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Regulation

Title: Final Generic Environmental Impact Statement for License Renewal of Nuclear Plants
(NUREG-1437) Volumes 1, 2, and 3, Revision 1

For additional information or copies of this Final Generic Environmental Impact Statement for
License Renewal of Nuclear Plants, contact:

Division of License Renewal

U.S. Nuclear Regulatory Commission
Office of Nuclear Reactor Regulation
Mail Stop O-11F1

11555 Rockville Pike

Rockville, Maryland 20852

Phone: 1-800-368-5642, extension 1183
Fax: (301) 415-2002

Email: LRGEISUpdate@nrc.gov

Abstract

U.S. Nuclear Regulatory Commission (NRC) regulations allow for the renewal of commercial
nuclear power plant operating licenses. To support the license renewal environmental review
process, the NRC published the Generic Environmental Impact Statement for License Renewal
of Nuclear Plants (GEIS) in 1996. The proposed action considered in the GEIS is the renewal
of nuclear power plant operating licenses.

Since publication of the GEIS, approximately 40 plant sites (70 reactor units) have applied for
license renewal and undergone environmental reviews, the results of which were published as
supplements to the 1996 GEIS. This GEIS revision reviews and reevaluates the issues and
findings of the 1996 GEIS. Lessons learned and knowledge gained during previous license
renewal reviews provide a significant source of new information for this assessment. In
addition, new research, findings, public comments, and other information were considered in
evaluating the significance of impacts associated with license renewal.

The intent of the GEIS is to determine which issues would result in the same impact at all
nuclear power plants and which issues could result in different levels of impact at different
plants and thus require a plant-specific analysis for impact determinations. The GEIS revision
identifies 78 environmental impact issues for consideration in license renewal environmental
reviews, 59 of which have been determined to be generic to all plant sites. The GEIS also
evaluates a full range of alternatives to the proposed action. For most impact areas, the
proposed action would have impacts that would be similar to or less than impacts of the
alternatives, in large part because most alternatives would require new power plant
construction, whereas the proposed action would not.
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Paperwork Reduction Act Statement

This NUREG contains information collection requirements that are subject to the Paperwork
Reduction Act of 1995 (44 USC 3501 et seq.). These information collections were approved by
the Office of Management and Budget, approval numbers 3150-0021.

Public Protection Notification

The NRC may not conduct or sponsor, and a person is not required to respond to, a request for
information or an information collection requirement unless the requesting document displays a
currently valid OMB control number.
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Notation
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FR
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Notation
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GSMFC Gulf States Marine Fisheries Commission
GTCC greater than Class C

HAP hazardous air pollutant

HAPC habitat area of particular concern
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HCCP Harvard Center for Cancer Prevention
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IAEA International Atomic Energy Agency

IARC International Agency for Research on Cancer
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ICRP International Commission on Radiological Protection
IDPH lllinois Department of Public Health
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IEEE Institute of Electrical and Electronic Engineers
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IMP Indiana Michigan Power

INIRC International Non-lonizing Radiation Commission
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IPEEE Individual Plant Examination of External Events
IRPA International Radiation Protection Association
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ISI in-service inspection

IWSA Integrated Waste Services Association

LERF large early release frequency

LET linear energy transfer

LFG landfill gas

LLAP Legionella-like amoebal pathogen

LLD lower limit of detection

LLNL Lawrence Livermore National Laboratory

LLW low-level (radioactive) waste

LLRWPA Low-Level Radioactive Waste Policy Act

LLTF Lessons Learned Task Force

LLWPAA Low-Level Radioactive Waste Policy Act Amendments
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LOA
LOEL
LWR

MACCS
MACT
MCAQD
MCL
MEI
MMPA
MMS
MSFCMA
MSW
MTBE

NAAQS
NaCl
NAICS
NAGPRA
NaNOs
NAS
National Register
NCDC
NCRP
NEI
NEPA
NERC
NESC
NETL
NGCC
NGL
NHPA
(NH4)SO4
NIEHS
NIH
NJDEP
NMC
NMFS
NO

N20
NO2

letter of authorization
lowest observed effects level
light water reactor

MELCOR Accident Consequence Code System

maximum achievable control technology

Maricopa County Air Quality Department

maximum contaminant level

maximally exposed individual

Marine Mammal Protection Act

Minerals Management Service

Magnuson-Stevens Fishery Conservation and Management Act
municipal solid waste

methyl tertiary butyl ether

National Ambient Air Quality Standards

sodium chloride (salt)

North American Industry Classification System
Native American Graves Protection and Repatriation Act
sodium nitrate

National Academy of Sciences

National Register of Historic Places

National Climatic Data Center

National Council on Radiation Protection and Measurements
Nuclear Energy Institute

National Environmental Policy Act of 1969

North American Electric Reliability Corporation
National Electrical Safety Code

National Energy Technology Laboratory

natural gas combined cycle

natural gas liquids

National Historic Preservation Act of 1966
ammonium sulfate

National Institute of Environmental Health Sciences
National Institutes of Health

New Jersey Department of Environmental Protection
Nuclear Management Company

National Marine Fisheries Service

nitrogen oxide

nitrous oxide

nitrogen dioxide

Notation
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NOAA National Oceanic and Atmospheric Administration
NORM naturally occurring radioactive material

NOS National Oceanic Service

NOx nitrogen oxides

NPCC Northeast Power Coordinating Council

NPDES National Pollutant Discharge Elimination System
NPP nuclear power plant

NRC U.S. Nuclear Regulatory Commission

NREL National Renewable Energy Laboratory

NRPB National Radiological Protection Board

NSPS New Source Performance Standards

NWI National Waste Initiative; National Wetland Inventory
NWPA National Waste Policy Act

NYSDEC New York State Department of Environmental Conservation
NYSDOL New York State Department of Labor

Os ozone

OCS Outer Continental Shelf

ODCM Offsite Dose Calculation Manual

OPPD Omaha Public Power District

OTA Office of Technology Assessment

OSHA Occupational Safety and Health Administration

PAH polycyclic aromatic hydrocarbon

PARS Publicly Available Record System

Pb lead

PC pulverized coal

PCB polychlorinated biphenyl

PDR Public Document Room

PEIS programmatic environmental impact statement

PFC perfluorocarbon

Pl performance indicator

PILOT payments in lieu of tax

PM particulate matter

PM2s particulate matter with a mean aerodynamic diameter of 2.5 ym or less
PM1o particulate matter with a mean aerodynamic diameter of 10 ym or less
POTW publicly owned treatment works

PPE personal protective equipment

PRA probabilistic risk assessment

PSD prevention of significant deterioration

PTC production tax credit
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PURPA Public Utility Regulatory Act of 1978

PV photovoltaic

PVC photovoltaic cell

PWR pressurized water reactor

RCRA Resource Conservation and Recovery Act of 1976
RD&D research, development, and demonstration
RDF refuse-derived fuel

REMP Radiological Environmental Monitoring Program
RER radiological effluent release

RERR radiological effluent release report

RES Renewable Energy Standard

RFC Reliability First Corporation

ROP Reactor Oversight Program

ROW right-of-way

RPS Renewable Portfolio Standards

RNA ribonucleic acid

RRC Regional Reliability Council

RRY reference reactor year

SAAQS State Ambient Air Quality Standards

SAMA severe accident mitigation alternative

SAMDA severe accident mitigation design alternative
SCE Southern California Edison

SCR selective catalytic reduction

SDWA Safe Drinking Water Act

SEIS supplemental environmental impact statement
SER safety evaluation report

SFP spent fuel pool

SHPO State Historic Preservation Office or Officer
SIP State implementation plan

SMITTR surveillance, monitoring, inspection, testing, trending, and recordkeeping
SNYPSC State of New York Public Service Commission
SO2 sulfur dioxide

SOARCA state-of-the-art reactor consequence analysis
SPAR standardized plant analysis risk

SPDES State Pollutant Discharge Elimination System
SPP Southwest Power Pool

SRM Staff Requirements Memorandum

SSCs systems, structures, and components
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Stat. Statutes at Large

STG steam turbine generator

TCEQ Texas Commission on Environmental Quality
TDS total dissolved solids

TEDE total effective dose equivalent

TESS threatened and endangered species system
THPO Tribal Historic Preservation Officer

TLD thermoluminescence dosimeter

TSCA Toxic Substances Control Act

TSS total suspended solids

TTU Texas Tech University

TVA Tennessee Valley Authority

TXU TXU Generation Company

ucB upper confidence bound

UCs Union of Concerned Scientists

UFs uranium hexafluoride

UNSCEAR United Nations Scientific Committee on the Effects of Atomic Radiation
uoO:2 uranium dioxide

UsOs triuranium octaoxide

USACE U.S. Army Corps of Engineers

uscC United States Code

USCB U.S. Census Bureau

USDA U.S. Department of Agriculture

USFWS U.S. Fish and Wildlife Service

USGS U.S. Geological Survey

VOC volatile organic compound

WCNOC Wolf Creek Nuclear Operating Corporation
WCS Waste Control Specialists LLC

WEC wave energy capture

WGA Western Governors’ Association

WHO World Health Organization
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Shortened Nuclear Power Plant Names Used in This Report

Arkansas
Beaver Valley
Braidwood
Browns Ferry
Brunswick
Byron
Callaway
Calvert Cliffs
Catawba
Clinton
Columbia
Comanche Peak
Cooper
Crystal River
Cook
Davis-Besse
Diablo Canyon
Dresden
Arnold

Farley

Fermi
FitzPatrick
Fort Calhoun
Ginna

Grand Gulf
Harris

Hatch

Hope Creek
Indian Point
Kewaunee
LaSalle
Limerick
McGuire
Millstone
Monticello
Nine Mile Point
North Anna
Oconee
Oyster Creek

Arkansas Nuclear One

Beaver Valley Power Station
Braidwood Station

Browns Ferry Nuclear Plant
Brunswick Steam Electric Plant
Byron Station

Callaway Plant

Calvert Cliffs Nuclear Power Plant
Catawba Nuclear Station

Clinton Power Station

Columbia Generating Station
Comanche Peak Steam Electric Station
Cooper Nuclear Station

Crystal River Nuclear Power Plant
Donald C. Cook Nuclear Plant
Davis-Besse Nuclear Power Station
Diablo Canyon Power Plant
Dresden Nuclear Power Station
Duane Arnold Energy Center
Joseph M. Farley Nuclear Plant
Enrico Fermi Atomic Power Plant
James A. FitzPatrick Nuclear Power Plant
Fort Calhoun Station

R.E. Ginna Nuclear Power Plant
Grand Gulf Nuclear Station

Shearon Harris Nuclear Power Plant
Edwin |. Hatch Nuclear Plant

Hope Creek Generating Station
Indian Point Energy Center
Kewaunee Power Station

LaSalle County Station

Limerick Generating Station
McGuire Nuclear Station

Millstone Power Station

Monticello Nuclear Generating Plant
Nine Mile Point Nuclear Station
North Anna Power Station

Oconee Nuclear Station

Oyster Creek Nuclear Generating Station

XXXV
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Palisades
Palo Verde
Peach Bottom
Perry

Pilgrim

Point Beach
Prairie Island
Quad Cities
River Bend
Robinson

St. Lucie
Salem

San Onofre
Seabrook
Sequoyah
South Texas
Summer
Surry
Susquehanna

Palisades Nuclear Plant

Palo Verde Nuclear Generating Station
Peach Bottom Atomic Power Station
Perry Nuclear Power Plant

Pilgrim Nuclear Power Station

Point Beach Nuclear Plant

Prairie Island Nuclear Generating Plant
Quad Cities Nuclear Power Station
River Bend Station

H.B. Robinson Steam Electric Plant

St. Lucie Nuclear Plant

Salem Nuclear Generating Station

San Onofre Nuclear Generating Station
Seabrook Station

Sequoyah Nuclear Plant

South Texas Project Electric Generating Station
Virgil C. Summer Nuclear Station

Surry Power Station

Susquehanna Steam Electric Station

Three Mile Island Three Mile Island, Unit 1

Turkey Point

Turkey Point Nuclear Plant

Vermont Yankee Vermont Yankee Nuclear Power Station
Vogtle Vogtle Electric Generating Plant
Waterford Waterford Steam Electric Station

Watts Bar Watts Bar Nuclear Plant

Wolf Creek Wolf Creek Generating Station

Units of Measure

ac

bbl
Btu

°C
cm

acre(s)

barrel(s)
British thermal unit(s)

degree(s) Celsius
centimeter(s)

day(s)
decibel(s)
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°F
ft

ft?
ft2

gal
gpd
gpm
Gy

ha
hr
Hz

kg
km
kV
kW
kWh

min

MMBtu
MPa
mph
mrad
mrem

degree(s) Fahrenheit
foot (feet)

square foot (feet)
cubic foot (feet)

gallon(s)
gallon(s) per day
gallon(s) per minute

gray(s)

hectare(s)
hour(s)
hertz

inch(es)

kilogram(s)
kilometer(s)
kilovolt(s)
kilowatt(s)
kilowatt-hour(s)

liter(s)
pound(s)

meter(s)
square meter(s)
cubic meter(s)
milliampere(s)
milligram(s)
milligauss
milligray(s)
megahertz
mile(s)
minute(s)
milliliter(s)
million Btu
megapascal(s)
mile(s) per hour
milliard(s)
millirem(s)

XXXVii
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mSv
mT

MT
MTHM
MTU
MW
MWe or
MW(e)
MW(t)
MWh

pCi
ppm
ppmv
ppt
psi

rad
rem

scf
Sv

TPY

yr

uCi
HGy
Mm
T

millisievert(s)

milliTesla(s)

metric tonne(s)

metric tonne(s) of heavy metal
metric tonne(s) of uranium
megawatt(s)

megawatt(s) electric
megawatt(s) thermal
megawatt-hour(s)

picocurie(s)

part(s) per million

parts per million by volume
part(s) per thousand
pound(s) per square inch

radian
roentgen-equivalent-man

second(s)
standard cubic foot (feet)
sievert(s)

tesla(s)
ton(s) per year

volt(s)
year(s)
microcurie(s)
microgray(s)

micrometer(s)
microtesla(s)
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Conversion Table

Multiply

By

To Obtain

To Convert English to Metric Equivalents

acres
cubic feet (ft*)
cubic yards (yd®)
curies (Ci)

degrees Fahrenheit (°F) -32

feet (ft)

gallons (gal)
gallons (gal)
inches (in.)

miles (mi)

pounds (Ib)

rads

rems

short tons (tons)
short tons (tons)
square feet (ft%)
square yards (yd?®)
square miles (mi%)
yards (yd)

0.4047
0.02832
0.7646
3.7x10"
0.5555
0.3048
3.785
0.003785
2.540
1.609
0.4536
0.01

0.01
907.2
0.9072
0.09290
0.8361
2.590

To Convert Metric to English Equivalents

becquerels (Bq)

centimeters (cm)
cubic meters (m®)
cubic meters (m®)
cubic meters (m®)

degrees Celsius (°C) +17.78

grays (Gy)
hectares (ha)
kilograms (kg)
kilograms (kg)
kilometers (km)
liters (L)

meters (m)

meters (m)

metric tons (t)
sieverts (Sv)
square kilometers (km?)
square meters (m°)

square meters (m?)

2.7 x 10"
0.3937
35.31
1.308
264.2

1.8

100
2.471
2.205
0.001102
0.6214
0.2642
3.281
1.094
1.102
100
0.3861
10.76
1.196

hectares (ha)

cubic meters (m®)
cubic meters (m®)
becquerels (Bq)
degrees Celsius (°C)
meters (m)

liters (L)

cubic meters (m®)
centimeters (cm)
kilometers (km)
kilograms (kg)

grays (Gy)

sieverts (Sv)
kilograms (kg)
metric tons (t)
square meters (m?)
square meters (m?)
square kilometers (km?)
meters (m)

curies (Ci)

inches (in.)

cubic feet (ft°)
cubic yards (yd*)
gallons (gal)
degrees Fahrenheit (°F)
rads

acres

pounds (Ib)

short tons (tons)
miles (mi)

gallons (gal)

feet (ft)

yards (yd)

short tons (tons)
rems

square miles (mi°)
square feet (ft°)
square yards (yd?)

XXXIX

Notation

NUREG-1437, Revision 1






Appendix B

Comparison of Environmental Issues and Findings in
This GEIS Revision to the Issues and Findings in
Table B-1 of 10 CFR Part 51 (1996 Version)






Appendix B

Comparison of Environmental Issues and Findings in
This GEIS Revision to the Issues and Findings in
Table B-1 of 10 CFR Part 51 (1996 Version)

This appendix provides a comparison of the issues and findings presented in this GEIS revision
and those issues and findings presented in the 1996 version of Table B-1 of 10 CFR Part 51.
For the most part, the 1996 version of Table B-1 of 10 CFR Part 51 reflected the findings of the

1996 GEIS, although a few issues were modified or added after publication of the GEIS
(e.g., environmental justice).

B-1 NUREG-1437, Revision 1



Appendix B

-aoueonlubis

[lews Jo aJe suolou}sal

959U} JO S}08)8 Y| "SUOI}Ol}Sal
ul 8bueyd ou yym anuiuod

pinom SpNOY Bul| Jemod jo

asn Buiobup () A1obBajen) jlews

‘lemaual
asua9l| woly bunnsal sabueyo
anuanal xe)} pue uoniejndod

yum pajeroosse aq Aew asn puej ul
sabueyo jueoyiubis *(z Arobajes)
abue| 1o ‘ajesapouw ‘|lewg

‘seale uone|ndod

moj ui syue(d e asueoyiubis
ajelapouwl Jo aq Aew sjoedw|

*(z A1oBajen) ajerspouw Jo jjews

jueoidde ayy Agq pajj03u00

SI ey} pue| SAJOAUI PINOM pue 8}Is
weld Jamod Jesjonu Aue jo uonoely
[lews e aq p|nom pouad |emaual
8y} pue juawysiginjal buunp
paJinbai sabueyd asn pue| 8})iIsuo
pajoslold (1 A1oBaje)) jlewsg

"suofolisal asn pue| ul sbueyd ou
UJIM 8NUUOD PINOM [BMBUSI 8SUSDI|
UM pa}eIoosse Juswysiginial

pue suonjelado panuiuod

woJ) SAMOY 8ul| uolssiwsuel)

MOY dul| Jamod joasn (} Aiobaje)) jlews

(wusy |lemaual
9sud9l|) SN pue| dUSYO

‘lemaual 8sual|
UM pajeloosse juawysiginial
pue suopelado psnunuod

Aq pajosye aq jou pjnom asn
pue| aysyo ‘(1 A1obaje)) jlews

(yuawysiginjal)
asn pue| 8IS0

"99SUd2I| BY}
Aq pajjoau09 SI jey) pue| AJuo SAJOAUI
pinom pue ayis Jue|d Jamod Jesjonu
8y} JO UoljoRy) ||BWS B 8] pP|NOM
|emaual 9suadl| YIM pajeloosse
juawysiginjal pue suonelado
pPanuIluod WOl 8sh pue| 8}Isuo

asnh pue| 8)IsuQ ul sebuey) (1 Arobaje)) |lews

(sMmO¥) Aem-jo-sjybu sul|
uolISsiwsued} Ul 8sn pue| 8)IsHO

asn pue| 8)sSyO

asn pue| 8lIsuQ

asn pue

sBuipuiy

anssj| sBuipui4

anss|

-9 8iqel pIO

-9 8lqel MsN

1G Hed 44D 0l jJo L-g 3jqe] ul
sBuipul{ pue sanss| ayj 0] paiedwo) UoISIASY S|T9 SIYL Ul SBuipul{ pue Sanss| [eJUSWUOIIAUT "L-g d|gel

B-2

NUREG-1437, Revision 1



Appendix B

-abejno ay} buninp pakojdwa aq 0}
pajoadxa sJa)Iom JO siaquinu ay}
pue ajis yoes jo snjels aoueldwod
ay} BulspISUOD INOYIM pauILIBIap
aq jouued joedw [epuajod

oy} jo aoueonubls ay] ‘seale
9oUBUS)UIEW JO JUBWUIBYEUOU
Jeau Jo Ul SUOI}ed0| Je Uladuod

JO} @sned 8 p|NO2 SUOISSIWS
1SNeyxa B[OIYSA ‘JI9ASMOH

‘llews aq o} pajoadxs aie

|EMBUS] 9SUBDI| Y)IM Pa)eIoosse
swysiginial yued wouy

sjoedwi Ayjenb Jiy *(z Aaobajes)
ab.e| 10 ‘ajelapouw ‘|lewg

"WJ8) [eMaual asuadl| 8y} Buunp
payoadxa ale sjoedwi Juesyiubis
ON ‘(1 AioBaje)) [lews

"WJ8) [BMaUaI asuadl| 8y} Bulnp
pajoadxs aie sjoedw Juesiiubis
ON ‘(1 A1oBaje)) jlews

‘Juswysignial Buunp

2INsSud pjnom s)wJad SUOISSIWS
Jle |e00| pue 8}e]S Ul SUOoHIPUOD
ywuad jo uonisodwi 8y} pue Ssj0J3uod
1snp aAnibny Buipnjoul seonoeld
Juswabeuew 1saq pue ‘syuenjjod
BLI9}1O 10} SP|OYSaIY} SIWIUIW

8P 9y} JO BOUEPBBIXS Ul Pa}NSal
10U Sey Sal)Al}oe Juswysiginial

O 8]eoSs 8y} 1ey} umoys sey
aousuadxa Buneladp -paje|dwod
ale SaNIAIIoe Juswysiginjal

9S8y} Jo)je 9Sead pjnom pue paA||
-JOys 89 p|nOM SeaJe sdueusjuew
10 Juswuieneuou Ajjenb

Jle Jeau Jo Ul SUOIJBDO] JB SaljIAIloe
swysiginjal wouy Buynsal
suoissiwg -sjueld |e je [lews

9q 0} pajoadxe aie |[emaual asuddl|

(sease aoueusjulew pue UM paJeIDoSSE Juawysiginial pue
JUSWUIB)BUOU) JUSWYSIgINal suolelado panuiuod wouy syoeduwl
Bunnp Ayenb ay Ajenb oy (3 A10b693e9) [Jlewg (syuerd |je) syoedwi Ayjenb Jiy

(wue} lemaual
9sua9||) saul| uoissiwsuel}
Jo syoedw ondY)say

‘|leMaual 8susdl| YIIM pajeloosse
Juswiysiginsas pue suonesado
panuiuoo woJj paoadxe aie
sau|| uoissiwisuel} Jo sainjonys jued

(wuay lemaual
asua9l|) sjoedwi d1joYISaY

Ayjenp iy

pajoadxa ale syoedwi ueoyiubis (yuawysiginsal) 10 aoueleadde |ensia ay} 0} sabueyo
ON ‘(1 f10Bajen) jjlewsg sjoedwi oeYIsay wepodwi oN ‘(L A1obBajen) |lews syoedwi oayIsay
S92IN0S3Y |eNnsIA
sBuipui4 anssj| sBulpui4 anssj|
1-9 3l9el PIO -9 3|qel maN

(‘Juoo) "1-g alqel

NUREG-1437, Revision 1

P
)



Appendix B

‘wis}

|[emaual asua2l| 8y} Buunp jued
Aue 1e wa|gqold e aq 0} payoadxa
j0U sI pue syue|d Bunelado

1e wajqoid e 8q O} punoy usaq Jou
sey asioN ‘() A1obBajen) jlews

‘saseb asay) JO S|oAg)

usique o} Ajgeinseaw 8)ngLUOD
10U S80p pue juedlubisul

s1 uaboujiu JO SOPIXO pue Buozo

Jo uononpold *(} A1obBajen) jjlews

‘|lemaual asuadl|

UM pajeIoosse Jusuiysiginial

pue suonelado panupuoo

Buninp sioydeoau a8}isyo Joy sauljepinb
Aiojeinfbas mojoq ulewal pjnom

9SION sjans| asioN ‘(1 Arobaje)) |lews

‘saseb asay)

10 s|aA9| Juaiquie o} Ajgelnseaw
9)NQLIJUOD JOU SO0pP pue JuedyIUBISUl
s1 uaboujiu JO SOPIXO pue BuoZo

Jo uononpold ‘(1 A1obBajen) jjlews

S8ul| UoISSIWSUel)
JO s108y8 Ajjenb Jiy

‘llews
u99q 9ABY SUOIIBNYS 9SED-}SIOM

8y} Japun uaAs suoissiwe aje[nanJed
Jamoy} Buijood wouy syoedw|

"sea.e juswulejjeuou o} Jusoelpe

Jo Ul pajeoo) sjue|d Joj uaAs ‘uIaduod
e aq jou pjnom Bunesy aoeds

J0o} pasn sJ9|10g Jo suonelado aunnol
pue sdwnd aliy pue siojeisuab
|osalp Aouablows wol) suolissiwg
‘sue|d uoneyuswadwi [equ ]

Jo a)e)s ajgeoljdde yym aouewIojuoo

sjoedwi asIoON

9SION

saul|
uolssiwsued Jo sjoaye Ajjenb Jiy

('u09) (syueld |1e) Anjenb ary
(‘juod) Ayjenp a1y

sBuipuiy

anssj| sBulpui4

anssj

-9 3lqel PIO

-9 3|qel maN

(‘Juoo) "1-g alqel

NUREG-1437, Revision 1



Appendix B

"WiI9) |leMaUS. 9SUa9l| 8}
Buninp wajqoid e aq 0} payoadxa
j0u aJe pue syue|d Jamod Jesonu

Bunesado je wajqoid e 8q 0} punoy

u9aq Jou aAeYy suseped jualino
pais)y ‘(1 Aobaje)) |lews

-obejno jueld Bulinp paonpal

aq |m Jo Ajgeroaldde asealoul
JOU [|IM Judwysiginyas Buunp
asn Jajlepn ‘(1 Aaobaje)) |lewg

"s||Ids pue uoIS0Ja |I0S |0J}U0D

0} pakojdwa aq 0} payoadxa

ale saonoeud juswabeuew

1$9g 9snedaq Juswysiginjal
Burnp ajqibibau aq 0} pajoadxa
ale sypedw| *(} Aaobajes) |lews

a|qeoldde JoN

(syue(d e Joy) sainjonis
abJeyosip pue axejul
1e sulaped jusiind passyy

(syued
[le Jo}) @SN Jajem adeuns
uo juswiysiginyal Jo sjoedu]

(syued
[le Joj) Ayjenb Jeyem aoeuns
uo Juswysiginal jJo syedw|

pessalppe JON

‘sjue|d Jamod

Jesjonu bunjesado je |lews usaq aney
sjoedwi asay] “sainjonJis abieyosip
pue axejul du} Jo ANUIDIA By} Ul

eale ay) 0} pajiwi| 8q pjnom susayed
a.und pasdlly ‘(1 Arobajes) |lews

‘abejno

jueld e Buunp sin220 Juswysiginjal
JI paonpal aq pjnom Jo Apueoiiubis
9SBaloUl JOU PINOM [BMBUSJ 9SUI|
UM pajeIDOSSE Juswysigqinial

pue suonelado panuiuod Yyim
pajeloosse asn Jajem adeung ‘sjjids
puUE UOIS0Jd [I0S |0Jju0d 0} paiojdwa
ale soaonoeud Juswabeuew

189q JI ||lews aq 0} pajoadxa

ale spedw| *(} Aaobajes) |jews

"WJS) [BMBUS] 9SUdI|
ay} buunp Ajgeroaidde abueyo

j0u pjnom pue sjue|d Jamod Jesjonu
||e IO} [[ews &g p|NOM S|IOS pue
ABojoab uo saniAoe Juswysiginjal
pue suonelado panuiuod

10 1oedwi ay} pue suonelsado

jue|d uo suonpuod |10s pue o160j0ab
jojays 8yl ‘(1 Aobaje)) |lews

sainjonJ)s abieyosip pue
ayejul Je susened juaiing pals)y

(syoedwi waysAs Buljooo-uou)
Ajjenb pue asn Jajem aoeung

S921N0SY I13)eA\ 9dkeLINg

s|los pue ABojoag)

juawuouiAug 2160|099

sBuipuiy

anssj

sBuipuly

anssj

-9 3lqel PIO

1-g 9|qe L MaN

(‘Juoo) "1-g alqel

NUREG-1437, Revision 1

Lo
)



Appendix B

‘wi8) |lemaual asuadl| ayy Bulnp
wajgo.d e aq 0} pajoadxa jou

ale Aay] -sueld Jayjo je pajebiniw
Alojoe)Snes uasaq aney pue
swa)sAs uonedissip 1eay paseq
-lamo}-6uIjooo yym sjueld Jamod
Jesajonu Bunelado e waejqoud e aq
0} punoy} usaq jou aney sableyosip
asayl ‘() A1obBaje)) [lews

‘wia) |emaual asuadl| ay} buunp
wa|qoud e ag 0} pajoadxa jou S|

} -sjue|d may e e s}oeyd paziedo|
Ajuo pasned sey pue sjue|d

Jamod Jesjonu Bunelado jsow

1e wajqoud B 8q 0} punoj usaq Jou
sey Bunnoog (] A1obBaje9) jlews

"WI9) [BMBUSI 9SUBDI| BY}
Buninp wajqoid e aq 0} payoadxa
j0u sI pue sjue(d Jamod Jesjonu
Bunesado je wajqoid e 8q 0} punoy
uaag Jou sey uoneollells aye|
‘Allessuan) (1 A1obBajen) jlews

"WI8) |lemausl
asua9l| 8y} Buninp wajgqoud e aq 0}
pajoadxa jou aJe pue sjue|d Joamod
Jesjonu Bunjesado je wajqoud e aq
0} puno} Usaq Jou aAey sjuaipeld
Aues (1 Aobaje)) jlewg

(syueld ||e Joy}) Jojem aysem
ul sjejaw Jay)o jo abieyosiq

(syueld e
J0}) J81em Buijooo pabieyosip
Aq pasned Bulinoog

(sued |e Joy) soxe] jo
uoneoyiells [ewsyy paisyy

(syuerd e
J0}) syuaipelb Ajuies pasayy

'ssa00.d jwiad (S3AdN) waisAs
uonjeuiwi|3 abieyosiq jueln|od
[euoneN 8y} jo Jed se pajjojuod pue
palojuow a.e sabieyosiq ‘syueld
Jayyo je pajebniw Ajioyoejsies

uaaq aAey pue swalsAs uonedissip
1eay paseqg-Jjamo}-buijood yym sjueld
Jamod Jesjonu Bunelado je we|qoid
B 9g 0} puno} Usaq Jou aAeY s|elaw
1o sabueyosiq *(} A1obajes) |lews

‘sjue|d Jamod

Jesonu Bunesado je |lews usaq aney
sjoedwl asay | ‘sainjonsis ableyosip
pue axejul 8y} Jo AJUIOIA Bu} Ul

eale 8y} 0} pajiWl] 9 P|NOM S}O8Yd
Bunnoog ‘(1 AiobBajeq) jlews

‘sjue|d Jjamod Jesjonu Buesado

1e ||lews uaaq aAey sjoedwl asay |
‘salnjonJis abieyosip pue axejul

8y} Jo AJuIoIA By) Ul eBlE BY) 0)
palWl| 89 pjnom uoljediijel)s |eusyy
uo sjoay3 (1 A1obajes) jlews

‘sjue|d Jamod Jesjonu Bunesado

1€ |lews uaaq aAey soedwl

asay] -sainjonJys abieyosip pue
ayejul 8y} Jo AJUIDIA Y} Ul BBJE BY)
0} pajwi| aq pjnom sjuaipesb Ajuies
uo syay3 (1 A1obajen) jjlews

an|ye wajsAs
Buj0o9 ui sjelaw jo abieyosiq

Jayem Buljooo
pabieyosip Aq pasned Buunoog

saye|
JO UONEDYNENS [EULIBY) PaIB)Y

sjuaipelb Ajuiies patsyy

("juo092) s921N0SDY I3)eA\ doBHNG

sBuipuiy

anssj

sBuipuly

anssj

-9 3lqel PIO

1-g 9|qe L MaN

(‘Juoo) "1-g alqel

B-6

NUREG-1437, Revision 1



Appendix B

‘suonenyis awos ul aouesyiubis
ajelapouwl Jo aq pnod syueld
asay) Jeau saunwwod ueuedu
pue weaJsul uo syoedw| *SIamo}
Buijooo yym syueid je pue spuod
Buijoos yum syueid Jamod Jeajonu
e UJoouoo e usaq sey anss| ay |
*(z AMobajen) ajelrspouw Jo jjewsg

‘swiv)sAs uonedissip jeay
ybnouay-eouo ypm sued sjemod
Jesjonu Bunesado 1e wajqoud e

8q 0] puUNo} Uda(J JOU dABY S)OI|}UOD
asayl () K1obBaje)) [lews

‘wia) |lemaual asuadl| ay} buunp
wa|qoud e aq 0} pajoadxa jou

ale pue ‘papaau JI ‘suoieolIpow
olpouad pue sajnJ JwJiad

S3AdN ybnouyy pajjosuod Ajipeas
ale spay3 (1 Aaobajes) |lews

‘wia) |emaual asuadl ay} buunp

wa|qoud e aq 0} pajoadxa jou
aJe pue ‘sejousabe 92I1nosal pue
AloreinBas Buowe uIsouo9 B jou
ale speay3 ‘() A1obajes) |lews

(moy

MO| UlIM JBAL [[BWIS B WO}
Ja1em dnayew Buisn siamo)
Buijoo9 1o spuod Buljood yyum
sjue|d) s)o1j3U02 8sn JajepA

(swayshs
Buijooo ybnoiyj-aouo yum
sjue|d) sjo1jJuU0d asn Jajepn

(syueld e
Joj) sjjids |eolwayo Jouiw pue
sajsem Alejues Jo abieyosiq

(syueld ||e Joy) sepioolq
J8Y10 JO dulojyd jo abieyasig

‘'spuewap

Jajem Bunadwod pue ‘Ajjigejiene
Jayem ‘syjuswalinbai Jayem dnaxew
uo Buipuadap ‘@oueoiiubis ajelapow
Jo |jews Jo aq p|nod sjoedw|

*(z AMobBajen) ajelrspouw Jo jjlewsg

‘SWw9)sAs

uonedissip jeay ybnouyj-aouo yjm
syue|d Jamod Jesjonu Bunelado je
wa|qo.d e 8q 0} punoj usaq Jou aney
sjoIpu00 asay| *(} A1obajes) |lews

‘sjue|d Jamod

Jesjonu Bunelado je |jews usaq
aney sjoedwl esay| “ssoo0.4d ywied
S3AdN U} Jo Yed se pa|josuod pue
palojuow aie sebleyosiq "selouabe
[BJUSWIUOIIAUS 9}E}S pUE |BJopa-

Aq paje|nbal aie sebieyosip asay)
jo spsye ayl (1 A1obaje)) jlews

(JoAl B WOy JojeM
dnayew Buisn siamo} buijooo
J0 spuod Buijood yum sjueid)

S]OIJUOD BSN J9)eM 90BLING

(sweysAs
Buijooo ybnouyj-aouo yyum sjueid)
S]OIJUOD BSN U9)eM 90BLING

s||ids [BoIWBYO Joulw pue ‘sa)sem
Aiejues ‘sapioolq jo abieyossiq

("ju09) s921N0SY J3)A\ ddBHNG

sBuipuiy

anssj

sBuipuly

anssj

-9 3lqel PIO

1-g 9|qe L MaN

(‘Juoo) "1-g alqel

NUREG-1437, Revision 1

B-7



Appendix B

"WI9) [BMauUal 9suddl| sy} buunp
wa|go.d e aq 0} payoadxa Jou ale
pue saonoeid Bupesado jualind ul

SE Jauuew aules ay} Ul pajpuey aq
JIIm Juswiysiginyal Bulinp paonpoud
sajsem jueld Auy ‘sayis Aue uo
swysiginyal Buunp pajeadal aq
10U [[IM S8}IS 8WOS UO UOIONJ}SU0d
|euiblio sy} Bulnp Buusiemap
anisuax3 ‘(1 A1obajen) |jews

"wi9) [emaual
asuaol| ay} buunp waejqoid e aq 0}
pajoadxa jou ale pue sjueld Jamod

Jesjonu Bunesado e wajqoud e

9q 0} PuUNO} UdAQ JOU dABY S}OBYd
asayl ‘(1 A1obaje)) lewg

a|qeoldde JoN

1s9q Jo uoneoidde ay| ‘sweiboud
Buuoyuow pue dnueso pajejnbal
Aousby uonosjold |ejuswuoliAUg
JO 9)e]S 0] J08([gns s uoneulweu0)
‘[10Sgns pue ‘|los ‘1ejempunolb

9)IS 9)jeujweluod o} |epusjod ayy
aney suoobe| Jo spuod Jajemalsem
JO 8sn 8y} Jo/pue ‘s|edIwayd Jayjo
10 ‘s|elaw AAeay ‘suoqlesolpAy
‘SJUBAJOS JO asn 8y} BuinjoAul
s9o1j0eld |elISNpU| “|eMaual 8Suddl|
U}IM pajeIoosse Juswysiqinial

pue suonelado panuijuod

woJ) pajedionue jou si Buusjemap
anisuax3 *(} Auobajen) |jews

Ayjenb pue asn isjempunolf
uo juswysiginial jo sjoedu

‘wa|qo.d

e 8 0} pajoadxa jou ale pue

sjyue|d Jamod Jesjonu Bunelado je
wa|qo.d e ag 0} punoyj usa( Jou aney
sjoaye asay) ‘() Auobajed) |jlewg

(suerd (e 1oy)
Ajoedes podsuel) Juaswipas
uo sjoays ainjesadwa |

‘selouabe [eo0] Jo a)els

Jayjo woly ‘Ajgissod pue ‘siasuibu]
10 sdi0) Awly "S'N 8y} wouy

Jwuad Japun pawuopuad si Buibpaiq
‘Ayjenb Jajem aoepns Joy wajqoid

B 8¢ 0} punoy} usaq jou sey Buiddiys
abJeq uiejuiew o} pue sainyoniis
ab.ieyosip pue ayejul Jo AJIUIDIA By}
Ul SJUBWIPaS Paje|nWnNode SA0WSI

passalppe JON 0} Buibpaiq ‘(1 A1obajen) |jews

(syoedwi
wa)sAs Buijoos-uou) asn
pue UOBUIWIEIUOD J8}EMPUNOIS)

S921N0SY Jdjempunols

Ayoedeo uodsuel
JUBsWIpas Uo sjoaye ainjesadwa |

Ajjenb Jajem
aoens uo buibpaup jo s}osay3

(‘juoo) s92inosay J3)ep\ doBLING

sBuipuiy

anssj| sBulpui4

anssj

-9 3lqel PIO

1-g 9|qe L MaN

(‘Juoo) "1-g alqel

B-8

NUREG-1437, Revision 1



Appendix B

‘|[emaual asual| o}
uoneoldde jo awi ay) je pajenjeas
aq 1snw s|jom Asuuey Buisn syue|d
Jamod Jesjonu je dnayew Jamo}
Bu1j0092 1o} [emelpypm Jayempunolb
abue| jo syoedw) “Aiepunoq

a)Is ay} puoAaq uoissaidap
Jayempunodb |enuajod ui Jnsal

ueod s|jam Asuuey ‘(g A1obajen)
abue| Jo ‘ajesapou ‘jlews

'slasn Jayempunolb AgJesu
UM S}OIJU09 asn Jayempunolb
asned Aew wdb gQ| uey} aiow
asn jey) sjue|d ‘(g A1obBajen)
ab.e| 10 ‘ajelapouw ‘|lewg

"S]OI)JU0D Bsn Jajempunolb

Aue asneo o} pajoadxa

J0u ate wdb oo uey) ss9|

Buisn syueld *(} A10633e9) |lewsg

(s11em Asuuey)
S]01)}U0D 8SN J9)EMPUNOID)

(wdb poL< @sn jey; syued
‘J191em 991AI8S pue a|qejod)
S]OI]JU0D BSN Ja}eMpunols)

(wdb poL> asn jey; syued
‘Jojem aoIAIas pue a|gejod)
S]01)}U0D 8SN J9)EMPUNOID)

'slasn Joyempunolb AgJesu

UlM S1011JU09 asn Jajempunolb
asned pjnod wdb gQ| uey} aiow
melpyim jeyy siueld *(z A1obaje9)
abue| 10 ‘ajesapouw ‘|lewg

*S]O11JU0D asn

Jajempunolb Aue asned 0} pajoadxa
jou ase wdb gQ| uey} SSO] MBIPYNIM
1eys siueld (1 Aiobaje)) jlews

‘sjoedwil

9onpaJ pjnom sapniAloe asay) Buunp
pasn Jo paonpoud sjelajew Aue
Buijpuey Joy seanoeud juswabeuew

([wdBb]

ajnuiw Jad suojeb gL ueyy
alow melpyum jey) syued)
S]OI|JUOD BSN JB}eMpUNOIS)

([wdB] enuiw sad suojieb ool
uey} ssa| melpyym jey; siueid)
S]O1)4U0D BSN J9}eMpPUNOID)

("yuo9) (s1oeduwi
waysAs Buljooo-uou) asn
pue UOIIBUILIEIUOD JB}BMPUNOIS)

("ju092) s921N0SY JdjeMpUNOIL)

sBuipuiy

anssj

sBuipuly

anssj

-9 3lqel PIO

1-g 9|qe L MaN

(‘Juoo) "1-g alqel

NUREG-1437, Revision 1

B-9



Appendix B

"uoisnJjul Jeyemyjes o} Apuesiiubis
2)nqgLuo9 jou op sueld Jemod
JespnN (1 A1obajen) jjlews

"wia) [emaual
asua9l| ay} buunp wejqoid e aq 0}
pajoadxa jou sI pue Jeyempunolb
JO sasn juaund ay) apnjoaid

J0U pjnom Jajem Bunesyul

Ajienb Jamo| ayy ‘JonamoH

“J19)em Buijooo Jojoeal Jo sanuenb
ab.e| seliddns jey Jajinbe

ue ojul Jayem Jaal Ajjenb-iood

10 uonenjyul paonpui Aq papelbap
aqg Aew says 1ol je Ajjenb
Jayempunols) (. AiobBajeq) jlews

‘|lemaual asual|
JO Bw) 8y} 810}8Q BUI| U0 BWOD
slasn Jajem aoepns wealsdn

J10 Jayempunolb Jaylo Ji Ajjeloadsa
‘abieyoal Jajinbe 10aye ABW YoIYyM
SuonIpuUOd MOoj Mo| BuLinp saipoq
JBJEM [[BWS WO} S|IEMEBIPYIM
J9)em a2epns wolj ynsal Aew
S101)4u0d asn 1alep) (g A1obBaje))
ab.e| 1o ‘ajelapouw ‘|lewsg

(uoisnuui
Jajemyjes) uonepelbap
Ajienb Jsyempunols)

(sy1om Asuuey) uonepeibap
Ayjenb Jejempunolis

(4eAL JJEWS B WOy

J91em dnayew Buimespyum
s1amo} Buijooo Buisn sjueld)
S]OI]JU0D BSN Ja}eMpunolS)

‘uonepe.bap

Ajenb uayempunoub oy Apueoiiubis
8)nguju09 Jou pjnom sjueld Jamod
Jesjonu Bunelado je siemelpylm
Joiempunols) (. AiobBajeq) jlews

"Spuewap
Jayem Bupadwod pue ‘Ajjigejiene
Ja)em ‘syjuswalinbal lajem

dnayew uo puadap pjnom sjoeduwl
Jo aoueoyiubis ay| -ebieyoal
Jajinbe 108e ABW YoIYyM ‘SUOIIIPUOD
MO[}-MO] BulINp SIBAIl WOy
S|EMBIPYIIM JB}EM WOJ} }NSal PIN0d
S101)4u09 asn Jalep) (g A1obBaje))
ab.e| 10 ‘ajelapouw ‘|lewsg

sjemeIpyym Jajem wouly Buinsal
uonepelbap Ajenb Jayempunols)

(48Al B WoOly Jo1eM
dnaew meipyjm jey; swaisAs
BuIj002 8]0A0-pasolo yym

sjue|d) S]OI|JU0D SN J8}EMPUNOIL)

("ju092) s921N0SY JdjeMpUNOIL)

sBuipuiy

anssj

sBuipuly

anssj

-9 3lqel PIO

1-g 9|qe L MaN

(‘Juoo) "1-g alqel

o
iy
m

NUREG-1437, Revision 1



Appendix B

a|qeoldde JoN

'sasn JuaLInd
O UolEBNURUOD MO|[e 0} a)enbape
2q 0} umoys a4 jsnw spuod

8y} Jo AjuoiA ayy Ul Jeyempunolf
a3 jo Ajjenb sy ‘puejur psyeoo)
syueid 104 "Ayjenb ssyempunolb
apeubap Aew spuod Buljoos 9[04
-pasojo yum sayg (g A1obaje))
abue| 10 ‘ajesapouw ‘|lewg

"says.lew }|es ul pajeoo| sjueld
JOJ UJBdU09 B JOU S| SIY} ‘ysnioelq
S| seyslew }|es Ul Jajem asneosaq

‘Ajjenb Jajempunolb speibap
Aew spuod BuIjood ajoAo-pasolo
yum sayg (1 Aobaje)) |lews

"sofsieloeIeyD O1j108ds-8)IS Uo
puadap pjnom syoedwi jo apnjubew
ay| "sasesg|al jJusuapeul Aue

woJy 10edw! [enuajod ay} aziwiuiw
01 sjue(d Jamod Jesjonu Buielado
[le e paysl|geisa uaaq aney
swelbolid uoiosjolid Joyempunols)
‘sjueld snoJaswnu je palindd0

aney sadid pue sjusuodwoo jued
wouly spinbi| aAnoeolpel Jo syea

passalppe JON *(z AMobBajen) ajelspouw Jo jjewsg

‘S[|am Jajem
Jo 9jel dwnd pue ‘yidep ‘uoneoo|
2y} pue ‘(Jayempunolb pue Jayem

9oeLINsS JO uonoelalul 8y} Buipnjour)
suonpuod aibojoabolpAy aus ‘Aujenb
Jayem puod Buijood uo puadep
pinom 10edwi ayj jo asuedyiubis

ayl ‘Ayenb Jayempunolb apeibap
pInoa spuod Buljood 8j9A2-pasolo
uym seys pueyu| *(z Aro693e9)
ab.e| 10 ‘ajelapouw ‘|lewsg

(seys puejul
1e spuod 6u1jood) uonepelbap
Ayjenb Jayempunoln

‘sasodind |eujsnpul 0} pajiwi|

sl Jajempunolb yons jJo asn uewny
ay) ‘Apuanbasuo) -sjgejod jou ‘sny}
pue yspjoeuq Ajjeinijeu si saysiew
Jes ui Jajempunolb ‘JanamoH
‘Ajjenb Jajempunolb speibap

p|nod spuod Buljood 8j0A0-pasolo
uym says (1 Asobajed) jlews

(says.iew jes
ul spuod Buijood) uonepelbsp
Ayjenb Jajempunoln

Jayempunolb
0] pases|al sapljonuoipey

(soys puejul
1e spuod Buijood yyum sjueid)
uonepelbap Ajjenb Jajempunols

(saysiew
jjes ul spuod Buijood yim sjue|d)
uonepelbap Ajjenb Jajempunols

("ju092) s921N0SY JdjeMpUNOIL)

sBuipuiy

anssj| sBulpui4

anssj

-9 3lqel PIO

1-g 9|qe L MaN

(‘Juoo) "1-g alqel

NUREG-1437, Revision 1

B-11



Appendix B

a|qeoldde 10N

‘uoneoidde [emaual

9SUd2I| BY} Ypm pajusasaud s|
|jesodoud oy1oads ay) |nun pajoaye
8Qg AW SaljIUNWWOD [BWIUE pue
jue|d juepoduwil Jayym umouy aq
JoUUED J] ‘JOASMOH ’SINJ20 jeliqey
[ewiue pue jueld jueuoduwi Jo

SSO| ou JI Juedyiubisul ale syedwi
juswysiginiey “(z A1obajen)
ab.e| 10 ‘ajelapouw ‘|lewsg

pessalppe JoN

sjoedwi Juswysiginiay

‘swisiuebio asay)

10910.1d 0} padojensp saulepinb
ainsodxs Mojaq [|om 8q 0} pajoadxa
ale |eMaual 8suddl| UM PaJeIdoSSe
juswysiginyal pue suoijesado
panunuod woJj swsiuebio |eu)salls)
0] sasoq ‘(1 A1obBaje9) |jlewg

"uonebiiw

JO SSBUBANDBYS By} pue ‘pajoaye

8Q p|N09 Jey} $82JN0Sal 8y} JO SNie)S
ay) ‘AlIA1joE By} JO 8INjeu 8y} uo
puadap pjnom syoedwi jo apnjubew
a8yl -sioedwi Joy jenuaiod ay)
aonpa. pjnom saonoeud Juswabeuew
189 jo uoneo)ddy “saiunwwod
[eL}sa.149) 108ye ABW [EMBUSI 8SUS||
UM pajeIoosse Juswysiqinial

pue suonelado panuijuod Wody
Buninsal syoedw)| *(z Arobajes)
ab.e| 1o ‘ajelapouw ‘|lewg

sapljonuolpel o}
swisiuebio |el}salla) Jo ainsodxg

(syoedwi walsAs Buijooo-uou)
$80IN0Sal |Bll}Salia) Uo S}0ay]

$924N0SY |B1IISDIID ]

sBuipuiy

anssj

sBuipuly

anssj

-9 3lqel PIO

-9 3|qel maN

(‘Juoo) "1-g alqel

N
iy
m

NUREG-1437, Revision 1



Appendix B

‘wiay
Jemaual asual| 8y} bunp wajqoid
B 9( 0} pajoadxs jou ale pue
sjue(d Jamod Jesjonu Bunesado

1e wajqoud e 8q 0} puno} usaq

10U 8AeYy uonelado Jamo) Buljooo
UM pajeloosse A)pluny pasealoul
10 ‘Buibboy ‘Buidl ‘Yup jes

wouy spoedw| ‘(L A1obBajen) |lews

‘wia}
Jemaual asual| ay} Bunp wajqoid
B 9( 0} pajoadxs jou ale pue
sjue(d Jamod Jesjonu Bunesado

1e wajqoud e 8q 0} puno} usaq

J0U 8AeYy uonelado Jamo) Buljooo
UpM pajeloosse Ajpiuny pasealoul
J0 ‘Buibboy ‘Buidl ‘Yup jes

wouy spoedw| (L A1obajen) |lews

"salIs ||e e aouediubis

[lews jo 8q 0} paJapISuod

a.e s824nosal |ed160j0os
|elysaula) uo spuod Buljood

Jo syoedw| () AiobBajed) |jlewg

sjue|d aAleu
uo sjoedwi Jamoy Buijoon

uonejeban
[ejusweulo pue sdolo
uo syoedwi Jamoy Buijoo)

$90.INn0Sal |el)salia)
uo syoedwi puod Buijoo)

‘W8] [BMBUSI 8SUdl|
8y} Jano abueyd 0} pajoadxs jou aie
pue sjue|d Jamod Jesjonu Bunesado
1B |lews uaaq aAey spedwl

asay} 1nq ‘uonelaban juaoselpe 10aye
0} [enuajod 8y} aAey uonelado Jamo)
Bu1j0od yym pajeroosse Ajpiuny
paseasoul Jo ‘Buibboy ‘Buidl ‘Yup yes
wouy syoedw| ‘(L A1obBajen) |lews

‘sanss| jueoyiubis

aQ 0} pajoadxa Jou ale $82IN0s

poo} d11enbe Jo Jajem pajeuiweuod
ay) 0} pasodxa aji|p|Im JO SaNssH

8y} Ul SJUBUIWEUOD JO UOljE|NWNJJE
pue ayeidn ‘syjusnjys waisAs buljooo
Ul SJUBUIWEIUOD JO SUOIIBIUSOUOD
Mmo| 8y} 0} ang “Ayjenb

jelqey paosnpal Jo ‘Aypiwny ‘buibboy
‘sainjesadwa) Jajem pasealoul

10O }nsal e se payodal usaq aney
sjewiue Jo sjue(d |el}sa.la) 0} S}0ayd
aslonpe oN ‘(L AaobBajed) jjlews

(s1omoy
Buijoos yum syueid) uoneraban
uo sjoedw Jamo} Buijoo)

(spuod buij00o

10 swa)sAs Buijood ybnoayy-aouo
yum sjue|d) saoinosal |el)salla)
uo syoedw! walsAs Buljoo)

("juo092) s921N0SY |elI)SAIID |

sBuipuiy

anssj

sBuipuly

anssj

-9 3lqel PIO

1-g 9|qe L MaN

(‘Juoo) "1-g alqel

NUREG-1437, Revision 1

™
“
m



Appendix B

‘wiey
|[emauas asua9ol| ay} Buunp jued
Jamod Jeajonu Aue je pajoadxa

s1 joedwi Jueoyiubis oN “puejjem
ay) 0} abewep jewiuiw Yy)m
paAsIyoe ag ueo pue saul| Jamod
yjeausapun Spuejom pajsalo}

Ul Alessaoau S| [04jU00 uone}aban
olpouad (1 K10baje)) lews

"salIs ||e e aouediiubis

|lews jo aq 0} pajoadxs aie
3JIIP|IM UO doueUBUIBW AOY JO
syedwi ay) ‘() A1obBajed) |jlewg

‘suonenyis awos ul aouesiubls
ajelapouwl Jo aq pnoo syueld
9say) Jeau saiunwwod ueuedu
pue weaJsul uo syoedw| *SIamo}
Buijoos yym syueid 1e pue spuod
Buijoos yum syued Jamod Jeajonu
e UJoouoo e usaq sey anssl ay |
*(z AMobBajen) ajelspouw Jo jjewsg

"sa)Is ||e }e aouedyiubis
[lews jJo aq 0} pajoadxe
ale sypedw| ‘(] Aaobaje)) |jewg

"WiI8) |lemausl
asua9l| a8y} Bunnp wajgqoud e aq 0}
pajoadxa jou aJe pue sjueld Joamod
Jesjonu Bunjesado e wajqoud e aq
0} puUNO} USa(Q JOU dARY SUOISI||00
asay] ‘(1 Aobaje)) |jews

MOY dul| Jamod
uo puej}em pue sulejdpool4

(uoneondde spioigqiay
pue Buiing) yuswabeuew
MOHY 8ul| Jemod

(moyy

MO| U}IM JBAL |[BWIS B WO}
Ja1em dnayew Buisn siamo)
Buijoo9 1o spuod Buljood yyum
sjue|d) s)o1j3U02 8sn Jajep

saul|
Jamod yum suoisi|oo paig

SIaMO}
BuIjo0o YyyMm suoIsI||0o paig

‘sjoedw Joy |enualod ay)
8onpa.J pjnom saonoeud Juswabeuew
1899 jo uonedlddy "uoiIpUOd JUBLIND

JI9y} Ul S8UNWWO) [el}salls) deay
0] pajoadxa S| WId) |[BMdUS] 8SUdD|
ay) Buunp juswabeuew ANOY
panuguo) ‘() A1obaje)) lewg

"aoueollubls ajesspow

10 8Q P|NOI SJOIJUOD BSN JBleM

Aq pajoaye sanunwwod ueledu
Ul S92JN0sal [el)salla) uo spoedu|
*(z AMobBajen) ajelspouw Jo jjewsg

‘abueyo

0] pajoadxa jou aJe sajel ay} pue
suone|ndod AsojelBiw Jo [Bo0| J08ye
0] Aj@yIjun aJe jey} sajel e Ind20
SOul| UOISSIWSURI} pue sainjonlls
jue|d Jayjo pue siamo} Buljooo yum
suoisy||oo paig ‘() A10693e)) lews

$90IN0Sal |el)salia)
uo syoedwi Juswabeuew
MOY dul| uoissiwsuel |

(48A1 B Woly s81em dnayew Buisn
sJamo} Buijood 1o spuod Buljooo
yum sjue|d) s901n0sal |eL}sa.ls)

UM SIOIJU0D asn Jajepp

S8UI| UOISSIWSUEI) PUB S8Injoni)s
weld yyum suols||joo piig

("juo092) s921N0SY |elI)SAIID |

sBuipuiy

anssj

sBuipuly

anssj

-9 3lqel PIO

1-g 9|qe L MaN

(‘Juoo) "1-g alqel

B-14

NUREG-1437, Revision 1



Appendix B

‘PlEeA

aq Jabuoj ou Aew asua9j| [euibLio
ay) Jo yoddns ul pajonpuod
S8IpN}S JUsWUIBIIUS Jey}

yons ‘pouad [emaual asuadl| sy}
BuLnp sjoays ayejul 0} ajqndaosns
ysl JO slaquinu ay} asealoul Aew
suone|ndod ysi a10)sa. 0} sjueld
88U} JO A)UIDIA BY) Ul SHoYs
Buiobuo ‘leyung ‘swalsAs Buljood
puod-Buijooo pue ybnoay}-aouo
ym syuejd maj e je abie| uand

10 @jesapow aq Aew jnq syue|d
Auew je |jews aJe Juswuleljus

1o syoedwi ay] ‘(g A1o0ba3e))
ab.e| 10 ‘ajelapouw ‘|lewg

‘swia)sAs Buljood

puod-Buijooo pue ybnoay}-aouo
yum sjuejd maj e je abie| uand
10 @jesapow aq Aew jnq syue|d
Auew 1e |jews aJe Juawabuidwi
1o sjoedwi ay] ‘(g A1o0ba3e))
ab.e| 10 ‘ajelapouw ‘jlewsg

‘WLI9) |BMaUal 9suadl| 8y}
Buninp wajqoid e aq 0} payoadxa
J0U alJe S}o8Yd Yong "paiijuspl
u8aq 9ABY BUNE} PUE BIOJ}
|Bl}S8118) UO Sp|al} djeubewoI}09|d
1o syoedw jueoyiubis

ON ‘(1 AioBaje)) lewg

(swajsAs uonedissip

1eay puod-buijoos pue
ybnouiyy-aouo yum sjued 1oy)
sobejs 91| Aluea ul ysy||ays
pue ysij Jo jJuswuiesuy

(swaysAs uonedissip 1eay
puod-buijood pue ybnoly}
-90U0 yum sjued Joy) ysyjays
pue ysy jo uswabuidw|

(3001891 ‘O Ip|IM ‘s@agAauoy
‘sdouo jeinynoube ‘sjueld)
BUNE} pue BlIOJ} UO Sp|al}
aaubewoldsld Jo syoedw|

"9}IS 8y} e $924n0sal djenbe ay)
pue SSWN|OA PUB SB)el |EMBIPYIM
wa)sAs Buljood uo Buipuadap
‘swia)sAs Buljoos puod-buljooo
pue ybnouyj-aouo yum sjueid

Mma} e e abie| uaas Jo sjelspow
aq Aew inq sjueld Auew je |jews
ale Juswuiesua pue juswabuidwi
1o sjoedwi ay] ‘(g A1oBaje))
ab.e| 10 ‘ajesapouw ‘|lewg

‘wia) [lemausl asuadl|

ay) buunp wajqoid e aq 0y pajoadxa
JOU aJe S}o8ye Yyong paljjuspl
uLa(q 9ABY Bune} pue elioj} [el}Sa.1I8)
uo spjal} onvubewoo9|s Jo syedw
jueoyiubis oN () A1oBajeD) jlews

(spuod buij00o

10 swa)sAs Buijood ybnoayy-aouo
yum sjueld) swsijuebio onenbe
10 Juswulesyua pue uswabuidw|

$924n0say dienby

(00388

‘aIIpm ‘saagAauoy ‘sdoud
|lednynoube ‘sjyueld) euney pue
BIOJ} UO Sp[ay onaubewoos|]

("juo092) s921N0SY |elI)SAIID |

sBuipuiy

anssj

sBuipuly

anssj

-9 3lqel PIO

1-g 9|qe L MaN

(‘Juoo) "1-g alqel

NUREG-1437, Revision 1

B-15



Appendix B

‘sjue|d swos e aoueoyiubis abie)
10 d)jeiapouwl Jo aq Aew syoedwi
3y} ‘SUOI}IPUOD |BJUSWIUOIIAUS
Buibueyo o} asuodsal

ul sabieyosip [ewsayy Ajipow

0] paau 8|qissod a8y} pue ¥o0ys
}eay jnoge suJaduod Buinuiuod
10 asneodag ‘(g A1obajen)

ab.e| 1o ‘ajelapouw ‘|lewsg

‘wLIe} [emausal
asua9l| ay} buunp wejqoid e aq 0}
pajoadxa jou si pue syue|d Jamod
Jesponu Bunesado 1e wajqoud

B 8¢ 0} puno} uaaq jou sey
uopjuejdooz pue uopjueldolfyd jo
juswurenuy *( Arobajes) |lews

‘WLI9) |BMBUS) 9SUa2l| By}
Buninp wajqoid e 8q 0} payoadxe
JOU S| pue wajsAs Buljooo

10 adA} siyj yum syueld Jemod
Jesjonu bunesado e waejqoud

B 8¢ 0} punoj} usaq jou sey ysy Jo
juswurenuy *( Arobajes) |lews

‘WLI9) |BMaUal 9suadl| 8y}
Buninp wajqoid e aq 0} payoadxa
JOu S| pue wajsAs Bujood jo

adA} siy} yum syued Jamod Jeajonu
Buneisado je wajqoid e 8q 0}
punoy} usaq jou sey Juswabuidwi
8yl ‘(1 A1obaje)) |lews

(swoyshs

uonedissip jeay puod
-BuIjooo pue ybnoay}-eouo
yum sjueld 1oj) 3ooys jesH

(syued
||e Jo}) uopjue|dooz pue
uopjue|doiAyd jo juswuienuy

(swoaishs

uonedissip jesy paseq
-19m03-6u1jood yyum syueid Joy)
sobejs ayl| AlJea ul ysy||ays
pue yslij Jo Juswulesuy

(swaysAs uonedissip
Jeay paseq-lemo}-buljood
ynm sjueld Joj) ysijiays
pue ysy jo uswabuidw|

"Bale 8y} Ul S824n0sal onenbe

1O alnjeu ay) pue sojslIB}oBIBYD
awn|d |ewJsay) oyoads-ays

uo puadap pjnom ‘Janamoy ‘syoeduw
Jo apnyubew ay] "s82InoSsal I0
suone|ndod Jo Ajljigels |[BJaA0 Joaye
0] pajoadxa Jou aJe pue pazieso| aie
sabieyosip |ewiay) yyum pajeroosse
S10848 8y} Jo 1SO|\ *(z A1obBaje))
ab.e| 1o ‘ajesapouw ‘|lewsg

‘wia) |lemaual asuadl| ay} buunp
wa|qoud e ag 0} pajoadxa jou S|

pue sjue|d Jemod Jesjonu bunesado
}e wajqoid B 8q 0} punoyj ussq jou
sey uopjuejdooz pue uopjuejdojAyd
Jojuswuenuy *(} Aaobajes) |lews

‘paziwiuiw
ale dnayeuw 1o} papasu [emelpyim
J9]EM JO SSWN|OA pue sajel

8y} asneodaq siamo) Buljood yum
Buij00o aj9A0-pasolo asn jey; syue|d
1e 1eMo| 8. Sajel Juswuleua pue
wswabuidw) *(} Aa063je9) |lPeWS

(spuod buij00o

10 swa)sAs Buljooo ybnouyy
-90u0 yim sjue|d) swsiueblio
alenbe uo sjoedwi [ewlsy |

(syued ||e) uopjuejdooz pue
uopjuejdoifyd jo Juswuiesnuy

(s1emoy Buijooo
yum sjueld) swsiuebio onenbe
10 Juswulesyua pue uswabuidw|

("juo092) s9ainosay senby

sBuipuiy

anssj

sBuipuly

anssj

-9 3lqel PIO

1-g 9|qe L MaN

(‘Juoo) "1-g alqel

B-16

NUREG-1437, Revision 1



Appendix B

‘swisiuebio oienbe jo
uonnquisip [eaiydesboab sabie| ayy
108y 0} pajoadxa Jou S| Ing s}oayd

pazi|eoo| aney Aew abieyosip
lewsayy () A1oBaje)) lewg

"WiI8) |lemausl
asua9l| a8y} Bunnp wajgqoud e aq 0}
pajoadxa jou aJe pue sjueld Joamod
Jesjonu Bunesado je wajqoud e
8q 0} puno} uaaq jou aAey sawn(d
lewsayy () A1oBaje)) lewg

‘wa}
|[emaual asua9l| 8y} Buunp wsjqoid
e 8q 0} pajoadxa jou si pue ‘spuod
Buij0o9 10 s1emo)} Buljood yum
sjue(d Jamod Jesjonu Bunesado

1e wajqoud e 8q 0} puno} usaq

Jo suonendod ysi palebuepua

jou sey ‘swaysAs Buijooo ybnouy
-90uo0 yum sjueld Jesjonu Bunesado
1e pajebniw Ajuojoejsies usaq sey
yooys pjo) ‘(1 Atobaje)) |lewg

‘WLI9) |BMaUal 9suadl| 8y}
Buninp wajqoid e aq 0} payoadxa
JOU S| pue wajsAs Buljooo

Jo adA} siyy yum syueld Jemod
Jesjonu bunesado 1e wae|qoud

B 8¢ 0} puno} usaq jou sey
Yooys jeaH (. Asobajed) |lews

(syued |e soy) swsiueblio
olenbe jo uonngquisiq

(syued e Joy) ysi Bunebiw
0} Jauueq swnid jewsay |

(syueld ||e Joj) yo0ys p|oD

(swaejsAs uonedissip
1e8y paseqg-Jamo}-buljooo
yum sjueld Joj) 3ooys jesH

"swisiuefio onenbe jo uonnguisip
|eoiydelboab Jabie| ay) 10aye 0}
pajoadxa Jou sI N S}oay8 pazieao)
aAey Aew abieyosip jewsay |

‘welqold e aqg 0} pajoadxa

jou ale pue syued Jamod Jesonu
Bunesado je wajqosd e 89 0} punoy
uaaq jou aAey saswn|d jewlay |

‘wa|go.d e aq 0} pajoadxa jou si

pue ‘spuod BuIj0od 1o siemo) Buljood
yum sueld Jemod Jesjonu Bunesado
1e wajqoid e 8q 0} puno} usaq J0
suonejndod ysiy paiabuepus jou sey
‘swiaysAs Buljooo ybnouyj}-aouo yym
syue|d Jesjonu Bunelado je payebiiw
AjJojoe)SIIBS USA(Q SBY Y00yUS p|oD

:Buimojjoy ayy

0] Joadsal yym sjoedwi [ewisy) ||ews
aAeY 0) pajoadxa aie w.a) [emaual
9su92l| ay) bulnp suonelado
panuyuo) *(} A1obaje)) lewg

"abieyosip pajeay jo Junowe
paonpaJ 8y} JO asnedaq |jews aq
0] pajoadxa ale siamo)} Buljood asn
1ey) sjue|d yym pajeroosse sjoaye
lewsayl °(} A1oBaje)) |lews

(sueld |je) syoedwi
|lewuay} pauodal Ajuanbauul

(s1omoy
Buijoos yum syueld) swsiuebio
anenbe uo sjoedwi [ewlay |

("juo092) s9ainosay senby

sBuipuiy

anssj

sBuipuly

anssj

-9 3lqel PIO

1-g 9|qe L MaN

(‘Juoo) "1-g alqel

NUREG-1437, Revision 1

B-17



Appendix B

‘wia}
|Jemaual asud9l| 8y} Buunp wajqoud
e 9 0} pajoadxa jou si pue spuod
BuIj009 1o siamo} Buljood yym
sjue(d Jamod Jesjonu Bunesado

1e wajqoid e 8q 0} punoj usaq jou
sey )| ‘wajgoid e sem }i Aisnoinaid
aloym wajsAs Buijoos ybnoayy
-90U0 e yym jueld Jamod Jesfonu
a|buis ay; 1e pajebniw Ajuojoejsies
us@aq sey swsiueblo aouesinu Jo
uonenwing (1 A1obaje)) |lews

‘WI9) |BMBUSl 9SUa2l| By}
Buninp wajqoud e aq 0} payoadxa
jJ0U S| pue ws|qoid e usaq

J0U sey jnq sueld Jamod Jesonu
Bunesado awos je 108ys pazieoo|
B 9 0} punoy} usaq sey asuablawa
alnjewald *(} Aaobajes) |lewg

(swiomdiys “6-8) swsiuebio
aouesINuU JO uoneNWiS

(sue(d e Joy) syoasul onenbe
Jo aouablawsa ainjewsalid

‘wjqold e aq 0y pajoadxa jou sl
pue spuod 6ulj009 10 siemo) Buljood
yum sjueld Jamod Jesjonu Bunjelado

1e wajqoid B 8q 0} punoyj usaq jou
sey ]| ‘wajqold e sem Jl Ajsnoinaud
aloym wajsAs Buljoos ybnoiyj-aouo
e yym jueld Jamod Jesjonu a)buls ay)
1e pajebniw AjLojoejsies usaq sey
swisiueblo aouesinu Jo uoneNWiS

‘wa|go.d e aq 0} pajoadxs jou

S| pue wa|qold e usaq jou sey jnq
sjue|d Jamod Jesjonu Bunesado swos
1B J09YJ8 pPaz||edo| B 8q 0} punoy

uaag sey aosuabiawa ainjewsald

("juo9) (syueld |e) syoedwi
|lewuay) pauodal Ajuanbauul

("ju092) saainosay senby

sBuipuiy

anssj

sBuipuly

anssj

-9 3lqel PIO

1-g 9|qe L MaN

("Juo9)

‘L9 ’i1qel

B-18

NUREG-1437, Revision 1



Appendix B

"WJS) [BMBUSI 9SUdDI| BY}

Buunp wajgqolid e aq 0} payoadxa
j0U sI pue sjue|d Jamod Jesjonu
Buneisado je wajgqoid e 8q 0}
punoj usaq jou sey uopeoiydosng
‘(1 f10B693e9) ||eWS

"WI9) [BMBUSBI 9SUB2I| BU}
Bunnp wajqoud e aq 0} payoadxa
jou sI pue spuod buljood 1o

sJamoy Buljood yum syueld Jemod
Jesjonu Bunesado e wajqoud e aq
0} punoj} usaq jou sey }| “parebiiw
AloAnoaye usaq sey Jng wajsAs
Buijooo ybnouyj-souo e yum jue|d
Jamod Jesjonu auo e uIaduod

B Uaaq sey uabAxo pan|ossip

moT ‘(1 A1obBajen) jlews

“wI9) [BMBUSI 8SUB2I| BY}
Buninp wajqoid e aq 0} payoadxa
jJ0U S| pue spuod 6uljooo Jo
sJamo} Buljoos yym syueid Jamod
Jesjonu Bunelado je we|qoud

B 8¢ 0} puno} Usaq jou sey

1 paiebniw Ajuojoejsies uaaq
sey Jng swajsAs Buijoos ybnoayy
-90u0 yum sjueld Jamod Jesjonu
Bunesado jo Jaquinu jlews e

1B uIaoUod B sem uonelnjesiadns
sen (| A1obaje)) |lews

(syue(d |e Joy) uoneoiydosng

(syue(d ||e uoy) abieyosip
8y} Ul usbBAX0 paAjOSSIp MO

(syued
|le Joy) (eseasip a|qanq
seb) uonelinjesiadns seo

‘sjue|d Jamod Jesjonu Bunjelado

1e wajqoud e aq 0} puno} uaaq

10U dAeY spuewap uabAxo |eaibojoiq
pue [eojwayd Uo Ss}oayse Bunnsal
pue (Buipeo| uaunu) uoneosiydong
‘palebniw uaaq sey INg WalsAs
Buijooo ybnoiayy-aouo e yym jueld
Jamod Jeajonu auo je UIaduod B Sem
uabAxo panjossip moT “pajebiniw
u2aq sey Jng swajsAs Buljooo
ybnouyj-aouo yum sjueid Jemod
Jes[onu Bunjesado jo Jaquinu jlews

B Je UJ90U0d B sem uonelnjesiadns
seg ‘() A1oBaje)) lewg

uoneoiydouna

pue ‘uopneinjesiadns seb
‘uabAxo panjossip uo abieyosip
J91em BuIj009 Jo sjoay]

("ju092) saainosay senby

sBuipuiy

anssj

sBuipuly

anssj

-9 3lqel PIO

-9 3|qel maN

(‘Juoo) "1-g alqel

NUREG-1437, Revision 1

B-19



Appendix B

a|qeoldde joN

o|qeoldde JoN

‘WI9) |BMaUal 9suadl| 8y}
Buninp wajqoud e aq 0} payoadxa
10U SI'}| ‘|eloW JBYIOUE JO 8S0U}
UM sagnj Jasuapuod Aojje Jaddod
Buioe|dal Agq pajebiiw Ajuojoejsies
usaq sey ing sjue|d Jjamod

Jes|onu Maj B Je UJaduod e usaq
Sey SJUBUIWEJUOD JO UOIIBINWNIJY
‘(1 f10B693e9) ||eWS

(syueld |je ioy) ejoiq
JO SjUBWIPSS Ul SjueUIWEBIUOD
JO uolje|nwnooy

‘selouabe [eo0] Jo a)1elS

Jayjo woly Ajgissod pue ‘siasuibu]
10 sdi0) Awly ‘SN 8y} wouy

Jwuad Japun pawuopad si Buibpaiq
‘seale |lews A[aAje[al Joaye

pPINOM pUE ‘uoijenp Uoys AjaAne|al
10 8q pjnom ‘Ajpuanbauyur Jndo0

0} pajoadxa si syue|d Jemod Jesjonu

passalppe JO0N 1e Buibpaiq (L A1obBa3en) jjlews

‘swsiuebio
onenbe asay} 108104d 0] padojanap
saulapIinb ainsodxa mojaq ||am aq
0] pajoadxa aJe swsiuebio onenbe

passaJppe 10N 0] sasoq ‘() A1obBajen) |jlewg

‘[B}oW JBYJOUE JO 8SO0U}

Upm sagnj Jasuapuod Aojje Jaddod
Buioe|dal Aq pajebijiw Ajuojoejsies
usaq sey inq sjue|d Jamod

Jes|onu Maj e Je UJaduo9 e usaq sey
SJUBUIWERIUOD [B}aW JO UOIE|NWNIOY
‘|[EMBUSI 9SUSDI| UM PajeIoosse
swysiginjal pue suonesado
panunuod Buunp sadInosal

onenbe o0} sjoedw Joy |eusajod

ay} aziwiuiw 0} pajoadxa ale sywiad
S3AdN jo suoneyw| abieyosip

pue saonoeud Juswabeuew

1seg (1 A1obaje)) jlewg

$90.In0sal
onenbe uo Buibpalp Jo s}oay3

sapljonuolpel
0} swsiueblio onenbe Jo ainsodx3

swsiueblo
oljenbe uo sjueujweljuod
|eoibojoipeluou Jo Ss}oayg

("ju092) saainosay senby

sBuipuiy

anssj

sBuipuly

anssj

-9 3lqel PIO

1-g 9|qe L MaN

(‘Juoo) "1-g alqel

B-20

NUREG-1437, Revision 1



Appendix B

"wia) [emaual
asua9|| a8y} Buunp waejqoid e 8q 0}
pajoadxa jou ale pue sjueld Jamod
Jesjonu Bunjesado je wajqoud e aq

0} puNo} Uda(Q JOU BABY SBSSO] JO
sadA} asay] *(} A1obajes) |lews

a|qeoldde JoN

‘s|eolwayo
10 @seajal paonpal e Jo swsiuebio
10 Juswabuidwi pue juswulesjus
JO uoionpal e Jo asneodaq ejolq
oljenbe uo sjoays a|qibibau aq |Im
2Jay)} JuUBWYsIgqInial pue UMopINys
jueld 6uung (1 A1obajen) |lews

‘suolenyis awos ul aoueoyiubis
ajelapouwl Jo aq p|noo sjue|d

9S8y} Jeau saijunwwod ueuedu
pue weaJsul uo spedw| "SI9Mo}
Buijooo yym syueid je pue spuod
Buijooo yyum sjued Jamod Jesjonu
1B UIBoUOD B U9a(q Sey anssi ay |
*(z AaobBajeq) ajeropouw 1o jjews

(syued

||e Jo}) sassalls |eylo|gns

0} pasodxa swsiuebio buowe
aseasip pue ‘wshisesed
‘uonepald wouy sesso

passalppe JON

(syueld |je Joy) Juawysiginjey

(moyy

MO| UlIM JBAL [[BWS B WO}
Jayem dnaxew Buisn siamoy}
Buijoo9 1o spuod Buljood yyum
sjue|d) s)o1)JuU0d asn Jslepn

‘wia}
|Jemaual asua9l| 8y} Buunp wajqoud
e 8( 0} pajoadxa jou ale pue sjueld
Jamod Jeajonu Bupeiado je wajqoid
B 8¢ 0} pUNO} U] JOU BABY SBSSO|

Jo sadA) esay] () A1obBajen) jlews

'S§924n0sal dljenbe 0] syoedwl [lews
uBy} aJow Ou Ul }nsal 0} pajoadxa
S| 8ouBUBUIBW AANOY O} S8onoeud

weawsabeuew jsaq jo uoneoidde
aasuaol] ‘(L A1obajen) |lews

‘uonIpuod

JUB1IND JIBY} WO} SaIUNWWOoD
onenbe 0} sebueyo |jlews uey} aiow
Ou ul }nsal 0] pajoadxa S| sainseawl
uonebniw sjeudosdde jo uoneoidde
aasuaol] *(} A1obajes) jjlewsg

‘suonenyis

awos ul @duediubis ajelspow

10 8Q p|NOI S)IIJUOD BSN Jajem

Aq pajosye sauNWWod Wwealls
Ul s821nosal dlenbe uo sjoeduw)
*(z AaobBajeq) ajelopouw 1o jjews

S9sS8l)S
|euya|gns o} pesodxs swisiuebio
Buowe asessip pue ‘wspiseled

‘uoniepald WoJj s8ssoT

$80IN0sal
onenbe uo juswabeuew ANOY
aul| uoissiwsuel jo syoedw|

(syoedw waysAs Buijooos-uou)
$904n0sal oijenbe uo sjoay]

(481 B Woly Jerem dnayew
Buisn siemoy Buljoos Jo spuod
Buijooo yum sjue|d) saoinosal

oljenbe yym s}oIjuoo asn Jajepn

("ju092) s9ainosay anenby

sBuipuiy

anssj

sBuipuly

anssj

-9 3lqel PIO

1-g 9|qe L MaN

(‘Juoo) "1-g alqel

NUREG-1437, Revision 1

B-21



Appendix B

‘pajoaye Ajasianpe

aq pjnom Aay} Jayaym pue
juasald ale soloads pasabuepud
JO paudlealy) Jaylaym auiwialap
0} [BMBUSI 9SUBI| JO BWI}

ay} e papasu ag p|nom saluabe
ajedoidde yum uoneynsuod
‘JanamoH -seloads pasebuepus
10 pausjealy) 10aye Ajasianpe

0} pajoadxa jou aJse uonesado
panuiuod pue juswysiginjal
eld ‘Ajjessuss) *(z Arobajes)
ab.e| 10 ‘ajelapouw ‘|lewsg

(sue(d e Jo}) saroads
paJabuepua Jo pausjealy]

‘|lemaual asuadl|

UlIM pajeloosse juswiysiqinal

pue suonelado panuiuod Aq pajoaye
A|aslanpe aqg pjnom Aay Jayaym
pue juasaid ale sjejigey Jo sajoads
snje}s |e1oads Jayjoym auiwisep

0} papaau ag p|nom saiouabe
ajendoidde yum uoneynsuo) “wayy
uo swajsAs jued Jamod Jo syoaye
ay) pue sjejigey pue saloads pajsi|
10 92UB1IN220 8y} uo puadap pjnom
JeNqgey ysiy [euasss pue ‘jeliqey
[eonuo ‘sa1vads pajosjoud pue
‘pasabuepus ‘pausiealy} uo syoedu
1o apnjubew ay] (g A1obBajen)

jeligey ysi |enussss pue
1e1qey [BonLD ‘seloads pejosjoid
pue ‘palebuepus ‘pausiealy |

sjejiqeH pue saioadg snjejg |e1oadg

sBuipuiy

anssj

sBuipuly

anssj

-9 3lqel PIO

-9 3|qel maN

(‘Juoo) "1-g alqel

B-22

NUREG-1437, Revision 1



Appendix B

"sa)Is ||e e @oueonlubis

[lews jo aq 0} pajoadxs

aJe uoljesloal pue WsLNoy

pue ‘sa2IAI8s |e100s ‘AJajes olignd
0} spoedw) () A1obBajen) jlews

‘uonosyoud
aJinbal jeyy ussaud saluadold ale
2lay} Joylaym auiwialap 0} JaoI0

uoljeAISSald O1I0ISIH 9elS ay}
UM }Insuod o} Aouabe |elapa4 ay)
salinbal 10y uoneAlasald 21I0ISIH
|[euoneN 8y ‘JoASMOH °S821n0sal
|eoibojoaeyale pue 2LI0ISIy Uo
sjoedwi 9SJoApE |[ewsS uey} aiow
ou aAeY 0} pajoadxe ale uoielado
panuiuod pue juswysiginial

el ‘Ajjesauss) *(z Arobajes)
ab.e| 10 ‘ajelapouw ‘|lewsg

uolealoal pue WwsLNo}
pue ‘seolAIes [el00s ‘Ajojes
olgnd :sedlAles 21jgnd

$90IN0S8l
[eoiBojoseyo.le pue 2LI0ISIH

‘llews aq 0} pajoadxa

ale |eMaual 8suUd2l| YJIM PaJeIDOSSE
swysiginjal pue suoiesado
panunuod wolj syoedw ‘WsLNO) pue
‘uonjealoal ‘awooul ‘yuswAhojdwa
‘salie|es pue sabem abelone

uey} Jaybiy yum saakoidws jo
slaquinu able| aaey sjueld Jesjonu
1sow ybnouyyy (1 A10B693e)) |leWwS

"Aiessaoau

J1 ‘uonebniw pue saiadoud ou0ISIY
uo s}o8ye |enuajod ay} sulwis}ap 0}
saqll| ueouswy aAleN ajelidoidde
pue (OdHS) 1821 uoneAlasald
OUO}SIH 8}e1S 83U} YjIM }nsuod 0}
Aouabe |elapa4 ay} salinbal (YdHN)
10V UoljeAIasald OUO)SIH [euoneN
9yl -se2Inosal asoyy buipione

Aq pajebiiw aq pjnod sjoedwi jsow
asneosaq A\OY dul| Uoissiwsuel)

BU} Ul pue a)Isuo pajeoo|

$82JN0Sal |ein}nd pue d1o}sIYy

uo sjoedwl ||EWS UBY) JOW OU dABY
0} pajoadxa aie |eMBUSI SSUB||
UlIM pajeioosse juawysiqinial pue
suonelado panunuo) (g A1ob6ajed)

WwIs1No} pue uonealoal
‘awooul pue juswAojdwg

SOIWIOUO0230190S

$804N0Sal BN} N pue JLIo)SIH

$924N0SaY |BIN}ND pue JLI0)SIH

sBuipuiy

anssj

sBuipuly

anssj

-9 3lqel PIO

1-g 9|qe L MaN

(‘Juoo) "1-g alqel

NUREG-1437, Revision 1

B-23



Appendix B

"si0}oe} oi1vads-108foid

pue -a)s uo Buipuadap s|qissod
aJe syoedw Jabie| Ing aoueoiiubis
[lews jo syoedw asusuadxa

pinom sajis }soly “(z A1obBajen) (yuawysiginjal)

abue| 10 ‘ajesopouw ‘jlews uonedNpa ‘sadIAIes dlignd

‘pajoadxa aie aoueolubis [jews jo (wusy lemaual asua9l|)

syedwi AluQ () A1oba3ed) jjlews uoleONpPa ‘s82IAIBS 21|gnd
‘Anqejiene

A|ddns Jajem o1ignd uo aoueoiubis
ajeJsapouwl Jo sjoeduli 0}

pea| Aew sajls awos je sabepoys
J9)emM ylm wajgqoud pasealoul uy
*(z A1oBajen) ajerspouw uo jjews olgnd :s921AJ8S 2llgnd

"sa)Is ||e e aoueonlubis

[lews jo aq 0} pajoadxa
aJe uoljesloal pue WsLNo) uoljealoal pue WsLINo}
pue ‘sa2IAI8s |e100s ‘Ajajes olignd pue ‘sa2IAIas [e100s ‘Ajojes
0} spoedw) () A1obBajen) jlews olgnd :s@21Al8S 2lignd

anss|
ue se paynuap! Jou Ing ‘SI39
a|qeoijdde JoN 9661 @U) Ul PaIapISUO)

‘suopelado
jued Jamod panuiuod Ag pajosye aq
10U p|NOM SBJIAISS |BUOIEONPS pUB
Aunwwod ‘wis) |emaual 8sudll|
oy} Buunp pajoadxe syjuswAed
1071d pue ‘uononpoud ABisus uo
sjuaswAed ‘yued Jeamod ayj Jo anjea
ueld s,29sua2l| ay) je JuswAodwa
ur abueyd ou Jo 8| YUAA |[lews
9Q p|NOM SBJIAISS |BUOIEONPS pUE
AjlUunwWwo9 [BO0| 0} |eEMBUBI 8SUBD||
UlIM pajeioosse juawysiqinial pue
suoneJado panunuod woly bunnsal uoneonpa
sabueyn *(} A1obajes) |lews pue sadlAles AjJlunwiwo)

obueyo 0} pajoadxa jou
S| [BMBUSJ 9SUSDI| UM PaleIo0SSe
juswysiginyal pue suoljesado
panuiuod JO }Nsal B Se W.a) [emausal
asuaol| ay} Buunp pied anuaaal xe}
Jo Junowe ay] -uononpoud ABisus
uo syuawAed xey 4o (1 O7Id) xe}
10 naj| ul sjuswAed ‘sjuswAed xe}
Apadoud jo wuoy 8y ul suopaipsun|
|[B00| 0} 8nuaAal xe} apinoid

syue|d JespnN ‘() AuobBajed) |jlews sanuaAal xe |

(‘ju09) so1wou0230190g

sBuipui4 anssj|

sBulpui4 anssj|

-9 3lqel PIO

1-g 9|qe L MaN

(‘Juoo) "1-g alqel

B-24

NUREG-1437, Revision 1



Appendix B

'S9)IS DWOS
1e aoueoyiubis abue| 1o ajeiapow
Jo sjoedw 0} pes| Aew SUORIPUOD
[0J]UOD Dljel) pUB peol |eoo|

BU} pue sJayJoMm |euoilippe ay}
UNM PaJBIDOSSE dlyjel} Ul 8Sealoul
ay} ‘JonemoH ‘eouesiiubis

Jlews jo aq o} pajoadxa Ajjelousb
2.le 9SUBDI| pamaual By} JO WId}
8y} Buunp pue juswysiginyas yueld
Buunp pajelauab oyes; Aemybiy
10 (921M8S JO [9A9]) sjoedw
uoneuodsuel| *(z Aiobajen)
abue| 1o ‘ajesapouw ‘jlews

uswdojanap Buisnoy

JiWi| Jey} sainseaw |0Jju09 ymmolb
ylm seale ul lo seale pajendod
Ajesleds ul pajeoo) syueld yym
pajeioosse aq Aew juswysiginjal
UNIM PBJBIDOSSE 82J0I0M 3U} JO
syoedwi Buisnoy ab.e| 10 8)eIapo|N
1088 Ul ale Juswdojonsp

Buisnoy jiwi| Jey) sainseawl |0JjuU0d
ymolb alaym eale ue ul Jou pue
eale uonendod ybiy Jo wnipaw

e ul pajeoo) sjueld je aoueoiiubis
|lews jo aq 0} pajoadxa aie
syoedwi BuisnoH *(z A1obBaje9)
ab.e| 10 ‘ajelapouw ‘|lewsg

‘|lews aqg pjnom
SBWIN|OA Dljjel} 0] |[EMBUSI 9SUSDI|
UM pajeIoosse Juawysiginial pue
suonesado panunpuod wodj Bunnsal
sabueyn *(} A1obaje9) |lewg

uonjeuodsuel)
‘S90IAI8S 21Ignd

‘suopelado jueld

Jamod panuiuod Aq pajosye aq jou
pinom sanjeA pue Ajijiqejieae Buisnoy
pue uone|ndod ‘w.a} |lemaual asual|
ay) Buunp psajoadxa jueld s,89sU89|
a2y} 1e JuswAojdwa ul abueyo ou 1o
S YNA ‘llews 8q pjnom anjeA pue
Ajjigejieae buisnoy pue uonendod
[euoibaJ 0} lemaual 8sua||

U}IM pPaJeIdoSSe Juswysiqnial pue
suonesado panuiuod woly bunnsal

syoedwi BuisnoH sebueyn *(} Aiobaje9) |lewg

uoneuodsuel |

Buisnoy pue uonendod

(‘ju09) so1wou0230190g

sBuipuiy

anssj| sBulpui4

anssj

-9 3lqel PIO

1-g 9|qe L MaN

(‘Juoo) "1-g alqel

NUREG-1437, Revision 1

B-25



Appendix B

‘sjwi| AlojenBal mojaq ||lom oq
pinom pue ‘sabejno soueusjuiew
JewJou pue suoielado

[ew.ou Buunp paousuadxa
sasop Jo abuel ay} ulyym aJe
Wi} [emaual asual| 8y} buunp
s9sop [euolednodo wnwixew
pajosfoid *(} A1oBaje)) jlews

‘'sbumias [euysnpul

Joy 8buel-piw 8y} ul S| ‘uonelpel
Buipnjoul ‘sasneo ||e wouy ysu
Ayjendow jeuoijednaoQ siojoeal
Jayem-Buljioq pue siojoeal
Jajem-pazunssaid 10} paosusuadxa
S9SOP 9AI}09]|00 dbkesane [enuue
Jo abuel sy} ulym aq 0} payoadxa
aJe JUBWYSIqINd) WO} SISOp
jeuonednao ‘() Arobajes) |lewg

‘suoljesado jewlou

UlIM po)eIDOSSE S|9A8| JUaLIND

Je anuniuo9 |Im a1jgnd ay} 0} sasop
uonelpey ‘() A1oBaje)) jlews

‘pepasoxa a(g 0} payoadxa

10U aJe o1gnd 8y} 0} sHWI| 8sop
Aiojenbai ajgeolddy -uonesado
JUB4IND WOJ) 9SO} 0} Je[IWIS dIe
Jey} Sesop Ul JNsal pjnom Ssjuan|yd
snoaseb ay} ‘yuawysiqinial

buung ‘(1 A1ob633e9) |lPWS

(wisy
|[emaual asuddl|) sainsodxa
uoleipel |euonednodQ

swiysiqinjal
BuLinp sainsodxs
uonelpel jeuonednoo

(wuay |lemaual asud9l)) o1gnd
ay) 0} sainsodxa uoneipey

juswysiginial Buunp o1qgnd
ay) 0} sainsodxa uoneipey

‘sywi| Aiojeinbas mojaq [jam aq

0] 8NUUOD P|NOM PUB ‘W) 8SUSDI|
Jua.Ind ay) Bulinp pasualiadxa
sasop Jo abuel ay} ulyym

8q 0] pajoadxa aJe [emaual asuddl|
U}IM paleIDoSSE Juswysiqnial pue
suofeJado panunuod wolj sasop
|jeuonednao ‘() A1ob63je9) |lewg

‘spwi| Asoje|nbal

MOJ3q ||oM 8(q P|NOM pUE ‘S|aA3|
JUS.IND JB |nuiuod 0} pajoadxa

ale |eMaual 8suddl| UM PaJeIdosse
juswysiginyal pue suoljesado
panunuod woJj o1gnd ay} 0} sesop
uonelpey ‘() A1oBaje) jlews

sJayiom
jue|d 03 sainsodxa uonelpey

olignd 8y} 0} sainsodxe uoneipey

yjjeaH uewny

sBuipuiy

anssj

sBuipuly

anssj

-9 3lqel PIO

1-g 9|qe L MaN

(‘Juoo) "1-g alqel

©
o
m

NUREG-1437, Revision 1



Appendix B

‘sainsodxs

JayJom azjwiuiw 0} seonoeld
aualbAy [euysnpul paydaooe jo
uoneoldde panunuoo Ag pajjojuod
aq 0} pajoadxa aJe sjoedw yyeay
[euonednooQ *(} Arobajes) |lews

"Ajlealsuab sjoayoe ay jo1pald 0}
a|qissod jou si )l ‘elep oyoads-alis
INOYNAA "SIBALI |jews 0} abieyosip

1ey} sjeued Jo ‘saxe)| ‘spuod
Buijooo Buisn syue(d je Ajgissod
1daoxa sjue|d Bunesado jsow je
wa|qoud e aq 0} pajoadxa jou ale
swsiueblo asay] (g A10633e9)
abue| 1o ‘ajesapouw ‘|lewg

a|qeoldde JoN

‘suone|nbal a)e1S pue |eispa4 pue
sywJiad Aq patinbal se sainsodxa
JayJom azjwiuiw 0} seonoeld
aualIbAy [euysnpul paydaooe jo
uoneoldde panunuoo Ag pajjojuod
aq 0} pajoadxa aJe syoedw yyeay
jeuonednoo *(} Arobajes) |lews

(yyreay jeuonednoo0)
swsjueblo [e2160]01qoIDIN

"solslaoeIRYD
ol0ads-ayis uo puadap

pinom syoedw| "sloAll oyul abieyosip
1ey} sjeued Jo ‘saxe)| ‘spuod

Buijooo Buisn syue(d je Ajgissod
1daoxa sjueld bunesado ysow

je wajqo.d e aq 0} pajoadxa jou

ale swsiueblio asay] -(z A1obBaye)
abue| 1o ‘ajesapouw ‘|lewg

(4eAL JleWS B 0} 8bieyosip
1ey} spuod Buijood 1o s1emoy
Buij00d Jo ‘sjeueo Jo soxe|
Buisn sjued) (uyeay olgnd)
swisiueb.o [eo1bojoiqololn

‘sywJiad Jayjo

pue S3AdN jo suolejwi| ebJeyosip
0} 8duaJaype Ag paziwiuiw aq

0] payoadxa ale 21gnd ay} 03 syoedwl
Joj |enuajod 8y} pue JUSWUOIIAUS BU}
0} sesea|jal |edlwsy) ‘suonenbal
9]e1S pue |eiapa4 pue sywiad

Ag paiinbai se saonoeid susibAy
leusnpul poob Bunuawa|dwi
99sud9|| 8y} Aq paziwiuiw

8q 0] pajoadxa aJe [emaual asuddl|
U}IM pPaJeIdoSSE Juswysiqinial pue
suonelsado panuiuod woly bunnsal
sJayiom jueld 0} splezey [eolway)

passalppe JoN ‘(1 Kiobaje)) jlews

sloyIom
weld o) spiezey [e0160]0IqOIOIN

(411 B 0) 8b1eyoSIp

1ey} siemo} Buljood Jo sjeued Io
spuod Buijood yyum syueld) ongnd
ay) 0} spiezey |eo160|0IqoIoIN

s|eolwayo
woJj yoedwi yjesy uewny

(ju09) yjjeaq uewnyH

sBuipuiy

anssj| sBulpui4

anssj

-9 3lqel PIO

1-g 9|qe L MaN

(‘Juoo) "1-g alqel

NUREG-1437, Revision 1

B-27



Appendix B

o|qeoldde JoN

‘payoeal usaq

10U SBY M8IA J11judIdS SNSUBSU0D
e pue eale siy} Ul Buinuiuoo

S| yoJeasal ‘JanemoH “sainsodxa
pIdy Yim sjosys [njuiey

Bupjui] 82UBPIAS JUB)SISUOD PUNO}
Jou 9ABY Sp|al} ojeuUbEWOI}09|D
ZH-09 Jo salpnis |eaisAyd

pue [eoifojolg "ulenasun

‘suoine|nbal aje)s pue |ejopa

Aq paJsinbai se juswdinbs aAnosyoud
asn pue spJepuels Ajajes 0} ajaype
sJayJom ay} JI @ouediiubis |lews

10 aJe pue ‘sjueld Jamod Jeajonu
Buipnjoul ‘suone)s Buneisuab
|eou309)e Jo sadAy jle 0} ousuab

ale spiezey yjeay pue Ajojes

passaJppe 10N |jeuonednaoQ ‘() A1ob6aje)) |lewg

‘g|qissod si

sjoedwi yjjeay uewny uo uoisnjduUod
olouab ou ‘eyenbapeur Ajuaino

S| 90UBIOS BY} JO d)B)S 8y} asnedag
*9))qNs aJe ‘|eal JI ‘Sjoaye wis}
-186U0| pue padio} 8q JOUUEBD S}0BY8
a)noe onewelp jey} ul (uonelpel
Buiziuol pue sjeoiwayd 21xo} “6°8)
10840 2IX0} B aAeY ey} sjuabe Jay)o
ayI|un ate s4\J 'sainsodxa plal
yum s1oaye [njwaey Burjul] 8duapire
JUB)SISUOD PaIBA02UN JOU BABY
S4IN3 ZH-09 JO salpniS “ulepasufn

S)08)J0 2IU0IYD
‘sp|al} onsubewo.jos|g

spJezey |euoljednaoo |eaisAyd

(s4IN3) spiau onsubewosos|d
O s108Y8 dluoIyD

(ju09) yjjeaq uewnyH

sBuipuiy

anssj| sBulpui4

anssj

-9 3lqel PIO

-9 3|qel maN

(‘Juoo) "1-g alqel

©
o
m

NUREG-1437, Revision 1



Appendix B

‘sjueld |je Jo} aoueoiubis

||lews jo ale sjusplode siseq
ubisap jo syoedwi [BJUBLIUOIIAUD
9y} Jey} papn|ouod sey yejs
OYN 8yL ‘(1 A1oBaje)) |lews

"8)is 8y} Je |epusiod

300ys 21199]8 8y} Jo aoueoniubis
8y} aulwla}ap 0} palinbai

S| M3IABI OIj108ds-8)IS ‘JoAaMOH
“WIS) [BMBUSBI 9SUBDI| BY}

Bunnp wajqoud e aq 0} payoadxa
10U ale Ajjessusab pue sue|d
Bunelado jsow je we|qoud e aq
0} puNo} UBa(Q JOU BABY SBINJONIS
oljleraw ul sabieyd paonpul
wioJ} 1o s1ojonpuod pazibiaus

0} SS999€ J08.1p woJj bunsal
3ooys [eouos|3 *(z Aiobajes)
ab.e| 10 ‘ajelapouw ‘|lewsg

aInoe ‘spjal} onsubewoos|g

‘sjueld ||e Joj eoueoubis

[lews Jo aJe sjusplooe siseq
-uBisep Jo sjoeduwl [eJUSWUOIIAUS
8y} ey} papnjouoo sey

sjuaplooe siseq ubiseq ues O4N ayl (1 A1obajen) jjlewg

‘[lenusyod

3O0ys [e2}098 8y} JO douediiubis
8y} aulwIslap 0} 9|qissod jou S|

1 ‘saul| uoissiwsued) adoos-ul s jue|d
Jeajonu yoea Jo eusjlud DSIN Yim
90UBWLIOJUOD JO MBIABI B JNOYNAA
"(DS3N) 8poD Ajejes [eouos|3
[eUOlEN 8U} YlIIM 80UaJiaype ul
pajesado aJe Jey) saul| UOISSIWSUB}
10} @oueonlubis |lews jo s jenuajod
3ooys [eouos|3 *(z Arobajes)
ab.e| 1o ‘ajelapouw ‘|lewg

(ooys 21109|9) s10ayd

sjusplooe siseg-ubiseq

SJUapPId0Y paje|nysod

spJezey ooys oL108|3

(ju09) yjjeaq uewnyH

sBuipuiy

anssj| sBulpui4

anssj

-9 3lqel PIO

1-g 9|qe L MaN

(‘Juoo) "1-g alqel

NUREG-1437, Revision 1

B-29



Appendix B

"SMOIAI
ouy10ads-jueld ul passaippe
aq ||Im aonsnl [BIJUBWIUOIIAUS
JO sisAjeue ue Jo Jusjuoo

8Y} pue Joj pasu ay| ‘auoN

"SoAljeulIs)e yons
paJapisuod jou aAey ey} sjueid ||e
10} palapIsSuod aq }SNw Ssjuaplooe
alanas ajebniw 0} saAnjeulsye
‘J1anamoH ‘sjued |e Joy ||lews

8.e S)UBpPIOOE BIB9S Wod) sjoedul
OlLIOUODd pUE [B}BI00S pue

‘Jojem punolb 0} sases|al ‘I8jem Jo
salpoq uado ojuo }nojje} ‘sases|al
olsydsowsie Jo saouanbasuod
pajyblem-Ayjigeqoud

8yl ‘(z A1oBaje)) |lews

(002

‘¥z 18nBny ‘002G ¥4 69) suonoy
Buisuaoi] pue Aiojeinbay DN

Ul SI8)Je|\ 821ISN[° [eJUBWIUOIIAUT JO
Juswieal| ay} uo juswsalels Aoljod
OYN 99S "smalral oloads-jueld
Ul passalppe a(q [|IM [BMBUS] 8Suddl|
UM pajeloosse juswysiqinial

pue suonelado panuiluod Wody
Bunnsas uondwnsuod aoualsisqns
pue suonie|ndod swooui-mo| pue

aonsn[ [ejuswiuodIAug Auouiw o0 syoedw) *(z A1o693e9)

"SOAllBUIS) B YONS paJapIsuod jou
aAey 1ey) sjueld |e Jo} paIspisuod
8Q JSNW SJUBPIOOE BIOASS

a)ebniw 0} saAjeuIs)E ‘ISASMOH
‘syue|d ||e Jo} ||lewsS ale sjuapiooe
2J9A8S WOJ} s}oedwi OILIOU0DD

pue |e}a100s pue ‘Jajempunolb

0} soseajal ‘19)em Jo salpoq uado
0JUO }nOj|e} ‘sosesjal olsydsowie Jo
saouanbasuod pajybiam-Ajigeqold

SJUSPIOO. DIOADS ayl ‘(z A1obBaje9) jlews

suole|ndod
awooul-mo| pue AJLIoul

921)sSN[ [ejusWILOIIAUT

SJUapIddke Bl9ASS

("ju09) sjuap1o2y paje|nisod

sBuipuiy

anssj| sBulpui4

anssj

-9 3lqel PIO

1-g 9|qe L MaN

(‘Juoo) "1-g alqel

o
¢
m

NUREG-1437, Revision 1



Appendix B

‘sjuswalinbal Bujuoissiwwooap
OdN Yim Juelsisuod
PaUOISSIWILLIOdaP 8( 0} Sall|ioe}
10} papaau Uaym a|qejieAe apew
aq |m Ayoedeo |esodsip a)sem
[9AS]-MO| JUBIDIYNS Jey} douUBINSSE
a|geuoseal s| a1y} ey} Sopnjouod
uoISSIWIWOY 8y} ‘uolippe

Ul ‘|lews ale sa)s pasua||

1e jue(d [enpiAlpul Aue wouy

9)SEM [9A3]-MO]| JO [BSOdSIp WJs}
-Buoj jo syoedwi [elUBWIUOIIAUD
|eoiBojoipeluou pue |eoibojolpel
8yl -o|qibibau aq |(1m Jsjem

pue Jie uo sjoedw |eosibojoipeiuoN

‘llews aq [m syoedu

paleIOOSSE puB 9SUdI| pamausal

e Jo wJa} ay) buunp abelos

8]SEeM [9A3]-MO] Jo} palinbal

aq Aew jey} pue| ajisuo [euoiippe
wnWIXew ay| "8suadl| pamaual

e JO wJa} ay) Buunp |lews ulews.
[lIM JuswuodIAUS 8y} 0} s1oedwl
|eaibojoipel 8y} Jey) ainsus
slojoeal Je panaiyoe buleq sasop
o1ignd moj| ay} pue aoe|d ui ale jey)
s|ojuod Aloyeinbas anisuayaidwod
ayl ‘(p A1obaje)) jlewg

|jesodsip
pue abelo}s 81SeM |[9AS|-MOT

w8}
|emaual asuadl| ay} buunp |ews
ulewaJ PJNOM JUBWIUOIIAUS 8y} O}
s1oedwi [eoibojoipes a8y} 1y} ainsus
slojoeal Je pansiyoe bBuleq sasop
o1ignd moj| 8y} pue aoe|d ui ale jey)
s|0juod Aloyeinbas anisuayaidwod
8yl ‘(1 A1obaje)) |lews

|jesodsip
pue abe.o]s a)Sem |9AS|-MOT

juawabeuely ajsep p1oS

sBuipuiy

anssj

sBuipuly

anssj

-9 3lqel PIO

-9 3|qel maN

(‘Juoo) "1-g alqel

NUREG-1437, Revision 1

B-31



Appendix B

@t Kiobayen
anss| 8y} paJapisuod Jnqg ‘esodsip
ajsem [an9|-ybiy pue |ony Juads jo

sjoedwi ay) Joj 8ouedyIubIs JO [9A9)
a|buis e ubisse jou pip DYN YL

"9|qe|leAe jou
s| abel0)s a|qensli}al pasojuow

Jo fioyisodal yusuewuad e y syue|d
|le 1e abeloys jood Jo Aip ybnouy
S]08JJ0 |EJUBWLOIIAUS ||BWS

U}IM 8}ISUO pajepowiwiodde Ajajes
aq ued uonelado Jo sieak og
|euonippe ue wodlj |any yJuads

JO aWN|oA 8y} Ul 8sealoul pajoadxa
8yl ‘(1 A1obaje)) |lews

(|lesodsip ajsem
|1oA9]-ybiy pue jany juads)
sjoedwi [eoiBojoipes 8)IsyO

[any yuads a)suQ

(e) @OUSPYUOD S)SEM UO JudLIBIE)S
10BdWI [BJUBWIUOIIAUS OLIBUSB

e Jo uona|dwod ay) Buipuad pazijeul
Buiaq jou sI aysem [aAs]-ybiy

pue [an} Jeajonu juads jo sjoedul
[eoibojoIpel 8)ISHO UO UOISN|DUOD
ousuab ay] -joedwi ureuasun

‘sjue|d ||e je abeuo}s |ood

J0 Aup ybnouy) s1o8ye |eJUBWIUOIIAUD
[leWS YIIM WIa) [emaual asuadl|

ay) Bunnp 8}ISUO pajepowWooe
Ajajes aq ueod uonesado

10 s1eak 0z |euonippe ue wolj

|2} Juads JO 8WN|OA 8y} Ul 8sealoul
paadxe ayy *(} Aiobajyed) |jlewg

|esodsip ajsem
19A8[-ybiy pue [any Jesjonu juads
Jo sjoedwi [eoibojoipel 8)ISO

[an}
Jeajonu juads jo abelols a)Isup

("ju09) Juswabeuey a)sepp plloS

sBuipuiy

anssj

sBuipuly

anssj

-9 3lqel PIO

-9 3|qel maN

(‘Juoo) "1-g alqel

B-32

NUREG-1437, Revision 1



Appendix B

‘sjuswalinbal

Buluoissiwwodsp DYN

U}IM JUS]SISUOD PBUOISSILIWOISP
8Q 0} Sa}I|10.} 1O} papPasuU Usym
a|qejieAe apew aq |Im Ajoedeo
|esodsip a)sem paxiw juaions
1By} 8ouRINSSE 8|qeuoseal Si
88U} 1BY} SBPN|OUOD UOISSIWWOD
8y} ‘uonippe U] ‘|lews ale sa)is
pasua9j| je ueld [enpiaipul Aue
wioJj 8)Sem paxiw Jo |esodsip wis}
-Buoj jo syoedwi [elUBWIUOIIAUD
|eoibojoipeluou pue |eaibojoipel
ayl -swueld |e je aysem paxiw Aq
pasod JUSWUOJIAUS 8Y} pUB yjeay
uewny 0} 3su Buinuiuos ‘|lews ay}
9SEBBIOUI JOU [|IM [BMBUSI 8SUSIIT
‘syue(d |[e Je JusWuolIAUS By}

pue olignd 8y} Jo} s|elsjew dIxo}
0] ainsodxa pue sasop a|qibibau
se ||lom se ‘abelojs pue Buipuey
Jadoud ainsus aoe(d ui ale jey)
sainpasoud pue salj|ioe} 8y} pue
s|0juod Aloyeinbas anisuayaidwod
ayL ‘(1 A1obaje)) |lews

|esodsip
pue abeio}s aysem paxip

‘llews
aJe sa)Is pasuadl| je jueld [enpiaipul
Aue wouy sysem paxiw Jo jesodsip
w.Je)-6uol jo syoedwi [ejuswuoliAUS
|eoiBojoipeluou pue |eoibojoipel
ay]l ‘syueld ||e je aysem paxiw Aq
pasod juswuolIAUS BY} pue y)jeay
uewny o0} 3su Buinuiuoo ‘|lews

By} 9SBaJOU| JOU P|NOM [EMBUSI
asua0lq "sjueld e e JUBWUOIIAUS
ay) pue o1ignd sy} Jo} sjeusew
2IX0} 0} 8Jnsodxa pue sasop
a|qibibau se |jom se ‘abelo)s pue
Bunpuey Jadoud ainsus aoe|d ul ale

Jey) saunpadold pue saiijioe) ay) pue

s|0juod Aloyeinbas anisuayaidwod
8yl ‘(1 A1obaje)) |lews

|jesodsip
pue abelo}s aysem paxip

("ju09) Juswabeuey a)sepp plloS

sBuipuiy

anssj

sBuipuly

anssj

-9 3lqel PIO

-9 3|qel maN

(‘Juoo) "1-g alqel

NUREG-1437, Revision 1

B-33



Appendix B

‘|lews a1e ge-wniauyos)

pue zzgz-uopel Buipnjoul seses|al
pinbi| pue snoaseb aAloeolpel
wioJy sjenpiAipul uo sjoedwi ‘S|39
8y} Ul uoljewJojul uo paseg “ued
SIY} JO €-S S[geL Ul UOISSIWWOD
oy} Agq palepIsuod usaq aney
8]0A2 |an} wniuein ay} jo sjoedwi
a)syo ‘(1 A1obBaje)) jlews

a|geoidde joN

"sjued ||e je |esodsip pue Bulpuey

Jadoud panunuod ainsua 0} aoe(d
ul 8Je sainpasoud pue sailjioe
‘|[emaual asua9l| Jo} pajedionue

ale swa)sAs bBunelssuab 0y
sobueyo oN *(} AiobBajed) |jlewg

‘sywi| Aiojeinbas s,O4N 8y} mojaq
10 Je ulewsal p|nom ‘gG-wnijduyos}
pue gzzgz-uopel Buipnjoul ‘sases|al
pinbi| pue snoaseb aAloeolpel

woJj s|enpiaipul o} syoedw ‘g|39
8y} Ul uoljewJojul uo paseg “ued
SIY} JO €-S d[ge L Ul UoISSIWWOoD ay}
Aq palapisuod usaq aney sainsodxa
[eaibojoipel woly o1gnd ay)

0] sjoedwi ay]| ‘() Aaobaje)) |lewg

a)sem [aAs]-ybiy pue |any
jads jo |esodsip ay} ueyy
JBYI0 WO} S}08Y8 |enplAipul)
sjoedwi |edibojoipes 8)ISHO

'82Jnosal ay) Bunjoaye siojoe}

Jay30 Jo aoueoyubis aAle|nwND

8y} pue ‘|lemaual asuad|| jo sjoedwi
o1j108ds-801n0sal 8Y) ‘SoNSII8oBIEyD
92Inosal [euolifas uo puadap pjnom
syoedw| ‘siseq oioads-jueld e uo
paJapISu0d aq }SNW |[eMaual asual|
UlIM pajeloosse jJuaswysiqinial

pue suonelado panuiuod Jo

passalppe JON syoedwi aaneinwny (g A1obBajen)

‘sjueld [|e 1B JUBWIUOIIAUD

ay) pue 2j|gnd 8y} Joj} s|elsjew

2IX0} 0} ainsodxs 9|qibiBau se |jlam
se ‘|esodsip pue ‘abeioys ‘Buljpuey
Jadoud panunuoo ainsus o0} aoe|d

ul 8Je sainpaooud pue sailjioe 4
‘wia) |emaual asuadl| ay} buunp
pajedionue aie 8)Sem SAI}OEOIpEIUOU
a)elauab jey) swa)sAs

a)sem |ealbojoipeluoN 0] sabueyo oN (L A1obBa3ed) jjlews

a)sem [aAsl-ybiy pue

|[ony juads Jo [esodsip ay} uey}
JaYjo wouy sjoedwl [enpiAipul

—s)oedwi |eaibojoipes 8IS0

9]19A9 |ang winjuean

sjoedwi aAle|INWND

sjoedw| aAleINWNY

|esodsip pue
abelo}s a)sem aAljOBOIPRIUON

("ju09) Juswabeuey a)sepp plloS

sBuipuiy

anssj| sBulpui4

anssj

-9 3lqel PIO

1-g 9|qe L MaN

(‘Juoo) "1-g alqel

B-34

NUREG-1437, Revision 1



Appendix B

‘llews aq o} punoy ale jueld Aue 1oy}
asua9l| Bunesado ue Jo [emaual sy}
wo.y Bupinsal 8j0Ao [any wnjueln
ay} jo sjoedwi |eoibojoipeuou

8yl ‘(1 A1oBaje)) |lews

o+ Kiobayen
anss| ay} palapisuod ng
‘91042 |an} 8y} JO S}0BYD BAI}09||0D

‘[lews aq pjnom jueid Aue
1o} @sua9l| Buipesado ue jo [emaual
8y} wouy Buninsal 8040 [any wnjueln

9[040 [any winiueln ay} ay} jo sjoedwi |eoibojoipeuou
Jo sjoedwi [eoibojolpeluoN ayl (1 A1obBaje9) jlews
‘| AlobBajyen

paJapIsSu09 S| anssl Siy} ‘9joAd

|on} wnjueln ay} Jo syedw) dA1399]|0
ay) Joy @oueoyiubis Jo [aA9| abuls

e paubisse Jou sey UOISSILWOD

ay) ajiym ‘Ajbuipioooy -pajeulw|e
99 pInoys {5 Jed 140 0L

Japun uonesado papusixs jo uondo
ay) 1ey; qued Aue Joj ‘uoisnjoU0d
Vd3aN @Y1 aJ4inbal 0} abue|
Apuaioiyns aq jou pjnom sjoedwi
8y} 1By} S8pN|OU0D UOISSIWWOY 8y |

‘a|qejdeooe ale syoedwll 9A1309||09
8} 1By} SOPN|OU0D UOISSIWWIOD

8yl ‘splepuejs pue sjwi|

Aioje|nBbas sjgeordde ay) 198w 0}
pajelado pue paubisep ale saljioe}
a[oAo-j1ony |1y |nyBuluesw aq jou
Aew sasop 9A1309]|09 JO SIseq 8y} Uo
sjoaye yyeay Bunewnsa jo aonoeld
ayl ‘sanlioe} ajoAo-jany woly

oliqnd |elauab ay} 0} SBSOP SAI}09)|0

8[0/A2 [any winiueln
ayj Jo syoedwi [eaibojoipeluoN

aysem [anal-ybiy pue
|ony juads Jo [esodsip ay} uey}

3y} Jo} 9ouedlIubIS JO |9A9) (s108Y0 9A1109)|02) 0} a|qeoijdde sywi| Aloyeinbal J8y10 woly syoedwl dA1199)|0
a|buis e ubisse jJou pip DYN YL syoedwi |esibojoipes 8)ISHO ou ale aivay| ‘() Auobajes) —s)oedwi |eaibojoipes 8IS0
(‘ju09) 919A9 |an4 winiueun
sBuipui4 anssj| sBulpui4 anssj|
1-9 3l9el PIO -9 3|qel maN

(‘Juoo) "1-g alqel

NUREG-1437, Revision 1

B-35



Appendix B

'ZS'LS § ul papodal

san|eA 10edw [BJUSWIUOIIAUS U}
10} suolealdwi 8y} JO JUBWISSaSse
ue Jlwgns jsnw jueoldde

8y} ‘}aW Jou aJe SuoIPUOD

dnuing Jo juswyouus |any

1] "lojoeay Jemod JesjonN pajoo)d
-19)eA-1YBI7 BUQ WOy pue 0}
9)SeM\ pPue [9n4 jo uoneuodsuel |
10 10edW| [BJUBWUOIIAUT

—p—S 9|qe] Alewwng

(9)2S'1LS Y40 01 Ul pauleuod
sanjeA joedwi 8y} Yim Jus)sisuod
8q 0] puUNno} aIe ‘epeAs|N ‘UIEJUNO
BOON A Se yons ‘Aioyisodal

o|6uls e 0} ajsem |aAs|-ybiy
Bunuodsuel jo syoeduw aAie|INWND
ay} pue N LIN/PMIN 000°29 03 dn
94N Ag panoidde sjaAs) Jualind 0}
‘pod yead ayj 4o} dnuing abelane
yum ‘ggz-wniueln juadlad g o0} dn
payouus [any Juads Bupuodsuely Jo
syedwi ay) ‘() A1iobBajen) |jlewg

‘llews
8 0} pajoadxa aJe JUBWUOIIAUS
ayj pue ‘olignd a8y} ‘siexiom

uo saijioe} 8joko-janj-wniuein
woJj pue 0} sjeusiew Buiodsuen

uoneuodsuel | jo spoedwi ay] (L A1obBa3ed) jjlews uoneyodsuel |

(‘ju09) 919A9 |an4 winiueun

sBuipuiy

anssj

sBulpui4 anssj|

-9 3lqel PIO

-9 3|qel maN

(‘Juoo) "1-g alqel

B-36

NUREG-1437, Revision 1



Appendix B

‘sjoedw [eo160]029

108.11p Aue aAey 0} pajoadxa jou
sI pouad [emaual asuadl| Jeak-0g
e Jaye Jo pouad Bunesado |eniul
ay) Jayye Jaye Buluoissiwwosaq
‘(1 K10Baje)) jlewg

‘sjoedw

yons pIOAB 0} 8|ge|ieAe Ajipeal aie
sainseaw pue ‘pouad uopelado
Jeak-oy |euibuo ay} Jaye 1o pouad
|[emaual asuadl| Jeak-og e Jaye
$IN220 BUIUOISSILIWO23P Jayjaym
Ja1ealb ou s s||ids JO UOISOID WO}
sjoedwi Ayenb Jajem jueoniubis 1o}
[enusiod sy () A10B693e)) |leWS

"wI9) [emaual
9SUB2I| 8y} JO pUd BY} Je JO WIs)
Bunelado usind ay} Jo pus a8y}

1e Jayye a|qibibau aq 0} payoadxa
ale Bujuoissiwwosap Jjo syoedwl
Ayjenb ary *(} A10B693e)) |lEWIS

$80Jn0sal [e0160]00]

Ayjienb Jajepn

Ayjenb ay

"$82JN0sal || uo Buluoissiwwoosp
pue suonelado Buneuiw.sl

Jo s1oedwi ay) uo 108y a|qibbau
e aAey 0} pajoadxa sI |[emausl
asuaal ‘() Auobajen) |jlewg

Buluoissiwwoosp pue
suojelado jueld jJo uoneulwle |

Bujuoissiwwooag pue suoneladQ jue|d Jamod Jeajonp Jo uoneuiud |

sBuipuiy

anssj

sBuipuly

anssj

-9 3lqel PIO

1-g 9|qe L MaN

(‘Juoo) "1-g alqel

NUREG-1437, Revision 1

B-37



‘pajoadxa aq

pinom sajsem 9 sse|) uey} Jayealb

Jo 9 sse|[) Jo sanjuenb ayj ul

9SBaIOU| ON "WJS} 9SUd2I| JUsLIND

3y} JO pud 8y} Je uey) salsem

p1j0s aJ0w ou ajesauab pjnom

pouad [emaual asuadl| Jeak-0g

e Jo pud 8y} Je Buluoissiwwosaq
(1 Aobajes) |lews juswabeuew aisepp

"W} |lemausl
asua9l| 8y} Buunp sapijonuolpel
panll-Buoj jo dnpjing Agq pasned
wiaJ-uew | Uy} 8J0W OU dsealoul
pinom sasop |euoiledndoQ "pasn
SI poyjew BuluoISsILwooap Yyoiym
1o ssa|pJebal spiepuels Aiojeinbal
a|qeoidde mojaq [jam aq |im 21gnd
ay} 0} sesoq *(} A1obajes) |lews S9SOp uoneipey

‘Yymoub olwouo99 pue
uoneindod Aq pasealoap aq ybiw
Aoy} Inq ‘pouad asualjal Jeak-oz
e J0 pua 8y} [3un Buluoissiwwooap
Buikejop Agq paseasoul aq
J0U pjnom syoedwi ay | syoedw
2ILIOUOD30I00S WIS)}-HOYS dWOS
aAey pjnom Bujuolissiwwosaqg (-u09) Buluoissiwwodsp pue
(1 AaoBajes) |lews sjoedwi OlLIOUOJ90I00S suonelsado jueld Jo uoneuIwID |

(3u09) BuluoissiWwosag pue suoljesadQ Jue|d 1OMod Jea[oNN JO UoIjeuIwWLId |

sBuipui4 anssj| sBulpui4 anssj|

-9 3lqel PIO -9 3|qel maN

Appendix B

(‘Juoo) "1-g alqel

B-38

NUREG-1437, Revision 1



Appendix B

'} AiobBaye) ui

paJspISuU09 si anssi siy} ‘|esodsip aysem [aAsl-ybiy pue |any Juads jo sjoedwi ay) 1oy 82uedyiubis Jo [9A8] 8|Buls B paubisse Jou sey uoissiwwo) ay} aliym ‘A|BuIpioody
‘pajeulw|d@ ag pinoys S Ued ¥4 0l 48pun uonelado papualxs jo uondo ayi jeyl ‘yueld Aue 1o} ‘uoisnjouod 43N ayl alinbau 0} abie| Ajjuaioiins ag jou pjnom
sjoedw| asay} jey} ul a|ge}dadde ale sjoedwl 9S8y} Jey} SOPNIDUOD UOISSIWILWOYD dY} ‘JUNOIJE OJUl SaUleasun ayy Bupe) usag “ased Alans ul Juswbpn( swes ay}
Jeadal 0} 9SUSS OU SO¥BW }I PUB ‘OpEW 8g P|NOYs Sia)ew asay} Jo suonedlidwl 43N Alojeinbai ayy o} se juswbpn( swos ‘Ajuienaoun sy} ||e ayidsep ‘ssojayuaAsN

-Aioysodal (NHLIN) @uuo) oudw 000001 € 40} SPIMPIIOM Syleap Jaoued ainjewsald 000‘| J0 |eob 1oedwi

uone|ndod s,yd3 U0 paseq aJe S})iwi| dSes|as dAIlINWND 8y "SIedk 000‘Ql JOA0 PasSEd|al [elid)ew SAOEOIPEI JO JUNOWEe 8y} uo suolenw| Buisodw Aq uoleindod
oy} 19910.4d 16| Med H4D O Ul SPJEpuUB)S Y] UOIEISPISUOD Japun MOU SpJepuels Jo abues ay} ulyim aq ||Im spiepue)s ajewiy|n ay} buiwnsse ‘Aiojisodas ulejunopy
B2ONA B J0 BuIisuadl| 8y} wodl Jnsal pinod jeyy uoneindod 0] ysi 8AEINWND J0 apnjiubew Jo Japio ay} Jo uonedipul ue apiaold Ajjesausb |gL Ued {40 0f Ul splepuels
Aioysodas ousuab s,Yd3 9y} ‘JonemoH “ulejunoly eaonA je Aloysodal e Joy uolieindod ayj 10s30.d Ajgienbape |im sjenpiaipul jJo uoioajoid jeyy MaIA Sy} S8)e|nNdIUE
uodal ay) ybnoyjje ‘paulwiaiep usaq jou aaey syoedw uoieindod aAleiNWND pue ‘Wodal SYN 8y} uo paseq ‘sjuswalinbai Alojeinbal mau jeiuaiod jo diysuonejal
9y °9SOp [BNPIAIPUI WNWIXeW uo Jiwl| e sl SYN 9yl Aq pasodolid piepuels ay] “sieaA Jo spuesnoy} Jano sasop uoliiejndod aAneinwing o} 10adsal yum Ajjeioadssa
‘Ayuiepaoun jealb Aian aAjoAul pinom sajew}sa yong “Aioysodas uiejunojy eaon A pasodoid ayj jo souewlopad 8y} Jnoge poojsiapun S| di0w Se ainjny ayy ul d|qissod
aqg Aew uonejndod ay} 0} sasop Jo sajewnsa |njbuiueaw a0y "uleuUNO| BN A Je Alojisodal ajepipued ay} Joy Ajjeoadsa ‘Aioyisodal aysem |aasl-ybiy e jo Buisuaol|
8y} Joj pue ubisap ay) Jo} sjopow dojaAsp 0} HOYS a|qelapisuod papuadxa aAey sajouabe [eijapa- Jaylo pue DYN ayl ‘Ajpuanbasgng -sieak 000‘000°001 18)ye pue
‘sieak 000‘00 1 Joye ‘sieak 0Q0‘| Joye ‘@insolo jo Jeak ay} ul Aloysodas aouaiayal e Buiyoeaiq jo sepow [eJanas wody Buiynsas uoneindod jeuoibal ayy 0y pue (|3\)
|enpiAlpul pasodxa Ajjewixew ayj 0} JusWHWWOD asop Apog-sjoym Jeak-0/ Sy} pajewse uoen|eas ayl "0861 1990j0Q ‘9jSea aAljoeoipey pajeiauss) Ajjelosswiwio)
Jo Juswebeueyy :Juswale)s joedwy [ejuswuoIAUT [eul 8y} ul ABiau3 jo Juswuedaq syl Ag palenjeas atam Aioysodal o160j0a6 desp e jo Ajubaiul ayy asiwoidwod
Alsnolas p|noo jey} sjuaAd Jo seduanbasuod pue pooyl|ayl| 8yl -onews|qoid aiow S| sieak Jo spuesnoyy Jano suolieindod 0} sasop aAle|nwnd Bupewnsy

0L X € Inoge sl jwi|

9SOp [enUUE Wall[jiw 00} WOJ} 3SH [ENPIAIPUI BWaY| 8y ] “Jeak Jad walljjiw 00} dY} JO UoIoel) B 8q p|NOYS S})iwi| 8y} Jey} SaIpoq [euoljeulajul pue [euoljeu Buowe
S]JSIXd SNSUASUOD JO SINSEAW SWOS ey} S8J0U N ‘S9SOp [enpIAIpul Joj shwl| Joj julod Buile)s e se palapisuod aq pjnoys JeaA Jad wadljjiw 00} ey} pajedipul podal
SVN 9yl ‘juswuoliaue uewny ayj o} skemyied a|qissod ajenjeas 0} pasn s|opow 8y} ul Juaiayul si Ajuieaoun pue ‘pamalnal 1o paja|dwod usaq sey uonesidde
Aioyisodal ou ‘padojanap aq 0} 184 aie sjwi| 8y} 9ouIs Ajuieadun 9|qelapISuod S| 818y} 1981100 aA0ud [|Im suondwnsse asay) 1By} 90USpIIUOD S|qeuoseal sey
UOISSIWWOD Y} 9JIYM ‘JOABMOH SS9 10 JEaA Jad wallfjiw 00} 94 [|IM S[ENPIAIPUL ||E A[ENHIA 0} s8sop Yead ‘sjwi| yons ypm A|dwod |Im Jey} a)is awos je padojanap
aq [m Ay pue ued Aioysodal B ‘€z LG ¥4 0 ‘UOISIDaQ 92USPRUOD SISEAN S,UOISSILLUWOYD Y} Y)IM 9OUBPIOIIE Ul By} PUB ‘SPJBPUB]S UIRJUNOY BIINA JOf

soeseg [ealuyoss ‘podal (SYN) S9oualog Jo Awapeoy [BUOHBN G661 9l JO saull ay) Buoje padojaasp ale S}iwi| Jey) Swnsse am J| ‘IanamoH -alis Aioyisodal ajepipued
JU8.1INJ Y} JO} SOPI|ONUOIPE JO SOSEB|DI 8)ISYO Jo} syl Aloye|nbal Jualind ou ale a1y} ‘894 |any 8y} Jo Jusuodwod [esodsip |any juads pue aysem |9As|-ybiy sy Jo4

"9)ISUO Palo)s 8q 0} paau ||Im [any Juads ay) Buo| moy ssasse Jouued OHN ay} ‘Alojisodal e Jo Ajjigejieae pue Ajjigisesy [eoiuyda) ay) Buipiebas ajni pue uoisiosap
90UBPIUOD B)SEM BU]) Ul SISAjeue 8y} INOYLIAN “9|de|ieAB aw09aq 0} pajoadxa uaaq aney pinod Aloysodal ey} uaym pue Aioyisodal e Jo Alljigises) |ed1uyds) ay)

Ul ‘awl} 8y} }e ‘©2UBPHUOD S,UOISSIWWOD Y} }081}a. pIp I ‘Aloyisodal e ul aysem [aasl-ybiy pue |any Jeajonu juads Jo [esodsip yym pajeloosse sjoedwl| 8y} SSOSSE jou
pIp ©|NJ PUB UOISIOaP S2USBPLUOD }seM By} Ybnouyy Hndui) "0 g dul AQ pajuapl SaIouaIdlap ay} SSAIPPE [|IM Jey] SUOIIOB 9SOy} UdXEe]} Sey Jl [IJUn 9|nJ Pue uoisioap
9ouapYUOD d)sem s) uodn A1 Jouued OYN Y} (2102 11D "0°A) LLY PEd 189 ‘DN A HOA MON Ul sleaddy JO LNOD S8)els PajuN JO UOISIOap 8y} JO }nsal e sy

(e)

(‘Juoo) -1-g alqeL

NUREG-1437, Revision 1

B-39



Appendix B

‘| AiobBajen palapisuod si anss! Sy} ‘9j9A0 [an) 8y} JO S10848 SA1309||02 By} J0} aduedlubis Jo |9A9] 8|6uls e paubisse 10U sey UoISSIWWO) ay) ajiym ‘Ajbuiplodoy
‘pajeulwl|@ 8q pINoyYs S Hed H4D 01 Jopun uonelado papuaixa jo uondo ay} jey) ‘yueld Aue oy ‘uoisnjouod 43N 8y} alinbau o} abue| Ajusioyns aq jou pjnom
sjoedwi asay} jey} ul a|qejdadde ale sjpoedwil 9S8y} Jey) SOPNIOUOD UOISSIWILWOYD SY} ‘JUN0IJE OJUI sajuleaoun ay) Bunje) uaag “aseod Alans ul Juswbpn( swes ay)
jeadal 0} 9SUSS OU S8¥eW )l pue ‘9pew aq p|noys siajiew asay} Jo suonealdwi Yd3N Aloleinbal ay) 0} se uawbpnl swos ‘Ajuiepaoun ay) || aydsap ‘SsajayuanaN

‘suoljeindod swes ayj 0} ainsodxa punolbyoeq |einjeu Jo suoloely

Ja|lews uans pue ‘spuwl| Alojeinbal Jo suonoely [[ews AloA aie sasop au) ‘OAloadsiad Jo4 sasop Aul 9say) woly salijele) Jooued ou a4 [|Im aiay} eyl Ajiqissod ayy
1IN0 9|nJ Jouued 9ouaIds ‘Jendiued u| "ajqeuonsanb aie suoidwnsse asay) ‘JanamoH ‘|njbujuesw ale sieak Jo spuesnoy} J8A0 pajosfosd sasop asay) jeyl pue ‘(sieak
PUBSNOUY} }X8U 8y} Ul 81N 1aoued ou ““6°8) pajebii 8q JoAdU [|IM JEU} J0B)S U})[BaY SSISAPE [edl}Slie)S dWOS aABY SISOP Aul} USAS JEU} SSWNSSE }NSal SIU} INg ‘9[04
|on} 8y} WOl Saljijele) Jooued JO SPUBSNOY) 8¢ PINOM UONEINJIED B YINS JO }NSal 8y "S9)e}S Pajiun ay} SpISIN0 S8SOp SE ||om Sk SIeak JO Spuesnoy) [euolippe JoA0
sasop Auly Auew apnjoul 0} papuaixa aq A||ea11a409y} Ued uolje|ndjed asop awes siy| ‘suonendod abie| JoA0 pawwins sasop Aul JO S)sisuod ‘sajid Buljie} pue sauiw
W0} S9SEa|aJ UOPE.I JO UOIINGLIIU0D 8y} Ajle1oadsa ‘siy} jo yonpy "wud} Bupjesado Jojoeal seamod Jeak-Qg |euonippe yoes Joj ‘saljijele) Jooued | Jo ‘wal uosiad 008y
noge aq 0} paje|nd|es si ‘pajdadxs |esodsip [any jJuads pue ajsem [aAs]-ybiy ‘9joAd [any oy} wouy uoneindod "S N Sy} 0} JUSWHWWOD SSOP [EJUSWUOIIAUS JEdA-00| 9yl

(0)

(‘Juoo) -1-g alqeL

B-40

NUREG-1437, Revision 1



Appendix C

General Characteristics and Environmental Settings
of Domestic Nuclear Power Plants






Appendix C

General Characteristics and Environmental Settings
of Domestic Nuclear Power Plants

This appendix contains brief descriptions of each commercial nuclear power plant site in the
United States. The material is intended to serve as an overview of the important characteristics
of each plant and its environmental setting. The information was taken from the 1996 GEIS
(NRC 1996) and updated with information available from recently published supplemental
environmental impacts statements (SEISs), environmental assessments, CEC (2006), DOE/EIA
(2007a,b), USCB (2007), EPA (2007), NRC (2008a,b, 2010), USFWS (2007), and USGS
(2003).
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ARKANSAS NUCLEAR ONE

Location: Pope County, Arkansas
6 mi (10 km) WNW of Russellville
Latitude 35.3100°N; longitude 93.2308°W

Licensee: Entergy Nuclear Operations, Inc.

Unit Information Unit 1 Unit 2
Docket Number: 50-313 50-368
Construction Permit: 1968 1972
Operating License: 1974 1978
Commercial Operation: 1974 1980
License Expiration: 2034 2038
Licensed Thermal Power (MW1): 2,568 3,026
Net Capacity (MWe): 843 995
Type of Reactor: PWR PWR
Nuclear Steam Supply System Vendor: B&E CE

Cooling Water System

Type: Unit 1: Once-through; Unit 2: Natural draft cooling tower

Source: Dardanelle Reservoir

Source Temperature Range: 40-83°F (4-28°C)

Condenser Flow Rate: 762,400 gpm (48.1 m*/s) for Unit 1
422,000 gpm (26.6 m®/s) for Unit 2

Design Condenser Temperature Rise: 15°F (8.3°C) for Unit 1

30.7°F (17.1°C) for Unit 2
Intake Structure: 4,400-ft (1,340-m) canal
Discharge Structure: 520-ft (158-m) canal

Site Information

Total Area: 1,164 ac (471 ha)

Exclusion Distance: 0.7 mi (1 km) radius

Low Population Zone: 4 mi (6.44 km) radius

Nearest City: Little Rock: 2000 population: 183,133

Site Topography: Flat

Surrounding Area Topography: Hilly to mountainous

Dominant Land Cover Within 5 mi (8 km): Forest, agriculture, open water
Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest
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Level 3 Ecoregion within 5 mi (8 km): Arkansas Valley

Percent Wetland within 5 mi (8 km): 11.7, mostly lake

Nearby Features: The nearest town is London 2 mi (3 km) NW. The size of Lake Dardanelle is
37,000 ac (15,000 ha). The reservoir is part of the Arkansas River. The
Missouri Pacific Railroad and U.S. Highway 1-40 are just north of the site.

Population within an 50-mi (80-km) Radius: 267,664
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BEAVER VALLEY POWER STATION

Location: Beaver County, Pennsylvania
25 mi (40 km) NW of Pittsburgh
Latitude 40.6219°N; longitude 80.4339°W

Licensee: FirstEnergy Nuclear Operating Company

Unit Information Unit 1 Unit 2
Docket Number: 50-334 50-412
Construction Permit: 1970 1974
Operating License: 1976 1987
Commercial Operation: 1976 1987
License Expiration: 2036 2047
Licensed Thermal Power (MW1): 2,900 2,900
Net Capacity (MWe): 892 846
Type of Reactor: PWR PWR
Nuclear Steam Supply System Vendor: WEST WEST

Cooling Water System

Type: Natural draft cooling towers

Source: Ohio River

Source Temperature Range: 36.5-79.5°F (2.5-26.4°C)
Condenser Flow Rate: 480,400 gpm (30.31 m*/s) each unit
Design Condenser Temperature Rise: 26°F (14°C)

Intake Structure: Concrete structure at river edge
Discharge Structure: At river edge

Site Information

Total Area: 453 ac (183 ha)

Exclusion Distance: 0.38 mi (0.61 km)

Low Population Zone: 3.60 mi (5.79 km)

Nearest City: Pittsburgh; 2000 population: 334,563

Site Topography: Flat

Surrounding Area Topography: Hilly

Dominant Land Cover within 5 mi (8 km): Forest, agriculture, developed: open space
Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest

Level 3 Ecoregion within 5 mi (8 km): Western Allegheny Plateau

Percent Wetland within 5 mi (8 km): 5.5, mostly riverine
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Nearby Features: The nearest town is Midland 1 mi (1.6 km) NW. A large industrial area is
about 1 mi (1.6 km) WNW. The Penn Central Railroad State Parks are within
10 mi (16 km).

Population within a 50 mi (80 km) Radius: 3,274,451
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BRAIDWOOD STATION

Location: Will County, lllinois
39 km (24 mi) SSW of Joliet
Latitude 41.2436°N; longitude 88.2297°W

Licensee: Exelon Generation Company

Unit Information Unit 1 Unit 2
Docket Number: 50-456 50-457
Construction Permit: 1975 1975

Operating License: 1987 1988

Commercial Operation: 1988 1988

License Expiration: 2026 2027

Licensed Thermal Power (MW1): 3,587 3,587
Net Capacity (MWe): 1,178 1,152
Type of Reactor: PWR PWR

Nuclear Steam Supply System Vendor: WEST WEST

Cooling Water System

Type: Closed-cycle cooling pond

Source: Kankakee River

Source Temperature Range: 32-87°F (0-31°C)
Condenser Flow Rate: 729,800 gpm (46.05 m*/s)
Design Condenser Temperature Rise: 21°F (12°C)
Intake Structure: Concrete structure at lake shore
Discharge Structure: Surface discharge flume to lake

Site Information

Total Area: 4,457 ac (1,804 ha)

Exclusion Distance: 0.3 mi (0.48 km) minimum

Low Population Zone: 1.125 mi (1.810 km) radius

Nearest City: Joliet; 2000 population: 106,221

Site Topography: Flat to rolling

Surrounding Area Topography: Flat to rolling

Dominant Land Cover within 5 mi (8 km): Agriculture, forest, developed: high, medium, low
density

Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest

Level 3 Ecoregion within 5 mi (8 km): Central Corn Belt Plains
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Percent Wetland within 5 mi (8 km): 11.4, mostly lake

Nearby Features: The nearest town is Godley 0.5 mi (0.8 km) SW. There are 4 State parks
within 10 mi (16 km). Midewin National Tallgrass Prairie and Abraham
Lincoln National Cemetery are about 8 mi (13 km) NE. Dresden Nuclear
Power Station is about 10 mi (16 km) N, and LaSalle County Station
(nuclear) is about 20 mi (32 km) WSW. The lllinois Central Gulf Railroad is

just NW. U.S. Highway I-55 is about 2 mi (3 km) NW.
Population within an 80 km (50 mi) Radius: 4,272,003
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BROWNS FERRY NUCLEAR PLANT

Location: Limestone County, Alabama
16 km (10 mi) NW of Decatur
Latitude 34.7042°N; longitude 87.1186°W

Licensee: Tennessee Valley Authority

Unit Information Unit 1 Unit 2
Docket Number: 50-259 50-260
Construction Permit: 1967 1967

Operating License: 1973 1974

Commercial Operation: 1974 1975

License Expiration: 2033 2034

Licensed Thermal Power (MW1): 3,458 3,458
Net Capacity (MWe): 1,065 1,104
Type of Reactor: BWR BWR
Nuclear Steam Supply System Vendor: GE GE

Cooling Water System

Type: Once-through with helper towers

Source: Tennessee River

Source Temperature Range: 40-90°F (4-32°C)

Condenser Flow Rate: 734,000 gpm (139 m®/s); for all three units
Design Condenser Temperature Rise: 28.7°F (15.9°C)

Intake Structure: Concrete structure in small inlet

Discharge Structure: Diffuser pipes

Site Information

Total Area: 840 ac (340 ha)

Exclusion Distance: 0.76 mi (1.22 km) radius

Low Population Zone: 7 mi (11.3 km)

Nearest City: Huntsville; 2000 population: 158,216
Site Topography: Flat

Surrounding Area Topography: Flat to rolling

Dominant Land Cover within 5 mi (8 km): Agriculture, open water, forest

Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest
Level 3 Ecoregion within 5 mi (8 km): Interior Plateau
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Percent Wetland within 5 mi (8 km): 42.2, mostly lake (some freshwater forested/shrub

wetland)

Nearby Features: The nearest town is Lawngate 1 mi (1.6 km) NE. The Redstone Arsenal is
25 mi (40 km) E. The Southern Railroad is 6 mi (10 km) S, and the Louisville
and Nashville Railroad is 6 mi (10 km) E. Two wildlife management areas
are located within 3 mi (5 km) of the plant.

Population within a 50 mi (80 km) Radius: 872,478
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BRUNSWICK STEAM ELECTRIC PLANT

Location: Brunswick County, North Carolina
16 mi (26 km) S of Wilmington
Latitude 33.9583°N; longitude 78.0106°W

Licensee: Progress Energy

Unit Information Unit 1
Docket Number: 50-325
Construction Permit: 1967
Operating License: 1976
Commercial Operation: 1977
License Expiration: 2036
Licensed Thermal Power (MW1): 2,923
Net Capacity (MWe): 938
Type of Reactor: BWR
Nuclear Steam Supply System Vendor: GE

Cooling Water System

Type: Once-through

Source: Cape Fear River

Source Temperature Range: 40-86°F (4-30°C)
Condenser Flow Rate: 675,000 gpm (42.6 m®/s)

Design Condenser Temperature Rise: 17°F (9°C)

Intake Structure: 3 mi (5 km) canal from Cape Fear River
Discharge Structure: 6 mi (10 km) canal to Atlantic Ocean

Site Information

Total Area: 1,200 ac (490 ha)

Exclusion Distance: 0.57 mi (0.92 km)

Low Population Zone: 2 mi (3.22 km)

Nearest City: Wilmington; 2000 population: 75,838
Site Topography: Flat

Surrounding Area Topography: Flat

50-324
1968
1974
1975
2034
2,923

937
BWR
GE

Dominant Land Cover within 5 mi (8 km): Wetland, open water, forest
Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest
Level 3 Ecoregion within 5 mi (8 km): Middle Atlantic Coastal Plain
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Percent Wetland within 5 mi (8 km): 60.5, mostly estuarine and marine deepwater; freshwater
forested/shrub wetland; estuarine and marine wetland
Nearby Features: The nearest town is Southport 3 mi (5 km) S. Sunny Point Military Ocean
Terminal is about 5 mi (8 km) N.
Population within a 50 mi (80 km) Radius: 361,872
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BYRON STATION

Location: Ogle County, lllinois
17 mi (27 km) SW of Rockford
Latitude 42.0750°N; longitude 89.2811°W

Licensee: Exelon Generation Company

Unit Information Unit 1 Unit 2
Docket Number: 50-454 50-455
Construction Permit: 1975 1975

Operating License: 1985 1987

Commercial Operation: 1985 1987

License Expiration: 2025 2027

Licensed Thermal Power (MW1): 3,587 3,587

Net Capacity (MWe): 1,164 1,136

Type of Reactor: PWR PWR

Nuclear Steam Supply System Vendor: WEST WEST

Cooling Water System

Type: Natural draft towers

Source: Rock River

Source Temperature Range: Not available
Condenser Flow Rate: 632,000 gpm (39.9 m%/s)
Design Condenser Temperature Rise: 24°F (13°C)
Intake Structure: Concrete structure on river bank
Discharge Structure: Discharged to river

Site Information

Total Area: 1,398 ac (565.8 ha)

Exclusion Distance: 0.26 mi (0.42 km)

Low Population Zone: 3 mi (4.83 km)

Nearest City: Rockford; 2000 population: 150,115

Site Topography: Rolling

Surrounding Area Topography: Rolling

Dominant Land Cover within 5 mi (8 km): Agriculture, forest, developed: open space
Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest

Level 3 Ecoregion within 5 mi (8 km): Central Corn Belt Plains

Percent Wetland within 5 mi (8 km): 3.6, mostly lake
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Nearby Features: The nearest town is Byron about 3 mi (5 km) NNE. The Chicago Milwaukee
and the St. Paul and Pacific Railroads are about 4 mi (6 km) NNE. White
Pines State Park is about 11 mi (18 km) WSW.

Population within a 50 mi (80 km) Radius: 1,300,282
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CALLAWAY PLANT

Location: Callaway County, Missouri
10 mi (16 km) SE of Fulton
Latitude 38.7622°N; longitude 91.7817°W

Licensee: Ameren Corporation

Unit Information Unit 1

Docket Number: 50-483
Construction Permit: 1976

Operating License: 1984

Commercial Operation: 1984

License Expiration: 2024

Licensed Thermal Power (MW1): 3,565
Net Capacity (MWe): 1,190

Type of Reactor: PWR

Nuclear Steam Supply System Vendor: WEST

Cooling Water System

Type: Natural draft cooling tower

Source: Missouri River

Source Temperature Range: Not available
Condenser Flow Rate: 530,000 gpm (33 m*/s)
Design Condenser Temperature Rise: 30°F (17°C)
Intake Structure: Intake from river

Discharge Structure: Discharged to river

Site Information

Total Area: 5,228 ac (2,115.8 ha)

Exclusion Distance: 0.75 mi (1.21 km) radius

Low Population Zone: 2.50 mi (4.02 ha)

Nearest City: Columbia; 2000 population: 84,531

Site Topography: Flat, on a small plateau

Surrounding Area Topography: Rolling to hilly

Dominant Land Cover within 5 mi (8 km): Forest, agriculture, developed: open space
Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest

Level 3 Ecoregion within 5 mi (8 km): Interior River Valley and Hills

Percent Wetland within 5 mi (8 km): 4.5, mostly freshwater forested/shrub wetland; riverine
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Nearby Features: The nearest town is Portland 5 mi (8 km) SE. The Missouri, Kansas, and
Texas Railroad is about 3 mi (5 km) S, and the Missouri Pacific Railroad is
about 6 mi (10 km) S. U.S. Highway I-70 is about 10 mi (16 km) N.
Population within a 50 mi (80 km) Radius: 491,072
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CALVERT CLIFFS NUCLEAR POWER PLANT

Location: Calvert County, Maryland
35 mi (56 km) S of Annapolis
Latitude 38.4347°N; longitude 76.4419°W

Licensee: Constellation Energy

Unit Information Unit 1
Docket Number: 50-317
Construction Permit: 1969
Operating License: 1974
Commercial Operation: 1975
License Expiration: 2034
Licensed Thermal Power (MW1): 2,700
Net Capacity (MWe): 873
Type of Reactor: PWR
Nuclear Steam Supply System Vendor: CE

Cooling Water System

Type: Once-through

Source: Chesapeake Bay

Source Temperature Range: 34-87°F (1-31°C)
Condenser Flow Rate: 1,200,000 gpm (76 m®s) each unit
Design Condenser Temperature Rise: 12°F (6.7°C).
Intake Structure: 4,500 ft (1,372 m) from shore

Discharge Structure: 850 ft (260 m) from shore

Site Information

Total Area: 2,108 ac (853 ha)
Exclusion Distance: 0.67 mi (1.08 km) radius
Low Population Zone: 2 mi (3.2 km)

Nearest City: Washington, D.C.; 2000 population: 572,059

Site Topography: Rolling
Surrounding Area Topography: Rolling

50-318
1969
1976
1977
2036

2,700
862
PWR
CE

Dominant Land Cover within 5 mi (8 km): Open water, forest, agriculture
Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest

Level 3 Ecoregion within 5 mi (8 km): Southeastern Plains;

Middle Atlantic Coastal Plain

Percent Wetland within 5 mi (8 km): 66, mostly estuarine and marine deepwater
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Nearby Features: The nearest town is Long Beach 1 mi (1.6 km) NNW. Calvert Cliffs State
Park is about 4 mi (6 km) SSE. A naval ordinance facility is 7 mi (11 km)
SSW.

Population within a 50 mi (80 km) Radius: 3,919,397
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CATAWBA NUCLEAR STATION

Location: York County, South Carolina
6 mi (10 km) NNW of Rock Hill
Latitude 35.0514°N; longitude 81.0708°W

Licensee: Duke Energy Power Corporation

Unit Information Unit 1 Unit 2
Docket Number: 50-413 50-414
Construction Permit: 1975 1975

Operating License: 1985 1986

Commercial Operation: 1985 1986

License Expiration: 2043 2043

Licensed Thermal Power (MW1): 3,411 3,411

Net Capacity (MWe): 1,129 1,129
Type of Reactor: PWR PWR

Nuclear Steam Supply System Vendor: WEST WEST

Cooling Water System

Type: Mechanical draft towers

Source: Lake Wylie

Source Temperature Range: 43-83°F (6-28°C)
Condenser Flow Rate: 660,000 gpm (42 m®/s) each unit
Design Condenser Temperature Rise: 24°F (13°C)
Intake Structure: Skimmer wall on cove of the lake
Discharge Structure: On another cove of the lake

Site Information

Total Area: 391 ac (158 ha)

Exclusion Distance: 2,500 ft (0.76 km; 0.47 mi) radius

Low Population Zone: 3.8 mi (6.12 km) radius

Nearest City: Charlotte, North Carolina; 2000 population: 540,828

Site Topography: Rolling

Surrounding Area Topography: Rolling

Dominant Land Cover within 5 mi (8 km): Forest, agriculture, developed: open space
Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest

Level 3 Ecoregion within 5 mi (8 km): Piedmont

Percent Wetland within 5 mi (8 km): 12.9, mostly lake
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Nearby Features: The nearest town is Rock Hill 6 mi (10 km) SSE. U.S. Highway I-77 is about
6 mi (10 km) E and I-85 is about 17 mi (27 km) N. The Southern Railway is
5 mi (8 km) S.

Population within a 50 mi (80 km) Radius: 2,041,465
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CLINTON POWER STATION

Location: DeWitt County, lllinois
6 mi (10 km) E of Clinton
Latitude 40.1731°N; longitude 88.8342°W

Licensee: Exelon Generation Company

Unit Information Unit 1
Docket Number: 50-461
Construction Permit: 1976
Operating License: 1987
Commercial Operation: 1987
License Expiration: 2026
Licensed Thermal Power (MW1): 3,473
Net Capacity (MWe): 1,065
Type of Reactor: BWR
Nuclear Steam Supply System Vendor: GE

Cooling Water System

Type: Once-through

Source: Salt Creek

Source Temperature Range: 32-83°F (0-28°C)

Condenser Flow Rate: 568,701 gpm (35.89 m*/s)

Design Condenser Temperature Rise: 23°F (13°C)

Intake Structure: Concrete structure at shoreline of North Fork Salt Creek
Discharge Structure: 3-mi (5-km) flume discharging to Salt Creek

Site Information

Total Area: 14,090 ac (5,702 ha)

Exclusion Distance: 0.60 mi (0.97 km) radius

Low Population Zone: 2.5 mi (4.02 km) radius

Nearest City: Decatur; 2000 population: 81,860

Site Topography: Flat

Surrounding Area Topography: Flat

Dominant Land Cover within 5 mi (8 km): Agriculture, forest, open water
Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest

Level 3 Ecoregion within 5 mi (8 km): Central Corn Belt Plains

Percent Wetland within 5 mi (8 km): 9, mostly lake
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Nearby Features: The nearest town is DeWitt 2 mi (3 km) ENE. Weldon Springs State Park is
6 mi (10 km) SW. The lllinois Central Gulf Railroad crosses the site.

U.S. highway I-74 is 11 mi (18 km) NE. A dam on Salt Creek near the site
creates the reservoir Lake Clinton for the cooling water system.
Population within a 50 mi (80 km) Radius: 789,754
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COLUMBIA GENERATING STATION

Location: Benton County, Washington
12 mi (19 km) NW of Richland
Latitude 46.4714°N; longitude 119.3331°W

Licensee: Energy Northwest

Unit Information Unit 2
Docket Number: 50-397
Construction Permit: 1973

Operating License: 1984

Commercial Operation: 1984

License Expiration: 2023

Licensed Thermal Power (MW1): 3,323
Net Capacity (MWe): 1,131

Type of Reactor: BWR

Nuclear Steam Supply System Vendor: GE

Cooling Water System

Type: Mechanical draft cooling towers

Source: Columbia River

Source Temperature Range: 38-64°F (3—-18°C)

Condenser Flow Rate: 550,000 gpm (35 m®/s)

Design Condenser Temperature Rise: 28.7°F (15.9°C)

Intake Structure: 2 perforated pipe inlets supported offshore above the river bed 900 ft (270 m)
from pump structure on river bank

Discharge Structure: Buried 3 mi (5 km) pipeline, terminating at the river bed 175 ft (563 m) from

the shoreline

Site Information

Total Area: 1,089 ac (441 ha)

Exclusion Distance: 1.21 mi (1.95 km) radius

Low Population Zone: 3 mi (4.83 km)

Nearest City: Spokane; 2000 population: 195,629

Site Topography: Flat

Surrounding Area Topography: Flat

Dominant Land Cover within 5 mi (8 km): Shrub/scrub, open water, agriculture
Level 1 Ecoregion within 5 mi (8 km): North American Desert
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Level 3 Ecoregion within 5 mi (8 km): Columbia Plateau

Percent Wetland within 5 mi (8 km): 5.6, mostly lake

Nearby Features: The nearest town is Richland 9 mi (14 km) S. The site is in the SE part of the
Hanford Reservation.

Population within a 50 mi (80 km) Radius: 360,573
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COMANCHE PEAK STEAM ELECTRIC STATION

Location: Somervell County, Texas
40 mi (64 km) SW of Fort Worth
Latitude 32.2983°N; longitude 97.7856°W

Licensee: Luminant Energy Co.

Unit Information Unit 1 Unit 2
Docket Number: 50-445 50-446
Construction Permit: 1974 1974

Operating License: 1990 1993

Commercial Operation: 1990 1993

License Expiration: 2030 2033

Licensed Thermal Power (MW1): 3,458 3,458
Net Capacity (MWe): 1,200 1,150
Type of Reactor: PWR PWR

Nuclear Steam Supply System Vendor: WEST WEST

Cooling Water System

Type: Once-through

Source: Squaw Creek Reservoir

Source Temperature Range: Not available
Condenser Flow Rate: 1,030,000 gpm (65 m®/s)
Design Condenser Temperature Rise: 15°F (8°C)
Intake Structure: On shore of reservoir

Discharge Structure: Canal to reservoir

Site Information

Total Area: 7,669 ac (3,104 ha)

Exclusion Distance: 0.96 mi (1.54 km) minimum

Low Population Zone: 4 mi (6.44 km) radius

Nearest City: Fort Worth; 2000 population: 534,694

Site Topography: Flat, with hills rising from the reservoir

Surrounding Area Topography: Rolling to hilly

Dominant Land Cover within 5 mi (8 km): Herbaceous, forest, open water
Level 1 Ecoregion within 5 mi (8 km): Great Plains

Level 3 Ecoregion within 5 mi (8 km): Cross Timbers

Percent Wetland within 5 mi (8 km): 8.8, mostly lake
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Nearby Features: The nearest town is Glen Rose 5 mi (8 km) SSE. Dinosaur Valley State Park
is 5 mi (8 km) SW. A 26-in. (66-cm) oil pipeline is very near the site, and a
36-in. (91-cm) natural gas line is about 2 mi (3 km) from the site.

Population within a 50 mi (80 km) Radius: 1,431,094
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COOPER NUCLEAR STATION

Location: Nemaha County, Nebraska
23 mi (37 km) S of Nebraska City
Latitude 40.3619°N; longitude 95.6411°W

Licensee: Nebraska Public Power District

Unit Information Unit 1
Docket Number: 50-298
Construction Permit: 1968
Operating License: 1974
Commercial Operation: 1974
License Expiration: 2034
Licensed Thermal Power (MW1): 2,419
Net Capacity (MWe): 830
Type of Reactor: BWR
Nuclear Steam Supply System Vendor: GE

Cooling Water System

Type: Once-through

Source: Missouri River

Source Temperature Range: 34-73°F (1-23°C)
Condenser Flow Rate: 631,000 gpm (39.8 m®/s)
Design Condenser Temperature Rise: 18°F (10°C)
Intake Structure: At shoreline

Discharge Structure: At shoreline

Site Information

Total Area: 1,090 ac (441 ha)

Exclusion Distance: 0.68 mi (1.09 km)

Low Population Zone: 1 mi (1.61 km) radius

Nearest City: Lincoln; 2000 population: 225,581

Site Topography: Flat

Surrounding Area Topography: Flat

Dominant Land Cover within 5 mi (8 km): Agriculture, wetland, forest

Level 1 Ecoregion within 5 mi (8 km): Great Plains

Level 3 Ecoregion within 5 mi (8 km): Western Corn Belt Plains

Percent Wetland within 5 mi (8 km): 6.8, mostly freshwater forested/shrub wetland; riverine
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Nearby Features: The nearest town is Nemaha about 1 mi (1.6 km) S. A railroad runs just W of
the site. Indian Cave State Park is about 8 mi (13 km) SSE.
Population within a 50 mi (80 km) Radius: 156,157
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CRYSTAL RIVER NUCLEAR POWER PLANT

Location: Citrus County, Florida
7 mi (11 km) NW of Crystal River
Latitude 28.9572°N; longitude 82.6989°W

Licensee: Progress Energy

Unit Information Unit 3
Docket Number: 50-302
Construction Permit: 1968
Operating License: 1977
Commercial Operation: 1977
License Expiration: 2016
Licensed Thermal Power (MW1): 2,609
Net Capacity (MWe): 838
Type of Reactor: PWR
Nuclear Steam Supply System Vendor: B&W

Cooling Water System

Type: Once-through

Source: Gulf of Mexico

Source Temperature Range: 87°F (31°C) maximum
Condenser Flow Rate: 680,000 gpm (43 m®/s)
Design Condenser Temperature Rise: 17.1°F (9.5°C)
Intake Structure: 16,000 ft (4,900 m) from shoreline
Discharge Structure: 13,000 ft (4,000 m) canal

Site Information

Total Area: 4,738 ac (1,917 ha)

Exclusion Distance: 0.83 mi (1.34 km) radius

Low Population Zone: 5 mi (8.05 km)

Nearest City: Gainesville; 2000 population: 95,447

Site Topography: Swamps and marshland

Surrounding Area Topography: Flat

Dominant Land Cover within 5 mi (8 km): Open water, wetland, forest

Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest

Level 3 Ecoregion within 5 mi (8 km): Southern Coastal Plain

Percent Wetland within 5 mi (8 km): 65.2, mostly estuarine and marine deepwater
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Nearby Features: The nearest town is Crystal River about 7 mi (11 km) SE. Units 1 and 2 are
coal-fired plants and share a common intake and discharge with the nuclear
unit.

Population within a 50 mi (80 km) Radius: 1,273,146

C-29 NUREG-1437, Revision 1



Appendix C

DAVIS-BESSE NUCLEAR POWER STATION

Location: Ottawa County, Ohio
21 mi (34 km) E of Toledo
Latitude 41.5972°N; longitude 83.0864°W

Licensee: FirstEnergy Nuclear Operating Co.
Unit Information Unit 1
Docket Number: 50-346
Construction Permit: 1971
Operating License: 1977
Commercial Operation: 1978
License Expiration: 2017
Licensed Thermal Power (MW1): 2,817
Net Capacity (MWe): 893
Type of Reactor: PWR
Nuclear Steam Supply System Vendor: B&W

Cooling Water System

Type: Natural draft cooling tower

Source: Lake Erie

Source Temperature Range: 34-73°F (1-23°C)

Condenser Flow Rate: 480,000 gpm (30 m®/s)

Design Condenser Temperature Rise: 26°F (14°C)

Intake Structure: Submerged intake about 3,000 ft (900 m) offshore
Discharge Structure: Submerged discharge about 930 ft (280 m) offshore

Site Information

Total Area: 954 ac (386 ha)

Exclusion Distance: 0.45 mi (0.72 km) radius

Low Population Zone: 2 mi (3.22 km)

Nearest City: Toledo; 2000 population: 313,619

Site Topography: Flat

Surrounding Area Topography: Flat

Dominant Land Cover within 5 mi (8 km): Open water, agriculture, wetland
Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest

Level 3 Ecoregion within 5 mi (8 km): Huron/Erie Lake Plains

Percent Wetland within 5 mi (8 km): 66.6, mostly lake
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Nearby Features: The nearest town is Oak Harbor about 6 mi (10 km) SW. Several wildlife
refuge areas are within 5 mi (8 km) of the site.
Population within a 50 mi (80 km) Radius: 2,617,550
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DIABLO CANYON POWER PLANT

Location: San Luis Obispo County, California
12 mi (19 km) W of San Luis Obispo
Latitude 35.2117°N; longitude 120.8544°W

Licensee: Pacific Gas and Electric Co.

Unit Information Unit 1 Unit 2
Docket Number: 50-275 50-323
Construction Permit: 1968 1970

Operating License: 1984 1985

Commercial Operation: 1985 1986

License Expiration: 2024 2025

Licensed Thermal Power (MW1): 3,411 3,411

Net Capacity (MWe): 1,122 1,118
Type of Reactor: PWR PWR

Nuclear Steam Supply System Vendor: WEST WEST

Cooling Water System

Type: Once-through

Source: Pacific Ocean

Source Temperature Range: 50-63°F (10-17°C)

Condenser Flow Rate: 863,000 gpm (54.5 m®/s)

Design Condenser Temperature Rise: 18°F (10°C)

Intake Structure: Reinforced-concrete structure located at shoreline in a cove with artificial

breakwater wall

Discharge Structure: Reinforced-concrete structure drops water in stair-step type weir overflow
from elevation 70 ft (21 m) to the ocean and discharges on the surface at
the shoreline

Site Information

Total Area: 750 ac (300 ha)

Exclusion Distance: 0.50 mi (0.80 km)

Low Population Zone: 6 mi (9.66 km)

Nearest City: Santa Barbara; 2000 population: 92,325

Site Topography: Hilly

Surrounding Area Topography: Hilly to mountainous

Dominant Land Cover within 5 mi (8 km): Open water, forest, shrub/scrub
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Level 1 Ecoregion within 5 mi (8 km): Mediterranean California
Level 3 Ecoregion within 5 mi (8 km): Southern and Central California Chaparral and Oak
Woodlands

Percent Wetland within 5 mi (8 km): 54.6, mostly estuarine and marine deepwater

Nearby Features: Site is remote, the nearest town being San Obispo 12 mi (19 km) E.
Beaches 7-15 mi (11-24 km) ESE have an influx of summer visitors. Pismo
Beach State Park and Morro Bay State Park are within 15 mi (24 km).
Vandenberg Air Base is 35 mi (56 km) ESE.

Population within a 50 mi (80 km) Radius: 836,031
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DONALD C. COOK NUCLEAR PLANT

Location: Berrien County, Michigan
10 mi (16 km) S of St. Joseph
Latitude 41.9761°N; longitude 86.5664°W

Licensee: Indiana Michigan Power Co.

Unit Information Unit 1 Unit 2
Docket Number: 50-315 50-316
Construction Permit: 1969 1969

Operating License: 1974 1977

Commercial Operation: 1975 1978

License Expiration: 2034 2037

Licensed Thermal Power (MW1): 3,304 3,468
Net Capacity (MWe): 1,009 1,060
Type of Reactor: PWR PWR

Nuclear Steam Supply System Vendor: WEST WEST

Cooling Water System

Type: Once-through

Source: Lake Michigan

Source Temperature Range: 34-73°F (1-23°C)
Condenser Flow Rate: 1.6 million gal/min (both units)
Design Condenser Temperature Rise: 20°F (11°C)
Intake Structure: Intake cribs 2,250 ft (686 m) from shore
Discharge Structure: 1,150 ft (351 m) from shore

Site Information

Total Area: 650 ac (260 ha)

Exclusion Distance: 0.38 mi (0.61 km)

Low Population Zone: 2 mi (3.22 km)

Nearest City: South Bend, Indiana; 2000 population: 107,789

Site Topography: Rolling

Surrounding Area Topography: Flat to rolling

Dominant Land Cover within 5 mi (8 km): Open water, agriculture, forest
Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest

Level 3 Ecoregion within 5 mi (8 km): S. Michigan/N. Indiana Drift Plains
Percent Wetland within 5 mi (8 km): 53.6, mostly lake
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Nearby Features: The nearest town is Livingston 1 mi (1.6 km) SW. The Chesapeake and
Ohio Railroad and U.S. Highway |-94 are just E of the site. Warren Dunes
State Park is about 5 mi (8 km) SSW.

Population within a 50 mi (80 km) Radius: 1,447,303
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DRESDEN NUCLEAR POWER STATION

Location: Grundy County, lllinois
9 mi (14 km) E of Morris
Latitude 41.3897°N; longitude 88.2711°W

Licensee: Exelon Generation Company

Unit Information Unit 2 Unit 3
Docket Number: 50-237 50-249
Construction Permit: 1966 1966
Operating License: 1969 1971
Commercial Operation: 1970 1971
License Expiration: 2029 2031
Licensed Thermal Power (MW1): 2,957 2,957
Net Capacity (MWe): 867 867
Type of Reactor: BWR BWR
Nuclear Steam Supply System Vendor: GE GE

Cooling Water System

Type: Cooling lake and spray canal; mechanical draft towers

Source: Kankakee River

Source Temperature Range: 40-85°F (4-29°C)

Condenser Flow Rate: 940,000 gpm (both units)

Design Condenser Temperature Rise: Not available

Intake Structure: Canal from Kankakee River to a crib house

Discharge Structure: A canal carries water to a cooling lake of about 1,275 ac (516 ha)

Site Information

Total Area: 2,500 ac (1,012 ha)

Exclusion Distance: 0.5 mi (0.8 km) radius

Low Population Zone: 5 mi (8 km)

Nearest City: Joliet; 2000 population: 106,221

Site Topography: Flat

Surrounding Area Topography: Rolling

Dominant Land Cover within 5 mi (8 km): Agriculture, herbaceous, forest
Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest

Level 3 Ecoregion within 5 mi (8 km): Central Corn Belt Plains

Percent Wetland within 5 mi (8 km): 22, mostly lake
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Nearby Features: The nearest town is Channahon 3 mi (5 km) NNE. Braidwood Station
(nuclear plant) is about 10 mi (16 km) S and LaSalle County Station (nuclear
plant) is about 22 mi (35 km) SW.

Population within a 50 mi (80 km) Radius: 7,337,564
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DUANE ARNOLD ENERGY CENTER

Location: Linn County, lowa
8 mi (13 km) NW of Cedar Rapids
Latitude 42.1006°N; longitude 91.7772°W

Licensee: Florida Power & Light Co.

Unit Information Unit 1
Docket Number: 50-331
Construction Permit: 1970
Operating License: 1974
Commercial Operation: 1975
License Expiration: 2034
Licensed Thermal Power (MW1): 1,912
Net Capacity (MWe): 640
Type of Reactor: BWR
Nuclear Steam Supply System Vendor: GE

Cooling Water System

Type: Mechanical draft cooling towers

Source: Cedar River

Source Temperature Range: 32-89°F (0-32°C)
Condenser Flow Rate: 290,000 gpm (18 m®/s)
Design Condenser Temperature Rise: 25°F (14°C)
Intake Structure: Structure on river shoreline
Discharge Structure: Canal to shoreline

Site Information

Total Area: 500 ac (200 ha)

Exclusion Distance: 0.27 mi (0.43 km)

Low Population Zone: 6 mi (9.66 km)

Nearest City: Cedar Rapids; 2000 population: 120,758

Site Topography: Flat

Surrounding Area Topography: Rolling to hilly

Dominant Land Cover within 5 mi (8 km): Agriculture, forest, wetland

Level 1 Ecoregion within 5 mi (8 km): Great Plains

Level 3 Ecoregion within 5 mi (8 km): Western Corn Belt Plains

Percent Wetland within 5 mi (8 km): 11.7, mostly freshwater forested/shrub wetland
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Nearby Features: The nearest town is Palo about 2 mi (3 km) SW. Several wildlife refuge
areas are within 10 mi (16 km) of the site.
Population within a 50 mi (80 km) Radius: 613,736
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EDWIN I. HATCH NUCLEAR PLANT

Location: Appling County, Georgia
11 mi (18 km) N of Baxley
Latitude 31.9342°N; longitude 82.3444°W

Licensee: Southern Nuclear Operating Company
Unit Information Unit 1
Docket Number: 50-321
Construction Permit: 1969
Operating License: 1974
Commercial Operation: 1975
License Expiration: 2034
Licensed Thermal Power (MW1): 2,804
Net Capacity (MWe): 876
Type of Reactor: BWR
Nuclear Steam Supply System Vendor: GE

Cooling Water System

Type: Mechanical draft towers

Source: Altamaha River

Source Temperature Range: 43-90°F (6-32°C)
Condenser Flow Rate: 556,000 gpm (35.1 m®/s) each unit
Design Condenser Temperature Rise: 20°F (11°C)

Intake Structure: At edge of river

Discharge Structure: 120 ft (37 m) from shore

Site Information

Total Area: 2,244 ac (908 ha)

Exclusion Distance: 0.78 mi (1.26 km)

Low Population Zone: 0.78 mi (1.26 km)

Nearest City: Savannah; 2000 population: 131,510
Site Topography: Flat to rolling

Surrounding Area Topography: Flat to rolling

50-366
1972
1978
1979
2038

2,804
883
BWR
GE

Dominant Land Cover within 5 mi (8 km): Forest, wetland, agriculture
Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest

Level 3 Ecoregion within 5 mi (8 km): Southeastern Plains;

Southern Coastal Plain

Percent Wetland within 5 mi (8 km): 23.9, mostly freshwater forested/shrub wetland
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Nearby Features: The nearest town is Cedar Crossing about 7 mi (11 km) NNW.
U.S. Highway 1 is just W of the site.
Population within a 50 mi (80 km) Radius: 366,508
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ENRICO FERMI ATOMIC POWER PLANT

Location: Monroe County, Michigan
30 mi (48 km) SW of Detroit
Latitude 41.9631°N; longitude 83.2578°W

Licensee: Detroit Edison Co.

Unit Information Unit 2
Docket Number: 50-341
Construction Permit: 1972
Operating License: 1985
Commercial Operation: 1988
License Expiration: 2025
Licensed Thermal Power (MW1): 3,292
Net Capacity (MWe): 1,122
Type of Reactor: BWR
Nuclear Steam Supply System Vendor: GE

Cooling Water System

Type: Natural draft cooling towers

Source: Lake Erie

Source Temperature Range: 34-76°F (1-24°C)
Condenser Flow Rate: 836,000 gpm (52.80 m*/s)

Design Condenser Temperature Rise: 18°F (10°C)

Intake Structure: At edge of lake

Discharge Structure: To the lake via a 50-ac (20-ha) pond

Site Information

Total Area: 1,120 ac (453 ha)

Exclusion Distance: 0.57 mi (0.92 km)

Low Population Zone: 3 mi (4.83 km)

Nearest City: Detroit; 2000 population: 951,270

Site Topography: Flat

Surrounding Area Topography: Flat to rolling

Dominant Land Cover within 5 mi (8 km): Open water, agriculture, developed: high, medium,
low density

Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest

Level 3 Ecoregion within 5 mi (8 km): Huron/Erie Lake Plains
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Percent Wetland within 5 mi (8 km): 57.9, mostly lake

Nearby Features: The town of Stony Point is adjacent to the site to the S. Sterling State Park
and General Custer Historical Site are about 5 mi (8 km) SW.

Population within a 50 mi (80 km) Radius: 7,803,464
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JAMES A. FITZPATRICK NUCLEAR POWER PLANT

Location: Oswego County, New York
6 mi (10 km) NE of Oswego
Latitude 43.5239°N; longitude 76.3983°W

Licensee: Entergy Nuclear Operations, Inc.
Unit Information Unit 1
Docket Number: 50-333
Construction Permit: 1970
Operating License: 1974
Commercial Operation: 1975
License Expiration: 2034
Licensed Thermal Power (MW1): 2,536
Net Capacity (MWe): 852
Type of Reactor: BWR
Nuclear Steam Supply System Vendor: GE

Cooling Water System

Type: Once-through

Source: Lake Ontario

Source Temperature Range: 32-68°F (0—20°C)
Condenser Flow Rate: 352,600 gpm (22.25 m*/s)
Design Condenser Temperature Rise: 32°F (18°C)
Intake Structure: 900 ft (274 m) from shore
Discharge Structure: 1,400 ft (427 m) from shore

Site Information

Total Area: 702 ac (284 ha)

Exclusion Distance: 3,000 ft (914 m) to the east, over 1 mi (1.6 km) to the west, and about
1.5 mi (2.4 km) to the southern site boundary

Low Population Zone: 3.4 mi (5.47 km)

Nearest City: Syracuse; 2000 population: 147,306

Site Topography: Flat to rolling

Surrounding Area Topography: Rolling

Dominant Land Cover within 5 mi (8 km): Open water, forest, agriculture

Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest

Level 3 Ecoregion within 5 mi (8 km): Eastern Great Lakes and Hudson Lowlands
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Percent Wetland within 5 mi (8 km): 65.4, mostly lake

Nearby Features: The nearest town is Lakeview about 1 mi (1.6 km) WSW. Fort Ontario is
about 5 mi (8 km) SW. Nine Mile Point Nuclear Station is about 0.5 mi
(0.8 km) W.

Population within a 50 mi (80 km) Radius: 914,668
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JOSEPH M. FARLEY NUCLEAR PLANT

Location: Houston County, Alabama
16 mi (26 km) E of Dothan
Latitude 31.2228°N; longitude 85.1125°W

Licensee: Southern Nuclear Operating Company

Unit Information Unit 1 Unit 2
Docket Number: 50-348 50-364
Construction Permit: 1972 1972
Operating License: 1977 1981
Commercial Operation: 1977 1981
License Expiration: 2037 2041
Licensed Thermal Power (MW1): 2,775 2,775
Net Capacity (MWe): 851 860
Type of Reactor: PWR PWR
Nuclear Steam Supply System Vendor: WEST WEST

Cooling Water System

Type: Mechanical draft cooling towers

Source: Chattahoochee River

Source Temperature Range: 86°F (130°C) maximum
Condenser Flow Rate: 635,000 gpm (40.1 m®/s) each unit
Design Condenser Temperature Rise: 20°F (11°C)

Intake Structure: Intake from river bank via storage pond
Discharge Structure: At river bank

Site Information

Total Area: 1,850 ac (749 ha)

Exclusion Distance: 0.78 mi (1.26 km)

Low Population Zone: 2 mi (3.22 km)

Nearest City: Columbus, Georgia; 2000 population: 185,781

Site Topography: Flat to rolling

Surrounding Area Topography: Rolling

Dominant Land Cover within 5 mi (8 km): Forest, agriculture, wetland

Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest

Level 3 Ecoregion within 5 mi (8 km): Southeastern Plains

Percent Wetland within 5 mi (8 km): 13.1, mostly freshwater forested/shrub wetland
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Nearby Features: The nearest town is Columbia about 4 mi (6 km) N. Chattahoochee State
Park is about 12 mi (19 km) S.
Population within a 50 mi (80 km) Radius: 393,639
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FORT CALHOUN STATION

Location: Washington County, Nebraska
19 mi (31 km) N of Omaha
Latitude 41.5208°N; longitude 96.0767°W

Licensee: Omaha Public Power District

Unit Information Unit 1
Docket Number: 50-285
Construction Permit: 1968
Operating License: 1973
Commercial Operation: 1974
License Expiration: 2033
Licensed Thermal Power (MW1): 1,500
Net Capacity (MWe): 478
Type of Reactor: PWR
Nuclear Steam Supply System Vendor: CE

Cooling Water System

Type: Once-through

Source: Missouri River

Source Temperature Range: 0-27°C (32-80°F)
Condenser Flow Rate: 360,000 gpm (23 m®/s)
Design Condenser Temperature Rise: 23°F (13°C)
Intake Structure: Concrete structure at river shore
Discharge Structure: At river shore

Site Information

Total Area: 660 ac (270 ha)

Exclusion Distance: 0.57 mi (0.92 km) minimum

Low Population Zone: 5 mi (8.05 km)

Nearest City: Omaha: 2000 population: 390,007

Site Topography: Flat to rolling

Surrounding Area Topography: Flat to rolling

Dominant Land Cover within 5 mi (8 km): Agriculture, herbaceous, wetland
Level 1 Ecoregion within 5 mi (8 km): Great Plains

Level 3 Ecoregion within 5 mi (8 km): Western Corn Belt Plains
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Percent Wetland within 5 mi (8 km): 6.3, mostly lake; riverine; freshwater forested/shrub
wetland
Nearby Features: The nearest town is De Soto 2 mi (3 km) SSE. De Soto National Wildlife
Refuge is about 1 mi (1.6 km) E. Wilson Island State Park is about 4 mi
(6 km) SE.
Population within a 50 mi (80 km) Radius: 852,717
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GRAND GULF NUCLEAR STATION

Location: Clairborne County, Mississippi
25 mi (40 km) S of Vicksburg
Latitude 32.0075°N; longitude 91.0475°W

Licensee: Entergy Nuclear Operations, Inc.
Unit Information Unit 1
Docket Number: 50-416
Construction Permit: 1974
Operating License: 1984
Commercial Operation: 1985
License Expiration: 2024
Licensed Thermal Power (MW1): 3,963
Net Capacity (MWe): 1,297
Type of Reactor: BWR
Nuclear Steam Supply System Vendor: GE

Cooling Water System

Type: Natural draft cooling towers

Source: Mississippi River

Source Temperature Range: 34-82°F (1-28°C)

Condenser Flow Rate: 572,000 gpm (36.1 m®/s)

Design Condenser Temperature Rise: 30°F (17°C)

Intake Structure: A series of radial-collector wells along the shoreline
Discharge Structure: Discharge to river via a barge slip

Site Information

Total Area: 2,100 ac (850 ha)

Exclusion Distance: 0.43 mi (0.69 km) radius

Low Population Zone: 2 mi (3.22 km)

Nearest City: Jackson; 2000 population: 184,256

Site Topography: Flat to rolling

Surrounding Area Topography: Flat to rolling

Dominant Land Cover within 5 mi (8 km): Forest, wetland, open water

Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest

Level 3 Ecoregion within 5 mi (8 km): Mississippi Valley Loess Plains; Mississippi
Alluvial Plain
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Percent Wetland within 5 mi (8 km): 39.4, mostly freshwater forested/shrub wetland

Nearby Features: The nearest town is Grand Gulf 2 mi (3 km) N. The Natchez Trace Parkway
is about 6 mi (10 km) SE. The Grand Gulf Military Park is just N of the site.

Population within a 50 mi (80 km) Radius: 357,525
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H.B. ROBINSON STEAM ELECTRIC STATION

Location: Darlington County, South Carolina
26 mi (42 km) NE of Florence
Latitude 34.4025°N; longitude 80.1586°W

Licensee: Progress Energy

Unit Information Unit 2
Docket Number: 50-261
Construction Permit: 1967
Operating License: 1970
Commercial Operation: 1971
License Expiration: 2030
Licensed Thermal Power (MW1): 2,339
Net Capacity (MWe): 710
Type of Reactor: PWR

Nuclear Steam Supply System Vendor: WEST

Cooling Water System

Type: Once-through, cooling pond

Source: Lake Robinson

Source Temperature Range: 46-85°F (8-29°C)

Condenser Flow Rate: 454,167 gpm (28.7 m®/s)

Design Condenser Temperature Rise: 18°F (10°C)

Intake Structure: Concrete structure on edge of lake

Discharge Structure: 4.2 mi (6.8 km) canal discharging about 4 mi (6 km) upstream from intake

Site Information

Total Area: 6,020 ac (2,435 ha)

Exclusion Distance: 0.27 mi (0.43 km) radius

Low Population Zone: 4.5 mi (7.24 km)

Nearest City: Columbia; 2000 population: 116,278

Site Topography: Rolling

Surrounding Area Topography: Rolling

Dominant Land Cover within 5 mi (8 km): Forest, agriculture, herbaceous

Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest

Level 3 Ecoregion within 5 mi (8 km): Southeastern Plains

Percent Wetland within 5 mi (8 km): 13.5, mostly freshwater forested/shrub wetland
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Nearby Features: The nearest town is Hartsville 5 mi (8 km) SE. Unit 1 is an adjacent

185 MWe capacity coal-fired plant. Sand Hills State Forest is about 4 mi
(6 km) N. The Carolina Sandhills National Wildlife Refuge is about 5 mi
(8 km) NNW.

Population within a 50 mi (80 km) Radius: 809,582
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HOPE CREEK GENERATING STATION

Location: Salem County, New Jersey
8 mi (13 km) SW of Salem
Latitude 39.4678°N; longitude 75.5381°W

Licensee: Public Service Electric and Gas Co.
Unit Information Unit 1
Docket Number: 50-354
Construction Permit: 1974
Operating License: 1986
Commercial Operation: 1986
License Expiration: 2046
Licensed Thermal Power (MW1): 3,339
Net Capacity (MWe): 1,061
Type of Reactor: BWR
Nuclear Steam Supply System Vendor: GE

Cooling Water System

Type: Natural draft cooling tower

Source: Delaware River

Source Temperature Range: 34-81°F (1-27°C)
Condenser Flow Rate: 552,000 gpm (34.8 m®/s)
Design Condenser Temperature Rise: 28°F (16°C)
Intake Structure: At edge of river

Discharge Structure: Pipe 10 ft (3 m) offshore

Site Information

Total Area: 740 ac (300 ha)

Exclusion Distance: 0.56 mi (0.90 km) radius

Low Population Zone: 5 mi (8.05 km) radius

Nearest City: Wilmington, Delaware; 2000 population: 72,664

Site Topography: Flat

Surrounding Area Topography: Flat

Dominant Land Cover within 5 mi (8 km): Open water, wetland, agriculture
Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest

Level 3 Ecoregion within 5 mi (8 km): Middle Atlantic Coastal Plain
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Percent Wetland within 5 mi (8 km): 82.4, mostly estuarine and marine deepwater; estuarine
and marine wetland
Nearby Features: The nearest town is Port Penn about 4 mi (6 km) NW in Delaware. The
nearest railroad is 8 mi (13 km) NE. The plant is on the same site as the
Salem Nuclear Generating Station.
Population within a 50 mi (80 km) Radius: 5,999,588
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INDIAN POINT ENERGY CENTER

Location: Westchester County, New York
24 mi (39 km) N of New York City
Latitude 41.2714°N; longitude 73.9525°W

Licensee: Entergy Nuclear Operations, Inc.

Unit Information Unit 2 Unit 3
Docket Number: 50-247 50-286
Construction Permit: 1966 1969

Operating License: 1973 1976

Commercial Operation: 1974 1976

License Expiration: 2013 2015

Licensed Thermal Power (MW1): 3,216 3,216
Net Capacity (MWe): 1,020 1,025
Type of Reactor: PWR PWR

Nuclear Steam Supply System Vendor: WEST WEST

Cooling Water System

Type: Once-through

Source: Hudson River

Source Temperature Range: 32-78°F (0-26°C)

Condenser Flow Rate: 840,000 gal/min (53 m*/s) each unit

Design Condenser Temperature Rise: 16.6°F (9.2°C)

Intake Structure: Concrete structure at river bank

Discharge Structure: Discharge canal to river exiting through 12 ports

Site Information

Total Area: 239 ac (96.7 ha)

Exclusion Distance: 0.20 mi (0.32 km) radius

Low Population Zone: 0.65 mi (1.05 km) radius

Nearest City: White Plains; 2000 population: 53,077

Site Topography: Hilly

Surrounding Area Topography: Hilly to mountainous

Dominant Land Cover within 5 mi (8 km): Forest, open water, developed: open space
Level 1 Ecoregion within 5 mi (8 km): Northern Forest

Level 3 Ecoregion within 5 mi (8 km): Northeastern Highlands

Percent Wetland within 5 mi (8 km): 19.0, mostly estuarine and marine deepwater
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Nearby Features: The nearest town is Buchannan 2 mi (3 km) ESE. Camp Smith (military) is
1 mi (1.6 km) N, and West Point is 8 mi (13 km) N.
Population within a 50 mi (80 km) Radius: 16,791,654
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KEWAUNEE POWER STATION

Location: Kewaunee County, Wisconsin
27 mi (43 km) E of Green Bay
Latitude 44.3431°N; longitude 87.5361°W

Licensee: Dominion Generation

Unit Information Unit 1
Docket Number: 50-305
Construction Permit: 1968
Operating License: 1973
Commercial Operation: 1974
License Expiration: 2033
Licensed Thermal Power (MW1): 1,772
Net Capacity (MWe): 556
Type of Reactor: PWR

Nuclear Steam Supply System Vendor: WEST

Cooling Water System

Type: Once-through

Source: Lake Michigan

Source Temperature Range: 34-67°F (1-19°C)

Condenser Flow Rate: 420,000 gpm (27 m®/s)

Design Condenser Temperature Rise: 19°F (11°C)

Intake Structure: Intake crib 15 ft (4.6 km) deep 1,750 ft (533 m) from shore
Discharge Structure: At shoreline

Site Information

Total Area: 908 ac (367 ha)

Exclusion Distance: 0.75 mi (1.21 km)

Low Population Zone: 3 mi (4.83 km) radius

Nearest City: Green Bay; 2000 population: 102,313

Site Topography: Flat to rolling

Surrounding Area Topography: Flat to rolling

Dominant Land Cover within 5 mi (8 km): Open Water, Agriculture, Wetland
Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest

Level 3 Ecoregion within 5 mi (8 km): Southeastern Wisconsin Till Plains
Percent Wetland within 5 mi (8 km): 51.9, mostly lake
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Nearby Features: The nearest town is Two Creeks about 3 mi (5 km) S. Point Beach Nuclear
Plant is about 5 mi (8 km) S.
Population within a 50 mi (80 km) Radius: 1,585,415
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LASALLE COUNTY STATION

Location: LaSalle County, lllinois
11 mi (18 km) SE of Ottawa
Latitude 41.2439°N; longitude 88.6708°W

Licensee: Exelon Generation Company

Unit Information Unit 1 Unit 2
Docket Number: 50-373 50-374
Construction Permit: 1973 1973

Operating License: 1982 1984

Commercial Operation: 1984 1984

License Expiration: 2022 2023

Licensed Thermal Power (MW1): 3,489 3,489
Net Capacity (MWe): 1,118 1,120
Type of Reactor: BWR BWR

Nuclear Steam Supply System Vendor: GE GE

Cooling Water System

Type: Cooling pond

Source: lllinois River

Source Temperature Range: 47-85°F (8-29°C)

Condenser Flow Rate: 645,000 gpm (40.7 m®/s) each unit

Design Condenser Temperature Rise: 24°F (13°C)

Intake Structure: Intake from 2,058 ac (832.8 ha) cooling pond, makeup from river
Discharge Structure: Discharge to cooling pond

Site Information

Total Area: 3,060 ac (1,240 ha)

Exclusion Distance: 0.32 mi (0.51 km)

Low Population Zone: 3.98 mi (6.41 km)

Nearest City: Joliet; 2000 population: 106,221

Site Topography: Flat

Surrounding Area Topography: Flat with hills along river

Dominant Land Cover within 5 mi (8 km): Agriculture, forest, open water
Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest

Level 3 Ecoregion within 5 mi (8 km): Central Corn Belt Plains

Percent Wetland within 5 mi (8 km): 4.9, mostly lake
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Nearby Features: The nearest town is Seneca about 5 mi (8 km) NNE. Braidwood Station
(nuclear plant) is about 20 mi (32 km) ENE, and Dresden Nuclear Power
Station is about 22 mi (35 km) NE.

Population within a 50 mi (80 km) Radius: 1,498,644
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LIMERICK GENERATING STATION

Location: Montgomery County, Pennsylvania
21 mi (34 km) NW of Philadelphia
Latitude 40.2200°N; longitude 75.5900°W

Licensee: Exelon Generation Company

Unit Information Unit 1 Unit 2
Docket Number: 50-352 50-353
Construction Permit: 1974 1974

Operating License: 1985 1989

Commercial Operation: 1986 1989

License Expiration: 2024 2029

Licensed Thermal Power (MW1): 3,458 3,458
Net Capacity (MWe): 1,134 1,134
Type of Reactor: BWR BWR

Nuclear Steam Supply System Vendor: GE GE

Cooling Water System

Type: Natural draft cooling towers

Source: Schuylkill River

Source Temperature Range: 42-82°F (6-28°C)
Condenser Flow Rate: 450,000 gpm (28 m®/s) each unit
Design Condenser Temperature Rise: 30°F (17°C)
Intake Structure: Intake from river

Discharge Structure: Discharge to river

Site Information

Total Area: 595 ac (241 ha)

Exclusion Distance: 0.47 mi (0.76 km)

Low Population Zone: 1.30 mi (2.09 km)

Nearest City: Reading; 2000 population: 81,207

Site Topography: Rolling

Surrounding Area Topography: Rolling

Dominant Land Cover within 5 mi (8 km): Agriculture, forest, developed: high, medium, low
density

Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest

Level 3 Ecoregion within 5 mi (8 km): Northern Piedmont
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Percent Wetland within 5 mi (8 km): 2, mostly riverine

Nearby Features: The nearest town is Linfield about 1 mi (1.6 km) SE. Valley Forge State Park
is 10 mi (16 km) SSE. U.S. Highway I-76 is about 10 mi (16 km) S.

Population within a 50 mi (80 km) Radius: 7,651,537
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MCGUIRE NUCLEAR STATION

Location: Mecklenburg County, North Carolina
17 mi (27 km) NNW of Charlotte
Latitude 35.4322°N; longitude 80.9483°W

Licensee: Duke Energy Power Company

Unit Information Unit 1 Unit 2
Docket Number: 50-369 50-370
Construction Permit: 1973 1973

Operating License: 1981 1983

Commercial Operation: 1981 1984

License Expiration: 2041 2043

Licensed Thermal Power (MW1): 3,411 3,411

Net Capacity (MWe): 1,100 1,100
Type of Reactor: PWR PWR

Nuclear Steam Supply System Vendor: WEST WEST

Cooling Water System

Type: Once-through

Source: Lake Norman

Source Temperature Range: 38-89°F (3-32°C)

Condenser Flow Rate: 1,756,944 gpm (111 m*/s) both units
Design Condenser Temperature Rise: 22.1°F (12.3°C)

Intake Structure: Submerged and surface intakes at shoreline
Discharge Structure: 2,000 ft (610 m) discharge canal

Site Information

Total Area: 577 ac (234 ha)

Exclusion Distance: 0.47 mi (0.76 km) radius

Low Population Zone: 5.50 mi (8.85 km)

Nearest City: Charlotte; 2000 population: 540,828

Site Topography: Rolling

Surrounding Area Topography: Hilly

Dominant Land Cover within 5 mi (8 km): Forest, open water, agriculture
Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest

Level 3 Ecoregion within 5 mi (8 km): Piedmont

Percent Wetland within 5 mi (8 km): 21.4, mostly lake
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Nearby Features: The nearest town is Lowesville about 3 mi (5 km) W. The dam forming Lake
Norman and a hydroelectric power plant are adjacent to the site.
Population within a 50 mi (80 km) Radius: 2,425,097

C-65 NUREG-1437, Revision 1



Appendix C

MILLSTONE POWER STATION

Location: New London County, Connecticut
3 mi (5 km) WSW of New London
Latitude 41.3086°N; longitude 72.1681°W

Licensee: Dominion Generation

Unit Information Unit 2 Unit 3
Docket Number: 50-336 50-423
Construction Permit: 1970 1974

Operating License: 1975 1986

Commercial Operation: 1975 1986

License Expiration: 2035 2045

Licensed Thermal Power (MW1): 2,700 3,650
Net Capacity (MWe): 884 1,227
Type of Reactor: PWR PWR

Nuclear Steam Supply System Vendor: CE WEST

Cooling Water System

Type: Once-through

Source: Long Island Sound

Source Temperature Range: 36-72°F (2-22°C)

Condenser Flow Rate: 1.46 million gpm (92 m®/s) both units

Design Condenser Temperature Rise: 21°F (13°C) for Unit 2
17.5°F (9.7°C) for Unit 3

Intake Structure: On shore of Niantic Bay off Long Island Sound

Discharge Structure: Discharge to Niantic Bay via holding pond

Site Information

Total Area: 500 ac (200 ha)

Exclusion Distance: 0.34 mi (0.55 km) minimum

Low Population Zone: (2.40 mi 3.86 km) radius

Nearest City: New Haven; 2000 population: 123,626

Site Topography: Flat

Surrounding Area Topography: Flat to rolling

Dominant Land Cover within 5 mi (8 km): Open water, forest, developed: high, medium,
low density

Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest
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Level 3 Ecoregion within 5 mi (8 km): Northeastern Coastal Zone

Percent Wetland within 5 mi (8 km): 53.5, mostly estuarine and marine deepwater

Nearby Features: The nearest town is Niantic 2 mi (3 km) NW. U.S. Highway [-95 is about 4 mi
(6 km) NNE. Stone Ranch Military Reservation is about 6 mi (10 km) NW.
Harkness Memorial State Park, Bluff Point State Park, and Rocky Neck State
Park are within 5 mi (8 km) of the site. The U.S. Department of Agriculture
Plum Island facility is 10 mi (16 km) S in Long Island Sound. The
decommissioned Haddam Neck Plant (nuclear) is 20 mi (32 km) NW.

Population within a 50 mi (80 km) Radius: 2,868,207
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MONTICELLO NUCLEAR GENERATING PLANT

Location: Wright County, Minnesota
35 mi (56 km) NW of Minneapolis
Latitude 45.3333°N; longitude 93.8483°W

Licensee: Northern States Power Company
Unit Information Unit 1
Docket Number: 50-263
Construction Permit: 1967
Operating License: 1970
Commercial Operation: 1971
License Expiration: 2030
Licensed Thermal Power (MW1): 1,775
Net Capacity (MWe): 572
Type of Reactor: BWR
Nuclear Steam Supply System Vendor: GE

Cooling Water System

Type: Once-through and mechanical draft towers
Source: Mississippi River

Source Temperature Range: 32-85°F (0-29°C)
Condenser Flow Rate: 292,000 gpm (18 m®/s)

Design Condenser Temperature Rise: 26.8°F (14.9°C)
Intake Structure: Canal

Discharge Structure: Canal

Site Information

Total Area: 2,150 ac (860 ha)

Exclusion Distance: 0.30 mi (0.48 km)

Low Population Zone: 1 mi (1.61 km)

Nearest City: Minneapolis; 2000 population: 382,618

Site Topography: Flat terraces

Surrounding Area Topography: Flat to gently sloping

Dominant Land Cover 5 mi within (8 km): Agriculture, forest, developed: open space
Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest

Level 3 Ecoregion within 5 mi (8 km): North Central Hardwood Forests
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Percent Wetland within 5 mi (8 km): 11.8, mostly freshwater emergent wetland; lake; freshwater
forested/shrub wetland
Nearby Features: The business district of Monticello is about 2 mi (3.2 km) SE. Sherburne
National Wildlife Refuge is about 9 mi (14 km) N. Lake Maria State Park is
about 6 mi (10 km) WSW, and Sand Dunes State Forest and campground
are 9 mi (14 km) NE.
Population within a 50 mi (80 km) Radius: 2,740,995
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NINE MILE POINT NUCLEAR STATION

Location: Oswego County, New York
6 mi (10 km) NE of Oswego
Latitude 43.5222°N; longitude 76.4100°W

Licensee: Constellation Energy

Unit Information Unit 1 Unit 2
Docket Number: 50-220 50-410
Construction Permit: 1965 1974

Operating License: 1968 1987

Commercial Operation: 1969 1988

License Expiration: 2029 2046

Licensed Thermal Power (MW1): 1,850 3,467
Net Capacity (MWe): 621 1,140
Type of Reactor: BWR BWR

Nuclear Steam Supply System Vendor: GE GE

Cooling Water System

Type: Unit 1: Once-through
Unit 2: Natural draft tower
Source: Lake Ontario
Source Temperature Range: 33-77°F (1-25°C)
Condenser Flow Rate: Unit 1: 290,278 gpm (18 m®s); Unit 2: 580,000 gpm (36.6 m%/s)
Design Condenser Temperature Rise: Unit 1: 35°F (19.4°C);
Unit 2: 30°F (16.7°C)
Intake Structure: Unit 1: submerged pipeline about 850 ft (260 m) from shore;
Unit 2: submerged pipelines about 950 ft (300 m) and 1,050 ft (320 m) from
shore
Discharge Structure: Diffuser pipe 555 ft (169 m) long serving both sides

Site Information

Total Area: 900 ac (360 ha)

Exclusion Distance: 1 mi (1.6 km) to the east, 0.87 mi (1.4 km) to the southwest, and 1.3 mi
(2 km) to the southern site boundary

Low Population Zone: 4 mi (6.44 km) radius

Nearest City: Syracuse; 2000 population: 147,306

Site Topography: Flat to rolling
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Surrounding Area Topography: Rolling

Dominant Land Cover within 5 mi (8 km): Open water, forest, agriculture

Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest

Level 3 Ecoregion within 5 mi (8 km): Eastern Great Lakes and Hudson Lowlands

Percent Wetland within 5 mi (8 km): 65.7, mostly lake

Nearby Features: The nearest town is Lakeview about 1 mi (1.6 km) WSW. Fort Ontario is
about 6 mi (10 km) SW. James A. Fitzpatrick Nuclear Power Plant is 0.5 mi
(0.8 km) E.

Population within a 50 mi (80 km) Radius: 914,668
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NORTH ANNA POWER STATION

Location: Louisa County, Virginia
40 mi (64 km) NW of Richmond
Latitude 38.0608°N; longitude 77.7906°W

Licensee: Dominion Generation

Unit Information Unit 1 Unit 2
Docket Number: 50-338 50-339
Construction Permit: 1971 1971
Operating License: 1978 1980
Commercial Operation: 1978 1980
License Expiration: 2038 2040
Licensed Thermal Power (MW1): 2,893 2,893
Net Capacity (MWe): 981 973
Type of Reactor: PWR PWR
Nuclear Steam Supply System Vendor: WEST WEST

Cooling Water System

Type: Once-through

Source: Lake Anna

Source Temperature Range: 48-83°F (9-28°C)

Condenser Flow Rate: 1,900,000 gpm (120 m®/s) both units

Design Condenser Temperature Rise: 14.5°F (8.1°C)

Intake Structure: Intake at lake shore

Discharge Structure: Discharged through lake via a 3,400 ac (1,400 ha) cooling pond

Site Information

Total Area: 18,643 ac (7,550 ha)

Exclusion Distance: 0.84 mi (1.35 km)

Low Population Zone: 9.66 km (6 mi)

Nearest City: Richmond; 2000 population: 197,790

Site Topography: Rolling

Surrounding Area Topography: Rolling

Dominant Land Cover within 5 mi (8 km): Agriculture, forest, agriculture, open water
Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest

Level 3 Ecoregion within 5 mi (8 km): Piedmont

Percent Wetland within 5 mi (8 km): 21.1, mostly lake
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Nearby Features: The nearest town is Centreville 1 mi (1.6 km) SW. Fredericksburg and
Spotsylvania National Military Park is about 15 mi (24 km) NE.
Population within a 50 mi (80 km) Radius: 1,614,983
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OCONEE NUCLEAR STATION

Location: Oconee County, South Carolina
26 mi (42 km) W of Greenville
Latitude 34.7917°N; longitude 82.8986°W

Licensee: Duke Energy Power Company

Unit Information Unit 1 Unit 2 Unit 3
Docket Number: 50-269 50-270 50-287
Construction Permit: 1967 1967 1967
Operating License: 1973 1973 1974
Commercial Operation: 1973 1974 1974
License Expiration: 2033 2033 2034
Licensed Thermal Power (MW1): 2,568 2,568 2,568
Net Capacity (MWe): 846 846 846
Type of Reactor: PWR PWR PWR
Nuclear Steam Supply System Vendor: B&W B&W B&W

Cooling Water System

Type: Once-through

Source: Lake Keowee

Source Temperature Range: 44-77°F (7-25°C)

Condenser Flow Rate: 1,527,778 gpm (96 m®/s) all units

Design Condenser Temperature Rise: 17.2°F (9.6°C)

Intake Structure: A skimmer wall draws water from the depths of 735 ft (223 m).

Discharge Structure: All three units discharge through one structure near the Keowee Dam.

Site Information

Total Area: 510 ac (210 ha)

Exclusion Distance: 1 mi (1.6 km) radius

Low Population Zone: 6 mi (9.66 km)

Nearest City: Greenville; 2000 population: 56,002

Site Topography: Flat to rolling

Surrounding Area Topography: Hilly

Dominant Land Cover within 5 mi (8 km): Forest, open water, agriculture
Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest

Level 3 Ecoregion within 5 mi (8 km): Piedmont

Percent Wetland within 5 mi (8 km): 22.3, mostly lake
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Nearby Features: The nearest town is Six Mile (6 4 mi km) ENE. Keowee Dam is close to the
plant. Chattahoochee National Forest is about 15 mi (24 km) W.
Population within a 50 mi (80 km) Radius: 1,226,479
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OYSTER CREEK NUCLEAR GENERATING STATION

Location: Ocean County, New Jersey
9 mi (14 km) S of Toms River
Latitude 39.8142°N; longitude 74.2064°W

Licensee: Exelon Generation Company

Unit Information Unit 1
Docket Number: 50-219
Construction Permit: 1964
Operating License: 1969
Commercial Operation: 1969
License Expiration: 2029
Licensed Thermal Power (MW1): 1,930
Net Capacity (MWe): 619
Type of Reactor: BWR
Nuclear Steam Supply System Vendor: GE

Cooling Water System

Type: Once-through

Source: Barnegat Bay

Source Temperature Range: 35-75°F (2-24°C)

Condenser Flow Rate: 460,000 gpm (29 m®/s)

Design Condenser Temperature Rise: 14°F (8°C)

Intake Structure: Forked River serves as a canal for intake and discharge to Barnegat Bay.
Discharge Structure: Forked River serves as a canal for intake and discharge to Barnegat Bay.

Site Information

Total Area: 800 ac (323.8 ha)

Exclusion Distance: 0.25 mi (0.40 km)

Low Population Zone: 2 mi (3.22 km)

Nearest City: Atlantic City; 2000 population: 40,517

Site Topography: Flat

Surrounding Area Topography: Rolling plains to flat lowlands

Dominant Land Cover within 5 mi (8 km): Forest, open water, developed: high, medium, low
density

Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest

Level 3 Ecoregion within 5 mi (8 km): Atlantic Coastal Pine Barrens
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Percent Wetland within 5 mi (8 km): 45, mostly estuarine and marine deepwater; freshwater
forested/shrub wetland
Nearby Features: The nearest town is Forked River about 2 mi (3 km) N. The Garden State
Parkway is 1 mi (1.6 km) W. There is a large influx of recreationists and
tourists in the summer.
Population within a 50 mi (80 km) Radius: 4,243,462
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PALISADES NUCLEAR PLANT

Location: Van Buren County, Michigan
35 mi (56 km) W of Kalamazoo
Latitude 42.3222°N; longitude 86.3153°W

Licensee: Entergy Nuclear Operations, Inc.
Unit Information Unit 1
Docket Number: 50-255
Construction Permit: 1967
Operating License: 1972
Commercial Operation: 1973
License Expiration: 2031
Licensed Thermal Power (MW1): 2,565
Net Capacity (MWe): 778
Type of Reactor: PWR
Nuclear Steam Supply System Vendor: CE

Cooling Water System

Type: Mechanical draft cooling towers

Source: Lake Michigan

Source Temperature Range: 35-75°F (2-24°C)
Condenser Flow Rate: 98,000 gpm (6.2 m®/s)

Design Condenser Temperature Rise: 25°F (14°C)
Intake Structure: Intake crib 3,300 ft (1,000 m) from shore
Discharge Structure: 108 ft (33 m) long canal

Site Information

Total Area: 432 ac (174.8 ha)

Exclusion Distance: 0.44 mi (0.71 km) radius

Low Population Zone: Not available

Nearest City: Kalamazoo; 2000 population: 77,145

Site Topography: Flat to rolling

Surrounding Area Topography: Rolling

Dominant Land Cover within 5 mi (8 km): Open water, forest, agriculture
Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest

Level 3 Ecoregion within 5 mi (8 km): S. Michigan/N. Indiana Drift Plains
Percent Wetland within 5 mi (8 km): 58.1, mostly lake
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Nearby Features: The nearest town is South Haven about 4 mi (6 km) N. Van Buren State

Park joins the plant on the north. Many tourists come to the beaches in the

summer. The C&O Railway is about 2 mi (3 km) E. Highway I-196 is about
1 mi (1.6 km) E.

Population within a 50 mi (80 km) Radius: 1,287,558
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PALO VERDE NUCLEAR GENERATING STATION

Location: Maricopa County, Arizona
34 mi (55 km) W of Phoenix
Latitude 33.3881°N; longitude 112.8644°W

Licensee: Arizona Public Service Co.

Unit Information Unit 1 Unit 2 Unit 3
Docket Number: 50-528 50-529 50-530
Construction Permit: 1976 1976 1976

Operating License: 1985 1986 1987

Commercial Operation: 1986 1986 1988

License Expiration: 2045 2046 2047

Licensed Thermal Power (MW1): 3,990 3,990 3,990
Net Capacity (MWe): 1,335 1,335 1,335
Type of Reactor: PWR PWR PWR

Nuclear Steam Supply System Vendor: CE CE CE

Cooling Water System

Type: Mechanical draft cooling towers treatment plant

Source: Phoenix City Sewage

Source Temperature Range: Not available

Condenser Flow Rate: 560,000 gpm (35 m®/s) each unit

Design Condenser Temperature Rise: 32.1°F (17.8°C)

Intake Structure: 35 mi (56 km) underground pipeline from Phoenix 91 Avenue Sewage
Treatment Plant

Discharge Structure: Blowdown from the circulating water system is directed to onsite

evaporation ponds without requiring any offsite discharge

Site Information

Total Area: 4,050 ac (1,640 ha)

Exclusion Distance: 0.54 mi (0.87 km) minimum

Low Population Zone: 4 mi (6.44 km) radius

Nearest City: Phoenix; 2000 population: 1,321,045

Site Topography: Flat with hills

Surrounding Area Topography: Flat with hills

Dominant Land Cover within 5 mi (8 km): Shrub/scrub, agriculture, developed: open space
Level 1 Ecoregion within 5 mi (8 km): North American Desert
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Level 3 Ecoregion within 5 mi (8 km): Sonoran Basin and Range

Percent Wetland within 5 mi (8 km): 1.2, mostly lake

Nearby Features: The nearest town is Wintersburg about 3 mi (5 km) N. U.S. Highway I-10 is
about 7 mi (11 km) N. The Southern Pacific Railroad is about 5 mi
(8 km) SE.

Population within a 50 mi (80 km) Radius: 1,781,095
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PEACH BOTTOM ATOMIC POWER STATION

Location: York County, Pennsylvania
18 mi (29 km) S of Lancaster
Latitude 39.7589°N; longitude 76.2692°W

Licensee: Exelon Generation Company

Unit Information Unit 2 Unit 3
Docket Number: 50-277 50-278
Construction Permit: 1968 1968

Operating License: 1973 1974

Commercial Operation: 1974 1974

License Expiration: 2033 2034

Licensed Thermal Power (MW1): 3,514 3,514
Net Capacity (MWe): 1,112 1,112
Type of Reactor: BWR BWR

Nuclear Steam Supply System Vendor: GE GE

Cooling Water System

Type: Once-through, with helper mechanical draft towers

Source: Conowingo Pond

Source Temperature Range: 34-80°F (1-27°C)

Condenser Flow Rate: 1.5 million gpm (95 m*/s) (both units)

Design Condenser Temperature Rise: 20.8°F (11.5°C)

Intake Structure: Intake from Conowingo Pond through a small intake pond
Discharge Structure: 5,000 ft (1,520 m) canal to Conowingo Pond

Site Information

Total Area: 620 ac (248 ha)

Exclusion Distance: 0.51 mi (0.82 km)

Low Population Zone: 1.38 mi (2.22 km)

Nearest City: Lancaster; 2000 population: 56,348

Site Topography: Rolling to hilly

Surrounding Area Topography: Rolling to hilly

Dominant Land Cover within 5 mi (8 km): Agriculture, forest, open water
Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest

Level 3 Ecoregion within 5 mi (8 km): Northern Piedmont

Percent Wetland within 5 mi (8 km): 14.5, mostly lake
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Nearby Features: The nearest town is Slate Hill 2 mi (3 km) SW. Susquehanna State Park is
about 3 mi (5 km) N. U.S. Highway 1-95 is about 15 mi (24 km) SE.
Conowingo Dam, about 8 mi (13 km) SE on the Susquehanna River, forms
Conowingo Pond. Unit 1 is a 40 MWe nuclear plant on the same site and
was retired from service in 1974. Three Mile Island Nuclear Station is 35 mi
(56 km) upstream on the Susquehanna River.

Population within a 50 mi (80 km) Radius: 5,270,600
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PERRY NUCLEAR POWER PLANT

Location: Lake County, Ohio
7 mi (11 km) NE of Painesville
Latitude 41.8008°N; longitude 81.1442°W

Licensee: FirstEnergy Nuclear Operating Co.
Unit Information Unit 1
Docket Number: 50-440
Construction Permit: 1977
Operating License: 1986
Commercial Operation: 1987
License Expiration: 2026
Licensed Thermal Power (MW1): 3,758
Net Capacity (MWe): 1,261
Type of Reactor: BWR
Nuclear Steam Supply System Vendor: GE

Cooling Water System

Type: Natural draft cooling tower

Source: Lake Erie

Source Temperature Range: 32-79°F (0-26°C)

Condenser Flow Rate: 545,400 gpm (34.41 m*/s)

Design Condenser Temperature Rise: 32°F (18°C)

Intake Structure: Submerged multiport structure 2,550 ft (777 m) offshore
Discharge Structure: Submerged diffuser 1,650 ft (503 m) offshore

Site Information

Total Area: 1,100 ac (450 ha)

Exclusion Distance: 0.55 mi (0.89 km) radius

Low Population Zone: 2.50 mi (4.02 km)

Nearest City: Euclid; 2000 population: 52,717

Site Topography: Flat

Surrounding Area Topography: Rolling

Dominant Land Cover within 5 mi (8 km): Open water, forest, developed: high, medium, low
density

Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest
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Level 3 Ecoregion within 5 mi (8 km): Eastern Great Lakes and Hudson Lowlands; Erie Drift
Plain
Percent Wetland within 5 mi (8 km): 49.3, mostly lake
Nearby Features: The nearest town is North Perry 1 mi (1.6 km) SW. The Penn Central
Railroad is about 3 mi (5 km) S. U.S. Highway I-90 is about 5 mi (8 km) S.
Population within a 50 mi (80 km) Radius: 4,923,662
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PILGRIM NUCLEAR POWER STATION

Location: Plymouth County, Massachusetts
4 mi (6 km) SE of Plymouth
Latitude 41.9444°N; longitude 70.5794°W

Licensee: Entergy Nuclear Operations, Inc.
Unit Information Unit 1
Docket Number: 50-293
Construction Permit: 1968
Operating License: 1972
Commercial Operation: 1972
License Expiration: 2012
Licensed Thermal Power (MW1): 2,028
Net Capacity (MWe): 685
Type of Reactor: BWR
Nuclear Steam Supply System Vendor: GE

Cooling Water System

Type: Once-through

Source: Cape Cod Bay

Source Temperature Range: 35.6-71.6°F (2-22°C)

Condenser Flow Rate: 311,100 gpm (19.6 m®/s)

Design Condenser Temperature Rise: 32°F (18°C)

Intake Structure: Concrete structure at edge of bay protected by a breakwater
Discharge Structure: 850 ft (260 m) long canal

Site Information

Total Area: 140 ac (57 ha)

Exclusion Distance: 0.33 mi (0.53 km)

Low Population Zone: 4.20 mi (6.76 km)

Nearest City: Brockton; 2000 population: 94,304

Site Topography: Flat to rolling

Surrounding Area Topography: Rolling to hilly

Dominant Land Cover within 5 mi (8 km): Open water, forest, developed: high, medium, low
density

Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest

Level 3 Ecoregion within 5 mi (8 km): Atlantic Coastal Pine Barrens; Northeastern Coastal Zone

NUREG-1437, Revision 1 C-86



Appendix C

Percent Wetland within 5 mi (8 km): 64.4, mostly estuarine and marine deepwater

Nearby Features: The nearest town is Plymouth about 4 mi (6 km) NW. Miles Standish State
Forest is about 6 mi (10 km) SW. Plymouth Rock and Plymouth Plantation
historical sites are about 5 mi (8 km) W.

Population within a 50 mi (80 km) Radius: 4,629,116
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POINT BEACH NUCLEAR PLANT

Location: Manitowoc County, Wisconsin
13 mi (21 km) NNW of Manitowoc
Latitude 44.2808°N; longitude 87.5361°W

Licensee: Florida Power & Light Co.

Unit Information Unit 1 Unit 2
Docket Number: 50-266 50-301
Construction Permit: 1967 1968
Operating License: 1970 1972
Commercial Operation: 1970 1972
License Expiration: 2030 2033
Licensed Thermal Power (MW1): 1,540 1,540
Net Capacity (MWe): 512 514
Type of Reactor: PWR PWR
Nuclear Steam Supply System Vendor: WEST WEST

Cooling Water System

Type: Once-through

Source: Lake Michigan

Source Temperature Range: Not available

Condenser Flow Rate: 350,000 gpm (22 m®/s) each unit

Design Condenser Temperature Rise: 19.3°F (10.7°C)

Intake Structure: Submerged structure 1,750 ft (533 m) from shore

Discharge Structure: 2 steel piling troughs, extending 200 ft (61 m) into Lake Michigan

Site Information

Total Area: 1,260 ac (510 ha)

Exclusion Distance: 0.74 mi (1.19 km) radius

Low Population Zone: 5.60 mi (9.01 km)

Nearest City: Green Bay; 2000 population: 102,313

Site Topography: Flat to rolling

Surrounding Area Topography: Rolling

Dominant Land Cover within 5 mi (8 km): Open water, agriculture, wetland
Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest

Level 3 Ecoregion within 5 mi (8 km): Southeastern Wisconsin Till Plains
Percent Wetland within 5 mi (8 km): 54, mostly lake
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Nearby Features: The nearest town is Two Creeks 1 mi (1.6 km) NNW. Point Beach State
Forest is just S of the site. The Kewaunee Nuclear Power Plant is about 5 mi
(8 km) N.

Population within a 50 mi (80 km) Radius: 1,622,052
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PRAIRIE ISLAND NUCLEAR GENERATING PLANT

Location: Goodhue County, Minnesota
28 mi (45 km) SE of Minneapolis
Latitude 44.6219°N; longitude 92.6331°W

Licensee: Northern States Power Co.

Unit Information Unit 1 Unit 2
Docket Number: 50-282 50-306
Construction Permit: 1968 1968
Operating License: 1973 1974
Commercial Operation: 1973 1974
License Expiration: 2033 2034
Licensed Thermal Power (MW1): 1,650 1,650
Net Capacity (MWe): 551 545
Type of Reactor: PWR PWR
Nuclear Steam Supply System Vendor: WEST WEST

Cooling Water System

Type: Once-through and/or mechanical draft cooling towers

Source: Mississippi River

Source Temperature Range: 32-82°F (0-28°C)

Condenser Flow Rate: 294,000 gpm (18.6 m®/s) each unit

Design Condenser Temperature Rise: 27°F (15°C)

Intake Structure: Short canal

Discharge Structure: Discharges to a basin then to towers and/or river

Site Information

Total Area: 560 ac (230 ha)

Exclusion Distance: 0.43 mi (0.69 km) radius

Low Population Zone: 1.50 mi (2.41 km)

Nearest City: Minneapolis; 2000 population: 382,618

Site Topography: Flat to rolling

Surrounding Area Topography: Rolling

Dominant Land Cover within 5 mi (8 km): Agriculture, forest, wetland

Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest

Level 3 Ecoregion within 5 mi (8 km): Driftless Area

Percent Wetland within 5 mi (8 km): 31.9, mostly freshwater forested/shrub wetland; lake
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Nearby Features: The business district of the town of Red Wing is 6 mi (9.6 km) SE. A railroad
line is just SW of the site.
Population within a 50 mi (80 km) Radius: 2,731,953
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QUAD CITIES NUCLEAR POWER STATION

Location: Rock Island County, lllinois
20 mi (32 km) NE of Moline
Latitude 41.7261°N; longitude 90.3100°W

Licensee: Exelon Generation Co.

Unit Information Unit 1 Unit 2
Docket Number: 50-254 50-265
Construction Permit: 1967 1967
Operating License: 1972 1972
Commercial Operation: 1973 1973
License Expiration: 2032 2032
Licensed Thermal Power (MW1): 2,957 2,957
Net Capacity (MWe): 867 869
Type of Reactor: BWR BWR
Nuclear Steam Supply System Vendor: GE GE

Cooling Water System

Type: Once-through

Source: Mississippi River

Source Temperature Range: 32-85°F (0-29°C)

Condenser Flow Rate: 970,000 gpm (61 m*/s) both units

Design Condenser Temperature Rise: 28°F (15.6°C)

Intake Structure: Canal at edge of river

Discharge Structure: Two-pipe diffuser system on bottom of river

Site Information

Total Area: (817 ac 331 ha)

Exclusion Distance: 0.50 mi (0.80 km)

Low Population Zone: 3 mi (4.83 km)

Nearest City: Davenport, lowa; 2000 population: 98,359

Site Topography: Flat

Surrounding Area Topography: Flat

Dominant Land Cover within 5 mi (8 km): Agriculture, wetland, forest

Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest

Level 3 Ecoregion within 5 mi (8 km): Interior River Valley and Hills; Western Corn Belt Plains
Percent Wetland within 5 mi (8 km): 22.2, mostly freshwater forested/shrub wetland; lake
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Nearby Features: The nearest town is Folletts 3 mi (5 km) NW. The Rock Island Railroad is
2 mi (3 km) W and the Chicago, Milwaukee, and St. Paul Railroad is 1 mi
(1.6 km) E. The Rock Island Arsenal is about 15 mi (24 km) SW.
Population within a 50 mi (80 km) Radius: 656,527

C-93 NUREG-1437, Revision 1



Appendix C

R.E. GINNA NUCLEAR POWER PLANT

Location: Wayne County, New York
20 mi (32 km) NE of Rochester
Latitude 43.2778°N; longitude 77.3089°W

Licensee: Constellation Energy

Unit Information Unit 1
Docket Number: 50-244
Construction Permit: 1966
Operating License: 1969
Commercial Operation: 1970
License Expiration: 2029
Licensed Thermal Power (MW1): 1,775
Net Capacity (MWe): 498
Type of Reactor: PWR

Nuclear Steam Supply System Vendor: WEST

Cooling Water System

Type: Once-through

Source: Lake Ontario

Source Temperature Range: 32-80°F (0-27°C)

Condenser Flow Rate: 340,000 gpm (21.4 m®/s)

Design Condenser Temperature Rise: 20°F (11°C)

Intake Structure: 3,100 ft (945 m) from shore, at a depth of 33 ft (10 m)
Discharge Structure: Canal discharges to Lake Ontario at shoreline.

Site Information

Total Area: 488 ac (197 ha)

Exclusion Distance: 0.29-0.85 mi (0.47—-1.38 km)

Low Population Zone: 3 mi (4.83 km)

Nearest City: Rochester; 2000 population: 219,773

Site Topography: Gently rolling to flat

Surrounding Area Topography: Sloping

Dominant Land Cover within 5 mi (8 km): Open water, agriculture, forest

Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest

Level 3 Ecoregion within 5 mi (8 km): Eastern Great Lakes and Hudson Lowlands
Percent Wetland within 5 mi (8 km): 63.1, mostly lake
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Nearby Features: The nearest town is Lakeside 2 mi (3 km) SW. The N.Y. Central Railroad is
about 3 m (5 km) S.
Population within a 50 mi (80 km) Radius: 1,250,000
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RIVER BEND STATION

Location: West Feliciana County, Louisiana
24 mi (39 km) NNW of Baton Rouge
Latitude 30.7569°N; longitude 91.3314°W

Licensee: Entergy Nuclear Operations, Inc.
Unit Information Unit 1
Docket Number: 50-458
Construction Permit: 1977
Operating License: 1985
Commercial Operation: 1986
License Expiration: 2025
Licensed Thermal Power (MW1): 3,091
Net Capacity (MWe): 989
Type of Reactor: BWR
Nuclear Steam Supply System Vendor: GE

Cooling Water System

Type: Mechanical draft cooling towers

Source: Mississippi River

Source Temperature Range: Not available
Condenser Flow Rate: 508,470 gpm (32.08 m*/s)
Design Condenser Temperature Rise: 27°F (15°C)
Intake Structure: At river bank

Discharge Structure: Pipe extending into the river

Site Information

Total Area: 3,342 ac (1,352 ha)

Exclusion Distance: 0.57 mi (0.92 km) radius

Low Population Zone: 2.50 mi (4.02 km) radius

Nearest City: Baton Rouge; 2000 population: 227,818

Site Topography: Flat

Surrounding Area Topography: Flat to rolling

Dominant Land Cover within 5 mi (8 km): Wetland, forest, agriculture

Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest

Level 3 Ecoregion within 5 mi (8 km): Mississippi Valley Loess Plains; Mississippi Alluvial Plain
Percent Wetland within 5 mi (8 km): 41.6, mostly freshwater forested/shrub wetland
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Nearby Features: The nearest town is St. Francisville 3 mi (5 km) NW. Audubon Memorial
State Park is about 3 mi (5 km) NNE. The lllinois Central Railroad crosses
the site.

Population within a 50 mi (80 km) Radius: 866,314
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SAINT LUCIE NUCLEAR PLANT

Location: St. Lucie County, Florida
7 mi (11 km) SE of Fort Pierce
Latitude 27.3486°N; longitude 80.2464°W

Licensee: Florida Power & Light Co.

Unit Information Unit 1 Unit 2
Docket Number: 50-335 50-389
Construction Permit: 1970 1977
Operating License: 1976 1983
Commercial Operation: 1976 1983
License Expiration: 2036 2043
Licensed Thermal Power (MW1): 2,700 2,700
Net Capacity (MWe): 839 839
Type of Reactor: PWR PWR
Nuclear Steam Supply System Vendor: CE CE

Cooling Water System

Type: Once-through

Source: Atlantic Ocean

Source Temperature Range: 87°F (31°C)

Condenser Flow Rate: 968,000 gpm (61 m*/s) both units

Design Condenser Temperature Rise: 24°F (13°C).

Intake Structure: 1,200 ft (370 m) offshore

Discharge Structure: Unit 1 is 1,500 ft (460 m) offshore; Unit 2 is a multisport discharge 3,400 ft
(1,040 m) offshore

Site Information

Total Area: 1,130 ac (457 ha)

Exclusion Distance: 0.97 mi (1.56 km) radius

Low Population Zone: 1 mi (1.61 km)

Nearest City: West Palm Beach; 2000 population: 82,103

Site Topography: Flat land and water

Surrounding Area Topography: Flat

Dominant Land Cover within 5 mi (8 km): Open water, wetland, developed: high, medium, low
density

Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest
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Level 3 Ecoregion within 5 mi (8 km): Southern Coastal Plain

Percent Wetland within 5 mi (8 km): 77.8, mostly estuarine and marine deepwater

Nearby Features: The nearest town is Ankona 2 mi (3 km) W. The Florida East Coast Railroad
is about 2 mi (3 km) W. The plant is on Hutchinson Island, which is
separated from the mainland by the Indian River, which is part of the
Intracoastal Waterway. A causeway to the mainland is about 6 mi (10 km)
SSE.

Population within a 50 mi (80 km) Radius: 1,180,000
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SALEM NUCLEAR GENERATING STATION

Location: Salem County, New Jersey
8 mi (13 km) SW of Salem
Latitude 39.4628°N; longitude 75.5358°W

Licensee: Public Service Electric and Gas Co.

Unit Information Unit 1 Unit 2
Docket Number: 50-272 50-311
Construction Permit: 1968 1968

Operating License: 1976 1981

Commercial Operation: 1977 1981

License Expiration: 2036 2040

Licensed Thermal Power (MW1): 3,459 3,459
Net Capacity (MWe): 1,174 1,130
Type of Reactor: PWR PWR
Nuclear Steam Supply System Vendor: WEST WEST

Cooling Water System

Type: Once-through

Source: Delaware River

Source Temperature Range: 33-79°F (1-26°C)

Condenser Flow Rate: 1,100,000 gpm (69 m®s) each unit

Design Condenser Temperature Rise: 13.6°F (7.6°C)

Intake Structure: 12-bay structure on edge of river

Discharge Structure: Submerged pipes extending 500 ft (150 m) into the river

Site Information

Total Area: 700 ac (280 ha)

Exclusion Distance: 0.80 mi (1.29 km)

Low Population Zone: 5 mi (8.05 km)

Nearest City: Wilmington, Delaware; 2000 population: 72,664

Site Topography: Flat

Surrounding Area Topography: Flat

Dominant Land Cover within 5 mi (8 km): Open water, wetland, agriculture
Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest

Level 3 Ecoregion within 5 mi (8 km): Middle Atlantic Coastal Plain
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Percent Wetland within 5 mi (8 km): 84, mostly estuarine and marine deepwater; estuarine and
marine wetland
Nearby Features: The nearest town is Port Penn about 4 mi (6 km) NW in Delaware. The
nearest railroad is 8 mi (13 km) NE. The plant is on the same site as the
Hope Creek Generating Station (nuclear).
Population within a 50 mi (80 km) Radius: 5,975,864
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SAN ONOFRE NUCLEAR GENERATING STATION

Location: San Diego County, California
5 mi (8 km) SE of San Clemente
Latitude 33.3703°N; longitude 117.5569°W

Licensee: Southern California Edison Co.

Unit Information Unit 2 Unit 3
Docket Number: 50-361 50-362
Construction Permit: 1973 1973

Operating License: 1982 1983

Commercial Operation: 1983 1984

License Expiration: 2022 2022

Licensed Thermal Power (MW1): 3,438 3,438
Net Capacity (MWe): 1,070 1,080
Type of Reactor: PWR PWR

Nuclear Steam Supply System Vendor: CE CE

Cooling Water System

Type: Once-through

Source: Pacific Ocean

Source Temperature Range: 54-73°F (12-23°C)

Condenser Flow Rate: Unit 2: 797,000 gpm (50.3 m*/s)

Design Condenser Temperature Rise: 20°F (11°C)

Intake Structure: Velocity-cap structure about 3,400 ft (1,040 m) from shore in water 30 ft (9 m)
deep

Discharge Structure: Diffuser port systems extending 3,800-8,500 ft (1,160-2,590 m) from

shore

Site Information

Total Area: 84 ac (34 ha)

Exclusion Distance: 0.37 mi (0.60 km)

Low Population Zone: 1.95 mi (3.14 km)

Nearest City: Oceanside; 2000 population: 161,029

Site Topography: Narrow, sloping coastal plain and sea cliffs

Surrounding Area Topography: Hilly

Dominant Land Cover within 5 mi (8 km): Open water, shrub/scrub, developed: high, medium,
low density
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Level 1 Ecoregion within 5 mi (8 km): Mediterranean California
Level 3 Ecoregion within 5 mi (8 km): Southern and Central California Chaparral and Oak
Woodlands

Percent Wetland within 5 mi (8 km): 50.7, mostly estuarine and marine deepwater

Nearby Features: The nearest town is San Clemente 5 mi (8 km) NW. The site is surrounded
by Camp Pendleton Marine Base. Camps on the base are 1.5 mi (2.4 km) or
more from the site. U.S. Highway I-5 and the Atchison, Topeka, and Santa
Fe Railroad are adjacent to the site to the east.

Population within a 50 mi (80 km) Radius: 12,404,757
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SEABROOK STATION

Location: Rockingham County, New Hampshire
13 mi (21 km) SSW of Portsmouth
Latitude 42.8983°N; longitude 70.8497°W

Licensee: Florida Power & Light Company

Unit Information Unit 1

Docket Number: 50-443
Construction Permit: 1976

Operating License: 1990

Commercial Operation: 1990

License Expiration: 2030

Licensed Thermal Power (MW1): 3,648
Net Capacity (MWe): 1,295
Type of Reactor: PWR

Nuclear Steam Supply System Vendor: WEST

Cooling Water System

Type: Once-through

Source: Atlantic Ocean

Source Temperature Range: 37-55°F (3—-13°C)

Condenser Flow Rate: 399,000 gpm (25.2 m®/s)

Design Condenser Temperature Rise: 38°F (21°C)

Intake Structure: 3 structures 50 ft (15 m) below sea level with pipeline submerged about 175 ft
(50 m) below mean sea level and extending about 7,000 ft (2,100 m) offshore

Discharge Structure: Submerged pipeline ending in a diffuser located about 5,500 ft (1,675 m)

offshore and about 5,000 ft (1,525 m) S of intake

Site Information

Total Area: 896 ac (363 ha)

Exclusion Distance: 0.57 mi (0.92 km) minimum

Low Population Zone: 1.25 mi (2.01 km)

Nearest City: Lawrence, Massachusetts; 2000 population: 72,043

Site Topography: Flat

Surrounding Area Topography: Flat to rolling

Dominant Land Cover within 5 mi (8 km): Open water, forest, developed: high, medium, low
density
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Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest

Level 3 Ecoregion within 5 mi (8 km): Northeastern Coastal Zone

Percent Wetland within 5 mi (8 km): 45.2, mostly estuarine and marine deepwater; estuarine

and marine wetland

Nearby Features: The nearest town is Seabrook 1 mi (1.6 km) W. U.S. Highway 1-95 is about
1 mi (1.6 km) W. The Boston and Maine Railroad is adjacent to the site.
Hampton Beach State Park is 2 mi (3 km) E.

Population within a 50 mi (80 km) Radius: 6,932,660
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SEQUOYAH NUCLEAR PLANT

Location: Hamilton County, Tennessee
10 mi (16 km) NE of Chattanooga
Latitude 35.2233°N; longitude 85.0878°W

Licensee: Tennessee Valley Authority

Unit Information Unit 1 Unit 2
Docket Number: 50-327 50-328
Construction Permit: 1970 1970
Operating License: 1980 1981
Commercial Operation: 1981 1982
License Expiration: 2020 2021
Licensed Thermal Power (MW1): 3,455 3,455
Net Capacity (MWe): 1,148 1,126
Type of Reactor: PWR PWR
Nuclear Steam Supply System Vendor: WEST WEST

Cooling Water System

Type: Once-through and/or natural draft cooling towers
Source: Chickamauga Lake

Source Temperature Range: 42-83°F (6-28°C)
Condenser Flow Rate: 522,000 gpm (32.9 m®/s) each unit
Design Condenser Temperature Rise: 30°F (17°C)

Intake Structure: Intake from lake

Discharge Structure: Discharge to lake

Site Information

Total Area: 525 ac (212 ha)

Exclusion Distance: 0.35 mi (0.56 km)

Low Population Zone: 3 mi (4.83 km)

Nearest City: Chattanooga; 2000 population: 155,554

Site Topography: Rolling

Surrounding Area Topography: Hilly

Dominant Land Cover within 5 mi (8 km): Forest, agriculture, open water
Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest

Level 3 Ecoregion within 5 mi (8 km): Ridge and Valley

Percent Wetland within 5 mi (8 km): 15.1, mostly lake
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Nearby Features: The nearest town is Shady Grove about 2 mi (3 km) NW. Harrison Bay State
Park is 3 mi (5 km) S. The Volunteer Ordnance Works is about 9 mi
(15 km) S. Chickamauga Lake is part of the Tennessee River.

Population within a 50 mi (80 km) Radius: 954,430

C-107 NUREG-1437, Revision 1



Appendix C

SHEARON HARRIS NUCLEAR POWER PLANT

Location: Wake County, North Carolina
20 mi (32 km) SW of Raleigh
Latitude 35.6336°N; longitude 78.9564°W

Licensee: Progress Energy

Unit Information Unit 1
Docket Number: 50-400
Construction Permit: 1978
Operating License: 1987
Commercial Operation: 1987
License Expiration: 2046
Licensed Thermal Power (MW1): 2,900
Net Capacity (MWe): 900
Type of Reactor: PWR

Nuclear Steam Supply System Vendor: WEST

Cooling Water System

Type: Natural draft cooling tower

Source: Buckhorn Creek

Source Temperature Range: 41-81°F (5-27°C)

Condenser Flow Rate: 483,000 gpm (30.5 m®/s)

Design Condenser Temperature Rise: 25.7°F (14.3°C)
Intake Structure: At shoreline of reservoir on Buckhorn Creek
Discharge Structure: Discharged to reservoir

Site Information

Total Area: 10,744 ac (4,348 ha)

Exclusion Distance: 6,640 ft (2 km) (northwest) to 7,000 ft (2.1 km) (east) to 7,200 ft (2.2 km)
(south)

Low Population Zone: 3 mi (4.83 km)

Nearest City: Raleigh; 2000 population: 276,093

Site Topography: Rolling

Surrounding Area Topography: Rolling

Dominant Land Cover within 5 mi (8 km): Forest, herbaceous, open water

Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest

Level 3 Ecoregion within 5 mi (8 km): Piedmont; Southeastern Plains
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Percent Wetland within 5 mi (8 km): 13.2, mostly lake

Nearby Features: The nearest town is Bonsal 2 mi (3 km) NW. The Seaboard Coast Line
Railroad is 2 mi (3 km) NW. Buckhorn Creek feeds into the Cape Fear River.

Population within a 50 mi (80 km) Radius: 2,035,797
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SOUTH TEXAS PROJECT NUCLEAR GENERATING STATION

Location: Matagorda County, Texas
12 mi (19 km) SSW of Bay City
Latitude 28.7950°N; longitude 96.0481°W

Licensee: STP Nuclear Operating Co.

Unit Information Unit 1 Unit 2
Docket Number: 50-498 50-499
Construction Permit: 1975 1975

Operating License: 1988 1989

Commercial Operation: 1988 1989

License Expiration: 2027 2028

Licensed Thermal Power (MW1): 3,853 3,853
Net Capacity (MWe): 1,280 1,280
Type of Reactor: PWR PWR

Nuclear Steam Supply System Vendor: WEST WEST

Cooling Water System

Type: Closed cycle cooling reservoir

Source: Colorado River

Source Temperature Range: 58-84°F (14-29°C)
Condenser Flow Rate: 907,400 gpm (57.26 m*/s) each unit
Design Condenser Temperature Rise: 19°F (11°C)

Intake Structure: On bank of Colorado River

Discharge Structure: On bank of Colorado River

Site Information

Total Area: 12,350 ac (4,998 ha)

Exclusion Distance: 0.89 mi (1.43 km) minimum

Low Population Zone: 3 mi (4.83 km)

Nearest City: Galveston; 2000 population: 57,247

Site Topography: Flat

Surrounding Area Topography: Flat

Dominant Land Cover within 5 mi (8 km): Agriculture, open water, wetland
Level 1 Ecoregion within 5 mi (8 km): Great Plains

Level 3 Ecoregion within 5 mi (8 km): Western Gulf Coastal Plain

Percent Wetland within 5 mi (8 km): 23.3, mostly lake
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Nearby Features: The nearest town is Matagorda 8 mi (13 km) SE. The Missouri Pacific
Railroad is about 5 mi (8 km) NNE. A 16-in. (40-cm) natural gas pipeline is
about 2 mi (3 km) NW.

Population within a 50 mi (80 km) Radius: 402,902
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SURRY POWER STATION

Location: Surry County, Virginia
17 mi (27 km) NW of Newport News
Latitude 37.1656°N; longitude 76.6983°W

Licensee: Dominion Generation

Unit Information Unit 1 Unit 2
Docket Number: 50-280 20-281
Construction Permit: 1968 1968
Operating License: 1972 1973
Commercial Operation: 1972 1973
License Expiration: 2032 2033
Licensed Thermal Power (MW1): 2,546 2,546
Net Capacity (MWe): 799 799
Type of Reactor: PWR PWR
Nuclear Steam Supply System Vendor: WEST WEST

Cooling Water System

Type: Once-through

Source: James River

Source Temperature Range: 35-84°F (2-29°C)

Condenser Flow Rate: 1.68 million gpm (106 m®/s) both units
Design Condenser Temperature Rise: 14°F (7.8°C)

Intake Structure: 1.7 mi (2.7 km) concrete canal

Discharge Structure: 2,900 ft (880 m) canal

Site Information

Total Area: 840 ac (340 ha)

Exclusion Distance: 1,650 ft (500 m) radius or 0.31 mi (0.5 km)

Low Population Zone: 3 mi (4.83 km)

Nearest City: Newport News; 2000 population: 180,150

Site Topography: Flat

Surrounding Area Topography: Flat

Dominant Land Cover within 5 mi (8 km): Open water, forest, agriculture

Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest

Level 3 Ecoregion within 5 mi (8 km): Middle Atlantic Coastal Plain; Southeastern Plains
Percent Wetland within 5 mi (8 km): 60.9, mostly estuarine and marine deepwater; riverine
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Nearby Features: The nearest town is Scotland 5 mi (8 km) W. Jamestown Island, a Federal
park, is 4 mi (6 km) NW. Chippokes Plantation, a State park, is 3 mi (5 km)
WSW. Jamestown National Historical Park is 5 mi (8 km) WNW. Colonial
Williamsburg is 7 mi (11 km) NNW. Adjacent to the site on the north is Hog
Island, a waterfowl refuge. U.S. Highway 1-64 is 12 mi (19 km) NW.
Population within a 50 mi (80 km) Radius: 2,387,353
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SUSQUEHANNA STEAM ELECTRIC STATION

Location: Luzerne County, Pennsylvania

7 mi (11 km) NE of Berwick

Latitude 41.0922°N; longitude 76.1467°W
Licensee: PPL Susquehanna, LLC

Unit Information Unit 1 Unit 2
Docket Number: 50-387 50-388
Construction Permit: 1973 1973

Operating License: 1982 1984

Commercial Operation: 1983 1985

License Expiration: 2042 2044

Licensed Thermal Power (MW1): 3,952 3,952
Net Capacity (MWe): 1,149 1,140
Type of Reactor: BWR BWR

Nuclear Steam Supply System Vendor: GE GE

Cooling Water System

Type: Natural draft cooling towers

Source: Susquehanna River

Source Temperature Range: Not available

Condenser Flow Rate: 968,000 gpm (61 m*/s) both units
Design Condenser Temperature Rise: 14°F (8°C)

Intake Structure: Intake bays on river bank

Discharge Structure: Diffuser pipe 200 ft (61 m) from river bank

Site Information

Total Area: 1,173 ac (475 ha)

Exclusion Distance: 0.34 mi (0.55 km) radius

Low Population Zone: 3 mi (4.83 km)

Nearest City: Wilkes-Barre; 2000 population: 43,123

Site Topography: Rolling

Surrounding Area Topography: Hilly with flat river valley

Dominant Land Cover within 5 mi (8 km): Forest, agriculture, developed: open space
Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest

Level 3 Ecoregion within 5 mi (8 km): Ridge and Valley

Percent Wetland within 5 mi (8 km): 4.6, mostly riverine
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Nearby Features: The nearest town is Beach Haven about 1 mi (1.6 km) SW. U.S. Highway
I-80 is 5 mi (8 km) E, and the Delaware and Hudson Railroad is 1 mi
(1.6 km) E.

Population within a 50 mi (80 km) Radius: 1,684,794
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THREE MILE ISLAND, UNIT 1

Location: Dauphin County, Pennsylvania
10 mi (16 km) SE of Harrisburg
Latitude 40.1531°N; longitude 76.7250°W

Licensee: Exelon Generation Company

Unit Information Unit 1
Docket Number: 50-289
Construction Permit: 1968
Operating License: 1974
Commercial Operation: 1974
License Expiration: 2034
Licensed Thermal Power (MW1): 2,568
Net Capacity (MWe): 786
Type of Reactor: PWR
Nuclear Steam Supply System Vendor: B&W

Cooling Water System

Type: Natural draft cooling towers

Source: Susquehanna River

Source Temperature Range: 33-84°F (1-29°C)
Condenser Flow Rate: 430,000 gpm (27 m®/s)
Design Condenser Temperature Rise: Not available
Intake Structure: Concrete structure on river bank
Discharge Structure: Discharged at the shoreline

Site Information

Total Area: 472 ac (191 ha)

Exclusion Distance: 0.38 mi (0.61 km) radius

Low Population Zone: 2 mi (3.22 km)

Nearest City: Harrisburg; 2000 population: 48,950

Site Topography: Flat

Surrounding Area Topography: Rolling to hilly

Dominant Land Cover within 5 mi (8 km): Agriculture, forest, developed: high, medium, low
density

Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest

Level 3 Ecoregion within 5 mi (8 km): Northern Piedmont
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Percent Wetland within 5 mi (8 km): 11.4, mostly riverine

Nearby Features: The nearest town is Middletown 4 mi (6 km) N. Harrisburg-York Airport is
8 mi (13 km) WNW. Unit 2 ceased operation after an accident in 1979.
Peach Bottom Atomic Power Station is 35 mi (56 km) downstream.

Population within a 50 mi (80 km) Radius: 2,466,679
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TURKEY POINT NUCLEAR PLANT

Location: Dade County, Florida
25 mi (40 km) S of Miami
Latitude 25.4350°N; longitude 80.3314°W

Licensee: Florida Power and Light Co.

Unit Information Unit 3 Unit 4
Docket Number: 50-250 50-251
Construction Permit: 1967 1967
Operating License: 1972 1973
Commercial Operation: 1972 1973
License Expiration: 2032 2033
Licensed Thermal Power (MW1): 2,300 2,300
Net Capacity (MWe): 693 693
Type of Reactor: PWR PWR
Nuclear Steam Supply System Vendor: WEST WEST

Cooling Water System

Type: Closed-cycle cooling canal

Source: Biscayne Bay

Source Temperature Range: 54-90°F (12-32°C)

Condenser Flow Rate: 1.3 million gpm (82 m*/s) both units

Design Condenser Temperature Rise: 18°F (10°C)

Intake Structure: Intake canal and barge canal

Discharge Structure: Canal system covering about 4,000 ac (1,600 ha)

Site Information

Total Area: 24,000 ac (9,700 ha)

Exclusion Distance: 0.79 mi (1.27 km)

Low Population Zone: 5 mi (8.05 km)

Nearest City: Miami; 2000 population: 362,470

Site Topography: Flat

Surrounding Area Topography: Flat

Dominant Land Cover within 5 mi (8 km): Wetland, open water, agriculture

Level 1 Ecoregion within 5 mi (8 km): Tropical Wet Forest

Level 3 Ecoregion within 5 mi (8 km): Southern Florida Coastal Plain

Percent Wetland within 5 mi (8 km): 91.5, mostly estuarine and marine deepwater
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Nearby Features: The nearest town is Florida City about 9 mi (14 km) W. Hawk Missile Base is
1 mi (1.6 km) NW. Homestead Recreation Park is about 2 mi (3 km) NNW.
The Florida East Coast Railroad is about 9 mi (14 km) NW. Units 1 and 2
are coal-fired and adjacent to the site.

Population within a 50 mi (80 km) Radius: 7,490,123
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VERMONT YANKEE NUCLEAR POWER STATION

Location: Windham County, Vermont
5 mi (8 km) S of Brattleboro
Latitude 42.7803°N; longitude 72.5158°W

Licensee: Entergy Nuclear Operations, Inc.
Unit Information Unit 1
Docket Number: 50-271
Construction Permit: 1967
Operating License: 1973
Commercial Operation: 1972
License Expiration: 2032
Licensed Thermal Power (MW1): 1,912
Net Capacity (MWe): 510
Type of Reactor: BWR
Nuclear Steam Supply System Vendor: GE

Cooling Water System

Type: Once-through; closed-cycle mechanical draft towers
Source: Connecticut River

Source Temperature Range: 0-23°F (32-74°C)

Condenser Flow Rate: 360,000 gpm (22.7 m®/s)

Design Condenser Temperature Rise: 13.4°F (10°C)

Intake Structure: Concrete structure at edge of river

Discharge Structure: Aerating structure discharges at edge of river

Site Information

Total Area: 125 ac (50.6 ha)

Exclusion Distance: 0.17 mi (0.27 km)

Low Population Zone: 5 mi (8.05 km)

Nearest City: Holyoke, Massachusetts; 2000 population: 39,838

Site Topography: Flat

Surrounding Area Topography: Rolling to hilly

Dominant Land Cover within 5 mi (8 km): Forest, agriculture, developed: high, medium, low
density

Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest

Level 3 Ecoregion within 5 mi (8 km): Northeastern Coastal Zone; Northeastern Highlands
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Percent Wetland within 5 mi (8 km): 6.1, mostly lake

Nearby Features: The nearest town is Vernon about 1 mi (1.6 km) W. Vernon Dam is 0.7 mi
(1 km) downstream from the site. The decommissioned Yankee Nuclear
Power Station is about 20 mi (32 km) WSW.

Population within a 50 mi (80 km) Radius: 1,513,282

C-121 NUREG-1437, Revision 1



Appendix C

VIRGIL C. SUMMER NUCLEAR STATION

Location: Fairfield County, South Carolina
26 mi (42 km) NW of Columbia
Latitude 34.2958°N; longitude 81.3203°W

Licensee: South Carolina Electric & Gas Co.
Unit Information Unit 1
Docket Number: 50-395
Construction Permit: 1973
Operating License: 1982
Commercial Operation: 1984
License Expiration: 2042
Licensed Thermal Power (MW1): 2,900
Net Capacity (MWe): 966
Type of Reactor: PWR

Nuclear Steam Supply System Vendor: WEST

Cooling Water System

Type: Once-through

Source: Lake Monticello

Source Temperature Range: 52-91°F (11-33°C)

Condenser Flow Rate: 507,000 gpm (32 m®/s)

Design Condenser Temperature Rise: 25°F (14°C)

Intake Structure: Intake at shoreline

Discharge Structure: Discharge to lake via a discharge basin and 1,000-ft (305-m) canal

Site Information

Total Area: 2,200 ac (890 ha)

Exclusion Distance: 1.01 mi (1.63 m) radius

Low Population Zone: 3 mi (4.83 km)

Nearest City: Columbia; 2000 population: 116,278

Site Topography: Rolling

Surrounding Area Topography: Rolling to hilly

Dominant Land Cover within 5 mi (8 km): Forest, open water, herbaceous
Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest

Level 3 Ecoregion within 5 mi (8 km): Piedmont

Percent Wetland within 5 mi (8 km): 20.2, mostly lake
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Nearby Features: The nearest town is Jenkinsville 3 mi (5 km) SE. U.S. Highway I-26 is 7 mi
(11 km) SSW. The Southern Railroad is 1 mi (1.6 km) W. The Fairfield
pumped storage hydrostation is about 1 mi (1.6 km) NW and uses Lake
Monticello as well as the Parr Reservoir.

Population within a 50 mi (80 km) Radius: 1,032,330
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VOGTLE ELECTRIC GENERATING PLANT

Location: Burke County, Georgia
26 mi (42 km) SE of Augusta
Latitude 33.1414°N; longitude 81.7625°W

Licensee: Southern Nuclear Operating Co.

Unit Information Unit 1 Unit 2
Docket Number: 50-424 50-425
Construction Permit: 1974 1974

Operating License: 1987 1989

Commercial Operation: 1987 1989

License Expiration: 2047 2049

Licensed Thermal Power (MW1): 3,565 3,565
Net Capacity (MWe): 1,109 1,127

Type of Reactor: PWR PWR

Nuclear Steam Supply System Vendor: WEST WEST

Cooling Water System

Type: Natural draft cooling towers

Source: Savannah River

Source Temperature Range: 39-86°F (4-30°C)

Condenser Flow Rate: 509,600 gpm (32.16 m*/s) each unit

Design Condenser Temperature Rise: 33°F (18°C)

Intake Structure: At river bank

Discharge Structure: Single-point discharge pipe near the shoreline

Site Information

Total Area: 3,169 ac (1,282 ha)

Exclusion Distance: 0.68 mi (1.09 km) minimum

Low Population Zone: 2 mi (3.22 km) radius

Nearest City: Augusta-Richmond County; 2000 population: 195,182

Site Topography: Rolling

Surrounding Area Topography: Rolling, river flood plain

Dominant Land Cover within 5 mi (8 km): Forest, wetland, herbaceous

Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest

Level 3 Ecoregion within 5 mi (8 km): Southeastern Plains

Percent Wetland within 5 mi (8 km): 27.4, mostly freshwater forested/shrub wetland
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Nearby Features: The nearest town is Shell Bluff about 7 mi (11 km) W. The Seaboard Coast
Line Railroad is about 4 mi (6 km) NE. The Department of Energy Savannah
River Plant is about 10 mi (16 km) NNE.

Population within 50 mi (80 km) Radius: 670,000
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WATERFORD STEAM ELECTRIC STATION

Location: St. Charles County, Louisiana
20 mi (32 km) W of New Orleans
Latitude 29.9947°N; longitude 90.4711°W

Licensee: Entergy Nuclear Operations, Inc.
Unit Information Unit 3
Docket Number: 50-382
Construction Permit: 1974
Operating License: 1985
Commercial Operation: 1985
License Expiration: 2024
Licensed Thermal Power (MW1): 3,716
Net Capacity (MWe): 1,250
Type of Reactor: PWR
Nuclear Steam Supply System Vendor: CE

Cooling Water System

Type: Once-through

Source: Mississippi River

Source Temperature Range: 46-82°F (8-28°C)
Condenser Flow Rate: 975,000 gpm (61.53 m*/s)
Design Condenser Temperature Rise: 16°F (9°C)
Intake Structure: At river bank

Discharge Structure: At river bank

Site Information

Total Area: 3,561 ac (1,441 ha)

Exclusion Distance: 90.57 mi (0.92 km) radius

Low Population Zone: 2 mi (3.22 km)

Nearest City: New Orleans; 2000 population: 484,674

Site Topography: Flat

Surrounding Area Topography: Flat

Dominant Land Cover within 5 mi (8 km): Wetland, agriculture, developed: high, medium, low
density

Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest

Level 3 Ecoregion within 5 mi (8 km): Mississippi Alluvial Plain
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Percent Wetland within 5 mi (8 km): 67.8, mostly freshwater forested/shrub wetland

Nearby Features: The nearest town is Killona 1 mi (1.6 km) WNW. U.S. Highway I-10 is about
7 mi (11 km) NE and 1-90 about 7 mi (11 km) SE. Several active and
abandoned gas and oil fields are within 10 mi (16 km). Lake Pontchartrain is
about 7 mi (11 km) NE. The Missouri Pacific Railroad is just S of the site,
and the Southern Pacific Railroad is about 8 mi (13 km) SE.

Population within a 50 mi (80 km) Radius: 2,072,270
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WATTS BAR NUCLEAR PLANT

Location: Rhea County, Tennessee
7 mi (11 km) SSE of Spring City
Latitude 35.6022°N; longitude 84.7894°W

Licensee: Tennessee Valley Authority

Unit Information Unit 1@
Docket Number: 50-390
Construction Permit: 1973
Operating License: 1996
Commercial Operation: 1996
License Expiration: 2035
Licensed Thermal Power (MW1): 3,459
Net Capacity (MWe): 1,123
Type of Reactor: PWR

Nuclear Steam Supply System Vendor: WEST

Cooling Water System

Type: Natural draft cooling towers

Source: Chickamauga Lake

Source Temperature Range: 43-82°F (6-28°C)
Condenser Flow Rate: 410,000 gpm (26 m*/s) each unit
Design Condenser Temperature Rise: 38°F (21°C)
Intake Structure: At lake bank

Discharge Structure: To lake via a holding pond

Site Information

Total Area: 1,770 ac (716 ha)

Exclusion Distance: 0.75 mi (1.21 km) radius

Low Population Zone: 3 mi (4.83 km)

Nearest City: Chattanooga; 2000 population: 155,554

Site Topography: Flat to rolling

Surrounding Area Topography: Rolling to hilly

Dominant Land Cover within 5 mi (8 km): Forest, agriculture, open water

(a) Construction of Unit 1 was halted in 1985, resumed in 1990, and completed in 1995. Construction of
Unit 2 was halted in 1988. The unit remains idle.
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Level 1 Ecoregion within 5 mi (8 km): Eastern Temperate Forest

Level 3 Ecoregion within 5 mi (8 km): Ridge and Valley

Percent Wetland within 5 mi (8 km): 10.9, mostly lake

Nearby Features: The nearest town is Peakland 2 mi (3 km) NE. Watts Bar Dam is 1 mi
(1.6 km) N. A fossil-fired steam plant is just N of the site. U.S. Highway I-75
is about 11 mi (18 km) SE. The New Orleans and Texas Pacific Railroad is
7 mi (11 km) NW. Chickamauga Lake is on the Tennessee River.

Population within a 50 mi (80 km) Radius: 1,044,454
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WOLF CREEK GENERATING STATION

Location: Coffey County, Kansas
4 mi (6 km) NE of Burlington
Latitude 38.2386°N; longitude 95.6894°W

Licensee: Wolf Creek Nuclear Operating Corporation
Unit Information Unit 1
Docket Number: 50-482
Construction Permit: 1977
Operating License: 1985
Commercial Operation: 1985
License Expiration: 2045
Licensed Thermal Power (MW1): 3,565

Net Capacity (MWe): 1,166

Type of Reactor: PWR

Nuclear Steam Supply System Vendor: WEST

Cooling Water System

Type: Closed-cycle cooling pond

Source: Wolf Creek

Source Temperature Range: 32-87°F (0-31°C)

Condenser Flow Rate: 500,000 gpm (30 m®/s)

Design Condenser Temperature Rise: 30°F (1.1°C)

Intake Structure: On the shore of cooling lake

Discharge Structure: Discharged to 5,090 ac (2,060 ha) cooling lake, into an embayment
separated from the intake

Site Information

Total Area: 9,818 ac (3,973 ha)

Exclusion Distance: 0.75 mi (1.21 km) radius

Low Population Zone: 2.5 mi (4.02 km) radius

Nearest City: Topeka; 2000 population: 122,377

Site Topography: Flat to rolling

Surrounding Area Topography: Flat to rolling

Dominant Land Cover within 5 mi (8 km): Herbaceous, agriculture, open water
Level 1 Ecoregion within 5 mi (8 km): Great Plains

Level 3 Ecoregion within 5 mi (8 km): Central Irregular Plains
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Percent Wetland within 5 mi (8 km): 14.8, mostly lake

Nearby Features: The nearest town is Sharpe about 2 mi (3 km) N. The Flint Hills National
Wildlife Refuge is about 7 mi (11 km) W. The John Redmond Reservoir is
about 4 mi (6 km) W. U.S. Highway I-35 is 14 mi (23 km) N. The cooling
lake is formed by a dam on Wolf Creek.

Population within a 50 mi (80 km) Radius: 176,301
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Appendix D

Technical Support for GEIS Analyses

D.1 Land Use and Visual Resources
D.1.1 Description of Affected Resources and Region of Influence

Onsite land use resources that could be affected by continued power plant operations during the
license renewal term include all of the land within the plant site property boundaries. For license
renewal, the current onsite industrial use of the land use is assumed to remain unchanged.
Offsite land use resources include all patterns of land use in the vicinity of the nuclear plant that
could be affected by continued operations and refurbishment activities associated with license
renewal. Transmission lines generally have no effect on land use within the right-of-way (ROW)
corridor. The region of influence for visual resource impacts includes all areas within view of the
nuclear power plant.

D.1.2 Description of Impact Assessment

Completed license renewal supplemental environmental impact statements (SEISs) were
examined to determine the extent of past onsite land use disturbances occurring as a result of
license renewal and refurbishment activities at nuclear power plants. Offsite land use impacts
were assessed based on a survey of newspaper and magazine accounts related to land use
issues, a survey of all operating nuclear power plants, and experiences at seven selected
license renewal case study sites. Additional information on offsite land use impacts came from
a literature search on land use controls and workforce impacts with respect to nuclear power
plants. The evaluation of land use impacts of transmission lines was derived from information
compiled from a review of license renewal SEISs. The assessment of visual resource impacts
caused by the presence of the nuclear power plant and transmission lines was derived from a
review of license renewal SEISs.
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D.2 Air Quality and Noise

D.2.1 Description of Affected Resources and Region of Influence

Similar to most industrial facilities, nuclear power plants and other fuel-cycle facilities generate
air pollutants® and propagate noise. The region of influence of the effects on air quality and
noise includes the regulated ambient air environment within and outside each plant site property
boundaries, whether open to the public or under various levels of access control. For license
renewal, current air and noise pollution levels would remain unchanged, while during
refurbishment and decommissioning activities, some additional impacts could occur, particularly
on plant property. Some offsite areas at a few plants have a limited region of influence of a few
kilometers beyond plant boundaries for measurable air quality impacts and a few hundred
meters for noticeable noise impacts. The region of air and noise influences for primary source
activities can conservatively include downwind areas within a 15.5 to 31 mi (25 to 50 km) radius
of the plant for air impacts and up to about 1.9 mi (3 km) from the fence line for noise impacts.
It is not anticipated that construction or refurbishment activities associated with license renewal
would involve new primary sources of air or noise pollution.

D.2.2 Description of Impact Assessment

Air quality and noise impacts were examined through a review of a select number of SEISs to
identify air emission sources that are permitted or have applications for permits during license
renewal, as well as the information provided in the 1996 GEIS (NRC 1996) and the
decommissioning GEIS (NRC 2002), which addressed impacts for plants that have undergone
decommissioning or are in the process of decommissioning. Offsite impacts were assessed
based on a survey of all operating nuclear power plants and information in the decommissioning
GEIS.

The following, including figures and tables, provides supplemental data and information in
support of the air quality impacts provided in Sections 3.3.1, 3.3.2, and 4.3.1.1.

D.2.2.1 Climatology

Continental U.S. maximum and minimum average annual temperatures from 1981 through 2010
are shown in Figures D.2-1 and D.2-2, respectively. The average annual precipitation over the
same period is shown in Figure D.2-3. In the period from 2006 through 2010, actual
precipitation as a percent of the average monthly precipitation is shown in Figure D.2-4.

(a) Both radiological and nonradiological (criteria air pollutants) releases are covered in the GEIS. See
Appendix F for description of region of influence and the impact assessment for radiological releases.
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Drought or near-drought conditions are shown in south-central California northeast of the

San Onofre plant and north of the Diablo Canyon plant. Similar drought conditions over this
recent 5-year period also appear in limited areas near the Palo Verde plant in Arizona. Above
normal annual precipitation (10 to 30 percent above historical averages) in the vicinity of
licensed commercial power reactors are shown in large areas of southwestern and south Texas,
the Midwest, and over much of the northeastern United States.

D.2.2.2 Air Quality

Air quality in all geographical regions of the United States is classified as being either in
attainment or nonattainment. The U.S. Environmental Protection Agency (EPA) has the
authority to formally designate areas as attainment or nonattainment areas and uses the
National Ambient Air Quality Standards (NAAQS) to evaluate an area’s attainment status. The
pollutants for which the NAAQS have been established are known as criteria pollutants (ozone
[Og], particulate matter with an aerodynamic diameter of less than or equal to 10 um [PMy],
particulate matter with an aerodynamic diameter of less than or equal to 2.5 ym [PM, 5], nitrogen
dioxide [NO;], SO,, CO, and lead [Pb]). If the concentration limit of a pollutant is below the
NAAQS, the area will be designated as being in attainment for that pollutant. An area is
deemed to be in attainment by the EPA when the air quality is monitored and the resultant
concentrations are found to be consistently below the NAAQS. Table D.2-1 provides primary
(public health, including health of “sensitive” populations) and secondary (public welfare,

e.g., protection against vegetation and materials damage, decrease in visibility) NAAQS for
each criteria air pollutant. However, if the pollution limits are exceeded for several consecutive
years, the EPA will designate an area as being in nonattainment. The area will subsequently be
subject to more stringent new or modified source regulatory requirements.

Areas can be in attainment for some pollutants, while being in nonattainment for others. Some
areas are designated as “maintenance” areas. These are regions that were initially designated
as nonattainment or unclassifiable and have since attained compliance with the NAAQS. Some
designated nonattainment areas for some pollutants include classifications identifying the level
of severity or degree of nonattainment. For example, the 1997 8-hr O3 standard of 0.08 ppm
has six separate classification levels, ranging from “marginal” to “extreme”.®) Further details on
the nonattainment designations, including the classification levels, can be found in EPA’s
“Green Book” (http://www.epa.gov/oaqps001/greenbk/).

(b) Extreme—Area has a design value of 0.187 ppm and above. Severe 17—Area has a design value of
0.127 up to but not including 0.187 ppm. Severe 15—Area has a design value of 0.120 up to but not
including 0.127 ppm. Serious—Area has a design value of 0.107 up to but not including 0.120 ppm.
Moderate—Area has a design value of 0.092 up to but not including 0.107 ppm. Marginal—Area has
a design value of 0.085 up to but not including 0.092 ppm.
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Table D.2-1. National Ambient Air Quality Standards (NAAQS)

NAAQS®
Averaging
Pollutant® Time Value Type'®
SO, 1-hour 75 ppb'? P
3-hour 0.5 ppm S
NO, hour 100ppp P
Annual 0.053 ppm (53 ppb) P,S
co thour sppm P
8-hour 9 ppm P
05 g-hour  0075ppm® | P,S
PMe 24hour 150 pgm® | PS
PMps 24hour  35pgm’ | PS
Annual 15 pg/m3 P, S
Pb Roling 015 pgm™ | PS
3-month

(a) Notation: CO = carbon monoxide; NO, = nitrogen dioxide; O3 = ozone;
Pb =lead; PM,5 = particulate matter < 2.5 ym; PM,, = particulate matter
<10 ym; and SO; = sulfur dioxide.

(b) Refer to 40 CFR Part 50 for detailed information on attainment determination
and reference method for monitoring.

(c) P =Primary standard whose limits were set to protect public health;

S = Secondary standard whose limits were set to protect public welfare.

(d) Final rule signed June 2, 2010. The 1971 annual and 24-hour SO, standards
were revoked in that same rulemaking. However, these standards remain in
effect until one year after an area is designated for the 2010 standard, except in
areas designated nonattainment for the 1971 standards, where the 1971
standards remain in effect until implementation plans to attain or maintain the
2010 standard are approved.

(e) Final rule signed March 12, 2008. The 1997 ozone standard (0.08 ppm, annual
fourth-highest daily maximum 8-hour concentration, averaged over 3 years)
and related implementation rules remain in place. In 1997, EPA revoked the
1-hour ozone standard (0.12 ppm, not to be exceeded more than once per
year) in all areas, although some areas have continued obligations under that
standard (“anti-backsliding”). The 1-hour ozone standard is attained when the
expected number of days per calendar year with maximum hourly average
concentrations above 0.12 ppm is less than or equal to 1.

(f)  Final rule signed October 15, 2008. The 1978 lead standard (1.5 pg/m3 asa
quarterly average) remains in effect until one year after an area is designated
for the 2008 standard, except that in areas designated nonattainment for the
1978, the 1978 standard remains in effect until implementation plans to attain
or maintain the 2008 standard are approved.

Source: EPA 2011a
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To be reclassified from nonattainment to an attainment maintenance area, the Clean Air Act
outlines several conditions that must be met, one of which is the development and EPA
approval of a maintenance plan. Other conditions that States must meet before an area may be
redesignated by the EPA include: (1) the area has monitored attainment of the air quality
standard; (2) the EPA has determined that the improvement in air quality is due to permanent
and enforceable reductions in emissions; (3) the State has submitted and EPA has approved a
maintenance plan for the area; and (4) the area has met all other applicable Clean Air Act
requirements. The EPA may approve or deny the redesignation request based on air
monitoring information, the activities listed in the State Implementation Plan, and the comments
submitted by the pubilic.

The maintenance plan must demonstrate continued compliance, considering projected growth,
for a period of ten years. If outdoor air monitors record a violation of the standard, the
maintenance plan must include a commitment to determine appropriate measures to address
the cause of the violation. This plan must specify measures that will be used in the area to
maintain compliance with the NAAQS. The plan must include controls the area will employ to
ensure emissions remain below certain levels and contingency measures to ensure prompt
correction of any NAAQS violations. The U.S. Nuclear Regulatory Commission (NRC) will
ensure coordination of the licensee with the appropriate EPA Regional Office and/or State air
quality office before any plants begin major construction or refurbishment activities.

D.3 Geologic Environment
D.3.1 Description of Affected Resources and Region of Influence

The geologic environment of nuclear power plant sites was not addressed in the 1996 GEIS, but
geology and soils are included in this GEIS update. An understanding of such geologic and soil
conditions, as well as the presence of geologic hazards, has been well established at all nuclear
power plants during the current licensing term. Changes in the potential for hazards, such as
earthquakes, are not within the scope of this GEIS because any such changes during the period
of extended operation would not be the result of nuclear reactor operations. The geologic and
soil resources considered in this GEIS are those that could be affected by an additional

20 years of reactor operation and by refurbishment activities within the nuclear power plant site
property boundaries and nearby offsite areas. Because land and soil disturbance during license
renewal could occur in undisturbed and undeveloped areas either onsite or possibly offsite, the
locations of power plants relative to areas of important farmland soils (e.g., prime farmland)
were considered. In addition, the region of potentially affected geologic resources considered
extends to offsite areas because the presence of a nuclear power plant may restrict rock,
mineral, and fossil fuel extraction operations beyond the site boundaries.
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D.3.2 Description of Impact Assessment

Geologic and soil resources could be affected by construction or refurbishment projects during
the license renewal term or subsequently during plant decommissioning. These actions would
include activities that disturb surface soils, sediments, and underlying geologic strata, resulting
in such effects as erosion, loss of soil resources, and increased suspended solids in nearby
surface water bodies.

All published SEISs were reviewed for new and significant information pertaining to geologic
and soil impacts from continued operations and refurbishment, but none was noted. The
magnitude of the impact of potential ground-disturbing activities on geology and soils and local
geologic resources would depend on site-specific factors such as the nature of geologic strata
and soils, facility location, construction planning, and site-specific resource mapping.

D.4 Water Resources
D.4.1 Description of Affected Resources and Region of Influence

Most of the nuclear power plants are located near significant surface water bodies that are
either natural or man-made. Therefore, the region of influence for water resources includes
those on and adjacent to each nuclear power plant site that could be impacted by water
withdrawals, effluent discharges, and spills or stormwater runoff associated with continued
operations and refurbishment activities. Thus, the surface water resources considered includes
those onsite, downstream of the site (in the case of river settings), or throughout some portion of
a body of water (in the case of an ocean, lake or Great Lake, bay, reservoir, or pond) adjacent
to the site. The region of influence for groundwater impacts includes areas both onsite (local
water table) and offsite (regional aquifer).

D.4.2 Description of Impact Assessment

Sources of information about surface-water and groundwater issues regarding water use, water
conflicts, and water quality included the 1996 GEIS, plant-specific supplements to the GEIS,
and the decommissioning GEIS update (NRC 2002). All published SEISs were reviewed for
new and significant information pertaining to water issues.

To analyze the condenser flow rate requirements and consumptive loss associated with specific
categories of cooling system technologies (see Section 3.5.1.1 in this GEIS), data from the
1996 GEIS and a U.S. Geological Survey report were compiled. The flow rates and
consumptive loss rates were normalized to a specific power capacity to allow comparisons.
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Permitting requirements related to surface water withdrawal and groundwater use were
summarized, and recent information was reviewed to assess water use conflicts and drought
effects on rivers.

The evaluation of new and significant information related to water resources impacts led to
several new water issues being considered in this GEIS revision. For example, the impacts of
dredging were addressed by reviewing information on dredging operations and permitting
requirements in SEISs prepared since issuance of the 1996 GEIS. The effects of general
groundwater and soil contamination stemming from spills, leaks, and general industrial practices
at power plants were evaluated through review of plant-specific SEISs and supporting
documents. The impacts of radionuclide leaks, particularly tritium, were summarized based on
a recent NRC summary report of tritium incidents (NRC 2006). A related document by the
nuclear industry (NEI 2007) pertaining to assessment and monitoring was also reviewed.

D.5 Ecological Resources
D.5.1 Description of Affected Resources and Region of Influence

Terrestrial resources potentially affected by nuclear power plant operations during the license
renewal term were determined at a broad level by obtaining the Level Il ecoregion data

(EPA 2007) (Table D.5-1) and land cover data (USGS 2003) for the vicinity of each power plant.
An ecoregion describes a broad landscape in which the ecosystems have a general similarity. It
can be characterized by the spatial pattern and composition of biotic and abiotic features, such
as vegetation, wildlife, physiography, climate, soils, and hydrology (CEC 1997). The Level |
ecoregions of the United States in which the nuclear power plants are located are shown in
Figure D.5-1. Each ecoregion is subdivided into subregions. Level lll ecoregions range from
the warm, arid Sonoran Basin and Range ecoregion with cactus-shrub habitats, in which the
Palo Verde plant in Arizona is located, to the cool, moist Northeastern Highlands ecoregion with
northern hardwood and spruce-fir forests, which contains the Indian Point plant in New York.
Level lll ecoregions in the vicinity of the operating nuclear plants are presented in Table D.5-2.
The region of influence for each power plant was considered to be the area within a radius of

5 mi as well as the transmission line ROWs associated with each power plant.

In the vicinity of the nuclear plants, an average of 25 percent of the land area is forested,

5 percent is grassland, and 4 percent is shrubland, as determined from land cover data. The
land area around 10 plants is mostly forested (exceeding 50 percent of the land cover), and
around 2 plants, it is mostly shrubland. (For no plants is it mostly grassland.) Agricultural lands
are also present in the vicinity of many of the nuclear plants. An average of 23 percent of the
area around all plants is used for crop production, and the area around 9 nuclear plants is
mostly agricultural (greater than 30 percent land cover). Wetland types within 5 mi of each
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power plant were determined by obtaining National Wetland Inventory (NWI) data

(USFWS 2007) (Table D.5-3). When NWI data were not available, the land cover data were
used. Open water areas were assigned to NWI classification on the basis of NWI classification
methodology.

Aquatic habitats and the types of aquatic organisms (including special status species) that could
be affected by nuclear power plant operations during the license renewal term were determined
at a broad level on the basis of the location of the plant and the source of cooling water used by
the plant. In cases where cooling systems could affect more than one type of system

(e.g., freshwater and estuarine), impacts to both systems were considered in the analysis.
Similarly, the potential for migratory aquatic species to be affected by a particular plant was
based on reported occurrences of such species in waters used to supply cooling water. Plants
that use estuarine or marine water sources for cooling or plants that use freshwater cooling
water sources with a potential for containing migratory life stages of Federally managed fishery
species were assumed to have a potential for affecting essential fish habitat. In general,
existing impingement, entrainment, and thermal impacts on aquatic organisms from cooling
water systems were considered to be lower for plants with cooling towers when operating in a
closed-cycle mode because those plants withdraw smaller volumes of water for cooling and
have comparatively smaller thermal plumes.

Additional information regarding terrestrial and aquatic resources in the vicinity of specific
nuclear power plants was obtained from scientific articles and reports, from recently completed
SEISs, and from environmental reports (ERs) included as part of the applications submitted by
applicants for renewal of reactor licenses. Information from these sources was used to describe
the general types of nuclear plant interactions with ecological resources and illustrate impact
types observed at the nuclear plants. In some cases, information provided in the 1996 GEIS
(NRC 1996) was used to describe the affected environment.

D.5.2 Description of Impact Assessment

A wide range of issues (Table 2.4-1) related to potential impacts of license renewal on
ecological resources were evaluated by considering how continuation of operations would affect
ecological resources compared to the current condition. Although the ecological impacts
associated with plant decommissioning have been previously evaluated by the NRC (2002), the
ecological impacts associated with delaying decommissioning because of license renewal were
considered as part of the proposed action (Section 4.1.3.5). Potential impacts to terrestrial and
aquatic resources were evaluated, in part, by a review of published literature related to the
impacting factors associated with operations and associated construction and refurbishment
actions during the license renewal term. Although some of the impacts identified were specific
to nuclear power plant operation (e.g., effects of radionuclides on biota), impacts associated
with non-nuclear power plants also were reviewed (e.g., the effects of bird collisions
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with natural draft cooling towers or electric transmission lines, or the effects of impingement,
entrainment, and thermal stress on fish and other aquatic organisms). In addition, recently
completed SEISs were reviewed for impact evaluations and the presentation of new and
potentially significant information on the impacts of plant operations during the renewal term.

The potential impacts of radionuclide exposure on terrestrial and aquatic biota at nuclear power
plants were evaluated by reviewing Radiological Environmental Monitoring Program reports
(primarily annual radiological environmental operating reports) for 15 power plants selected to
represent a range of radionuclide concentrations in the environmental media, including plants
identified as having high annual worker total effective dose equivalent values or public
exposures. In instances where a site’s sediment or soil concentration for a particular nuclide
was below the lower limit of detection (LLD), the LLD was substituted as the concentration for
that media type, thereby resulting in a conservative estimate (i.e., more likely to identify a
potential for negative impacts to biota) of potential exposure. The radionuclide concentrations in
water, sediment, and soil were then input to the RESRAD-BIOTA dose evaluation model

(DOE 2004) to estimate the dose rates for terrestrial and aquatic biota.

The RESRAD-BIOTA code was developed at Argonne National Laboratory based on the

U.S. Department of Energy’s (DOE’s) graded approach to biota dose evaluation (DOE 2002).
There are three levels provided by the RESRAD-BIOTA code corresponding to the graded
approach to biota dose evaluation. The evaluation presented in Section 4.1.1.5.1 was
conducted using RESRAD-BIOTA Level 2, which was necessary for dose modeling. Because
the LLDs for water samples were relatively high compared to the Biota Concentration Guide,
water radionuclide concentrations below the LLD were estimated using the partition coefficient
(Kq value) provided in the RESRAD-BIOTA code.

For all ecological receptors, default bioaccumulation factors and dose limits were used.
Radionuclides at each site were evaluated by comparing the sum of the total estimated dose to
the default dose limits (riparian animal, 0.1 rad/d; terrestrial animal, 0.1 rad/d; terrestrial plant,
1.0 rad/d; aquatic organisms, 1.0 rad/d). Estimated doses that were less than the dose limit
were determined to represent an acceptable radiological risk to the receptor, whereas estimated
doses above the dose limit were determined to represent an unacceptable radiological risk to
the receptor. More information about the RESRAD-BIOTA code, including instructions for using
the model, can be found at http://web.ead.anl.gov/resrad/documents/.

The potential impacts of continued operation of the cooling systems on terrestrial biota at
nuclear power plants were evaluated by reviewing published site-specific reports to gather
information on the types and concentrations of contaminants released from the cooling systems
into the environment and comparing those concentrations to regulatory guidelines to determine
whether the contaminants associated with cooling system operation posed any risk to terrestrial
resources. Specifically, radiological effluent release reports (RERRs), ERs, and recently
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prepared SEISs for eight nuclear power plants were reviewed to identify the types and
concentrations of contaminants associated with the operation of the cooling systems. The eight
nuclear power plants were selected to represent different cooling systems and contaminants.
Water concentrations were reported in the RERRSs, ERs, or SEISs for only two contaminants:
chlorine and tritium. The maximum reported concentrations for both contaminants from the site-
specific reports were compared to regulatory guidelines and the results from laboratory
experiments. Maximum site-specific concentrations below the lowest observed effects level
(LOEL) or below the recommended regulatory guideline were considered to represent an
acceptable risk to terrestrial resources. Maximum site-specific concentrations above the LOEL
or above the recommended regulatory guideline were considered to represent an unacceptable
risk to terrestrial resources. Potential effects of contaminants introduced into aquatic
environments from cooling water systems were evaluated by reviewing the SEISs that have
been previously completed and scientific literature pertaining to potential and observed effects
of contaminants and biocides used for maintenance of cooling water systems.

D.6 Historic and Cultural Resources
D.6.1 Description of Affected Resources and Region of Influence

In this revision, the term “historic properties” is used when discussing Section 106 compliance
activities and “historic and cultural resources” is used when generically referencing the
resource. The NRC considers historic and cultural resources as an all-inclusive term that
includes prehistoric, historic, and traditional cultural properties. In addition, while NHPA
requires agencies to take into account the effects of their undertakings on historic properties,
NEPA requires the consideration of the cultural environment; thus the issue is termed “Historic
and Cultural Resources” (see NEPA Statute Sec. 101 42 USC 4331(b) 4). The NRC
coordinates Section 106 requirements through the NEPA process.

In determining affected historic and cultural resources, the region of influence is the Area of
Potential Effect (APE). The license renewal APE is the area that may be impacted by land
disturbing, or other operational, activities associated with continued plant operations and
maintenance during the license renewal term and/or refurbishment. The APE typically
encompasses the nuclear power plant site, its immediate environs including viewshed, and the
transmission lines within this scope of review (see Sections 3.1.1 and 3.1.6.5 in this GEIS). The
APE may extend beyond the nuclear plant site and transmission lines when these activities may
affect historic and cultural resources. This determination is made irrespective of land ownership
or control. The NRC must identify historic and cultural resources occurring within the defined
APE.

D-23 NUREG-1437, Revision 1



Appendix D

Historic and cultural resources can include physical remains of past human activity that have
historic or cultural meaning. They include archaeological sites (e.g., prehistoric campsites and
villages), historic era resources (e.g., farmsteads, forts, and canals), and traditional cultural
properties (e.g., resource collection areas and sacred areas). Historic and cultural resources
that are eligible for listing on the NRHP are considered historic properties that are evaluated
under Section 106 of the NHPA. Historic properties that could be affected by license renewal
and that are included in the region of influence include both those found in areas within the plant
property and areas outside the property that would be affected by plant activities. In most
cases, license renewal activities will be confined to the current property boundaries and the
transmission line ROW up to the first substation. Continued operations, refurbishment, and
decommissioning activities may affect currently undeveloped portions of plant property. While
some portions of the nuclear power plant site and transmission line ROW were heavily disturbed
during the power plant construction, it is expected that some historic and cultural resources
would remain in less disturbed portions of the site.

D.6.2 Description of Impact Assessment

Cultural resources were identified as resources to be considered for license renewal in the
1996 GEIS (NRC 1996), where they were identified as a Category 2 issue (NRC 1996). The
current assessment is in agreement with this categorization. Due to geographic, cultural, and
historic differences, a site-specific assessment of historic and cultural resources must be
performed. A sample review of 27 nuclear power plants revealed very few archaeological sites.
Extensive ground-disturbing activities occurred during nuclear power plant construction, and
much of the land immediately surrounding the power block was disturbed down to bedrock.
This activity would have eliminated any potential for historic or cultural resources to be present
in this portion of the power plant site. However, to effectively determine areas that could
potentially contain historic and cultural resources, a survey of any previously disturbed areas of
the nuclear power plant site must be conducted by qualified professionals and in consultation
with the SHPO and other consulting parties. Plant activities that could affect historic and
cultural resources during the renewal period include minor construction projects, maintenance
actions, security improvements, landscaping activities, agricultural, and recreational activities.
Impacts to historic and cultural resources from these activities are assessed in plant-specific
supplements to the GEIS.

Potential impacts to historic and cultural resources were considered for decommissioning and
were found to be SMALL (NRC 2002). The current assessment evaluates whether continued
operations during the license renewal term would affect the conclusions in the decommissioning
GEIS for both the plant and transmission lines. The current assessment is based on potential
effects of continued operation and refurbishment activities on historic and cultural resources
during the license renewal term.
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D.7 Socioeconomics and Environmental Justice
D.7.1 Description of Affected Resources and Region of Influence

The impacts of nuclear power plant operations and refurbishment occur at the local level, in the
county in which a plant is located, at the regional level, in the counties in which the majority of
permanent plant employees reside, and at the State level. The definition of the region around
each nuclear plant is based on employee residential location data and the location of vendors
providing materials, equipment, and services necessary for operation, maintenance, and any
construction that might be required for refurbishment activities. The majority of the economic
and tax revenue data used in the GEIS update was derived from a series of reports developed
by the Nuclear Energy Institute (NEI 2003, 2004a,b,c,d, 2005a,b, 2006a,b,c), which was used to
describe the socioeconomic environment in the region in which a sample of 11 nuclear plants

are located, and for the estimation of impacts of each plant at the local and State levels

(Table D.7-1).

Table D.7-1. Definition of Local Areas and Regions at 11 Nuclear Plants

Additional
Plant Counties in Local Area Counties in Region State
Diablo Canyon San Luis Obispo None California
Grand Gulf Warren and Claiborne Hinds, Franklin, Copiah, Adams  Mississippi
Indian Point Westchester, Duchess, None New York
Orange, Putham and
Rockland
Limerick Montgomery Berks, Chester Pennsylvania
Millstone New London None Connecticut
Oconee Anderson, Greenville, None South Carolina
Oconee and Pickens
Palo Verde Maricopa None California
Peach Bottom York Lancaster, Chester Pennsylvania
Susquehanna Luzerne None Pennsylvania
Three Mile Island Dauphin Lancaster, Lebanon, York, Pennsylvania
Cumberland, Perry
Wolf Creek Coffey Lyon, Franklin, Anderson, Kansas

Shawnee

Sources: NEI 2003, 2004a,b,c,d, 2005a,b, 2006a,b,c
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D.7.2 Estimation of Direct and Indirect Economic Effects

Nuclear power plant operations generate significant employment and expenditures at each plant
site. Wage and salary and nonlabor expenditures create demand for a range of durable and
nondurable goods provided by wholesalers and retailers, and also create demand for health and
professional services and housing. Power plants also provide tax revenues for local and State
governmental entities. In addition to employment, wages and salaries, and nonlabor
expenditures directly associated with plant operations, power plants also produce indirect
employment and income in the local and State economies as direct expenditures associated
with wages and salaries, procurement, and tax revenues, which circulate through the
economies, producing additional economic activity. The magnitude of the indirect economic
impact of labor spending at each plant is determined by the extent to which plant employees live
in the local area and region around each plant. The indirect impact of nonlabor expenditures is
determined by the extent to which vendors of materials, equipment, and supplies are located in
the local area and region.

Estimation of the indirect impact of nuclear power plants on local and State employment and
income in NEI data was based on the use of regional economic multipliers in association with
plant expenditure data for the construction and operations phases. Multipliers capture the
indirect (offsite) effects of onsite activities associated with construction and operation of an
activity or event. Expenditure data associated with the construction and operation of nuclear
power plants were derived from individual utility sources, which provided the relevant
construction and operating cost data for wages and salaries and nonlabor expenditures
(procurement of materials, equipment, and services) and tax revenues.

Expenditure data in the NEI reports were mapped into the relevant North American Industry
Classification System codes for use with multipliers from an IMPLAN model specified for the
local area and State in which each power plant is located. IMPLAN input-output economic
models are based on economic accounts showing the flow of commaodities to industries from
producers and institutional consumers. The accounts also show consumption activities by
workers and owners of capital and imports from outside the region. The IMPLAN model
contains 528 sectors representing industries in agriculture, mining, construction, manufacturing,
wholesale and retail trade, utilities, finance, insurance and real estate, and consumer and
business services. The model also includes information for each sector on employee
compensation; proprietary and property income; personal consumption expenditures; Federal,
State, and local expenditures; inventory and capital formation; and imports and exports. More
information on the IMPLAN model and data can be found in each NEI report (NEI 2003,
2004a,b,c,d, 2005a,b, 2006a,b,c).

In addition to NEI data on direct power plant employment, wage and salary spending, materials
and equipment expenditures, and local and State tax revenues, NEI| estimates of indirect
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employment and income impacts at the local and State levels associated with power plant labor
and nonlabor expenditures and tax revenue spending were reported in the analysis of impacts
in the GEIS update.

Impacts of plant operations and refurbishment are likely to vary according to the scale of
employment and expenditures at each power plant and the type of economy in which each plant
is located. To assess the impact of power plant size and location in the GEIS update, 11 power
plants for which direct and indirect impacts were estimated by NEI were classified according to
whether the economic structure in the locality and region around each plant is rural or semi-
urban. Rural areas often have relatively simple economies, and agriculture is often the primary
economic activity. Many of the industries that provide equipment and services important to
power plant operations are largely absent in rural areas, which have smaller, less diversified
labor markets, with often lower skilled, lower paying occupations. In addition to agriculture and
related activities, in some locations there may also be a range of other activities, including
resource extraction, manufacturing, and transportation industries that provide employment and
income. In semi-urban areas, where economic structures are more complex than in rural areas,
there are a wider range of industries and larger and more diverse labor markets. Semi-urban
areas may also serve specialized economic functions, including maritime shipping, fishing,
boatbuilding, recreation, and tourism and numerous locations featuring residential areas hosting
second homes and retirement communities.

D.7.3 Environmental Justice Assessment Methods

Executive Order 12898, “Federal Actions to Address Environmental Justice in Minority
Populations and Low-Income Populations,” requests independent Federal agencies to
incorporate environmental justice as part of their missions. Specifically, it requests them to
address, as appropriate, any disproportionately high and adverse human health or
environmental effects of their actions, programs, or policies on minority and low-income
populations. The NRC voluntarily complies with this Executive Order. Additional guidance for
undertaking environmental justice reviews is described in Section 3.10.

The analysis of the impacts of nuclear power plant operations and refurbishment during the
license renewal term on environmental justice has three parts: (1) a description of the
geographic distribution of low-income and minority populations in the affected area; (2) an
assessment of whether the impacts of license renewal would produce impacts that are high and
adverse; and (3) if impacts are high and adverse, a determination as to whether these impacts
disproportionately affect minority and low-income populations.

The analysis considers minority and low-income populations who reside within a 50-mi (80-km)

radius of a nuclear plant. Data on low-income and minority individuals are collected and
analyzed at the census tract or census block group level.

D-27 NUREG-1437, Revision 1



Appendix D

Minority individuals are those who identify themselves as members of the following population
groups: Hispanic or Latino, American Indian or Alaska Native, Asian, Black or African-
American, Native Hawaiian or Other Pacific Islander, or two or more races. Beginning with the
2000 census, where appropriate, the census form allows individuals to designate multiple
population group categories to reflect their ethnic or racial origin. In addition, persons who
classify themselves as being of multiple racial origins may choose up to six racial groups as the
basis of their racial origins. The term minority includes all persons, including those classifying
themselves in multiple racial categories, except those who classify themselves as not of
Hispanic origin and as White or Other Race.

Minority populations are identified when (1) the minority population of an affected area exceeds
50 percent or (2) the minority population percentage of the affected area is “meaningfully
greater than” the minority population percentage in the general population or other appropriate
unit of geographic analysis. Minority populations may be communities of individuals living in
close geographic proximity to one another, or a geographically dispersed or transient set of
individuals (e.g., migrant workers or American Indians) where the group experiences common
conditions of environmental exposure or effect. The appropriate unit of geographic analysis
may be a political jurisdiction, county, region, or State or other similar unit that is chosen so as
not to artificially dilute or inflate the affected minority population.

Low-income individuals are those whose annual income falls below the poverty line. The
poverty line takes into account family size and the age of individuals in the family. In 1999, for
example, the poverty line for a family of five with three children below the age of 18 was
$19,882. For any given family below the poverty line, all family members are considered as
being below the poverty line for the purposes of analysis. Low-income populations in an
affected area are identified with the annual statistical poverty thresholds from the Census
Bureau’s Current Population Reports, Series PB60. Low-income populations may be
communities of individuals living in close geographic proximity to one another, or a set of
individuals (e.g., migrant workers) where the group experiences common conditions of
environmental exposure or effect.

Nuclear power plant license renewal could affect environmental justice if any adverse health
and environmental impacts are significantly high, and if these impacts would disproportionately
affect minority and low-income populations. If the analysis determines that health and
environmental impacts are not significant, there can be no disproportionate impacts to minority
and low-income populations. Disproportionately high and adverse human health effects occur
when the risk or rate of exposure to an environmental hazard for a minority or low-income
population is significant (as defined by the Council on Environmental Quality, CEQ) and
appreciably exceeds the risk or exposure rate for the general population or for another
appropriate comparison group. Disproportionately high environmental impacts that are
significant (as defined by CEQ) are impacts or risks of impacts on the natural or physical
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environment in a low-income or minority community that appreciably exceed the environmental
impact on the larger community. Such effects may include ecological, cultural, economic, or
social impacts. Adverse environmental impacts are impacts that are determined to be both
harmful and significant (as defined by CEQ). In assessing cultural and aesthetic environmental
impacts, impacts that uniquely affect geographically dislocated or dispersed minority or low-
income populations or American Indian Tribes are considered (CEQ 1997).

D.8 Human Health
D.8.1 Radiological Effects

Nuclear power plants produce electricity through a heat-generating process known as “fission,”
in which neutrons split uranium atoms to produce large amounts of energy. Any material that is
capable of undergoing fission by neutrons in a self-sustaining chain reaction is called fissile
material. The most common fissile isotopes are uranium-235 and plutonium-239. Neutrons
whose energy distribution is in thermal equilibrium with the ambient medium are called thermal
neutrons. When a thermal neutron strikes uranium-235, it splits the uranium atom into two
isotopes with a smaller atomic weight (called fission products) and several neutrons (the mean
number of neutrons per fission of uranium-235 is 2.5) and gamma rays. All fission products are
radioactive and decay to form other radioactive isotopes. The amount of energy generated in a
fission reaction is about 200 MeV, and this energy is distributed among fission products,
neutrons, and fission gamma rays. Most of the energy generated in the nuclear fission process
is dissipated as thermal energy and is converted into electrical energy in a nuclear power plant.
Nuclear fission differs from other forms of radioactive decay in that it can be harnessed and
controlled via a chain reaction in which neutrons released by each fission event trigger yet more
events, which, in turn, release more neutrons and cause more fission.

In a nuclear reactor, a controlled sustained chain reaction is produced. The core of a nuclear
reactor consists of fuel (containing uranium enriched in uranium-235), a moderator to slow down
the neutrons released in fission, a coolant to remove the thermal energy, and control rods for
controlling the chain reaction. In enriched uranium, the percent composition of uranium-235 is
increased (2 to 5 percent) from its natural composition (about 0.7 percent) in uranium. The
nuclear power plants in the United States use water as both a moderator and a coolant. During
the fission process, a large inventory of radioactive fission products builds up within the fuel.
Virtually all of the fission products are contained within the fuel pellets. The fuel pellets are
enclosed in hollow metal rods (cladding), which are hermetically sealed to further prevent the
release of fission products. However, a small fraction of the fission products migrate from the
fuel rods and contaminate the reactor coolant. The primary system coolant also has radioactive
contaminants as a result of neutron activation (a process by which a stable atom becomes
radioactive after undergoing a reaction with a neutron). Neutrons also interact with structural
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materials inside the pressure vessel and with the pressure vessel itself and make those
materials radioactive.

D.8.1.1 Background Information on Radiation

Atoms are the basic building blocks of matter. An atom consists of three basic particles:

(1) neutrons (neutral particles), (2) protons (positively charged particles), and (3) electrons
(negatively charged particles). Neutrons and protons combine to form the positively charged
nucleus which is the central part of the atom. The electrons revolve around the nucleus in
different orbits. Atoms of different types are known as elements. Elements differ in the number
of protons and electrons they have, but they have an equal number of each. When atoms of an
element have a different number of neutrons, they are called isotopes of that element.
Elements have many isotopes, and some of them may be unstable.

Radiation is energy transmitted in the form of waves or particles. There are two basic types of
radiation: particulate radiation and electromagnetic radiation. Particulate radiation (alpha and
beta radiation) has both mass and energy associated with it. Electromagnetic radiation is pure
energy with no mass, such as x-rays and gamma rays. Radiation is produced when unstable
isotopes undergo spontaneous change, known as radioactive disintegration or radioactive
decay. The rate of decay is measured by how long it takes for half of the sample to decay.
When an unstable isotope changes into a more stable form it may emit either an alpha particle
or a beta particle. These reactions may or may not be associated with gamma radiation. The
alpha and beta particles are generally referred to as ionizing radiation.

An alpha particle emits positively charged, highly energetic ionizing radiation that consists of two
protons and two neutrons. Alpha particles are extremely limited in their ability to penetrate
matter, and they can be stopped easily by a sheet of paper or by the outer layer of the skin. In
air, they can travel only a few centimeters. Therefore, alpha particles outside the body do not
cause any external radiation exposure. However, when the alpha particles are ingested or
inhaled they dissipate all their energy in the living tissue, which results in radiation exposure.

A beta particle is an electron that is much lighter than an alpha particle. It can travel a longer
distance in air than an alpha particle but can still be stopped by a thin sheet of aluminum foil.
Low-energy beta emitters in general do not result in external radiation exposure, but high-
energy beta emitters, when stopped by shielding, may generate Bremsstrahlung x-rays that may
result in external radiation exposure. The intake of beta particles would result in internal
radiation exposure.

X-rays and gamma rays are waves of pure energy that travel with the speed of light and are

very penetrating; they require thick concrete or lead shielding to stop them. X-rays and gamma
rays can result in both external and internal radiation exposure.
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Neutrons lose energy through collisions with the nuclei of the atoms in their environment. They
generally slow down to thermal or near thermal energies and are captured by nuclei of the
absorbing material. Therefore, neutrons generally travel long distances in air or metallic
components before they are absorbed. Radiation exposure occurs from gamma rays and alpha
particles that are emitted when a neutron is captured in matter.

D.8.1.2 Conventional Quantities and Units

Following is the list of conventional terms used in the evaluation of radiological human health
impacts.

* Absorbed dose: The energy imparted by ionizing radiation per unit mass of the
irradiated material. The units of absorbed dose are the rad and the gray (Gy).

* Activity: The rate of disintegration (transformation) or decay of radioactive material. The
units of radioactivity are the curie (Ci) and the Becquerel (Bq).

* Collective dose: The sum of the individual doses received in a given period of time by a
specified population from exposure to a specified source of radiation.

* Committed dose equivalent: The dose equivalent to organs or tissues of reference that
will be received from an intake of radioactive material by an individual during the 50-year
period following the intake.

* Committed effective dose equivalent: The sum of the products of the weighting factors
applicable to each of the body organs or tissues that are irradiated and the committed
dose equivalent to these organs or tissues.

* Deep-dose equivalent: Applies to external whole-body exposure and is the dose
equivalent at a tissue depth of 1 cm.

* Dose equivalent: The product of the absorbed dose in tissue, quality factor, and all other
modifying factors at the location of interest. The units of dose equivalent are the rem
and the sievert (Sv).

» Effective dose equivalent: The sum of the products of the dose equivalent to the organ
or tissue and the weighting factors applicable to each of the body organs or tissues that

are irradiated.

* External dose: That portion of the dose equivalent received from radiation sources
outside the body.
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* Internal dose: That portion of the dose equivalent received from radioactive material
taken into the body.

* Nonstochastic effect: Health effects, the severity of which varies with the dose and for
which a threshold is believed to exist. Radiation-induced cataract formation is an
example of a nonstochastic effect (also called a deterministic effect).

* Organ dose: Dose received as a result of radiation energy absorbed in a specific organ.

* Occupational dose: Dose received by an individual in the course of employment in
which the individual’s assigned duties involve exposure to radiation or to radioactive
material.

* Public dose: The dose received by a member of the public from exposure to radiation or
radioactive material.

* Quality factor: The modifying factor (see Table D.8-1) that is used to derive the dose
equivalent from the absorbed dose.

* Shallow-dose equivalent: Applies to external exposure of the skin or an extremity and is
taken as the dose equivalent at a tissue depth of 0.007 cm averaged over an area of
1 cm?.

» Stochastic effect: Health effects that occur randomly and for which the probability of the
effect occurring, rather than its severity, is assumed to be a linear function of dose
without threshold. Hereditary effects and cancer incidence are examples of stochastic

effect.
Table D.8-1. Quality Factors and Absorbed Dose Equivalencies
Quality Absorbed Dose Equal to
Type of Radiation Factor a Unit Dose Equivalent(a)
X-, gamma, or beta radiation 1 1
Alpha particles, multiple-charged particles, fission 20 0.05
fragments, and heavy particles of unknown energy.
Neutrons of unknown energy 10 0.1
High energy protons 10 0.1

(a) Absorbed dose in rad equal to 1 rem or the absorbed dose in gray equal to sievert.
Source: 10 CFR Part 20
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» Total body dose: Sum of the dose received from external exposure to the total body,
gonads, active blood-forming organs, head and trunk, or lens of the eye and the dose
due to the intake of radionuclides by inhalation and ingestion where a radioisotope is
uniformly distributed throughout the body tissues rather than being concentrated in
certain parts.

» Total effective dose equivalent: The sum of the deep-dose equivalent (for external
exposure) and the committed effective dose equivalent (for internal exposure).

* Weighting factor: The fraction of the overall health risk, resulting from uniform whole
body irradiation, attributable to a specific organ or tissue. Table D.8-2 lists organ dose

weighting factors.

* Whole body dose: Same as total body dose.

D.8.1.3 Biological Effects of Radiation Table D.8-2. Organ Dose
Weighting
Radiation interacts with the atoms that form the cells. Factors

There are two mechanisms by which radiation affects

cells: direct action and indirect action. In a direct action, Organ or Tissue W;'airt'::'g
the radiation interacts directly with the atoms of the DNA

molecule or some other component critical to the survival Gonads 0.25

of the cell. Since the DNA molecules make up a small part  Breast 0.15

of the cell, the probability of direct action is small. Red bone marrow 0.12
Because most of the cell is made up of water, there is a Lung 0.12
much higher probability that radiation would interact with Thyroid 0.03
water. In an indirect action, radiation interacts with water

and breaks the bonds that hold the water molecule Bone surfaces 0.03
together and produces reactive free radicals that are Remainder 0.30%
chemically toxic and destroy the cell. The body has Whole body 1.00®
mechanisms to repair damage caused by radiation. (a) 0.30 results from 0.06 for each of
Consequently, biological effects of radiation on living cells five "remainder” organs (excluding the
may result in three outcomes: (1) injured or damaged ts:énhai‘;r?etshtedf:(:s.of the eye) that receive
cells repair themselves, resulting in no residual damage; (b) For the purpose of weighting the external
(2) cells die, much like millions of body cells do every day, m“;'s;l’zii :)"Zes(l‘;‘gl:‘\’;’;‘gh't‘l;g :cgitor
being replaced through normal biological processes; or of 1 has been specified.

(3) cells incorrectly repair themselves, resulting in a Source: 10 CFR Part 20

biophysical change. Stochastic effects may occur when
an irradiated cell is modified rather than killed. A modified
cell may, after a prolonged delay, develop into a cancer.
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The biological effects on the whole body from exposure to radiation depend on many factors,
such as the type of radiation, total dose, time interval over which the dose is received, and part
of the body that is exposed. Not all organs are equally sensitive to radiation. The blood-forming
organs are most sensitive to radiation; muscle and nerve cells are relatively insensitive to
radiation. There could be two types of radiation exposure: (1) a single accidental exposure to
high doses of radiation for a short period of time (acute exposure), which may produce
biological effects within a short time after exposure, and (2) long-term, low-level overexposure,
commonly called continuous or chronic exposure. High doses of radiation can cause death.
Other possible effects of a high radiation dose include erythema, dry desquamation, moist
desquamation, hair loss, sterility, cataracts, and acute radiation syndromes. Low doses of
radiation can cause genetic effects and carcinogenic effects.

D.8.1.4 Human Health Effects of Radiation

Radiation can cause a variety of health effects. The most significant of these are induced
cancer fatalities. The National Research Council's Committee on the Biological Effects of
lonizing Radiation (BEIR) has prepared a series of reports on the health consequences of
radiation exposure. In the 1996 GEIS (NRC 1996) the NRC staff summarized the risk estimates
from different reports including BEIR-I, BEIR-IIl, and BEIR-V, the 1988 UNSCEAR

(United Nations Scientific Committee on the Effects of Atomic Radiation) reports, and
International Commission on Radiological Protection (ICRP) Publication 26 (ICRP 1977).

In 1991, the ICRP issued a complete set of new recommendations based on new biological
information (ICRP 1991). Table D.8-3 provides the nominal probability coefficients for
stochastic effects. ICRP estimated the probability of fatal cancer by using the data on the
Japanese survivors of the Hiroshima and Nagasaki atomic bombs and their assessment by

Table D.8-3. Nominal Probability Coefficients for Stochastic Effects

Probability Coefficients (1 0* rem'1)(a)

Severe
Exposed Nonfatal Hereditary
Population Fatal Cancer Cancer Total Cancer Effects
Adult workers 4.0 0.8 4.8 0.8
Whole population 5.0 1.0 6.0 1.3

(a) Rounded values.
Source: ICRP 1991
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BEIR and UNSCEAR committees. ICRP reviewed the available experimental data on dose-
response relationships for radiation of low linear energy transfer (LET) and the effect of dose
and dose rate on this relationship and concluded that the dose-response relationship is most
probably linear quadratic for low LET radiations. The BEIR-V risk estimate (eight cancer
fatalities among 10,000 people exposed to 10,000 person-rem) was based on a high dose.
ICRP in its 1991 recommendations used a dose and dose rate effectiveness factor (DDREF) of
2 to convert the high-dose or high-dose-rate estimates of risk to low-dose or low-dose-rate
estimates of risk. The estimates of severe hereditary effects were also based on the
experimental data on genetic effects in animals, which were in assessments done by BEIR and
UNSCEAR committees.

In 1993, the National Council on Radiation Protection and Measurement (NCRP) recommended
that a lifetime risk of fatal cancer of 4 x 10™/(person-rem) be used for a worker population and
similarly, a lifetime risk of 5 x 10™*/(person-rem) be used for the general population. The NCRP
also recommended a risk estimate of about 1 x 10™/(person-rem) for severe hereditary effects in
the total population and a somewhat lower risk estimate for the worker population (NCRP 1993).
These recommendations are similar to the ICRP recommendations on the lifetime risk of fatal
cancer.

In 1999, the EPA issued Federal Guidance Report No. 13, which provides numerical factors for
use in estimating the risk of cancer from low-level exposure to radionuclides. Risk coefficients
are provided for the following modes of exposure to a given radionuclide: inhalation of air,
ingestion of food, ingestion of tap water, external exposure from submersion in air, external
exposure from the ground surface, and external exposure from soil contaminated to an infinite
depth (EPA 1999). The risk coefficients are applicable to either chronic or acute exposure to a
radionuclide.

In 2006, the National Research Council’'s Committee on the Biological Effects of lonizing
Radiation (BEIR) published its latest report BEIR-VII, Health Risks from Exposure to Low Levels
of lonizing Radiation (BEIR 2006). The committee had published its previous report on the
same topic, BEIR-V, in 1990 (BEIR 1990).

Three major changes have occurred after the BEIR V report was published. First, an additional
12 years of follow-up medical data were available. Second, cancer incidence data for the cohort
were available (for BEIR V, only mortality data were available). The impact of these two
developments has reduced the uncertainty in the assessment of cancer risk among the atomic
bomb survivors. Third, the dosimetry system used to assign radiation exposure to the atomic
bomb survivors was replaced with an improved dosimetry system. These changes have
improved the understanding of the health risks associated with radiation exposure (NRC 2005).
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In estimating the cancer risk, the committee used the Hiroshima and Nagasaki atomic bomb
survival data for the period 1958-1998 and a dose and dose rate effectiveness factor of 1.5 was
used. Table D.8-4 lists the recommended risk coefficients for cancer incidence and fatality.
Table D.8-4 shows the estimated cancer cases and deaths in the U.S. population that would be
expected to result if each individual in a population of 100,000 was exposed to a single dose of
10 rad. It also shows the number that would be expected in the absence of radiation. The

95 percent confidence intervals are also shown.

The BEIR VII committee’s preferred estimate of lifetime attributable risk for solid cancer
incidence and mortality (Table D.8-4) suggests that females are more sensitive than males to
radiation exposure at 10 rem, a level that is 100 times the NRC'’s radiation protection standards
specified in 10 CFR Part 20. The BEIR VIl committee’s preferred estimate of lifetime
attributable risk for leukemia cancer incidence and mortality (Table D.8-4), moreover, suggests
that males are more sensitive than females. The BEIR VII committee uses the 95 percent
confidence intervals associated with estimated lifetime cancer risk for males and females that
suggest that the apparent gender difference may not be statistically significant.

Table D.8-5 compares the BEIR VIl risk estimates for whole population with estimates
recommended by BEIR V, ICRP, EPA, and UNSCEAR in recent years. The overall difference in
the risk estimates recommended by different organizations is statistically insignificant. In this
regard, the BEIR VII report states: “in general the magnitude of estimated risks for total cancer
mortality or leukemia has not changed greatly from estimates in past reports such as BEIR V
and recent reports of the United Nations Scientific Committee on the Effects of Atomic

Table D.8-4. Estimates of Lifetime Attributable Risk of Incidence and Mortality
for All Solid Cancers and for Leukemia in the BEIR VII Report®

All Solid Cancers Leukemia

Category Males Females Males Females
Excess cases (including nonfatal 800 1300 100 70
cases) from exposure to 10 rad (400-1,600) (690-2,500) (30-300) (20-250)
Number of cases in the absence 45,500 36,900 830 590
of exposure
Excess deaths from exposure to 410 610 70 50
10 rad (200-830) (300-1,200) (20-220) (10-190)
Number of deaths in the absence 22,100 17,500 710 530
of exposure

(@) Number of cases or deaths per 100,000 exposed persons with 95 percent subjective confidence
intervals shown in parentheses.
Source: BEIR 2006
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Table D.8-5. Comparison of BEIR VII Lifetime Cancer Mortality Estimates with
Those from Other Reports

BEIRV® ICRP® EPA® UNSCEAR®  BEIR vII¥

Cancer Category (1990) (1991) (1999) (2000) (2006)
Leukemia® 50 56 50 0 61
All cancer except leukemia 460 450 520 - -
All solid cancers (sum) - - - 520 510

NOTE: Excess deaths for population of 100,000 of all ages and both sexes exposed to 10 rad.

(a) Average of estimates for males and females. The values show the results that would be obtained if the
DDREF of 1.5, used by the BEIR VII committee, had been employed.

(b) Except for the EPA breast and thyroid cancer estimates, the solid cancer estimates are linear estimates
reduced by a DDREF of 2.

(c) Average of estimates for males and females. The estimate is a combined estimate (using the same
weights as used by the BEIR VII committee applied on a logarithmic scale) reduced by a DDREF of 1.5.

(d) Average of the committee’s preferred estimates for males and females.

(e) Estimates based on a linear-quadratic model.

(f)  Not reported.

Source: BEIR 2006

Radiation (UNSCEAR) and the International Commission on Radiological Protection (ICRP).
New data and analyses have reduced sampling uncertainty, but uncertainties related to
estimating risk for exposure at low doses and dose rates and transporting risks from Japanese
A-bomb survivors to the U.S. population remain large. Uncertainties in estimating risks of site
specific cancers are especially large.”

If the total fatal cancer risk is the sum of cancer deaths from all solid cancers and leukemia,
then the fatal cancer risk coefficient for the general public would be 6 x 10™/person-rem (see
Table D.8-5). The fatal cancer risk for the general public based on ICRP is 5 x 10™*/person-rem
(Table 3.9-20). There is a difference of approximately 20 percent in the fatal cancer risk
coefficient based on the ICRP recommendation and the BEIR-VII report. The difference of

20 percent is within the margin of uncertainty associated with these estimates.

D.8.1.5 Methodology for Estimating Radiological Impacts

Radiological exposures from nuclear power plants include offsite doses to members of the
public and onsite doses to the workforce. Nuclear power plants must be licensed by the NRC
and comply with NRC regulations and conditions specified in the license. The licensees are
required to comply with 10 CFR Part 20, Subpart C, “Occupational Dose Limits for Adults,” and
10 CFR Part 20, Subpart D, “Radiation Dose Limits for Individual Members of the Public”

(see Section 3.9.1.1).
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D.8.1.5.1 Methodology for Estimating Worker Doses

Plant workers conducting activities involving radioactively contaminated systems or working in
radiation areas can be exposed to radiation. Most of the occupational radiation dose to nuclear
plant workers results from external radiation exposure rather than internal exposure from
inhaled or ingested radioactive materials. Workers also receive radiation exposure during the
storage and handling of radioactive waste and during the inspection of stored radioactive waste.
However, these sources of exposure are small when compared with other sources of exposure
at operating nuclear plants.

Individual occupational doses are measured by NRC licensees as required by the basic NRC
radiation protection standard, 10 CFR Part 20 (Section 3.9.1.1). This standard includes
requirements for summing internal and external dose equivalents to yield the total effective dose
equivalent (TEDE).

Worker doses from external exposure at a nuclear power plant are measured by using either a
thermoluminescence dosimeter (TLD) or a film badge. Workers at nuclear plants, in addition to
wearing these, wear direct-reading dosimeters (electronic dosimeters) in order to monitor
occupational doses related to specific jobs. A TLD may be a Teflon disc impregnated with
lithium fluoride sealed in a polyethylene envelope. The TLD is the most widely used personal
monitor for gamma radiation and charged particles. Direct-reading dosimeters are useful in
situations where there is the potential for sudden or large increases in exposure rate.

The potential external exposure for workers involved in radioactive waste management will likely
result from gamma and beta radiation, and the use of the external monitoring devices discussed
above is necessary. Internal dosimetry is used when there is a potential that the body may
have taken in radioactive material. There are two methods to calculate the committed dose
equivalent: (1) measurement of the airborne concentration and the time a worker spends in that
area and (2) urinalysis and monitoring of feces or blood. At nuclear power plants, method 1 is
generally used. However, for complex situations the mathematical models of the radionuclide’s
retention and excretion are generally used, as are measurements of the radioactive material
content in the excreta, to estimate the doses. Bioassay techniques, such as urinalysis, provide
a screening tool to maintain and verify operational radiation protection and control.

For this GEIS revision, worker dose information was obtained from the 38th annual report titled
Occupational Radiation Exposure at Commercial Nuclear Power Reactors and Other Facilities
2005 (Burrows and Hagemeyers 2006). This report summarizes the occupational exposure
data maintained by the NRC’s Radiation Exposure Information and Reporting System (REIRS).
The licensees submit radiation exposure records for each monitored individual.
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D.8.1.5.2 Methodology for Estimating Public Doses

Commercial nuclear power plants, under normal operations, release small amounts of
radioactive materials to the environment. The effluent releases (gaseous and liquid) result in
radiation doses to humans. Nuclear power plant licensees must comply with Federal
regulations (e.g., 10 CFR Part 20, Appendix | to 10 CFR Part 50, 10 CFR Part 50.36a, and
40 CFR Part 190) and conditions specified in the operating license (see Section 3.9.1.1).
Appendix | to 10 CFR Part 50 provides numerical values for radioactive effluent design
objectives. In addition, each plant license contains technical specification requirements for
controlling and limiting the discharge of radioactive gaseous and liquid effluents.

Potential environmental pathways through which persons may be exposed to radiation
originating in a nuclear power reactor include atmospheric and aquatic pathways. Radioactive
materials released under controlled conditions include fission products and activation products.
Fission product releases consist primarily of the noble gases and some of the more volatile
materials like tritium, isotopes of iodine, and cesium. These materials are monitored carefully
before release to determine whether the limits on releases can be met. Releases into aquatic
systems are similarly monitored. When an individual is exposed through one of these
pathways, the dose is determined in part by the exposure time, the amount of material ingested
or inhaled, and in part by the amount of time that the radioactivity inhaled or ingested is retained
in the individual's body. The major exposure pathways include the following:

* Inhaling contaminated air,

* Drinking milk or eating meat from animals that graze on open pasture on which
radioactive contamination may be deposited,

* Eating vegetables grown near the site, and

* Drinking (untreated) water or eating fish caught near the point of discharge of liquid
effluents.

Other less important exposure pathways include external irradiation from surface deposition;
consumption of animals that drink water that may contain liquid effluents; consumption of crops
grown near the site using irrigation water that may contain liquid effluents; shoreline, boating,
and swimming activities; and direct offsite irradiation from radiation coming from the plant.

To implement Appendix | of 10 CFR Part 50, the NRC has developed a series of Regulatory
Guides that present methods it finds acceptable for calculating effluent releases, the dispersion
of effluent in the atmosphere and different water bodies, and the associated radiation doses. In
general, licensees follow the guides developed by the NRC staff to calculate public doses.
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Liquid effluent from a nuclear power plant may be released into a variety of surface water
bodies (e.g., rivers, lakes, reservoirs, cooling ponds, estuaries, and open coastal waters). The
released liquid effluent is dispersed by turbulent mixing and by stream flow in rivers, by tidal or
nontidal coastal currents in estuaries and coastal waters, and by internal circulation or flow-
through in lakes, reservoirs, and cooling ponds. Many parameters (e.g., direction and speed of
the flow of currents in the receiving water bodies; size, geometry, and bottom topography of the
water body) influence dispersion and dilution. Revision 1 of Regulatory Guide 1.113

(NRC 1977a) describes calculational models for estimating the aquatic dispersion of routine or
accidental releases of radioactive material from a nuclear power plant to a surface water body.

Gaseous effluents from nuclear power plants are mostly released through tall stacks or vents
near the top of buildings. In some cases, releases could occur near ground level; an example is
when auxiliary equipment or a component such as a waste storage tank is housed outside the
buildings. Effluent concentrations at downwind locations depend on many parameters (e.g., the
initial release height, size and shape of the release point, initial vertical velocity of the effluent,
heat content of the effluent, ambient wind speed and temperature, atmospheric stability, and
effluent removal mechanisms). Geographic features such as hills, valleys, and large bodies of
water greatly influence dispersion and airflow patterns. Revision 1 of Regulatory Guide 1.111
(NRC 1977b) describes basic features of the calculational models and assumptions used to
estimate the atmospheric transport and dispersion of gaseous effluents in routine releases from
nuclear power plants.

Revision 1 of Regulatory Guide 1.109 (NRC 1977c) provides methods for calculating radiation
doses to the public. Appendix A of the regulatory guide describes methods for calculating
doses from liquid effluent pathways. The appendix includes the method for calculating doses
from potable water, aquatic food, shoreline deposits, and foods grown on land with
contaminated water. Appendix B of the regulatory guide describes models and assumptions for
calculating doses from noble gases discharged to the atmosphere. It includes the annual
gamma and beta air dose calculations and the annual total body and skin dose calculations
from noble gas effluents. Appendix C of the regulatory guide provides models and assumptions
for calculating doses from radioiodines and other radionuclides released in the atmosphere. It
includes the annual external dose calculation from direct exposure to radioactivity deposited on
the ground surface, annual dose from inhalation of radionuclides in air, calculation of the
radionuclide concentration in food from airborne activity, and calculation of the annual dose from
contaminated foods. Appendix D of the regulatory guide provides models for calculating
population doses from nuclear power plant effluents.

Radiation doses to the public are calculated in two ways. The first calculation is for dose to the
maximally exposed person (that is, the real or hypothetical individual potentially subject to

maximum exposure). The second is for doses to the average individual and population. Doses
are calculated by using site-specific data when available. For those cases in which site-specific
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data are not readily available, conservative (overestimating) assumptions are used to estimate
doses to the public. For calculating the dose, Regulatory Guide 1.109 divides the population
into four age groups: infants (0 to 1 year), children (1 to 11 years), teenagers (11 to 17 years),
and adults (17 years and older). Doses are calculated for the maximum exposed individual from
these four age groups and compared with the design objectives (Table 3.9-2). Regulatory
Guide 1.109 includes the dose factors for these four age groups.

Every year licensees submit two reports to the NRC: an annual radiological environmental
monitoring report and an annual radioactive effluent release report. For this GEIS update,
public doses from gaseous and liquid effluent releases were obtained from a series of annual
radioactive effluent release reports.

D.8.2 Chemical Hazards

In nuclear power plants, chemical effects could result from discharges of chlorine or other
biocides, small-volume discharges of sanitary and other liquid wastes, chemical spills, and
heavy metals leached from cooling system piping and condenser tubing. Although information
was provided about certain types of chemicals used at nuclear power plants, chemical hazards
were not specifically addressed in the 1996 GEIS, but the human health impacts of chemicals
are included in this GEIS update (Section 3.9.2). Impacts of chemical discharges on human
health are considered to be SMALL if the discharges to water bodies are within effluent limits
designed to ensure the protection of water quality. The methodology for assessing effects on
water quality and aquatic biota are covered in other parts of this appendix. Human health
impacts from chemicals were assessed on the basis of information provided in the 1996 GEIS,
published literature, publically available SEISs, and the decommissioning GEIS (NRC 2002).

D.8.3 Microbiological Hazards

Some microorganisms associated with cooling towers and the thermal discharges associated
with nuclear power plants can have deleterious impacts on the health of plant workers and the
public. The potential for adverse health effects on workers at nuclear power plants as a result of
the enhancement of microorganisms is an issue for plants that use cooling towers. The
potential for adverse health effects on the public from thermally enhanced microorganisms is an
issue for nuclear plants with once-through cooling systems that use cooling ponds, lakes, or
canals and that discharge to small rivers. These issues were evaluated by reviewing the
information in the 1996 GEIS and published literature on organisms that could be enhanced by
plant operation. All published SEISs were also reviewed for new and significant information
pertaining to microbiological issues.
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D.8.4 Electromagnetic Fields

Nuclear power plants have power transmission systems associated with them that consist of
switching stations (or substations) located on the plant site and transmission lines located
primarily offsite. Electric and magnetic fields, collectively referred to as the electromagnetic field
(EMF), are produced by operating transmission lines. The issue of potential chronic effects
from exposure to EMF surrounding transmission lines was evaluated by reviewing the relevant
literature.

D.8.5 Other Hazards

Nuclear power plants are industrial facilities that have many of the typical occupational hazards
found at any other electric power generation facility. Workers at or around nuclear power plants
would be involved in some maintenance activities, electrical work, electric power line
maintenance, and repair work and subject to potentially hazardous physical conditions
(excessive heat, cold, pressure, etc.). The human health impact from occupational hazards was
not discussed in the 1996 GEIS but is considered in this GEIS update (Section 3.9.5). The
occupational hazards were evaluated by comparing the rate of fatal injuries and nonfatal
occupational injuries and illnesses in the utility sector with the rate in all industries combined.

The workers and general public located at or around nuclear power plants and along the
transmission lines are exposed to the potential for acute electrical shock from transmission
lines. The shock hazard was evaluated by referral to the National Electric Safety Code (NESC).

D.9 Waste Management and Pollution Prevention
D.9.1 Description of Affected Resources and Region of Influence

Similar to most industrial facilities, nuclear power plants and other fuel-cycle facilities generate
waste during their operation. The waste materials are often shipped offsite by truck, train, orin
some cases by barge either for disposal or for processing. The wastes that are sent to a
processing facility may be reused or recycled or they may be sent to a disposal facility after
processing. The processing and handling that occur at the site of generation, including any
packaging and loading of the wastes onto conveyance vehicles for shipment offsite, are
considered part of the normal operations at that site, and the impacts associated with them are
assessed as part of the normal operational impacts. Impacts associated with transportation and
offsite processing and disposal are considered under the waste management impacts.

The primary resource that is affected by the disposal of waste materials is the land that is used
for disposal. This land is assumed to be an irreversibly and irretrievably committed resource
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(see Section 4.4.3). The resources that are affected during processing and disposal of the
wastes are similar to the resources affected during operation of any nuclear fuel cycle facility,
including the nuclear power plants. As discussed in Chapter 4, these resources include land
use and visual resources, air quality and noise, geology and soils, hydrology, ecology, cultural
resources, socioeconomics, human health and safety, and environmental justice. During
transportation, the main resources affected are human health and safety, air quality and noise,
and socioeconomics. The impact assessment methodologies and the regions of influence for
these resource areas are covered in other parts of this appendix.

D.9.2 Description of Impact Assessment

Historical data and experience were used to estimate the characteristics and quantities of
wastes generated at nuclear power plants. These values are discussed in the main body of this
document under waste management sections (see for example Sections 3.11, 4.1.1.10,
4.1.3.10, and 4.1.4). Table S-3in 10 CFR 51.51(b) was the main source for waste generation
numbers at other nuclear fuel cycle facilities. The assessment of impacts associated with
transportation of waste materials to and from a nuclear power plant relied on the information
provided in Table S-4 of 10 CFR 51.52, whereas the impacts of transportation among other fuel-
cycle facilities were addressed as part of Table S-3 as discussed Section 4.1.4. The impacts at
the offsite processing and disposal facilities are not explicitly evaluated in this document
because each of these facilities would be operated pursuant to a permit or license issued by
either a Federal or State agency. The impacts at those facilities would be addressed as part of
the permitting or licensing process for those facilities. All operations including disposal activities
at the disposal facilities would be within the bounds of analyses conducted to obtain the facility’s
permit or license. For example, the waste shipped to the disposal facility would have to meet
that facility’s waste acceptance criteria.

The issues associated with the availability of disposal facilities for low-level waste (LLW) are
discussed in Section 4.1.1.10. Section 4.1.1.10 also discusses the onsite storage of spent
nuclear fuel during the licensing term of a reactor. For all other waste types, it is assumed that
permitted processing and/or disposal facilities will be available when needed. Historical
evidence suggests that this assumption is valid.

Pollution prevention and waste minimization practices generally employed at the nuclear power
plant sites are discussed in Section 3.11. These practices are based on the requirements
placed on the licensees by the NRC, EPA, or other Federal or State agencies and the licensee’s
own efforts to minimize the emissions to the environment and minimize the quantities of wastes
generated or sent offsite for treatment or disposal.
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D.10 Alternatives

D.10.1 Identification and Evaluation of Replacement Power Alternatives

To ensure that the analysis of replacement power alternatives focused only on realistic options,
data published by the DOE’s Energy Information Administration (EIA) were used to identify the
current and projected contributions made to the commercial electric power sector by various
fossil fuel and renewable energy technologies. Federal and State regulations, as well as the
Internet Web sites of Federal and State regulatory agencies and State coalitions were reviewed
to identify current and anticipated environmental externalities that would most likely also
influence alternative energy technology selections. As a result of these reviews, twelve fossil
fuel technologies and eight renewable energy technologies were identified, together with a
nuclear energy alternative, as likely replacements for a retiring nuclear reactor. In addition,
demand-side management (DSM) and power purchases also were identified for consideration.

The environmental consequence analyses for those fossil fuel, nuclear, and renewable energy
technologies selected as likely alternatives were based on data from a variety of sources.
Engineering and environmental performance data for fossil fuel technologies were obtained
from reports published by DOE’s National Energy Technology Laboratory (NETL) and the EPA.
Published environmental impact statements (EISs), regulatory guidance, and early site permit
applications provided the basis for the environmental consequence analysis of the nuclear
energy alternative. Reports and technology overviews published by DOE’s Office of Energy
Efficiency and Renewable Energy (EERE) and the National Renewable Energy Laboratory
(NREL) served as the principal sources of data for environmental impacts of the selected
renewable energy technologies. Resource maps developed by NREL were also used to show
the geographic relationships between existing commercial nuclear power facilities and readily
accessible renewable energy resources of sufficient size and quality to support utility-scale
power production. Additional data regarding the environmental consequences of renewable
energy technologies were obtained from EISs published by Federal and State agencies and
from other sources within the open literature. Impact analyses for DSM and power purchases
were supported by data from the EIA and the Federal Energy Regulatory Commission (FERC).

D.10.2 Supporting Information

Schematic diagrams of fossil energy technologies (Figures D.10-1 to D.10-12) and renewable
energy technologies (Figures D.10-13 to D.10-15; D.10-19 to D.10-21; and D.10-23 to D.10-25)
are presented in this section to aid in an understanding of the operational components of
different energy alternatives. Many of the renewable energy technologies are not equally viable
in all parts of the country because of the uneven distribution of the underlying energy source.
To illustrate availability of renewable energy alternatives, resource distribution maps are also
provided (Figures D.10-16 to D.10-18; D.10-22; D.10-26).
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System Boundary

Generator 1 Interconnect
1
Steam HP Turbine
Steam . Cooling
= ! LP Turbine Tower
_> <—'
HP Flash Tank Condenser __| Cooling Water ?
? +Liquid Hot Well —| Pump
=
"T; - LP Flash Tank ——»| Gas Ejectors
S 2 Excess
< Condensate
A ; Spent Brine
Acid | Brine Injection Pump
Tank

—

Production Wells Injection Wells
-
Hot Fluid Geothermal Reservoir Cooled Fluid

B Electricity

— \Waste Heat

and
Water Vapor

— Noncondensible

Gases

KL100735

Figure D.10-13. Geothermal Hydrothermal Flashed Steam Power Plant Schematic

(EERE 1997)
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System Boundary
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Figure D.10-14. Geothermal Hydrothermal Binary Power Plant Schematic (EERE 1997)
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Electric Power

System Boundary
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Figure D.10-15. Geothermal Hot Dry Rock Power Plant Schematic (EERE 1997)
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Commercial Nuclear
Power Plant

Favorability of Deep EGS
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Figure D.10-16. Geothermal Resources in the 48 Contiguous United States (Adapted from

NREL 2011)
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Annual Average Wind Power Classification
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Figure D.10-17. Wind Resources in Onshore and Offshore Areas of the
48 Contiguous United States (Adapted from NREL 2011)
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Figure D.10-18. Biomass Resources in the 48 Contiguous United States (Adapted from
NREL 2011)
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Figure D.10-19. Direct-Fire Biomass Power Plant Schematic (EERE 1997)

D-63

NUREG-1437, Revision 1



Appendix D

06’233 y Dump Conveyor #1
. 0
| Primary 57 Sgw‘?gne,/b
| Hogger zgafa’Or V\IID('JIOd Radial
! TN «xxﬁﬁ Stacker Truck Tipper
i Secondary (Ij
- Hogger o) Radial Screw Active B o ‘
L e Reclaim Feeder i System Boundary for
= |1 Disc Feeder Biomass «——o—> Existing E'O”;ﬁss FSeeq(stock
| . Conveyor #2 Feedstock Boiler System andling oystem
| | Rotary Airlock ; H?‘”d“”%
Feeder quipmen
T ‘
I Air Intakg & Existing =
> »!
Valve
S
«©
=3 n
3 Bin Mechanical Valve
Vent Exhauster
Wood Silo
| T AT LY
Collcting —
' Conveyors S =
00 Scale N/
— =
i Scale g ﬂ |
! QFPressure Blowers —*
KL100734

Figure D.10-20. Biomass-Coal Co-Fire Power Plant Schematic (EERE 1997)
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Figure D.10-21. Biomass Gasification Power Plant Schematic (EERE 1997)
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Density of Operational Landfill
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Figure D.10-22. Landfills Currently Enrolled in and Candidate Landfills for Landfill Gas-to-
Energy Programs (Adapted from EPA 2011b)
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System Boundary
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Figure D.10-23. Solar Thermal Power Trough Power Plant Schematic (EERE 1997)
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System Boundary

Power Conditioping Subsystem
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Figure D.10-24. Solar Photovoltaic Fixed Flat Plate Power Plant Schematic (EERE 1997)
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Figure D.10-25. Solar Photovoltaic Flat Plate with Concentrating Mirror Power Plant Schematic
(EERE 1997)
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Solar Radiation Intensity (kWhImZIday)
Hl oo Bl 7o-75 50-55
Bl s5-90 N 65-70 45-50
I s0-85 0 60-65 40-45
B 75-80 | 55-60 35-40

3.0-35

[ 25-30
[ 20-25
Bl <20

Appendix D

0 250 500
o Miles

0 250 500 750
o m Kilometers

GEIS26

Figure D.10-26. Solar Radiation Intensity in the 48 Contiguous United States (direct normal
solar radiation with two-axis tracking concentrator) (Adapted from NREL 2011)
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Environmental Impact of Postulated Accidents

E.1 Introduction

Chapter 5 of the Generic Environmental Impact Statement for License Renewal of Nuclear
Plants (GEIS), Volumes 1 and 2 (NRC 1996, 1999)® assessed the impacts of postulated
accidents at nuclear power plants on the environment. The postulated accidents included
design-basis accidents and severe accidents (e.g., those with core damage). The impacts
considered included:

* Dose and health effects of accidents (Sections 5.3.3.2 through 5.3.3.4);
* Economic impacts of accidents (Section 5.3.3.5); and
» Effect of uncertainties on the results (Section 5.3.4).

The estimated impacts were based on the analysis of severe accidents at 28 nuclear power
plant sites® as reported in the environmental impact statements (EISs) and/or final
environmental statements (FESs) prepared for each of the 28 plants in support of their
operating licenses. With few exceptions, the severe accident analyses were limited to
consideration of reactor accidents caused by internal events. The 1996 GEIS addressed the
impacts from external events qualitatively. The severe accident analysis for the 28 sites was
extended to the remainder of plants whose EISs did not consider severe accidents (since such
analyses were not required at the time the other plants’ EISs were prepared). The estimates of
environmental impact contained in the 1996 GEIS used 95th percentile upper confidence bound
(UCB) estimates whenever available. This approach provides conservatism to cover

(a) The GEIS was originally issued in 1996. Addendum 1 to the GEIS was issued in 1999. Hereafter, all
references to the “1996 GEIS” include the original GEIS and Addendum 1.

(b) The 28 sites are listed in Table 5.1 of the 1996 GEIS. There are a total of 44 units included in this list
(at the 28 sites), but 4 of these units never operated (Grand Gulf 2, Harris 2, Perry 2, and
Seabrook 2). For the purpose of this appendix, this list will be referred to as containing 28 nuclear
power plants, but when mean values are calculated for this subset of nuclear power plants, all
40 units that operated are considered.

(c) See Section 5.3.3.1 of the 1996 GEIS, including a brief discussion of the external event risk
assessments conducted by the staff prior to 1996, which included assessments for Zion 1 & 2, Indian
Point 2 & 3, Limerick 1 & 2, Surry 1, Peach Bottom 2, and Millstone 3.
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uncertainties, as described in Section 5.3.3.2.2 of the 1996 GEIS. The 1996 GEIS concluded
that the probabilistically weighted impacts were small compared to other risks to which the
populations surrounding nuclear power plants are routinely exposed.

The focus of this revision is on severe accidents since the impacts from design-basis accidents
are SMALL and, as stated in Section E.3 of this revision, the U.S. Nuclear Regulatory
Commission’s (NRC’s) assessment remains unchanged. Since the NRC’s understanding of
severe accident risk has evolved since issuance of the 1996 GEIS, this appendix assesses
more recent information on severe accidents that might alter the conclusions in Chapter 5 of the
1996 GEIS. This revision considers how these developments would affect the conclusions in
the 1996 GEIS and provides comparative data where appropriate. This revision does not
attempt to provide new quantitative estimates of severe accident impacts. In addition, the
revision only covers one initial license renewal period for each plant (as did the 1996 GEIS).
Thus, the population projections, meteorology, and exposure indices used in the 1996 GEIS are
assumed to remain unchanged for purposes of this analysis.

Finally, the format of this appendix follows the same format as used in Chapter 5 of the

1996 GEIS, including a discussion on uncertainties and severe accident mitigation alternatives
(SAMAs).

E.2 Plant Accidents

A general description of plant accidents is contained in Section 5.2 of the 1996 GEIS. This
description covered:

* The general characteristics of accidents;
* Fission product characteristics;

* Meteorological considerations;

* Exposure pathways;

* Adverse health effects;

* Avoiding adverse health effects;

* Accident experience and observed impacts;
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* Mitigation of accident consequences; and
* Emergency preparedness.

This description is still valid and thus remains unchanged. Section 5.2 of the 1996 GEIS also
mentions that as of 1990, there have been approximately 1,300 reactor-years of experience to
support the safety of U.S. nuclear power plants. As with any technology, experience generally
leads to improved plant performance and public safety. As of 2011, there has been
approximately an additional 2,000 reactor-years of experience in the United States. This
additional experience has contributed to improved plant performance (e.g., as measured by
trends in plant-specific performance indicators), a reduction in operating events, and lessons
learned that improve the safety of all of the operating nuclear power plants. Other examples of
items contributing to improved safety include:

* Implementation of plant improvements identified through the Individual Plant
Examination (IPE) and Individual Plant Examination: External Events (IPEEE) programs
(e.g., strengthening of seismic supports; enhanced fire brigade training) (NRC 2003);

* Identification of specific aging mechanisms (e.g., cables; irradiation-assisted stress
corrosion cracking) and development of programs to monitor and control these
mechanisms (NRC 2001c¢);

* NRC staff actions on generic safety issues (e.g., Generic Safety Issue 191 on sump
performance) (NRC 2008e); and

* Implementation of the NRC’s Interim Compensatory Measures (ICMs) Order following
the September 2001 terrorist attacks.

Thus, the performance and safety record of nuclear power plants operating in the United States
continues to improve. This is also confirmed by analysis which indicates that, in many cases,
improved plant performance and design features have resulted in reductions in initiating event
frequency, core damage frequency, and containment failure frequency.®

(d) The safety evaluations (SEs) for the operating license amendments associated with implementation
of Section B.5.b. of Commission Order EA-02-026 provide background related to the implementation
of particular portions of the ICMs. As an example, the reader is referred to the SE associated with
Brunswick Steam Electric Plant, Units 1 and 2 (NRC 2007a).

(e) This statement is based on industry performance data provided in the NRC’s 2007-2008 Information
Digest (NRC 2007b) and on the NRC’s website (NRC 2008c), as well as information contained in
Chapter 5 of site-specific EISs (the NUREG-1437 series of supplements).
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E.2.1 Fukushima Earthquake and Tsunami

On March 11, 2011, a massive earthquake off the east coast of Honshu, Japan, produced a
devastating tsunami that struck the coastal town of Fukushima. The six-unit Fukushima Dai-ichi
nuclear power plant was directly impacted by these events. The resulting damage caused the
failure of several of the units’ safety systems needed to maintain cooling water flow to the
reactors. As a result of the loss of cooling, the fuel overheated, and there was a partial
meltdown of the fuel contained in several of the reactors. Damage to the systems and
structures containing reactor fuel resulted in the release of radioactive material to the
surrounding environment.

In response to the earthquake, tsunami, and resulting reactor accidents at Fukushima Dai-ichi
(hereafter referred to as the “Fukushima events”), the Commission directed the staff to convene
an agency task force of senior leaders and experts to conduct a methodical and systematic
review of the relevant NRC regulatory requirements, programs, and processes, including their
implementation, and to recommend whether the agency should make near-term improvements
to its regulatory system. As part of the short-term review, the task force concluded that, while
improvements are expected to be made as a result of the lessons learned from the Fukushima
events, the continued operation of nuclear power plants and licensing activities for new plants
do not pose an imminent risk to public health and safety (NRC 2011).

During the time that the task force was conducting its review, groups of individuals and non-
governmental organizations petitioned the Commission to suspend all licensing decisions in
order to conduct a separate, generic National Environmental Policy Act (NEPA) analysis to
determine whether the Fukushima events constituted “new and significant information” under
NEPA that must be analyzed as part of environmental reviews. The Commission found the
request premature and noted, “In short, we do not know today the full implications of the
[Fukushima] events for U.S. facilities.”” However, the Commission found that if “new and
significant information comes to light that requires consideration as part of the ongoing
preparation of application-specific NEPA documents, the agency will assess the significance of
that information, as appropriate.”® The Federal courts of appeal and the Commission have
interpreted NEPA such that an EIS must be updated to include new information only when that

(f) Union Electric Co. d/b/a Ameren Missouri (Callaway Plant, Unit 2), CLI-11-05, 74 NRC141, 167 (Sept.
9, 2011).
(9) Id.
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new information provides “a seriously different picture of the environmental impact of the
proposed project from what was previously envisioned.”®

In the context of the GEIS, the Fukushima events are considered a severe accident (i.e., a type
of accident that may challenge a plant’s safety systems at a level much higher than expected)
and more specifically, a severe accident initiated by an event external to the plant. The

1996 GEIS concluded that risks from severe accidents initiated by external events (such as an
earthquake) could have potentially high consequences but found that external events are
adequately addressed through a consideration of a severe accident initiated by an internal event
(such as a loss of cooling water). Therefore, an applicant for license renewal need only analyze
the environmental impacts from an internal event in order to adequately characterize the
environmental impacts from either type of event. Prior to the Fukushima events, this GEIS
examined more recent and up-to-date information regarding external events and concluded that
the analysis in the 1996 GEIS remains valid.

As of the publication date of this GEIS, the NRC’s evaluation of the consequences of the
Fukushima events is ongoing. As such, the NRC will continue to evaluate the need to make
improvements to existing regulatory requirements based on the task force report and additional
studies and analyses of the Fukushima events as more information is learned. To the extent
that any revisions are made to NRC regulatory requirements, they would be made applicable to
nuclear power reactors regardless of whether or not they have a renewed license. Therefore,
no additional analyses have been performed in this GEIS as a result of the Fukushima events.
In the event that the NRC identifies information from the Fukushima events that constitutes new
and significant information with respect to the environmental impacts of license renewal, the
NRC will discuss that information in its site-specific supplemental EISs (SEISs) to the GEIS, as
it does with all such new and significant information.

E.3 Accident Risk and Impact Assessment

The environmental impacts from design-basis accidents and severe accidents are assessed in
Sections 5.3.2 and 5.3.3 of the 1996 GEIS, respectively. As stated in Section 5.3.2, the
environmental impact from design-basis accidents was assessed in the individual plant-specific
EISs at the time of the initial license application review. Since the licensee is required to

(h) Id. at 167-68 quoting Hydro Resources, Inc. (2929 Coors Road, Suite 101, Albuquerque, NM 87120),
CLI-99-22, 50 NRC 3, 14 (1999) (citing Marsh v. Oregon Natural Resources Council, 490 U.S. 360,
373 (1989)). The Commission also noted that it can modify a facility’s operating license outside of a
renewal proceeding and made clear that “it will use the information from these activities to impose
any requirement it deems necessary, irrespective of whether a plant is applying for or has been
granted a renewed operating license.” Id. at 164 quoting Pilgrim & Indian Point: Entergy's Answer
Opposing Petition to Suspend Pending Licensing Proceedings (May 2, 2011) at 3.
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maintain the plant within acceptable design and performance criteria, including during any
license renewal term, these impacts are not expected to change. Therefore, additional
assessment of the environmental impacts from design-basis accidents is not necessary, and the
bulk of the 1996 GEIS evaluation focused on the environmental impact of severe accidents.

To assess the impacts from the airborne pathway, the 1996 GEIS relied on severe accident
analyses provided in the EISs for the more recent sites. Table 5-1 in the 1996 GEIS lists the
28 nuclear power plants that included severe accident analyses in their plant-specific EISs.
These plant-specific EISs used site-specific meteorology, land topography, population
distributions, and offsite emergency response parameters, along with generic or plant-specific
source terms, to calculate offsite health and economic impacts. The offsite health effects
included those from airborne releases of radioactive material and contamination of surface
water and groundwater.

The 1996 GEIS used the environmental impact information from the 28 plant-specific EISs and
a metric called the exposure index to (1) scale up the radiological impact of severe accidents on
the population due to demographic changes from the time the original EIS” was done until the
year representing the mid-license renewal period and (2) estimate the severe accident
environmental impacts for the earlier plants (whose EISs did not include a quantitative
assessment of severe accidents). The exposure index method uses the projected population
distribution around each nuclear power plant site at the middle of its license renewal period and
meteorology data for each site to provide a measure of the degree to which the population
would be exposed to the release of radioactive material resulting from a severe accident

(i.e., the exposure index method weights the population in each of 16 sectors around a nuclear
power plant by the fraction of time the wind blows in that direction on an annual basis). The
exposure index metric was also used to project economic impacts at the mid-year of the license
renewal period. A more detailed description of the exposure index method is contained in
Appendix G of the 1996 GEIS. The use of the exposure index method remains valid.

Since 1996, developments in plant operation and accident analysis have taken place that could
affect the assumptions made in the 1996 GEIS. These changes are grouped into the following
areas and are each covered in the indicated section of this revision:

* Internal event risk (Section E.3.1);

* External event risk (Section E.3.2);

(i) The term “original EIS” describes an EIS issued by the NRC that is associated with the issuance of a
plant’s initial operating license. This term is used in this appendix to differentiate it from an EIS
prepared in conjunction with a license renewal environmental review.
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* Updates in the quantification of accident source terms (Section E.3.3);
* Increases in licensed reactor power levels, i.e., power uprates (Section E.3.4);
* Increases in fuel burnup levels (Section E.3.5);

» Consideration of reactor accidents at low power and shutdown conditions
(Section E.3.6);

* Consideration of accidents in spent fuel pools (Section E.3.7); and

* The BEIR VII report on the risk of fatal cancers posed by exposure to radiation
(Section E.3.8).

Sections discussing uncertainties, SAMAs, and conclusions are also provided.

As discussed in the Section 5.3.3.1 of the 1996 GEIS, the environmental impacts from security-
related events were not considered in that document. As stated, these types of events are
addressed via deterministic criteria in Title 10, Part 73, of the Code of Federal Regulations

(10 CFR Part 73), rather than by risk assessments. The regulatory requirements under 10 CFR
Part 73 provide reasonable assurance that the risk from sabotage is small. This section goes
on to state:

Although the threat of sabotage events cannot be accurately quantified, the
Commission believes that acts of sabotage are not reasonably expected.
Nonetheless, if such events were to occur, the Commission would expect that
resultant core damage and radiological releases would be no worse than those
expected from internally initiated events.

The NRC continues to take this position. As a result of the terrorist attacks of September 11,
2001, the NRC conducted a comprehensive review of the agency’s security program and made
further enhancements to security at a wide range of NRC-regulated facilities. These
enhancements included significant reinforcement of the defense capabilities for nuclear
facilities, better control of sensitive information, enhancements in emergency preparedness to
further strengthen NRC'’s nuclear facility security program, and implementation of mitigating
strategies to deal with postulated events potentially causing loss of large areas of the plant due
to explosions or fires, including those that an aircraft impact might create. These measures are
outlined in greater detail in NUREG/BR-0314 (NRC 2004), NUREG-1850 (NRC 2006a), and

Sandia National Laboratory’s “Mitigation of Spent Fuel Loss-of-Coolant Inventory Accidents and
Extension of Reference Plant Analyses to Other Spent Fuel Pools” (NRC 2006b).
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The NRC routinely assesses threats and other information provided by a variety of Federal
agencies and sources. The NRC also ensures that licensees meet appropriate security-level
requirements. The NRC will continue to focus on prevention of terrorist acts for all nuclear
facilities and will not focus on site-specific evaluations of speculative environmental impacts
resulting from terrorist acts. While these are legitimate matters of concern, the NRC will
continue to address them through the ongoing regulatory process as a current and generic
regulatory issue that affects all nuclear facilities and many of the activities conducted at nuclear
facilities. The issue of security and risk from malevolent acts at nuclear power facilities is not
unique to facilities that have requested a renewal of their licenses (NRC 2006a).

Malevolent acts remain speculative and beyond the scope of a NEPA review. NEPA requires
that there be a “reasonably close causal relationship” between the federal agency action and
the environmental consequences. The environmental impact of a terrorist attack is too far
removed from the natural, or expected, consequences of a license renewal action to warrant
consideration under NEPA. However, as noted above, in the event of a terrorist attack, the
consequences of such an attack would be no worse than an internally initiated severe accident,
which has already been analyzed.

In a decision dated June 2, 2006, San Luis Obispo Mothers for Peace v. NRC, 449 F.3d 1016,
1028 (9" Cir. 2006) the U.S. Court of Appeals for the Ninth Circuit held that NRC could not
categorically refuse to consider the consequences of a terrorist attack under NEPA and
remanded the case to NRC. On remand, the Commission adjudicated the intervenors’ claim
that the NRC staff had not adequately assessed the environmental consequences of a terrorist
attack on the Diablo Canyon Power Plant’s proposed facility for storing spent nuclear fuel in
dry casks. See, Pacific Gas & Electric Co., (Diablo Canyon Power Plant Independent Spent
Fuel Storage Installation), CLI-08-26, 68 NRC 509 (2009). The Commission ultimately
determined that an EIS was not required in order to address land contamination and latent
health effect issues (Diablo Canyon, CLI-08-26, 68 NRC at 521). Further, the Commission
concluded that the staff’s final, supplemental environmental assessment and finding of no
significant impact, the adjudicatory record of the case, and its supervisory review of the non-
public information underlying portions of the staff's analyses, satisfied the agency’s NEPA
obligations. Id. 525-26. The staff had found that even the most severe, plausible terrorist
attack of those examined would not cause immediate or latent health effects. The staff also
found that such an attack was improbable, but if one occurred, the likelihood of significant
radioactive release was very low because the nature of the Diablo Canyon casks and site.

Id. at 521. The U.S. Court of Appeals for the Ninth Circuit upheld the Commission’s
determination on appeal. San Luis Obispo Mothers for Peace v. NRC, 645 F.3d 1109,
1120-21 (9th Cir. 2011).
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The Commission stated that it will adhere to the Ninth Circuit decision when considering
licensing actions for facilities subject to the jurisdiction of that Circuit. See Pacific Gas and
Electric Co., (Diablo Canyon Power Plant Independent Spent Fuel Storage Installation),
CLI-07-11, 65 NRC 118 (2007). However, the Commission decided against applying that
holding to all licensing proceedings nationwide. In one such proceeding, Amergen Energy

Co. LLC (Oyster Creek Nuclear Generating Station), CLI-07-8, 65 NRC 124, 128-29 (2007),
the New Jersey Department of Environmental Protection contended that NEPA requires an
analysis of a terrorist attack. The NRC found that NEPA “imposes no legal duty on the NRC to
consider intentional malevolent acts” because such acts are “too far removed from the natural
or expected consequences of agency action.” Id. at 129 (quoting the Board decision). The
NRC also found that a terrorism review would be redundant because (1) “the NRC has
undertaken extensive efforts to enhance security at nuclear facilities,” which it characterized as
the best mechanism to protect the public; id. at 130; (2) the GEIS had addressed the issue and
concluded that “the core damage and radiological release from [terrorist] acts would be no
worse than the damage and release to be expected from internally initiated events.” On
appeal, the Third Circuit agreed with the NRC and denied the petition. See NJDEP v. NRC
and Amergen Energy Co, LLC, (Case No. 07-2271), 561 F.3™ 132 (3™ Cir. 2009). The Court
found that, “the NRC correctly concluded that the relicensing of Oyster Creek does not have a
‘reasonably close causal relationship’ with the environmental effects that would be caused in
the event of a terrorist attack.” 561 F.3d at 143.

The Third Circuit disagreed with the Ninth Circuit's application of the relevant Supreme Court
decisions. Instead, as the Commission had originally held, the Third Circuit concluded that the
issuance of a facility license—here, the issuance of the 20-year extension for the Oyster Creek
license—would not be the “proximate cause” of a terrorist attack on the facility.

Moreover, the Third Circuit noted that the GEIS for License Renewal had reviewed the possible
impacts of a sabotage event, which is a form of terrorism. The GEIS found that the
consequences of a sabotage event would be no worse than those expected from an internally
initiated severe accident. The Third Circuit noted that the petitioner in the case before it (the
State of New Jersey) had failed to demonstrate that the results of a terrorist attack would be any
different than those of a severe accident, which had already been analyzed. The Third Circuit
also noted that the NRC had prepared a site-specific EIS addressing the mitigation of severe
accidents at Oyster Creek. As a result, the Third Circuit found that, even if the Commission
were required to analyze the impacts of a terrorist attack, the NRC had prepared both generic
and site-specific analyses of the impacts of a terrorist attack at Oyster Creek, and that the
Petitioner had not shown that the NRC could evaluate the risks more meaningfully than it had
already done.

Subsequent to the Third Circuit's determination, the Commission overturned the Board’s
decision to admit a NEPA terrorism contention in the Diablo Canyon License Renewal
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proceeding, a facility located in the Ninth Circuit. Pacific Gas & Electric Co. (Diablo Canyon
Nuclear Power Plant), CLI-11-11, 74 NRC (slip op. at 40) (2011). The Commission reaffirmed
that “the staff’'s determination in the GEIS that the environmental impacts of a terrorist attack
were bounded by those resulting from internally-initiated events, was sufficient to address the
environmental impacts of terrorism.” /d.

In sum, the Commission has found that the issuance of a facility license is not the “proximate
cause” of a terrorist attack at that facility. Thus, it is not required to prepare an EIS discussion
on the potential impacts of a terrorist attack. However, due to the decision of the Ninth Circuit,
the NRC will prepare an analysis of the environmental impacts of a terrorist attack for licensing
actions of facilities within the geographical boundaries of the Ninth circuit. In addition, the
Third Circuit has held that the GEIS for License Renewal constitutes such an analysis for
license renewals.

E.3.1 Impact of New Information on Accidents Initiated by Internal Events

With few exceptions, the severe accident analyses formulating the basis for the 1996 GEIS
were limited to consideration of reactor accidents caused by internal events. The GEIS
addressed the impacts from external events qualitatively, and external events are covered in
more detail in Section E.3.2 of this revision. The impacts from the 1996 GEIS were based on
the original license EISs for the 28 nuclear power plant sites listed in Table 5.1 of the GEIS.
The source terms and their likelihood used in the plant-specific original EISs to calculate the
airborne pathway environmental impacts of accidents were, in turn, usually based upon
information contained in NUREG-0773 (NRC 1982). NUREG-0773 is an update of the original
Reactor Safety Study (NRC 1975). These source terms and frequencies were used along with
site-specific meteorology, population distributions, and emergency planning characteristics to
calculate the airborne pathway environmental impacts. These EISs were issued in the 1981 to
1986 time frame. Thus, while the GEIS was published in 1996, it was primarily based on
information from the 1980s.

Since the publication of NUREG-0773, many additional studies have been completed on the
likelihood and consequences of reactor accidents initiated by internal events at full power.
These studies include NUREG-1150 (NRC 1990b), NUREG/CR-5305 (NRC 1992), and licensee
responses to Generic Letter 88-20, Supplement 1 (i.e., the IPE program). Licensees have
further developed their IPE-vintage probabilistic risk assessment (PRA) models to support risk-
informed licensing actions, including license renewal SAMA analysis. In addition, the NRC has
developed standardized plant analysis risk (SPAR) models for all operating plants which can be
used to calculate core damage frequencies (CDFs) for internal events.

The purpose of this section is to assess how results from more up-to-date internal event
information compare to those on which the 1996 GEIS was based. The evaluation contained in
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this section compares the CDFs that formed the basis for the 1996 GEIS, and offsite doses
directly from the 1996 GEIS, to the newer information. The comparison is done for pressurized
water reactors (PWRs) and boiling water reactors (BWRs) and covers each of the plants listed
in Table 5.1 of the 1996 GEIS. Changes in source terms (i.e., the quantity, form, and timing of
radioactive material released to the environment) are assessed in Section E.3.3.

E.3.1.1 Airborne Pathway Impacts

As a first step in the comparison, the CDFs from the original EISs are compared to the CDFs
reported in the plant-specific IPEs for the PWRs and BWRs considered by the 1996 GEIS.
Tables E-1 and E-2 show these comparisons. As can be seen in Tables E-1 and E-2, for many
plants, the IPE CDFs are smaller than those from the original EISs, particularly for BWRs. The
mean of the IPE CDFs listed in Tables E-1 and E-2 are lower than the corresponding mean EIS
CDF by 30 percent for PWRs and by more than a factor of 3 for BWRs. Accordingly, the
likelihood of an accident that leads to core damage would be comparable to or less for PWRs,
and significantly less for BWRs, than that used as the basis for the 1996 GEIS.

Additional comparisons can be made using information from NUREG-0773 (NRC 1982), the
original EISs, NUREG-1150 (NRC 1990b), the IPEs, NUREG/CR-5305 (NRC 1992), recent
analysis using SPAR models, and license renewal applications received to date. These
comparisons are shown in Table E-3. In general, the Level 1 (CDF) results are comparable to
or less than the corresponding Level 1 information from the GEIS. Furthermore, the newer
estimates (license renewal and SPAR) are up to a factor of 2.5 lower than the mean IPE CDFs
from Tables E-1 and E-2.

The comparison of Level 3 (offsite consequences) information is made difficult due to
differences in the values reported between older and newer assessments. Older assessments
tended to provide mean and/or upper bound population doses for the entire region surrounding
the nuclear power plant (as far as 1000 mi). Newer assessments tend to provide mean values
within 50 mi. NUREG-1150 provided distributions for both within 50 mi and the site region and
is used as a bridge in this comparison.

The mean of population dose results from the original EISs of the 28 sites that considered
severe accidents are a factor of 2 to 4 lower than the mean of the plant-specific upper bound
estimates used in the 1996 GEIS for those same 28 sites. The mean population doses from
NUREG-1150 (site region results) are, in turn, a factor of 10 to 100 less than the original EIS
mean value. In actuality, the difference is even larger, because the NUREG-1150 estimate
covers a larger area (site region for NUREG-1150 versus 150 mi for the EISs). The
NUREG-1150 results for a 50-mi radius are a factor of 4 to 10 lower than the site region results.
The mean of license renewal results (for a 50-mile region) are somewhat higher than the mean
results reported in NUREG-1150 for a 50-mile region, but are still well below the population
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dose values reported in the original environmental impact statements for the 28 sites and used

in the 1996 GEIS.

Table E-1. PWR Internal Event (Full Power) Comparison

Original EIS Estimated IPE
Plant cDfF®@ cor®

Beaver Valley 2 1.0 x 10™yr 1.9 x 10™/yr
Braidwood 1, 2 1.0 x 10™/yr 2.7 x 10°/yr
Byron 1, 2 4.8 x 10°/yr 3.1x10%/yr
Callaway 1 4.8 x 10°/yr 5.9 x 10°/yr
Catawba 1, 2 4.8 % 10°lyr 5.8 x 10°/yr
Comanche Peak 1, 2 4.8 x10°lyr 5.7 x 10°/yr
Shearon Harris 1 4.8 x10°lyr 7.0 x 10°/yr
Indian Point 2, 3 3.5 x 10™/yr, 3.4 x 10™/yr 3.1 x 10°/yr, 4.4 x 10°/yr
Millstone 3 2.0 x 10™/yr 5.6 x 10°/yr
Palo Verde 1, 2, 3 4.8 x 10°/yr 9.0 x 10°/yr
San Onofre 2, 3 4.8 x 10°/yr 3.0 x 10°yr
Seabrook 1 4.8 x 10°/yr 6.1 x 105yr®
South Texas 1, 2 4.4 x10°lyr 4.3x10°lyr
St. Lucie 2 4.8 % 10°lyr 2.6 x 10°/yr
Summer 1 4.9x10°yr 2.0 x 10™/yr
Vogtle 1, 2 1.0 x 10™yr 4.9 x 10°/yr
Waterford 3 4.8 x10°lyr 1.8 x 10°lyr
Wolf Creek 1 4.8 x10°lyr 4.2 x10°lyr

Mean value 8.4 x 10°yr 5.9 x 10°/yr

Median value 4.8 x 10'5/yr 4.9 x 10'5/yr

(a) Obtained by summing individual atmospheric release sequences, including intact

containment sequences.
(b) Source: NRC 2003, unless otherwise noted.
(c) Obtained from the licensee’s IPEEE submittal.

To summarize, the general contribution to decreased estimated doses are a factor of 2 to

4 simply due to the conservatism built into the 1996 GEIS values. An additional decrease in
estimated doses of 10 to 100 is seen when comparing the EIS results to the NUREG-1150
results and a factor of 5 to 33 when comparing the EIS results to license renewal SAMA results.
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E.3.1.2 Other Pathway Impacts

Any change in the likelihood of accidents that release substantial amounts of radioactive
material to the environment not only affects the airborne pathway, but also the surface water
and groundwater pathways and the resulting economic impacts from any pathway. The
information in Tables E-1, E-2, and E-3 indicate that the likelihood and impacts of airborne
pathway releases is smaller than that used in the 1996 GEIS. Since this pathway directly

Table E-2. BWR Internal Event (Full Power) Comparison

Original EIS Estimated IPE
Plant cDf® cpr®
Clinton 1 2.4 x 10°/yr 2.7 x 10°/yr
Fermi 2 2.4 x10°lyr 5.7 x 10%/yr
Grand Gulf 1 2.4 x10°yr 1.7 x 10°/yr
Hope Creek 1.0 x 107*yr 4.6 x 10°lyr
Limerick 1,2 8.9 x 10°/yr 4.3 x10°%yr
Nine Mile Point 2 1.1x 10™yr 3.1 x 10°yr
Perry 1 2.4 x10°/yr 1.3 x 10™°/yr
River Bend 9.5 x 10%/yr 1.6 x 10°%/yr
Susquehanna 1, 2 2.4 x 10°/yr 5.6 x 107/yr®
WNP-2@ 2.4 x10°/yr 1.8 x 10™°/yr
Mean value 5.4 x 10'5/yr 1.5 % 10'5/yr
Median value 2.4 x 10%/yr 1.45 x 10°/yr

(a) Obtained by summing individual atmospheric release sequences, including
intact containment sequences.

(b) Source: NRC 2003, unless otherwise noted.

(c) Revised 1998 IPE; obtained from NUREG-1437, Supp. 35, Appendix G.

(d) WNP-2 = Washington Nuclear Project 2 (i.e., Columbia).

affects the surface water pathway, it is reasonable to conclude that the likelihood of the surface
pathway impacts would also be smaller and would continue to be bounded by the airborne
pathway. The decreased likelihood of any pathway impacts would indicate the reduced
likelihood of any subsequent economic impacts. This assumption is consistent with the results
of the 1996 GEIS.
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Furthermore, some information is available regarding basemat melt-through sequences, which
could impact the groundwater pathway:

«  WASH-1400 (NRC 1975) used a frequency of 4 x 10°/yr for basemat melt-through
sequences;

« NUREG-0773 (NRC 1982) used a generic frequency of 3 x 10°°/yr and a site-specific
frequency of 1.1 x 10”°/yr for Indian Point Units 2 and 3;

* NUREG-1150 (NRC 1990b) calculated the basemat melt-through frequencies for Surry

and Sequoyah to be 2.4 x 10%/yr and 1 x 10%/yr, respectively;

Table E-3. Comparisons with Other Risk Information (Full Power Internal Events)

Person-Rem per Year

CDF . (Mean, except as noted)
Reactor (mean/point
Type Comparison Information Source estimate) Region(a) 50-mi

PWR GEIS Basis b 5
NUREG-0773® 6 x 10°/yr
Original EIS® 8.4 x 10°/yr 932
1996 GEIS® 2,200

Update NUREG-1150 Plants

- Surry 4 x 10°/yr ~30 ~6
- Sequoyah 5.6 x 10°lyr ~80 ~10
IPE
- Catawba 5.8 x 10°yr 15.66
- McGuire 4 x 10°Hyr 4.6
- Surry 1.25 x 10™/yr
- Sequoyah 1.7 x 10™/yr
License Renewal® 3.9 x 10°/yr 18.1
SPAR (v3.45) 2.3 10°%yr

BWR GEIS Basis NUREG-0773® 2 x 105/yr
Original EIS® 5.4 x 10°/yr 577
1996 GEIS® 2,720

Update NUREG-1150 Plants

- Grand Gulf 4 x 10°/yr ~5 ~0.5
- Peach Bottom 4.4 x10°%yr ~30 ~7
NUREG/CR-5305
- LaSalle 4 x 10°/yr 1,500 66
IPE
- Peach Bottom 5.5 x 10°/yr
- LaSalle 4.7 x 10°/yr
- Grand Gulf 1.7 x 10°yr
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Person-Rem per Year

CDF . (Mean, except as noted)
Reactor (mean/point
Type Comparison Information Source estimate) Region® 50-mi
License Renewal® 1.4 x 10°/yr 14.5
SPAR (v3.45)® 8 x 10°/yr

(a) Forthe EISs and GEIS, the employed distance is 150 mi; for NUREG-1150 and NUREG/CR-5305,
the employed distance is 1,000 mi.

(b) Based on Table 22 (CDF) of that document; PWR CDF cited is for Surry and BWR corresponds to
Peach Bottom.

(c) Values are for those plants listed in Tables E-1 and E-2.

(d) Note that this is the mean of the distribution of 95th percent UCB values.

(e) Mean values for all plants that have applied for license renewal as of August 2008; in a few cases
(Beaver Valley, Calvert Cliffs, Ginna, and Nine Mile Point), the site-specific population dose values
used included both internal and external events.

(f) Includes both internal and external events.
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* A sample of IPE results showed basemat melt-through frequencies ranging from
1 x 10°%/yr to 4 x 10®/yr; and

* A sample of license renewal application results showed basemat melt-through
frequencies ranging from 2 x 107/yr to 6 x 10°/yr.

For the 1996 GEIS, a conservative value of 1 x 10™*/yr was used (see Section 5.3.3.4 of the
1996 GEIS), which is higher than any of the values cited above. As such, it is concluded that
the basemat melt-through frequencies used in the 1996 GEIS to assess the groundwater
pathway are bounding.

For BWRs, no quantitative basemat melt-through information was available. It is expected that
for BWRs, containment failure by overpressure would occur before basemat melt-though. In
addition, if basemat melt-through sequences do occur, their frequency would be less than that
for PWRs due to the lower CDFs for BWRs.

E.3.1.3 Conclusion

The PWR and BWR accident frequencies that form the basis for the environmental impacts
shown in the 1996 GEIS are, in most cases, comparable to or higher than the updated accident
frequencies shown in Tables E-1, E-2, and E-3. In addition, the population dose estimates
presented in Table E-3 demonstrate the conservatism in the 1996 GEIS values, both from the
standpoint of reduced population dose from more recent estimates and the conservatism built
into the GEIS methodology.

E.3.2 Impact of Accidents Initiated by External Events

The 1996 GEIS included a qualitative assessment of the environmental impacts of accidents
initiated by external events (see Section 5.3.3.1 of that document). The purpose of this section
is to consider updated information regarding potential external event impacts. The sources of
information used in this assessment are (1) NUREG-1150 (NRC 1990b) (and the supporting
documentation in NUREG/CR-4551 [NRC 1990a]), which assessed seismic and fire events for
two plants (Surry and Peach Bottom); (2) NUREG/CR-5305 (NRC 1992), which analyzed the
risk from seismic and fire events for one plant (LaSalle); and (3) the results from the IPEEE
program, as documented in NUREG-1742 (NRC 2003). The IPEEE program was initiated in the
early 1990s and required all operating plants in the United States to do an assessment to
identify vulnerabilities to severe accidents initiated by external events and report the results to
the NRC, along with any identified improvements and/or corrective actions. NUREG-1742
documents the perspectives derived from the technical reviews of the IPEEE results.
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Typically, the external events that contribute the most to plant risk are seismic and fires. In
some cases, high winds, floods, and tornados may contribute to plant risk; however, these
contributions are generally much lower than those from seismic and fire events. Therefore, the
assessment of the environmental impact from external events provided here focuses on seismic
and fire events. This is consistent with the results obtained from the IPEEEs and the
perspectives articulated in NUREG-1742.

E.3.2.1 Airborne Pathway Impacts

The assessment in this section is based upon a comparison of the risks and environmental
impacts from severe accidents initiated by external events to those initiated by internal events,
based on the aforementioned information sources.

Level 1 Comparison (CDF)
From the IPEEE the following insights can be drawn:
(1) For a majority of plants, fire and/or seismic events are important contributors to risk.

(2) The contributions to CDFs from fire events are comparable to the contribution to CDFs
from internal events. The IPEEE CDF values for fire-initiated events are shown in
Tables E-4 and E-5 along with the IPE internal event CDFs. For the plants listed in
Tables E-4, the PWR fire CDF is about half the internal event CDF. For the BWR
plants in Table E-5, the fire CDF is roughly 50 percent higher than the internal events
CDF. Section 3.3.1.1 of NUREG-1742 (NRC 2003) provides a comparison of fire and
internal events for the entire fleet of plants, and similarly concludes that BWR results
are comparable, while PWR results are slightly lower for fire CDF.

However, the IPEEE fire event CDFs are much lower than the internal event CDFs
from the original EISs (basis for the 1996 GEIS). The mean value of the PWR fire
event CDFs in Table E-4 is one-third of the PWR internal event CDF from the EISs
(see Table E-1), and the mean value of the BWR fire event CDFs in Table E-5 is less
than half the BWR internal event CDF from the original EISs (see Table E-2).

(3) The contributions to CDF from seismic events are comparable to the contribution from
internal events. For plants listed in Tables E-1 and E-2 that reported seismic CDFs as
part of their IPEEE submittals, these CDFs are contained in Tables E-4 and E-5.
Although sparse, these values suggest seismic CDFs are lower than or comparable to
internal event CDFs. Section 2.6.1 of NUREG-1742 considers all reporting plants, and
states that the largest group of reported seismic CDFs were in the range of 1 x 10° to
1 x 10 (same order of magnitude as the basis for the 1996 GEIS), with the next largest
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Table E-4. PWR Internal, Fire, and Seismic Event CDF Comparison (Full Power)®

IPE Internal IPEEE Fire IPEEE Seismic CDF IPEEE Seismic CDF
Plant Events CDF CDF (EPRI/Other/Update) (LLNL)
Beaver Valley 2 1.9 x 10'4/yr 1.1 % 10'5/yr 1x 10'5/yr 2.3 x 10'5/yr
Braidwood 1, 2 2.7 x 10%/yr 3.9 x 10%yr
3.8 x 10%/yr
Byron 1, 2 3.1 x10°/yr 4.2 x10°yr
5.3 x 10'6/yr
Callaway 1 5.9 x 10°/yr 8.9 x 10/yr
Catawba 1, 2 5.8 x 10°/yr 4.6 x 10°/yr 1.6 x 10°/yr
Comanche Peak 1, 2 5.7 x 10°/yr 2.1 x 10°yr
Shearon Harris 1 7.0 x 10°/yr 1.3 x 10°/yr
Indian Point 2, 3 3.1 x 10°yr 1.8 x 10°/yr 1.3 x 10°/yr 1.5 x 10°/yr
4.4 x10°/yr 5.6 x 10%/yr 5.9 x 10%/yr 4.4 x10°/yr
Millstone 3 5.6 x 10°/yr 4.8 x 10°yr 9.1 x 10%/yr
Palo Verde 1, 2, 3 9.0 x 10™/yr 8.7 x 10°lyr
San Onofre 2, 3 3.0 x 10°/yr 1.6 x 10°/yr 1.7 x 10°/yr
Seabrook 1 6.1 x 10°/yr® 1.2 x 10°yr 1.2 x 10™°/yr 1.3 x 10™/yr
South Texas 1, 2 4.3 x 10'5/yr 5.1 x 10'7/yr 1.9 x 10'7/yr 2.2x 10'5/yr
St. Lucie 2 2.6 x 10°/yr 1.9 x 107*yr
Summer 1 2.0 x 10™/yr 8.5 x 10%/yr
Vogtle 1, 2 4.9 x 10°/yr 1.0 x 10°/yr
Waterford 3 1.8 x 10°/yr 7.0 x 10°%yr
Wolf Greek1 42x10%r  TexA0Tyr
Mean Value 59 x 10'5/yr 2.8 x 10'5/yr 1.5 x 10'5/yr 4.3 x 10'5/yr

(a) Source: NRC 2003, unless otherwise stated.
(b) Obtained from the licensee’s IPEEE submittal.

group being 1 x 10° to 1 x 10 (one order of magnitude lower than the basis for the

1996 GEIS).

(4) As aresult of the IPEEE program, most licensees have made improvements to plant
hardware, procedures, or training programs. Although not generally quantified as part
of the IPEEE, those improvements are, in many cases, considered to have lowered the
reported risk estimates.

Table E-6 compares CDFs from NUREG-1150 (NRC 1990b) and NUREG/CR-5305 (NRC 1992)
for internal, fire, and seismic events with the internal events from the original EISs (which
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Table E-5. BWR Internal, Fire, and Seismic Event CDF Comparison (Full Power)®

IPE Internal IPEEE Fire IPEEE Seismic CDF IPEEE Seismic CDF
Plant Events CDF CDF (EPRI/Other/Update) (LLNL)

Clinton 1 2.7 x 10'5/yr 3.6 x 10'6/yr

Fermi 2 5.7 x 10°yr 2.2 x 10%yr

Grand Gulf 1 1.7 x 10°/yr 8.9 x 10°yr

Hope Creek 4.6 x 10'5/yr 8.1 x 10'5/yr 1.1 x 10'6/yr 3.6 x 10'6/yr
Limerick 1, 2 4.3 x 10°yr NA®

Nine Mile Point 2 3.1x 10%yr 1.4 x 10°yr 2.5x107/yr 1.2 x 10°/yr
Perry 1 1.3 x 10°%yr 3.3 x 10%/yr

River Bend 1.6 x 10°/yr 2.3x 10%yr

Susquehanna 1, 2 5.6 x 107 /yr® 3.6 x 10%/yr

P20 18x100%r  55x10%r 200N

Mean Value 1.5 x 10°°yr 2.3x10°/yr 7.5 x 10%/yr 2.4 x 10%yr

(a) Source: NRC 2003, unless otherwise stated.

(b) NA = not available.

(c) Revised 1998 IPE; obtained from NUREG-1437, Supp. 35, Appendix G.
(d) WNP-2 = Washington Nuclear Project 2 (i.e., Columbia).

Table E-6. NUREG-1150 and NUREG/CR-5305 Fire and Seismic CDFs

1996 GEIS Basis

Internal Events Fire Events Seismic Events Internal Events
Plant (mean value) (mean value) (mean value)(a) (mean value)
Surry (NUREG-1150) 4 x 10°/yr 1.1 x 10°%/yr 1.9 x 10™/yr 8.4 x 10%/yr®
Peach Bottom 6 5 5 57,0
4.4 x107/yr 2x107/yr 7.5x107/yr 5.4 x107/yr
(NUREG-1150)
LaSalle
4 x 10°/yr 5.5 x 10°/yr 8x 107 lyr 5.4 x 10°/yr®

(NUREG/CR-5305)

(a) Based on the LLNL seismic hazard distribution results.
(b) This value is the mean of the CDFs of all PWRs listed in Table 5.1 of the 1996 GEIS.
(c) This value is the mean of the CDFs of all BWRs listed in Table 5.1 of the 1996 GEIS.
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formed the basis for the 1996 GEIS). As can be seen in this table, the NUREG-1150 and
NUREG/CR-5305 fire and seismic CDFs are comparable to those supporting the 1996 GEIS,
with a number of both relatively lower and higher comparisons.?

In support of early site permits for new reactors, the NRC staff reviewed updates to seismic
source and ground motion models provided by applicants. The updates to seismic data and
models could result in estimated seismic hazard levels at some current central and eastern
U.S. operating sites that would be higher than seismic hazard values used in design and
previous evaluations (such as the IPEEEs). Due to its relevance for other licensing actions, the
issue is being pursued as part of the Generic Issues Program, as Generic Issue 199 (GI-199).
A preliminary assessment performed for the affected plants as part of GI-199 indicates that the
average increase in seismic CDF relative to the IPEEE-era estimates would be about 1 x 107
per year. However, this assessment also indicates that on average, the updated seismic CDF
remains slightly (approximately 30 percent) less than the internal events CDF.

Level 3 Comparison (Offsite Consequences)

To obtain quantitative information on the airborne pathway environmental impacts of severe
accidents caused by external events, IPEEE, NUREG-1150, and NUREG/CR-5305 results can
be used to compare against the internal event airborne pathway impacts contained in the 1996
GEIS. The following discussion summarizes the airborne pathway environmental impact
information available.

The IPEEE provided external event environmental impact information (i.e., early fatalities, latent
fatalities, and population dose) for Catawba and McGuire. This information showed the impacts
of external events to be much less (i.e., one to two orders of magnitude) than those estimated
for internally initiated events at full power in the 1996 GEIS for Catawba and McGuire (see
Table E-7). Recall that while this is a comparison of mean values versus 95 percent upper
confidence bound (UCB) values, the 95 percent UCB values are the ones used for the basis of
the 1996 GEIS. Thus, this comparison shows that more realistic estimates are significantly
lower than the conservative estimates used in the GEIS.

(i) The NUREG-1150 values represented best-estimate values at the time they were completed. For
Surry, the Lawrence Livermore National Laboratory (LLNL) NUREG-1150 curve is uniformly higher
than other seismic hazard estimates (e.g., the Electric Power Research Institute [EPRI] and LLNL
curves used for the IPEEEs, recent United States Geological Survey curves). For Peach Bottom, the
EPRI NUREG-1150 curve is uniformly lower.
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Table E-7. Catawba and McGuire Results for Internal and External Events

Catawba McGuire
Catawba Catawba 1996 GEIS McGuire McGuire 1996 GEIS
External Internal Internal Events External Internal Internal Events
Impact Events Events (95 percent UCB) Events Events (95 percent UCB)
Total person- 4 ¢ 15.6 1,880 10.7 46 1,806

rem per year

Total early 6 6 2 6 7 2
fatality risk 7.8x107/yr  5.9x10%/yr 1.7 x 10/yr 22x107/yr  8.2x 107" /yr 1.0 x 10™/yr
Total latent -3 4 (a) -4 -4 (a)
fatality risk 2.7x10%/yr 9.4 x107/yr 1.4/yr 7.4 x107/yr  3.2x10%/yr 1.4/yr

(a) These values include the factor of 10 adjustment made in the 1996 GEIS (see Section 5.3.3.2.3 of the 1996 GEIS).

Fire Events

NUREG-1150 provides quantitative information on the airborne pathway environmental impact
from fires for Surry and Peach Bottom. This information is shown in Tables E-8 and E-9 along
with the full power, internal event environmental impact information from NUREG-1150 and the
1996 GEIS. NUREG/CR-5305 provides similar information for LaSalle, as presented in

Table E-10. Tables E-8 through E-10 present 95th percentile results for all values. As can be
seen from these tables, even 95th percentile values from NUREG-1150 and NUREG/CR-5305
are significantly lower (at least by 1 order of magnitude) than the conserv