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Abstract 9 
 10 
U.S. Nuclear Regulatory Commission (NRC) regulations allow for the renewal of commercial nuclear 11 
power plant operating licenses, depending on the outcome of an assessment to determine whether the 12 
nuclear plant can continue to operate safely and protect the environment during the 20-year period of 13 
extended operation.  Renewal of a nuclear power plant operating license requires the preparation of an 14 
environmental impact statement (EIS).  To support the preparation of these EISs, the NRC published the 15 
Generic Environmental Impact Statement for License Renewal of Nuclear Plants (GEIS) in 1996.  The 16 
proposed action considered in the GEIS is the renewal of nuclear power plant operating licenses. 17 
 18 
The NRC committed to review and revise the GEIS on a 10-year cycle, if necessary.  Since publication of 19 
the GEIS, approximately 30 plant sites (50 reactor units) have applied for license renewal and undergone 20 
environmental reviews, the results of which were published as supplements to the 1996 GEIS.  This GEIS 21 
revision reviews and reevaluates the issues and findings of the 1996 GEIS.  Lessons learned and 22 
knowledge gained during previous license renewal reviews provides a significant source of new 23 
information for this assessment.  In addition, new research, findings, and other information were 24 
considered in evaluating the significance of impacts associated with license renewal. 25 
 26 
The intent of the GEIS is to determine which issues would result in the same impact at all nuclear power 27 
plants, and which issues could result in different levels of impact at different plants and thus require a 28 
plant-specific analysis for impact determinations.  The GEIS is intended to improve the efficiency of the 29 
license renewal process by (1) providing an evaluation of the types of environmental impacts that may 30 
occur as a result of renewing the license of a nuclear power plant, (2) identifying and assessing the 31 
impacts that are expected to be generic (the same or similar), and (3) defining the number and scope of 32 
impacts that need to be addressed in plant-specific EISs.  The GEIS revision identifies 78 environmental 33 
impact issues for consideration in plant-specific supplements to the GEIS. 34 
 35 
In addition to the impacts of continued operations and refurbishment, the GEIS evaluates other 36 
consequences of license renewal, including the environmental effects of postulated accidents and the 37 
effects of an additional 20 years of operation on the impacts of shutdown and decommissioning and on 38 
the uranium fuel cycle.  The GEIS evaluates a full range of alternatives to the proposed action, including a 39 
no-action alternative (denial of license renewal), fossil energy alternatives, nuclear energy alternatives, 40 
renewable energy alternatives, conservation (demand-side management), and the purchase of power.  41 
For most impact areas, the proposed action would have impacts that would be similar to or less than 42 
impacts of the alternatives, in large part because most alternatives would require new power plant 43 
construction, whereas the proposed action would not. 44 
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will be announced in the Federal Register.  Comments on this Draft GEIS will be accepted for a period of 5 
75 days following publication of the Environmental Protection Agency’s Notice of Availability in the 6 
Federal Register and will be considered in the preparation of the Final GEIS.  Any comments received 7 
after the 75-day period will be considered to the extent practicable for the preparation of the Final GEIS. 8 
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BLS  U.S. Bureau of Labor Statistics 
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CCW  coal combustion waste  
CDC  Centers for Disease Control and Prevention 
CDF core damage frequency 
CEC  Commission for Environmental Cooperation 
CEDE  committed effective dose equivalent 
CEG  Constellation Energy Group 
CEQ  Council on Environmental Quality 
CERCLA Comprehensive Environmental Response Compensation and Liability Act 
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CFR  Code of Federal Regulations 
CH4  methane 
CHP  combined heat and power  
CO  carbon monoxide 
CO2  carbon dioxide 
COL  combined operating license 
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CSP  concentrating solar power  
CWA  Clean Water Act 
CZMA  Coastal Zone Management Act 
 
DC   direct current  
DDREF dose and dose rate effectiveness factor 
DNC  Dominion Nuclear Connecticut 
DOE  U.S. Department of Energy 
DOL  U.S. Department of Labor 
DSM  demand-side management 
 
EA  environmental assessment 
EAB  exclusion area boundary 
ECRR  European Committee on Radiation Risk 
EEI  Edison Electric Institute 
EERE  Energy Efficiency and Renewable Energy 
EEZ  Exclusive Economic Zone 
EF  enhanced Fujita (scale) 
EFH  essential fish habitat 
EI  exposure index 
EIA  Energy Information Administration 
EIML  Environmental Incorporated Midwest Laboratory 
EIS  environmental impact statement 
EJ  environmental justice 
ELF-EMF extremely low frequency-electromagnetic field 
EMF  electromagnetic field 
EMF-RAPID Electric and Magnetic Fields Research and Public Information 
  Dissemination (Program) 
EPA  U.S. Environmental Protection Agency 
EPAct  Energy Policy Act of 2005  
EPCRA Emergency Planning and Community Right-to-Know Act 
EPRI  Electric Power Research Institute 
ER  environmental report 
ERCOT Electric Reliability Council of Texas  
ERO  Electric Reliability Organization  
ESA  Endangered Species Act 
ESP  early site permit 
 
F  Fujita (scale) 
FAA  Federal Aviation Administration  
FCC  Federal Communications Commission 
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FDOH  Florida Department of Health 
FEMA  Federal Emergency Management Agency 
FERC  Federal Energy Regulatory Commission 
FES  final environmental statement 
FGD  flue gas desulfurization  
FICN  Federal Interagency Committee on Noise 
FIFRA  Federal Insecticide, Fungicide, and Rodenticide Act 
FPL  Florida Power & Light Company 
FR  Federal Register 
FRCC  Florida Reliability Coordinating Council  
FWS  U.S. Fish and Wildlife Service 
 
GALL  Generic Aging Lessons Learned 
GAO  U.S. General Accounting Office (now U.S. Government Accountability Office) 
GEIS  generic environmental impact statement 
GIS  geographic information system 
GNEP  Global Nuclear Energy Partnership 
GTCC  greater than Class C 
 
HAP  hazardous air pollutant 
HAPC  habitat area of particular concern 
HAWT  horizontal axis wind turbine 
HCCP  Harvard Center for Cancer Prevention 
HDR   hot dry rock  
HFC  hydrofluorocarbon 
HCFC  hydrochlorofluorocarbon 
HHV  higher heating value 
HLW  high-level (radioactive) waste 
HVAC  heating, ventilation, and air conditioning 
 
IAEA  International Atomic Energy Agency 
IARC  International Agency for Research on Cancer 
ICRP  International Commission on Radiological Protection 
IDPH  Illinois Department of Public Health 
IEEE  Institute of Electrical and Electronic Engineers 
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INIRC  International Non-Ionizing Radiation Commission 
IPEEE  Individual Plant Examination of External Events 
IRPA  International Radiation Protection Association 
ISFSI  independent spent fuel storage installation 
ISI  in-service inspection 
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LERF  large early release frequency 
LET  linear energy transfer 
LLAP  Legionella-like amoebal pathogen 
LLD  lower limit of detection 
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 
LOEL  lowest observed effects level 
LWR  light water reactor 
 
MACT  maximum achievable control technology  
MCAQ  Maricopa County Air Quality Department 
MCL  maximum contaminant level 
MEI  maximally exposed individual 
MMPA  Marine Mammal Protection Act 
MMS  Minerals Management Service 
MSFCMA Magnuson-Stevens Fishery Conservation and Management Act 
MSW  municipal solid waste 
MTBE  methyl tertiary butyl ether 
 
NAAQS National Ambient Air Quality Standards 
NaCl  sodium chloride (salt) 
NAICS  North American Industry Classification System  
NAGPRA Native American Graves Protection and Repatriation Act 
NaNO2  sodium nitrate 
NAS  National Academy of Sciences 
NCDC  National Climatic Data Center 
NCRP  National Council on Radiation Protection and Measurement 
NEI  Nuclear Energy Institute 
NEPA  National Environmental Policy Act of 1969 
NERC  North American Electric Reliability Corporation  
NESC  National Electrical Safety Code 
NETL  National Energy Technology Laboratory 
NGCC   natural gas combined cycle  
NHPA  National Historic Preservation Act of 1966 
(NH4)SO4 ammonium sulfate 
NIEHS  National Institute of Environmental Health Sciences 
NIH  National Institutes of Health  
NJDEP New Jersey Department of Environmental Protection 
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NMC  Nuclear Management Company 
NMFS  National Marine Fisheries Service 
NO  nitrogen oxide 
N2O  nitrous oxide 
NO2  nitrogen dioxide 
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 
NRC  U.S. Nuclear Regulatory Commission 
NREL  National Renewable Energy Laboratory 
NRHP  National Register of Historic Places 
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 
 
O3  ozone 
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  perfluorinated carbon 
PI  performance indicator 
PILOT  payments in lieu of tax 
PM2.5  particulate matter with a mean aerodynamic diameter of 2.5 μm or less 
PM10  particulate matter with a mean aerodynamic diameter of 10 μm or less 
PPE  personal protective equipment 
PSD  prevention of significant deterioration 
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PTC  production tax credit  
PURPA Public Utility Regulatory Act of 1978 
PV  photovoltaic 
PWR  pressurized water reactor 
 
RCRA  Resource Conservation and Recovery Act of 1976 
RDF  refuse-derived fuel 
REMP  Radiological Environmental Monitoring Program 
RER  radiological effluent release 
RERR  radiological effluent release report 
RFC  Reliability First Corporation  
ROW  right-of-way 
RRC  Regional Reliability Council 
RRY  reference reactor year 
 
SAAQS State Ambient Air Quality Standards 
SAMA  severe accident mitigation alternatives 
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 
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  
SSCs  systems, structures, and components 
Stat.  Statutes at Large 
 
TDS  total dissolved solids 
TEDE  total effective dose equivalent 
TESS  threatened and endangered species system 
TLD  thermoluminescence dosimeter 
TSCA  Toxic Substances Control Act 
TSS  total suspended solids 
TTU  Texas Tech University 
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Figure 3.3-6.  Locations of Operating Nuclear Plants Relative to EPA-Designated  
 PM2.5 Nonattainment Areas  
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Figure 3.3-7.  Locations of Operating Nuclear Plants Relative to EPA-Designated  
 SO2 Nonattainment Areas  
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Figure 3.3-8.  Locations of Operating Nuclear Plants Relative to EPA-Designated  
 NO2 Nonattainment Areas  
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Figure 3.3-9.  Locations of Operating Nuclear Plants Relative to EPA-Designated 
 CO Maintenance and Nonattainment Areas  



A
ffected E

nvironm
ent

 
 

 

July 2009 
3-45 

N
U

R
E

G
-1437, R

evision 1

 
 

Figure 3.3-10.  Locations of Operating Nuclear Plants Relative to EPA-Designated 
 Pb Nonattainment Areas  
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The magnitude of drift-related PM10 and PM2.5 emissions from wet towers depends on several 1 
conditions and parameters, such as the makeup water composition, concentrations of TDS 2 
(organic matter, biocides, corrosion inhibitors, NaCl), steam condenser flow rate, and drift 3 
eliminator efficiency.  In comparison, drift emissions from cooling tower systems using seawater 4 
are over 7 times greater than those from systems supplied with freshwater makeup feeds, if 5 
everything else is held constant.  However, one plant (Palo Verde in Arizona) uses makeup 6 
water derived from the Phoenix City Sewage Treatment Plant.  Reported emission data indicate 7 
that wastewater treatment at this facility is good.  The associated drift emissions from the six 8 
mechanical draft cooling towers at the Palo Verde plant are estimated at 7.7 and 6.4 lb/hr 9 
(3.5 and 2.9 kg/hr) for PM10 and PM2.5, respectively (MCAQD 2006).  These emissions are 10 
relatively small and typical for a well-controlled cooling tower using a water supply with low TDS 11 
concentration levels.  Palo Verde’s cooling tower operates in compliance with operating permit 12 
conditions issued by the Maricopa County Air Quality Department and is located in a PM2.5 13 
nonattainment area. 14 
 15 
There is only one plant, Hope Creek in New Jersey, that uses high-salinity water (from the 16 
Delaware River Estuary) as the reactor coolant in a natural draft cooling tower.  On the basis of 17 
recent air quality modeling conducted in support of an extended power uprate from about 3300 18 
to about 3800 megawatts-thermal [MW(t)], the analysis of drift emissions and air impacts from 19 
Hope Creek’s natural draft cooling tower was assessed (NRC 2007b).  The analysis showed 20 
that the upgrade would increase the particulate cooling tower drift emissions from the current 21 
rate of 29.4 lb/hr (13.3 kg/hr) to an average rate of 35.6 lb/hr (16.1 kg/hr, with a maximum of 22 
42.0 lb/hr [19.1 kg/hr]).  Particulates (primarily salts) from the cooling tower are primarily PM10.  23 
Although smaller suspended drift particles would also likely be generated from evaporation of 24 
cooling tower plume droplets, estimates of the size distribution of generated drift particles to 25 
determine the PM2.5 fraction were not made.  The NRC determined that the estimated increase 26 
in particulate emissions would exceed the New Jersey Department of Environmental 27 
Protection’s (NJDEP) regulatory maximum hourly emission limit of 30 lb/hr (13.6 kg/hr) for 28 
particulates (NJDEP 1998).  However the NJDEP’s Bureau of Technical Services reviewed the 29 
air quality modeling conducted in support of the proposed power uprate and determined that the 30 
cooling tower emissions would not exceed the NAAQS for PM10 or New Jersey’s Ambient Air 31 
Quality Standards for PM10.  On the basis of this determination, the NRC concluded that there 32 
would be no significant particulate emission impacts associated with the Hope Creek Plant’s 33 
cooling tower at the associated higher makeup water throughput necessary to sustain the 34 
higher requested plant operating loads.  On June 13, 2007, NJDEP issued its final Title V air 35 
permit for the Hope Creek cooling tower, authorizing a variance to the plant’s air operating 36 
permit with an hourly emission rate of 42 lb/hr (19.1 kg/hr) (NJDEP 2007).  In addition, a 37 
prevention of significant deterioration (PSD) applicability determination by the EPA concluded 38 
that the requested power uprate would not result in a significant increase in emissions and  39 
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would not be subject to PSD review (NJDEP 2007).  Further regulatory review was not required 1 
since the Hope Creek plant is located in an attainment area for PM10. 2 
 3 
Although there is the potential for some air quality impacts to occur as a result of equipment  4 
and cooling tower operations, even in the worst case situation (Hope Creek), the impacts would 5 
be considered small, at least in part because of the fact that licensees would be required to 6 
operate within State permit requirements. 7 
 8 
Transmission lines have been associated with the production of minute amounts of O3 and NOx.  9 
These pollutants are associated with corona – the breakdown of air that is very near high-10 
voltage conductors.  Corona is a phenomenon associated with all energized transmission lines.  11 
Under certain conditions, the localized electric field near an energized conductor can be 12 
sufficiently concentrated to produce a tiny electric discharge that can ionize air close to the 13 
conductors (EPRI 1982). This partial discharge of electrical energy is called corona discharge, 14 
or corona.  Corona is most noticeable for higher-voltage lines during rain or fog conditions.  In 15 
addition to the small quantities of O3 and NOx that form, other manifestations of corona events 16 
include energy loss, interference with radio or television transmission, and ambient noise 17 
(see Section 3.3.3).  Typically, corona interference with radio and television reception is not a 18 
design problem.  Interference levels in both fair and rainy weather are extremely low at the 19 
ROW edge for 230-kV and lower transmission lines, and they usually meet or exceed the 20 
reception guidelines of the Federal Communications Commission (FCC).  Through the years, 21 
line designs that greatly reduce corona effects have been developed.  Because transmission 22 
line emissions associated with corona discharge are so small when compared with emissions 23 
from other sources of air pollution (e.g., ozone precursors from automobiles, power plants, and 24 
large industrial boilers), these emissions are not a regulated source of air pollution in the 25 
United States. 26 
 27 
Airborne radiological releases during normal plant operation and associated doses to downwind 28 
populations are discussed in Section 3.9. 29 
 30 
3.3.3  Noise 31 
 32 
The principal sources of noise from nuclear power plant operations are natural-draft and 33 
mechanical-draft cooling towers, transformers, and loudspeakers.  Other occasional noise 34 
sources may include auxiliary equipment (such as pumps to supply cooling water) and corona 35 
discharge.  Generally, these plant noise sources are not perceived by a large number of people 36 
offsite because the level of noise from the surrounding community and highway is high 37 
(60 to 65 dB(A)) (FICN 1992).  In rural or low-population areas, where background noise levels 38 
are in a range of 35 to 45 dB(A), plant noises are more noticeable.  39 
 40 
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In most cases, the sources of noise are far enough away from sensitive receptors outside plant 1 
boundaries that the noise is attenuated to nearly ambient levels and is scarcely noticeable.  2 
However, during the original license application process, some sites identified sensitive 3 
receptors near plant boundaries that would experience noise greater than 10 dB(A) above 4 
ambient levels.  Those levels would increase the difficulty in communicating by speech 5 
outdoors, requiring people to speak louder to be heard.  In no case is the offsite noise level  6 
from a plant sufficient to cause hearing loss. 7 
 8 
There are no Federal regulations for public exposures to noise.  When noise levels are below 9 
the levels that result in hearing loss, impacts have been judged primarily in terms of adverse 10 
public reactions to noise.  The Department of Housing and Urban Development (24 CFR 11 
51.101(a)(8)) uses day-night average sound levels of 55 dBA, recommended by EPA as 12 
guidelines or goals for outdoors in residential areas (EPA 1974).  However, noise levels are 13 
considered acceptable if the day-night average sound level outside a residence is less 14 
than 65 dBA. 15 
 16 
Natural draft and mechanical draft cooling towers emit noise of a broadband nature, whereas 17 
transformers emit a humming noise of a specific tonal nature at twice the normal voltage or 18 
current cycle (core expansion and contraction twice its 60 Hz cycle) with a vibration or noise 19 
harmonic of 120 Hz.  This is called the fundamental noise frequency.  Transformer noise 20 
originates almost entirely in the reactor core as a result of the restrictive effects of steel on the 21 
generated magnetic field, a phenomenon called magnetostriction, which causes the core and its 22 
clamps to vibrate (Ellingson 1979).  Since the core is not symmetrical and the magnetic effects 23 
do not behave in a simple way, the resultant noise is not pure in tone.  This is the noise or 24 
vibration produced.  The noise radiated by transformers is primarily composed of discrete tones 25 
at even harmonics of line frequency (e.g., 120, 240, 360 Hz) when the line frequency is 60 Hz 26 
(Vér and Beranek 2006). 27 
 28 
Loudspeakers emit noise at audible frequencies, generally below 5000 Hz.  Because of the 29 
broadband character of the noise at cooling towers, the noise associated with the towers is less 30 
obtrusive and is largely indistinguishable from the noise from transformers or loudspeakers. 31 
Transformer noise is distinct because of its specific low frequencies.  The low frequencies are 32 
not attenuated with distance and intervening materials as much as higher frequencies are; thus, 33 
low frequencies are more noticeable and obtrusive.  However, at most sites employing cooling 34 
towers, transformer noise is masked by the broadband cooling tower noise. 35 
 36 
Cooling tower and transformer noise from existing equipment does not change appreciably 37 
during the time when the plant is operating, nor does the crackling sound of transmission lines 38 
during storms.  Increases or decreases in site noise levels can occur when equipment is 39 
upgraded or modified to meet life-cycle maintenance requirements or when the power level is 40 
uprated. 41 
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Transmission lines can generate a small amount of sound energy during corona activity.   1 
During corona events (see Section 3.3.2), the ionization of the air that surrounds conductors of 2 
the high-voltage transmission lines, which is caused by electrostatic fields in these lines, 3 
generates impulse corona currents.  When the voltage on a particular phase is high enough, a 4 
corona burst occurs, and a noise is generated.  This noise occurs primarily on the positive 5 
power line voltage wave and is referred to as positive corona noise (Maruvada 2000).  Although 6 
conductors are designed to minimize corona discharges, surface irregularities caused by 7 
damage, insects, raindrops, or contamination may locally enhance the electric field strength 8 
enough for corona discharges to occur (D’Amore 1985).  This audible noise from the line can 9 
barely be heard in fair weather on higher-voltage lines.  During wet weather, water drops collect 10 
on the conductor and increase corona activity so that a crackling or humming sound may be 11 
heard near the line.  This noise is caused by small electrical discharges from the water drops. 12 
 13 
3.4  Soils, Geology, and Seismology 14 
 15 
During the original construction of U.S. commercial nuclear power plants, large areas of land 16 
were disturbed for the buildings, roads, parking lots, underground utilities (including cooling 17 
water system intake and discharge systems), aboveground utility structures (including 18 
transmission lines), cooling towers, and other structures.  Nuclear power plant sites range in 19 
size from 84 ac (34 ha; at the San Onofre plant in California) to 14,000 ac (5700 ha; at the 20 
Clinton plant in Illinois) (Table 3.1-1).  The proportions of land that were disturbed by 21 
construction activities or remain undeveloped vary from site to site.   22 
 23 
The soil resources available at each power plant are site-specific in terms of their potential 24 
erodibility and their potential use for agricultural activities, and vary spatially on the basis of the 25 
distribution of different soil types on the site.  Many of the plants in the Midwest, Great Plains, 26 
East, and Southeast (with the exception of plants in Florida) are located in areas with prime 27 
farmland (USDA 2001).  Nuclear plants in Florida and the West are not located near prime 28 
farmland.  Undeveloped or restored portions of each site may be leased by the licensees for 29 
agricultural production.  However, some areas may not be made available for leasing if they are 30 
within a security zone. 31 
 32 
Soils and subsoils at nuclear plant sites also vary in terms of their geotechnical properties 33 
relative to site construction projects and their hydraulic properties relative to the movement of 34 
infiltration, groundwater, and contaminants.  Depending on the nuclear plant’s location and 35 
design, riverbanks or coastlines may need to be protected to prevent erosion, especially at 36 
water intake or discharge structures. 37 
 38 
Nuclear power plants are located in a variety of physiographic provinces, though the largest 39 
numbers are in the Atlantic Coastal Plain and Central Lowlands provinces.  Each physiographic 40 




