
sored an evaluation of the technical bases for reactor
accident source term assumptions and the potential im-
pact of possible source term changes: on the regulatory
process [16,22]. These studies found that the Design
Basis Accidents (DBAs), which have been the basis for
regulatory p011c1°s governing nuclear power plant siting
and design, do not constitute a reallstlc representation
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of the full spectrum of possible accident source terms

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

of f1$31on product behav1or durlng reactor. acc1dents._e

: The spectrum of acc1dents that was. deflned ranges
from accidents: w1th1n the de51gn basis. envelope to. core
melt acc1dents ‘which. may release large quantltles of
radloactlve materlal to the environment.. . Five. acc1dent
groups were designated as being representatlve ‘of the
spectrum of potential accident conditions. Each group
represents a different degree of core degradation and of
failure of containment safety features. . Brief descrlp-»-
tions of" the characterlstlcs of the. accident types in-
cluded in each group are presented 1n 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 ac01dent groups.. By. adjustlng the probabllltles
associated with each of the five source terms, the set
can be made to approx1mately represent any current LWR
'de51gn.a ‘Table 2.3:.1-2 summarizes the five NRC-defined
source terms used in this study.__

The consequences that could potentlally result
from each of the. five. source terms were determined by
performing a series of CRAC2 calculations. Table 2.3.1-3
compares the relative magnitudes (normalized to 100 for
source term SSTl) of the mean 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 substantlal numbers of off51te consequences

a. Detalled Probabilistic Risk Assessments (PRAs). have
not been performed for all reactors. Based on currently
avallable PRAs, NRC has suggested that representative
probabllltles for the SSTs are: P, for SSTL = 1 x 10
for SST2 = 2 x 107>, and P; for SST3. = 1 x 107

Tﬁere are very large variations (factors of 10 to lOO)
in the accident prObabllltles assoc1ated with a specific
design.

b. Using approximately 100 sampled weather sequences,
the CRAC2 code calculates frequency distributions
for consequences that might result from a radioactive
release. The means of these distributions are the
mean values referred to in the text.
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’compared to the SSTl ‘source term. The mean consequences
calculated for the 'SST1l release exceed those from the
SST2 release by 1 to 4 orders of magnitude and exceed
those from releases SST3, S£ST4, and SST5 by 4 to 7 orders
of magnltude. Early fatalities, early: 1njur1es, and land
interdiction do not result’ from releases SST3; SST4, and-
SST5 because these accidents’ do not' 'release’ enough ‘radio=
act1v1ty to” produce doses’ that exceed the dose thresholds
for these consequences. '

Table 2 3 l 1. Brlef Descrlptlons Characterlzlng
‘ the Accident Groups W1th1n the NRC
“"Accident Spectrum" [22] o :

Groupfi _ “Severe core uamage. Essentlally 1nvolves loss
o of ‘all installed safety features. - Severe -
,dlrect breach of contalnment.v_‘ ’ :

Group 2 Severe core damage. Containment fails to
isolate. Fission product, release mltlgat1ng
systems (e. g, sprays, suppre551on pool,lfan

jdcoolers) operate to reduce release. ‘

Group 3_Lr Severe core damage., Contalnment falls by base—

mat melt- -through.’ AlL other’ release mltlgatlon
vsystems functlon as de51gned. e

Group 4. Modest core damage.’ Conta1nment systems
‘ ' operate 1n a degraded mode.y

.Group 5 L1m1ted core damage.' No fa11ures of englneered
: ’ safety features/ beyond those postulated by the
various design’ basis acc1oents. The most
severe accident in this group assumes that the
containment functions as de51gned follow1ng a
’substantlal core melt.

{8
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_Table 2.3.1-2. NRC Source Terms for Siting Analysis.

Releaseé. Characteristics?

Accident Type

_Contaihment Failure Mode

Containmgnt Leakage
Time of Release (hr)
Release Duration (hr)
Warning Time (hr)
Reiease Height (meters)

Release Energy

Inventory Release ffactions
Xe-=Kr Group
I.Group
Cs-Rb Group
Te-Sb Group
Ba-Sr Group
Ru.Group

La Group

Source Térm

SST1
Core Melt

Overpressure

Large
1.5
2
0.5

10

1.0
“0.45
0.67
0.64
',o,oi'
0.05

9 x 1073

SST2

Core Melt

H, Explosion
or lLoss of

Isolation

Large
3
2
1
10

a. As defined in the Reactor Safety Study [1].

1073
1073

10-2

1073

1073

10~4

SST3

Core Melt

-

1%/day

0.

10

5

1073

10~4
10-3

1075

1076 .
1076

10-6

SST4

Gap Release

1%/day
0.5

1

10

6 x 1077 .

SST5

Gap Release

0.1%/day
0.5

1

10

6 x 1078

1 x 10°10
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- Table 2.3.1-3. Comparison of Condltlonal Mean Consequences Predlcted for Five
‘ Source Termsa

Source Mean Early Mean Early .AMean Lateht, Mean Thyroid _Meen Interdicted
Term _ Fatalltles Injuries Cancer Fatalities® - Nodules " Land Area
ssTl 1000 100 | 100 | 100 100
SST2 1 x 1072 0.5 7 3 | 1

ssT3 0 0 o 2 x 1072 5 x 1072 0
SST4 0 0 | 4 x 10747 e x 1070 0
SSTS5’ 0 0 | 4 x 1073 8 x 1076 0

a. Aséumpt10ns~' 1120 MWe- PWR, populatlon distribution and wind rose for Indian Point,
New York City meteorology, "Summary Evacuation" of persons within 10 miles.

“b. All consequences are hormalized to 100 for source term SST1.

1)



Flgures 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.?: 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
magnltude over the spectrum of five releases. For any
pair of releases, .relative doses are roughly proportional
to the ratios of curies of released rad10act1v1ty 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 mllllrem for the SSTS release.

. Flgure 2.3.1-3 dlsplays the varlatlon w1th dlstancg
of the mean. 1nd1v1dua1 risks (averaged over 360 .degrees
of early fatality and early injury for source terms SSTl
and SST2,1and of latent cancer fatality (from early ex-
posure only®) for all:five source terms. .Thesé curves
were calculated assiming 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 ( <0.25 mi) for small source terms
(esg., SST3, SST4, and SST5). Since no offsite risk of
early fatallty or 1n3ury 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. 1In 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,'ln Figure 2.3.1-3c a

a.«.The doses are the means of the frequency dlstrlbu—
* tions of estimated individual dose calculated using
an approprlate sample of weather seouences from a
‘31ngle year of meteorological data.

b. Ind1v1dual 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 1nd1v1dual dies following the
ljexposure. _

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.



91-2

3 ,

w

(3 F

8 5

<] 8.

a ..

2 9

x 8

w >

g . X

8 £

z

& =

=

'DISTANCE (MILES) - DISTANCE(MILES)

Flgure 2.3.1-1. Comparison of Predlcted o quure 2 3 1- 2.: Comparison of Predicted
‘Mean Bone Marrow-Dose to Exposed . Ind1v1duals - Mean Thyrold Dose to Exposed Individuals
Vs Distance for the: Flve Source Terms. T_“ ,-‘? vs Dlstance for the Flve Source Terms.

'Assumptlons- 1120 MWe" reactor, New York Clty meteorology, no emergenchresponse, one day

exposure to radlonuclldes dep051ted on the ground




LT1-2

CONDITIONAL RISK OF EARLY FATALITY

‘ - . . :lo.l <Y:'ﬁ1b T YT rY
MEMSMAAAL SV LIS § ‘°°§ zo L . .
i IR f I
L .1 - lo-l_r 2 E .lo:( E_
E E 4
3 3 % ol gy
' ] = 0F S 108§
2 L, ed - - A . F -
z 9 Zz . 6L
2 3 S 403 Wy
3 3 e TFES < 107
4 3 N - T = 107
€ £ 'S F
F ] £ 15l 2 108
R - - B 3
3 E z !-0: 13 . i. 2 sl
3 - T 1 §‘° f
L ‘c." '§ w"-'t‘_":r . ) 1 g '10"°§‘-.
- 4 + : fas . - o
3 ) j -8 gt ssT2. 2 ol
i 3 e 3 3 S . -2
] 3 .
L , ] 3 . _ S B RUR
i) PN | . 0w g NPV TN R 10_“13 .
02 1 e 0z 1 T o a8 1 10
DISTANCE (MILES) DISTANCE (MILES) : - "0 ¢ DISTANCE (MILES)
A) RISK OF EARLY FATALITY

Figure 2.3.1-3.

| B)RISKOFEARLYINJURY . ' ~ C)RISK OF LATENT CANCER FATALITY

Risk to an Individual of a) Early Fatzlity, b) Early Injury,
. and <) Latent Cancer Fatallty (from early exposure only)
" vs Distance Conditional on Each of the Five Siting Source
Terms. Assumptions: 1120 ‘MWe PWR, New York Clty meteorology,
no emergency response, and a un1form w1nd rose.,




risk curve is plotted for each source term. The latent
cancer risk curve for the SST1 release ‘crosses the risk
curve for the §ST2 release at. short distances. The
falloff in the latent cancer fatallty risk at short
distances ( <2 mi). for SST1 is. caused by ‘the very high
risk of early fatality at thesé distances. Because of
the high- early fatality risk, the latent cancer fatal-
ity risk is essentially conditional on surviving the
high edrly radiation doses. produced close to the reactor
by SST1. .Finally, comparlson of - Flgure 2. 3 1-3c with
Figures. 2.3.1-1 and 2.3.1-2 shows that the" relative
differences between the five lYatent cancer fatality risk
curves are.-similar to those between the five dose vs
dlstance curves for bone. marrow or thyr01d doses.

Together, the results presented in Table 2.3.1-3
and Figures 2.3.1-1 through 2.3.1-3 show that: the SST1
accident would. likely dominate overall reactor risk to
the publlc.a, Furthermore, consequences resulting from
the SST4 and SST5 accidents were shown to be much smaller
than those’ resultlng 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‘w1ll not
be cons1dered further.. In addition, because offsite risk
is dominated by the most severe core-melt accidents, the
remainder. of this chapter will concentrate: principally
on the SST1 release, although results for the SST2 and
S8T3 releases w111 be presented when approprlate.

2.3.2 Uncertalnty in Source Term Magnltudes

At present there is a'great deal of controversy
over the magnitude and nature of source terms for severe
reactor accidents. A" recent study [15] suggested that
source terms for atmospheric releases could be substan-
tlally smaller than those assumed in WASH-1400 (or also
in this report). The study cited evidence that removal
processes, which have generally been neglected but which
should operate within the primary coolant system and con-
tainment, would decrease the .amount of material released
following an accident to amounts substantially below
those usually. assumed. Such removal processes include
plate-out of hot vapors, agglomerat1on and dep051tlon of
aerosols, and dissolution of soluble materials in water.

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

would be strongly dependent on the conditions inside
the coolant system and contalnment and on _the ‘chemical
and physical ‘form of the fission products.f For exam-—
ple, Campbell et ‘al. [2?] suggest that under acc1dent
condltlons in LWRs, f15310n product dlne would be 1n'
the form of & ‘'soluble.. metallic 1odlde (probably Cs1)
rather than volatlle, molecular 1odlne, as is currently
assumed.  Also, Morewitz [24], after review of past
reactor ac01dents .and destructlve tests, concludea that

in all cases where water was present, no fission product i}

telluriam had beén’ released.l Morew1tz prcposed two
explanatmnc for thls observatlon‘ Either . tellurlum
remains in. solutxon 1n the ‘form of soluble CsTe,, OF o
tellurlun partlcles are’ eff1c1ent1y scavenged by rapld
droplet growth caused by condensatlon of water . vapor. . -
Morewitz further’ noted. that even in ‘the absence of water '
droplet | formation, . the’ generatlon of large . quantltles]f”’
of aerosol from’ structural materials (steel. ‘concréte,
etc.) would produce rates of . aerosol agglomeratlon
rapid. enough to ensure. that a 1arge fraction. of the .
radiocactive partlcles would au1ckly settleout 1n51de L
the contalnment..,_ . T

These suggestlons have recelved substant1a1 sup—'
port in a ‘recent 'NRC. report [16]. The. 51gn1f1cance
of these. proposals 1s that’ the,solublllty of volat11e
fission. products and potent1al aerosol, removal mecha- =
nisms could. 1limit the guantity of released radlonuclldes
to levels one. ‘to two orders of magnltude below those
currently assumed. ' : _

To evaluate the 1mpact on predlcted consequences
of significant reductions in the amo ount of released
material, 2 series of calculations was. performed w1th
arbltrary reduct1ons “in the quantltles ‘of released
fission prcoucts.p The 1mpact of potentlal reductlons
due to the solubility. of fission products in water
was evaluated by arbltrarlly reduc1ng the release
fractions of 1odln ces1un, nd tellurluma.to 50,

10 and 0 percent of the standard Squ level, 51ngly,

a. The tellurium. release fractlon 1ncludes both
_;tellurlum and antimony and the. ces1um release.
fraction includes. both cesrum and rubldlum (see
Table 2.3.1-2). Cesium and “tellurium, however
dominate the predicted conseouences for each
releasé group., _



in pairs (Cs and T onlY); and all 51nu1taneously

(50 percent reduction only). Tc evaluate the 1mpact
on predlcted consequencee'of potent1al reductlon ' L
scurce terms due to efficient ‘seroscl removal procesees,,”
calculatlons were perforned_with the release fractlon_‘ 5
of all 1sotcpes except noble ‘gases arbltrarlly reduced”
te 50, 10 5, ano 1 percent of the SSTl release.l,ﬁ\

~ The. resulte ‘of ‘the calculatlons are summarlzed in’
Tables 2.3.2-1 and 2.3.2-2. - Assumed in ‘these calcula-”' '
tions were the Indian’ P01nt site, New York C1ty meteor-
ology, an 1120 Mue reactor, .and Summary Evacuatlon. j"
The results in Table 2.3.2- l 1ndlcate that a factor of 7
10 reductlon in the release fract1on of elther ‘iodine or?f
tellurlun results only in about a factor 'of 2 reductlon""
in early . effect- Because of the dose threshold for
early” effects, thls does nét 1mply ‘that iodine “or. _j__\”
.tellurlum acccunt" for half of the early effects.e' a

Tab]e 2 . 3. 2 1 ‘goes ,however, present a measure of
the relative doses resultlng from exposure to 1n01v1dual
elements. Iodine isctopes acccunt for about 3R percent_
of the expected acute bone marrow dose and for about 80
rpercent of the thyrcid dose. Bcne-marrow dose has been
shown to- be ‘the dominant cause of early fatalltles.;“
Tellurlur 1°otopes account for, about ‘35" percent of
the acute bcne rarrow doee ‘and about 20 percent of fgz
thyroid dose.’ fgguse of the- long half -Iives of Cs
(2 yecrs) and Cs (30 yeers), cegium 1= the dom1nant
element for long-term exposure. However,}a factor of
10 reduction in the release fraction of cesium reduces
the mean number cf 1atent cancer fata11t1ec by only 25
percent.

The small reduct1on 1n the ntnber of latent cancer
fatalities’ 1s,a result of the assunptlon in CRAC2 that
land will be interdicted to reduce long-term exposure.
Thus, reouc1ng the release fractlon of cesium reduces’
the amount of interdicted " land but does not s1gn1f1cantly
alter the total populatlon exposure. The amount cf ,
interdicteé land is very sensitive to ‘the release frac-
tiecn cf cesium., A factor of ten reduction in the cesium
release fracticen results in an 85% reduction in the
‘interdicted land area. The sens1t1v1ty of latent cancer:-
fatalities to the c¢riterion useé for the 1nterdlctlon
cf land is- dlscussed 1n Sectlon 2.7.5.

Takle 2.3.2=2 presents“the impact'on consecuences
of reductions in the SST1 release fractions of all

i3
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Table 2.3.2-1. Sensitivity of Mean,ansgquences_toaRedqc;iogsvin ssrl,Bgiease
Fractions of Iodine, Cesium, and’ Tellurium@: ’ :

Latent Acute Dose®

Accident  ‘Early ' Barly Cancer B , . Area of Land
Release - Fatalitieés " Injuries Fatalities . Bone Marrow - Thyroid Interdiction
SST1 . o . . - - e v v
(Standard) 100° 100 100 100 100 100
508 1 - 75 -~ 75 - . 98 .85 - 60 - - -100
10% I 60 55 95 70 30 100
os 1 - 50 .85 95 65 . 20 7100
50% Cs 95 95 90 95 100 55
108 Cs . 90 95 75 90 100 15
08 Cs 85 90 60 . 90 100 » 1
508 .Te 75 65 95 85 - 90 100
10% Te 50 45 90 70 80 . 100
0% Te 35 - 40 . 90 - 65 g0 Too
50% I,Cs 70 " 70 90 80 60 55
10% I,Cs 45 55 70 60 30 15
50% I,Cs,Te. 40 - - 45 . 85 .60 .- .. 50 - . 55
a. Aésﬁmétions; 1120 MWe.reactof; Inaian Pdint éité; Nééifbik éit& ﬁéteoroiogy,rvﬂwrn
Summary Evacuation. .
b. All consequences no;malized'ﬁo’lboffo?_sbdfcéJte}m;SSTi;A
c. Relative doses are approximately independent of distance.
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Table 2.3,2- 2 Sen81t1v1ty of Mean Consequences to Reductions in SSTl
' "Release Fractions of All Elements Except Noble GasesrP

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

. ':SSTl b o i : ; .
- (Standard) - 100~ 100. ... 100 . . ~..-100 .. . .. . 100 ' 100

" 50% ssT19 30 35 74 - 53 o 50 55

‘108 ssT1d 1 4 32 16 10 10

5% ssT1d 0.2 -2 19 g 11 - 5 | 5

a. - Assumptlons- 112C¢ Mwe reactor, Indian Point- Site, New ‘York City meteorology,
Summary Evacuation. B

b. All consequences normalized to 100 for source term SST1.
c. Relative doses are apﬁtOXimeEély,indepeﬁdeﬁt[ofydis;énce.

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



of the released material’ (as. reflected in the dry

elements except the noble gases. The results indicate
that an order—of-magnltude decrease in the release,
fractlons causes the mean number of early fatalltles
to decrease by about 2 orders—of-magnltude and other’
consequences to decrease by about 1 order—of-magnltude.
The 99th percentlle of the calculated distribution of
early fatalities for the standard SST1 release was

.. 8,300. When the SSTl release fractions for elements

" other than noble gases’ were reduced to 10 and 1° percent
:vof the standard values, the 99th percentlle values for
']early fatalltles fell to lOO and O respectlvely.d’;

, Only the lmpact on consequences of potentlal

"reductlons 1n the magnltude of source terms ‘has’ been
examined in thls sectlon.‘ Two other areas of, large'
.uncertalnty, the energy . release rate accompanylng a )
‘radioactive release and the phy31cal character i

.;dep051t10n veloc1ty) are. dlscussed in Sectlons 2.7. 2
~and 2 7. 3 frespectlvely._ Other areas of uncertalnty,

‘duratlon releases) ang’ release helght have not been
addressed in. thls study. ' :

.0 In summary,‘lf resolutlon of present uncertalntles
concéerning Source term magnltudes determlnes that the
_amount of materlal released to the atmosphere is 'signifi-
"cantly less than that currently assumed there could be
large decreases in the predlcted consequences of ‘large
‘core melt accidents (e g., SSTl and SST2) _Therefore,
the reader should bear Ain mlnd that the consequences pre-

'fsented in this report may be 51gn1f1cantly overestlmated

’and thus, some. conclu31ons drawn may not remaln valld.
2.41fSite Meteorology and_POpulatlon

In very general terms, the predlcted consequences
of an accidental release of radioactive material are
dependent on four factors: 1) the assumed source term,
2) the meteorologlcal condltlons during’ and follow1ng
the release, 3) the number of people exposed to the re-
leased material, and 4) the effectiveness of populatlon
protectlve measures. In ‘the prev1ous sectlon, the sensi-
tivity of coaisucuences to the ‘source term was dlscussed
In thls sectlon, the 1mpact 01'*onsequences of the mete-

a. . Those consequences that would be equalled or exceeded .
by 1 out of every 100 releases. '
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1nvestlgated The 1mpact of emergency protectlve o
measures on consequences 1s dlscussed in. Sectlon 2.5.

qZ.Q}IQZSensitivity'to‘MeteOrologlcal Record

_ , Predlctlons of the potentlal consequences of reac-
‘tor accidents normally assume that an accident may occur
at any time, day or nlght, under any poss1b1e weather
"conditions. So that all poss1ble weather condltlons are

adequately represented in the calculatlons, CRAC2 samples
weather sequences from an actual record of meteorological
conditions. " The meteorologrcal record requ1red by CRAC2
con51sts of the site wind rose and 8760 hourly observa—
tions. (1 year) of 'wind speed, atmospherlc stablllty, and

accumulated prec1p1tatlon. As described in Section 2.2.1
and’ Appendlx E,‘approx1mately 100 weather sequences are
sampled from the meteorological record and used in the
calculatlons to generate frequency dlstrlbutlons for var-
1ous ‘consequences. Current regulatory policy requlres
a 11censee to monitor: meteorologlcal conditions for at
least 1 year as part of ‘the site” approval process [25].

.Data from reactor sites, however, are often of poor
quality. Some site meteorological files do not include

':’observatlons ‘of prec1p1tat10n and there are often "gaps"

_in the recordlngs. For- thlS study, meteorologlcal

" ‘records from 29 National Weather Service (NWS) stations

were used with the site wind rose. The 29 records represent
" the broad range of climatic conditions found in the United
"States, ranging from arld climates, such’ as “Phoenix, AZ,

" to wet ‘climates, such as Apalachlcola, FL. 'NWS data have

‘ fseveral potentlal advantages over reactor site data in

that they are generally of higher quality, are readily

available, contain more detalled observations, and are

of durations of up to 30 years. A descrlptlon ‘of the 29

~meteorological records may be found in Sectlon A.3 of
Appendlx A .

'f A sens1t1v1ty ana1y51s was performed to examine
the 1mpact that the meteorologlcal record used in the
calculations has on predlcted consequences._ "Each of

" the 29 records. was ‘used ‘as input for calculatlons at
“'the Indian Point and’ Dlablo ‘Canyon sites (i.e., the

:populatlon dlstrlbutlons ‘and’ wind rose for each site
"'were used with each of the 29 NWS records) Indian
Point was selected because it has one of the highest
population densities surrounding the site, while Diablo
Canyon has one of the lowest.

‘The calculatlons assumed Summary Evacuatlon (see
Section 2. 5), an 1120 MWe plant, and an SSTl release.
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‘Any observed variation in the predicted consequences at
‘either of the two sites must be due either to differences
- in the 29 meteorological records or to inadequacies in
- the procedure used to sample weather sequences.

. o "The weather sequence sampllng procedure currently
' : - used w1th CRAC2 has several deficiencies. Because only
‘one year of data is sampled, very low probability
sequences (e.g., intense rain:at a. spec1f1c distance)
may not be adequately represented., ' Sequences that
. ~contain rain events are currently properly welghted
- ~.as to frequency of occurrence’ only when the rain event
. occurs within 30 miles of the 51tf“‘;Thls is probably
-adequate for early fatalities, which' typlcally do not
‘occur beyond 25 miles. However, consequences such as
. .early injuries and interdiction 'of land, that have dose
" thresholds and which oc¢cur to_dlstances substantially
. .greater than 30 miles, are probably not properly repre-
. 'sented by a sampling procedure that does not character-
" ize weather sequences beyond 30:mileés. -Finally, ‘because
‘rainfall sequences are not weighted for rainfall inten-
sity, ground contamination also may not be adequately
‘characterized by the current sampling procedure.

Coe Figure 2.4.1-1 presents the 29 early fatallty
. ".CCDFs? 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
-conseqguences range from about 2000 to 4000 early fatal-
' fltles. At the 99th percentile,: the range is about 7000
‘to 14,000. The higher-consequence_events with condi-
: tlonal probabilities less than 10~ -2 typically. ‘result
. from sequences with an onset of precipitation over a
- populated area. The frequency of prec1p1tat10n (frac-
s , ©  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 .
. . fatalities) of the 29 early gatallt CCDFs also vary :
' - by about.a factor of ten (10% to 10 fatalltles) Thls

- a. Complementary Cumulative Distribution Functions are
' log—log plots of the probability that a consequence
‘0of a given magnitude will be equalled or exceeded.
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range probably is caused by inadequacies in the weather
sequence sampling procedure used in the calculations.

In marked contrast to the Indian Point result,
the 29 early fatality: CCDFs. for the Diablo Canyon site
(Figure 2.4.1-2) are not ‘closely. .clustered. Because of
the very low population density surroundlng the Diablo
Canyon site, early fatalities occur above. the 99th per-
‘centile 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 magnltude
in both probabllltles and consequences) is causedgby
variations in the. frequency of precipitation among. the
29 records and inadequacies in the weather sequeﬁce
\‘sampllng procedure.

g Results similar to those presented in Figure 2.4.1-2
- “were found by Sprung [26] for calculations with buoyant
plumes where, again, the occurrence of precipitation is
required to produce significant numbers of early fatal-
“ities (Note that all releases in the present study are
"assumed to be non-buoyant. The effect of plume buoyancy
on predicted consequences is dlscussed in Section 2.7.2.)

Figures 2.4.1-1 and 2:4. l 2 indicate that out to the
,099th percentile of the condltlonal dlstrlbutlons, the
. ‘meteorological record used in the ‘calculations does not
"have a significant impact on ‘the predlcted distributions
of early fatalities (CCDF mean values differ by less than
a factor of 2). Figures 2.4.1-3 and 2.4.1-4'show the 29
early—lnjury 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 El1 Paso meteorological records.
- ~at the Indian Point site and the Apalachicola and Seattle’
‘records at Diablo Canyon. Apalachicola and Seattle are
two of the "wetter" meteorological records; inexplicably,

' _.El Paso is one of the driest. The source of these anom-

alies is not certain, but is probably due to inadequacies -
of the weather sequence sampling procedure (i.e., rain
events beyond 30 miles are not appropriately weighted).

a. Those consequences that would be equalled or exceeded
by 1 out of every 100 releases.
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"Figures 2.4.1-5 and 2.4.1-6 present the 29 latent
cancer fatality CCDFs for the two sites. Both figures
show variations only in the probabilities of the high-
. consequence events, most likely a reflection of the
different probability of precipitation in each meteor-
ological record. These two figures clearly indicate
that the meteorological record does not have a 51gn1f1-

cant impact on predicted distributions of latent cancer:.

fatalities.

Figure 2.4.1-7 shows the interdicted-land area

. CCDFs for the 29 records. Interdicted land is a mea-
sure of the potential offsite economic consequences of
. an accident and is‘calculated independent of population
distribution and wind rose. At the 90th percentile,
the predicted areas vary by about a factor of 3. There
is a 2-order of magnitude spread in the probabilities
of the CCDF maxima (hlgh-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 dlscussed in Sectlon 2.6.

The following conclus1ons can be drawn from this
. sensitivity analysis:

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

o Major differences in predicted consegquences
among the 29 meteorological, records occur at
probabilities less than 10”2 ang probably arise
from variations in the frequency of precipita-
tion and inadequacies in the procedure used to
sample weather sequences.

L
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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 con51deratlon'
of precipitation intensity, In addition,

'_=equences with an onset of precxpltatlon may"

'need to be categorlzed to distances beyond
"the present 30 mlles, perhaps to 100 miles.
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Figure 2.4.1- 7..Interd1cted Land Area Complementary
. Cumulative Distribution Functlons (CCDFs) Generated
with Meteorological Data from 29 National Weather
Service Stations. Probabilities are conditional

on an SST1 accident occurring. The means of the
distributions range from 72 to 140 square miles.
Assumption: 1120 MWe reactor. _ -

2-31



2.4.2 'SénSifiVity*foisfté‘Populatioh'bisﬁfibufion

To examlne the role of populatlon dlstrlbutlon

in determlnlng reactor acc1dent conseguences, a’ ‘sensi-
tivity study was performed u51ng the actual’ populatlon,
dlstrlbutlon and 1- year average w1nd rose from each of
the 91 U.S.' reactor sites having: elther an: operatlng
license or a construction permit. Calculations per-
formed using actual site population distributions also
provide a better understandlng ‘of past siting policy
and a reference against 'ich the consequences of pro-
posed srtlng policies ¢ be compared. :

For each of the 9 51tes, a representative meteoro-
logical record was- s,fected from the 29 National:Weather
Service records used in this study (see Appendix A).

As discussed in the;. previous section, the meteorological
record used in the’ calculatlons 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 31gn1f1cant. 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.

Figures 2.4.2-la through 2.4.1-1lc show early
fatality, early injury, and latent cancer fatality
CCDFs for all of the 91 sites. The figures h§ve been
truncated at conditional probabilities of 10 (one
in a thousand releases). This was done because con-
sequence probabilities and magnitudes for improbable
events (ghose.with.conditional’probabilities.less
than 107°) 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 radlonuclldes for 1 day, regardless .of dose
ratea,_ Any emergency actlons taken beyond 10 mlles-'

a. Under some meteorologlcal condltlons, the l day
bone marrow dose at 10 miles can exceed 1000 rem. -
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(e g. shelterlnq or prompt relocatlon) would s1gn1f1—
cantly mitigate the consequences of low—probablllty,
high consequence events [27]. The effect on conse-
quences of different emergency response: scenarios is
dlscussed 1n Section 2.5.

: The 91 early fatality CCDFs range (on the proba—
bility axis) over almost 3 orders of magnitude in the
conditional probability of any early fatalities [i.e.,

P( =>1)J) and over nearly 4 orders of magnitude in conse- .
quences.at a conditional probability of 107~ (consequence
ax1s) The conditional means of the 21 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
CCDFs versus number of sites. Only four sites have
means above 250 fatalltles, over half are less than 50.
Table C-1 in Appendix C- llStS the conditional mean
number of early fatalltles, early injuries, and latent’
cancer fatalities for ‘each:of the 91 sites. The 99th
percentllea of the cond1t10na1 dlstrlbutlons ‘of early
fatalities range from zero to 8000. Flgure 2.4.2-3
presents a histogram of the 99th percentlle of the
dlstrlbutlons versus number of sites. . .

'The 91 early injury CCDFs (Figure 2. 4 2 lb) range
over approximately 1 order of magnltude in, the condi-
tional probablllty of having any injuries [p(>1)1: .and
over 2 orders in cgnsequence magnitude at a condltlonal
probability of 10~ =-3. The conditional mean numbers:of
early injuries range from 4 to 3600. The latent cancer
fatality CCDFs (Figure 2.4.2-1lc) show less than 1 order
of magnitude spread on both:axes. ' The conditional means

‘of the latent cancer fatality CCDFs range from 230

In Section 2.4.1, it was shown that the meteor-
ologlcal record does not significantly affect the cal-
culated distributions of consequences. Therefore, the

wide variability in calculated distributions displayed
in Flgures 2.4.2-1a. through ¢ (early fatalltles, early
injuries, latent cancer fatalltles) .can. be due only to
differences in the 91 populatlon dlstrlbutlons since
all other factors were either held’ constant or have
no s1gn1f1cant effect on predlcted consequences.

a. Those consequences that would be equalled .or exceeded
by 1 out of every 100 releases.
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The different degrees of varlablllty of the .
three consequences are prlmarlly due to the different
distances to which each consequence occurs. Within
20 miles of the reactor there is tremendous variabil-
ity in the 921 populatlon dlstrlbutlons.; Wlthln th1s7”>f
~ distance, the populatlon ‘densities _range “from 1 to o

710 people per square mile (see section 3). - There- =
fore, the dlstrlbutlons of early fatalltles, whlch are
confined to areas w1th1n a few tens of mlles of ‘the '
site (most occur w1th1n a few mlles,‘see Sectlon 2 6), :
show . the qreatest varlablllfy "Early 1njur1es can,_“ .
occur .to many tens of mlles, but .most' occur within
about 30 miles. W1th1n 50 miles’ of the 91- 51tes,f
average population den31t1es 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
A710),_the varlablllty in the 91 early 1n3ury CCDFs is
‘less than ‘that obtalned for early fatalities." Flnally[
_when averaqed over very larqe areas, the varlablllty &
'in the 91 populatlon dlstrlbutlons is’ greatly reduced
The populatlon dens1t1es ‘within 200° mlles of the 9l
sites. vary between 14 'and 335 people per’ square mlle
(factor of 24). Thus, the dlstrlbutlons of 1atent
cancer fatalltles, which can occur over very large
areas, show the least varlablllty.'”“

Some spec1f1c characterlstlcs of populatlon
dlstrlbutlons which . mlght 1mpact the varlablllty
of consequences are dlscussed in Sectlon 2.7.4.
Finally, for each of the 91 51tes examlned in" thlS
report, early fatality, early injury, and latent’
cancer fatality CCDFs conditional on an SST1 release
are presented in Appendix C. When examining these
CCDFs, it is important to remember that they are
not truly site specific. Although each CCDF was
calculated using the site's wind rose, the population
distribution about the site, and an appropriate
substitute meteorological record, the SST1 release
assumed in each calculation was not modified to
reflect the spec1f1c design of the site's reactor.
Instead, a standard 1120 MWe PWR was assumed 1n
each calculatlon. ' .



2.5 | Se“éifiVifY to EmérééncY'ResPonse _h°h

Should an acc1dent at a nuclear power plant
lead to a. s1gn1f1cant release of rad10act1v1ty, publlcﬁj
radiation exposures could be mltlgated by evacuatlon,"
shelterlng, relocat1on, or medlcal prophylaxlsa R
Summary.. Evacuation w1th1n 10 m1les was assumed 1n mostjp
of the, calculatlons presented in other sections of e

_this report. In th1s seéction the sen31t1v1ty of early.

fatalities and early 1n]ur1es to emeroency response is
examined by a.series. of parametrlc calculatlons. All
of these calculatlons assume &n SST1 reledse’ from: anf"
1120 Mwe reactor, Indlan P01nt populatlon and w1nd rose,
and New York C1ty meteorology.

The emergency response submodel in. CRAC2 was brlef-
ly descrlbed in Section 2.2.2 and. is more” fully descrlbed
in this .section and in. Appendlx ‘E.  The’ model allows for
the . mltlgatlon of radlatlon exposures by evacuat1on or by
shelter1ng follcwed by relocat1on., Evacuation is charac—
terized by . the delay time between accident warn1ng and
the 1n1t1at10n of evacuatlon, by the- dlstance w1th1n '
which people evacuate, and by the. evacuatlon "speed’ '[8].
Sheltering is character1zed by the distance within which
all pecple 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 populatlon. The parameters that descrlbe
these emergency resgonse scenarios are first defined
and then the results of the parametrlc calculat1ons are.
presented.

a. Evacuatlon is the expedltlous movement of people
to avoid exposure to the pa551ng cloud of radio-.
active material. Shelterlng is the expeditious -
movement of people indoors, if possible, into
basements or masonry buildings which afford en-
hanced shielding from radiation. Relocation is
the movement of exposed persons out of contaminated
areas after the passage of the radioactive cloud.
Medical Prophylaxis is the administration of agents
which decrease or block internal exposures (e.g.,
KI prophylaxis decreases thyroid exposures [28]).
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S The follow1ng eight parameters essentlally deter—

mine the impact of the CRAC2 emergency response model
on consequence pred1ct10ns~ .

Warning Time: Time from accident notification by
plant personnel to release of radloact1v1ty due to.
containment failure (e.g., 0.5 hr for SST1).

Delay Time: Time. from accident notification to the
initiation of emergency response (0 hr for shelterlng,
1- 5 hr for evacuatlon)

Evacuatlon Rad1us~‘ The radlus w1th1n whlch all
occupants of a 90°,sector (centered on the plume
centerllne) evacuate (10 m1 in the base case
calculation).

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

Evacuation Distance: The radlal dlstance to which

the evacuees move (5’ mi beyond the evacuation radius:
'therefore,;15 mi for the base case calculatlon) before
they are removed from the calculation because they are
assumed to have enough 1nformat10n to av01d addltlonal
exposure. . ,

Sheltering Radius: The radius within which all non-
evacuating occupants of a 90° sector (centered on the
plume) take shelter. If the sheltering radius is less
than or equal to6 the evacuation radlus,'only evacuation
takes place.“ If the sheltering radius is larger than
the evacuation radius, then all persons between the.
evacuation radius and the’ shelterlng radius take shel- 
ter. Beyond the shelterlng radius, normal activity is
assumed to contlnue (1 e., some people are outdoors)

Shleldlng Factor [297: The . fractlon of the dose to
an unsheltered 1nd1v1dual received by an individual
sheltered in a’ bulldlng or in a vehlcle (i.e.,” durlng
evacuation). Shielding factors for bulldlngs depend
on the housing stock (percent brick, avallablllty of
basements) and, therefore, vary by geographlc reglon.
Different shielding factors are used to decrease
unshielded exposures to the radioactive plume and to
contaminated ground (see Appendix A).




Relocation Time: The period which elapses after pas-
sage of the’ raoloactlve plume before non-evacuating
individuals are moved from: contamlnated areas (24 hr
in the base case calculation)’ '

Relatlonshlps between several of these elght emergency
response model: parameters are schematlcally deplcted
in Figure 2.5-1." =~

" The CRAC2 emergency response submodel allows for
the spec1f1cat10n ‘of up to six dlfferent emergency re—
"sponse scenarios and will calculate a weighted" average
of the results for any des1gnateo set of scenarios.
CRAC2 calculatlons presented’ in other gections of this
report generally assume "Summary Evacuatlon,"vwhlch 1sf
the welghted summation of ‘three different’ evacuatlon ‘
scenarios as follows: '

L Co T ' Delay
Scenario ‘ ‘Type'of""Response Response Before
Number Welghta Response Distance = Speed “ Response
1 308 ‘evacuation 10 miles ” 10 mph "Il_hour
2. 40% ° evdcuation 10 miles 10 mph 3 hours
3 [‘j 308 evacuatlon 10 mlles’; 10 mph 5 hours

a. The 30%/40%/30% welghtlng prov1des ‘a best fit to EPA
evacuation data [7] (See Appendlx E).

'  The sen51t1v1ty of the CRAC2 evacuation model to.
evacuatlon speed has been prevxously investigated by
Aldrich, ‘et al. [9], who found that, for evacuation
within 10 mlles after a 3 hour delay, early fatalities
were m1n1mally ‘affected by effectlve evacuation speed
provided that the evacuatlon ‘speed was at least 10 mph.
The impact of delay time on early health effects is
illustrated in Figure 2.5-2, which presents early .
fatality CCDFs for 10 mph evacuations within 10 miles
after delays of 1, 3, and ‘5 hours,, respectlvely '
(scenarios 1, 2, and 3). Also plotted is the CCDF for
Summary Evacuatlon, which is the 30: 40:30 welghted
summation of the CCDFs for scenarios 1, 2, and 3.
Figure 2.5-2 shows (1) that early fatalities are
substantlally decreased by short delay times (<1 hr)
and (2) that Summary Evacuatlon y1elds results nearly
identical to those obtained for scenario 2 (3 hr delay).

i3
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o Table 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 1n3ur1es,
~and (2) that for both early fatalities and early injuries,
-199th percentlle values are about 10 times mean values.

: , The different sen51t1v1t1es displayed result large-
ly from the fact that each ‘consequence has a different
characterlstlc distance within which the consequence is

.~ calculated to occur‘(dlstance 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 populatlon
potentlally subject to fatal radiation doses is evacuat-
-ing. .Consequently, mean and 99 percentile values for
early fatalities are highly sensitive (factors of 8=
:1400/180 ‘and 7 ® 10,000/ 1400) to delay time. 1In contrast
to this, doses of radiation sufficient to cause early
injuries frequently occur to distances significantly
greater than 10 miles. Therefore, because a significant
fraction of the population potentially subject to doses
sufficient to cause injuries (i.e., the population beyond
10 miles) is not evacuating, mean and 99th percentile
values of early injuries are less sensitive (factors of
1.7 and 1.1) to delay time than are the corresponding
values for early fatalities. Finally, for evacuations

of population within 10 miles, peak values (worst case
calculated for any weather sequence, conditional probabi-
lities '0of 10 3) of early fatalities and early injuries
are essentlally 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 talls) are caused by
rainout of radioactivity from the plume onto population
centers (cities) located more than 10 miles from. the
reactor. Since these cities were not evacuated in. thls
set of calculatlons,’these calculations yield peak values
of early fatalities and early injuries that are not B
affected by evacuation delay ‘time.

Table 2 5-2 presents the effect of the dlstance w1th—c
in whlch‘popglatlon 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 Farly Injuries for Evacuatlon to 10

- Miles... Results are Condltlonal on .an SSTl
Release.. . :
iﬂpelayf"'...Earlf Fetelities“”_ f ‘EerlY.iﬁjuriese.
Time (hr) Mean 99th Percentile Mean 99th Percentile
1 180 . 1,400 . 2500 30,000
3.. 920 /8,000 4000 32,000
summary 830 . 8,300 3600 . 33,000

'AsSUmptlohs~ 'll2dfMWe reéétor,

SSTl release, Indlan Point

.populatlon and wind - rose, New Ybrk City meteorology.

‘lTable:Q:SQZGuiEffect of Evacuatlon Dlstance on Early
: : fFatalltles and Early Injurles for Summary

‘Evacuation.

an SST1 Release.

Results are Condltlonal on

Evacuation ' Early Fatalities

Distance (mi). Mean 99th Percentile -

" Early Injuries

Mean 99th Percentile

0@ ' 3600 .

5 1100
" 10 . 830
25 700

18,000

11,000

8.300”

7,200

6300
5500

3600

1800

. 41,000
40,000
33,000

9,400

a. No evacuation

Assumptions: 1120 MWe reactor,

SST1 release, New York

City meteorology, Indian Point population and wind rose.



and ‘early’ 1njur1es for "Summary Evacuatlon. The table

shows ‘that mean ‘and 99th percentlle 'values of early 2
“fatalities and- injuries-are all" qulte sensitive to the
distance within which population is ‘evacuated. Becausg
worst case results (conditional probabilities of <$107°)
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 mlles ‘l'owers. the worst case number of early
fatalities from 57,000 (for evacuation w1th1n 10 mi) to
15,000 ‘(for evacuation within 25 mi). :

i)

~‘The next three tables examine the sensitivity
of early health effects to sheltering parameters.
Table 2.5-3 displays the effect of the distance within
which population takes shelter in preferred locations
(building interiors, basements if available) on’ ‘early
fatalities and early. injuries. . Examination of the table
- shows that the effect of response distance for sheltering
is ‘similar to° ‘that for evacuatlon.' Mean and 99th” percen-
tile 'values of early fatalities“and ‘injuries are all"
quite sensitive to sheltering distance. As before, 99th
percentlle values are about 10 times the mean result and
a 25 mile” response dlstance 51gn1f1cantly decreases (by
‘about a factor of 5) . the ‘worst “‘case result (conditional
probability of <107 3) below the result obtained with a
10 mile response distance. 7 7

.Table 2.5-4 illustrates the impact of the avail-
ability of basements upon the degree of shielding (and
thereby: the reductlons in consequences) afforded by
sheltering... The table shows that mean and 99th per-= .-
centile values of early fatalities are substantially
decreased, if Wortheast regional shielding factors
(bulldlng characteristics: 87% basements, 47% brick)
are ‘used rather than Pacific Coast regional shielding
factors (bulldlng 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 prev1ously obtained
by Aldrich et al. [27].

I



Table 2,5-3;_“Effect of ‘Sheltering Distance on Early
-~ Patalities'and Early Injuries for
.3'Preferent1al Shelterlng Followed by
' Relocatlon.; Results are Condltlonal
’on an SSTl Release."

Sheltering = = Early Fatalities "Barly Injuries

Distance (mi) Mean 99th Percentile Mean 99th Percentile
10 inj;5.>§60';§”:S,SOQk_;f“f *jjOO 32,000
15 ) "490 - 4,900 2700 25, 000
25 420 4500 1800 11,000

Assumptions: 1120 MWe reactor, SSTl release, Indlan Point
population and wind’ rose, New York City meteorology, no
evacuation, Northeast regional shleldlng 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_'
' Condltlonal on an SSTl Release.i"

Number of . Early Fatalities . Early Injuries
Basements Mean 99th Percentlle Mean 99th Percentile

Fewa '”'71200 9!300.ﬁ:t ﬂ;41001 34}000

Many® 560 5,500 3700 32,000

a. '23% basements (Pa01f1c Coast reglonal shleldlng
factors used see Appendlx A)

b. 87% basements’ (Northeast reglonal shleldlng factors
used, see Appendlx A)

Assumptions: 1120 MWe reactor, SST1 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 contamlnated ground.
The effect upon early fatalltles and early 1n]ur1es
of decreasxng relocation t1me from 24 to 6 hours ‘is
presented in Table 2.5- 5. As before, because shelter-
ing was assumed to take place only to 10 miles, mean
and 99th percentile early injury values show little
sensitivity, while mean and 99th percentile values for
early fatalities decrease by a factor of two. . . ..

Table 2.5-5. Fffect of Relocatlon Time on Early

Fatalities and Early Injuries for
_Sheltering to 10 Miles. Results are
Conditional on an SST1 Release.

Relocation  Early Fatalities " Barly Injuries
Time (hr) Mean 99th Percentile  Mean 99th Percentile
6 560 5,500 3700 32,000 -
12° 750 7,500 3800 33,000

24 1200 9,300 4100 34,000

Assumptions: 1120 MWe reactor, SSTl release, Indian
Point populatlon and w1nd rose, New York City meteor-
ology, no evacuation, Northeast regional shielding
factors.

Table 2:5-6 gathers together in a 31ngle table
the results of all the calculations which examined:
evacuation or sheltering separately. The table pre-
sents the variation with response distance of early
health consequences for five evacuation.scenarios and
three sheltering scenarios. Examination of Table 2.5-6
shows that for any response distance, expeditious
evacuation (1 hr delay, 10 mph) and sheltering with
expeditious relocation (after 6 hr) yield the smallest
predictions of early health consequences. The table
also confirms the strong dependence of mean early
health consequences on response time and the less
strong dependence on response dlstance.

fo
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Table 2,56,

Emergency Response Scenarlos.

Dependence of Early Fatalxtles and Early In]urles on Response Distance fot Bight
Results are. Conditxonal on an SST1 Release

-Emergency Response

Characteristics

'Rééponse 5istanée?(ﬁi)}

, 000

10 15 N .08 5 10 - 18 25
L Mean Early Fatal1t1es S Mean Eatly Injuties

Evacuation’ 5 hr delay, 1 mph 3,600 ;12i1092 1,900 1,800 “6,200 5,300 - 5,100 4,700
5 hr delay, 10 mph 3,600 - 1,600 1, 400f 1,250 6,000 ‘4, 300 3,300 2,500
°3 hr.delay, 10 mph . 3;600 | 1,200 920" 790 . . 5,800 4, QQOA - 3,000 2,200
" Summary- Evacuation 3,600 1,100 830 700 : ... .5.,500 3.690_ 2,700 1,800
1 hr delay, 10 mph 73,600 . 440 180 40 . 74,600 2,500 1,500 700

Shelter;nqb 24 hr reio¢ationf 3,600 - ¢ 1,200 . ¢ c ¢ . - 4,100 .. ¢ c

.12 hr relocation. -:3,600 e 750 c c - 3,800 . ¢ c
- & hr relocation 3,600 . .830 560“ 490 1420 5,600 3,700.. -2,700 1,800

99th Percentxle Barly Patalities = 99th Percentile Early Injuries

Evacuation 5 hr delay, -'1 mph 18,000 = 16,000 14,000 12, 000 <41 /000 - 41,000 - 40, 000 41,000 28,000
5 hr delay, 10 mph -18, 000 14,000 10,000 9,400" ' 41,000 40,000 _ 34,000 26,000 . 10,000
3 hr delay, 10 mph 18, 000 11,000 8, 000 7,300 ‘ 41, 000 . 40 000: - 32,000 - 26,000 - 10,000
Summary- Evacuation 18,000 © 7 11,000 8,300 ] 41,000 -, 40,000 ~. 33,000 . 26,000 9,400
P ht'ﬁelgx,ﬁlo mph 118_000 o 7,000 "1,400 41, OQO": 39,000 ff30,000‘ 24,000 5,200

Sheltering® 24 hr relocation’ 118,000 . ¢ "9,300° 41,000 .~ "¢ - 3800  e. - ¢

. 12 hr relocation 18,000 © 7 ‘¢ .. " 7,500 41,000 - . ¢ 33,000 e c
‘6 hr relocation 18, 000 9,300 5,500 41,000 - 40 : 25,000 11,000

. 32,000

Assumgiione

a. No emergency reaponae. - b.

‘Northeast Regional Shlelding ?actors.‘

Té.'

Not calculated.

a

1120 MWe reactor, SsT1 release, . Indxan Poxnt population and wxnd rose. Nev York City Heteorology

Cbnsequence magnitude equalled’
. or exceeded following 1 out of
eyegy_;oo reléases.




Flgures 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 flgures show that, as distance
decreases, the dlfferent scenarios’ predlct lncrea51ngly
51m11ar individual risks (the seven risk curves con-
verge) - The curves converge at short distances because
many. weather sequences result in radlatlon doses large
enough to have fatalities or 1njur1es for each of the
seven emergency response scenarios. For example, expe-
ditious evacuation (1 hr delay) is not always adequate
because. for many weather seguences.the radioactive plume
reaches. people before they begln to evacuate. And
sheltering with ‘expeditious relocation is, 1nadequate
because for many weather sequences fatal.or injury
causing ‘doses are still received by sheltered persons
even with expeditious relocatlon.; Accordlngly, because
at short distances each of the seven scenarios fails to
provide: sufficient protection for a substantial number of
weather: sequences,Aat 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 shelterlng w1th expedltlous
relocatlon (after 6 hr) o =

The emergency response submodel in CRAC2 is able
to apply one emergency response scenarlo to an inner
region and a second scenario to an outer region. 051ng
this option, the 1mpact of emergency response scenarlos,
which. call for: both evacuatlon and sheltering, and the
effect of response ‘beyond 10 miles were briefly exam-
ined. - Table 2.5-7 presents some evacuation data from
Table 2.5-2 and contrasts that data with results ob-
tained for emergency response scenarios which call for
evacuation of population within 10 miles and shelterlnq
of population from 10 to. 25 miles. The table shows that
for Summary ancuatlon, 1ncreas1ng the response distance
from 10 to 25 miles.decreases mean and 99th percentile
early injury values by factors of 2 and 3.5, respec-
tlvely,.whlle 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 shelterlng (relocation after 24 hr).
from 10 to 25 miles is as effective as Summary Evacuation
to 25 miles; and (2) that in comparison to Summary
Evacuation;, expeditious evacuation (1 hr delay, 10 mph)
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Table 2.5-7. Iﬁpact:of Emergency Response Beyond lOIMiles on Early

Fatalities and Early Injurles.-;ResultsrarefConditionaIf
on an SST1 Release. S 2 P

Evacuation btveeeation ~Sheltering - Ear;waatalitiese;féif'Eanly-lnjuries
Distance (mi) Delay Distance (mi) Mean 99th Percentile Mean 99th Percentile
0-10 Summary ~ None 830 8,300 3600 33, 000
0 - 25 Summary None 700 7,200 1800 9,400
0 - 10 CSummary 10 - 25 690 ':';‘5’,'400‘ 71900 8,400
0.- 10 1 hr 10 - 2(5.(_,j - 40 750 750 5,800

Assumptions:

rose,

1120 MWe reactor, SSTl release, Indian Point population and wind ,
New York City Meteorology,,Northeast regional shleldlng factors, relocation- .

of sheltered 1nd1v1duals after 24 hr.




to 10 miles combined with the sheltering (relocation
after 24 hr) from 10 to 25 miles substantially reduces
mean and 99th percentile values for early fatalities
(factors of 17 and 7, respectively) and significantly
reduces mean and 99th percentile values for early injuries
(factors of 2.5 and 1.5, respectively). Further,_peak
early fatalities (conditional probabilities < 107°) are
reduced by a factor of almost 10 (peak 15,000 to 1,600).
Because of the substantial 1mpact 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 51gn1f1cantly overestimate
early fatallty peaks.

Flnally, Figure 2. /5 5 1nd1cates the sen51t1v1ty
of early fatalities to the range of emergency reésponse
scenarios examined. In Figure 2. 5 5 the CCDF for Sum-
mary Evacuation is the "base case" (see Section 2.2.4)
result. The two bounding early fatality CCDFs for no
emergency response: :and for expeditious evacuation to
25 miles 'show that the emergency response scenario
selected has a substantlal impact on conseqguence.
magnltude.
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2.6 Distance Dependenc1es of Reactor Acc1dent
o Consequences

‘ This' sectlon ‘considers dlstances within which
‘sélected’ consequences mlght occur, as well as dis-
tances within which' Protective Action Guides (PAGS)
for radiation exposure [32] mlght be exceeded follow-
ing a severe reactor accident. The sensitivities of
these distances to meteorological conditions at the
time' of the accident, to dlfferences between meteor-
ologlcal records,'to acc1dent severlty, and to emer-
gemcy response are examined.. Because of the current
controversy concernlng the’ maqnltudes of source terms
for ‘severe accidents’ (see: Sectlon 2.3, 2), the 1mpact
~of source term reductlons on dlstance estlmates lS'
'“also con51dered.,.‘ o o

"'The consequences that could result from a severe
_ reactor accident include short-term effects such as
'_early fatalltles ‘and’ injuries and lonq-term effects
‘such as’ delayed cancer deaths and lnterdlctlon of
land. Because early consegquences. would occur only -
after large, acute doses of radiation, these effects
would be limited to areas close to the reactor (a few
tens of mlles) Population restrictions within these
. ‘areas could therefore 51gn1f1cantly impact the number
of” early consequences. "As a result, estimates of.”
’dlStances to which fatal or injury-causing doses of
radlatlon could be received are of lnterest for the
development of ‘reactoér 'siting eériteria.’ Follow1ng a
severe reactor acc1dent,ﬂcontam1natlon could be suf—
ficiently high to require interdiction of property’
(bu1ld1nqs and land) to substantial ‘distances (several
tens of’ miles). Because 1nterd1ctlon of large areas
could be a 51gn1f1cant and possibly dominant, con-~
‘ttibutor to the- offsite costs of a reactor accident,
distances to which land might be interdicted could also
be an important consideration for the development of
siting criteria. Since latent cancers can be induced
by small doses of radiation, they can occur at large
distances from the reactor. ‘As a result, latent can-
‘cers would generally be less affected by populatlon
‘restrlctlons close to a’ reactor than would early
"fatalltles or early injuries.

For each sampled meteorologlcal sequence, the
CRAC2 code calculates the maximum distances at which
' selected consequences might occur. These distances
will depend on the magnitude and characterlstlcs of



the source term as well as plume dlsper51on and deple-
tion processes. By u51ng 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 radlonucllde dlsper31on, whlch is determined
by. the weather condltlons at the tlme of the. accident,
has on distances to whlch consequences occur.

o Figures 2.6-1, 2. .6-2, and 2. 6 3. show SSTl and SST2
early fatality dlstance, early lnjury dlstance,.and
interdiction dlstancea CCDFs for the 29 meteorologlcal
records: discussed . in Section. 2.4. The flgures show that
for an SSTl release early fatallty distances. range from
1 to 20 mlles, early, injury dlstances from 1 to 80 miles,
»and interdiction distances from 1 to 100 m11es. Thus,
for a single event, consequence distances are strongly

- influenced by. the weather at the time of the release.
'However, the flgures also show that for. a. speclflc
release (e. g., S§ST1), CCDFs calculated u31ng different
meteorologlcal records are. qulte 51mllar. For example,
the, 90th percentlle values of the 29 early fatallty
_CCDFs calculated assuming an SSTl release range only
from 6 to 9 mlles. : w.

These results also show that for the SSTl release,
'early fatalltles would be limited to. about 20. miles,
injuries to about 50 mlles, and land 1nterd1ctlon to
about 100 miles. For the SST2 release, early fatalltles
would generally be limited to about. 2 mlles, 1njur1es

to about 8 miles, and land. 1nterd1ctlon to about 10
miles. For each set of CCDFs,Athe varlatlon in the.

- peaks, "and probabllltles of the peaks,:ls pr1nc1pally

due to a combination of (l) the order of magnltude
variation in rain frequenc1es for. the 29 meteorologlcal
records. and (2). errors 1nherent 1n the weather sequence
sampling procedure (see Sectlon 2 4) . .

a. Fatallty and 1njury dlstances are deflned to be
~distances w1th1n which 1nd1v1duals are at risk of
being .an early fatality or lnjury glven 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 fatalltles, early 1njur1es, or. 1nterd1ct10n
of land offsite. _
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»ty meteorology and
'scenarlos. no emergen-

}shelterlng, and twi
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ni). In general : e CCDFs show that early
stances are qulte sitive to emergency
:Thus, effectlve 1mp mentation of emergency
] the reactor could re-
;n dlstances to whlch
f radiation’ could be
' emergency response the
tality radius for:an

;1njury—caus1ng dos
received. : For example, wit
90th’ precentlle value of t

e with shelterlnggthe

SST1 reledse is 28 miles :
90th: percentlle distance: i miles and with expedltlous
) the distance is further.

evacuation (1 hr delay, 10 amph
decreased to about 2 mlles CDFs of fatality distance
that were calculated u51ng ‘6ther meteorological records
show the same sen51t1v1ty to emergency response.

N Other distances that mlght be of 1nterest 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 dose? to an individual in the
general public which warrants the initation of emergency

a. .The "projected dose" is defined by .the:EPA as the
dose that would be received within a few days follow-
ing the release if no . protectlve actions are taken.
PAGs rangeé- ‘from 1 to 5 Fem £or 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 hlgher value be
‘exceeded.. : _ . N

‘
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protectlve actions and, as such, is a_ trquer value
to aid in decisions to 1mplement these_actlons.
Figure 2.6-5 shows the probabilities of exceeding the
PAGs as a function of distance for the SSTI, SST2,

and SST3 releases,.- “The probab;lltles 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

while they. would probably not be exceeded beyond abhout

30 miles for an SST2 release. In addition, doses would
nearly always exceed PAGs tc distances of approx1mately

30 miles for the’ SST1 release and 2 miles for the SST2
release. Doses from an SST3 release are shown not to

exceed PAGs beyond about 3 miles of the reactor.

; The results dlscussed thuq far in thls sectlon are
summarized in Table 2.6-1. 1In the table consequence
distances are’ presenfed for three releases (SSTl, SS8T2,
and SST3) and for three conditional probablllty levels:
mean, 99th percentile; and peak (maximum calculated)

The distances presented in the table summarize the large
number of distance CCDFs calculated using the 29 meteor-
ological records. The fatality and injury distances
presented could be reduced by any effective emergency
response actlon.m 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 niles,
while early injuries would probably be confined to down-
wind distances of about 50 miles; (2) for smaller core
melt accidents (on the order of SST2 in severity),

early fatalities would be confined to about 2 miles,
and ‘injuries and land interdiction to about 7 miles;

and (3) for accidents on the order of SST3 in severity,
PAGs would probably not be exceeded beyond a few miles.

™

" As discussed earlier, latent somatic effects could
result from relatively small doses of radiation. There- 3
fore, given a reactor accident; these consequences could
occur at large downwind distances from the reactor.
Figure 2.6-~6 shows the cumulative fraction of latent
cancer fatalities versus distance for the SST1l, SST2,
and SST3 releases. These curves were calculated assum-~
ing an 1120 Mwe PWR, New York .City meteorology, .and a
one mile per hour evacuatlon to ten mlles after a five
hour delay. In general, the .results. show that signifi-
cant fractions of latent health effects could occur at
larqe distances from the reactor. For the uniform
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Table 2.6-1. Summary of Consequence Distances® (miles)

Scurce Conseguence | Conditional Probability LevelP
Term : ~ '
- Mean . .. .. 99% f  Calc Max
SST1 Early Fatalities =~ ~~'<5 =~ = <157 <25
EarlyFInjuries ~10 ~30 =50
: Land Interdiction ;320fﬂ‘ >50 - >50
: pacsS" 50 350 >50
SST2 EariYiFafélities ~0.5 = <2 j7 52
EariyfInjuriesf <2 , <5 : ~5
Land Interdiction <2 ~7 ~10
PAGSC <20 ~20 <50
sST3  PAGSS” <0.5 <2 <3

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

b. Mean dlctances are the. average of the probakility
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
calculated maxima represent the largest distences
calculated.

c. A PAG is defined as the "projected" dose to an indi-
vidual in the general public which warrants the ini-
tiation of emergency protective actions. PAGs range
from 1 to 5 rem for whole body exposure and from 5 to
25 rem for projected dose to the thyroid.
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-rent source-terms. for..

porulation dlstrlbut1on the celculated cancer:fatal-
ities are-shown tc be sémewhat uniformly distributed
with distance. .. This uniforrm distritution results. f
because the decrease in cencer risk with.distance is
approximately offset by the increase-in the exposed
population. The résults ‘shown for the- Indian Point
site illustrate the impact ¢f a highly non- unlform
population distriktution. The high populatlon deneltles
within approximately 50 miles of the:Indien Foint site
(relative to lower densities further awady) cause a
significantly larger fraction of the predictéd cancer

; fatalities to occur within 50 miles .of. the-reactor.
.= Thus, the hich nen-urniformity of the: exposed ‘population

dlstrlbutlon also causes the distribution of cancer
fatalities to be nén=uniform with distance.

Section 2.3:2 discusceéd recentreviews of accident
rhencmenology which indiceste that the magnitudes of cur-
severe reactor accidents may be
significantly toc.. larce. ~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 releace. reduced ‘by arbitrary factors

é of 2, 10, 20, and 10C. Importent assumptions. for the
, calculations included New York C1tyﬁmetecrology, an; 1120
- Mwe PWE, and nc emergency response. Takle 2.6=2 summar-

izes the results and in generel shcw= ‘that reductions
in severe accident scurce termrs subctantlally reduce

. conseqguence distances. An order of magnitude reduction

in the SST1 release reduced the peak fatal dlstance from

. about 20 miles tc 5-miles while a two~order of magnitude
. reduction reduced the peak distance to 1- mile. Similar
- reéductions are shcwn for early injury and” lanc 1nter—
~diction distances.

This secticn has examined the impact of meteor-

‘- ological conditions, accident severity, and ermergency
roresponse.on consequence distences. ‘Four factors, that

also could influence conseocuence d1stances, are dis-
cussed in other sections ¢f 'this report. They are
reactcr size (i.e., size cf ra01onuc11de inventory,

see Section 2.7.1Y, plume ‘heat ‘content (determines
plume rise, see Section 2.7.2), dry depositiocn velocity

(see Sectlon 2. 7 3) and 1nter01ct10n cr1ter1a (ceev
3 Sectlon 2. 7 5) ' o
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Table 2.6-2. cens1t1v1ty of Fatal Injury, and Interdiction Distances to Release
Magnltude _ . . P

Source Fetal'Distance (mi) Injury Distance (ml)i"l;Interdiction Distance (mi)
“Term : b SRR,
— .. 9%

Mean

ggékbf - Mean "_igg_P Peakéxl ; f{Mean ~ 99sb peakP
:SSTl | .>3,9- 12 BT o 11' -f,-35 j‘::;Sb,ﬁ o Lff19>':.;:55; 85
12 ssm° 25 10 18 7.0 20 s 1 45 5o
1710 ssT1¢ 0.9 2.2 5.0 ‘;_;;é;éi'? 10 :i%: ;;;}f;'lisgs;i{lié; 25
1720 ééTlC 'A 0;5"‘ '2.0f 2.0 i; 1;9 yff 7.0 i ;ioiﬁciiéidf'33;éoi:i12f. ié

1/100 ssT1® 0 1.0 1.0 - 0.9 4.0 5.0 . 1.1 10 " 10

a. Assumptions- New York C1ty meteorology, 1120 MWe PWR, and no emergency recponse.

b. The 99 percent dlstances refer are the d1stances beyond wh1ch a. consequence is
calculated to occur in only 1 in 100 accidents. - The ‘peak result is ‘that obtained
for the most unfavorable weather sequence sampled.

- C. Release fractions reduced for all isotopes except noble gases.



2,7 Other Sensitivity Calculations
'2y7.1' 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 Appendlx B, Core Radionuclide
Inventories, which also discusses 1nventory changes due
to annual operating cycle and dlfferences betwéen PWR .
and BWR 1nventor1es.

Flgures 2.7.1-1 and 2.7. l 2 present condltlonal
=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.

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

Reactor - | - ; o ‘ ; | } ;} ? lnterdicted
Size N ; o _ _ Latent Cancer Interdiction .Land Area
(MWe) Early Fatalities Ea:ly_Injuries | FaFalities ; €Dlsgance (mi) ALv‘sq mi)

‘Mean . _99th  Mean  _99th  Mean _99th Mean - 99th Mean  99th

250 o3& 1, 200 323 - 3,800 3970 10,000 9.7 38 fzb.s 97
500 172 3,200 1020 9,700 5560 20,000 13.1 = 45 °37.2 120
750 455 5,00 1880 16,000 6710 20,000 16.0 49 53.7 190
1120 83 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 accordlng to reactor size,
SST1 release, New York City meteorology, Indlan P01nt populatlon and wind rose,
Summary Evacuation. .




Table 2.7.1-2 :Dependence of Mean Early Fatalities

: ; - . . Upon Reactor . Size :and-Evacuation
Scenario, Conditional on an SST1
Release? : -

Evacuation .Scenario

' Reactor -~ Best . Be-;»SﬁmmérY Q No.
Size (MWe). . Evacuationhv Evacuation Evacuation

11.2¢ 0.3. 1

1126 - o . 147

250 01 E34"-::1_1 551

o o o o o

500 172 1490
560 oot o 224 1700
750 g ibz e 455; § 23§6 

1120 176 - 831 3580

1500 . 287 . 7 1250 ? 4880

a. 1120 MWe core raduinuclide inventory écaledfaccord—
- ing to reactor size, SST1l. release, New York City
meteorology, Indian Point.population and wind rose.

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

c.  Noble gas release fractions not scaled; this has
no significant impact on early fatalities (see
Segtibn 2.3, Accident Source Terms).-
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scaled to reactor size, SSTl1 release, New York City
meteorology, .Indian Point population and wind rose.



intercept) for which on the average (mean result) few
early fatalities would be expected. For Best Evacua-
tion that size is ~500 MWe; for Summary Evacuation,
~ 100 MWe; and for no evacuation, ~10 MWe.

2.7.2 Energy Release Rate

The calculations considered so.far have been for
ground -level releases containing no ‘sensible heat,
i.e., nonbuoyant plumes.: In an accident where there
is a large uncontrolled release directly to the atmo-
sphere, it 'is p0551ble 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..2  The rate of energy release determines
the final plume height and, therefore, the downwind
distance at’ whlch the- plume first contacts the ground
(touchdown). " Since’ under the same weather conditions
a buoyant plume would be more dilute at touchdown than
a nonbuoyant plume, a 51gn1f1cant reduction in the.
number of early health effects is possible.: However,
since plume depletion by: dry dep051t10n occurs only
after touchdown, buoyant plumes mlght therefore produce
ground concentrations high enough to “produce early
effects at greater distances :than nonbuoyant plumes.
Furthermore, for hlghly buoyant plumes, precipitation-
washout is the primary mechanism by which radiocactive
material reaches the ground in sufficient concentra-
tions to cause’ early ‘health effects. Thus, for a
buoyant release the probablllty of having any early
fatalities and injuries is strongly dependent on the
occurrence of pre01p1tatlon. - The final plume helght
is calculated in CRAC2 using the formulae developed: by
Briggs [33) for emissions from smokestacks. Consider-
able differences could ex1st ‘between smokestack plumes
and plumes released in a reactor accident [34]. :These
differences have been investigated by Russo, Wayland;
and Ritchie [35] who found that predicted consequences
were only marglnally sen51t1ve to ‘the moisture content
of the plume and atmosphere but, under ¢ertain condi-
tions, consequences could be quite sensitive to radio-
active heating and 1n1t1a1 plume momentum.

For the present study, the sens1t1v1ty of predlcted
consequences to energy release rate was investigated

a. In WASH-1400, an energy release rate of 170'x’106
BTU/hr was assumed for a PWR-2 accident.
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by performing calculotlonc fer an SS8T1 release with
three arbitrary energy release rates: 17, 170, . and,

430 million BTU/hour. New York City meteorolcgy and .
a unlform pcpulat1on den51ty of .50 pecple rper sguare .
mile beyond 1 mile were assured.' Table 2.7.2-1 com-.
pares selected results for thése.energy release rates
‘with a cold . {no sensible heat) QSTl release (the base .
case, see Sectlon 2 . 2. 4)._ . . o :

Table 2.7.2-1. cen51t1v1ty of Estlmated Conseouencesl!
tc Energy Release Rate?

Release = f‘JSS¢ilfjssT1’J.:fssml | sstl
Energy;ﬁeleasex o A;‘lf Ffvri“‘ll:,;.,l;f‘wg';ﬁlz
Rate (BTU/Ar) . . . .. 6 . 17x10® 170x10® .430x106

Meah.EarlyiFatalitieéev:'

Summary Evacuatlon' ,;ﬁ;ZZ_;__ 12 .}2: o .10
No Evacuatlon L _fl4qn_;;140 . 47 . 47

Mean Early Injuries

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

Mean Latent Cancer, , o - S
- Fatalities 730 790 : 830 . . 860

Maximum Caléulated : L
Fatal Distance (mi) 17.5 17.5 - 25 25

Maximum Calculated o S e
Injury Distance (mi) . 50 50 50 . . 60

Maximum Calculated Land . e : :
Interolct1on Distance (mi) 85 85 . .85 85

a. Assumptions: New York Cityfmefedrology,'bniform
population of 50 peorple per square mile beyond 1 mile.




‘The results for the low-energy. release (17 x 106
BTU/hr) differ only slightly from those for ‘the cold
release, because this release rate is not large enough
to cause substantial differences in the plume touchdown
point. The two high-energy- release ‘rates result in
consequences markedly different from the cold release.
Because the occurrence of prec1p1tat10n is necessary"
to cause significant numbers of early health effects
for hot releases, the mean number of early effects 1s
lower for the hlgh—energy releases. ' :

At wvery large distances, the amount . of initial _
plume-rise does not significantly affect the transport
and ‘deposition of radioactive material. Consequently, -
latent cancer fatalities, which occur to great dlstances
(see Section 2.6), are not s1gn1f1cantly affected by -
’plume buoyancy. The maximum observed fatal ‘distance. is
8 miles farther for. the. hlgh—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 1n1t1a1 plume
rise is generally not important. : .

Figure 2.7.2-1 plots the conditional individual
risk of early fatality versus distance for the four
energy release rates, assuming a uniform wind rose.
Within 10 miles, the hot releases have lower risks than
the cold releases. However, for low probability events
(i.e., precipitation), the hot releases could result in
fatalities out to 25 miles. The non—monoton1c1ty in the
risk at aboug 8 miles for the two hot releases (170 x 10
and 430 x 107 BTU/hr) is believed to be an artifact of
the weather-~sequence sampling procedure used (see
Sectlon 2. 4 1).

6

In summary, for an. SST]1 release the estimated
numbers of early fatalities and injuries and the
distance to which early fatalities occur are both
guite sensitive to the energy release rate. “However,
consequences which can occur to great distances, such
as latent cancer fatalities, are not sensitive to
energy release rate. The maximum dlstances, 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- grav1tat10nal settllng, turbulent

and molecular d1ffus1on,.and inertial 1mpact10n [36].

Hosker [37]. and Kaul [38] have reviewed current
models of dry removal processes. All current dry-.
deposition models incorporate a "dry—de9051tlon .
velocity" whlch is defined as the ratio of the time-:
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
depos1tlon velocity. About 80 have been listed by
Sehmel [39]. Among these are surface roughness,
relative humidity, chemical comp051t1on, and. partlcle
diameter. Dry deposition veloc1ty is hlghly sensitive
to partlcle diameter [39]. G

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 effécts of
chemical comp031t10n and the possibility that different

' elements may be associated with particles of different

sizes. Gravitational- sett11ng of particles, which can
be treated by "tilted ‘plume™ models [40] was also
ignored (gravitational settling would be the dominant

(3



' contributor to dry removal for particle diameters
' greater than about 5 microns).

4 Calculations were performed for an SST1 release
with five deposition velocities: 0.1, 0.3, 1.0, 3.0,

and 10.0 cm/sec.® These values are believed to span

the range of possible deposition velocities. Only non-

- buoyant releases were considered. For buoyant releases,

" early consegquences are dominated by the occurrence of

" precipitation; therefore, the variation of consequences

- with dry deposition veélocity could be substantially

- smaller for buoyant releases (see Section 2.7.2). Other

assumptions included Summary - Evacuation, an 1120 MWe

- reactor, the Indian Point population distribution and

- wind rose, and New York City meteorology. Different

© population distributions and emergency response assump-

tions .could impact the observed variation of early con-

sequences with deposition veloc1ty (see Sections 2.4

. and 2.5). e e

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 conseguence events (over 50,000 fatalities)
. from weather sequences with precipitation beginning
between 10 and 20 miles from the reactor. With either
a 3 or 10 cm/sec depos1t10n velocity, the partlculate
- 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 31gn1f1cant numbers of early fatalltles.

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

"a. In all calculations a single deposition velocity
was used for all elements except noble gases.
The deposition velocity of the noble gases was
assumed to be zero.
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York City meteorology, Summary Evacuation.
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Table 2.7.3-1

Sen51t1v1ty of the D1stances (mlles) to. whlch Consequences
Occur for Varlous Dep081t10n Veloc1t1es.'

Barly Fatality Distance

‘Early Injury Dietaﬁce

- fLénd;InterdictiOn

“Distance -

Bry-
Deposition
Velocity o
(cm/sec) Mean. 90%

:Méximum
. . . Calcu-
99% - lated

Mean

903

© Maximum -

Calcu- -
° Mean .

99§i;1ated

908 -

© Max imum
- - Calcu-
99% lated

0.1 2.1 4

0.3 1.9 4

15 . 25

15 . 25

4. 18

5 3

15
_'2253

55 . 65
0. 50
?Si_j: 50
23ﬁ 1;_25
15e5f_ 18

TR

16
18
ﬂ-“éqof

30 E
X 410'?_]
w0
25 -
;2?3

60 - 100

65 8

60 85
40 45

.23, 25

Assumptions: 1120 MWe reactor; SSTl release, New - York Clty meteorology,
Evacuatlon within 10 miles. -

Summaty



distance (see Section 2.6). The mean distances for
each consequence are only marglnally sensitive to -
deposition velocity. However,; the tail of the dis-
tributions (99th percentile and maximum calculated)
are very sensitive to deposition velocity. As the.
dep031tién velocity increases, there is‘a large re-
duction in the 99th percentile and maximum calculated
distances. ' Again, the tails of each distribution
result from sequences with prec1p1tat10n beglnnlng
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 prec1p1tat10n
can produce significant ground concentrations is-much
reduced ' : : .

Desplte the nartow scope of tblS sen51t1v1ty anal-
ysis (only the deposition veloc1ty bhas been studied
rather than trying to account:for the more realistic
condition of a distribution cf deposition ve1001t1es),
the follow1ng conclusions can: ‘be drawn: .. :

o For a single dep051t10n velocity appllcable ‘to
all partlculate matter, the maximum distance
to which land is interdicted and ‘early fatal-
ities ané injuries occur 'is very sensitive to
depos1t10n velocity. These maximum distances
occur for 1ow—probab111ty, worst=case weather
condltlons. :

o} For the populatlon dlstrlbutlon and emergency
response scenario: assumed (Summary Evacuatlon),
the mean number of early fatalities is only
moderately sensitive to deposition veloc1ty ‘and
‘thus may be largely insensitive to the particle-
:51ze distribution of the released mater1a1

2.7.4 1Populat10n Dlstrlbutlon

Results presented in. Sectlon 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 porulation
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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_ Radlal ‘and. Angular variations. .
'gular variations in population density were examined
- by constructing a hypothetical reference populatlon

.~distribution and then .calculating consequences for

that distribution’ and’ eight transformations of that

'x.dxstrlbutlon. Beyond 20 miles all of the distribu-

tions were identical.. Each had uniform populations

- 0of 7750 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~ m11e Exclusion Zone). All nine dlstrrbutlons
met the follow1ng criterion: within 5, 10, 15, 20,
and 30 miles of the reactor, the average populatlon
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 addltlon, all- nlne
-dlstrlbutlons had 939,000 people within’ 20 miles of

" the reactor, ‘but each had a dlfferent dlstrlbutlon

f_,of those people, as: 1s schematlcally deplcted 1n i
.Flgure 2 7.4~ 1._.. : A : , o

: F1gure 2 734 1 1ndlcates that the reference
. dlstrlbutlon1{D_str1but10n 1) was unlform ‘from 0.5
“to 20 miles. I 530 people per square mile from:
0.5 to 2. miles'and: {750 people per square mile:from -
2. to 20 mlles.¢ ‘Distribution 2 was constructed from .
the reference distribution by moving the populatlon
within-20 miles forward into 5 high density rings.
Distribution 3 moved the population within 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.
Dlstrlbutlon 9 was. constructed by sca11ng the -actual
populatlon distribution around a New: England reactor
site, so. that the resulting distribution had 530 people
per square mile from 0.5 to 2 miles and 750" people’ -per
square mile in each of four distance 1ntervals. 2-5,
5 10, 10 15, and 15-20 miles. CooeT

The transformatlons used to generate Distribu-

_-rtlons 4 through 8 in effect created “population centers :
. by vacating 15 0of the 16 sectors: of the reference
distribution.out to 2, 5, 10, 15, or 20.miles, respec-
tlvely.f The populat1on centers thereby created had

the follow1ng sizes and distances from the reactor.
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city at 3.0 mi, uniform beyond 5 mi.:

city at 6.8 mi, uniform beyond 10 mi.

city at 12.5 mi, uniform beyond 15 mi-.

‘city at 16.3 mi, uniform beyond 20: mi.

real distribution scaled to match the densities of Distribution 1.



Distributionvf: City Size- -jCity Distance (mi)

6,300 . 1

a4

5 55,800 ; 3
6 232,000 L 6.75
7 527,000 : 12.5

8

940,000 16425

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

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

Figure 2.7.4-2 compares the second population

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

‘ Flgure 2.7.4-3 compares the third populatlon
distribution: to the Reference Distribution. Mov1ng
all of the population into 1 sector’ (vacatlnq 15 sec-
" tors out to 20 miles) reduces the likelihood of hav1ng
any early fatalities (the CCDF shifts downward) but
increases the number observed, whenever fatalities do .
~occur (the. CCDF shifts to the ‘right). :

. The CCDF shifts downward because, with 15 sec-
tors vacant to 20 miles, many ‘plumes do not intersect
any population before plume concentrations fall below
fatality dose thresholds. Therefore, the probability -
of having at least 1 early: fatallty is substantially
decreased. 1If plumes were always exactly 1 sector:wide,
then the probability of having at least 1 early- fatal—
ity would decrease by a factor of exactly 16. Because
plume meander frequently causes plumes to’' be much wider
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Figure 2.7.4-3. ' Comparison of the Early Fatallty
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in 1 sector) to that of the Reference Distribution.

a. Assumptions: 1120 MWe reactor, SSTl release, -
New York City: meteorology, uniform wind rose,
Summary Evacuation. ' S v
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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 fata1ity,CCDFs
calculated using population distributions 4 through 8
to the Reference Distribution CCDF. The presence of
population centers and vacant land in Distributions
4 through 8 produces two effects which are . related.
First, because increasingly larger areas of land sur-
rounding the reactor are being vacated, the probablllty
of observing any early fatalities decreases from 0.8
for the Reference Distribution to.0.001 for Distribu-
tion 8. Second;: because the population centers are
increasing in size (from 6000 people in Distribution 4.
to 1,000,000 in Distribution 8), the maximum number of
early fatalities (conditional probabilities of <1073,
caused by adverse weather) also-increases from 2.5 x 104
early fatalltles for the Reference Dlstrlbgtldn (which
contains no populatlon 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 ‘ A
irregularities characteristic of a "real" population L
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 - N
Distribution value of 0.8, mean early fatalities decrease
to 260 from 400, but the 99th percentlle result increases
from 1200 to 2800. Because Distribution 9 contains
population centers (17,700 at 2.75 miles; 62,800 at 5.5
miles; 150,000 at 19 miles), the largest calculated
number of early fatalltles increased to 6.5 x 104 from
the. Reference Dlstrlbutlon value of 2.5 x, lO

‘Examination of Table 2.7.4-1 and. Flgures 2.7.4-2

through 2.7.4-4 shows. that the. chance of having any
- early fatalities or early 1njur1es, and the numbers that
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Table 2.7.4-1. Early Fatalities and Ear1§,injuries for
Population Distributions 1 Through 9,
Conditional on an SST1 Release

. Farly Fatalltles-' ' Early Injuries

Distri- ; 99th ! 99th
bution P( 2.1,) 'Mean _Percentile  P( >1) Mean.. Percentile

1 0.79 400 1200 '0.99 2.2x103 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 2.2x10% 26,000
6 0.00 110 90  0.38 1.5x103 27,000
7 0.006 160 o 0.20 1.9x10% 59,000
8 0.001 110 o 0.05 1.2x103 34,000
9 0.17 260 2800 0.62 l.8¥103_“24,000
P(>1) = probability of having at least 1 early

fatallty or early injury (CCDF probablllty—
axis intercept).

Mean N ='expected'number°of early fatalities or
‘ early injuries.

consequence magnitude equalled or exceeded
following. 1 out oF every 100 releases.

99th Percentile

Assumptions: 1120 MWe reactor,ASSTl release, New York
City meteorology, unlform wind rose,,Summary Evacuation.
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mlght occur, are both hlghly varlable. Therefore,
" because each of the nine dlstrlbutlons 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 populatlon dlstrlbutlons
with significantly different risk characteristics. For
.. this reason, -consideration should perhaps be given to
“addltlonal criteria whlch limit the number of people in
any 51ngle sector or annular reglon.

- .Size and Distance of Populatlon Centers._ The
effect of the size and distance of populatlon centers
upon-consequences was further -examined_ by imposjing popu-
lation centers of three sizes (10%, 107, 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 SST1l release from a
1120 MWe reactor, New York City meteorology, a uniform
wind rose, a l-mile population exclusion zone; and
evacuation to 10 miles at 10.mph with a distribution

of delay times (Summary Evacuation, see Section 2.5).
Mean, 90th, 99th, and maximum. early . fatallty values

for each CCDF are presented in Table 2. 7 4-2. -

Four COHClUSlonS may be drawn from the results
presented in Table 2.7.4-2.  First, irrespective of
size, population centers beyond 25 miles do not con-
tribute to early fatalities, i.e.; these population -
centers have early fatality CCDFs identical to the
background CCDF. Early fatalities are confined to
25. miles because, even for unfavorable meteorological
conditions, plume concentrations fall below all early
fatality thresholds before that distance.®

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

a. .The max1mum dlstance to whlch early fatalltles
"occur ‘for an SST1 release was shown in Section 2, 6
to range from 13 to 25 miles, dependlng on meteor-
ology., and is 18 mlles for New York City meteorology.

b. Improbable.events with conditional probabllltles

‘of X10° caused by adverse weather, e.g., rainout
of the radioactive plume onto a populatlon center.
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Table 2.7.4-2. Effects of Size and Distance of Population
R Centers on: Early Fatalltles, Condltlonal
on an QSTl Release ;

Y

‘Cefiter = Center ?j” if”f*:TEarlf”Faﬁalifies;
Eopulétion Dlstance L R R e b

‘Mean ' 90° Per—‘ 99 Per- ' -Maximum
’ centlle centile " Calculated?

Background® - 23 67 . 1500 1,700

.t 17500 23 67 1507 1,700
.woﬁ }; ﬁ H.i 92§5l“r,23“2f 3H67;“i’. 150 .”,‘f1;7Qd
””MKIQGT LT T e e
o s2.st ¢ 23 67 1500 '°1,700
©U32.57 28 67 0150 7 1,700

16.25 37 67 150 51,000

“11i257 7 44 67 7 160" 49,000

11.5 0 "27 67 150" /10,000
5.5 ‘24 €8 160 1,700

2025 1200 190 2,300 5,100

a. Maximum value calculated for any weather sequence. An
improbable event (conditional probability < 107 3y
typically. caused by adverse weather (ralnout of the

‘lradloactlve plume onto a c1ty) ' '

b. Background populatlon density = 50 people‘ﬁer'sq mi.

Assumptions: 1120 Mwe reactor, 'SST1 release, New York
City meteorology, unlform w1nd rose, Summary’Evacpation.
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of 2, but do not affect 90th or 99th percentile values
(only mean and peak values differ from those of the back~
ground CCDF). Examination of individual calculations
‘'shows that’ populat1on ‘centers between ‘10 and 20 miles
'experlence ‘early fatalities pr1nc1pally 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 1ts 90th, or 99th
percentile values.?"

‘Third, if effectively evacuated, population cen-
ters between 57 ‘and 10 miles probably -can -avoid early
- fatalities ‘(the- CCDF for: ‘the population center at 5.5
miles is almost 1dent1cal to” the background CCDF) . - ‘The
population center ‘at 5.5 miles experlences few early
fatalities because the ‘charadteristics of ‘Summary Evac-
~uation’ (delay ‘times,; evacuat1on 'spee€d, see Section- 2.5)
assure that most persons ‘in the populatlon center avoid
large exposures to rad10act1v1ty by evacuatlon for most
weather sequences sampled

Fourth population ‘centers very close ‘to ‘a reactor
(<:5 mlles) are more likely ‘to experlence ‘early fatal-
ities even'with evacuation: (the CCDF ‘of the population
center at 2.25 miles differs from the’ ‘background CCDF
at all levels of probability). Early fatalities are
likely to occur because only a timely warnlng followed
by a, very prompt evacuation’ could assure ‘that all
people in populatlon centers" within 5 miles of a
~reactor w1ll escape plume exposures (see Sect1on 2 5)

Exclusion’ Zone Size. All ex1st1ng reactors are
surrounded by an exclusion zone, which has no permanent
1nhab1tants and is controlled exclus1ve1y by the utility
operatlng the reactor. At current reactor sites exclu-
sion zones are’ 1rregularly shaped with minimum exclusion
distances which range from 0.1 to 1.3 miles’ (averace 0.6
miles, see Appendlx D). Larger exclusxon zones would be
expected to reduce the incidence of early health effects
(those health effects induced by relatlvely large doses

" to individuals). The 1nfluence_of exclusion zone size

on early fatalities and injuries was examined for each

a. The effects of rain are discussed more fully in

’ Sections 2.4 and 2.6; the effects of assuming
emergency response beyond lO m11es are con51dered
in" Section 2.5.
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0of four emergency response scenarios (Scenarlos 1, 5, 6,
and 7 .as defined in Section 2.2.2). Scenario 1 is an
_expedltlous evacuation (1 hr delay, 10 mph), Scenario 5
-is No Emergency Response,. Scenarlo 6 is Poor Evacuation
(5 hr .-delay, 1.mph), and Scenarlo 7 1s Summary Evacua-
tion. All calculations assumed no. 1mmed1ate emergency
response beyond 10 mlles, a unlform populatlon distri~
bution. (100. persons per square mlle), .an .SST1 release
from an 1120 MWe reactor, and New-" ‘York C1ty meteorology

Table .2.7.4-3 presents for each emergency response

scenarlo ‘the mean number of early fatalltles calculated
to occur within each of 20 distance 1ntervals to. 17.5
- miles- (for New. York C1ty meteorology, early fatalltles
are conflned to 17.5. miles).. Without any emergency
;vresponse, the expected .total number. of early . fatalr-
. ties is 338, .given an. S°Tl release at a reactor havxng
a. surroundlng populatlon den51ty of 100, persons per

square mile .and no exclusion zone. . However, if the
reactor had a l-mile exclusion. zone, 58 fatalltles ,
would be avoided. Alternatively, an ‘effective emer-
..gency response within 10 miles (e.g., Best Evacuation)
‘would reduce the mean number .of fatalltles‘observed
- from 338 to 23 without: any. exclusion zone, and to 14
~fatalities (those occurrlng beyond 10 miles) with. a.
l-mile exc1u31on zone. . , \

The comblned effects of exclus1on zone size. and
emergency response effectlveness 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

o occurring ‘within and beyond 10 miles:and" thelr sum.

‘Table 2.7.4-4 shows, that for large core-melt accidents
mean early fatalities ' are reduced l16- -fold. (from 320 to
'<20) by an.0.5-mile éxclusion zone and a very effective
evacuation . (Best Evacuatlon),.by a 3—m11e exclus1on
zone and a reasonably effective. evacuation (Summary
Evacuation), or by a 5-milé exclusion zone and an
1neffect1ve evacuation (Poor Evacuatlon) f ‘Alterna-

_ t1ve1y, an 0.5-mile exclusion zone and a very effective
(,evacuatlon w1th1n 2 miles. (achleved p0551b1y by early
warning [41]) and a reasonably effective evacuation
from 2 to 10 miles reduced mean early fatalltles
12-fold (320 to 26).

Table 2 FJed- 5 shows how the probablllty of “having
at least 1 early fatality or early. injury varles with
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Table 2.7.4-3. Mean Early Fatalities by Distance

‘Intervals for Four Emergency Response
Scenarios, All Evacuations

Distance _ . Emergency Responseb,
Interval I : N
- . _None . Poor Summary =~ Best
0.0 . L
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
21.0 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
4.0 119.6 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
17.5 7.1 7.1 7.1 7.1
Total 338 166 76 .23

Assumptions: SST1 release, 1120 MWe reactor, New
York City meteorology, uniform wind rose, 100 people
per square mile. A R

No emergency response beyond 10. miles; relocation
after 1 day (i.e.,. l-day exposure to radioactivity
deposited on the ground). o - _
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Table 2.7.4-4. CDependence of Mean Early Fatalltles_
e ome Emergency Response Effectiveness -
and Exclu51on Zone Slze

Emergency Exclusion . .~ 'Méan Early Fatalities®
Response Zone (mi) e o o
Lo T >10 mi <10 mi Total
Best Evacuation® 0.5 14 2.5 16.5
- 3.0 14 2.5 16.5
.Summary’ o 2.0 14 9.3 23.3
EvacuationP - 1.0 14 2956 43.6
0.5 14 147.7 61.7
: 5.0 -14 1.4 15.4
Evacuation®™ 2.0 14 50.0 64.0
| 1.0 c- 14 101.8 115.8
0.5 T-14 1347 148.7
5.0 14 32.5 46.5
3.0 14 104.7 118.7
. No Evacuation 2.0 14 173.1 - 187.1
| 1.0 14 266.8 280.8 .
0.5 14 306.6 320.6
Best <2 mi 0.5 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 radloact1v1ty
deposited on the ground). :
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Table'2.7.4—5-

Probablllty of Having at Least

[ TR

1 Farly Fatality or Injgry by
Exclusion Zone -Distance
Emergency None Poor Summary = Best None ~ Poor Summary Best
Response | v - o or .. Best
Distance Early Fatalities " Early Injuries
(m1i)- _ o s T
0o 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 1.00 1.00
_0.5 1.00 0.97 0.76 0;26 1(90_‘ 1;00 0092 0-72
0.75 0.97 - 0.85 0.55 - 0.21 1,00 1.00 0.85  0.50
1.0 0.97 0.60 0.37 0.10 1.00. l1.00 . 0.82° 0.41
2.0 0.59 0.40 0.19 1 0.01 0.98 - 0.97 - 0.76 0.36 -
5.0 _0.20 0.10 0.02 0.36

0,01 X

078

057

0039'

a. CCDF 1ntercept on probablllty axiz (y—ax1s)

b. Assumptions:

100 people per square mile,

SSTl release, 1120 MWe reactor, New York Clty meteorology,




exclusion zone size. The table shows that the probabi-
lity of having at least 1 early fatality following a
large core-melt accident (SST1 release) can be reduced
to 0.2 by the following combinations of an Emergency
Response and an Exclusion Zone distance:

Emergenoy Response None Poor Summary Best

Exclusion Zone (mi) 5. 4 2 0.75

Taken together Tables 2.7.4-3 through 2.7.4-5 suggest
that s large Exclusion Zone without an emergency
response is not nearly as effective as a substantially
smaller Exclu51on Zone and a ‘timely. emergency response.

Flnally, because atmospherlc 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., SST1l reduced an order of magnitude or
55T2) 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 SST1l 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 substantlally smaller than S8T1,
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 Interdiotion 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



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 SST1 source
term, the Indian Point population distribution and w1nd
rose, and New York City meteorology.

_f-Figures 2.7.5-1a through 2.7.5-1c present CCDFs for
latent cancer fatalities and the interdiction distance
and area.  Table 2.7.5-1 presen&s‘mean and 90 percentile
(conditional probability of 10 ~) values of latent cancer
fatalities and of interdiction distance, area,: and costs
as'a function of interdiction dose. In Figures 2. 7.5~ 2a
through 2.7.5-2c the mean values in Table 2.7.5-1
(except the cost data) are plotted versus .interdiction
dose. Examination of the CRAC2 code showed that the
near linear dependence of mean latent cancer fatalities
upon interdiction dose displayed in Figure 2.7.5-2a was
to be expected.? Figure 2.7.5-2a shows that, if all
contaminated ground were interdicted (interdiction dose
of zero),. then 3200 latent cancer fatalities would still
result due to the pre-~interdiction dose (cloudshine dose;
inhalation dose, which includes the chronic dose from

500

a. Latent cancer fatalities ~ population dbse~9€/ﬂb(x)xdx,

: X
where p = population density (approximately 8onstant
over large areas), D(x) = dose at distance x, x, =
interdiction distance, and 500 mi = maximum dlsgance
for latent cancers (variable but large). From the

transport2and deposition algorithms used in CRAC2,

D(x) ~ x “. So latent cancer fatalities

~ 500 4 .

- ~pin x which is approximately linear in Xq for
X

‘o
Xo < 50 mi.
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Figure 2.7.5-1: Impact of 30-Year Inte:dictioﬁ;Dose upon a) Latent Cancer Fatalities,
b) Interdiction Distance (mi), and c¢) Interdicted Land-Area (sq mi)~ '

Legend ' ~ Assumptions: 1120 MWe reactor, SST1 release, Indian
_ Point population and wind rose, New York City
+- no interdiction meteorology. e

A- 50 rem interdiction dose
X~- 25 rem interdiction dose
O- 10 rem interdiction dose
O~ 5 rem interdiction dose
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Table 2.7.5-1. Mean ahd-90th Percentile Values of Several
: Consequences by Interdiction Dose Level?

. , _ S Interdicted :
-Interdiction Latent Cancer Interdiction Land Area , Interdiction
Dose (rem) Fatalities Distance (mi) (sg. mi) Costs (billions)
90 Per- 90 Per- 90 Per-
Mean centile - Mean centile Mean centile _ Mean
5 4,300 9,100 56 90 580 640 . 36
10 5,400 11,000 32 52 200 380 17
25 8,100 20,000 19 35 - 76 140 | 5
50 12,000 31,000 14 25 a1 86 2
None 68,000 130,000 0 0 0 0 0

“a. SST1 release, 1120 MWe reactor, Indian Point population and wind rose, New York
City meteorology. :
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radioactivity deposited in the respiratory system;
and pre-interdiction groundshine dose, which is assumed
to be 1 day in .duration). . Figure 2.7.5-2b shows that
interdiction distance :is inversely proportional 219
to the:square root of the “interdiction dose (onvDo* / )
and ‘Figure 2.7.5-2c shows that interdiction .area is
"inversely proportional to interdiction dose (A'ﬂtnd-l),
which is not surprising since interdiction iarea should
be roughlyuproporgionalrto‘the square of interdiction
distance (Ay~x, “). o e X
Table 2.7+5-1 and Figures 2.7.5-~1a “through 2.7.5-1lc
show that latent cancer fatalities, and interdiction
‘distance, area, and costsvare '‘all quite sensitive to
interdiction ‘dose.  If.all contaminated land were
sdinterdicted, the mean number of. latent:icancer 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 ithe 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. - : .- oo ‘

- ‘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 de-
creages mean latent fatalities ' by 57,000 :and, produces
interdiction«costs~of=$1¢9-xflog-orﬂf9$3“x7104 per life
saved. '~ Further decrease from 50 rem-to 25 rem_saves
- an additional 4000 lives: at a cost of ~$7 x 10° per
life, while the decrease: from 25 _rem to 10 rem saves
3000.lives-at‘a'cost.ofvv$5~x'106 per life. Therefore,
because: of the inverse relationship between latent
cancer fatalities and. interdiction area, the high cost

- of interdicting land may make :the interdiction of

large areas /(selection of a low interdiction dose)
unacceptable. - : S S
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2.8 Summary

This chapter has presented results from a large
number of CRAC2 calculations, which characterize the
sensitivity of accident consequences to input-data and
model parameters. Sensitivities were determined by
comparison to a Base Case Calculation which assumed
an SST1 release from a standard 1120 MWe reactor,
meteorology typical of New York City, the Indian Point -
wind rose and population distribution, and Summary .
Evacuation. The principal conclusions derived from
the results of these calculatlons are as follows-

oy Fstlmates of the number of early fatalltles
are very sensitive to source term magnltude,
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).
Because the core melt accident source terms
' 8ST1-3 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
81gn1f1cant1y overestlmated.

o The.weather'condltlonS'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 thé 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: (hlghest
value/lowest value) of only a factor of 2,
and mean latent cancer fatality values a factor
of 1.2.

0 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 SST1l release, the
peak result is about 10-times less probable
in a dry locale than in a wet one.
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The distances to which consequences might occur
depend principally upon source term magnitude
and meteorology. Frequency distributions of
these dlstances, calculated using large numbers
‘of weather ‘sequences, yleldeo ‘expéected (mean),
99 percentlle, and maximum calculated distances
(expressed in miles) for early fatalltles and
-early 1nJur1es as follows~ '

Source " I L Max imum

S _Term - Consequence ~ 'Mean -99% Calculated

© 8ST1 - Early Fatalltles <5 815 <25 -

o + " Early ‘Injuries = “~10 ~ ~30° <50

- Land 'Interdiction = ~20 ~>50 >50

sST2 Early Fatalities ~0.5 <2 <2

: ~ Barly Inhjuries - =~ <2 - - <5- ~5

: ?Land Interdlctlon f- <2'*“'~7f ~10

The max imum- calculated dlstances are associated
.Wwith very 1mprobab1e events, (e.g., raln—out of
the plume onto & population center).- For the
SST1 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 mlles.

Calculated consequences ‘are very ‘sensitive to
site population distribution.” For ‘each of the
91" population distributions examined, early
fatality, early injury, and latent cancer fatal-
ity CCDFs were calculated assuming an SST1
release from-an 1120 MWe reactor. The resulting
sets of 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 hav1ng at
least one. early fatallty. :

Early InJurles. ~3 orders—of-magn1tude in
the means, ~2 in the peaks, and ~1 in the
probablllty of hav1ng at least one early
injury. . A

Latent Cancer Fatalities. ~1 order-of-
magnitude 1n 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 fatalltles) are determlned by the dis-
~tance to and size of exposed populatlon centers.

',Farly fatalltles and early 1njur1es .can be

significantly reduced by emergency response
actions. Both sheltering (followed by reloca-
tion) and evacuation can be effective, provided
the response is expeditious. Access to base-
ments or masonry buildings significantly
enhances the effectiveness. of sheltering.
Expedltlous response: requ1res timely notifi-
cation of the public. If the evacuation is
expedltlous (tlmely 1n1t1atlon), 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. ST

Becausegacc1dentzsource termsiingrease with
reactor .size, smaller reactors pose: lesser
risks.to-the- publlc than are posed by- 1arqer
areactors. S _

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-buoyant plumes
(early fatalities result” from fewer weather

,sequences)

Dry dep031t10n veloc1ty 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 sen51tlve to

dry deposition velocity.
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Exclusion zones (unless very large) are
unlikely to significantly reduce early health
effects for very large core melt accidents
such as SSTl.. - However, for smaller accidents
(e.g. 1/10 SSTl .. SST2) early health effects
could be s1gn1f1cantly mltlgated by exclu-
sion zones of 1 to 2 miles. : ‘

Decrea51ng the level of contamination at which
land is 1nterdlcted decreases latent cancer
fatalities and. increases the. amount of. 1and

" interdicted. As 1nterd1ct10n dose 1s cin=

creased, interdiction costs (value of inter-
dicted land and buildings) increase more
rapidly than does. the number of latent cancer
:fatalltles av01ded . Lt
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3. Population Statistics for Current Reactor Sites
3.1 Introduction

This chapter examines a variety of characteristics
of the population distributions about the 91 reactor
sites first discussed in Section 2.4 and described in
detail in Appendices A and C. FRach of these sites has
either an operating license or a construction permit.
The site characteristics examined include distance: to
the boundary of the reactor site exclusion zone, site
population factors, the distribution of:population
densities within different radial annuli .and dlstances,
maximum population densities within-22. 5° and- 45 sec~
tors, and tlme—dependent trends in site population .
densitles. As a group these analyses delineate the
demographlc characteristics of current reactor sites-
and prov1de a perspective of past s1t1ng dec1s1ons.'

 The populatlon dlstrlbutlons examlned in this chapter
were derived from 1970 census data. A computer program
was used (see Appendix A) to construct from U. S. Census
Enumeration District (CED) data, the poptlation 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.
Errorg may result because the computer program assumes
that the entire population of each CED is located entire-
ly at the "centroid" of the CED, when it may actually
be dispersed over areas which are substantially larger
than the area of the spatial interval in which the cen-
troid is located. Because a CED typically contains about
1000 persons, the magnitude of this error decreases as
population density increases. Given the spacing of the
circular polar grid, the error is most likely negligible
beyond 20 miles even for sparsely populated regions
(£ 40 people per sq mi). Beyond 7 miles, errors are un-
likely to be substantial for population densities greater
than 500 people per square mile.

Throughout this chapter results are frequently pre-
sented for each of the five NRC administrative regions.
Figure 3-1 displays the boundaries of these regions and
the locations of the 91 reactor sites examined. 1In
Section 3.2 scatter plots of site exclusion zone dis-
tances and site population factors are presented by
region. Section 3.3 presents population density CCDFs
and displays percentile values drawn from the CCDFs for
each region. Scatter plots of these data are also
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presented. Time trends of site population charac-
teristics are analyzed by region in Section 3.4.
Finally, population characteristics for individual
sites and additional regional results are presented
in Appendlx D, and additional populatlon data are
available in NUREG-0348 [17]. .

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. Conseqguence 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 wind
direction may significantly influence risk at some
sites, a wind rose weighted formulation of the site
population factor was also developed.

The Site Population Factor (SPF) and Wind Rose
weighted Site Population Factor (WRSPF) are defined as
follows: : , .
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SPFr_ =
n .

is the outer radius of annulus i of m.

concentrlc annull (r = O rm-- n)

where r

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

Pi is the bopuiation ofﬁehhdlhs i”assumlng a

' - uniform.. populatlon density of210002people
per sq.- m1, i. ‘e Py =107 7 (ry - rj. 1)

Api,f~ils the actual populatlon of annulus i.

pi;j.,ls the actual populatlon of the 1th radlal
R llnterval of wind rose sector j. .

W --1s the fractlon of tlme that the w1nd
~blows 1nto sector j. . :

Finally, the power 1.5 to which the radius r is,raised~was
selected because it approximates the functional relationship
between risk and distance; and WRSPF_ = SPFn whenever

wy = - 1/16 for a11 j, i. e., whenever the wind rose is uniform.

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



Table 3-1

SPF and WRSPF Values for the Five
NRC Administrative Regions®

NE = M 5. w o SW

SPFy  0.1630.22 0.09:0.15 0.03:0.04 0.01:0.02 0.01%0.01
SPF;5 0.17¢0.19 0.10:0.14 ' 0.050.03 0.03t0.03 0.01:0.01
SPF,  0.20:0.18 0.12:0.12 0.08:0.06 0.04:0.03 0.03:0.02
SPF3) 0.25¢0.24 0.14%0.13 0.09t0.06 0.05¢0.04. 0.04:0.04
WRSPF; 0.17#0.29 0.10:0.18 0.04:0.04 0.02t0.02 0.01+0.01
WRSPF 0.18£0.22 0.11:0.16 0.05£0.03 0.04t0.06 0.02:0.01
WRSPF,; 0.220.20 0.13:0.14 - 0.08t0.07 0.05:0.04 0.03:0.02
wnspp3o 0.26:0.26 O. 15+o 14 *0.09:0.07 ' 0.060.06 . 0.04+0.03

aStandard Dev1at10ns are 1ndlcated as bounds

3.3 Slte Populatlon Statlstlcs

The 91 populatlon dlstrlbutlons examlned in this
chapter are all constructed on-'a’l16 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 6f 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 'l: ' eightannuli- (0 2, 2-5, 5-10, 10-20,
R ”20—30) 30 50, 50 100, and 100- 200 ml)

Set 2: elght radial dlstances (0-2, 0-5, 0-10,
0-20, 0-30, 0~50, 0-100, and 0-200 mi).

*Populatlon den51ty CCDFs ‘are Log-Log plots of the
fraction of sites vs populatlon density. Any point
on the distribution gives the fraction of sites

“(y-axis value), which have a population density within

the specified portlon of the grid-(annulus, clrcle,
sector), that is greater than or equal to the speci-
fied population density (x-axis value). '
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.Set 3: the most populated 22.5° 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
sector grid. ' '

Set 5: the most populated 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: 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. e

‘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 bhecause ‘atmospheric dispersion
‘can produce plumes with an anqular 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, Figqure 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° and
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 through 3-11 present scatter plots
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Table 3-2.

Maximum, 90th Percentile, Median, and Minimum

Population Densities (people/sq mi) for Seven
* Radial Annuli by Geographic Region and for All
Reglons Combined.
CCDF Value | Maximum 90th Percentile
' Region NE MW S W S§ AL NE MA S W SW All
Interval (mi) | - ' | - . R
; 0-5 | 790 540 180 100 30 790 ﬁ 740 270 100 100 30 190 |
% 510 | 620 700 250 100 40 700 é 550 280 180 200 40 260
| 10200 | 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 23770 940 160 620 280 660
50-100 880 440 180 310 90 880 é 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 M§ S W SW Al § NE MW S W SW All
‘Eﬁté};éi (mlywwuum“ - j : e
0-5 | 100 60 30 20 10 4 08 0 0 0 0
5-10 130 60 80 30 20 80 6 4 8 2 7 2
10-20 170 90 70 60 30 90 S 0 9 10 0o 7 0
20-30 180 120 100 50 40 110 5 9 8 2 7 2
| 30-50 400 100 80 40 130 110 §~so 020 10 20 30 10
é 50-100 360 136 80 50 40 90} 20 10 30 10 20 10
100-200 170 110 70 30- 30 80 I 2030 8 9 6 6
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 Table 3-3. Maximum, 90th Percentile, Median, and Minimum
Population Densities (people/sq mi) for Seven Radial
Distances by Geographic Region and for All Regions

Combined.
CCDF Value Maxirmum - 90th Percentile -
EggiggE | NE. Md S W S AL|NE Mi S W SN A

! Interval (mi) * | | | |

| o5 | 790 540 180 100 © 30 790 | 740 270, 100 100 30

% 10-10 | 650 660 200 170 30 660 | 470 270 150 170 280

; 0-20 I 710 470 410 160 :110 :_710 630 54@ '256'_160 110

é 0-30  |1500 850 380 320 180 1500 |1300 460 290 330 180 4

é 0-50 2100 890 210 460 200 2100 | 880 830 200 460 200

f 0-100 760 370 170 350 100 760 | 750 350 130 360 100"
0-200 | 350 210 160 120 50 350 | 340 200 100 120 50

' CCDF Value Médian - S - | Minimum -

% Region @ | NE M{ S W SW AL|NE M S W éw A11§

Interval (ml) i R Bl o T

' 0-5 - 100 60 30 20 10 40| O g8 0 0 0
0-10 120 60 0 3 20 70| 4 10 & 3 7
0-20 20 9% 60 50 30 9| 30 10 20 1 8
0-30 1 230 120 100 50 30 110 ﬂ,so' 20 10 2 7
0-50 320 120 ;:90. 50 90 120 50 20 20 10 20
0-100 | 330 120 8 70 70 90; 80 10 40 10 30
0~200 290 130 80 40 40 905 50 30 20 20 10

i
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“Table 3-4. Maximum, 90th Percentile, Median, and Minimm Population

Densities (people/sq mi) for the Most Populated 22.5° Sector
within Four Radial Distances by Goographlc Reqlon and for
All Regions Gcmblned

CCDF Value Maximum l ~ | 90th Percentile
Region NE MW S W SW Al NE W s W W ALL
‘Interval (mi) B | » | |
0-5  |4200 2000 950 450 320 4200 | 3500 2000 510 460 310 950
0-10 2000 _3800“i300.>1600 ;i4o 3800 | 1300 1400 1000 1500 140 1000
0-20 4500 3400 2600 800 860 4500 | 2000 2100 2100 780 860 1800
0-301 8700 5200 4000 1800 1600 8700 | 3700 3200 1300 1800 1600 2500
CCDF Value |Median =~ . - Minimum
- Region | NE M S 0w  S& Al | NE M S W. S& Al
| Interval (mi) | |
0-5 630 350 240 280 170 30| O 50 O o o o0
£ 0-10 750 220 280 150 70 270 { 40 40 60 20 50 20
0-20 880 620 360 430 150 480 | 170 40 50 6 40 - 6
0-30 940 800 430 200 120 550 | 110 6 40 5 70 5




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

In Section 2.7.4 the sen51t1v1ty of consequences
to populatlon 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 den51t1es greater
than 750 people per square mile. =

anmination of the reactor site{population density
i'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 approxlmately
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 exceptlons (S and W are often’ 1nverted)

3.4 ‘Time Dependent Trends

Figure 3-12 presents scatter plots by reqlon 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. WNot until 1973 was a reactor site
selected in the Southwest.

Because the years during which sites were selected
are distributed over time quite differently by region,
trends by selection year in the density of the popula-
tion distributions surrounding reactor sites were also
examined both by region and for all regions combined.
Figure 3-13 presents plots of population density within
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30 miles of the site versus year of site selection, for
each region and for all regions combined. The line on
each plot is the least squares linear fit of the data.
The slope of the line is the change in the logarithm of
30-mile population density with time. The lines for the
Northeast, Midwest, and South have slopes which; given
the scatter in the data points, are little different
from zero (NE = -0.04, MW = -0.01, S = 0.03). Given

the narrow time span and considerable scatter of the
five ‘Southwest site selection years, the slope of that ‘
plot (SW = 0.7), though substantial, is of no importance.
Only 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- N

To better define the significance of the time trends::
displayed in Figure 3-13, an analysis of variance [3] e
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 comblned, one for-unique time
trends within each region, one for: reglonal di'fferences
corrected for regional time trends, and a residual term
for variability not attributable to either regional
differences or time trends. . The results of this analy-
sis are presented in Table 3-5. In the table, the mean
square value is obtained by dividing the sum of squares
value by its number of degrees of freedom (number of
independent terms in the sum of squares). Comparison
of the magnitude of the mean square values indicates
the relative importance of the three terms (mean square
values large by comparison to the residual mean square
value are useful in explaining the observed variability).

Table 3-5 Analysis of Variance

Source of‘ . Sum of Degrees of Mean
Variation Squares - - ‘Freedom - Square
Common time trend '_ 11.2 1 11.2
Regional time trend 18.4 4 4.6
Regidnal differences 7.1 4 1.8

corrected for reglonal
time. trends

Residual 82.0 81 1.0

TOTAL . . 118.7 90
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Table 3-5 suggests that the variability in logarithm-
transformed site population data results principally
from a common trend with time. Since this common trend
is not strong (the slope of the linear correlation for
all regions combined is only -0.08), 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).
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4. site Ayailabilityﬁlﬁpacts

4.1 ﬁIntroduction‘

The previous chapters of this report have examined
the potential .consequences of .acgidents..at nuclear
power reactors:and. the. relatlonshlp of ] 51te population
distribution to consequences. In addltlon, the popula-
tion characteristics of current sites were examined.

. In order to. reduce societal .risk. from, ,siting, it is
”,de51rable to. locate reactors ‘in’ . areas-o0f low population
density.. Thls, of course, forces a trade—off between

reduced rlsk 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 1mpacts of
siting criteria alternatives.on land:availability.

.The study ‘included . cons1derat10n .of ‘the’ impacts on
'51te avallablllty of env1ronmental factors (seismicity,
topographlc character,_surface and groundwater availa-
bility, and restrictions due to regulations (wetlands,
National parks;.etc.)) as well as, populatlon.g

.;4 2 Methodology‘“(

The study was performed in. three stepS° identi-
flcatlon of issues affecting site avallablllty, data
collection, and analysis and display of data. The
.final step was performed iteratively, using Dames and
‘Moore's Geographlc Information Management System
“(GIMs), which manlpulates geographlcal data in a grld
cell format.‘_ : - y

4.2.1 Issues of Concern

L A set of general 31t1ng 1ssues was deflned and

" used to identify and discriminate more suitable siting
.areas from less suitable ones. .-These issues cover a
variety of demographlc con51deratlons and a diverse
set of environmental siting criteria relatlng normally
. to costs. : L : . : .



Three 1ssues were deflned for populatlon crlterla.
These are: = :

1.

teria.

1.

4.

Stand-off Zones -- restrictions imposed by
distance from urban centers of a partlcular
size; :

Population: Dens1tyf—— a measure Of populatlon

density w1th1n a spec1f1ed (c1rcular) area.
and B

"Angular Populatlon Dlstrlbutlon'—- a measure
of the‘uniformity of~ populatlon dlstrlbutlon
-w1th1n a spec1f1ed (c1rcu1ar) area.“

Four issues were deflned for env1ronmenta1 cr1—
These are. *

Restricted Lands -- those areas in which the
development of a nuclear power plant is dif-
ficult- due to 1ega1 constralnts or “the pre-

fdomlnance ‘of” wetlands"

" Seismic Hardenlng - 'the additional cost or

difficulty of compliance with seismic de51gn
criteria; assumed to be measured by the maxi-
mum expected (50 year) horizontal ground

-acceleratlon expressed 1n fractlons of gra-

v1ty (g)

~Slte Preparatlon -- A relatlve measure of the

‘ruggedness or- topographlc character expressed

“as an-index which indicates the percentage

of land w1th access and constructlon diffi-
culty:; and

Water Availability -- an 1ndex reflectlng the

relatlve cost of obtalnlng water for cooling.

The latter three 1ssues ‘were further comblned to deflne
an overall env1ronmenta1 SUltablllty 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




analyzed on a nationwide basis to yield trends and
indicate areas on a regional ba51s that could be
considered for selection of power plant sites. =
Site selection analyses are generally conducted at

a more specific scale and level of resolution.

This is especially true for environmental criteria.
Many site selection issues are related to physical
features that are not geographically extensive, or
consider factors that are important in the site plan-
ning process (which includes the precise location

of the reactor and other plant facilities within the
site): While these factors are important for specific
site identlflcatlon, they are not considered here. :

4.2.2: Data Structure Dlagram

A data structure dlagram descrlblng the flow of
data and information through the Dames and Moore study
is presented in Figure 4-1. . The diagram shows the
sources and flow oflnformatlon on the demographlc and
environmental issues as well as how these ‘issues are
combined to prov1de assessments of land: avallablllty
for various 51t1ng -criteria.

The data structure dlagram is pr1nc1pally an ald
to help 'conceptualize the entire 1mpact analy51s._ For
the most part, each box on the: diagram represents a
map that was created or a data flle that could be dis-
played as a map. ' : : '

4.2.3 Dlsplay of Results

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

In addltlon to maps, results ‘are presented as
tabulations of statistics for each state for various -
categories of information. Most of this statistical
work was performed for comparisons of impacts of
environmental suitability and population criteria
and is described in Section 4.6.
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4.2.4 Geographlc Information Management System

: The Dames and Moore Geographlc Informatlon Manage-
ment System (GIMS) was:employed. for. this study.  GIMS
is a computerized system.that provides planners with
a comprehensive approach to recording, storing, mani-
pulating and displaying the mappable information used
in studies of this nature. The system provides. a-data
base which can be readily updated and allows evalua—

be explored by tlme—consumlng manual procedures.\
4.2.5 Mapping Approach |

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

1. Format is consistent With”map orojeotion and
level of detail of input data:;

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

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

4. Maps are of manageable size while retaihing
important visible regional patterns;



Dlrectlonal blas of ana1y51s 1s mlnlmal- and

Line: prlnter graphlcs show area relatlonshlos
truly, and’ thus, do not dlstort the 1mp11ed
1mpacts of crlterla. :

4.3 Data’ Base

“The" data base con51sts of those data necessary
for analyzing both demographic criteria and net envi-
ronmental suitability. It includes:

1.

4.3.1

Demographlc Data

o Locatlon and populatlon of urban centers

o) 1980 populatlon estlmated for enumeratlon

dlstrlcts'
State"and national~bdundaries

Restricted lands « °

o ' Legally protected

o Major wetlands

Seismic;hardening

o"Seismic acceleratiOn-
Site'preparatiOn.

c Topographic character
Water availabilityf'

o Surface~Water'availability

0 Groundwater availability:

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.

o

£ 3



‘4 3 l 1 Urban Centers

Data concernlng urban centers were extracted from
NUREG-0348 [1]. This publlcatlon categorlzes ‘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.f The data
were updated with 1nformat10n provided by the NRC to
include population figures for urban centers greater
than 250,000 people, greater than 500,000 people and
greater than_l 000 000 people. _

Populatlons for these ‘Urban’ centers’ ‘were identi-
fied geographically by latitude and longltude coordi-
nates. The degrees of 1ongltude 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 show1ng how much land ‘would be
available after imposing population center standoff
zone cr1ter1a. The analysis of standoff zones 1s
dlscussed in Sectlon 4 5.1. -

4.3.1.2 Populatlon Density "

To calculate population density, analyze various
criteria, and ensure that the results are reliable in
the face of changing national populatlon trends, it
was necessary to obtain the most up-to-date and de-
tailed population figures. Figures from the 1980
decennial census were not available in time for use
in this study In their place,; estimates for 1980
population were used. - Data were supplied by the"
National Plannlng Data’ Corporatlon (Ithaca, New York).
Wwhile it is difficult to give an estimate for the
percent error, it is believed that the data are gquite
reliable, especially when individual data points
(Wthh correspond to centroids of ‘enumeration dis-
tricts .or block groups) are taken in groups of 4 or 5.
This is typically the case in this study. It is
especially true for all areas except the most remote
and rural. Thus, the data are considered reliable
for its intended function, the analysis of population
data around the more urbanized areas of the country.



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

,latltude were. converted into.X and Y coordinates on the

Albers grid system. Thls process prepared the demo~-
graphlc data base for analy81s of population, dens1ty.
The ana1y51s is dlscussed in Section 4.5.2. k
4.3 2 State Boundarles

Using the Albers base map at 1: 3, 168 000 scale,

-all coastllnes, international boundarles, and state

boundaries were, dlgltlzed The area within each state
was a581gned a. unlque code to identify. it for further
use. The state boundarles map file allows analysis
or dlsplay of results on an 1nd1v1dual state bas1s

or by any group of states.

4.3.3 Restrlcted Lands.

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

4.3.3.1 Protected.Lands

.The Energy Reorganlzatlon Act of 1974 (Sectlon -
207) states that national forests, national parks,
national historic monuments and national wilderness
areas should be excluded from ‘consideration as poten-
tial nuclear energy center sites. While this study
did not deal with nuclear energy centers, it is rea-
sonable to consider such lands: as protected from the
siting of a single nuclear power plant, regardless
of 'a national policy on this matter. Utility indus-
tries tend to avoid such areas because of the possi-.
bility of time consuming and costly legal battles.
The follow1ng areas were con51dered to be protected-

o-»Natlonal Pa;ks :
o National Forests
o National Monuments

0 National Wilderness Areas

4-8
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o 'Natlonal Grasslands
e} Natlonal Wlldllfe (Game) Refuges
.6 .Natlonal Recreatlon Areas
o0 National Seashores .
-wo Statevfarks o
o‘:State Forests
o State Reserves/Refuges
o) :State,RecreatlongAreas
o.!Military,Reservat{ousx-
o Indlan Reservatlons

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

4.3.3.2 Wetlands.

Besides the above legally protected lands which
would be restricted from development either on the
basis of national policy or avoidance on the part

4-9



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 1mpacts 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 132,000,000
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 sectlonal 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 protectéd land. - The two map’
files were added togéther 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 produceé maps showing'
the location of 'restricted ‘lands, and conversely, the
net avallablllty of land. : .

4. 3 4 Seismic Hardenlng
There are generally three major faetors to be

considered in the selsmlc evaluatlon of a nuclear power .
plant 31te-' : : »

1. Fault Rupture Hazard - prlmarlly a citing
' problem, '
2. Dynamic Soil Stablllty (llquefactlon) ~- both

a siting and a design problem; and

3. Strong Ground Motion (vibratory) -- both a
siting and design issue.




‘Siting requlrements are spec1f1ed by the NRC [4]
and the ‘evaluation of a site (for design purposes) is
based on ‘the additional ‘cost’ ‘imposed by the site-related
_condltlons. Although a detailed site quallflcatlons
study would require the careful con51derat10n of all
three factors, their evaluatlon generally requlres
effort far beyond the scope of this study. However,
after careful consideration of theéir overall 1mpact,

a methodology was developed for a coarse screening
process which reflects ‘the overall lmpact of these
factors. " The data“ necessary ‘to evaluate the potentlal
problem from the standp01nts of rupture hazard and -
dynamic soil stability were mot uniformly available
throughout the United States. For this reason, seismic
hardenlng was’ evaluated solely on the ba51s of v1bra—
tory ground motlon '

Strong ground'motionZCriteria'are determined by

the postulated Safe Shutdown Earthquake (SSE) which is
the largest p0551b1e event on the controlllng seismo-
genic feature, Whlch could be a capable ‘fault (not
necessarlly the closest one)’ or a tectonic’ prov1nce.
The -'SSE 1is determined ‘on ‘the basis of historical
earthquake ‘data (seismicity) and ‘detailed investiga-
tion of the length and capability of nearby faults,
according to procedures spec1f1ed 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 1mposed by the Operatlng 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 elastlc llmlt by the OBE

Whlle*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 Algermlssen and Perklns [6] and the Applied



Technology Council (ATC) .[7] and supplemented with
1nformatlon from a U.S. Geologlcal Survey profe551onal
paper [8]. The ATC map represents an adaptation of a
comprehensive analysis by Algermlssen and Perkins.
The map shows accelerations in bedrock expressed

as a fractlon of gravity. The comblnatlon of these

' three .sources. resulted, in the seismic acceleration
source. ‘data map . 1llustrated in Flgure F2, Appendix F.

The map shows ‘the horlzontal acceleratlon (ex-
pressed as a fraction of grav1ty) in rock with a
90 percent probablllty of not belng exceeded in 50
years. Accordlng to. Algermlssen and Perkins:

_ "Certaln fac111t1es 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 probabllltlesﬁ
are appropriate, it is clear that this source
“map 1nd1cates only a relative 1dea of the‘

- hazards -- the. design motlons will be hlgh :
for much smaller .exceedance. probabllltles. ~In
,those regions: where se1sm1c1ty is lower than .
in Callfornla, the accelerations shown on this
map vary. with return perlod accordlng to the
very. approx1mate rule: the level of motion
~doubles as the return perlod increases by 5
_(exceedance probablllty decreases by 5).

ThlS rule was used'to modlfy 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 probahility from 2 to O. 4 percent and again
doubled the acceleration values. The new values
were then considered to be four times the values
expressed. in Figure F2. Thus, the data in the modi-
fied map file became con51stent with the notion of
using a 0.5 percent exceedance probablllty for nuclear
power plants (as suggested by Algermlssen and Perkins).

The seismic risk source data file was further
adapted by 1nterpolat1ng between the contour levels
to develop a more continuous dlstrlbutlon of seismic
risk (horizontal acceleration). The continuous dis-
tribution was desirable from a siting standpoint,



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

_ The general impact of seismic design requlrements
_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 Safe
‘Shutdown Earthquake expressed as a fraction of gravity
"to the estlmated cost differential in millions of
~dollars. The cost curve used in this study is shown
1n Flgure 4-2. : SN : :

-~ The map shbwn‘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. R

"Using the curve shown in Figure 4-2, acceleration
values between 0.2g and 0.6g (0.05 and 0.15 on the
source map) were assigned costs ranging from $23.7
million to $55.5 million. Acceleration values of less
than 0.2g were assigned a cost of $23.7 million (the
same as for 0.2g). This was because nuclear power '
plants in the U.S. are designed for an SSE of 0.2g,
although it may be possible to build them more cheaply.
For acceleration values greater than 0.6g, it was felt
that there is no reasonable- way' to accurately estimate
the increased costs of" seismic hardening. Rather than
assign a cost, they were’labeled " “1nest1mably high".
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The costs derived from Figure 4-2 (1977 dollars)
were next converted to 1980 dollars yielding a low of
$31.5 million and a high of $73.9 million. To calculate
the cost of seismic hardening that was considered as
"additional", the design-basis value of $31.5 million
was subtracted from all the costs. This resulted in a
range ‘of ‘costs of 0.0 to $42.4 million. The graphic
display of seismic hardening cost is shown in Figure F3,
Appendix F.

4.3 5 Slte Preparatlon_

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

'To evaluate the 1mpact of topographlc character
‘on site preparation cost over a large regional area,
a general index that indicates both the steepness of"
slopes and the areal extent of such slopes was sought.
Such data was found in a paper by E. H. Hammond [10]
and his map which was adapted and found in the National
Atlas [2]. Regions on the map are characterized by the
percentage of their area which is classified with a
topographical gradient of less than '8 percent slope
(gently sloping). The 8 percent slope is not a critical
‘threshold value for land utilization. It ‘does, ‘however,
indicate a value beyond which movement of vehicles
becomes impeded, and in general, construction and oper-
atlon_becomes more dlfflcult ' ,

" The smallest’ region delimited and given a classi-
fication has an area of about 800 square miles. Smaller
areas are omitted or absorbed into the adjacent region
that they most resemble. With ‘this level of resolution,
it is possible that sites suitable for building a nuclear
power plant exist within the area characterized by =
even the hlghest proportion of rugged terrain. However,
at this regional level of analysis, these special con-
ditions are not practically observed. Because not only
site ruggedness but the ruggedness of the access route



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 dlstrlbutlons,
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 plcture 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 avall-
able water. , A : R

‘4.3,6.1 Sur face 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 prov151ons for significant
storage. 1In siting plants along rivers one must con-~
sider the periods of low flow when the 1mpact on the
water resources of total water consumed in the cooling
process is at a maximum. This con51deratlon is espe-
cially 51gn1flcant 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 estlmatlng these flows:
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l. Safety --  the requlatory.staff of the U.S.
Atomic Energy Commission- (1972) ‘in reference
.to a safety analy31s report for nuclear power
plants states:
"Estimate the. probable mlnlmum 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 51nk to perform ade—

. quately " : . i oy

2. :Standards -— most;states:havezissued stan-
- .- dards regardlng*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.
speriod 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 max1mum durlng
- low flow. perlods,n . ,

3. Ecologzt-— maxlmum ecologlcal 1mpact on.fresh
water biota «can occur on some.streams during -
low flow periods if the:mineral concentration

- exceeds certain limits or if the flow is ab-
ruptly reduced by withdrawal at power plants.
. Furthermore, .the withdrawal entails :loss of
- biota. by physical entrainment on the .intake
.screens.or: by physical injury on passage
-through the water pumps- and -

- 4. . Plant Operatlon - the condltlons descrlbed
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. _ :

LStankowskl, leerlnoe, and'Buell.[lZ] have'exam—
ined the low water flow in the United States to provide
information regarding potential sources of coollng
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water. :They have prepared a map which identifies those
streams ‘for which the ‘average 7-day low flow with a
recurrence ‘interval of -10 years is at least 300 cubic
feet per second (cfs). (The 7-day, 10-year low flow

or 7Q10, is the:average low flow that occurs over 7
consecutive days ‘with a probable recurrence of 10 years.)
Their map shows those stream reaches that:: (1) have

a 7010 of at least 300 ¢fs, 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 dependablefflow*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 coollng
towers, 'sprays, -or ponds are used. ' ‘The requirement

-of 3O~cfs=for3cooliﬁg“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 avallablllty '

To extend the utlllty of surface water 1nforma—
tion, the map file showing surface water availability
was converted <into ‘a map showing surface water cost.
First, an estimate was made of the dollar per mile
pumping cost to move surface water. These costs were
estimated for each of the four terrain types charac-
terlzed for site preparation ‘(Section 4.3.5). Both
an initial - -capital cost and a 30-year operatlng 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’ dalculate, for each cell, the
cost of ‘obtaining surface water as a. functlon of pumping
costs over ea-varlety of terrain and the potential use
of a reservoir. 'The model determined the least of the
cost alternatlves 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 -—'amountlng to about
10 percent of the study area. 'This drouping at the
high cost end allows regional differences in the more
reasonable range of costs to ‘be displayed.



4.3.6.2 Groundwater Availability.

Groundwater is an 1mportantsource ofcoollng water

in many parts of the country. Characteristics of ground—t

water. can vary gquite dramatically within a small reglon.
Despite this, an attempt was made to locate a source

of information that would satisfy the broad scale
requirements of this study. Using the USGS Water
Supply Paper 1800 [13], and supplementlng this with
such maps as-the Hydrologic Investlgatlons Atlas [14],
Tectonic Map of North Amerlca [lS],vand Shaded Relief
of U.Ss. [16], major - reglons and subreglons of the
country were mapped as source data._ Although varlabll—
ity exists within any one of the regions’ or ‘sub- -regions,
reglons do show dlfferences regardlng thelr characteris-
tics of quallty, quantlty, depth to water, and requ1red
well f1e1d size., . o

Based on these characteristics, cost information
was applied to the map data. Both capital costs and
30-year operating and malntenance costs were calculated
for each of the delimited areas on the basis of dollars
per well. To obtain the equivalent of 30 cfs from
any of the’ generallzed aqu1fers,’1t would be necessary
to sink. several wells. | The requlred number of wells
was calculated by d1v1d1ng 30 cfs by the expected yield
per well of the glven aqu1fer. Multlplylng this number
of wells by the cost per well resulted in the cost asso-
ciated with bringing 30 cfs to’ the sur face from any of
the generalized aquifers. It was observed that several
of the generalized aquifer areas require well fields
which are too large for practical use. For these areas,
groundwater was considered to be unavailable in a prac-

tical sense. For reasonably sized well field areas,
the cost of collecting the water from numerous wells
and brlnglng it to .a- 51ngle point was estimated. . For
each of the groundwater regions, the two costs ~- that

of bringing the water to the surface, and that of
collecting the water from a well field, were added
together. The cost data were then mapped as is shown
in Figure F6, Appendix F. .

4.3.6.3. Combined Water Costs

Using the cost information for both surface water
and groundwater, a map file was created which indicated
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the cost of obtaining cooling water using the least
expensive alternative. To do this, the two map files
- surface water costs and groundwater costs, were
compared on a cell- by—cell basis. For every cell, the

'dlowest cost value was saved and placed into another
map file. This was ‘called - "combined" water cost” and

the map is shown ln Flgure F7 Appendlx E
4.4 Environmental:Suitability’Analys;s
In order to evaluate the 1mpact of demographlc

crlterla on’ land avallablllty it was necessary to° flrst
establish a base of ‘available" land “This base was con-

ljstructed from ‘the protected area and env1ronmental
_:con51deratlon data bases. The environmental factors_
were combined by leldlng utlllty functions for each

factor, and ‘then summing the utility values w1th1n each
cell. The protected areas were then overlaid“ on this
data.

4.4.1 Ind1v1dual Site Avallablllty Issue Assessments

(Utlllty Functlons)

To evaluate the sultablllty of each potentlal site
area, each of ‘the siting issues was first evaluated'

independently. This evaluation was accompllshed by

‘fdeflnlng a utility function for each ‘issue- such that
the characterlstlcs of a spec1f1c site area could be

translated into a value on a defined sultablllty scale.

. This was a numeric scale ranging from 1 to 9, where 1
" was the lowest 1eve1 of SUltablllty and 9 was the
hlghest.:'

4}4,1.1 Seismic”HardeningACost Utility'Function'

The issue of selsmlc hardenlng was a551gned a
ut111ty function on the basis of additional hardening

‘costs as discussed in Sectlon 4. ‘3.4. Table 4- 1 'shows

the data categories of seismic hardenlng costs ‘and
thelr correspondlng utlllty value.

A map of the seismic hardenlng-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.)’

&



_TABLE 4-1

SEISMIC HARDENING UTILITY FUNCTION |

e _ o Cost in
: . Millions of S e e
1980 Dollars . Utility Value .

0.0 to 6.1
6.1 to 12.1
12.1 to 18.2 ..

8 (high suitability)
7
18.2 to 24.1 ' 5
4
3
2
1

24.1 to 30.3

30.3 to 36.4

36.4 to 42.4
No reasonable estlmate (low SUltablllty)
4.4.1.2 Slte Preparatlon Utility Functlon‘

Actual dollar costs assoc1ated 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 topographlc 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 51te preparatlon utility function
was created and is shown in Figure F4, Appendix F.
o (This is the same map used to show the site preparation
. source data.) -
TABLE 4-2

SITE PREPARATION UTILITY FUNCTION

Topographio Character
{percent of area that

is gently sloping*) '~ Utility value
>80 percent 8 (high suitability)
50 to 80 percent 5 ’
20 to 50 percent 2
<20 percent . 1 (low su1tab111ty)

*Gently‘sloping means 8 percent slope.



4.4.1.3 Water Availability Utility Function

Utility values have also been assigned to data
representing the cost of obtaining cooling water. Based
on this cost . information (described in Section 4.3.6),
costs in excess of $300 million were grouped together
and assigned the lowest utility value. For costs less
than $300 million utility values were assigned on the
basis of 8 equal intervals as shown in Table 4-3.

TABLE 4-3

WATER AVAILABILITY UTILITY FUNCTION

Combined Water Cost

(in millions of 1980 dollars) Utility Value

- 0 to 37.5 9 (high suitability)
37.5 to 75.0 8 ‘ o )
75.0 to 112.5 7
112.5 to 150.0 - e 6

150.0 to 187.5 - -5
187.5 to 225.0 !
225.0 to 262.5 3

262.5 to 300.0 2 -

) >300.0 1 (low suitability)

A map was prepared showing the water availability

utility function and is shown in Figure F7, Appendix F.
(This is the same map used to show the combined water

cost.) =
4.4.2 Site Availability Issue Overlay

Using the utility functions, each issue map was
translated into a partial suitability map where each
potential site.area was represented by a utility value.
These individual suitability maps are represented in
Figures F3, F4 and F7. They are considered partial
suitability maps because each includes only one siting
issue. They were combined into a composite suitability
map by adding the individual map files together. It
was felt that the reconnaissance nature of this study,
as well as the broad scale representation of environ-
mental data, did not justify a more sophisticated
manipulation of the files. For this reason, the three
maps were overlaid -- each with an equal importance
weighting. ' ’ '
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The addition of the three utility value map files
resulted in a map file with values ranging from 4
through 25 -~ each value having a different frequency
of occurrence. Maintaining the relatlonshlp that high
values represented the most suitable land, _the dlstrlb—
ution of the- comp051ted utility values was divided -
into five 1ntervals., The intervals were selected to
include equal l1and areas. This resulted in five cate-
gories or levels of env1ronmental su1tab111ty - each
level representlng 20 percent of the data base. ' The '
restricted lands file was then added to the comp051te,
utlllty value file. A color—coded version of a map
produced from this combined’ f;le_was suppl;ed to NRC}

4.4.3 Environmental Statistics”p”'

Analysis of the impact of various siting crlterlai
on land availability was accomplished in ‘two ways:
creation of maps to visually show these impacts and
production of statistics to quantlfy the 1mpacts._ The
maps concernlng env1ronmenta1 factors have been. pre-
sented elsewhere in this sectlon.; To " quantlfy the o
impacts of various sxtlng crlterla,,tables were pre-~
pared which used the data files created durlng the
visual or map ana1y31s. Statistics regardlng the
amount of area in each data category were. computed
for each of the 48’ states.

For each of the three env1ronmental 1ssues -
seismic hardenlng costs, 51te preparatlon 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 env1ronmental suitability. These statistics
are shown in. Tables Fl1.1 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.



4.5 Demcgraphic Analysls

" As dlscussed 1n Section 4.2, three 1ssues were
defined as relevant to population criteria - stand—off
~ zohes, populatlon density, and angular dlstrlbutlon.
Stand-off zones are restrictions on distances from
urban centers to nuclear plant sites. ‘Populatlon
dens1ty is a measure of the persons per square mlle ,
within a spec1f1ed (c1rcular) area surroundlng a site.
The populatlon den51ty calculations were mapped as. .
single data files or in combination with other annular _
dens1t1es to produce composite populatlon criteria maps.
Angular distribution restrictions are limitations on ~
the permissable population within one or more 22 l/2°
sectors surrounding a site.

4f5'lwstand40ff Zones

To study ‘the impact of restrlctlons 1mposed by
dlstance from urban centers, stand-off zone maps were
prepared As. discussed in Sectlon 4.3.1, populations
and locatlons were prov1ded for urban centers of a
variety of 51zes.i The locat1on of these urban. centers
was indicated by a 51ngle latltude/longltude 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, 100,600, 200,000, 250,000, 500,000 and 1,000,000
people. For each gr1d cell in the study area, its dis-
tance from the nearest urban center of a particular size
was computed. This resulted in six separate data files.
These files were converted into maps by specifying a
threshold distance at which a cell would be considered
either .suitable or unsuitable for siting a nuclear
plant. . Based on the above data, thirteen such stand-off
maps were produced. The maps produced are indicated
in Table 4-4 and presented in Figures F8.1 through F8.13,
Appendix F. The maps illustrating stand-off zones from
the three largest cities were created only for the
northeastern U.S. :

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



ﬂ‘ .

TABLE 4-4

STAND-OFF ZONES

Size of Mapped .

Urban Stand-0ff
Center N Distance (in miles)
25,000 5, 10
100,000 10, 15, 25
200,000 25, 30, 40, .50, 100
250,000 - 12.5 o o
500,000 18
1,000,000 25

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

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

An "NE" in a box means that the map file was produced
only for the northeast. An example of these maps

is shown in Figure 4-5. Maps representative of the
variety of population densities are shown in Figures
F9.1 through F9.26, Appendix F.

An understanding of the spatial relationships
produced by various criteria can be gained by compar-
ing some of the maps. Figure F9.5 shows the areas
constrained by a density threshold of 100 people
per square mile in the 0-5 mile circle. Figure F9.8,
concerning the same circle employs. a density threshold
of 500 persons per sguare mile. It is obvious that
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every area constrained in Figure F9.8 is also con-
strained in Figure F9.5. If the :size of the annulus
remains constant, the area constrained using a higher
density threshold is always completely contained
within the area constrained by a lower threshold.

In addition, the use: of a lower .density threshold -

as in' Figure F9.5, constrains .a' much- greater portlon
of the suburban and rural land areas. .

Spatlal.dlfferences 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 1look ‘similiar ‘to ‘those: whlch result
from stand-off zone crlterla.- Co S

‘Another 1nterest1ng spatlal 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 1is 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. WNote 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 1located between 20 and 30 miles of
the city center, and yet the city population'is
large enough to cause the density threshold to be
exceeded in the surrounding areas. Chicago, on the
other hand, occupies an area large enough so. that"
grid cells 'at the city center are within 20 to 30
miles of significant population and the pattern of
constrained land is solid.



A comparlson of the St. Louis area between Figure
F9.23 and Figure F9.21, which employs the same density
threshold within the 10 to: 20 mile annulus :indicates.
not only the absence-of a ring structure but also a
- shrinking of the extent to which 'land. is constrained. -
using the smaller .annulus. .: The :pattern of the area
constrained near Chicago remains solid in both figures;:
however, both the extent and amount of land increase -
with increasing annular radii. Thus, if the density
threshold remains constant, the extent: from the central
city -of :the criterion's effect increases with increas-
ing annular radius. - However, the total amount of land -
constrained may not increase. accordingly due' to the
possible ellmlnatlon from constralnt of the central
city. Co -

4.5.3 Compos1te Populatlon Den51t1es

When u51ng a crlterlon of the form of less than
500 people per square:.mile from 2 to 30 miles, it is
possible for a cell to satisfy that criterion, while .
it doesn't satisfy a 500 people per square mile cri-
terion: out to only ‘15 miles. This occurs when there
is a dense population pocket surrounded by low density
areas. . In order to pinpoint areas for which this
occurs, a new set of criteria were developed which -
restricted population to a given density for all
radii from an inner radius to an outer radius.
Thus, for the example of 500 people per sguare mile
from 2 to 30 miles, the new criterion is satisfied
only if ‘the ppopulation density is less than 500
people per square mile from 2 to R mlles, where R
takes every value from 2 to 30. :

. Evaluatlng populatlon den31ty for every radlus
from the inner radius to the outer radius is. imprac-
tical in practice, so an approximation ‘is used.

‘Using the example of mapping any cells that ex- .
ceed the 500 persons per square mile threshold for the
2-30 mile annulus,. density calculations were made for
6 portions of the 2-30 mile annulus . .and were then .
composited. First, -any cell that exceeded the 500
persons per square mile threshold within the 2-3 mile
annulus was recorded. Next, unsuitable cells in the
2-4 mile annulus: were recorded .and unsuitable cells



in the 2-5 mile annulus were recorded. This process
was repeated for the 2-10 mile annulus, 2-20 mile
annulus, and the large 2-30 mile annulus. These

6 individual files were then added together, creating
a file in which a-cell. that. was shown to be unsuitable
in any of the 6 was also considered unsuitable for the
2-30 mile composite'annulus. In this manner, data
files were created “for the 2-30 mile compos1te annulus
for the following den51t1es :

250_persons/square mile

500 persons/square mile -

750 persons/square mile
1,000 peérsons/square mile
1,500 persons/souare m11e

Example maps for tﬁe”northeast ‘are shown 1n Flgures>
FlO 1 thru FlO 4, Appendlx F e '

Bes1des creatmg a compos1te map f11e “for a -
part1cu1ar annulus (such as 2-30- mlles) and a part1—-~
cular den51ty (such as 500 persons ‘per- scuare mile) ;-
another type of’ comp051te ‘was created. ThlS consisted
of two separate ‘annuli —-‘each ‘with its own glven ‘popu-
lation density threshold. = For example, ‘as discussed
above, 6 individual data files were added together to
create the 2~30 mile compos1te annulus. Now, a dif-
ferent annulus with a different populatlon density
threshold was added to the 2- 30 mile- compos1te annulus.
Two maps wefe Created’ in this manner ‘and are” shown
in Figures Fll and F12, Appendlx F. Each map shows
cells that “are cons1dered unsuitable: for ‘the 2-30 mile
composite annulus (with den81ty of 500 persons per '
square mile) as well as for the 0-2 mile annulus for =
populatlon densities of" either 100 persons per sqguare
mile ‘ot 250 persons per ‘square mile. In addition to
these two mapped data files, other complex composite
files were created. Some of these were used for sta-
tistical- analyses in combination with the environmental
criteria. (These statistics are discussed in-Section
4.6). The six complex composite data files which were
created are indicated in Table 4-5. The numbers in :
the columns underneath the two'annu§1 represent popu—
latlon den51ty flgures (persons/mlle
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TABLE 4-5

COMPLEX COMPOSITE POPULATION DENSITIES

0-2 Miles . 2-30 Miles .(Composite)
(1) 100 , , 250
(2) 100 - .- 500
(3) 250 : . 500
(4) 250 - 750
(5) 500 - .. 750
(6) 500 A 1500

4.5.4 Sector Populatlon Den51ty

To this point in'the chapter, any potential demo-
graphic criteria addressing populatlon density were
analyzed using what might be termed a uniform den51ty
distribution. Criteria were stated in terms of the
number : of persons that would be allowed in an area
of a glven size -- that is, population den51ty -
and the shape of the area was always circular. Using
a circular area allowed. relatlvely' dense concentra-
tions of populatlon to ex1st prov;ded ‘that. the ‘total
number of people w1th1n the circle. dld not exceed. a
stated limit. -

Results of reactor accident consequence calcula-
tions indicate that certain risk characterlstlcs depend
strongly on the maximum number of persons within any
given direction sector . (see Section 2.7. 4). 'Therefore,
criteria regardlng the maximum allowable populatlon
within sectors in addition to total populatlon sur-
roundlng a site were con51dered. The impact on land
availability was examined for alternative sector cri-
teria and compared to the 1mpact of unlform den51ty '
criteria.

Sector criteria were stated in terms of allowing

up to a fraction of the allowed . number of people

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

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

o Sector width: 22.5, 45.0, 90. O'degreesy and
360 degrees (for uniform den51ty)

o Fraction: 1/16 1/8 1/4, 1/3, and 1/2 the
" population allowed by unlform den51ty o

o ' Density: 250; 500,-750 and 1500 persons per
- 'vsquare mlle Y | V

‘Population counts were determlned 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*eachwsector ‘and the maximum of the
16 counts was recorded. --This procedure of determining
the maximum count was undertaken 15 times -- once for
every comblnatlon of sector width (3) and radlus (5)

Alternatlve~cr1ter1a:were then applied ‘to the
count data on the basis of allowing a certain fraction
of the total number of people allowed within ‘the circle
to be located in any sector. The total number of peo-
ple allowed in a circle is dependent upon the radius.
(for area) and the density that is allowed. For this
sector analysis, the previously established densities
were analyzed -- 250, 500, 750, and 1500 .persons per
square mile and five radii were used -- 2, 5, 10, 20,
and 30 miles. For 0-2 miles, only one density was
used as a part of every criteria -- namely, 250 per-
sons per square mile. To calculate the allowable
population theshold out to 5, 10, 20, and 30 miles
for each of the densities, the area from 2 miles to r
miles (radius) was multiplied by the density and the
~ product added to the threshold for 0-2 miles with
its 250 persons per square mile density. -For example,
at 20 miles using density 750 persons per square mlle,
the threshold’ equals.



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

(12 57 x 250) + (Area of 2- 20) x 750

(3142 + 933075) -

936,217 people

Using only one density (250 persons per square mile)
for 0-2 miles and four densities for the.other four
distances resulted. in l7 separate. thresholds These
thresholds were used not only for uniform den51ty
criteria. analyses but.also for calculating the frac-
tional thresholds applled to sector populatlon dis-
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 mlles
would be allowed - ‘in a. sector, .the. threshold would be -
936,217 x 1/4 =.234,054. people.jﬁ

" Belng con51stent w1th prev10usly computed 1mpacts,
the .impacts for sector criteria :for- any particular:
density or fraction. were rcomposited 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 flles were merged
resulting in a:file that showed sites constrained
by any one .or more of the thresholds. Spatlally, it.
was found ‘that any criteria at smaller .radii tended .
to eliminate.sites in rural areas as well as .in, c1t1es
but.only out to their -edge. Criteria applled at larger
radii tended toellmlnatec1t1esand largeareas around
their edges (similar to a "standoff" crlterla) but
allow :local populatlon concentrations. in rural areas.
By compositing criteria for- all five rad11, both. urban.
andruralpopulatlonconcentratlons were. .evaluated fnr
their impact: on availability of potentlal nuclear .
sites. Addltlonally,-lt was .. found that the effects
of sector criteria occurred in the same areas as_
affected by annular den51ty crlterla.

Sector crlterla were. of 1nterest 1n regard “to
their impact on land availability above and beyond’
that already affected. by unlform den51ty criteria.

To depict and quantify this 1nformatlon, 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 1nformatlon is shown in Tables F2.1
through F2.24, Appendix F. ~ Each table shows the 1mpact
of alternative fractlonal criteria along with the uni-
form - dens1ty criteéria on land avallablllty., All of -

the fractlonal and uniform density criteria have been-
comp051ted to 30 miles by addlng the 1nd1v1dual 1mpacts
of a crlterlon at 2, 5, 1 20 and 30 mlles

‘Each table cons1ders ‘a unlque comblnatlon of
allowable annulus populatlon den51ty and ‘sector ‘width.
The four populatlon densities and three sector ‘widths
resulted in 12 combinations. Twenty—four ‘tables ‘were
created as each of the 12 comblnatlons was tabulated
using two different formats Tables F2 I through F2v12.
are formatted such that thenumbers in the" columns re~-
present the ‘amount of’ land thatjj;unlquely constralned
by'the spec1f1ed cr1ter1a : :

The columns are arranged 'so that ‘total magnltude
of constrained land decreases from' left to rlght. ‘As
an example, Table F2.l1 indicates the " ‘impacts ‘of alter-
native fractional criteria applied to 22.5 degree sec-
tors us1ng a dens1ty thres shold of 250 people per square
mlle “for both the 0-2- mile" and 2 30 mile “annulus. ““The
leftmost column "Avallable Land ‘shows the amount of
land available for 51t1ng if the ‘criterion stated in
the adjacent column is applled that is, no 'more than
1/16 of the populatlon allowed in" the annulus at a =
dens1ty 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 constralnlng fractlonal
crlterlon. '

The rightmost column, "Restrlcted Lands," shows'
the amount of land that is constralned because it
is either legally protected or a 'major wetland. No
demographlc crlterla affect these numbers. " '

The numbers in each ‘of the middle columns show
the amount of land that is unlquely ‘constrained by
the specified criterion which is above the total amount
previously constrained by the criteria in all of theée
columns to the right. . In Table F2.l1, for example,
the column labeled “Uniform Density" shows' for Alabama
values of 5,703 square miles or 11.0 percent of the
state area. This is the area that would be constrained
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by applylng a uniform (annular) den31ty crlterlon and
it .is additional to the area already constrained by
restrlcted lands (2,075, square miles or 4.0 percent;._
Thus, the appllcatlon of this partlcular uniform density
crlterlon in Alabama would .constrain a total of 7,778

. square miles or 15.0 percent of the state area if no
sector criteria were applled. The next column to the
left, "1/2 Allowable Pop.," would add another 2,355
square miles or 4.5 percent of constraint if a sector
criterion were stated that no more than 1/2 of the .
total populatlon allowed by a denslty threshold of. 250
people per square mile in both the O- 2 mile and 2- 30 .
mile annull could be located in any 22.5. degree sector.
Slmllarly, -using a criterion of allowing up to l/3 of
the. allowable uniform den51ty populatlon to be located
in a 51ngle sector, would constrain an addltlonal“

6, 388 square miles or 12.3 percent of the land area.
The total constrained land in this case would beé 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 avallable for 51t1ng o

.. To more clearly summarlze the 1nformat10n that
shows the availability of land when spec1flc sector
criteria are applied, ‘Tables F2.13 through F2.24 were
created in a different format than the prev1ous 12
tables. On these tables, the numbers in the columns .
show .the amount of. land avallable for siting if the
specified criterion is applled. ~ For example, Table
F2.13 indicates. that 68.2 percent ‘of the land in.
Alabama would be avallable for siting if a crlterlon
of allowing up to 1/3 of the populatlon (allowed by

a uniform density criteria u51ng 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 regardlng 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.

416'¢Impactiéﬁalysis
. Analysis'of_the impact of various 31t1ng criteria
"on land availability was accomplished in two ways:

creation of maps to v1sually show these impacts, and
production of statistics to ‘quantity. the impacts. Many-
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of the maps produced have already been reviewed in
other sections of this chapter. 2All 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 1mpacts of various 51t1ng 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 envxronmental sulta-
bility levels. . - -

4.6.1 EnV1ronmenta1 Statlstlcsi“

For each of the three env1ronmental issues -~
seismic hardening costs, 'site preparation costs, and
water availability costs -~ a table was prepared that
showed the amount of land 'in each of the categories .

that was represented by a utility value (see Section
'4.4). Two additional tables were produced: one for
the surface water cost, and one showing the five dif~

ferent levels of ‘composite environmental sultablllty
As discussed earlier, theése statistics ‘are shown in
Tables Fl.1 through Fl.5, Appendlx F. .

4 6 2 Impact Comparlsons

"The overlay of transparent maps prov1ded a qulck
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 , I -

 ~Popu1a£idn

e T 2-30 »Mi_le.s :
-~Case -, -. . 0=2 Miles .. (Composite)-
1 . 100. 250 - .
2 250 o 500
3 250 750
-4 500. - . - =750
5 -.500- - « 1500
!;;uﬁiveftables.werézpfoduced”-%rbné-fbrfeach popuia—

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 F3.1 to F3.5.

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 F3.10. The
columns representing population cases have been arranged

such that in'-moving from left to right,; the stringency
decreases. The leftmost column of the. table -- available

land -- shows land that is available for the given envi- &
ronmental suitability class even .if the most stringent
population criterion (population case 1) is applied.
-The second column -- population case 1 -- represents an
additional amount of land considered available if: popu-
lation case 1 were relaxed. The next column -~ popu-
lation case 2' -- represents the additional increment

of available land-if the criteria for population case

2 were also relaxed. It follows that if no population
criteria were established, the -amount of land available
in a particular environmental suitability class would
be equal to the total of the first six columns in the
table; the only land considered constrained would be
that by a restricted land designation.



4.7 hsuhharygy

The analytlcal methods used in thls study were
de31gned to ‘explore the ‘impact of varlous demographic
siting criteria’ ‘on the avallablllty of land ‘considered
sultable for the s1t1ng of nuclear power plants.’ Maps
were created so that impacts could be ‘easily v1sua1—
ized ‘and tabular statistics were prepared to allow a,
more rigorous analysis.

" The determlnatlon of land’ con51dered suitable for
s1t1ng was’ accompllshed through a multl-objectlve envi-
_ronmental SUltablllty analy51s.‘ The ana1y51s was per—
’_formed u51ng factors generally related to englneerlng

‘costs as well as conservatlon of 'specific resources.

Because this 1nvest1gat10n ‘concerned the entlre 48
contlguous Unlted States and’ was’ not a 51te selectlon
_project,’ env1ronmental factors were analyzed at a rela-
‘”tlvely general level of detall and were each con31dered
tobe of equal 1mportance., The most sultable areas were
’characterlzed by an adequate water supply, low selsml-
c1ty and gentle topography as’ well as an ‘absénce of
_protected resources.’ Although ‘the’ map of env1ronmenta1
suitability (Flgure F8) shows the eastern one-half of
the country to be more sultable than the western,‘lt

is felt that there are numerous suitable sites available
in the western portion.

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

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

Because results of reactor accident consequence
calculations indicated (Section 2.7.4, Chapter 2) that
certain risk characteristics depended strongly on the
maximum number of persons within any given direction



sector, sector population criteria were designed. -
Their impacts were investigated to determine the amount
of land area that would be constrained additional to
that affected by annular dens1ty criteria.. It was
_found that sector crlterla affected the same areas and
those adjacent 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 statlstlcs
were provided to NRC for use in establlshlng siting.
‘criteria which would be numerlcally based -upon populatlon
density,. distribution. and exclusion distance. Tabular
statistics were used to quantlfy the 1mpacts on a state-
by-state basis. The use of transparent overlays provides
a means not only to see the 1mpacts of the generated
criteria but also to create and. view the effects of
complex crlterla by overlaylng any combination of maps.
Maps show1ng demographic criteria were also overlain
onto the map of env1ronmental sultablllty to visualize
the. potentlally avallable su1table land. . Through both
the overlay procedure and. a comparlson of statistics,

it was found that the. gredtesf impacts..of demographlc
criteria occur 1in the areas of high env1ronmental '
suitability (i.e., Vortheast)

e
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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 economicC impacts
on nearby communities, the dependence of socioeconomic
impacts on site location was examined by the Battelle
Buman Affalrs Research Centers (Battelle-HARC) under
contract to Sandia National Laboratories. The Battelle-
HARC study (1) developed a ‘classification scheme for the
remoteness of" llght 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 1mpacts of rural indus-
trlallzatlon prOJects, boom towns,‘and nuclear power
plants. This chapter presents a summary of the Battelle-
HARC study. Full details are reported in the final"
report of that study [1].

5.2 'Site Remoteness

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

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



Sparseness Measure

Category Definition

Most Sparse 1. Less than 50,000 persons and no
‘ community with more than 25,000

j persons within 20 miles.

[ .

| 2. From 50,000 to 74,999 rersons
and no communlty with more. than

25,000 persons. within 20 mlles.

3. From 75, 000 to. 149 999 persons
or less than 75,000 persons but
with at least one community.
‘with more than. 25,000 persons
within 20 mlles..,

Lééét‘Spérse 4. 150,000 or more persons w1th1n
20 miles. ,

‘ Prox1m1ty was defined in terms of total populatlon
and the presence of cities with population 2100,000
within 50 miles of the 51te. Four proximity categories
were defined as follows: ' _

Proximity Measure

Category .Definition

Not in Close Proximity 1. No city with more than
o 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.

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



._The distance of 20 miles and a community size of
_ 25 000 (sparseness measure) were chosen because the NRC
_S1t1ng Policy Task Force [2] recommended that population
densities around sites ke 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 dlstances, which -
strongly affect the degree of population increase durlng
construction periods and thus the magnitude of socioceco-
nomic impacts, are usually 'limited to about a one-hour
commute [3], or about 50 mlles .at current speed limits.

Table 5-1 presents the cross class1f1cat10n by sparse—
ness and proximity of 84 LWR ‘sites in .the U.S., where
reactors are currently operating or under constructlon.

~Table 5-1. Site Remoteness Matrix

‘Rrokimity

’CateQOryc" 1 2 3 S  Total
1 11 1 3 0 15
o . 2 3 1 4 2 10
Sparseness -
3 4 7 10 4 25
4 0 0 11 23 34
Total {18 | 9 | 28 | 20 | 84

Within this matrix remoteness decreases as one ‘moves 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 similadr in degree of remoteness. PRy



summing the numbers of sites having similar degrees of

remoteness, the dlstrlbutlon of remoteness over the 84
sites is obtained. Table 5-2 dlsplays thlS dlstrlbutlon.

' Table.5—2; Dlstrlbutlon of Remoteness

. S o o Number of
Group o _ Cell o Sites

1. Most Remote Sites (1,1). 11
2. R U (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. o (4,3), (3,4) I 15
7. Least Remote Sites (4,4) o . 23

_ 5 . = 1

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. LWEs are not remotely sited.

5.3 Growth Rates

The ‘socioeconomic impacts of large industrial

’ projects usually derend on the size of the project work-

force. Since the peak construction workforce (-=2000)
for a nuclear power plant is substantially larger than
the plant's operational staff ( ~200), the socioeconomic
impacts of nuclear power plants should be largest dur-
ing the plant's construction.phase. A measure of the
magnitude of these 1mpacts can be obtained by calcu-
lating average growth rates for population and economic.
activity in the areeas surroundlng nuclear power plants
during their preconstruction (baseline) and construction
periods. Vvariation 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 comparlng the results.

T1me ser1es data for population, employment (total,
retail trade, and construction), payroll (total, retail

(73
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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 tc the sparseness and proximity
measures previously defined, yields Table 5-3. Table
5-3 shows that 7 of the sites are relatlvely remote

and the other 14 are nonremote.'

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

Pf%ximifz :

Category 1 2 -3 4 Total
1 4 - - - 4
- 2 1 - f = - 1
Sparséness - L
3 2 - 2" 1 5
4 - - 5 6 | 11
Total 7 10 IR 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



_Table 5-4.

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

= 3

Remote Non-Remote
- N Baseline Cons;ruétioﬁ Percenﬁage_ Béselin; 'Construcgién'>§éfcenta§e
Variable .- Period Period Increaset " Period. Period _ Increaset
piopett& Tax Per Capita 7 88 Y ) 112;1 139 24
Total Government Expendltures 7,658 12,567 64 j78,582" 115,478 - . 47
_Education Expendltures 3,852 6,566 79 4 30,274 . 57,159 89
Highway Expenditures 684 909 33 5,677 - 6,383 12
_.Héalth ﬁxpendiﬁureé 792 1,687 113, 3,626 5,657 - 56
Public Welfare Expenditures - 174 200 15 5,275 9,787 85
'*Propergy tax per caplta in dollars, expenditures lh thousands of dollars..
T[(Construction Period Value/Basellne Period Value) +1]100.
v 2 .




increase cf each variable for the construction period
relative tc the baseline period. Table 5-4 shows that
the percentage increases in total:government, highway,
and health expenditures were greaterat 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 varlable X at a rate
k per year over ‘the t1me perlOd t''is given by

Average growth rates for a group of s1tes can-be obtained
by linear regression analys1s after recasting equation

1l as follows, where k is the- yearly average growth rate
of the variable X for the site group, i is a site index,

and weww; is a site specific.difference term.

in Xi oy = 9_axi_,~to okt boey . (2)

. .Average growth rates were calculated for both site groups
-for the preconstruction:(baseline) and construction per-
_iods for 7 variables (population, and total, retail, and

construction employment and payroll). Table 5-5 presents

the results of these linear regression analyses.

Examination of Table 5-5 reveals a consistent pattern.
For each of the 7 variables and. for both periods (baseline

* and construction), growth rates are higher for the remote

site group than for the non-remote group. On the average,
during the baseline period growth rates at remote sites
exceed those at non-remote sites by about 50 percent. Dur-
ing the ‘censtruction 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.



Table 5-5.

Average Growth Rates for Population,
and Payroll at Remote and Non-Remote

Average Yearly Growth Rates (%)2

Employment,

Sites.

Impact
Construction Impacts Differences

Preconstruction Construction (3)b ($)¢

Remote Non-Remote Remote‘ Non-Renote Remote : Non-Remote .

Population. 1.740.2 1.410.2 6.1+0.8  '1.6+0.6 - 4.3+1.09 0.241.4 4.1+2.49
Total Employment 5.7+0.4  3.9+0.2 12.8+1.5 4~4i¢-9 7.141:98  0.5%1.1. 6.5+3.04
Total Payroll '8.4+0.3  5.7+0.3 18.942.4  7.3+1.5 '10.5i247d' 1.6+1.8 8.9i4.5d.
Retail Employment 5.5$0.3  3.840.3 8.8+1.0  4.310.6 3,481,380 0.500.9 2.842.24
Retail Payroll _ 8.140.2 - 5.040.3 9.941.0  4.50.6 1.741.2  -0.5+0.9 2.2+42.1€
Construction Employment e.3£6.ev j3.9i§.5i_ 33.313.5 ) 11.812.g. 24.9+4.34 7.9i2,7d’ Tf17,1i7.od
Construction Payroll  10.8+1.0  7.240.6. 17.243.1 35.1#6.0% 10.083.7¢  25.149.7d

45.945.0

a. Al}) values are significant at the 0.01 level by f-test

b. (Construction Growth Rate) - (Preconstruction Growth Ratée)
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

g



By subtracting baseline period growth rates from

construction period growth rates, estimates of the

growth rates .due only ‘to nuclear power plant construction
(construction impact) are obtained. Table 5-5 shows that
for the non-remote group of sites, construction impacts
"were significant only 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. employmenti(ZS%)'ahd sub-

- stantial for total: payroll (10%).  Finally, the last

column of Table 5-5 shows that, for all variables except
retail: payroll, ‘impact: dlfferences”(remote site construc-
tion - 1mpact minus hon-remote: 51te constructlon 1mpact)
'are all statlstlcally 51gn1f1cant at the O 01 1eve1

'f5;4‘ Transmlss1on L1ne Costs B

Transmission 11ne costs are comprlsed of 1nstallat10n
and operatlng costs. Installation costs depend on (1) the
1ength of'‘the rlght of~way along which ‘the lines will be
‘strung in order to connect the power: plant to the ‘existing
“‘nationadl- 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
preparatlon, constructlon of line towers and substations,
stringing ‘of: llnes) ~Operating costs consist pr1nc1pally
~.of the  cost ‘of line" 1osses durlng transm1s51on and main-
»tenance costs.?‘ . :

“‘Tnansm1581on‘losses'are less for shorter line lengths
and larger conductors. Larger conductors cost more than
smaller conductors, require a ‘wider right-of-way (125 ft
wide for 230 kV cable; 200 ft for 500 kv [8]), and are
more costly to install. Despite these higher costs, EPRI
projections [9] predict an increasing use of higher rated
(larger) conductors through the year 2000.  This agrees
with the findings by Power Transm1551on, Inc. {10] that
utilities ‘currently prefer to minimize future transmission
losses by 1nstallat10n of 1arger conductors. '

Unlt costs for labor (hourly wages) in suburban areas
lwere 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. 1In contrast to this, total
costs:-due to acquisition of right-of-way, purchase of

" mateérials and equipment, payment of labor, and transmis-
sion 1line losses all increase with increasing line length.
- Therefore, since remote siting would seem to require
longer transmission lines, remote siting would appear to



entail higher transmission line installation and oper-
, atlng costs. This is not always the case,. however.

Maps of the ex1st1ng nat10na1 transm1551on grld
show that, . except for the more remote regions of the .
Rocky Mountains, grid transmission lines pass through
all regions. (both remote and non-remote) of the U.S. .
{12]1. Although consideration of environmental,.-social, ‘
and asthetic issues as required by NEPA has tended to.
. somewhat lengthen line right-of-ways, the factor that
dominates the length of new transmission lines is. the
gross distance of the power plant site from the nearest
leg of the national transmission grid.. Because .this
grid runs through both remote and non-remote areas,
remote siting does not -necessarily mean a.lengthy trans-
mission line. Table 5-6 presents data in support of this
- conclusion. ce ' S

- Table 5-6 presents data.on the conductor rating,

.~ 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], shows that
for existing sites rlght-of-way lengths do -not correlate
with remoteness.. Some: remote :sites are closer to the
national grid than are some less remote sites. - Thus,

it is distance from the national transmission grid and
not distance from major population centers: (remoteness)
that principally determines the costs of transm1s51on
~line 1nsta11at10n and operatlon. o

5.5 Dlscusslon

-.Major constructioh projects have large workforce ¥
reguirements. In rural settings, when workforce re-
gquirements 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
socioeccnomic impacts. This scenario has been .the sub-
ject of considerable study. Rural ‘industrial development
‘studies [13,14] have examined the impacts of industrial
projects upon small, rural communities. Boomtown studies
[{15-18] have examined the local impacts of rapid, large-
scale energy development projects, located primarily in
remote farming and ranching areas of the Rocky Mountains.
The impacts of nuclear power plant construction have also
been examined by several previous studies [19-21].

' 5-10



Table 5-6. Power: Transm1531on L1ne Data for 29 Operating
Ce Nuclear Sltes Tt

Remoteness Total Miles ofj«Estimatedeqrés Average Kilovolts
‘Index - Right-of-Way  of Right-of-Way Per Mile of Line

230 - a,182 - 345
266 4,030 230
38 800 399

52 v 661 ~ . < 156
230" . 4,061 - 301
102 1,855 345
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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]. 1In general, adverse soc1o-
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 prov151on of government
~services (education, health care, recreational facil-
;;1t1es, police and fire protectlon) [23]

. The small slzes, undlver51f1ed _.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.
;Flnally, rural communities having a homogeneous .popu-
lation and life style may be less.willing or able -to
. welcome newcomers having different ideas, ways of d01ng
. business, and life styles and to accept the changes in
personal, social, business, and institutional inter-
actions that ‘incorporation of the newcomers 1nto their
communltles would entall (16~18,25].

: The willingness of rural communities to accept
-change depends upon community perception of the benefits
(and risks) that will acccempany the changes, . and upon
the degree of community involvement in the decisions
which determine the nature and rate of the changes.
~ Because the construction of a large industrial or energy
facility promises increased tax revenues, new jobs, more
retail trade, and therefore improved government services,
an-end to out-migration of children and friends [14,15],
and a higher standard of living [21], many rural commun-
ities welcome these projects (at least initially).

k’a\
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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 percelved to benefit principally distant cites

(e.g., electric generating:stations [19, 25]1), if

project -decisions affecting- the community’ are made.
without.community involvement, and if there are con-
cerns about .the: safety of the fac111ty (e. g., nuclear
'power plants [21]) T

The degree to whlch the soc1oeconom1c 1mpacts,
characterlstlc of rural- 1ndustr1a11zat10n and boom-
towns, .have occurred as: the result of nuclear power
plant siting was examlned by gatherlng ‘data about peak

'constructlon employment, number - of 1n—mlgrants, and
*soc1oeconom1c impacts at, 12 remote: nuclear. power plant

sites. The data, which were :extracted from Environmen-
tal Impact Statements and post- 11cens1ng case studies

(where available), are presented in Table 5-7. For the
12 sites listed in Table 5-7, peak constructlon -employ-

"ment was approx1mately 2200 (+700), or 5 percent of the
~vsurroundlng 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 populatlon to

20 miles. Examination of the last column in Table 5-7

shows that with scattered exceptions (crowded classrooms,
Yellow Creek; stressed government services, Hatch; wage
inflation, St. Lucie; safety controversy, Diablo Canyon)
the socioeconomic impacts at ‘the 12 sites were largely

beneficial (significantly . increased tax revenues, in-

creased retail trade). Given the modest increases in
total population in the regions surrounding the sites,
it is not surprising that detrimental impacts were

minimal, while economic impacts were favorable.

Since socioeconomic impacts depend principally
on the rate of population growth, which scales with
construction workforce growth, additional data on
construction workforce growth were developed for 19
non-remote construction projects including 15 nuclear
power plants and for 28 remote construction projects
1nclud1ng one nuclear power plant. The data are pre-

~sented in Table 5-8, which ghows that an average
remote site experiences twice as much 1n—mlgrat10n

as a non—remote site.
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Table 5~7.

Total Popula-
tion Within

Sociceconomic Impacts at Selected

Remote Sites

Site X
{Projected 2N Miles Fstxmated
Year of Utility Eatimated Peak {1980 Number of
Completion for (Total Construction * Projected, inmigrants
Each Reactor Megawattsg Remotenesa Employment provided bhy at Peak af . -Overall Assessment
at a Site)! at site)l Index? (Workers) Dames' & Moore)  Construction Social and_Economic Impacts
YELLOW CREE:KJ TVA (1,1) f,GOh X 5‘5,430 780 workers Increase in students vxll require seventeen classrooms and
1985, 1988 2570 Mwe Most Sparse {470 with teachers: classroom space is currently gcarce.
{Luka, MS) Least families, 310 g o . .
" Proximate without fum1~
- lies) ; .
GRAND GULP4 Missisaippi (1,1) Up to 2,600 27,592 - Net provided . l.. More electri’cal power available.
1982, 1986 Power & Light o . - 2. Dramatically increases the tax bage.
{Port Gibson, 2,500 Mile 3. significant ?irect and indirect xncreaaes in employment
MS) : and incoma.‘ p. 8-16)
SOUTH .TEXASS Houston (1.1} . 2,100 32,307 2,000 persons Similar to Grand. Gulf.
PROJECT Lighting and ; X
1984, 1986 fower Company
(Palacios, TX) 2,500 MWe :
HATCHE, T Georgia Power (1,1) 2,300 49,808 920 to 1,150  Some growth impacts on echools, houslnq, and public services
1975, 1979 Company o workers but not sericus. KO unmanageable Btrains on community
{Baxley, GA) 1 572 nua intrastructure. Plant's economic benefits (reduced tax rate,
X R qrowth’ and enployment) were viewed very positively ‘by host:
area.
vocrLe8® - Georgia Powar (1,2) 3,800 25,170 ' Bls.w'orkers Construction of the ‘proposed nuclear plant vill sl.ov. but
1985, 1988 Company . o © -'not halt,- the current trend in population migration from this
{Waynesboro, 2,200 MWe rural area. = For the effects of construction to be most
GA) . beneficial, efforte to attract new and- related -commercial
: activity should continue.!P- )
CLINTON? 11linois Power {2,2) 1,200 47,792 418 persons Minimal impacts anticipated due to clou proximity (approximately
1982 Company : - : (191 workers, - 60 muen) of 1arga urban areas.
(C\h'_ltan, L) 1,900 MWe 121 adults,
o . . 106 children)
ARKANSAS10 ArkKansas Power (1,1) DU 1. :
3 b . 973 59,132 P . 1. sr.ahlxlir.e area‘’s conatructmn workers.
t:::;::;’:ua ;::p:;ty_xht .322 200 p’"°“° 2. ..Increases in direct and indirect employment and’ income.
: . : 3. Expanslon o! electrlc pawer provluons to the acrvlcc )
AK}) 1,748 Mwe . area. .
" 4. Increase in property tax paymentl which_ aided in reversal .
_ - . X .QE ‘schocl overcrowding and hnancial dxfiicultt_e-. .
ST. rucrell Florida Power ( : T - Lo M
3,1) 1,847 . 1. Increaned tax base by approximately 35%:
19 ‘' * . 121,542 . . - . e by approximately
(HZS::h:::: z:: Light. s . ‘ Not: provided 2. ‘Public conastruction projects in the county had'to be
Islanda, FL) 1 sg"‘"y : ‘delayed or cancelled due to {nflated vagc nn.e- renultinq
: ‘ . Mue from construction of the plant. . . . :
CRYSTAL12 Florida Power 0, o R - : - .
1) 1,790 . 1. Increased tax pase.
RIVER ‘ 12 38,705 . . -
1977 :g;l’:::‘jw" - I Not provided ;" 5oy (85) of operating workforee rolocated to Crystal
‘cr ‘ N " River: -
Mvz:ném 3. Retail.sales in .area anre&eed duc to relocanon of
¢ X non-local conatruction workforce. -
DIABLOL3 :
CANvg:_ ::;'13: f:: (2.1)_ 2,470 101,151 3, 309 1. vaisiveness of" entix‘e Diablo Canyon" issue among
1981, 1981 2 190,,‘: . o 1”1_.0"“” - community ‘résidents (not necessarily due to workforce
(Avila Beach ' e in-migration). Operation Gf facilities held up due tg
SN ! : - ,environmntauutu concerns regarding- geologic fault -
. i at - ai.t.e. : . P .
FARLEY14 K .. : o L C
1977, 1980 g;:::‘; Power (3.1) 2,25018 93,185 1,087 ‘1. ‘Inérease in direct and Lndirsct employment and -
(Dothan, AL) 1,720 MNe workers!9 income.
SURREY1S vi .
1972, 1973 El:g::i: and (4,4)20 1,934 284,669 102 1. Increase in tax base.
(Gravel Neck, Power Compan personslé 2. Increased employment, business income, tourism, traffic
VA) 1,550 mm Y 4 and land cost during construction in Surrey and Iale of
d Wight Counties.
X
» KN
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Table 5-7. Footnotes

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

2The remoteness index as defined by sparseness and proximity measures (see text).

3rennessee Valley’ Authority, Final Environmental Statement, Yellow Creek Nuclear Plant Units 1 and 2, Vol. 1,
Vol. 2., January 1978. .

4Mississippi Power & Light Company, Final Environmental ' Statement Related to Construct1on of Grand Gulf Nuclear
Stations Units 1 and 2, Sec. 8.2, August 1973. ;

SHouston Lighting & Power Company, "Benefits and Costs" Chapter 8 and “Summary Benefit<Cost Analysis” Chapter 1l
of South Texas Project-Environmental Report, Vol. 1, amended June 1975, ;

"6pltameda Area Planning: and Deveiopment Commission, Impact of the Georgia'Pewer Company Nuclear Plant on Community
Facilities in the Toomb--Appling BiCounty Area, Georgia Institute of Technqlogy.‘winter 1969.

Tshields, M. A., et al., Sociceconomic Impacts of Nuclear Power Plants: A Paired Comparison of Operating Facil-
ities, NUREG/CR~0916, Oak Ridge, TN: Oak Ridge National Laboratory, July 1979.

8Central Savannah Area Planning and Development Commission, Impact of the Georgia PowerVCbmpany Vogtle Nuclear
Power Plant on the Central Savannah River Area, Appendix A, Georgia Inatitute of Technology, Spring 1972.

9111inocis Power Company, "Economic and Social Effects of Plant Construction and Operation,“ Chapter 8 of
Environment Report-~Construction Permit Stage for the Clinton Power StationL,September 1974..

10pj jawka, D., Arkansas Nuclear One, Preliminary Site Report, Washinqton: U.S. Nuclear Regulatory Commission,
February 1979.

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

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

13vorx, M. N., Diablo Canyon, Units 1’ and 2, Prelimlnary S:te Visit Report, Washington: U.S. Nuclear Requlatory
Commission, February 1979.

l4plabama Power Company, Final Environmental Statement Related to Operation of Joseph M. Farley Nuclear Plant,
Units 1 and 2, December 1974. .

15F1ynn, J., Surrey Nuclear Plant, Units 1 and 2,:Preliminary Site Vlsit Report, Washington. U.8. Nuclear
Requlatory Commission, February 1979, . :

16Flynn J., Socioceconomic Impacts of Nuclear Generatlng Statlons, Surry Case Study, Washington: " U.S. Nuclear
Regulatory Commission, November 1980. . :

17P1)awka, D., and Yoquinto, G., Socioeconomic Impacts of Nuclear Generatlng Stations, Dlablo Canyon Case Study,
Washington: U S. Nuclear Regulatory Comm15810n, December 1980.

19A1abama Power Company, Estimate, February 1979,

19Baged on percentages from a survey at Joseph M. Farley #2; ‘Malhotra, S., Manninen, D., Migration and Residen-
tial location of Workers at Nuclear Power Plant Construction Sites, Vol. 11, Profile Analysis of Worker Survey, Final
Report. BHARC-100/80/030, Seattle, WA: Battelle Human Affairs Research Centers, September 1980.

20Baged 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.




Table 5-8. Variation in Migrant PropértiQn by Location
. Migranﬁ
Proportion (%).
“Construction: Workers
. '~ Number of -
location* .“Sites. Average Range
‘Remote
Bureau of Reclamation 10 59 ‘ 40-89
| Water Development Projé'ctsl'2 - : '
0olad West Reglonal Commission Study, 14 60 321—97
Coal- flred Power Plants3 : o ' '
’,North Dakota: State Unlver51ty 2,f _ 50 |k
. “Leland Olds and Square Butte4 1 39
Coal: Creek5 I
- NRC Labor Mlgratlon Study6 7 1 47
N = 28 Weighted
Average =
. o 58
' Non—remote
NRC Labor Mlgratlon Study6 7 T o
(excludlng TVA) 8 29 15-49
TVA Sites8 L oo
Nuclear? .7 26 11-40
Non-ﬂuclear9 2 Y .20-47
Bureau of Reclamatlon o .
Water Development Pro;ects2 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.

-



Table 5-8. Footnotes

lJ A Chalmers, Bureau of Reclamatlon construc-
_ tion Worker Survey, ‘Bureau of Reclamatlon,‘Englneerlng
and Research Center, October 1977.‘ - B

2In general ‘the Bureau ‘of Reclamatlon ‘Water
Development Projects were constructed in sparsely’
settled regions of the western United States. Two
51tes, however, were located- in the Phoenlx area and
are 1ncluded 1n the nonremote group., T

3Mountaln West’ Research, Inc.,_Constructlon ‘Worker
Profile, Flnal Report, prepared for the Old West Reglonal
Commlss1on, 1975

a6l Leholm, F. L. Le1str1tz -and J. S. Wleland,
Profile of Electric Power Plaht Construction Work
Force, Agricultural Economics Statistical-Series, Issue
No. 22, Départment of- Agrlcultural Economlcs,,North
Dakota State’ Un1vers1ty, July 1976.mﬂ*

5J 'S. W1eland and F. ‘Leistritz, ‘profile of the
,Coal Creek Project- Constructlcn WOrk Force. K Agricultural
"Economics Miscellaneous keport No. 33, Department of
Agrlcultural Economlcs, North Dakota State Unlver51ty,
‘February 1978.

68. Malhotra and D. Manninen, Migration and Resi-
dential Location of Workers at Nuclear Power Plant
Construction Sites, Vol. II Profile Analysis of Worker
_Surveys, Battelle Human Affalrs Research Centers,
September l°80

7The NRC labor mlcratlon study 1ncluded 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,
Hartsville Nuclear Plants Socioeconomic Monitoring and
Mitigation Report, March 31, 1978, Knoxville, Tennessee,
Tennessee Valley Authority, 1978.

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



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., 1In
fact, although half of the current sites are located
in nonmetropolitan counties, a majority are within 60
miles of [1%] and few are more than 100 miles from a
major metropolltan area. : o :

The data. on growth rates (Table 5 =5) and c0n—
struction workforce in- mlgratlon proportlons (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 statlstlcally 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 needec 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 1ncreased tax
revenues, increased retail trade, some strains on
government services, stabilization of populatlon) 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 plannlng.

>3
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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 sectlons of this appendlx as listed
3below. ‘ :

Section . ___Data Degcripyion

A1 ; General Site and Reactor Data
A.2 o Sité population Data

A.3 B Weatﬁer Data |

A.4 Slte Wind pose Data

A.S . Ecéhbmic Data B

~A.l General Sitevand Réactor Data

Calculatlons were performed for 91 sites where
reactors ‘are currently operatlng, are under construction,
- or have been assigned & construction permit. Table A.1-1"
~lists the site locations (county/state) and the power =
level (MWe), type, suppller, 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 meteorologlcal 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 reglons used in this study are
" described in Table A.1-3. For further information on
shelterlng regions and- shleldlng factors, see reference

f21.

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



.- Table A.l1-1 General Site and Reactor -Data

Locatlon " Power Level .. .,

T ) ) . Expected Date
Plant (County/State) (MWe) © Type " Supplier ™ ' of Startup

Allens Creek Austxn, TX 1200 BWR GE . /87
Arkansas 1,2 Pope, AR 836 PWR B&W 12/74
912 PWR C-E 3/80
Bailly Porter, 1IN 645 BWR GE 6/87
Beaver Valley 1,2 Beaver, PA 833 PWR w 4/717
SR 833 - PWR WL 5/86
Bellefonte 1,2- Jackson, - AL’ 1213 - PWR BEW - 9/83
: 1213 PWR B&W " 6/84
Big Rock Pt. .Charlevoix, MI. 63, BWR GE ., 12/62
Black Fox 1,2 Rogers, OK 1150 _ BWR GE 7/85
1150 BWR GE 7/88
Braidwood 1,2 will, IL.. -1120. PWR W 10/85
o ’ 1120 - PWR W 10/86
Browns Ferry 1,2,3 Limestone, AL 1067 BWR GE 8/74
1067, BWR GE 8/75
1067 ° BWR GE 3/17
Brunswick 1,2 Brunswick, NC 790 BWR GE 3/77
- ) . 790 . . BWR GE 11/75
Byron 1,2 ogle,; 1L - 112067+ - PWR W 10/83
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 1145 PWR W 7/83
- 1145, ... PWR . wo.. 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.
Cllnton l 2 DeW1tt, IL 7950 “BWR ‘GE’ 12/82
. . 950 - BWR . GE - Indef.
Conanche Peak l 2 - _Somervell, Tx 1150 PWR W /81
’ ©-1150 -+ PWR™ W " /83
Cooper ' [ Nenaha, NB R ¢ 778, - BWR . GE - 1/74
Crystal vaer 3 o Citris, FL 825 PWR . B&W 3/77
Davis-Besse - : Ottawa; -OH: f.t906 - PWR " * - .B&W 11/77
Diablo Canyon P 2 San Luis Obxspo, CA 1084 . . PWR w /81
] 1106, © T PWR W /81
bonald C. Cook 1,2 -~ % Berrien, MI': . ... 1054 ;- PWR-. Wi 8/75
- B . 1094. .. PWR w 6/78
Dresden l 2, 3 Grundy, 1L~ * 2000 77 BWR © GE " 8/60
2 S o 1800 :. 0 . BWR- ‘GE 8/70
e ‘ ) . B800. BWR GE 10/71
Duane Arnold Linn, IA 1’545 - BWR GE " 5/74
Fermi 2 - --'Monroe, MI -, 1100 - BWR GE 3/82
Fltzpatrlck‘_ ; Oswego, NY - 821 BWR . GE 7/75
Forked River **: - Ocean, NJ 171120 PWR . C-E 5/86
Ft. Calhoun.. . ., Washington, .NB 457 PWR - . . C~E 9/73
Ft. St. Vrain ’ ‘Weld, CO 330 HTGR =~ GA ‘1/79
Ginna {Brookwoodd) - ‘Wayne, 'NY: : 1490 PWR W 3/70
Grand -Gulf. 1,2 Clairborne, MS . 1250 BWR | . GE .. .-4/82
o : ) 1250 BWR " GE " 9/86
Haddem ‘Neck Middlesey, CT . L8750 0. PWHR i w 1768
Hartsville-Al,A2, ‘Troysdale & Smxth TN 1233 . BWR GE :7/86
© Bl,B2 ’ 1233 - BWR - - GE ~7/87
N . 1233 . BWR .- ... GE Indef.

1233 BWR “GE

Reactor .

“actual or

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

Indef.

-



Table A.1-1

Location

Power Level

-Plant (County/State) {MWe )
Hatch-1,2 Appling, GA 786
o 786
Hope Creek 1,2* Salem, NJ 1070
: e . 1070
Indian Point 2,3 Westchester, -NY ‘873
. . St s 965
Joseph M. Farley 1,2 Houston, AL: - 860
. . . . 860 -
Kewaunee Kewaunee, WI 535
LaCross Monroe, WI | 50
LaSalle 1,2 LaSalle, IL 1078
i . 1078
Limerick 1,2 Montgomery,. .PA- 1055
K R Co 1055
Maine Yankee Lincoln, ME. 790
Marble' Hill 1,2 Jefferson, IN 1130
o i e 1130
McGuire 1,2 Mecklenberg, NC 1180 .
: e = 1180
Midland 1,2 Midland, MI. 530.
. o 5o 805
Millstone 1,2,3 New: London, . CT 660 -
o B i 870
i e 1150
Monticello . Wright, MN 536
Nine Mile Pt. 1,2** Oswego, NY - 610 -
S K b i 1080
North-Anna 1,2,3,4 Louisa, VA ;- 850
: 850
934
. s g 934
Oconee 1,2,3 Oconee, SC 860
AR 860
: ' L 860
Oyster Creek *** Ocean, NJ 620 -
Palisades VanBuren, MI: 740
Palo Verde 1,2,3 Manicopa, AZ. 1270
. . c . 1270
f S 1270
Peach Bottom 2,3 York, PA 1065
: : Gl 1065
Pebble Springs 1,2, Gilliam, OR 1260
’ S : 1260
Perkins 1,2,3 Davie, NC 1280
. 1280
R e 1280
Perry 1,2 Lake, OH 1205.
: 1205
Phipps Bend 1,2 Hawkins, TN 1233
‘ 1233
Pilgrim 1,2 Plymouth, MA 670
: o 1150
Manitowoc, WI

pt. Beach 1,2

*Same site as
**Same site as
***Same site as

Fitzpatrick
Forked River
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General Site and Reactor Data

Type

BWR .
BWR -
. BWR-
BWR
PWR:
PWR
PWR_
PWR,.
PWR
BWR .
iBWR .
BWR
BWR
BWR
PWR.
PWR
PWR
. PWR "
PWR
PWR
PWR
BWR
PWR
PWR
BWR
_ BWR.
. BWR.,
PWR
L PWR.,
PWR
PWR
PWR

.. “PWR:

PWR
BWR
PWR
. PWR
PWR
PWR
BWR .
. BWR
_PWR
PWR
PWR-
PWR
PWR
- BWR
BWR
BWR
BWR
BWR
PWR
- - PWR

(cont)

Reactor
Supplier

Actual or
Expected Date
of Startup

GE
GE
GE
GE

C-E

C-E

12/75
'8/79
12/86 .,
12/89
2 7/74 .
8/76
-12/77.
11780, -
6/74
11/69,, .
6/810;
6/82
4/85~9
4/87
12/72,
/86
/87
8/80. ..
4/82
. 7/84
12/83
12/70
12/75
5/86
/71
12/69
10/86 -
6/78
8/80.
4/87
4/88
7773
. 9/74 -
12/74
12/69.
12/71
5/83
5/84
5/86
7/74.
12/74.
9/88
9/90
Indef .
Indef.
Indef,
5/84
5/88
. Indef.
Indef.
12/72
. Indef.
~12/70.




Table A.1-1 General Site ahd Reactor Data

. Location Power Level
- Plant (County/State) (MWe)
Prairie Island 1,2 Goodhue, MN 520
s . 220
Quad Cities 1,2 Rock Island, IL 800
' - 800
Rancho Seco Sacramento, CA 913
River Bend 1,2 West Feliciani, LA 940
v - o 940
Robinson 2 parlington, ‘SC 665
St. Lucie 1,2 st Lucie, FL - 777
A : S 777
Salém 1,2* salem, NJ 1090 -
o 1115
San Onofre 1,2,3 San Diego, CA 436 -
B ’ Lo 1100
- oy - 1100
Seabrook 1,2 Rockingham, NH: 1150
v : : 1150
SeQuoyah 1,2 Hamilton, TN 1148 -
_ , 1148
Shearon Harris 1,2, wWaké & Chatham, NC 900 -7
3,4 o e 900
‘ 900
Shoreham Suffolk, NY- 820
Skagit 1,2 Skag1t, WA - 1288
S o 1288
South Texas 1,2 Matagorda, TX 1250
B 1250
Sutty“l 2 Surry, VA 775
T B 775 -
5usquehanna 1,2 Luzerne, PA .~ 1050 .
) : 1050
Three Mile Island l 2 Dauphin, PA "’ 792
T . 880
Trojan Columbia, OR 1130
Turkey Pt. 3,4 Dade, FL o 666
: 666
Vermont Yankee wWindham, VT - . 514 -
Virgil Summer Fairfield, SC 900
Vogtle 1,2 Burke, GA - 1100
e S 1100
wpPSS 1,2,4 Benton, WA 1250
: ' 1100
o o : 1250
WPPSS 3,5 Grays Harbor, WA 1240
i o 1240
waterford 3 St. Charles), LA 1165
Watts Bar 1,2 Rhea, TN . 1177
e 1177
holf Creek Coffey, KS 1150
Yankee Rowe Franklin, MA - 175
Yellow Creek 1,2 Tishomingo, MS 1285
1285
Zimmer Clermont, OH © 810
Zion 1,2 Lake, IL 1100
1100

R eiTie aeh
Same site as Hope Creek

Type

" PWR"

PWR
BWR::
BWR
PWR -
BWR
BWR"

- PWR”
- PWR

PWR
PWR
PWR

"PWR-
"PWR’

PWR

PWR

- PWR

PWR
PWR
PWR
PWR

© . PWR

BWR
BWR

- BWR

PWR
PWR
PWR

i~ PWR.

BWR
BWR
PWR

- "PWR:
* PWR"

PWR
PWR

.BWR"

PWR
PWR
PWR
PWR.
BWR
PWR
PWR
PWR

" PWR
PWR
- PWR

PWR
PWR
PWR
PWR
BWR
PWR
PWR

(cont)

) B Actual or
Reactor Expected Date
Supplier of Startup

W 12/73 -
W 12/74
GE 8/72
GE 10/72
BsW T 4775
GE 4/84
GE Indef.
W 3/71
C-E 12/76 -
C-E 5/83
W 6/77
W 1l/81
w - 1/68- .
C-E ¥12/81-
C-E 2/83
W 12/83
w /85
W /80
w 6/81
w 13/85 °
W 3/88
W 3/94
w C3/927
GE’ -3/83 7
GE Indef
GE “. Indef
W 4/84
W 4/86
w 12/72
w 5/73
GE 1/82
GE 1/83
GE 9/74:
W 12/78
W 5/76 -
w 12/72
w 9/73
GE 11772
w 6/81
W /85 :
1) /88
B&W 6/85 "
GE 1/83
B&W 6/86
C-E 6/86
C-E 6/87
C-E /82
W 9/81
w 6/82
W 4/83
W - 6/61°
C-E 11/85
C-E 4/88
GE . /81

CWe 6/73
W

12/73



Table A.1-2 General Site Data
) ) _ ] . Sheltering. .

Plant Number Site  Latitude Longitude Meteorological Station Region State
Allens Creek -1 29-40-43 - 96-~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 Nashville (23) L7 AL
Big Rock Point 6 . 45-21-32 ... 85-~11-45 . Milwaukee (21) 2 MI
Black Fox 7 .36-07-01 95-~32-54 - .. Columbia (10) 3 OK
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
Byron 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 .38-25-39 _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 81-~30-43 .. Nashville (23) .6 sC
Clinton . 16 40-10-19 - 88-50-03 ‘Moline (22) .- 4 IL
Comanche Peak 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 OH
Diablo Canyon 22 ~35=-12-4]1 120-51-08 Santa Maria (27) 5. Cca
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
Duane Arnold 24 42-05-54 - 91~46-21 .. Omaha (25) 4 . IA
Fermi . 26 - 41-58-41 83-15-34 . Chicage (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
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 32 -32-00-27 91-02-53 Lake Charles (17) 7 MS
Haddem Neck 33 41~28-56 72-29-57 New York (24) 1 CcT
Hartsville 34 -36~21-15 .86~05-10 . Nashville (23) .7 TN
Hatch 35 31-56-05 82-~20-40 Charleston (8) 6 CA
Hope 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
Kewaunee 37 44-19-34 B7-31-27 Milwaukee (21) 2 W1
LaCrosse 39 43~33-36- . 91-13-42 Madison (18) 2 WI
LaSalle 38 41-14-24 88-~40-12 Moline (22) .. 4 IL
Limerick 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
McGuire 43 35-25-59 80~56-55 Nashville (23) 6 NC
Midland 44 43-35~10 84-~13-08 Milwaukee (21) 2 MI

*Same site as Nine Mile Point

**Same site as Oyster Creek
***Same site as Salem
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*Same site as Fitzpatrick
**Same site as Forked river
tSame site as Hope Creek
t+tSame site as Skagit

A-6

Chicago (9)

Table A.l1-2 General Site Data (cont)
B ' ’ Sheltering

Plant Number Site Latitude Longitude Meteorological 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 - ‘Washington, DC (29) C6 VA
Oconee 49 -~ 34~47-40 - 82-53-55" " Nashville (23) 6 - sC
Oyster Creek** 50 i"39~48~50 74-12-41 ' ‘New-York (24) 1 NJ
Palisades 51 '42-19-24 86~18-52 ' Chicago (9) -2 MI
Palo Verde 52 33-23-25 112~51-45 ' phoenix (26) 3 AZ
Peach Bottom 53 '139-45-33 76~16-08 - Washington, 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 - “‘Nashville (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 ™~

. Pilgrim - 58 41-56-40  70-34-41 “‘Boston (4) - 1 MA -
Point Beach 59 - '44~16-35 - -~ '87-31-08 ‘Milwaukee (21) 2: WI
Prairie ‘Island 60 - 44-37-25" - -92-38-04° ~'Madison (18) " 2 MN
Quad Cities 61 © 41-43-38: ' :90~20-30 ' - ‘Moline (22) 4 - IL
Rancho Seco 62~ 38-21-00 - 121-07-12 ' Fresno (1l5) - 5 - CA
River Bend 63 ' 30-45-26 " 91-19-54 Lake Chalres (17) 7k 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 Onofre 67 -733-2-53 117-31-17 -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 Harris 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
Turkey Pcint 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 81-18-557° Nashville (23) 6 sC
Vogtle ‘81 33-08-31 81-45-53 '° ' Charleston (8) 6 cAa
WPPSS 1,2,4tt 84 46-28-03 - - 119-18-51 Medford (19) 5 WA
WPPSS 3,5 85 46-57-11 - 123-28-11 Medford (19)° 5 WA
Waterford 82" . 30-00-00 '90-28-12  Lake Charles (17) ? LA
Watts 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 Rowe 88 42-43-41 72-55-29 © . New York (24) 1 MA
Yellow Creek 89 - - 34-57-24 88-12-57 ~Nashville (23) A MS
Zimmer 90 38-51-55 ‘B4-13-45 Nashville (23) e OH
Zion 42-27-34 87-48-23 4 1L



Table A.1-3 Sheltering Regions

_ Shielding

Region $ Brick " % Homes With Factor*
Number Lccation Housing Units Basements  ~ Cloud 'Ground -

1 Northeast »47 _ 37 0.5 0.08:

2 Great Lakes 36 77 0.6 0.1

3 Southwest 0 13 0.7 - 0.3

4 Midwest 35 71 0.5 - 0.09

5 Pacific Coast .27 V23. ,0.7. 0.3

6 Atlantic Coast 45 51 0.6 0.2

7 Southeast 59 1 is.-_- 0.7 0.2

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

be received if outdoors.

Cloud. rafers to gamma exposure from -

radionuclides dispersed in the atmosphere. Ground refers to gamma
exposure from ground-deposited radionuclides.




A.2 Population Data

CRAC2 requires a description of the population
distribution surrounding the reactor site being eval-
uated. Distributions are input as population counts
for individual spatial elements. These elements are
the cells in a polar grid consisting of up to 34 annuli
and 16 sectors (each 22 1/2° in width). This study

.used 34 annuli, with radii of 0.5, 1, 1.5, .2, 2.5, 3,

3.5, 4, 4.5, 5, 6, 7, 8.5, 10, 12.5, 15, 17.5, 20, 25,

30, -35, 40, 45, 50, 55, 60, 65, 70, 85, 100, 150, 200,
350, and 500 miles. The population distribution for
each site was derived from 1970 census data using a

program called SECPOP which was developed by the Office

of Radiation Programs, Environmental Protection Agency.*

SECPOP constructs a polar grid from user-specified annu-
lar radii and number of sectors. This grid is centered

on ‘a location specified by latitude and longitude. A

data file containing census data is then scanned to -
determine which enumeration dlstrlct centroids fall
into each spatial element. The population of each

‘enumeration district is considered to be wholly within

the spatial element in which its centroid falls. While
this is an approximation, especially in sparsely popu-
lated areas for which the centroids are widely dispersed,
it has an accuracy comparable to much of the other data

‘used as input to CRAC2. In addition, the nature of the

inaccuracy is such that it should have a very limited
impact on conclusions drawn from exercising the model.
The latitudes and longitudes for the 91 sites are pro-
vided in Table A.1-2. Summary population statistics
for each site are provided in Chapter 3 and Appendix E.

*Technical Memorandum 73-146, U.S. ﬁepartment of
Commerce, Office of Telecommunications.



A.3 Weather Data

CRAC2 requlres an 1nput f11e contalnlng 8760
hourly weather “observations (one year). The hourly"-
observations consist of wind speed; wind d1rect10n,-"“
stability class, and precipitation. These data are
used in the dispersion/ deposition submodel to deter-
mine ‘the rate*at which the. radloactlve plume travels,
dlsperses, and is- depleted.u~ : v 8 S

Past studles have typlcally employed data gathered

’<‘by ‘ailicenseée 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) statlons -as the sources of- meteorologlcal data.
NWS '‘data ‘are-available for - ‘a’ 1arge ‘number. of sites, -
cover : 1ong perlods of time, "are generally of ‘higher’
guality, ‘and ‘are moreé' ‘detailed- than actual reactor site
- data. Each Of the NWS stations selected has’ approx1-
mately 25 years ‘of available data. Therefore, ‘rather
than select a 51ngle year at random, a Typical Meteor-
ologlcal Year (TMY) [3] was uséed ‘to represent ‘the long-
term average behavior “of the weather ‘at a statlon. “The
technique ‘used to determlne aTMY 1nvolves comparlng
the distribution of certain ‘wéather characteristics for
a given month over the entire period of record. Using
statisticdl technigues 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 conseguence model. These data are
probably better than the single year weather data used
in the past which are of uncertain quality and are
. subject to the anomalies of a single year's weather.

The TMYs are available from the National Climatic
Center (NCC), Asheville, NC. The data tapes supplied
by the NCC are not compatible with CRAC2 reguirements.
In addition, these tapes do not contain a classification
of stability class. A conversion program, METDAT, was



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. w1nd speed :data avallable in
the ‘TMY tapes. . o

CRAC2 reoulres ralnfall 1ntens1ty data for each
hourly observation. Like atmospheric stability, raln—
fall data are not available on the TMY tapes. Therefore,
.rainfall statistics were gathered from other NWS .data
and were metged w1th ‘the TMY. information using.the METDAT
program.;.,w L _ - _ Co

- The dlfoSlOn model used in CRAC2 also takes 1nto
account mixing height during dlspers1on calculatlons.a
The mixing height can.affect the vertical diffusion. of
the radionuclide. plume because m1x1ng is essentlally
terminated at these levels. . The mixing heights used for
the 29 NWS stations were determlned from .the Holzworth
1sopleths of mean annual .afternoon m1x1ng helght [5]

. (see Figure A. 3-1).. .Table Aa. 3-1 lists the 29 NWS sta-
tions with the assigned m1x1ng helghts. Figure A.3-2
shows the location. of .these stations in addition to the
locations of - the 91 reactor sites. .

‘The meteorologlcal data ueed for each of these 29
stations are summarized in Table A.3-2 in terms of the
~weather bin categories described in Appendix E. Addlﬁ
tional rainfall data for the. 29 stations are 1ncluded_
in Table A.3-3. o :



I1-¥

12
1 .

/ :(,. ?}vr\ *T-j[ - ~\lz _. V-.:\tz

-
%

jie!
€

v

/|

~

t..

Figure A.3-1 1Isopleths (m x 10’2) of Mean Annual Afternoon
‘Mixing Heights. ~From reference [5].
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Figure A.3.2 Geogfaphlc location of the 29 NWS Stations and the 91 Reactor sites.
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Mixing
' : Height
Station (m)
Albuquerque, NM‘. 2600 -
Apalachicola, FL 1200
: Bisﬁéfck, ND 1509
_Bosgbn, MA ;}00
.Broﬁgsvilié; Ti 1300
Cape Hattéras,jNC‘ iqpp
‘Caribou, ME 1300
.Charléstqﬁ,'sc' iéoo
Chicago, IL 1200
‘ Columbia, MO 1200
Dodge City, KsS 1600
| El Paso,'fx 2600
Ely, NV 2400
Fort Worth, TX 1500
iFresno, Ca - 160b

25
26
. 27
28
29
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Table A.3-1 NWS Station Locations and Mixing Heights

" Washington, DC -

Mixing
. : Height
Station (m)
,Great.Falls, MT 2006
Lake -Charles, LA 1100
_ Madison, WI 1200
Medford, OR - 1600
Miami, FL 1200
' Milwaukee, WI 1200
Moline, IL 1260.
_ Nashville, TN 1600
' New ‘York, NY 1200 -
Omaha, NB - 1300 .
' Phoenix, AZ 2400
Santa Maria, CA 800
éeattle, WA‘. 1200
1500



Table A.3-2 Meteorological Data for 29 NWS Stations Summarized
Using Weather Bin Categories

Weather Bin Definitions

A-C
1

R - Rain starting within indicated interval (miles).
‘S - Slowdown occurring within indicated interval (miles).
D E F - Stability categories

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

Percent of Weather Sequences

: .-n- n o0 - ~
L] Lond [ g (=] -~ -
[ - ™ L Y -~ - - ~
2 [+] bt Lond -t o ~ [ o -~ ™ -
o 13} < - Y -~ [} — e} ~—
A Y] el - hd -l L4 « o ot
L = v > ] 3. © Q ot 3] [+]
-] (3} Y] [ ® = B Y o a [}
o. n s - .- O [ e - © E L .
.2 i & L@ . B [T v o a
£ E ] § [+ 9 N ] -l -~ '8 ~
2 8§ = & & 8 5§ & & 3§ % .
Weather Bin . . . X
1R (0) 1.46 ~ .4.50 3.94 €.89: 2.25 '6.69 10.14 5.87 6.19 .-'6.26 3.69 - 1.30
2 R (0-5) 0.09 0.70 0.15 0.17 0.06 0.1l 0.38 0.29 0,15 0.11 0,11 0.06
3 R (5-10) 0.31  1.14 0.40 0.79 .39 0.75 1.26 -0.88 0.68 0.75 0.27 0.26
4 R (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 R {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 R (20-25) 0.33 0.99 0.55 0.90 ' 0.53 0.83 ‘112  0.87  0.68 - 0.76 - '0.55 0.32
7 R (25-30) 0.40, 0.96 0.66 0.94 0.42 0.83 1.29 0.99 0.86 0.76 .0.50 0.34
8 s (0-10) 2.00 1.36  1.02 0.55 0.34 0.14 0.53 0,51 0.51 0.53 0.24 0.9
9 s (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 0.9l
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 = 0.7l
12 s (25-30) 1.6 - 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 0.2} 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 DS 19.29 ' 12.31 35.99 45.75 43.07 38.66 31.10 19.92 32.15 27.92 49.13 20.50
20E 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 E5 2.35 1.85 1.67 3.13 2.69 3.0 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
28 F 4 5.78 4.01 3.85 3.58 5.30 5.00 3.2B 4,61 4.60 6.74 3.74 4.42
29 F S 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 Meteoroiogical,bata‘fof 29 NWS SiationE'Sumﬁarizéd

Weather Bin Definitions

A~

R -
s -
CDEF -

Using Weather Bin Categories {cont)

Rain starting Qithin 1ndicatgd'1nterva1 (miles).

Slowdown occurring within indicated interval (milee).

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

‘Percent of Weather ‘Sequences

A-15

0.00 0.00

3 g 2 - -
= - © . = - S 8 <
£ w A & 2 = ~ it 2 ~ o
~ L c ® s = - S ° e - "
= £ 0 " 6- & I - E @ 3 8
T » 8 ® o = Q E 5 -3 £ ”
z g & o T 4 ] - o 2 H H
. 1o 1% & Q S g x = x 2 -4 z
Weather Bin
1 R (0) 3.06. 3.97 2.09 5.56 3.73 6.08 4.61 4.37 6.12 5.84 6.60 7.96
2 R (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 R (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
4 R (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
5 R (15-20) 0.66 0.45 0.32 0.82 0.68 1.03 1.13 1.i15 0.84 0.83 0.90 0.86
6 R (20-25) 0.57 0.45 0.40 0.59 ©0.76 0.84 1.13 1.02 0.7 0.66 0.01 0.76
7 R (25-30) 0.51 0.48 0.39 0.76 0.66 0.98 1.19 1.31 0.88 0.80 0.73 0.70
8 s (0-10) 0.86 0.49 0.90 0.59 0.5 0.94 1.47 0.62 0.59 0.47 0.73 0.27
9 s (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
10 5 (15-20) 0.73 0.25 0.70 0.40 ©0.35 0.75 1.30 0.49 0.34 0.35 0.65 0.2l
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 0.53 0.43 0.35 0.70 0.21
13 a-c 1,2,3 9.60 4.12 16.69 4.49 .3.97 3.38 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 D1 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 1.54 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 5.81 2.92 4.87 3.90 7.31 2.39 2.53 4.68 3.86 2.58
18D 4 8.57 9.57 4.94 8.64 13.79 11.86 4.50 8.89 10.61 10.82 9.66 10.82
19D 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
20E 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 E3 1.78 2.10 3.85 2.34 3.80 1.97 3.26 3.73 0.70 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
24ES 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 F1 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 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 F 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
8 F 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 F 5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 ©0.00 0.00 0.00



Table A. 3 2 Meteorological Data for 29 NWS Stations Summarized
Using Weather Bin Categories (cont)

wWeather Bin Definitions

R - Rain starting within ind;cated interval (miles)

8 - Slowdown occurr;ng within indzcated interval (mxlea)

A-CDEF - Stabxllty categories’

1(0-1), 2(1-2), 3(2- 3),_4(3 5), S(GT 5) - wind speed intervals (m/a).‘

Percent of Weather Sequences

S >
— et - 8
- K-
Sy 1 sk
% 8 € S %
& & a 8 2
Weather Bin : :
1R (0) '5.43  1.00 2.24 ~ 8.72  5.79
2 R (0-5) 0.13  ©0.08 0,19 0,42  0.39
3 R (5-10) 0.62  0.31 0.40  1.87  1.28
4 R (10-15) 0.89  0.25  0.62 2.12 1.14
5 R (15-20) 0.76  0.23  0.41 1.90  o0.88
6 R (20-25) S 0.51 0.24  0.32  1.53 0.87
7 R (25-30) 0.59 0.22 0.43  1.77 0.86
8 s (0-10) 16 1.27  2.41 1.36 0.71
9 s (10-15) 0.90 1.20  1.84  1.44  0.67
10 5 (15-20) 0.75  1.20  1.63  1.02  0.48
11's (20-25) 0.67 0.91 1.45 0,98  0.63
12 § (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
15D 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.p 3 3.23 3.8 866  6.55 6.08
18D 4 8.87  6.69  6.97  16.12  10.64
1905 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
22E 3 2.24  3.57 .40 2.07  3.52
23 E 4 6.53  6.35  2.42  4.82 5.27
24E 5 1.77  0.92  o0.81  1.02 1.23
25 F 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 F 3 4.17 12,09 4.8 3.80 " 6.38
28 F 4 3.56 6.22  1.54 2.68 3.09
29F 5 “0.00 0.00  0.00 0.00 0.00
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Table A.3-3

Station o

Summary of Rainfall Data for

29 NWS Station TMYs

Hours of
Observed
‘Rainfall

Albuquerque (l)
Apalachicola (2)
Bismarck " (3)
Boston (4)
Brownsville (5)

Cape Hatteras (6)'_,:

Caribou (7)
Charleston (8)
Chlcago (9)"
Columbia (10)
Dodge C1ty (11)
El Paso (12)

Ely (13)

Fort Worth (14)
Fresno (15)°
Great Falls (16)
Lake Charles (17)
Madison (18)
Medford (19)
Miami (20)
Milwaukee (21)
Moline (22)
Nashville (23)
New York (24)
Omaha (25)
Phoenix (26)
Santa Maria (27)
Seattle (28)
Washington (29)

128
o394
']f;345'
f779’
“197
586
- 542°
. .548
...323 -
268
T 348
B 183 :
487
327
533
404
383
536
512
578
697
476 -
88
196
764
507
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'Anhual
" Rain
(1nches)

:\‘7. '
16
41
49
©31
52
37
37

26 IR et

. 10

. 7 '

41
29
17
53
27
37
49
49
30

4
10
40
32



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 rosé as an empirical distribution
for the probability that the plume trajectory will be
in a glven 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 d1rect10n.

The w1nd rose data for the 91 sites were taken from
either the Environmental Reports or the Prellmlnary or
Final Safety Analysis Reports submitted to the Nuclear
Regulatory Commission. The site wind roses. used in this
study are presented in Table A,4-1. & summary hlstogram
of peak to mean wind rose ‘probability ratios for the 91
sites is presented in Flgure A.4-1. This histogram
illustrates the importance of wind rose probabilities to
reactor accident consequence calculations. (The meant'
wind rose probability is 1/16.)
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Figure A.4-1 Summary Histogram of Peak to Mean Wind Rose Probability Ratios
for the 91 Sites



Table A.4-1

Site Wind Rose Data

Explanation of Titles:

Arkansas 1 %12';

; 190 £t 0 - 6/69-5/70
: ‘réactors Co
: . anemome ter period of

site name ‘height = data
SV collection

Note: fAlI;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.




Table A.4-1 .Bite Wind Rose Data
Probability of Wind Blowing Towards Sector

Station . ) SSW 8W _WsW w WNW N

N MNE  NE ENE E - - BSE ‘s -

Allens Creek . . : 10 m. . . 8/1/1972 - 1/31/1973

21 .073 Lo43’ .024  .022  .021  .027
2107 .075  .062 _ .050  .046  .055 .10l

Arkansas 1, 2 : - -390 £t /69 - 5/70

“.03  .07¢ ° .052 ° .0 .126  .087  .053
2025 1015  .037 . .056  .098  .077  .057

Baflly - . . 230 ft s 12/4/5) = 12/3/57
- .064 L105  .095  .086 ~ .069  .056  .040

. 8/15/69 - 9/5/70
.051 041 .083 -137 .123

Beaver Valley 1, 2 .
‘ .087

L0855 1021 . .023  .0&D  .059  ..067...
Bellefonte 1 v . 1971
' .064 .092  .082 .01  .067  .060
~069 031 ., lo40  .037  los3  .o6d.
Big Rock Point . S 2/61 - 2/63
’ L1120 T .08 .099 .05 057

.056 .038 .034 .- 046 .088 .037  .037

Black Fox . 33 £ ey . 12/73 - 11/74

.180 .055 026 .026  .022 .030 L0651
.067 .064 .056  .045 034 046 .079

Braidwood 1 - . - 30 £t . - 131/1/73 - 10/31/74
' .105°  .113 .077  .065 .06l  .070  .065
o - .052 048 .048 .045 .043 044 .056

Browns Ferry 1, 2, 3~ . 300 £t i, B 2/11/67 - 12/31/68

.072  .066  .058  .058  .052  .067  .055
. 652 067  .0s6 .03 .03z .07z  .lol

Brunswick 1, 2 .. ©o 350 £t | - 9/25/70 -~ 1/5/13

.055  .077  .145  .088  .053  .037  .036
o ;059 .065  .084 ..078  .083  .048  .047
Byron 1 - . ‘ ; 30 £t . . 6/11/73 - 5/31/74
i ; .097°  .089  .081  .065  .075  .063  .076
.053  .037  .048  .058  .04% .04  .039

Callaway - c : 10 m . 5/4/73 - 5/4/74

-126 .096 .074 .043 .058 .070 .058
051 .040 .026 028 .036 .046 .083

Calvert Cliff 1, 2 R a3 ft
o o o .16  .089  .070  .045 .06  .061  .103
.084  ..058  .038  .024  .035  .028  .028
Catawba 1 . _30 £t _ 6/30/71 ~ 6/30/72

L0623 056 .207 .087 .043 .024 .026

.075 079 179 .060 .033 .025 .040 |

Cherokee _ . 30 £t . $/11/73 - 8/11/74

.036 .048 124 .104 . .094 .081 .114

.064 .059 .075 . .05S .029 .022 .036
Clinton . - 10 =m $/72 - 6/13

.104 .093  .086 .054 .042 .041 .042
.070  .068 .071 .056  .054 .038 .049

Commanche Peak 10 m - 5712772 - 5/14/76

.151 .084 041 .025 .024 .029 .067
.060 .040 029 .025 .032 .060 105

‘A-21

064 .068 .069  .063 .038 .028 - .053.

.076
.053 ;

065
- 045

<059

..160

.045
.063

.054
.099

.041
.038

.057
.069

.050
.116

.078
.082

.026
017

.059
.019:

.0852
<067

076
149



Station

Cook DC 1, 2
Cooper
Crystal River

Davis-BE 1°

Diablo Canyén 1, 2:

presden 2, 3
Diuane Arnold

Farley 1, 2

Fermi 2
Fitzpatrick

For;ed Rive;‘
Fo;g Calhoﬁ;
Fort St. Vrain
Ginna R.E.
Grn;d Gulf-'l-
H;ddem Nec*.

Hartsville

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

probability of Wind Blowing Towards Sector

N

£

.091
.078

.116
094

.043
062

064
.030

.031
.059

.068

.04

.129
.075

.073

.097

.04

. .026

.087
.040

075
044

.093
071

.063
.164

.090

.030

.10l
.065

.048
.013

.045
<045

NNE
ESW

200 tt

.105
.042

318 ft

.117
.061

33 ft°

.D48
047

35 £t

.16
.039

250 ft
.012
.029

- 300 ft

.090
.031

165 £t -

.073
.040

33 ft

.070
.083

.088

025
" 200 fe

.059
.047

- 400 ft

.096 -
.037

40 ft

.059

.018

205 ft

.069
.085

T 50 ft

.0B1
.032

074

060

129 ft

.046
.006

33 ft

.058
.113

A-22

NE

175

ENE E ESE SE
SW WSW W WNW NW
1967
L055 . .045 .056 .069 .057
L0462 .050 .040 .063 .072
3/70 ~ 2/71
.079 - .037 .030 .041 .060
.025 .031 . .027 .034 .058
1/1/75 ~ 12/31/18
.051 .048 .082 .057 . .043
.098 2200 an .064 .061
: 8/4/74 ~ 8/3/15
.130 . .102 .081 .039 .053
.058  .057  .077 .04 .038
10/69 ~ 9/70
.0X4 .015 .026 .045 .363
.055 .017  .014 .015 .103
.096 067 .101 .08S . 080
.039 .033 .036 .033 .060
1971
.053 "¢ .036 L0851 .062 .083
.032 .034 .039 .060 .061
064 .044 L1044 .045 .067
.086 .062 044 .035 .040
9/1/73 ~ 8/31/74
.089 - .102 .083 .0B6 @ .063. -
.059  .063 .069 .050 .058
1963 -~ 1964
102 .132 .115 .056 .053
033 014 .018 .037 .101
2/66 ~ 2/61
.087 .068 .087 .093 .075
.052 .055 .039 .040 ' .047
10/68 ~ 9/70
1,036 . ..02) .042 .078 .113
.017  .022 .028 .064 115
1967 ~ 1968
.076 .057 .040 .029° .03%
.076_ .064  .0S8 .043 .051
1966 - 1967
2102 ,097 .112 .101 .079
.031 .038 .045 .036 .030
1951 ~ 1960
.062 .043 .036 .043 .070
.061 040 .040 044 .080
1963
.043 .038 .070 .160 .265
.009 .013 .035 .092 .055
- 2/1/73 ~ 1/31/74
.048 .056 .051 .034 ;044
.063 .050 .04 .069

.062
.073

100

.090

".030-

.034

.037

.039

T .12

.075

.056
.055%

<095
.076

.090
.056

.047
.058

0357

.068

.063
.040

098

.126

.039
.049

.044
.052

. 064

117

.052

.055

.025
.051

-



Station

Hatch, E.J. 1, 2

Indian Point 2, 3

Kewaunee

LaSalle 1, 2

La Crosse

Limerick 1

Marble Hill

Me Yankee

McGuire 1, 2

Midland 2

Millstone 1, 2

Monticello

Nine M, Pt. 1, 2

North Anna 1, 2, 3

Oconee 1, 2, 3

Oyster Creek

Palisade

Table A.4-1

Site Wind Rose Data {cont}

Probability of Wind Blowing Towards Sector

N

£

.055
.040

.076
124

..082

066

088 -

.049

.194
125

.07
.054

.058

.045

.118
.075

.070
057

060
.045

.038
.066

.089
.036

.082
.041

.141
.100

021
<174

075
.044

.204
.080

NNE
SSW -
150 £t

069
.038

NE
sW

.082
.051

100 £t~

.055
.135

180 ft

.090
.055

.038
.066

.064

042

300 ft°

.090
.031

© 350 £

.139
.10l

.096
=038

.084
.048

270 £t

.068

039

33 ft

.141
.044

149 ft

.124
.068

© 130 ft

.090
.068

.082
.046

152 £t

060
.060

140 ft

.091
.041

204 ft

.060
.048

150 ft

.095
.048

.036
.084

400 ft

.09¢6
.037

.052
.035

124
.063

.082
.064

.122
.113

.123
.061

.076
.036

.063
.029

.104
.034

.058
.044

.075
.100

.087
.052

55 ft

.113
.033

.027
013

b
!

ENE
WSW

.073°

.067

.039
.027

075
.030

067
.033

.018
.011

051" -
.046

.074,

.060

.030°

.035

.055
.051

.131
.013

.047
.035

L0531
.058

.068.

.085

.030
.012

23

E ESE SE
W WNW NwW
6/1/70 - 8/31/74

+075 077 072
.081 .068 .057

/377 ~ 12/31/71

.053 .079 .077
W01 .019 .041

" 8/31/68 - 3/25/70

.094 117 .082
.022 .023 .028

.101 .08  .080
J036  .033  .060
1968 - 1970
L051  .026  .076
l022 .ol .026

1/72 = 12/74
L0860  .150  .109
‘.0670 .040 .037
C 174 - 12714
.062  .060  .044
J047 030 .030
7/67 - 6/68
J041 . .055  .088
J02¢ 027 .03l
10/17/70 ~ 10/16/71
.05¢  .042  .042
J0s6  .037  .038
1962 - 1966
.124 .066  .064
lo4s  .024  .028
B/65 - 9/67
..078  .070  .078

.058 .035 .025

2/9/67 = 2/10/68
.030 .089 .104

031 .055 .052

1963 - 1964

.118 .059 .054
.018 .037 .097

8/16/71 - 9/15/72

.055 047 074
.041 .035 L0482

6/19/68 - 6/19/69

.062 .043 .061
060 .038  .036
| 2/66 - 2/61
.087  .093  .075
.039 .040 .047
9/67 - 8/68
.058  .046 072
lo52 038 [049

-049
.044

.070
.063

.080
.050

056
.0585

.062
.033

.059
.040

.037
.041

.089
.044

.040
.030

.051
.032

.073
.041

.119
.065

.037
.069

.084
054

.08
.019

.063
.040

.081
.093



Station

PaloAVerde’d
Peach Bottgm ?, 3
Pebble Springs
Perkins

Perry 1

Phipps Bend
Pilgrim 1

Point Beach 1, 2
Prairie 1..2 
Quad Cities 1, 2
Rancho Seco ]
Rive;bend.l

H. B, RobinSQn 2
Saint Lucie 1
Salem 1. z

San Onofre

Seabrook 1

Table A.4-1

Site Wind Rose Data {cont)

Probabjlity of Wind Blowing Towards Sector

N
5

" .0s5

048

.085
- .060

.017
.012

.036
068

108
045

.037
.054

.051
.051

.088
.096

.065
. 046

.072
068

066
-049

.057
+069

-045

141 -

.062
«045

067
.062

066
. +034

.030
.039

NNE

- _8sw

200 ft

.073
.059

‘320 ft

064
. «043

30 £t

" L039

.018%
30 ft

.067
.066

200 ft

.095
.030

33 ft--

.054
.110

NE  ENE

72 fr .

.185
.038

. 150 ft

122
.070

140 £t

.031
.023

.128
. 051

400 ft .

- 50 ft .

.073
034

- 135 ft

058
066

.120 ft

074
<114

© S0 ft

056
038

300 ft

062
. 046

10 m

061
2111

30 ft

040
.024

SW WSW .
.144  os2
.068  .048
046 .052
L031 032
T.075  L201
[050 .05
.125  Loee
202 loe?
T.092  .084
.057  .048
".107  .106
112 oss
L1318 .085
0e2 o3
087 o4
055 .022
025  .031
019 .019
090 .049
l0a2  .o28
065 107
029 .021
.048  .048
1066 .060
072 .081
095 .050
.063 ,046
.070  .088
.060  .056
049 037
054  .065
(134 lo28
.068  .089 .
.033 .046

A-24

E ESE SE

¥ WNW NwW

8/13/73 - 8/13/74
068 .047 .052

#2073 .059 .056

- B8/671 - /69

.069 .095 L1158
...034 .046  .054

1/74 - 12/74

.313 .094 .021
7035 .028 .020

10/12/73 ~ 10/11/74

.058 .047 .064

063 .037 .044

5/1/12 - 4/30/73

.081 T .054 -.087

.048 .037 .054
2/1/%4 - 1/31/75

.053 .07 L0583
020 .018 .02)

.094 .060 .053
.048 .031 .033

4/67 - 4/68

.08l .097  .07S
020 pls .03l

§/1/11 - 5/31/712

.073 .1o2 .125
.055 .108 <134

4/68 - 9/69

.045 .069 .083

.037 .033 .075
1967 - 1969

.114 .078 .100
.029 .039 .057

10/1/72 - 9/30/33
.054 .048 061

:.076 .082 .072

4/14/67 ~ 4/19/68

071 .037 .036
.040 .035 -038

11/1/72 - 12/31/72

.030 .041 <053
.121 .093 .098

6/69 - 5/71

.073 .095 .132
.028 .023 .042

1/25/713 - 1/24/76

.088  .109  .060
016 .022  .043

21/71 - 10/72

210 0 L167 L1458

.038 .041 . 043

SSE
-_NNW

.03s
041

.109

.064

.009

014

.083
.034

.042
.073

<120
.019

.046
.030

.056
.036

.08s

.080 -

.067
.063

.074

-062

.066
087

.043
.029

.029
.067

.094

074 .

.031
.070

.049
.037

-

A



Station

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

Probability of Wind Blowing Towards Sector

Sequoyah 1, 2
Shearon Harris-
Skaqi;

Shoreham

South Texas
virgin €. Summer
Surry St 1, 2
Susquehanna 1
Three Mile Island
Trojan

Turkey Point 1, 2
Vermont Yankee 1
Vogtle

Waterford 3

Watts Bar I, 2
WPPS 1, 4

WPPS 2

.066
.058

-.079
.083

.04
.037

.060
. 050

. .148
_.075

.068
.029

064
.072

037
046

054
040

.203
172

.038
.035

.072
.070

.064
.043

.042
.046

.033
.053

.100
.164

.100
.164

NNE
5SW

33 ge

.181
.169

10 m

.107
.067

10 m

.011
.021

150 £t

.129
<045

33 £t

046
.078

202 ft
.0%0

. .042

150 ft

.082
.051

.070
.039

100 ft

.045
.027

30 ft

.070
-054

30 ft

.041
.028

140 £t

.027
.025

30 f¢t

062
.043

30 £t

.053
.092

300 f:

.109
<106

33 £t

.082
.045

33 £t

.082
.045

A-25

NE
SW

.161
.116

.098

| .063

.021
.041

095
.049

. .029
.080

.118
080

.082
.046

2125
.049

.054
.036

.026
.016

047
.048

.0le
017

074
.072

.045
.088

.183
.132

.063
.036

.063
.036

ENE
WSW

.48
".026

.079
<047

.037
_.028

.050

.043

.010
047

.087
.070

.062
.045

.126
.054

.059
.057

.013
.006

.027
.100

.023
.019

.079
.065

047
.059

.089
.059

.052
.031

052
.031

E ESE SE
] WNW NW

4/21/7) -~ 3/31/72

.024 .024 .035
.011 .008 .013

1/76 - 12726
.053 .054 .087
.033 .03 .035
.128 .109 .085

.+109 .058 .039

10/1/73 = 9/30/74 .

.79 .103  .0%4
W032  .028 .03

7/20/73 - 7/20/74

.015  .014  .020
2653 [0S .137
1975
T .06¢  .046  .055
J059 .04l .052
11/67 - 12/69
.059  .061  .087
j057  .052 .05
1956 - 1960
,044°  .059  .100
l040  .062 .03l
N - 372

-091 .092 .091
.085 .082 .062

9/1/71 - 8/31/72

022 037 .070
.007 .009 .046
1969

.027 .047 .051

.136 .135 .100
8/627 -~ 7/68

.069 <086 117

024 .066 .085
12/73 - 12/74

.084 .075 .056°

.069 .060 .063
5/72 - 4/713

.049 .056 064
.029 .100 .0B3

2/1/73 -~ 6/30/75

.040 031 .035
.041 .019 .014
4/74 - 3/75
.061 .099 .107
.022 7 .026 .040
4/74 - 3/75
.061 .099 .107

022 -026 .040

.070
.019

.062
.053

.062
020

-066
.041
.037
.153

.043
.056

.081
.043

.090
.029

.070
.057

.132
.120

.077
062

.196
.086

.031
.060

-072
.077

037
.019

.085
075

.085
.075



Table A,4-1 Site"Win@ Rose Data (cont) -

Probability of ‘Wind Biowing Towards Sector

: . . N 'NNE NE ENE . E ESE SE
Station B S SSW SW WSW w WNK. . NW
WPPS 3, 5 . 60 m . 5/73 - 4/74

.071 '.098  .124 T .170 125 .031 015
014 L0198 T L062 074 047 .052 .050

Wolf Creek . 10 m . €/1/13 - 5/31/75

080,100 . .040 3024 _ .030 .04l  .064
l164 o058 .03s lo35  .03%  .046 .06l

Yankee Rowe 30 £t - 10/71 = 9/72

.01 D.080 | .052 .037 .039 041 .072
.08B6  .064 .065 .063 .047 .036 .052

Yellow Creek S 33 £t ' 7/1/74 ~ 6/30/75

142 .097 . .049 .039 .04 .050 .057
.037 .070 .049 - .019 - .021 .06 . 060

Zimmer 1 : T 30 ft . 3/1/72 - 2/28/74
".108 . .066 - .068 ° .056 .05) .059 .047
.062  .031 ~.027 © .023  .030  .05¢  .127

Zion 35 ft - 1870

Caom .078  .079 .7 .11)3 .069 .076 .046
.046 .059 1037 .039 L0358 .035 .060

A-26

SSE

. _NNW

.010
.027

.069
.111

.086
.081

.087
.130

.062
.129

.071
096



A.S”tEcOnomiéfbata

'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 1nd1v1dual
states. Appendix VI of WASH-1400 [6] contalns a detailed
dlscuss1on of these parameters. '

The natlonal da'ta can be further d1v1ded into data
which measure costs on a per.capita basis, and data =
which measure costs on a per acre ba51s.‘ Decontamlna—'
tion costs for business, re51dent1al, and public areas,
relocation costs, consumed dairy products, ‘and consumed
nondairy products, are all measured in dollars per per-
son. The. decontamlnatlon cost for farm land is measured
in dollars per acre. Table A, 5- 1 lists current flgures
for these cost parameters and in ‘addition compares these
costs w1th those contalned 1n Appendlx VI of WASH 1400

' WASH-1400 Appendlx VI descrlbes some of the decon-
tamlnatlon techniques con31dered ‘when the orlglnal costs
estimates were made. It does not, however, give a .
detailed breakdown of costs. As an. approx1matlon, the
decontamination costs were broken down into labor,
energy, and durable goods (equlpment) 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
(CPI) from 1972 to 1979 was calculated for each of these
areas. These factors are 1.69 for labor, 2.66 for
energy, and 1.55 for durable goods. The updated decon-
tamination costs were obtained by multiplying the origi-
nal WASH-1400 cost figures by the appropriately weighted
combinations of these CPI factors.

Relocation costs were calculated in Appendix VI as
a combination of lost income, both individual and cor-
porate, and moving costs. These costs, which were cal-
culated on a per capita basis, are $1,100 for lost
individual income, $940 for lost corporate income, and
$1,300 for transportation expenses. Based on data from
the Statistical Abstract, the employee compensation rate
has increased by a factor of 1.44 between 1973 and 1978.
The nonfarm business gross national product (GNP) has
increased by a factor of 1.54 and transportation services
by a factor of 1.53 in the same perlod The updated
relocation cost was obtained by summing the products of
each of the three costs and the appropriate factor.

27
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The revised per capita value of residential, busi-
ness, and public areas, and annual per capita dairy
and nondalry 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 updated agricultural consumption flgures 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 da1ry and nondalry
product 1ngest10n.: _ .

The data, which are supplled on a state-by-state
ba51s,,all relate to farm costs and values. The input
_parameters are fraction of .state area devoted to farm-
1ng, 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. farmlng 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 fractlon. Farm .sales and .
dairy share are found in reference [8]. The farming
seasons are the same. as the WASH~ 1400 flgures.

A-28



Table A.5-1 National Economics Data

Description WASH-1400 Data

Decontamination cost ' : 230
for farmland ($/acre)

Decontamination cost for 1,700
residential, .business, ’

and public property

($/person)

Value of residential, 17,000
business, and public ?
p;operty ($/person)

Depreciation rate_ for 0.2
improvements (yr~ +)

Relocation cost . ' 2,900
($/person)

Annual cost of dairy | -
product consumption
(§/person) ’

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

*Represents 1979 statistics
**Represents 1978 statistics

A-29

| Current Data

500%*
32,000%

0.2
4,300%* °

135%*

690 **



Table A.5~2 Agricultural Land Use Characteristics

*Fraction of total state area {includin

**Reflect 1979 statistics
tReflect 1978 statistics

A-30

g water areas) devoted to agricdltural use

Average Annual Average

Fraction of Sale of Farm Average Share ) _Value of Major

. State Used . Productst of Dairy Productst Farmlahdt Farming

State as Farm Land*, ** {S$/acre-year) ($§ dairy/$ products) (S/acre) Season
Maine ) 0.077 250 0.182 485 May-Sept
New Hampshire 0.097 150 0.444 802 May-Sept
Vermont 0.283 177 . 0.791 657 -, ‘May-Sept
Massachusetts 0.123 372 0.283 1366 May-Sept
Rhode Island 0.081 476 0.220 2133 May-Sept
Connecticut. 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 6.153 . 1516 ~  May-Sept
Indiana 0.728 206 0.067 "1498:: - _‘May-Sept
Illinois 0.795 213 0.041 1786 May-Sept
Michigan 0.285 o197 . 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 i 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
Maryland 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
Florida 0.368 233 - 0.077 930 . . April-Oct
Kentucky 0.557 141 0.117 792 "April-Oct
Tennessee 0.507 118 0.140 669 - . April-Oct
Alabama 0.400 144 0.041 . -S15 . " 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
Colorado 0.570 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
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Appendix B: Reactor Core Radionuclide Inventories

B.1 Core Radionucdlide 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 1nventory for a
3412 MWt Westinghouse PWR was calculated using the SANDIA-
ORIGEN computer code [2]..  This inventory, which was cal-
culated using a 25% greater fuel burnup than used for the
WASH-1400 inventory, was used to perform the reactor con-
sequence calculations discussed in Chapter 2. ‘(A spent
fuel burnup of 26,400 MWd/MTU was assumed ‘to calculate
the WASH—14OO inventories. ) oo ‘

The 3412 MWt PWR 1nventory was calculated by assuming
that the three reglons 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.d Thls inventory is representatlve
of an equilibrium core at a time when the three regions
have average burnups of 11,000, 22,000, and 33,000 MWd/MTU
charged (end-of-cycle). " -

- The SANDIA~-ORIGEN code calculates the tlme dependent
act1v1t1es 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 (curles), release
fraction, radioactive half-life, dosimetry, and chemical
characteristics [1]. Table B.1-1 lists the 54 radionuclides
used to perform the consequence calculatlons. 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 SCallng
(by thermal power level) the inventories presented in Table
B.1l-1. :



Table B.l~1

Inventory of Radionuclides  in the 3412 MWt PWR Core

o TR Radioactive. Inventor§ R
No. ﬂRadionulcide L Source (curies x. 10 __Half-Life (days)
1 Cobalt—58 : 050075~ : "71.0
L2 Cobalt<60: ., 0.000045 21,920:
i3 Krypton—BS , . -0.0066 3,950 .

4 ... Krypton-85m 0.31 ‘0.183

5 " Krypton-87 ' . 0.57 0.0528"

6 - 'Krypton-88 . ' S ¢ P i 0: ll7v'\j
7 ~-Rubidium=-86 = .- 0. 00048 18.7

8 Strontium-89 . . -0.96 - .. 52.1.

9 Strontium-90 "~ 0.052 10,300 _
10 - ‘Strontium-91 A - 10 . 0.403 . .
11 Yttrium-90 .-0.0855 2.67%
12 Yttrium-91. 1.2, 59.0
13 | ‘Zirconium-95 1.5 65.2
14 ~Zirconium~97" 1.6. T0VT71
15 Niobium-95 1.4 - ~35.0
16 Molybdenum~99 1.7 2.8
17 Technetium-99m 1.4 0.25
18 Ruthenium-103 le2 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 _q.Tellurlum-lzgm o 0.067 _ 34.0 )
26, - Tellurium-131im 0.13 1,25
27 * Tellurium<i32 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 Iodine-134 . 2.0 . .- 0.0366
34 Iodlne~l35 1.7 - 0.280
‘35 Xenon-133 1.8 " ‘5,28
T 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—l40 1.7 - 1.67
42 Cerium-141 1.5 ©32.3
, ‘Cerium-143 1.5 " 1.38
44 Cerium-144 0.92 - 284 )
45 Praseodymium-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
' _Plutonium-239 0.00026 . - 8.9 x:10°
50 'Plutonium-240 0.00029 2.5 x .10%
51 Plutonium-241 0.054 5,350
52 Americium-241 0.000036 1.6 x 10°
53 Curium-242 0.014 163
54 Curium-244 0.00084 6,630
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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
approprlateness of inventory scallng, were examlned using
the CRAC2 code [3]. Consequence ‘calculations were per-
formed using end-of-cycle equilibrium inventories for the
WASH-1400 3200 MWt Westinghouse PWR, the 3412 MWt Westing-
house PWR, a 3578 MWt General Electric (GE) BWR; and a
1518 MWt Westinghouse PWR. Calculations were also per-
formed for the 3412 MWt PWR at 1/3 and 2/3 of the way ;
way through the annual operating.cycle. . (The 3578 MWt
BWR and 1518 MWt PWR inventories, like those for the
3412 MWt PWR, were generated with’ the SANDIA—ORIGEN com-
puter code.) The operatlng characterlstlcs 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 de51gns and compos i~
tlons.

Table B.2-2 summarizes the four reactor 1nventor1es
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 SSTIL
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 whlch the following observatlons
can be made.

1) The 3412 MWt PWR land interdiction and

: decontamination results are approximately
- 30% larger than those for the WASH-1400
- PWR. "Differences for. other consequences
" are somewhat less (10~ 17%)

*Con51sts'of'a 30%, 40%, 30% welghtlng of a 10 mlle 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 Mwt2 1518 MWt

Characteristic WASH-1400 -  PWR . - BWR* . - PWR

Total Uranium in- _— - 89.1 1136.7 . .. . 47.5
Fresh Core (MT) ' ‘ o : S

Initial U-235 3.3 3.3 2.66, 2.83 - 3.2

Enrichment

n-g

(percent)

Refueling Cyc¢le

-Number of Years -

an Element Spends
in Core (years)

Capacity Factor

. (Percent of time
~.at Full Power)

AVerage Fuel
Burnup at dis-- -
charge (MWAd/MTU) "

Average Power

’:Density (MW/MTU)

annually =

3

26,400

40

_ annually

3.

-V

33,600

-38.3

: 3anguali§'“

26.1

annually

80;_} .

- 28,000

32.0

aThe SANDIA-ORIGEN BWR calculations were performed on a per. fuel assembly basis.

The code generated radionuclide inventories by_b;endingg%pgividuél_aSsémbly

‘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-of-Cycle End-of-Cycle End-of-Cycle 1/3 Cycle '2/3 Cycle
(days) 3412 MWt PWR 3200 MWt PWR 3578 MWt BWR 1518 MWt PWR 3412 MWt PWR 3412 MWt PWR
- (ci) - : - : : . L _ o
Kr-85 0.117 6.64 x 102 1.03 1.36 0.44 0.68 0.84
Mo-99 2.8 - 1.66 x 105 0.94 1.05 0.45 1.02 1.01
Tc-99m 0.25 1.43 x 108 1.00 1.05 0.45 1.03° 1.01
Ru-103 39.5 1.25 x 108 0.85 1.06 0.44 0.87 0.96
Ru-105 0.185 8.22 x 107 0.88 1.07 0.43 . 0.86 0.94
Ru-106 366 2.90 x 107 0.86 1.24 0.42 0.66 0.83
Te-129m 0.34 6.70 x 10° 0.79 1.06 0.44 0.88 0.96
Te-131m 1.25 1.28 x 107 1.00 1.07 0.44 0.97. 0.98
Te~132 3.25 1.27 x 108 0.92 1.06 v 0.45 1.00 1.00
Sb-129 0.179 2.72 x 107 1.22 ~ 1.06 0.44 '  0.93 0.97
1-131 8.05 8.74 x 107 0.98 1.06 0.45 0.99 1.00
1-132 0.096 1.29 x 108 0.92 1.05 0.44 0.99 1.00
1-133 ‘ 0.875 1.84 x 108 0.94 1.05 0.45 1.02 1.01
1-134 0.037 2.02 x 108 0.95 1.05 0.45 1.02 1.01
I-135- 0.28 1.73 x 108 0.88 1.06 0.45 1.02 1.01
Cs-134 750 1.26 x 107 0.60 1.20° 0.38 0.55 0.76
Cs-136 13.0 3.91 x 10% 0.77 1.04 0.41 0.67 0.84
Cs-137 11,000 6.54 x 10° 0.72 : 1.39 - . 0.44. 0.67 - - 0.83
Ba-140 - 12.8 1.68 x 108 0.94 1.05 0.45 1.02 1.01
X

Ce-144 284 9.15 x 107 0:92 . 1.14 . . 0.45 0.77. .0.90




Table B.2-3

Summary of CRAC2 Consequence Predictions.

Dzcontamination
Are
(km*) -

- 5900

WASH~1400 e e SR : S - - - Scaledl

Consequence End-of-Cycle End-of-Cycle End-of-Cycle 1/3 Cycle 2/3 Cycle End-of-Cycle End-~of-Cycle

3412 MWt PWR 3200 MWt PWR 3578 MWt BWR 3412 MWt PWR 3412 MWt PWR 1518 MWt PWR 1518 MWt PW
‘Mean Early 800 690 890 750 . 780 150 150
Fatalities : _ ‘ o
Mean Early 3600 3000 " '4100 3400 3500 . .960 970
Injuries C ) ‘
Mean Latent 7800 7000 8400 6800 7300 5300 5400
Cancer ) . . c - .
Fatalities
Mezan Land 200 140 © 280 130 160 © 92 - 97
Interdic&ion o N '
Area i{km“) '
Mean vand 3800 2800 2800 3100 " 2000 2100

linventory = (1518 MWt/3412 MWt) x (3412 MWt

PWR inventory).




2) The 3578 MWt BWR land decontamination and
interdiction consequences are approximately
50% larger than those for the 3412 MWt PWR.
Again, differences for other consequences
.are on .the order of .10%. : -

‘33)'7Comparlson of the 3412 and 1518 MWt PWR
results indicate reductions in reactor size
result in.proportionately larger reductlons
in early consequences.,; S —

4) Comparison ‘of the 1/3, 2/3,,and end—of—cycle
3412 MWt PWR results indicate that dlfferences
'in radionuclide ‘inventory .during .the annual
;0perat1ng cycle have little. 1nfluence on early
consequences. _However, tlmemofmthe acc;dent i
during the cycle does significantly influence.
predicted latent cancer fatalities and areas
of land interdiction and decontamination.

5) There is essentially no difference in
consegquences for the 1518 MWt PWR
predicted by using either the calculated
or scaled inventories.

Differences in latent cancer fatality, land interdic-
tion, and land decontamination consequences largely result
from long-lived radionuclide inventory differences (e.g.,
Cs-137). Differences in early consequences are primarily
due to differences in short-lived radionuclide inventories.

In summary, the results presented above indicate that
reactor accident consequences are sensitive to differences
in radionuclide inventories due to reactor size and design.
Because of in-core fuel management plans, boiling water
reactors will likely have larger inventories of long-lived
radionuclides than a pressurized water reactor of the same
size. Therefore, using PWR inventories for BWR consequence
calculations could underestimate latent consequences. The -
time of a reactor accident during the annual operating
cycle has little influence on early consequences; however,
it can significantly influence latent effects. Reductions
in reactor size will lead to substantial reductions in.
early consequences, more so than would be expected based
on differences in reactor power levels. In addition,
linear scaling of radionuclide inventories by thermal power
level is adequate for consequence calculations, provided
that the reactor of interest has operating and design
characteristics similar to those of the reactor from which
the inventories are scaled.
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Appendix C: Site Specific Consequence Estimates

DG This appendix presents the consequencée estimates:.
for each of the 91 sites analyzed in Chapter 2. It
is important to note that in each case ‘the calculations
assumed (1) that the site contained an 1120 MWe PWR,
(2) meteorology based on the most.appropriate regional
National Weather Service Station (from among the 29
detailed in Appendix A), (3) actualisite wind rose and
population, (4) a summary evacuation (all persons within
10 miles evacuate at 10 mph after delays of 1, 3, or 5
“hours; with’ probablllty .3, 4, J3, respectlvely) and
~ "{(5) hypothetical reéleases of radicactive materials (see
. Section 2.3, Chapter 2). Thus the estimates presented
in this appendix. are ‘only a guide ‘to the impact of site
characteristics (pr1nc1pally populatlon distribution)
" on predictedconsequences. ~In no ‘way are these to be
‘taken as estlmates of ex1st1ng/reactor comblnatlons.

N

Table c.1 prov1des a summary of the mean early
‘fatalities, ‘early injuries, ‘and latent cancer fatalities
for SSTl, SST2, and SST3. Flgures C-1 through C-18 con-
tain early fatality, early injury, and latent cancer
fatality CCDFs for each of the 91 sites, conditional on
‘an SST1 release and assuming the ‘1120 MWe PWR, summary
evacuation, reglonal 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, thé CCDFs are not
to be used in place of actual rlsk estlmates for exlstlng
reactor/site combinations. :




Table C-1. Mean Number (Per Reactor-Year) of Early Fatalities, Early
Injuries and Latent Cancer Fatalities for each of 91 Sites,
for SST1, SST2, or SST3 Accident Source Terms.

Assumptions:
(1) . standard 1120 MWe PWR
(2) :Su:mk'ary Evacuation
(3,)- Actual Site Populatlon and W:Lnd ‘rose

(4) Best Estnnate Meteorology

Mean Latent

_, 5 Méan ,Early F‘ai:élities* Mean Early Injurles*.'}, .Cancer Fatalities*
SST1 - . SST2 §ST3 ... SST1 -8ST2. : .SST3 . »--SSTl . SST2 SST3

Allens Cresk - 31xp; . OxPy _-OxP3 o3p,  0.0xp, OB,  620xP, 49x1>2 0.2xP3
Arkansas 170, OxP, . OxPy  150xP; 0.2xP, OxPy 950xP; 82xP, 0.3xP,
Bailly 56xP;  OxP, OxPy 1200xP; 0.5%P, OxP; 3300xP; 260xP, O0.9xP,

Beaver Valley 150xP;  OxP, OxPy 1200xP; 0.4xP, OxP; 3400xP; 200xP, 0.6xPy

Bellefonte - 63xp; ‘O.(.Bx‘Pz‘ O0xPy uoxPi. 5.6xP, OxP; LOOOKP, 70xB, 0.3xPy
Big Rock Pt.  15xP;  OxP, OxPy 90xP; 0.5xp, 03:1,!53'1-?..680::?1 53xP, 0.2xP,
Black Fox . 13xp, O, OxPy  220xP; 0.0l®, Oy 780r,  69xP, 0.3xPy
Braidwood . 1602, 0.05xP, Oy 4202, 10xb, OxPs 3200xp1' 2400, 0.9%P,
Browns Ferry 25xP;  OxP, OxPy 220x2; 0.03%P, OxPs 970,  69xP, 0.3xP,

Brunswick 1220; 0P, O3 12007 O.0xP, OxP3  890KP;  9BxP, O0.4xPg

*Detailed Probabilistic Risk Assessments (PRAs) have not been performed for all reactors,
Therefore, consequence: calculations were performed in this study using Siting Source i
Terms (SSTs) defined by NRC (see Section 2.3.1, Chapter 2). By adjusting the probabil~
ities associated with each of the source terms, the set can be made tc approximately
represent any current IWR design. Based on currently available PRAs, NEC pas suggested
that representative probabilities for the $STs are: P, for SsT1 = 1 x 1077, P, for
SST2 = 2 x 10“5, and P, for SST3 = 1 x 10" °. There are very large variations
(factors of 10 to 100) in the accident probabilities associated with a specific design.

Caution should be used when applying these nunbers. Probability times consequence is
not an adequate representation of risk; it provides only a commeon measure for compara—
tive purposes (i.e., rank ordering). The Camplementary Cumulative Distribution
Functions (shown in Figure C-1 through C-18) are a better representation of risk.
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Table C-1. (continued) :
Mean Tatent

o _ Mean Early Fatalities* Mean Early Injuries* Cancer Fatalities*

- SSTL  SST2 SST3 SSTL  SST2  SST3  SSTL  SST2 SST3
: v2 Byron o :_54X91” 0f09xP2-_Ox?3 330xp1 4.3%P, OxP; 2500xP, 190xP, O. TxPy
. Callaay l0xp,  oxp, oxps ilQOxPl 0.04xP, OxPj 1200xp,  97xP, O 3xP3
" calvert Cllffs: 18xPy j?_OxPé_“bxé3 170xP, 0.08xP, OxP; 2400xP, 120xP, 0.4xP,
 Catawba  100xpy _‘_Ox§2H:OxP3 7;6#91 ‘Q:ZXPé_ QxP3-:1500xP1 110xPé‘.0 4xp§
qurokée - 27xP1 | :OxPz.._‘__:(.)xP3 2'.50;x1':.’1 .I Q.:_le?z OxP3 ;lZOOXPl ~ 76xP, 0 3xP3
'Cllnton . 15#?1 ;JTOXsz“Oxéj  }30XP1 O;?xpél_§XP3 2300x1>l 17OxP2> 0.7xPy
Comanche Peak A‘ _ 1 ??fél . OxVP‘Z.‘;leP3 37xPl - OxP, OxP3 : 640xP) 49xP2. 0 2xP3
Cooper :iéﬂjxpl | Oxéé;;§¥P3 - 47xP) 0.09%P, OxP; 900xP;  8lxP, 'o 3xP3
‘ CrystalRlver | . leél | OxPé ,. (0:_);193 88xP1 | 0.9xP, be3 590xPl 66xP, ....O 3xP3‘
| Davis-Besse  2LxP. :.,OxPZ:_OxP3 '4zoxpl_ .dlsxpz 10x§3  25¢0391 160xP2 ¥O<§xP3
Lﬁ_biablo C§nyon 4. 7XP1,;'. OxP2HEOxP3‘ H$QxPl | pré  OxPy :1200xP1 98395‘ 0.4xP3

Donald C. Cook  55xP) O. 04xP2a OxP3 500xP;  2.2xP, OxP3 2500xP) 120xP, 0.4xPy

.:vDresdgﬁ,h | ”,,42*P1 ~ Oxp, OxPy 540xP f0;3xP2 OxPy 3300xP) 260xP, 0.9xP3
pugne’érnold 21xp)  O0xp, OxPy 380xPy ’oigxpéé 0xP; 1700xP, 190xP, HO{QxP3

- Ferml 16>OxPl' O.O8xi?2 ..va‘P3 970xPl ?.lez -.‘0xP3 300()5ch1 Z0.0xPz‘_"O 6xP3
jié - Pitzpatrick ~ 5.0xP;  OxP, OxPy 1l0xP, 0.06xP, OxPy 1200xP, 57xP, O. - 2xPy
| Forked River B4xP)  OxP, be3 530xP, 0.8xP, OxPj 4400xp, 200xP, 0. 6xPy
Fort Calhoun  50xP; O.1xP, OxPy 440xP; 3.0xP, OxPy 1100xP) 110xP, O.4xPy

Pt. St. Vrain  15xP;  OxP, OxPy 200xP,  OxP, OxPy 810xp) 82x, 0.3xP,
Gimna 1xp; Oxp, OxPy 370xP)  0.1xP, OxP; 1900xP;  89xP, O.3xPs

Grand Gulf l4xp;  O0xp, OxPg 73xp,  0.7xP, OxPj 700xP, 60xP, 0.3xP,

Haddem Neck ~ 110xP;  OxP, OxPy 890xP; 1.2xP, OxPy 2100xP; 160xP, O.5xPy

*See footnote, page C-2.



Table C-1. (continued)

Hartsville
Hatch

Hope 'Creek. |
Indian Pt.
Jdéeph M. Fa]':.ley‘
Kewaunee |
Lécfosse

Ia Séile
Limerick
Maine Yankee
Mairi;le Hlll
McGuire
‘Midland
Mi-lls.t.one
Monticello
Nine Mile Pt.
Nortﬁ Anna |
Ocdnee.
Oy'ster Creek
Palisa.ldesv
Palo Verde

Peach Bottam

Mean lLatent

*See footnote, page c-2.
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Mean Early .Fatalitiéé* ‘.Mean Ear..'lyll.Injux-":ies* Cancer Fatalities* _
SSTL _ SST2 SST3  SSTL  SST2 ~ SST3 - SSTL  SST2 __ SST3
| 19xp;  OxP, 6xp3 '140xP; 'o;d4xp2' oxp3‘ 970xP;  64xP, 'o.éxp3
| axp,  Oxp, OxP;  62xP, 0.04xP, OxPy 770xP, GdxP, 0.2%%,
| 120xp,  OxP, Oxp; 440xP;  OxP, OxPy 3000xP, 160xP,  O.5xPy
830xP, 0.0BxP, OxP; 3600xP;  18xP, OxP; 8l00XP, 590xP, 1.8xPy

12xP;  OxP, OxP; ~ 85xP; 0.03xP, OxPy 670xP; 56xP, 0.2xP
1.2x0, 0xp2"dxp3 :78#?1 " oxP, OxPy 1200xP, 7OxP2" 0.3xP,
32xp,  Oxp, OxP; 200xP, 1.8xP, OxPy B850xP; 58xP,  O.2xP,
26xp,  Oxp, OxPy 180xP) 0.6xP, OxP; 2800xP; 200xP, O.7xPy
970k, 2.2xP, OxPy 2800xP]  6.6xP, OxP; 5400xP, 370xP,  1.3xPy
.4.1xPl .OxP2 0xP3 '”34xP1 OxP2 OxP3  770xP, :2'9xP2 " 0.1xpy
28xP,  Oxp, OxPy 420xpl"?550xbé"0xp3 2400xP, 180xP,  0.7xPs
130xp,  Oxp, OxPy 680xp,  OxP, OxP; 1600xP, 130xP, O.5xP,
320xP, 0.2xP, OxPy 1100xP; 1.3xP, OxP; 2200xP; 130xP, 0.5xPy
':240xpl 0.02xP, OxPy 990xPi 4.5x92 OxP3 3200xP; 160xP, 0.6xPy
12xP, ~ OxP, OxPy 200#91 0;08xpé bxp3 1100xP;  98xP,  0.4xPy
5.2k,  OxP, OxPy 1l0xP; 0.06xP, OxP; 1200xP] 58xB, O.2xPs
14xP]  Oxp, OxP;  92xP, 0.08xP, OxP; 1800xP, 75xP, O.3xP,
2.0xP,  Oxp, OxP; 240xP; 0.03xP, OxP; 1l00XP, 70xP, O.32P
84xP,  OxP, OxPy 530xP, "0.8xPé: OxP; 4400%P, 200xP, 0.6xPy
37xP| 0.02%P, OxPy 250xP; 1.3xP, OxPy 1700xP; 90xP, 0.3xPy
5.8xPy OxPy OxPj 59xP;  0.2xP, OxP3 450xPl 26xPy 0.09xPg
97xP,  OxP, OxPy 400xP; 0.02xP, OxP; 2800xP, 140xP, O.4xPy



Table C-1.

?ebble Sptings'

Perkins

Perry |

Phlpps Bed

Pllgrnn

Pt. Beadh.
érei;ie Ie
Quad C1t1es _
Rancho Seco
Rlver Bend |
Robipeoﬁ
Sf;'ﬁucie
Salem

San Onofre

Seabrook
‘Sequoyah

Shearon Harris

Shoreham
Skagit
South Texas
Surry

Susquehanna

(continued)

Mean Letent

*See footnote, page C-2.

c-5

Mean Early Fetalities* Mean Early Iejuries* Cancer Fatalities¥*
SSTL  SST2 SST3  SSTL . SST2  SST3  SSTL SST2  SST3
tdléiQPl '"'oxpg”’0xp3 3.7x9, . OxP2 OxPy 230xpl 18xP, O. 07xP3
Bxp) oxpé'vbkp3 '_szoxpl 2.1, OxPy 1500xpl 120xP,  0.5xP,
'ésxpl 'o.b7gpép OxPy  52oxpl | 4.2xP, OxPy  2500xP, 160xP, 0.6xP
170xp1 0. 3xP2v‘QxP3 : 300xP1 llexpz'f0xp3»‘vi390xpl 82xP,  0.3xPy
'! 71xpl' 0. ozxpzv oxpy  300xp; 2. 4xP, -be3 | 1500xp;  85xP, :‘o:3xP3

7.7xP, oxp2  0xP; 1102, ;o 3P, OxPy 1400xP, 77xP, O 3xP3 -
  _5égPl' okéé:'0xp3‘ f2§prl " 2.4x5, OxPy "i4onP1 110xP, :‘o 4xp3
;léxPl v OxPy OxPy  296xP1 0.04xP2”;§xp3‘ 190057 170xP, 0.7xP3
{;5xpl'ﬂ t'OxP2t.0xP3' "iidxpl 0.02xp, Ox3 870xPy  87xP,  0.3xP3
31xPy ”e 0xP, OxPy  2¢¢;91 ©0.2xp, OxP3 750x2, 6OxP2l’.b 2xé3
16xp; -O£P2VNOxP3i:176xP1 jo lePz.‘O#P3fL 880xP, 50xP, ¢ 0.2xP3
77xP, - Oxb, OxPy 310xP; 0.6xP, OxPy  700xP) 69xP,  0.4xPs
20wy 0xP, OxPy | 440xp;  Oxp, OxPy 3000xP; 160xP2v..0.SxP3‘
1,  oxp, Oxp; 150xP;  OxP, OxPy 1800xP) 150xP,  O.5xP;
13xP) O#le‘OxP3".2;OxPl 0.04xP, OxP; 1000xP;  54xP, ‘ieQéxp3
110k lefz OxP;  690xP; 0.6xP, OxPy  13Qoxpl 95xP,  0.3xP,
40xP,  OxP, OxP; 260xP, 0.4xP, OxPy 1300xP; 110xP, O.4xPg
140xPy OxP, OxPg 870xP;  1.9xP, OxPy 3400xP; 170xP,  0.5xPq
50xPy OxP, OxP3 370xPy 0.4xP, OxP3 500xP; 49xP, 0.2xPq
5.2xP;  OxP, OxP3  32xP;  OxP, OxPy 6l10xP, 43xP, 0.2xP,
65xP; = OxP, OxP; 330xP,  OxP, OxP; 1700xP; 95xP, 0.3xPy
180xP, OxP, OxP; 700xP) 0.2xP, OxP3 3300xP; 150xP, 0.5xPy



Table C~1. (continued)

#See footnote, page C-2.
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R .. Mean Latent

Mean Ealrly Fatalltles* Mean Early Injuries* . Cancer Fatalities* .

SSTI __ SST? SST3 Ssm Ssr2__ssT3  ssTL  ssr2 ssT3’

Three Mile Island 240xpl' 0xp, OxPy 1200xp1 4 SXPZ‘ 0xP3  3$69§91 170xp, 0.6xPs
Trojan  46xpy 0.1xP, OxPy  350xP; 3. 8xP, OxPy 1160xpl 73x92'"6.§g§5
»Thrkey PE. 31xp)  Oxp, OxPy 460x2, 0xP, OxPy 69OxP1 83xP, 0.4xPy
Vermont Yankee  130xP) OxP2v Oxp;  320xP, 4.4xP, OxPy 1800xP 72x, 0.3xP,
_v1rg11 Samer 12xP)  OxP, OxPy 120x, 0xP2"ogé3':1000xp1' 63xp, 0. 2xP3
Aqutle | 0.074P, Oxp, Oxpy;  85xP,  OxP, OxPy  900xP, 70xpzl“o 3Py
| wppss 1.4 0.1xp,  OxP, Oxb, 110xe;  OxP, Oxpy 310xP, 37xP, O. 2%
WEPSS 2 <.., 1.0xPy 3pr2 0xPy \izoxpl  oxp, Oxp, ﬁ 720xPl 53xP, o.2x93.
WEPSS 3,5 | ofixpl 0xP, OxPy ;. iiprl~  oxp, Oxp; 310xP, 37xP2v 6.2xP3

| wétefford' 170xP) 0.2xP, OxPy = 580xP, '8}3xpé‘k0xp3 ‘9%0xp;  93xP, O. 4xPy
Watts Bar 13xP,  OxP, OxP,  110xP; 0.02xP, OxP3 1000xP, 66xP2ﬁ:0 .3%Py
Wolf creek 2.4xP,  OxP, OxPy  34xP) 6504xP22.OxP3; 760xP,  70xP, O.3xPy
' Yarkee Rowe _ léxPl’ : OxPé - OxPy ‘180xP1 | 6.05xP2 OxP3 2.v3OOxPl 100xP, O.2xi53
Yellow Creek 5;6xPiV> OxP, OxPy  68xP; o, ‘oxPy  850xP; 63x?év o;3§é3
Zimmer 46xp,  Oxp, OxP,  670xp; 0.4xP, OxP; 2400xP, 170xP, 0.6xPy
 Zion | 520xp, 4.1xP, OxP; 1600xP,  32xP, OxPy 4000xP, 330xP, 1.2xB;



Note: These CCDFs do not represent effects from existing reactor/site combinations,
all assume an 1120 MWe reactor. 1In 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 sectlon 2. 3 2)
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*See foetnote, page c-2.



Note: These CCDFs do not represent effects from existing reactor/site combinations,
all assume an 1120 MWe reactor. 1In 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).

1ig lig

"
Sy

.

dedeodmd

CONDITIONAL PROBABILITY OF 2 X

lO': 10 10* 1 : L v
lo'lDn e "f'ld } 10"'?"16 ldxdgrvv"\o"'""7¢ >f"| e %Ozd ,.unidni.vadvi.ffEd e
EARLY FATALITIES, X, EARLY'IﬁJURIES, X, LATENT CANCER FATALITIES,-X,-
CONDITIONAL ON SST1* CONDIT}ONAL ON SST1* CONDITIONAL:ON SST1~*
KEY
gzgcROCK PT
BRA

Figure C-2: Early fatality, early 1njury, and latent cancer fatality CCDFs at named sites,
" conditional on an SST1 release. -
~“Assumptions: 1120 MWe reactor, ‘summary evacuationj; repregentatlve meteorology
(see Appendlx A), and actual 51te ponulatlon and w1ndrose S

*See footnote, page‘p—z. S o R AL ; v(-.hz



Note: These CCDFs do not represent effects from existing reactor/site combinations,
all assume an 1120 MWe reactor. In addition,_these results are conditional
on the occurrence of a hypothetical 'SST1 release. 'Recent evidence suggests
that the source term magnitude assumed for SST1 may be overestimated by a '
 factor .of 10 or more (see section 2.3.2).
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Figure C-3: Early. fatallty, early lnjury, and latent cancer fatality CCDFs at named sites,

‘conditional on an SST1 release:
Assumptlons._llzn MWe reactor, ummary evacuatlon, representatlve meteorology

(see Appendlx A), and actual 31te onulatlon and w1ndrose.»-

‘See fooﬁnote, page c-2."
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Noie:4’Thele CCDFs do not represent effects from existing reactor/site combinations,
all assume an 1120 MWe reactor. 1In addition, these results are conditional

on the occurrence of a hypothetical 'SST1 release. Recent ‘evidence suggests
that the source term magnitude assumed for SST1 may:be overestimated by a

factor of 10 or more (see section 2.3, 2)
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Figure C-4: - Early fatality,. early 1njury, and latent cancer fatality CCDFs at named sites,

. conditional on ‘an SSTI’ release.
Assumptlons. llZO»MWe reactor, summary evacuatlon, representatlve meteorology
(see Appendlx A), and actual 51te pooulatlon and w1ndrose "

x+boO

*See f00£note; page.S‘Z. o : ) S ¢

—




I1-0

Note: These CCDFs do not represent effects from existing reactor/site combinations,
all assume an 1120 MWe reactor. 1In addition, these results are conditional
on the occurrence of a hypothetical SSTL release. Recent evidence suggests
that the source term magnitude assumed for SST1 may be overestimated by a

factor of 10 or more (see section 2.3. 2)
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Figure C-5: Early fatallty, early 1njury, and latent cancer fatallty CCDFs at named sites,
' conditional on an SSTl release.
Assumptlons 1120 MWe reactor, summary : evacuatlon, representatlve meteoroloqy
(see Appendlx A), and actual 51te ponulatlon and w1ndrose

*See footnote, page C-2.
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Note: These CCDFs do not represent effects from existing reactor/site combinations,
all assume an 1120 MWe reactor. In. addition, these results are conditional
on the occurrence of a hypothetical SST1 release. ' Recent evidence suggests
that the source term magnitude assumed for SST1 may be overestlmated by a
factor of 10 or more (see section 2.3.2). :
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Figure c~6: Early fatality, early injury, and latent cancer fatality CCDFs at named sites,
. conditional on an SST1 release. 1
"Assumptions: 1120 MWe reactor, summary evacuation,. representatlve meteorology
(see Appendlx A), and actual slte ponulatlon and: wlndrose

*See footnote, page'c—z.-“
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Note: These CCDFs do not represent effects from existing reactor/site combinations,
all assume an 1120 . MWe reactor. In addition, these results are conditional
on the occurrence of a hypothetical SST1 release. Recent evidence suggests
that the source term magnltude assumed for SST1 may be overestimated by a
factor of 10 or more (see section 2.3.2).
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Figure C-7: Early fatality, early injury, and latent cancer fatality CCDFs at named sites,
conditional on. an SST1 release. -
‘Assumptions: 1120 MWe réactor, summary evacuation, representotlve meteorology
(see Appendlx A), and actual 51te pooulatlon and w1ndrose o

*See footnote, page C-2.
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- Note:

all assume an 1120 MWe reactor.
on the occurrence of a hypothetical SST1l release.

These CCDFs do not represent effects from existing reactor/site combinations,
In addition, these results are conditional
Recent evidence suggests

that the source term magnitude assumed for SSTl may be overestlmated by a
factor of 10 or more (see section 2.3.2).
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Figure C-8:
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CONDITIONAL ON SST1*

Early. fatallty, early injury, and latent cancer . fatallty CCDhFs at named 51tes,

1120 MWe reactor,,summary evacuatlon, representatlve meteorology

(see Appendlx ‘A), and actual site. ponulatlon and w1ndrose

*See footnote, page C 2
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Ncte:
all azsume an

MWe reactor.
-on the ccourrence of a hypothetical SST1 release.
that the scource term magnitude assumed for SST1 ma
factor.of 10 or more. (see section 2.3.2)..
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Thege CCDFs do not represent effects from existing reactor/site combinations,
In addition, these results are conditional

Recent  evidence suggests
y be overestimated by a
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Figure C-9: Early fatality, early'iﬁjury, and latent cancer fatality CCDFs at named sites,

conditional on

an SST1 release.

Agsumptions: 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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These CCDFs do not represent effects from existing reactor/site combinations,

‘Note:
all assume an 1120 MWe reactor. In addition, these results are conditional
on the occurrence of a hypothetical SST1 release. Recent evidence suggests
that the source term magnitude: assumed for ‘SST1. may be overestimated by a
factor of 10 or more (see section 2.3.2). R L o
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Figure C-10: Early fatality, .early injury, and latent cancer fatallty CCDFs at named sites,

conditional on an SST1 release.
Assumptions: 1120 MWe. reactor; summary evacuatlon,-representatlve meteorology

(see Appendix A), and actual s1te pooulatlon and w1ndrose

*See footnote, page C-3. . : e ' v
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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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" ‘(see Appendix A), and actual site population and windrose. - ‘ :

*¥See footnote, pa{;e c-2.
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Note: These CCDFs do not represent effects from existing reactor/site combinations,
all assume an 1120 MWe reactor. 1In addition, these results are conditional
on the occurrence of a hypothetical SST1 release. Recent evidence suggests
that the source term magnitude assumed for SST1 may be overestimated by a
factor of 10 or more (see section 2.3.2).
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Figure C- 12- Early fatality, early injury, and latent cancer fatallty CCDFs at named sites,

conditional on an SSTl release
Assumptlons 1120 MWe' reactor, summary " evacuatlon, representatlve meteorology

(see Appendlx A), and actual 51te ponulatlon and w1ndrose.

*See footnote, page CFZ.
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These CCDFs do not represent effects from existing reactor/site combinations,

In addition, these results are conditional
Recent evidence suggests
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Note:
all assume an 1120 MWe reactor.
on the occurrence of a hypothetical SST1 release.
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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Cc-13: Early fatality, early injury, and 1atent cancer fatality CCDFs at named sites,

conditional on an SST1 release.

Assumptions: 1120 MWe reactor,.summary evacuation, representative meteorology
(see Appendlx A), and actual site population:and windrose.

*See footnote, page C42.
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. Note:  These CCDFs do not represent effects from existin reactor/site com
all assume an 1120 MWe reactor. 1In addition, thege resulté are congizigi:§s'
on the occurrence of a hypothetical SSTl release. Recent evidence suggests
that the source term magnitude assumed  for SST1 may be overestimated b a
factor of 10 or more (see section 2:3.2). - . . . .. o o
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Figure C-14: Early fatality, early injury, and latent cancer fatality CCDFs at named sites,
v conditional on an SST1 release. ‘

" Assumptions: 1120 MWe reactor, summary evacuation, representative meteorology

-~ (see Appendix A), and actual site-population and windrose. - - :

*See footnofé.-page~cf2f
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Note:

z X

-CONDITIONAL PROBABILITY OF

These CCDFs do not represent effects from
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Note: These CCDFs do not represent effects from existing reactor/site combinations,
all assume an 1120 MWe reactor. In addition, these results are conditional
on the occurrence of a hypothetical SST1 release.' Recent evidence suggests
that the source term magnitude ‘assumed for SST1l may be overestimated by a
factor of 10 or more (see section 2.3.2).
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Note: These CCDFs do not represent effects from existing reactor/site combinations,
all assume an 1120 MWe reactor. In .addition, these results are conditional
on the occurrence of & hypothetical SSTl1 release. Recent ‘evidence suggests
that the source term magnitude assumed for SSTl may be overestimated by a
factor ‘of 10 or more (see secthion 2. 3 2). , .

i ' Tig — - ‘ 10° 4

X

i
7

P
P W U U W W k)

CONDITIONAL PROBABILITY OF

.3 : . ’ \ )

T 10 et T b - Bak raas raau. canons ranss N
EARLY FATALITIES, X,  EARLY INJURIES, X, LATENT CANCER FATALITIES, X,
CONDITIONAL ON SST1# CONDITIONAL ON SSTi* " CONDITIONAL ON SSTI*
KEY
o VOGILE

Early fatality, early 1n3ury, and latent cancer fatality CCDFs at named sites,

.conditional on an SST1 release...
“Assumptions: 1120 MWe reactor, ‘summary evacuatlon, representatlve meteorology

(see Appendlx ‘A) and actual- site. pooulatlon and. windrose.

Figure C-17: .

*See footnote, page C-2




vZ-o

Note: These CCDFs do not represent effects from existing reactor/site combinations,
all assume an 1120 MWe reactor.  In addition, these results are conditional
on the occurrence of a hypothetical SST1 release. Recent evidence suggests
that the source term magnitude assumed for SST1 may be overestimated by a
factor of 10 or more (see section 2.3.2). _ .
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Appendix D: Addltlonal Population Statlstlcs for Current
- ' Reactor Sltes:

The demographic characteristics of the 91 reactor
sites described in Chapter 2 and Appendlx 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 demographlc data which complement the data
presented in Chapter 3. These data are presented in the

_follow1nq sectlons.

Section "~ Data Description

D.1 ' Site Populatlon Statistics
D.2° - Exclusion Distances
bD.3 i 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 spec1fled 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 follow1ng
areas of the populatlon dlstrlbutlon qr1d~

Set 1 (Flgures 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-
fied population density (x-axis value).



Set 3 (Figures D.1-17 thru D.1-22): the most .
populated 22.5° sector in each of six annuli
(0-2, 2-5, 5-10, 10-20, 20-30, and 30-50 mi)
on the 16 sector grid. o

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. m1) on the 16 sector grid.

Set 5.(F1gures D 1-29 thru D.1- 34) the most popu-

T 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.D.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 reglons (NE, MW, S, W, SW, see Figure
3~ 1) and one for all reglons comblned (All) ,

Tables D l 1 thru D 1-4 present the data used to
construct the CCDFs in Figures D.1l- 1l thru D.1-28.
Table D.l1 presents, for each of the 91 sites, population
densities. within eight annuli; Table D.2 presents similar
data for eight radial distances; Table D.3 for the most
populated 22.5° sector of six annuli; and Table D.4 for
the most populated 22.5° sector of six radial distances.

[
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TABLE D.1-1

POPULATION DENSITIES (PEOPLE PER SQ. MI.) FOR 91 REACTOR SITES
INNER AND OUTER ANNULAR RADII ARE GIVEN IN MILES

SITE

ALLENS CREEK
ARKANSAS 1 + 2
BAILLY S ;
BEAVER VALLEY 1 + 2
BELLEFONTE 1

BIG ROCK POINT
BLACK FOX
BRAIDWOOD 1

BROWNS FERRY 1, 2, +

BRUNSWICK 1 + 2

"BYRON 1

CALLAWAY

CALVERT CLIFF 1 + 2

CATAWBA 1
CHEROKEE

. CLINTON

COMMANCHE PEAK

. COOK DC 1+ 2
. COOPER. 8

CRYSTAL RIVER
DAVIS-BE 1
DIABLO CANYON 1 + 2
DRESDEN 2 + 3
DUANE ARNOLD
FARLEY 1 + 2
FERMI 2
FITZPATRICK
FORKED RIVER 1
FORT CALHOUN
FORT ST VRAIN
R. E. GINNA

" GRAND GULF 1

HADDEM NECK
HARTSVILLE
HATCH, E.I.

1 + 2
INDIAN PT 2 + 3

- KEWAUNEE

LASALLE 1 + 2
LA CROSSE
LIMERICK 1
MARBLE HILL
ME YANKEE

»MCPUIRE 1+ 2
‘MIDLAND 2

MILLSTONE 1 + 2
MONTICELLO

0- 5

58
271

160

21
54
29
127
12
31

. 83

8

- 34

49
48
18
- 20
93
14
15
31
-0

68

50

22
126

29
76
101
9
.77
16

- 113

44
13
752
21
12
13
792
88
0
64
535
582
67

'5-10 10-20 20-30 30-50 50- lOO 100-200

************************************************************************

o 31

21
83
283
565
89
14
10
53
121
25
59
12
52
237
113
46
20

157

22
30
55
30
118
346
29
259
150

131

.25
35
124
28
211
37
20
617
33
53
22

381

44
o

- 137

87
284
38

D-43

431
113

732

30
26

534
342

30
- 27
147

- 79

88
62
250
32
55

36

7 .
115

19
11
89
69

199

42
71
386
50
146
312
143
611
19

473
61

38

80
20
89
668
301
36
505
289
167
45

39
16
1024
787
41
9
234
le8
98
26
127
87
51
154
220
168
33
2206
22
8
380
32
259
37
27
1254
72
176
182
188
143
40
803
46
28
2046
99
75
34
1877
379
63
193
85
102
155

286
15

906

403
147

16 .
36 .

700

71
13

85

24

456

. 107

162
79

142

117
22

31

212
17

1157

"4

41
562
129

565
23

192
67
40

305

148
33
2462
66
140
35
619
67
45
113
109
410
340

. 418
e

48

42 .

145

- 210
87

11
38

258 .

76

40
439 .

123

201

116
95

68

94

89

350
13 -

156

=8 .
48

194

79.
875

34
15
114
49
822
46

41
304

84

391
55
705

141
18
111
185
624
35

148

35.
47
134

139

76
39
35

111

80

48
74
56

167 .

73
R 2_9]_,
188

30

169

40
25
158

151
108

94
55
125
67

42
6
52
57

158

83
64
196

.139

118
106
169
104
82
73
97
204
26



TABLE D.1-1 (cont'd)

SITE 0-5 5-10 10-20 20-30 30-50 50-100 100-200

********************’********’*************************.*fk*****************3
47 NINE M. PT. 1 + 2 29 150 50 72 129 79 67
48 NORTH ANNA 1, 2, + 3 12 28 29 58 146 183 161
49 OCONEE 1, 2 + 3 42 176 68 163 72 77 94
50 OYSTER CREEK 76 131 146 176 565 875 148 -
51 PALISADE 70 106 92 58 158 423 148
52 PALO VERDE Y 6 7 8 7 122 18 8
53 PEACH BOTTOM 2 + 3 44 96 246 362 659 428 263
54 PEBBLE SPRINGS 5 2 o 2 15 15" 48
55 PERKINS ' : 79 109 203 251 172 96 78
56 PERRY 1 ' 224 230 178 296 374 135 170
57 PHIPPS BEND 82 57 128 98 78 78 92
58 PILGRIM 1 119 85 132 407 699 110 194
59 POINT BEACH 1 + 2 30 80 63 88 70 90 139
60 PRAIRIE 1 + 2 , 60 67 51 114 358 46 34
61 QUAD CITIES 1 + 2 18 64 313 77 47 85 150,
62 RANCHO SECO - 22 .29 133 492 93 210 16
63 RIVERBEND 1 49 74 86 176 43 92 = 34
64 H. B. ROBINSON 2 97 75 50 75 77 98 68
65 SAINT LUCIE 1 : 71 160 34 29 41 58 38
66 SALEM 1 + 2 45 102 334 348 778 410 249
67 SAN ONOFRE 18 103 183 134 632 314 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 SHOREHAM 135 146 347 847 699 714 173
72 SKAGIT 49 52 34 66 43 74 ‘9
73 SOUTH TEXAS 0 10 25 11 26 94 31
74 VIRGIL C. SUMMER 1 43 47 194 67 110 84
75 SURRY ST 1 + 2 o 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 o 164 179 437 152 26 8
80 VERMONT YANKEE 1 102 79 99" 68 217 363 236
81 VOGTLE ‘ 0. 8 26 162 35 ~ 58 79
82 WATERFORD 3 181 119 282 490 91 40 27 .
83 WATTS BAR 1 + 2 22 31 61 68 101 61 103 >
84 WPPSS1+4 : 0 6 69 22 16 14 43
85 WPPSS 3 + 5 28 24 46 53 49 86 20
86 WPPSS 2 ‘ -0 6 61 . 27 16 14 43
87 WOLF CREEK 34 4 9 32 21 97 . 35~
88 YANKEE ROWE 12 88 84 129 255 311 261
89 YELLOW CREEK ' 15 . 32 42 35 49 66 65
90 ZIMMER 1 53 87 203 622 126 156 105

91 ZION ' 538 697 347 484 1130 196 83
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TABLE D.1-2

CUMMULATIVE POPULATION DENSITIES (PEOPLE PER‘SQ. MI.) FOR 91
- REACTOR SITES, CIRCLE RADII ARE GIVEN IN MILES

. SITE .0~5 0-10 0-20 0-30 0-50 0-100 0-200
****************'****************************************_*************
1 ALLENS CREEK .31 23 28 35 196 .85 48
‘2 ARKANSAS 1 + 2 58 77 39 26 19 .37 44
3 BAILLY S 271 .280 471 778 860 324 182
4 BEAVER VALLEY 1 + 2 160 464 373 603 475 . 277 174
5 BELLEFONTE 1 - 21 . 72 41 41 109 92 80
6 BIG ROCK POINT . 54 24 26 16 16 12 32
7. BLACK FOX ‘ 29 15 114 181 88 51 39
8 BRAIDWOOD 1 _ 127 72 .77 128 494 317 163
9 BROWNS FERRY 1, 2, + 12 94 89 94 80 77 80
10 BRUNSWICK 1 + 2 31 26 53 3. 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 CHEROKEE ‘ 48 97 109 171 165 113 96
16 CLINTON _ - 18 39 37 109 90 74 159
17 COMMANCHE PEAK 20 20 10 . 23 99 95 46
18 COOK DC 1+ 27 ...93 141 122 180 139 349 214
19 COOPER § . o 14 20 19 21 22 58 44
20 CRYSTAL RIVER - 15 26 15 11 24 73 - 37
21 DAVIS-BE 1 . 31 .49 79 246 225 318 198
22 DIABLO CANYON 1 + 2 0 220 57 43 27 17 117
23 DRESDEN 2 + 3 68 105 176 222 821 322 162
24 DUANE ARNOLD 50 272 100 65 58 58 - 85
25 FARLEY 1 + 2 22 27 60 42 41 46 53
26 FERMI 2 , 126 226 346 851 666 312 172
27 FITZPATRICK 29 119 67 70 107 -~ 86 72
28 FORKED RIVER 1 ‘ 76 117 139 160 419 761 301
29 FORT CALHOUN I 101 44 245 210 91 ~ 48 43
30 FORT ST VRAIN R 9 29 114 155 179 56 19
31.R. E. GINNA ; 77 112 486 295 149 123 70
32 GRAND GULF 1° . 16 -~ 25 - 20 31 37 46 54
33 HADDEM NECK 113 187 401 624 420 722 299
34 HARTSVILLE ' . 44 39 55 50 113 - 62 78
35 HATCH, E.I. 1 + 2 13 18 33 . 31 32 39 58
36 INDIAN 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 MARBLE HILL ‘ 88 '~ 55 = 240 317 157 ' 145 ° 115
42 ME YANKEE , -0 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 90 42
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"TABLE D.1-2 (cont'd)

47

48
49
50
51
52
53
54
55

56

57
58
59
60

61

62
63
64

65

66
67
68
69
70
71
72
73

" SITE

NINE M. PT. 1 + 2

NORTH ANNA 1, 2, + 3

OCONEE 1, 2 + 3
OYSTER CREEK
PALISADE -

PALO VERDE 1

PEACH BOTTOM 2 + 3
PEBBLE SPRINGS
PERKINS

PERRY 1. _
‘PHIPPS BEND
PILGRIM 1

POINT BEACH 1 + 2

PRAIRIE -1 + 2
QUAD CITIES 1 + 2
RANCHO . SECO -

RIVERBEND 1.
‘H. B. ROBINSON 2

SAINT LUCIE 1

SALEM 1 + 2

SAN ONOFRE
SEABROOK 1

SEQUOYAH 1 + 2
'SHEARON HARRIS

SHOREHAM
SKAGIT

SOUTH TEXAS
VIRGIL C. SUMMER
SURRY ST 1 + 2

‘SUSQUEHANNA 1

THREE MILE ISLAND

‘TROJAN -

TURKEY POINT 1 + 2

"VERMONT YANKEE 1

VOGTLE
WATERFORD 3
WATTS BAR 1 + 2
WPPSS1+4 ’
WPPSS 3 + 5
WPPSS 2

WOLF CREEK
YANKEE ROWE
YELLOW CREEK

ZIMMER 1
-ZION

120

102

‘181

0-5

29
12
42
76
70

6
a4

5

79

224

82

119

30
60
18

22

49
97

71

45

18
108
23
135

49

0
1
26

. 188
- 320

104
0

0

22
0

28

0
-34

.12
~15

53

538

o _ 0-10 0-20. 0-30 0=50 0-100 0-200
’********************************-****’*-*‘*****'***************************
107
1109

119
24
142
117
97
7
83
3
102
228
.94
67
65
53
27
68
80
138
88
.82
26
113
. 58
144
51
22
33
196
144
433
174
123
84
135
29
.25

11
69
28
78
657

D-46

205

178

}'81

245

-39

67
28

87

93
8

1

190

112
122

64

- 55

248
107

58

. 60
272

158
.91

. 255
1141
296

38
21
43

188

284

483

81

165

95
21

53
53
41
47
10
81

172

424

70
44
129
160
74
7
292
2
219
249

104

280
77
88

153,

321
134
67
43
314
144
76
153
176
602
54
15
127
191
225
352
65
316
80
29

381

61
36
48
36
22
107
37
422

457

93
419
128

81
527 .
. 10
189

329
87

548 -

73
261
85
175
76
73
42

611

456
202

88

133
664
47

22

89
204

191 .
234

145
211
le68

58.
195

87

48

23
21

202

44

232
888

53

86
165
81

761
345
34
14
119
183
80.
220
85 .
100
© 85
201
.88
92 .
54 . .
460

350

147
2106 .

702

67,
76
105 ..
81 .
331

438

72

72

314

58

79

68
lé

71
16 .

78

283.
60
175,
369 .

72
162
91
301

198
14
311
40
s

173
89’

201"
126
510
134
63’

47

74
a2
302
96
49

87

.82
305
.23
.42
89
104
348 .
321
37

24

. 255
73

40
94

- 36
34

36
46

267
64

122

154

L
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TABLE D.1-3

POPULATION DENSITIES (PEOPLE PER SQ. MI.) IN
MOST POPULATED 22.5° SECTOR OF EACH ANNULUS

SITE ’ -~ 0=-5MI 5-10MI 10-20MI  20-30MI

************************************************************************
1 ALLENS CREEK S . 209.4 182.3 130.8 °  153.1
2 ARKANSAS 1 + 2 o - 364.2 676.5 112.0 -~ 69.4
3 BAILLY S 1123.1 1650.5 4113.3 9294.1

"4 BEAVER VALLEY 1 + 2 1073.8 2108.9 © 1003.9  6199.0
5 BELLEFONTE 1 199.6 420.6  '89.1 - 79.7
-6 BIG ROCK POINT E - 716.9 48.9 160.5 28.7
7 BLACK FOX - - 1 267.3 81.0 1148.5  2232.1
8 BRAIDWOOD 1 N © 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 = o '356.3 173.8 2191.8 * ' 355.3
12 CALLAWAY ‘ 4 - 7129.8 . 57.3 161.8 - - "557.6
13 CALVERT CLIFF 1 +. 2 © 293.4 240.3 220.0 .- 171.7
14 CATAWBA 1 - N - 263.0 1613.2 2719:9° - 607.2
15 CHEROKEE o 276.9 281.9 - 448.0 = 807.3
16 CLINTON ' 107.8 287.3 83.1 11001.1
17 COMMANCHE PEAK . - 316.6 88.5 29.2 - 183.6
18 COOK DC 1+ 2 © 335.3 1053.0 474.3  ~ 1930.4
19 COOPER S . C 54,2 108.6 - 63.1 . 83.7
20 CRYSTAL RIVER o © 235.3 164.5 ~ 51.7 - 52.6
21 DAVIS-BE 1 ' 337.6 318.3 ' 417.2 © 2358.0
22 DIABLO CANYON 1 + 2 . 0.0 175.2 566.8 - 295.7
23 DRESDEN 2 + 3 - 332.7 359.¢ 2023.6  1093.6
24 DUANE ARNOLD o - 269.1 2488.4 102.4 . 86.2
25 FARLEY 1 + 2 ‘ . 160.7 134.5  619.9 - - 46.1
26 FERMI 2 : 586.9 1364.6 2637.4  6556.7
27 FITZPATRICK - o 468.3 1758.1  .310.2 - ° 599.6
28 FORKED RIVER 1 o - 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 INDIAN PT 2 + 3 B © 2513.7 1916.9 2363.0 14617.9
37 KEWAUNEE 225.1 197.0 814.8  1292.6
38 LASALLE 1 + 2 ﬁ 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 MONTICELLO _ 456.3 190.9 98.2 621.0

D-47



TABLE D.1-3 (cont'd)

10-20MI  20-30MI -
************************************************************************
47 NINE M. PT. 1 + 2 468.3 1758.1 310.2 599.6
48 NORTH ANNA 1, 2, + 3 187.2 98.5 57.2. 294.6
49 OCONEE 1, 2 + 3 .. 215.1 821.7. : 277.7 920.6 -
50 OYSTER CREEK - 458.6. - 858.5 847.5 1029.9
51 PALISADE - 415.8 460.0- 944.2 . 220.5
52 PALO VERDE 1 69.7 53.2 75.4 - .88.1
53 PEACH BOTTOM 2 + 3 . 290.1 255.2 1292.9 . 1092.9
54 PEBBLE SPRINGS . ..76.4 21.2 5.3 8.6 -
55 PERKINS 458.8 314.9 675.8 - ..810.2
56 PERRY 1 : 811.4 1561.6 899.0. ,3837 3
57 PHIPPS BEND . 265.9 287.9 915.8. . 557.4
58 PILGRIM 1 _ 886.6 611.8 413.4 1773.1
59 POINT BEACH 1 + 2 , ~ . 355.1 876.7 617.3 . 625.4
60 PRAIRIE 1 + 2 ' - 280.3 596.8 ©219.0 ... 866.5
61 QUAD CITIES 1 + 2 . 109.8 240.1 1937.6 .383.8
62 RANCHO SECO ~ 348.6 101.5. - 573.9. 3087.3
63 RIVERBEND 1 : 295.8 298.9 440.0 = 1673.5
64 H. B. ROBINSON 2 ... 525.0 523.0 1 198.9 262.9
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 1 582.6
79 TURKEY POINT 1 + 2 - . 0.0 1289.1 2107.5 4119.7
80 VERMONT YANKEE 1 : . . 507.7 532.1 361.2 350.6
81 VOGTLE N B 0.0 74.4 76.9 . 991.7
82 WATERFORD 3 880.3 452.7 3399.3 . 5068.1
83 WATTS BAR 1 + 2 ' . 203.1 98.3 248.0. . 163.3
84 WPPSS1+4 - . . 0.0 95.1. 581.8 . 158.1
85 WPPSS 3 + 5 , © 453.7 193.3 540.7 1225.5
86 WPPSS 2 B . 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 YELIOW 'CREEK ~ . .~ .. . 132.2 101.6 . - 262.6 . - - 102.3
90 ZIMMER 1 - ’ 325.9 180.0 949.5 5331.2
91 ZION - ‘ . 2040.9 4367.4 1665.5 3344.7

SITE 0-5MI
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TABLE D.1-4

POPULATION DENSITIES (PEOPLE PER SQ. MI.) IN

MOST POPULATED 22.5°

SITE -
ALLENS CREEK
BAILLY S

BELLEFONTE 1

BIG ROCK POINT

BLACK FOX -
BRAIDWOOD 1

BROWNS FERRY 1,
BRUNSWICK 1 + 2
- BYRON 1 ‘

CALLAWAY

CALVERT CLIFF 1 + 2

CATAWBA 1
CHEROKEE
CLINTON.

COMMANCHE PEAK
COOK DC .1 + 2 .

 COOPER § - :

CRYSTAL RIVER

DAVIS-BE 1

DIABIO CANYON 1 + 2

DRESDEN 2 +-
DUANE ARNOLD

. FARLEY 1 + 2
-FERMI 2

FITZPATRICK

FORKED RIVER 1

FORT. CALHOUN

'ARKANSAS 1 + 2

- BEAVER VALLEY 1 + 2

3

FORT ST VRAIN

R. E. GINNA
GRAND GULF 1

HARTSVILLE
HATCH, E.I.

-INDIAN PT 2

KEWAUNEE
LASALLE 1 +
LA CROSSE -

‘LIMERICK 1

MARBLE HILL

ME. YANKEE

MCGUIRE 1 +
MIDLAND 2

MILLSTONE 1
MONTICELLIO

.~ HADDEM NECK

+

0-5MI 0-10MI = 0-20MI -
1 209.4 136.7 .98.1 128.6
364.2 598.4 194.6 - .125.1
1123.1 1355.6 3423.9  5163.4
1073.8 1594.2 903.2 3845.3
199.6 335.6 107.7 . -80.5
. 716.9 215.9 132.2 . 1 66.2
1 267.3 66.8 861.4 - -1622.9
- 619.3 218.8 316.7 ... 878.7
.189.1 611.1 529.7 .. 427.3
1452.3 113.1 607.2  -411.4
- 356.3 162.6  1656.5 - 889.0
129.8 43.0 129.7- - - 341.3
- 293.4 229.0  210.1 - .109.3
.263.0 1209.9 2075.7 ;- 1259.9
276.9 736.4 . 361.2° . 501.1
107.8 215.5 72.2  .572.2
316.6 79.1 38.5 . 102.0
335.3 ° 867.9 572.7. . 1141.4
. 54.2 90.3 63.3 . - 56.5
235.3 123.4 53.5 . 41.4
337.6 238.7 327.8. . 1367.2
0.0 131.4  441.6 ..  201.4
- 332.7 269.7 1538.2 . - 876.8
269.1 1922.2 505.8" '241.8
- 160.7 100.8 475.8 231.4
586.9 1073.2 2069.3  4507.6
- 468.3 1318.6 362.0 - . 365.6
~ 458.6 758.5 - . 825.3 .- 939.0
. 976.8 244.2 2417.8 . 1960.0
139.1 90.6 430.7 -~ - 553.9
692.2 386.5 4507.8 .  2392.7
207.8 178.5 51.8 - . 183.1
789.6 660.9 1439.7 . 2009.7
456.9 114.2 . 205.6 155.2
.210.4 84.7 102.1 61.2
2513.7 1627.5 2161.0 8684.2
225.1 147.7 618.5 735.8
122.2 144.4 301.9. 228.0
148.3 53.7  682.1 = 392.5
4232.5 - 1343.5 - 1758.1 = -7511.8
649.0 184.6 1753.1 2692.1
0.0 38.1 173.6  404.3
388.5 319.4 2386.1 1301.3
2006.6 549.1 1718.5 911.8
3739.0 1962.1 877.7 485.5
456.3 143.2 86.2 368.5
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TABLE D.1-4 (cont'd)

47
48

, 49..
50

51
52

53

54
55

56
57
58

59

60"

61
62

63
64
65"
66

67

68
69;

70

71-

72
73
74

75
76
77

78

79

80

81

82
83

84
85

86

87
88

89
20

SITE L : 0-5M1 0-10MI * ~0-20MI 0-30MI
khkkhkhkhhkhhkhkRhrhkhhkhkkhhhhkhhhkhkkkhhkhhkhhhhhkhhkhhkhhhkhhkhhkhhkhhhhhddkkkhkihdikk
NINE M. PT. 1 + 2 " 468.3 1318.6 362.0 365.6
NORTH ANNA 1, 2, + 3 187.2 73.9 47.0 - 178.5
‘OCONEE 1; 2'+ 3 . 215.1 1629.3 235.0 ' 611.8
‘OYSTER CREEK - 1 458.6 758.5 825.3 939.0
PALISADE ' - 415.8 448.9 ° 741.4 452.0"
"PALO VERDE 1 o 69.7 57.3 - 56.5 - 74.1
PEACH BOTTOM 2 + 3 1290.1 191.4 969.7 = .841l.6
PEBBLE SPRINGS - 0 76.4 19.1 6.4 15,2
"PERKINS - ‘ ’ . 458.8 291.7 '529.3 - 651.1
PERRY 1 -+ ' o © - 8l1.4 1276.5. 993.4 - 2573.3
PHIPPS BEND R L. 265.9 215.9 688.3 ©  374.3
PILGRIM 1 : © 886.6 584.3 456.1 - 1155.4
POINT BEACH 1+ 2 355.1 657.6 627.4 - - 362.0
PRAIRIE 1 4 2 - 1280.3 496.1 171.2. " 557.5
'QUAD CITIES 1 + 2 . ©109.8 180.1 1456.3 860.5
RANCHO SECO- R " 348.6 146.1 ' 430.4.  1814.3
RIVERBEND 1 - a 295.8. 231.9 335.1-- 1078.7
H. B. ROBINSON 2 . 525.0 523.5 280.0 .~ 270.5
SAINT LUCIE 1 . . 947.7 1012.7 419.0 ©230.7
SALEM 1+ 2 © 626.6 450.8 1511.5 ° '1543.0
SAN ONOFRE - - 280.9 735.6 796.4  ~ 951.5
SEABROOK 1- f - 540.7 352.3 475.5 - 344.2
'SEQUOYAH 1. + 2 o -294.2 283.0 1456.0.. [ 799.7
SHEARON 'HARRIS - "~ 190.5 182.1 580.4 1 647.5
SHOREHAM - - v - 805.7 813.7 1289.1 = :2361.5
"SKAGIT = - 288.3 451.5 201.2 301.2
"SOUTH TEXAS o © 0.0 46.0 199.3 .98.3
- VIRGIL C. SUMMER _ 17.7 74.9 173.9 ~ .1091:1
SURRY ST 1 + 2 ' 244.5 1313.9 1318.8 1164.1
SUSQUEHANNA 1 _ - 1309.7 748.9 1979.1 - '1362.8
THREE MILE ISLAND - 2157.0 1758.2 ' 1656.6 -824.4
TROJAN - ' -~ 365.9 1618.7 - 480.5" 382.6
TURKEY POINT 1 + 2 0.0 966.8 1628.8 2316.4
VERMONT YANKEE 1 . - 507.7 526.0 270.9 261.4
VOGTLE = - - 0.0 55.8 57.7 559.2
"WATERFORD. 3~ . ' © 880.3 426.9 2618.1 3979.2
WATTS BAR 1 + 2 203.1 124.5 186.0 +127.9
WPPSS1+4 . : © 0.0 71.4 436.3 281.7
WPPSS 3 '+ 5 } 453.7 145.0 405.5 196.8
‘WPPSS 2° A 0.0 71.4 403.7 289.3
WOLF CREEK - | - 427.6 123.0 39.7 . 129.5
"YANKEE ROWE | - 95.5 528.8 223.7 7 464.0
YELLOW CREEK - 132.2 76.2 213.0 . '107.0
ZIMMER 1 =~ 325.9 162.0 747.0 = 3264.5
3779.5 1724.0  2349.3

91f

Ziow ‘ 2040.9
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D.2 Exc1u31on Dlstances

Table D. 2-1 presents the dlstance to the closest
boundary of the exclusion zone surroundlng each of the
91 reactor sites, discussed in Chapter 2 and Appendlx A.

The varlablllty of these dlstances is dlsplayed in
Figure 3-2 in Chapter 3.
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EXCLUSION DISTANCES (MILES) FOR 91 REACTOR SITES

N I I I I I I I
ALLENS CREEK - -

TABLE D.2-1

SITE .

ARKANSAS 1 + 2
BAILLY S

BEAVER VALLEY 1 + 2
BELLEFONTE 1

BIG ROCK POINT
BLACK FOX
BRAIDWOOD 1
BROWNS FERRY 1, 2,
BRUNSWICK 1 + 2
BYRON 1 '
CALLAWAY _
CALVERT CLIFF 1 + 2
CATAWBA 1
CHEROKEE

CLINTON

COMMANCHE PEAK
COOK DC 1 + 2
COOPER S

CRYSTAL RIVER
DAVIS-BE 1

DIABLO CANYON 1 + 2
DRESDEN 2 + 3
DUANE ARNOLD
FARLEY 1 + 2
FERMI 2
FITZPATRICK
FORKED RIVER 1
FORT CALHOUN

FORT ST VRAIN

R. E. GINNA

GRAND GULF 1
HADDEM NECK
HARTSVILLE

HATCH, E.I. 1 + 2
INDIAN PT 2 + 3
KEWAUNEE

LASALLE 1 + 2

LA CROSSE
LIMERICK 1

MARBLE HILL

ME YANKEE

MCGUIRE 1 + 2
MIDLAND 2 '
MILLSTONE 1 + 2

D-Sg

+

3

EX. DIST.

0.82 :
0.65
0.12
0.38
0.57
0.51
0.53
0.28
0.76
0.57
0.29
0.68
0.71
0.47
0.37
0.61
0.87
0.38
0.46
0.83
0.39
0.50
0.42
0.27
0.78
0.57
0.61
0.38
0.23
0.37
0.28
0.47
0.33
0.76
0.78
0.21
0.75

. 0.32

0.21
0.47
0.42
0.38
0.47
0.31
0.31

(v‘_ )



TABLE D.2-1 (cont'd)

SITE EX. DIST.
*************************************** )
46 MONTICELLO ' S 0.30
47 NINE M. PT. 1 + 2 o 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 _ ' 7 0.56
53 PEACH BOTTOM 2 + 3 0.51
54 PEBBLE SPRINGS' : 0.49
55 PERKINS 0.37
56 PERRY 1 0.57
57 PHIPPS BEND - 0.47
58 PILGRIM 1 0.27
59 POINT BEACH 1 + 2 0.75
60 PRAIRIE 1 + 2 0.44
61 QUAD CITIES 1 + 2 . 0.24
62 RANCHO SECO 0.40
63 RIVERBEND 1- 0.57
64 H. B. ROBINSON 2 0.26
65 SAINT LUCIE 1 0.97
66 SALEM 1 + 2 0.72
67 SAN ONOFRE 0.50
68 SEABROOK 1 0.57
69 SEQUOYAH 1 + 2 0.36
70 SHEARON HARRIS 1.33
71 SHOREHAM 0.19
72 SKAGIT - ' 0.38
73 SOUTH TEXAS 0.89
74 VIRGIL C. SUMMER : 1.01
75 SURRY ST 1 + 2 0.35
76 SUSQUEHANNA 1 0.35
77 THREE MILE ISLAND 0.38
78 TROJAN 0.41
79 TURKEY POINT 1 + 2 0.79
80 VERMONT YANKEE 1 0.17
81 VOGTLE ' 0.68
82 WATERFORD 3 0.57
83 WATTS BAR 1 + 2 0.75
84 WPPSS1+4 1.21
85 WPPSS 3 + 5 0.81
86 WPPSS 2 : 1.21
87 WOLF CREEK , . 0.75
88 YANKEE ROWE - 0.59
89 YELLOW CREEK 0.43
90 ZIMMER 1 ‘ 0.24

91 ZION 0.57

D-53



D.3 Site”Population Factors

Table D 3 1 presents the Slte Populatlon Factor
(SPF_) and the Wind Rose Weighted Site Population
Factor (WRSPFn) for each of the 91 reactor sites dis-
cussed in Chapter 2 and Appendlx ‘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 calculatlons are presented
in Section 3. 2 of Chapter 3. .
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s6-a

SITE NAME

ALLENS CREEK
ARKANSAS | + 2

BAILLY S

BEAVER VALLEY
BELLEFONTE 1
81G ROCK POINT

BLACK FOX
BRAIDAOOD 1

BROWNS FERRY

BRUNSWICK |
BYRON 1
CALLAWAY |

CALVERT CLIFF

CATAWBA 1
CHEROKEE
CLINTON

COMMANCHE PEAK

COK DC
COOPER S

CRYSTAL RIVER

DAVIS-BE 1

DIABLO CANYON
DRESDEN 2 + 3
DUANE  ARNOLD
FARLEY 1 + 2 .

FEZMI 2
FITZPAIRICK

FORKED RIVER
FORT CALHOUS
FORT ST VRAIN

GINNA R, E.
GRAND GULF
HADDEM NECK
HARTSVIILLE
HATCA, Ell.

INDIAN PT 2 +

KEAAUNER

LASALLE 1 + 2

LA CROSSE-
LIMERICK |
MARBLE HILL
ME YANKEE

MCGUIRE ) + 2

MIDLAND 2

MILLSTONE 1
MONTICELLO
NINE 4. PT.

NORTH ANNA 1,
QUONEE 1o 2 + 3

Table D.3-1.
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=
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SITE POPULATION FACTORS (SPF) AND WIND ROSE

WEIGHTED SITE POPULATION FACTORS (WRWSPF)
FOR 91 REACTOR SITES

SPF5
. 31084E=0|
.34737E-01
1 7129E400
.90963E-01
.60386E-01
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SPF10
«26170E-01
+60184E-01
+21447E+00
«25042E+00

.72908E-01
- . 25840E-01

. 14603E=01
L 10993400

_+44405E-01

«2226UE=01
«67722E~01

. 10237E-01 .

«30431E-01

" W9TBOI1E-0!

«60843E-01
+31270E-01
+ 12700E-01
« 11303E+00

L14B1IE-OT -

« 22168E=01
L4045 1E=01
<98598E-02
L67169E=01

«12949E+00

« 17446E-01

19137400 .

.68462E-01

. 19601E=O1
«14928E+0)
«26881E-01

" 14720E-01

. T4045E+00
< 17390E=-01
+29233E-0)
. 19149E-01

T LHBIZYE+O.
...438£0b el
e VT940E=02 -
<B9I9TE~0]

362726400 -

39795k +00
+365388E~01
6846 2E-01
« 16242E-01
« 11083e~01
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OYSTER CREE
PALISADE
PALO VERDE
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PEACH BOTTOM 2 + 3

PEBBLE SPRINGS
'PERKINS :

PERRY |
PHIPPS BEND
PILGRIM 1
POINT BEACH
PRAIRIE |
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RIVERBEND 1

SAINT LUCIE
SALEM 1 + 2
SAN ONOFRE

"SEABROOK 1
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SKAGIT
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+ 2

+ 2
SHEARON HARRIS

+ 2
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VIKGIL U. SUMMER
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O

L 11904kE-01

< 16991E=01

. 12403E+01

L 65U05E~V2
. 2/940£-01
713646400

Table D.3-1.

SPF10

.94343E-01

.14781E-01
<57060E-02

. 46280E~01
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B48E6E-O1
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.43767E-01
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. 1586 2E+ 00
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4639 1E~UI
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0
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.99429E~0]
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. 10408E +00
«12494E-02

.« 129271E+00

«218%4E+00.

.9 1114E<01

« 12056E+00

J7B81B1E-0) .

T 81843E-0]

o 195T72E+00
+62468E~01
«H3V17e-01

-+ 40993E~0]

«50326E-01
o 13494E+00
«69350E-01
+61434E~01
1. 24659E+00

.62003E-01

“W61431E-01

238 156400
. 11627E-01
+27235E-01
< 1HT10E+00
<186 70E+00
2423136400
. 15456E+00
.72504E-C1
11 T33E+00

109 TIE=O1

L1D424E+00

ARSPE30
. 10273E+00
<1004 TE+Q0
<67868E-02
. 16286E+00
16 1TTE-02
<165 76E400
+25700E+00

«90997E-01

+ 18316400
.B4/59E-01
« 9BU6OE-0I
» H4606E+ 00
183076+
«83519E~01
.463736-0)
.43984E-01
W 1 1374E+00
. 13646E-01
+60380E~U1
» 2204 3E+00

T BY40TE=UI

" L61342E-01

« 39069E+00
L10927E-01

L 54535E-0)

. 1 2181E+00

. 18442E+00

« 39465E+00
« 1401 3e+00

L TU29SE+L0

W 2551 4E-01

L 33159E=01
.29385E~C1
9B0/E=U]
<8087 /E~U2

.441i8 101

. 25084E=01
19 TUIE-OI

+685755+00

« 10998E+ 00
$29994E-01
L20717E+00
L373296~U1
L31491E-01t

e 30328e-01

»25535E-01
1 3311Ee=01
« 06389~V

" 26947E=01

>

o | $320E+00
$62/41E+0U




S Wy S

Appendlx E. CRAC'ZAH A Brlef Descrlptlon'

- The acc1dent consequence calculatlons presented
in Chapter 2 were performed using CRAC2 [1,2], an im-
proved version of the WASH-~1400 consequence model CRAC.
A number of modifications were made in the upgrade from
CRAC to CRAC2. These include changes in the treatments
of atmospheric dlsper51on 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 brlefly described below. In addition,
several errors found in CRAC were corrected 1n the CRAC2
version. S R : :

E:l1 Atmospheric Dispersion Parameters

The values of the horizontal dispersion coeffi-
cients, ;» Obtained from the Pasquill-Gifford curves
(and- para%eterlzed 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
-ty (minutes) is made by means of the formula.

o~ 0
Y2 - t2 o
o o 3 min.

Ypg

where Q is within the range 0.25-0.3 for 1 hr < t,
< 100 ‘hr and:equals V0.2 for 3 min < t, < 1 hr. -

In CRAC2, Q is equal to 0.2 for release durations
between 3 minutes and one hour and 0.25 for release
durations greater than one hour. The lower value
of 0.25, rather than 0.3, was selected for long-
duration releases because it results in higher con-
centratlons. - ,

The‘vertical-dispersion coefficients, ¢0,, obtained
from the Pasquil-Gifford curves (parameterized by Martin
- and Tikvart [6]) are based on data from releases over



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 us1ng the follow1ng recommended

equatlon [7 8]

¢
3]

ozz/ozl--,(rz/rl)b;"f

: WheresG- is. the unedjusted.parameter,'cf ;iS’the ad-
. 1 - s V72 o+

justed parameter, ry =3 cm, and ry = 10 cm. Impacts

of these changes in the treatment of dispersion para-

meters were examined in [9].

E.2 Plume Rlse

: - The WASH—14OO consequence model used plume rise
quatlons recommended -in Brlggs (1969) [10J. . The .plume
rise model used in CRAC2 is based on a-more recent-

paper by Brlggs (1975) [ll]
E. 3 Pre01p1tatlon Scavenglng (Wet Dep051tlon)

‘ 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 2rec1p1tatlon scav~-
enging. A coefficient ‘0of . 1.0.x 107% (sec)” (mm/hr)"1
is used for stable conditions.and 1.0 x 107 3 (sec)~1
(mm/hr)'; for neutral and .unstable conditions.

E.4 M1x1ng Helghts

_ The WASH—14OO 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



is: assumed. ' For neutral and unstable conditions, the’
Holzworth ‘afternoon mixing height is assumed. - This
change has minimal impact. on resultlng predlcted conse-
quences. . ; :

E.S ImprovedvWeather Sequence Sampling Technique

. WASH-1400's consequence model -(CRAC) used a strat-
ified sampling technique by which: sequences are selected
every four days # thirteen hours to provide coverage of
diurnal, seasonal and four-day weather cycles [13].

‘In this manner, a total .of 291 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 magnltude
or more.are not uncommon ' o : R :

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 all, by the WASH-1400 sampling technique. Further-
more, estimated probabilities for adverse weather condi-
tions can be: significantly in error. For example, a
particularly. adverse weather sequence: with:.actual pro-
bability of 1/8760 would, if sampled, be assigned a
probablllty of 1/91. - : B R

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 seguences
is first examined to determine.if rain occurs anywhere
within 50 kilometers (30 miles) of the accident site.

E-3-



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. o

A comparison of the variation in consequences. due
to sampling by the two methods is provided: in. Figure'
E.5~1.. For both methods, early-fatality frequency:dis-
tributions - (CCDF's) for a PWR2 release [15] were cal-
culated with CRAC, using 32 different sets of weather
sequences sampled from the New York City weather data
summarizedfinﬂTable”E.5—l.uyAlso;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. sampllng than the prev1ous
qWASH-14OO technlque. : : e : :

E.6 Emergency Response (Fvacuatlon) Model

. The CRAC2 evacuatlon model [16 17] is s1gn1f1—.
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.- requlred as input =
.to.the model. :Different shleldlng factors and breathing

- rates. are used while :stationary or:in: transit. . In -
addition, all persons within the designated evacuation
area move as:a group with the same. delay time and evac-
uation speed. Therefore, the possibility that. some-

people may not leave the evacuated area is ‘ignored.

This latter assumption results in upper bound estimates

of . evacuation effectiveness, given a specific delay time
and speed.* Unlike the RSS model in which persons c¢ontinue

*The evacuation effectiveness would decrease linearly
.with an increasing nonparticipating fraction of the
population. In actual evacuations, Civil Defense:
personnel have observed. a nonpart1c1pat1ng m1nor1ty
of approximately 5%. . .
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(a) ' - (b)

Comparison of Uncertainty Due to Sampling by (A) WASH-1400
and (B) Weather Bin Techniques. For each technique, 32
different sets of weather sequences are used to generate
early-fatality frequency distributions for a PWR2 release.
A "best estimate” using all 8760 avallable sequences, is
shown by the darkened line.




Table E.5-1 One Year of Wew York City Meteorological
Data Summarized Using Weather Bin

Categories

Weather Bin'DefihitiOhs

R - Rain starting w1th1n indicated interval

(miles).

S - Slowdown occurring w1th1n 1ndlcated
" interval (miles).
A-C D EF - Stablllty categories.

1(0-1), 2(1-2),
intervals (m/s).

3(2-3),

Weather Bin

-~ R (0) .
R (0-5)
R (5-10)
R (10-15)
R (15-20)
R (20-25)
R (25-30
s (0-10)
S (10-15)

WONOUT DL WN

4(3=5), 5(GT 5)

Number of -

Sequences

697
12
62

102
75
67
61
24
16

© 18
14
18

168.

892
61
948 . -
3325 ¢
0 R
27

167

682

270"

0
116
310
402

0

8760

- Wind Speed

- Percent
7.96
.14
Y §
1.16
- .86

.76
.70
27
.18
.21
.16
.21
1.92
10.18
"0.00
.70
2.58
10.82
37.96
0.00
<31
1.91
7.79
3.08
0.00
'.1;32v
3.54
. 4.59
"0.00

100.00

{
-
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evacuating until they are either overtaken by the -

-cloud or leave the model grid, all evacuating persons

in the new model travel a: designated -distance from

the evacuated area and are then removed from:the
problem.  This treatment allows for ‘the likelihood that
after traveling outward for some distance, people may
learn their position- relatlve to the cloud: and be

-able: to av01d it

- aThewnew'model.alsoucalculates.moreurealistic 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.andrthuswreceive onlyxa)
. fraction. of  the full cloud exposure.* - The revised

evacuation model a551gns the cloud a flnlte lIength
which is calculated using the assumed release duration
and wind speed during the release. To simplify the

.. treatment, the length of the cloud is assumed to remain

constant following the release (i.e., the front and
back of the cloud travel .at the same speed), and the
concentration of radiocactive 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 alrborne radio-

- nuclides.

The revised treatment calculates the time periods
during which: people are exposed to radionuclides on
the ground while they are stationary and while they

*It 1s 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.



are evacuating. Because radionuclides would be depos- A
ited continually from the cloud as it passed a given
location, a person while under the cloud: would be
exposed to ground contamination less concentrated than
than if. the cloud had- .completely passed. To account
for this, the new model assumes that persons complete-
ly passed by the cloud are exposed to-the total ground
contamination concentration, calculated to exist after
complete passage of the cloud, to one-half the calcu-
- lated concentration when anywhere under the cloud, and
to no ‘concentration when: in front of the cloud.’

more detailed dlscuss1on of the models 1s prov1ded

in [16] and [17] R : .

A The CRAC2 model of publlc evacuatlon ‘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 tlmes of approx1mately 1,
3, and 5 hours respectlvely. ;

The CRAC2 evacuatlon model can 1ncorporate 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 Evacuatlon and was discussed in Sections
2.2 and 2. 5. ' : o e ' .

The CRACZ model is :also capable of con51der1ng
4popu1at10n 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].

&



E.7 Updated Cancer Risk Factors

The latent cancer fatality risk factors used in
CRAC2 are updated versions of those reported in
WASH-1400. The RSS factors assumed a latency period
during which the risk of cancer was assumed to be
zero, followed by a risk period where the individual
is assumed to be at a constant risk (risk plateau).
Depending on the type of cancer and the age of the
exposed individual, the latency periods ranged from
0 to 15 years and the risk periods ranged from 10
to 30 years. Based:on récommendations 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 O-1
year factors are used for external exposures.



o1-d

Table E.7-1 Exgected Total Latent Cancer gExcluqing Thyroid) Deatvs per
10° Man~-Rem From Internal Radionuclides Delivered During
Specified Periods
WASH-1400 ,
Time Period (years) Afger 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 i.7‘ 0.5
Lung 22.2- 22.2 22,2 14.5 8.1 4.0 1.5 0.2 0
GI Tract(a) 13.6 13.6 13.6 . 8.9 5.0 2.5 0.9 0.1 0.
Pancreas 3.4 3.4 3.4 _2.2 1.3 0.6 0.2 .0 0
Breast 25.6 25.6 25.6 16.8 9.4 4.6 .7 0.3 0
Bone 6.9 6.7 5.0 2.6 1.6 0.9 0.4 0.1 0
All Other 21.6 19.8 17.1 11.2 6.3 3.1 -if2 0.2 0
UPDATED WASH-1400 (CRAC2)
Leukemia 28.4 27.2 18.7  13.8 9.7 6.8 4.0 1.7 0.5
Lung 27.5 27.5 27.5 15.8 8.1 4.0 1.5 0.2 0.0
o1 Tract({®)  16.9 16.9 16.9 9.7 5.0 2.5 0.9 0.1 0.0
- Pancreas 4.2 4.2 4.2 2.4 1.3 0.6 0.2 0.0" 0.0
. Breast 31.7 31.7 31.7 - 18.3 9.4 4.6 1.7 0.3A OﬂO
Bone 11.1 10.6 7.0 3.0 1.7 0.9 0.4 0.1 0.0
All Other 28.0 26.3 21.1 12.2 6.3 3.0 1.2 0.2 0.0
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Appendix F: Site Availability Maps and Tables -

. Thls appendlx contalns the site avallablllty data
that was discussed in Chapter 4.0. Flgure F1 shows:
1egally protected and wetland areas. in the U. S.
where reactor siting. would be restricted. Selsmlc
acceleration contours are shown in. Figure F2.- Flgure
F4 shows .the topographlc character of the U. S. in terms
of percent land that is gently sloplng (gently sloplng
was defined as less than 8% slope). Figures F3, F5,

F6, and F7 show seismic hardening .costs, surface, water
avallablllty costs, groundwater. availability costs, and
combined water availability costs. (the lesser of surface
water and groundwater costs) for the 48 contiguous United
States. Associated with these costs are the utility
values dlscussed in Section 4.4.1 of Chapter 4.0.

Tables F1.1-F1.5 show the fractions of land, by state,
that fall within each of the environmental SUltablllty
categories shown in Figures F3-F7.

Flgures 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)
S (mile) : e

F8.1 .. 5 L 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 R 200,000 -

- F8.7 30 R 200,000
F8.8 40 o 200,000
F8.9 50 - 200,000 -
F8.10 100 : 3 200, 000
F8.11 . 125 . 250,000 -
F8.12 18 500,000

F8.13 ... 25 1,000,000

Figures F8.11, F8.12, and F8,13 show the restricted
areas for the Northeastern U. S. only.



Figures F9.1-F9.26 ‘show areas that would be
restricted from reactor s1t1ng by populatlon density
criteria.  'These criteria restrict the number of people
that can reside in an- annulus’ surrounding a reactor
site. The populatlon den31ty restrictions and the
annuli ‘considered in each flgure are tabulated below.
The population restrictions are shown in terms of

' average populatlon den51ty (people w1th1n the annulus/
. annulus area)

‘Radii of the Average Populatlon

e Annulus = - ‘Density -

Figure S (mile): o (people/mllez)
F9.1° 0-2 ’?'100-
F9.2 0-2 250
'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
F9.9 © 0-10" 100
F9.10 0-10 - 200
F9.11 0-10 350
F9.12 0-10 SRR 500

" F9.13 . 0-20 200
F9.14 0-30 e - 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 S 400
F9.21 10-20 _ 500
F9.22 10-20 1000
F9.23 20-30 : 500
F9.24 : 20-30 ’ 1000
F9.25 - 30-50 E 500
F9.26 30-50 o 1000

Figures 9.3 and 9.4 show restricted areas for the
Northeastern U. S. only.

Figures F10.1-F10.4 show areas in the NE U. S. *
that would be restricted from siting by composite density
criteria between 2 and 30 miles of a prospective site.
Each criterion would simultaneously restrict the mean



population densities within six annuli: 2-3 miles,

2-4 miles, 2-5-miles, 2-10 miles, 2-20 miles, and 2-30

‘mlles.; The mean population derisities in each of the

six annuli can not exceed the prescrlbed den51ty limits
for the site to be acceptable. . Figures F10.1l, F10.2,
F10.3 and F10.4 consider den51t¥ restrictions of 500,
750, 1000, and 1500 people/mlle respectively for the
Northeastern U. S.

Figures Fll and Fl2 show areas in the 48 conti-
guous United States that would be restricted from reac-
tor siting by the comblnatlon of a population density
restriction within two miles. and a composite ‘popula-
tion density restrlctlon between 2 and 30 miles of
the site. Figure Fl1 con51der3 a population density
restriction of 100 people/mile“ within 2 miles %nd a
composite population density of 500'peop%e/m11e
Figure Fl12 is based on a 250 people/mile“ density
restriction within 2 miles and a composite ‘populatiogn
density restriction (2-30 miles) of 500 people/mile2
The 2-30 mile composite restriction is as defined for
Figures F10.1-F10. 4. .

Tables F2 1 F2 24 show the fractlons 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 assumlng 250 people/
mile betwesn zero and two miles and’ from 250 'to 1500
people/mlle in the two to thlrty mile region. An
acceptable site must satisfy ‘the sector populatlon'e'
restriction for each of the composite annuli.” The -
sector populatlon restrictions - (fractlon of annulus

" population ‘allowed within the sector), sector’ w1dths,

and the 2-~30 mile average population densities
(people within an annulus/annulus area) considered
in each’ table are glven 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.



- Sector Populatlon

Population »
Density (2-30 miles) ¥~

feble:. :Width ... -. Restrictions (people/mile?)
lej.‘l & F213 1'22 50 %-6-%%, ﬁ }5., E I 250

F2.2 § F2.14 22.5° ‘-_,_%,-%, "4,-61-:,%:, -13-; %,—i— 500 4
F2.3 & F2.15 22.5° Tls‘ EHE %—‘__, %— % I 750

r2.5 5 F2.17 - 4° L P D 3T 250

F2;-.61 ';&'WFZ 18 N 45o | %, %—, %,%,%—,%— L 5. 500

F2.7 & F2. 19'--;:_'"_ ?4:-5"°»_: g %—%— %— 30T 750
Fz_.-e‘f‘&.‘ VF_2..'»2_.0'~ | '4'59{ %-, 2 % ES % % 1500

F2.9 & F2.21  90° L o %,%—,% 250
F2.10 & F2.22  90° T %%_— % 500
F2.11 & F:z.'2'3‘.<- 9o_°-, | %,% % -i- - 750
F2.12 & fz_.»lz.ti} 9_99 %y,'. ;3L" %_ -i- 1500

Tables F3.1- F3 5 show the env1ronmental sultablllty
of land not restricted.by each of 5 populatlon siting
criteria.  (The. env1ronmenta1 su1tab111ty classifica- : -
tions were discussed in Section 4.4 of Chapter 4.0).
These tables show the fractlon of land, by state,
that 1) lies within each. of the five SUltablllty cate-
gories and 2) satlsfles the population criteria. - The
population crlterla consist of a. populatlon restriction
within two miles and a comp051te population restriction
within the 2 to 30 mile. .region. (The -annuli considered
by the 2 to 30 mlle composite population restriction:
include 2-3 mlles, 2-4 miles, 2-5 miles, 2-10 miles,
2-20 mlles, and 2-30 miles.) The population criterion
cons1dered by each table are tabulated below.

&%
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0-2 miles

!

: Population 2-30 miles (comp%site)
Table Case (people/mlle ) (people/mile

F3.1 1l 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 avallable ‘within each of the suita-
.The suitability category con31dered
in each table ‘is tabulated below.

blllty categorles.

Table

F3.6

.F3.7

F3.8
F3.9

F3}10'

Env1ronmental Sultability Category

low

medium~low

medium ,
medium-high
high ~
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