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Abstract1
2
3

The U.S. Nuclear Regulatory Commission (NRC) considered the environmental impacts of4
renewing nuclear power plant operating licenses (OLs) for a 20-year period in its Generic5
Environmental Impact Statement for License Renewal of Nuclear Plants (GEIS), NUREG-1437,6
Volumes 1 and 2, and codified the results in Title 10, Part 51, of the Code of Federal7
Regulations (10 CFR Part 51).  In the GEIS (and its Addendum 1), the NRC staff identifies8
92 environmental issues and reaches generic conclusions related to environmental impacts for9
69 of these issues that apply to all plants or to plants with specific design or site characteristics. 10
Additional plant-specific review is required for the remaining 23 issues.  These plant-specific11
reviews are to be included in a supplement to the GEIS.12

13
This draft Supplemental Environmental Impact Statement (SEIS) has been prepared in14
response to an application submitted to the NRC by Entergy Nuclear Vermont Yankee, LLC and15
Entergy Nuclear Operations, Inc. (Entergy), to renew the OL for Vermont Yankee Nuclear16
Power Station (VYNPS) for an additional 20 years under 10 CFR Part 54.  This draft SEIS17
includes the NRC staff’s analysis that considers and weighs the environmental impacts of the18
proposed action, the environmental impacts of alternatives to the proposed action, and19
mitigation measures available for reducing or avoiding adverse impacts.  It also includes the20
NRC staff’s preliminary recommendation regarding the proposed action.21

22
Regarding the 69 issues for which the GEIS reached generic conclusions, neither Entergy nor23
the NRC staff has identified information that is both new and significant for any issue that24
applies to VYNPS.  In addition, the NRC staff determined that information provided during the25
scoping process did not call into question the conclusions in the GEIS.  Therefore, the NRC26
staff concludes that the impacts of renewing the VYNPS OL would not be greater than the27
impacts identified for these issues in the GEIS.  For each of these issues, the NRC staff’s28
conclusion in the GEIS is that the impact is of SMALL(a) significance (except for collective offsite29
radiological impacts from the fuel cycle and high-level waste and spent fuel, which were not30
assigned a single significance level).31

32
Regarding the remaining 23 issues, those that apply to VYNPS are addressed in this draft SEIS. 33
For each applicable issue, the NRC staff concludes that the significance of the potential34
environmental impacts of renewal of the OL is SMALL.  The NRC staff also concludes that no35
additional mitigation is warranted.  However, under the provisions of the Clean Water Act 316(b)36
Phase II regulations, the Vermont Department of Environmental Conservation may impose37
further restrictions or require modifications to the cooling system to reduce the impacts on38
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aquatic resources from entrainment and impingement.  The NRC staff determined that1
information provided during the scoping process did not identify any new issue that has a2
significant environmental impact.3

4
The NRC staff’s preliminary recommendation is that the Commission determine that the adverse5
environmental impacts of license renewal for VYNPS are not so great that preserving the option6
of license renewal for energy-planning decisionmakers would be unreasonable.  This7
recommendation is based on (1) the analysis and findings in the GEIS; (2) the Environmental8
Report submitted by Entergy; (3) consultation with Federal, State, and local agencies; (4) the9
NRC staff’s own independent review; and (5) the NRC staff’s consideration of public comments10
received during the scoping process.11

12
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Executive Summary1
2
3

By letter dated January 25, 2006, Entergy Nuclear Vermont Yankee, LLC, and Entergy Nuclear4
Operations, Inc. (Entergy), submitted an application to the U.S. Nuclear Regulatory Commission5
(NRC) to renew the operating license (OL) for Vermont Yankee Nuclear Power Station (VYNPS)6
for an additional 20 years.  If the OL is renewed, State regulatory agencies and Entergy will7
ultimately decide whether the plant will continue to operate based on factors such as the need8
for power or other matters within the State’s jurisdiction or the purview of the owners.  If the OL9
is not renewed, then the plant must be shut down at or before the expiration date of the current10
OL, which is March 21, 2012.  Should the NRC staff’s license renewal review not be completed11
by this date, the plant may continue to operate past that date until the NRC staff has taken final12
action to either approve or deny the license renewal.13

14
The NRC has implemented Section 102 of the National Environmental Policy Act (NEPA),15
Title 42, Section 4321, of the United States Code (42 USC 4321) in Title 10, Part 51, of the16
Code of Federal Regulations (10 CFR Part 51).  In 10 CFR 51.20(b)(2), the Commission17
requires preparation of an Environmental Impact Statement (EIS) or a supplement to an EIS for18
renewal of a reactor OL.  In addition, 10 CFR 51.95(c) states that the EIS prepared at the OL19
renewal stage will be a supplement to the Generic Environmental Impact Statement for License20
Renewal of Nuclear Plants (GEIS), NUREG-1437, Volumes 1 and 2.(a)21

22
Upon acceptance of the Entergy application, the NRC began the environmental review process23
described in 10 CFR Part 51 by publishing a Notice of Intent to prepare an EIS and conduct24
scoping.  The NRC staff visited the VYNPS site in May 2006, conducted an open house on25
June 6, 2006, at which comments were accepted, and held public scoping meetings on June 7,26
2006, in Brattleboro, Vermont.  In the preparation of this draft Supplemental Environmental27
Impact Statement (SEIS) for VYNPS, the NRC staff reviewed the Entergy Environmental Report28
(ER) and compared it with the GEIS, consulted with other agencies, conducted an independent29
review of the issues following the guidance set forth in NUREG-1555, Supplement 1, Standard30
Review Plans for Environmental Reviews for Nuclear Power Plants, Supplement 1:  Operating31
License Renewal, and considered the public comments received during the scoping process. 32
The public comments received during the scoping process that were considered to be within the33
scope of the environmental review are provided in Appendix A, Part 1, of this draft SEIS.34

35
The NRC staff will hold two public meetings in Brattleboro, Vermont, in January 2007, to36
describe the preliminary results of the NRC environmental review, to answer questions, and to37
provide members of the public with information to assist them in formulating comments on this38
draft SEIS.  When the comment period ends, the NRC staff will consider and address all of the39
comments received.  These comments will be addressed in Appendix A, Part 2, of the40
final SEIS. 41
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1
This draft SEIS includes the NRC staff’s preliminary analysis that considers and weighs the2
environmental effects of the proposed action, the environmental impacts of alternatives to the3
proposed action, and mitigation measures for reducing or avoiding adverse effects.  It also4
includes the NRC staff’s preliminary recommendation regarding the proposed action.5

6
The Commission has adopted the following statement of purpose and need for license renewal7
from the GEIS:8

9
The purpose and need for the proposed action (renewal of an operating license) is to10
provide an option that allows for power generation capability beyond the term of a current11
nuclear power plant operating license to meet future system generating needs, as such12
needs may be determined by State, utility, and, where authorized, Federal (other than NRC)13
decisionmakers.14

15
The evaluation criterion for the NRC staff’s environmental review, as defined in16
10 CFR 51.95(c)(4) and the GEIS, is to determine17

18
. . . whether or not the adverse environmental impacts of license renewal are so great that19
preserving the option of license renewal for energy-planning decisionmakers would be20
unreasonable.21

22
Both the statement of purpose and need and the evaluation criterion implicitly acknowledge that23
there are factors, in addition to license renewal, that will ultimately determine whether an24
existing nuclear power plant continues to operate beyond the period of the current OL.25

26
NRC regulations (10 CFR 51.95(c)(2)) contain the following statement regarding the content of27
SEISs prepared at the license renewal stage:28

29
The supplemental environmental impact statement for license renewal is not required to30
include discussion of need for power or the economic costs and economic benefits of the31
proposed action or of alternatives to the proposed action except insofar as such benefits32
and costs are either essential for a determination regarding the inclusion of an alternative in33
the range of alternatives considered or relevant to mitigation.  In addition, the supplemental34
environmental impact statement prepared at the license renewal stage need not discuss35
other issues not related to the environmental effects of the proposed action and the36
alternatives, or any aspect of the storage of spent fuel for the facility within the scope of the37
generic determination in § 51.23(a) (“Temporary storage of spent fuel after cessation of38
reactor operation–generic determination of no significant environmental impact”) and in39
accordance with § 51.23(b).40

41
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The GEIS contains the results of a systematic evaluation of the consequences of renewing an1
OL and operating a nuclear power plant for an additional 20 years.  It evaluates2
92 environmental issues using the NRC’s three-level standard of significance – SMALL,3
MODERATE, or LARGE – developed using the Council on Environmental Quality guidelines. 4
The following definitions of the three significance levels are set forth in footnotes to Table B-1 of5
10 CFR Part 51, Subpart A, Appendix B:6

7
SMALL – Environmental effects are not detectable or are so minor that they will neither8
destabilize nor noticeably alter any important attribute of the resource.9

10
MODERATE – Environmental effects are sufficient to alter noticeably, but not to11
destabilize, important attributes of the resource.12

13
LARGE – Environmental effects are clearly noticeable and are sufficient to destabilize14
important attributes of the resource.15

16
For 69 of the 92 issues considered in the GEIS, the analysis in the GEIS reached the following17
conclusions:18

19
(1) The environmental impacts associated with the issue have been determined to apply20

either to all plants or, for some issues, to plants having a specific type of cooling system21
or other specified plant or site characteristics.22

23
(2) A single significance level (i.e., SMALL, MODERATE, or LARGE) has been assigned to24

the impacts (except for collective offsite radiological impacts from the fuel cycle and from25
high-level waste and spent fuel disposal).26

27
(3) Mitigation of adverse impacts associated with the issue has been considered in the28

analysis, and it has been determined that additional plant-specific mitigation measures29
are not likely to be sufficiently beneficial to warrant implementation.30

31
These 69 issues were identified in the GEIS as Category 1 issues.  In the absence of new and32
significant information, the NRC staff relied on conclusions as amplified by supporting33
information in the GEIS for issues designated as Category 1 in Table B-1 of 10 CFR Part 51,34
Subpart A, Appendix B.35

36
Of the 23 issues that do not meet the criteria set forth above, 21 are classified as Category 237
issues requiring analysis in a plant-specific supplement to the GEIS.  The remaining two issues,38
environmental justice and chronic effects of electromagnetic fields, were not categorized. 39
Environmental justice was not evaluated on a generic basis and must be addressed in a40
plant-specific supplement to the GEIS.  Information on the chronic effects of electromagnetic41
fields was not conclusive at the time the GEIS was prepared.42
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This draft SEIS documents the NRC staff’s consideration of all 92 environmental issues1
identified in the GEIS.  The NRC staff considered the environmental impacts associated with2
alternatives to license renewal and compared the environmental impacts of license renewal and3
the alternatives.  The alternatives to license renewal that were considered include the no-action4
alternative (not renewing the OL for VYNPS) and alternative methods of power generation. 5
Based on projections made by the U.S. Department of Energy’s Energy Information6
Administration, gas- and coal-fired generation appear to be the most likely power-generation7
alternatives if the power from VYNPS is replaced.  These alternatives are evaluated assuming8
that the replacement power-generation plant is located at either the VYNPS site or at some9
other unspecified alternate location.10

11
Entergy and the NRC staff have established independent processes for identifying and12
evaluating the significance of any new information on the environmental impacts of license13
renewal.  Neither Entergy nor the NRC staff has identified information that is both new and14
significant related to Category 1 issues that would call into question the conclusions in the15
GEIS.  Similarly, neither the scoping process nor the NRC staff has identified any new issue16
applicable to VYNPS that has a significant environmental impact.  Therefore, the NRC staff17
relies upon the conclusions of the GEIS for all of the Category 1 issues that are applicable to18
VYNPS.19

20
Entergy’s license renewal application presents an analysis of the Category 2 issues.  The NRC21
staff has reviewed the Entergy analysis for each issue and has conducted an independent22
review of each issue.  Three Category 2 issues are not applicable because they are related to23
plant design features or site characteristics not found at VYNPS.  Four Category 2 issues are24
not discussed in this draft SEIS because they are specifically related to refurbishment.  Entergy25
has stated that its evaluation of structures and components, as required by 10 CFR 54.21, did26
not identify any major plant refurbishment activities or modifications as necessary to support the27
continued operation of VYNPS for the license renewal period.  In addition, any replacement of28
components or additional inspection activities are within the bounds of normal plant operation29
and are not expected to affect the environment outside of the bounds of the plant operations30
evaluated in the U.S. Atomic Energy Commission’s 1972 Final Environmental Statement31
Related to Operation of the Vermont Yankee Nuclear Power Station, Vermont Yankee Nuclear32
Power Corporation.33

34
Fourteen Category 2 issues related to operational impacts and postulated accidents during the35
renewal term, as well as environmental justice and chronic effects of electromagnetic fields, are36
discussed in detail in this draft SEIS.  Five of the Category 2 issues and environmental justice37
apply to both refurbishment and to operation during the renewal term and are only discussed in38
this draft SEIS in relation to operation during the renewal term.  For all 14 Category 2 issues39
and environmental justice, the NRC staff concludes that the potential environmental effects are40
of SMALL significance in the context of the standards set forth in the GEIS.  In addition, the41
NRC staff determined that appropriate Federal health agencies have not reached a consensus42
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on the existence of chronic adverse effects from electromagnetic fields.  Therefore, no further1
evaluation of this issue is required.  For severe accident mitigation alternatives (SAMAs), the2
NRC staff concludes that a reasonable, comprehensive effort was made to identify and evaluate3
SAMAs.  Based on its review of the SAMAs for VYNPS and the plant improvements already4
made, the NRC staff concludes that several candidate SAMAs are potentially cost-beneficial. 5
However, none of these SAMAs relate to adequately managing the effects of aging during the6
period of extended operation.  Therefore, they need not be implemented as part of license7
renewal pursuant to 10 CFR Part 54.8

9
Mitigation measures were considered for each Category 2 issue.  Current measures to mitigate10
the environmental impacts of plant operation were found to be adequate, and no additional11
mitigation is warranted.  However, under the provisions of the Clean Water Act 316(b) Phase II12
regulations, the Vermont Department of Environmental Conservation may impose further13
restrictions or require modifications to the cooling system to reduce the impacts on aquatic14
resources from entrainment and impingement. 15

16
Cumulative impacts of past, present, and reasonably foreseeable future actions were17
considered, regardless of what agency (Federal or non-Federal) or person undertakes such18
other actions.  For purposes of this analysis, where VYNPS license renewal impacts are19
deemed to be SMALL, the NRC staff concluded that these impacts would not result in significant20
cumulative impacts on potentially affected resources.21

22
If the VYNPS OL is not renewed and the plant ceases operation on or before the expiration of23
its current OL, then the adverse impacts of likely alternatives would not be smaller than those24
associated with continued operation of VYNPS.  The impacts may, in fact, be greater in some25
areas.26

27
The preliminary recommendation of the NRC staff is that the Commission determine that the28
adverse environmental impacts of license renewal for VYNPS are not so great that preserving29
the option of license renewal for energy-planning decisionmakers would be unreasonable.  This30
recommendation is based on (1) the analysis and findings in the GEIS; (2) the ER submitted by31
Entergy; (3) consultation with other Federal, State, and local agencies; (4) the NRC staff’s own32
independent review; and (5) the NRC staff’s consideration of public comments received during33
the scoping process.34

35
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Abbreviations/Acronyms

E degree
μCi microcurie(s)
μg microgram(s)
μm micrometer(s)
μSv microsievert(s)

ac acre(s)
AC alternating current
ACC averted cleanup and decontamination costs
AD Anno Domini
ADAMS Agencywide Documents Access and Management System
AEA Atomic Energy Act
AEC U.S. Atomic Energy Commission
AFB Air Force Base
ALARA as low as reasonably achievable
AOC averted offsite property damage costs
AOE averted occupational exposure
AOSC averted onsite costs
APCD Air Pollution Control Division
APE averted public exposure
AQCR Air Quality Control Region
ASME American Society of Mechanical Engineers
ATWS anticipated transient without scram
ATV all-terrain vehicle

BA biological assessment
BC Before Christ
Bq becquerel(s)
BO Biological Opinion
Btu British thermal unit(s)
BWR boiling water reactor
BWROG Boiling Water Reactor Owners Group

C Celsius
CAA Clean Air Act
CAB Containment Access Building
CAFRA Coastal Area Facility Review Act
CBS Connecticut Botanical Society
CCW component cooling water
CDC Centers for Disease Control and Prevention
CDF core damage frequency or combined disposal facility



Abbreviations/Acronyms

December 2006 xxi Draft NUREG-1437, Supplement 30

CDEP Connecticut Department of Environmental Protection
CEQ Council on Environmental Quality
CFR Code of Federal Regulations
cfs cubic feet per second
Ci curie(s)
cm centimeter(s)
CMA Chemical Manufacturer’s Association
CO carbon monoxide
CO2 carbon dioxide
COE cost of enhancement
CPC Center for Plant Conservation
CVDEM Code of Virginia, Department of Emergency Management
CWA Clean Water Act
CZMA Coastal Zone Management Act 

d day(s)
dBA “A-weighted” decibel level
DBA design-basis accident
DC direct current
DDT dichloro-diphenyl-trichloroethane
DOC U.S. Department of Commerce
DOD U.S. Department of Defense
DOE U.S. Department of Energy
DOI U.S. Department of the Interior
DOL U.S. Department of Labor
Dominion Dominion Nuclear North Anna, LLC
DOT U.S. Department of Transportation
DPR demonstration project reactor
DSM demand-side management

EA environmental assessment
EFH essential fish habitat
EIA Energy Information Administration
EIS Environmental Impact Statement
ELF-EMF extremely low frequency-electromagnetic field
Entergy Entergy Nuclear Vermont Yankee, LLC, and Entergy Nuclear Operations, Inc.
EPA U.S. Environmental Protection Agency
EPRI Electric Power Research Institute, Inc.
EPU extended power uprate
ER Environmental Report
ESA Endangered Species Act
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ESMP Environmental Surveillance and Monitoring Program
Exelon Exelon Generation Company, LLC

F Fahrenheit
FAA Federal Aviation Administration
FERC Federal Energy Regulatory Commission
FES Final Environmental Statement
FONSI Finding of No Significant Impact
FPRA Fire Probabilistic Risk Assessment
FR Federal Register
FSAR Final Safety Analysis Report
ft foot (feet)
FWS U.S. Fish and Wildlife Service

g gram(s)
gal gallon(s)
GEIS Generic Environmental Impact Statement for License Renewal of Nuclear Plants,

NUREG-1437
gpd gallon(s) per day
gpm gallon(s) per minute

HAC hazardous air contaminant
HAP hazardous air pollutant
HEPA high-efficiency particulate air
HLW high-level waste
hp horsepower
hr hour(s)
Hz Hertz

ICE internal combustion engine
IEEE Institute of Electrical and Electronic Engineers
in. inch(es)
INEEL Idaho National Engineering and Environmental Laboratory
ISLOCA interfacing systems loss-of-coolant accident
ISRA Industrial Site Recovery Act
ITS Incidental Take Statement

J joule(s)

kg kilogram(s)
km kilometer(s)
kV kilovolt(s)
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kW kilowatt(s)
kWh kilowatt hour(s)

L liter(s)
lb pound(s)
LERF large early release frequency
LLC limited liability company
LLTF Lessons Learned Task Force
LOCA loss-of-coolant accident
LOOP loss of offsite power

m meter(s)
m2 square meter(s) 
m3 cubic meter(s)
mA milliampere(s)
MAAP Modular Accident Analysis Program
MACCS2 Melcor Accident Consequence Code System 2
MDFW Massachusetts Department of Fisheries and Wildlife
MEI maximally exposed individual
mg milligram(s)
mi mile(s)
mi2 square mile(s)
min minute(s)
mL milliliter(s)
mm millimeter(s)
MMACR modified maximum averted cost risk
MMSC Marine Mammal Stranding Center
mph mile(s) per hour
mrad millirad(s)
mrem millirem(s)
mR milliRoentgen(s)
MSL mean sea level
mSv millisievert(s)
MT metric ton(s) (or tonne(s))
MTBE methyl tertiary-butyl ether
MTU metric ton(s)-uranium
MW megawatt(s)
MWd megawatt-day(s)
MW(e) megawatt(s) electric
MW(t) megawatt(s) thermal
MWh megawatt hour(s)
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NAAQS National Ambient Air Quality Standards
NAGPRA Native American Graves Protection and Repatriation Act
NAS National Academy of Sciences
NCDC National Climatic Data Center
NCES National Center for Educational Statistics 
NCDC National Climatic Data Center
NEPA National Environmental Policy Act 
NESC National Electric Safety Code
NFSC Northeast Fisheries Science Center
ng nanogram(s)
NHDHR New Hampshire Division of Historic Resources
NHFGD New Hampshire Fish and Game Resources Department
NHPA National Historic Preservation Act
NIEHS National Institute of Environmental Health Sciences
NMFS National Marine Fisheries Service
NOx nitrogen oxides 
NOAA National Oceanic and Atmospheric Administration
NPDES National Pollutant Discharge Elimination System
NRC U.S. Nuclear Regulatory Commission
NREL National Renewable Energy Laboratory
NRHP National Register of Historic Places
NRO Office of New Reactors
NYSDEC New York State Department of Environmental Conservation

ODC ozone-depleting chemical
ODCM Offsite Dose Calculation Manual
OL operating license

PA Preliminary Assessment
PAH polycyclic aromatic hydrocarbon
PCB polychlorinated biphenyl
pCi picocurie(s)
PL Public Law
PM2.5 particulate matter, 2.5 microns or less in diameter
PM10 particulate matter, 10 microns or less in diameter
PNNL Pacific Northwest National Laboratory
ppm part(s) per million
ppt part(s) per thousand
PRA Probabilistic Risk Assessment
PSA Probabilistic Safety Assessment
PSD Prevention of Significant Deterioration
PTE potential to emit
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RAI request for additional information
REMP radiological environmental monitoring program
RG Regulatory Guide
RI Remedial Investigation
RM river mile
ROI region of interest
ROW(s) right(s)-of-way
RPC replacement power cost
rpm revolution(s) per minute
RRW risk reduction worth

s second(s)
SAMA severe accident mitigation alternative
SAR Safety Analysis Report
SAV submerged aquatic vegetation
SCDHEC South Carolina Department of Health and Environmental Control
SCR selective catalytic reduction
SECA Solid State Energy Conservation Alliance
SEIS Supplemental Environmental Impact Statement
SER Safety Evaluation Report
SERI Systems Energy Resources, Inc.
SHPO State Historic Preservation Office
SI Site Investigation
SO2 sulfur dioxide
SOx sulfur oxides
SRHP State Register of Historic Places
Sv sievert

TDS total dissolved solids
TEL threshold effect level
TLAA time-limited aging analysis
TLD thermoluminescent dosimeter
TS technical specification
TSS total suspended solids

UFSAR Updated Final Safety Analysis Report
U.S. United States
USACE U.S. Army Corps of Engineers
USC United States Code
USCB U.S. Census Bureau
USDA U.S. Department of Agriculture
USGS U.S. Geological Survey
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VAC volts alternating current
VANR Vermont Agency of Natural Resources
VDEC Vermont Department of Environmental Conservation
VDH Vermont Department of Health
VELCO Vermont Electric Power Company, Inc.
VNNHP Vermont Nongame and Natural Heritage Program
VOC volatile organic compound
VYNPS Vermont Yankee Nuclear Power Station

W watt(s)

yr year(s)
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1.0  Introduction1
2
3

Under the U.S. Nuclear Regulatory Commission’s (NRC’s) environmental protection regulations4
in Title 10, Part 51, of the Code of Federal Regulations (10 CFR Part 51), which implement the5
National Environmental Policy Act (NEPA), renewal of a nuclear power plant operating license6
(OL) requires the preparation of an Environmental Impact Statement (EIS).  In preparing the7
EIS, the NRC staff is required first to issue the statement in draft form for public comment, and8
then issue a final statement after considering public comments on the draft.  To support the9
preparation of the EIS, the NRC staff has prepared a Generic Environmental Impact Statement10
for License Renewal of Nuclear Plants (GEIS), NUREG-1437, Volumes 1 and 2 (NRC 1996,11
1999).(a)  The GEIS is intended to (1) provide an understanding of the types and severity of12
environmental impacts that may occur as a result of license renewal of nuclear power plants13
under 10 CFR Part 54, (2) identify and assess the impacts that are expected to be generic to14
license renewal, and (3) support 10 CFR Part 51 to define the number and scope of issues that15
need to be addressed by the applicants in plant-by-plant renewal proceedings.  Use of the GEIS16
guides the preparation of complete plant-specific information in support of the OL renewal17
process.18

19
Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear Operations, Inc. (Entergy),20
operates the Vermont Yankee Nuclear Power Station (VYNPS) in Vernon, Vermont, under OL21
DPR-28, which was issued by the NRC.  This OL will expire in March 2012.  By letter dated22
January 25, 2006, Entergy submitted an application to the NRC to renew the VYNPS OL for an23
additional 20 years under 10 CFR Part 54 (Entergy 2006a).  Entergy is a licensee for the24
purposes of its current OL and an applicant for the renewal of the OL.  Pursuant to 10 CFR25
51.53(c) and 54.23, Entergy submitted an Environmental Report (ER) (Entergy 2006b) in which26
Entergy analyzed the environmental impacts associated with the proposed license renewal27
action, considered alternatives to the proposed action, and evaluated mitigation measures for28
reducing adverse environmental effects.29

30
This report is the draft plant-specific supplement to the GEIS (the supplemental EIS (SEIS)) for31
the Entergy license renewal application.  This draft SEIS is a supplement to the GEIS because it32
relies, in part, on the findings of the GEIS.  The NRC staff will also prepare a separate Safety33
Evaluation Report in accordance with 10 CFR Part 54.34

35

1.1 Report Contents36
37

The following sections of this introduction (1) describe the background for the preparation of this38
draft SEIS, including the development of the GEIS and the process used by the NRC staff to39
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assess the environmental impacts associated with license renewal, (2) describe the proposed1
Federal action to renew the VYNPS OL, (3) discuss the purpose and need for the proposed2
action, and (4) present the status of Entergy’s compliance with environmental quality standards3
and requirements that have been imposed by Federal, State, regional, and local agencies that4
are responsible for environmental protection.5

6
The ensuing chapters of this draft SEIS closely parallel the contents and organization of the7
GEIS.  Chapter 2 describes the site, power plant, and interactions of the plant with the8
environment.  Chapters 3 and 4, respectively, discuss the potential environmental impacts of9
plant refurbishment and plant operation during the renewal term.  Chapter 5 contains an10
evaluation of potential environmental impacts of plant accidents and includes consideration of11
severe accident mitigation alternatives.  Chapter 6 discusses the uranium fuel cycle and solid12
waste management.  Chapter 7 discusses decommissioning, and Chapter 8 discusses13
alternatives to license renewal.  Finally, Chapter 9 summarizes the findings of the preceding14
chapters and draws conclusions about the adverse impacts that cannot be avoided; the15
relationship between short-term uses of man’s environment and the maintenance and16
enhancement of long-term productivity; and the irreversible or irretrievable commitment of17
resources.  Chapter 9 also presents the NRC staff’s preliminary recommendation with respect to18
the proposed license renewal action.19

20
Additional information is included in appendixes.  Appendix A contains public comments related21
to the environmental review for license renewal and NRC staff responses to those comments. 22
Appendixes B through G, respectively, list the following:23

24
C The preparers of the supplement,25

26
C A chronology of the NRC staff’s environmental review correspondence related to this27

draft SEIS,28
29

C The organizations contacted during the development of this draft SEIS,30
31

C Entergy’s compliance status in Table E-1 (this appendix also contains copies of32
consultation correspondence prepared and sent during the evaluation process),33

34
C GEIS environmental issues that are not applicable to VYNPS, and35

36
C Severe accident mitigation alternatives (SAMAs).37

38
39
40
41
42
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1.2  Background1
2

Use of the GEIS, which examines the possible environmental impacts that could occur as a3
result of renewing individual nuclear power plant OLs under 10 CFR Part 54, and the4
established license renewal evaluation process support the thorough evaluation of the impacts5
of renewal of OLs.6

7
1.2.1 Generic Environmental Impact Statement8

9
The NRC initiated a generic assessment of the environmental impacts associated with the10
license renewal term to improve the efficiency of the license renewal process by documenting11
the assessment results and codifying the results in the Commission’s regulations.  This12
assessment is provided in the GEIS, which serves as the principal reference for all nuclear13
power plant license renewal EISs.14

15
The GEIS documents the results of the systematic approach that was taken to evaluate the16
environmental consequences of renewing the licenses of individual nuclear power plants and17
operating them for an additional 20 years.  For each potential environmental issue, the GEIS18
(1) describes the activity that affects the environment, (2) identifies the population or resource19
that is affected, (3) assesses the nature and magnitude of the impact on the affected population20
or resource, (4) characterizes the significance of the effect for both beneficial and adverse21
effects, (5) determines whether the results of the analysis apply to all plants, and (6) considers22
whether additional mitigation measures would be warranted for impacts that would have the23
same significance level for all plants.24

25
The NRC’s standard of significance for impacts was established using the Council on26
Environmental Quality (CEQ) terminology for “significantly” (40 CFR 1508.27, which requires27
consideration of both “context” and “intensity”).  Using the CEQ terminology, the NRC28
established three significance levels – SMALL, MODERATE, or LARGE.  The definitions of the29
three significance levels are presented in the footnotes to Table B-1 of 10 CFR Part 51,30
Subpart A, Appendix B, as follows:31

32
SMALL – Environmental effects are not detectable or are so minor that they will neither33
destabilize nor noticeably alter any important attribute of the resource.34

35
MODERATE – Environmental effects are sufficient to alter noticeably, but not to destabilize,36
important attributes of the resource.37

38
LARGE – Environmental effects are clearly noticeable and are sufficient to destabilize39
important attributes of the resource.40

41
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The GEIS assigns a significance level to each environmental issue, assuming that ongoing1
mitigation measures would continue.2

3
The GEIS includes a determination of whether the analysis of the environmental issue could be4
applied to all plants and whether additional mitigation measures would be warranted.  Issues5
are assigned a Category 1 or a Category 2 designation.  As set forth in the GEIS, Category 16
issues are those that meet all of the following criteria:7

8
(1) The environmental impacts associated with the issue have been determined to apply9

either to all plants or, for some issues, to plants having a specific type of cooling system10
or other specified plant or site characteristics.11

12
(2) A single significance level (i.e., SMALL, MODERATE, or LARGE) has been assigned to13

the impacts (except for collective off-site radiological impacts from the fuel cycle and14
from high-level waste and spent fuel disposal).15

16
(3) Mitigation of adverse impacts associated with the issue has been considered in the17

analysis, and it has been determined that additional plant-specific mitigation measures18
are likely not to be sufficiently beneficial to warrant implementation.19

20
For issues that meet the three Category 1 criteria, no additional plant-specific analysis is21
required in this draft SEIS unless new and significant information is identified.22

23
Category 2 issues are those that do not meet one or more of the criteria of Category 1, and,24
therefore, additional plant-specific review for these issues is required.25

26
In the GEIS, the NRC staff assessed 92 environmental issues and determined that 69 qualified27
as Category 1 issues, 21 qualified as Category 2 issues, and 2 issues were not categorized. 28
The two uncategorized issues are environmental justice and chronic effects of electromagnetic29
fields.  Environmental justice was not evaluated on a generic basis and must be addressed in a30
plant-specific supplement to the GEIS.  Information on the chronic effects of electromagnetic31
fields was not conclusive at the time the GEIS was prepared.32

33
Of the 92 issues, 11 are related only to refurbishment, 6 are related only to decommissioning,34
67 apply only to operation during the renewal term, and 8 apply to both refurbishment and35
operation during the renewal term.  A summary of the findings for all 92 issues in the GEIS is36
codified in Table B-1 of 10 CFR Part 51, Subpart A, Appendix B.37

38
The NRC staff has identified a new issue that was not previously addressed in the GEIS related39
to essential fish habitat (EFH).  The consultation requirements of Section 305(b) of the40
Magnuson-Stevens Fishery Conservation and Management Act, as amended by the National41
Marine Fisheries Service Sustainable Fisheries Act of 1996, provide that Federal agencies must42
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consult with the Secretary of Commerce on all actions or proposed actions authorized, funded,1
or undertaken by the agency that may adversely affect EFH.  Therefore, concurrent with2
issuance of this draft SEIS, the NRC staff has requested initiation of an EFH consultation with3
the National Marine Fisheries Service.  The EFH Assessment to support this consultation is4
presented in Appendix E of this draft SEIS.5

6
1.2.2 License Renewal Evaluation Process7

8
An applicant seeking to renew its OL is required to submit an ER as part of its application.  The9
license renewal evaluation process involves careful review of the applicant’s ER and assurance10
that all new and potentially significant information not already addressed in or available during11
the GEIS evaluation is identified, reviewed, and assessed to verify the environmental impacts of12
the proposed license renewal.13

14
In accordance with 10 CFR 51.53(c)(2) and (3), the ER submitted by the applicant must15

16
C Provide an analysis of the Category 2 issues in Table B-1 of 10 CFR Part 51, Subpart A,17

Appendix B, in accordance with 10 CFR 51.53(c)(3)(ii), and18
19

C Discuss actions to mitigate any adverse impacts associated with the proposed action20
and environmental impacts of alternatives to the proposed action.21

22
In accordance with 10 CFR 51.53(c)(2), the ER does not need to23

24
C Consider the economic benefits and costs of the proposed action and alternatives to the25

proposed action except insofar as such benefits and costs are either (1) essential for26
making a determination regarding the inclusion of an alternative in the range of27
alternatives considered, or (2) relevant to mitigation;28

29
C Consider the need for power and other issues not related to the environmental effects of30

the proposed action and the alternatives;31
32

C Discuss any aspect of the storage of spent fuel within the scope of the generic33
determination in 10 CFR 51.23(a) in accordance with 10 CFR 51.23(b); and34

35
C Contain an analysis of any Category 1 issue unless there is significant new information36

on a specific issue – this is pursuant to 10 CFR 51.23(c)(3)(iii) and (iv).37
38

New and significant information is (1) information that identifies a significant environmental39
issue not covered in the GEIS and codified in Table B-1 of 10 CFR Part 51, Subpart A,40
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Appendix B, or (2) information that was not considered in the analyses summarized in the GEIS1
and that leads to an impact finding that is different from the finding presented in the GEIS and2
codified in 10 CFR Part 51.3

4
In preparing to submit its application to renew the VYNPS OL, Entergy developed a process to5
ensure that information not addressed in or available during the GEIS evaluation regarding the6
environmental impacts of license renewal for VYNPS would be properly reviewed before7
submitting the ER, and to ensure that such new and potentially significant information related to8
renewal of the OL for VYNPS would be identified, reviewed, and assessed during the period of9
NRC review.  Entergy reviewed the Category 1 issues that appear in Table B-1 of 10 CFR10
Part 51, Subpart A, Appendix B, to verify that the conclusions of the GEIS remained valid with11
respect to VYNPS.  This review was performed by personnel from Entergy and its support12
organization who were familiar with NEPA issues and the scientific disciplines involved in the13
preparation of a license renewal ER.14

15
The NRC staff also has a process for identifying new and significant information.  That process16
is described in detail in Standard Review Plans for Environmental Reviews for Nuclear Power17
Plants, Supplement 1:  Operating License Renewal, NUREG-1555, Supplement 1 (NRC 2000). 18
The search for new information includes (1) review of an applicant’s ER and the process for19
discovering and evaluating the significance of new information; (2) review of records of public20
comments; (3) review of environmental quality standards and regulations; (4) coordination with21
Federal, State, and local environmental protection and resource agencies; and (5) review of the22
technical literature.  New information discovered by the NRC staff is evaluated for significance23
using the criteria set forth in the GEIS.  For Category 1 issues where new and significant24
information is identified, reconsideration of the conclusions for those issues is limited in scope to25
the assessment of the relevant new and significant information; the scope of the assessment26
does not include other facets of the issue that are not affected by the new information.27

28
Chapters 3 through 7 discuss the environmental issues considered in the GEIS that are29
applicable to VYNPS.  At the beginning of the discussion of each set of issues, there is a table30
that identifies the issues to be addressed and lists the sections in the GEIS where the issue is31
discussed.  Category 1 and Category 2 issues are listed in separate tables.  For Category 132
issues for which there is no new and significant information, the table is followed by a set of33
short paragraphs that state the GEIS conclusion codified in Table B-1 of 10 CFR Part 51,34
Subpart A, Appendix B, followed by the NRC staff’s analysis and conclusion.  For Category 235
issues, in addition to the list of GEIS sections where the issue is discussed, the tables list the36
subparagraph of 10 CFR 51.53(c)(3)(ii) that describes the analysis required and the draft SEIS37
sections where the analysis is presented.  The draft SEIS sections that discuss the Category 238
issues are presented immediately following the table.39

40
41
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The NRC prepares an independent analysis of the environmental impacts of license renewal1
and compares these impacts with the environmental impacts of alternatives.  The evaluation of2
the Entergy license renewal application began with publication of a Notice of Acceptance for3
docketing and opportunity for a hearing in the Federal Register (Volume 71, page 152204
(71 FR 15220) (NRC 2006a)) on March 27, 2006.  The NRC staff published a Notice of Intent to5
prepare an EIS and conduct scoping (71 FR 20733 (NRC 2006b)) on April 21, 2006.  An open6
house was held on June 6, 2006, at which comments were accepted, and two public scoping7
meetings were held on June 7, 2006, in Brattleboro Vermont.  Comments received during the8
scoping period were summarized in the Environmental Impact Statement Scoping Process: 9
Summary Report – Vermont Yankee Nuclear Power Station, Windham County, Vermont10
(NRC 2006c), dated October 30, 2006.  Comments that are applicable to this environmental11
review are presented in Part 1 of Appendix A.12

13
The NRC staff followed the review guidance contained in NUREG-1555, Supplement 114
(NRC 2000).  The NRC staff and contractors retained to assist the NRC staff visited the VYNPS15
site on May 22 through 26, 2006, and again on August 8 through 10, 2006, to gather information16
and to become familiar with the site and its environs.  The NRC staff also reviewed the17
comments received during scoping and consulted with Federal, State, regional, and local18
agencies.  Appendix C contains a chronological listing of correspondences related to the license19
renewal process.  A list of the organizations consulted is provided in Appendix D.  Other20
documents related to VYNPS were reviewed and are referenced in this draft SEIS.21

22
This draft SEIS presents the NRC staff’s analysis that considers and weighs the environmental23
effects of the proposed renewal of the OL for VYNPS, the environmental impacts of alternatives24
to license renewal, and mitigation measures available for avoiding adverse environmental25
effects.  Chapter 9, “Summary and Conclusions,” provides the NRC staff’s preliminary26
recommendation to the Commission on whether or not the adverse environmental impacts of27
license renewal are so great that preserving the option of license renewal for energy-planning28
decisionmakers would be unreasonable.29

30
A 75-day comment period will begin on the date of publication of the U.S. Environmental31
Protection Agency Notice of Filing of the draft SEIS to allow members of the public to comment32
on the preliminary results of the NRC staff’s review.  During this comment period, two public33
meetings will be held in Battleboro, Vermont, in January 2007.  During these meetings, the NRC34
staff will describe the preliminary results of the NRC environmental review and answer35
questions related to it to provide members of the public with information to assist them in36
formulating their comments.37

38
39
40
41
42
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1.3 The Proposed Federal Action1
2

The proposed Federal action is renewal of the OL for VYNPS.  The current OL for VYNPS3
expires on March 21, 2012.  By letter dated January 25, 2006, Entergy submitted an application4
to the NRC (Entergy 2006a) to renew this OL for an additional 20 years of operation (i.e., until5
March 21, 2032).  6

7
VYNPS is located in the town of  Vernon, Vermont, in Windham County on the west shore of the8
Connecticut River.  The plant is situated approximately 5 mi southeast of Brattleboro, Vermont,9
and about 30 and 28 mi north of Northhampton and Amherst, Massachusetts, respectively. 10
VYNPS is a single-unit plant with a boiling water reactor and steam turbine supplied by General11
Electric.  The unit was originally licensed for a reactor core power of 1593 megawatts thermal12
(MW(t)), with a net electrical capacity of 540 megawatts electric (MW(e)).  However, a recently13
approved power uprate has increased the power level to 1912 MW(t), with a corresponding14
output of 650 MW(e).  Plant cooling is provided by a closed-cycle, open-cycle, or hybrid-cycle15
system that draws water from, and discharges water back to, the Connecticut River. 16

17

1.4 The Purpose and Need for the Proposed Action18
19

Although a licensee must have a renewed license to operate a reactor beyond the term of the20
existing OL, the possession of that license is just one of a number of conditions that must be21
met for the licensee to continue plant operation during the term of the renewed license.  Once22
an OL is renewed, State regulatory agencies and the owners of the plant will ultimately decide23
whether the plant will continue to operate based on factors such as the need for power or other24
matters within the State’s jurisdiction or the purview of the owners.25

26
Thus, for license renewal reviews, the NRC has adopted the following definition of purpose and27
need (GEIS Section 1.3):28

29
The purpose and need for the proposed action (renewal of an operating license) is to30
provide an option that allows for power generation capability beyond the term of a31
current nuclear power plant operating license to meet future system generating needs,32
as such needs may be determined by State, utility, and where authorized, Federal (other33
than NRC) decisionmakers.34

35
This definition of purpose and need reflects the Commission’s recognition that, unless there are36
findings in the safety review required by the Atomic Energy Act of 1954 or findings in the NEPA37
environmental analysis that would lead the NRC to reject a license renewal application, the38
NRC does not have a role in the energy-planning decisions of State regulators and utility39
officials as to whether a particular nuclear power plant should continue to operate.  From the 40
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perspective of the licensee and the State regulatory authority, the purpose of renewing an OL is1
to maintain the availability of the nuclear plant to meet system energy requirements beyond the2
current term of the plant’s license.3

4

1.5 Compliance and Consultations5
6

Entergy is required to hold certain Federal, State, and local environmental permits, as well as7
meet relevant Federal and State statutory requirements.  In its ER, Entergy (2006b) provided a8
list of the authorizations from Federal, State, and local authorities for current operations as well9
as environmental approvals and consultations associated with VYNPS license renewal. 10
Authorizations and consultations relevant to the proposed OL renewal action are included in11
Appendix E.12

13
The NRC staff has reviewed the list and consulted with the appropriate Federal, State, and local14
agencies to identify any compliance or permit issues or significant environmental issues of15
concern to the reviewing agencies.  These agencies did not identify any new and significant16
environmental issues.  The ER states that Entergy is in compliance with applicable17
environmental standards and requirements for VYNPS.  The NRC staff has not identified any18
environmental issues that are both new and significant.19

20

1.6 References21
22

10 CFR Part 51.  Code of Federal Regulations, Title 10, Energy, Part 51, “Environmental23
Protection Regulations for Domestic Licensing and Related Regulatory Functions.”24

25
10 CFR Part 54.  Code of Federal Regulations, Title 10, Energy, Part 54, “Requirements for26
Renewal of Operating Licenses for Nuclear Power Plants.”27

28
40 CFR Part 1508.  Code of Federal Regulations, Title 40, Protection of Environment,29
Part 1508, “Terminology and Index.”30

31
Atomic Energy Act of 1954 (AEA).  42 USC 2011, et seq.32

33
Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear Operations, Inc. (Entergy).  2006a. 34
License Renewal Application, Vermont Yankee Nuclear Power Station, Facility Operating35
License No. DPR-28.  Docket No. 50-271.  Brattleboro, Vermont.  (January 25, 2006).36

37
Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear Operations, Inc. (Entergy).  2006b. 38
Applicant’s Environmental Report – Operating License Renewal Stage, Vermont Yankee39
Nuclear Power Station.  Docket No. 50-271.  Brattleboro, Vermont.  (January 25, 2006).40

41
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National Environmental Policy Act of 1969 (NEPA), as amended.  42 USC 4321, et seq.1
2

U.S. Nuclear Regulatory Commission (NRC).  1996.  Generic Environmental Impact Statement3
for License Renewal of Nuclear Plants.  NUREG-1437, Vols. 1 and 2, Washington, D.C.4

5
U.S. Nuclear Regulatory Commission (NRC).  1999.  Generic Environmental Impact Statement6
for License Renewal of Nuclear Plants, Main Report, “Section 6.3 – Transportation, Table 9.1,7
Summary of Findings on NEPA Issues for License Renewal of Nuclear Power Plants, Final8
Report.”  NUREG-1437, Vol. 1, Addendum 1, Washington, D.C.9

10
U.S. Nuclear Regulatory Commission (NRC).  2000.  Standard Review Plans for Environmental11
Reviews for Nuclear Power Plants, Supplement 1:  Operating License Renewal.  NUREG-1555,12
Supplement 1, Washington, D.C.13

14
U.S. Nuclear Regulatory Commission (NRC).  2006a.  “Entergy Nuclear Operations, Inc.,15
Vermont Yankee Nuclear Power Station; Notice of Acceptance for Docketing of the Application16
and Notice of Opportunity for Hearing Regarding Renewal of Facility Operating License17
No. DRP-28 for an Additional 20-Year Period.”  Federal Register, Vol. 71, No. 58,18
pp. 15220–15223.  Washington, D.C.  (March 27, 2006).19

20
U.S. Nuclear Regulatory Commission (NRC).  2006b.  “Entergy Nuclear Operations, Inc.,21
Vermont Yankee Nuclear Power Station; Notice of Intent to Prepare an Environmental Impact22
Statement and Conduct Scoping Process.”  Federal Register, Vol. 71, No. 77,23
pp. 20733–20735.  Washington, D.C.  (April 21, 2006).24

25
U.S. Nuclear Regulatory Commission (NRC).  2006c.  Environmental Impact Statement Scoping26
Process:  Summary Report – Vermont Yankee Nuclear Power Station, Windham County,27
Vermont.  Washington, D.C.  (October 30, 2006).28
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2.0  Description of Nuclear Power Plant and Site1

and Plant Interaction with the Environment2
3
4

The Vermont Yankee Nuclear Power Station (VYNPS) is owned and operated by Entergy5
Nuclear Vermont Yankee, LLC (Entergy), a wholly owned subsidiary of Entergy Nuclear6
Operations, Inc.  VYNPS is located on the shore of the Connecticut River in the town of Vernon,7
in Windham County, Vermont.  The plant consists of a single boiling water reactor that produces8
steam that turns turbines to generate electricity.  The site includes a reactor building, a turbine9
building, an office building, radioactive waste buildings, a stack, and several other support10
buildings.  The plant and its environs are described in Section 2.1, and the plant’s interaction11
with the environment is presented in Section 2.2.12

13

2.1 Plant and Site Description and Proposed Plant Operation14

During the Renewal Term15
16

This section provides a description of the VYNPS plant, the larger site on which it is located,17
and the regional setting.  In addition, summary descriptions are provided for the reactor system,18
radioactive waste management and effluent control systems, the cooling and auxiliary water19
systems, the nonradioactive waste management systems, plant operation and maintenance, as20
well as the power transmission system.21

22
2.1.1 External Appearance and Setting23

24
The VYNPS is located on approximately 125 ac of land owned by Entergy and a narrow strip of25
land between the Connecticut River and the east boundary of the VYNPS property to which26
Entergy has perpetual rights and easements from its owner.  The property is approximately 5 mi27
southeast of Brattleboro, Vermont, and about 28 mi north of Amherst, Massachusetts.  Besides28
Brattleboro, Vermont, the only other settlement of any size within 5 mi of the site is the town of29
Hinsdale, New Hampshire, east of the Connecticut River.  Figures 2-1 and 2-2 show the site30
location and features within 50 mi and 6 mi, respectively (Entergy 2006a).31

32
The 125-ac VYNPS property boundaries are shown in Figure 2-3.  The property is bounded on33
the north, south, and west by privately owned land and on the east by the Connecticut River. 34
The site is surrounded by an exclusion area, as shown in Figure 2-4.  No residences are35
permitted within this exclusion zone.  During an accident condition of radiological significance,36
the licensee would possess the capability for exercising immediate and direct control over37
activities in the exclusion area for the purpose of radiological protection.  The nearest38
residences lie outside the site boundary to the southwest at 0.26 mi.  The areas adjacent to the39
site to the north, west, and south are primarily farm and pasture lands.  40
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Figure 2-1.  Location of Vermont Yankee Nuclear Power Station, 50-mi Region
(Source:  Entergy 2006a)
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Figure 2-2.  Location of Vermont Yankee Nuclear Power Station, 
6-mi Region (Source:  Entergy 2006a)
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The area within the 5-mi radius is predominantly rural with the exception of a portion of the town1
of Brattleboro, Vermont, and the town of Hinsdale, New Hampshire.  Between 75 and2
80 percent of the area within 5 mi of the station is wooded.  The remainder is occupied by farms3
and small industries.  Downstream of the plant on the Connecticut River is the Vernon4
Hydroelectric Station.5

6
There are no Native American lands within a 50-mi radius of VYNPS.  There are a number of7
Federal and State lands within the 50-mi radius of the VYNPS, as shown in Figure 2-5.  8

9
2.1.2 Reactor Systems10

11
VYNPS is a nuclear-powered, steam electric-generating facility that began commercial12
operation on November 30, 1972.  VYNPS is powered by a boiling water reactor manufactured13
by General Electric and features a Mark I containment.  The unit was originally licensed for a14
reactor core power of 1593 megawatts-thermal (MW(t)), with a net electrical capacity of15
540 MW(e).  However, on March 2, 2006, the U.S. Nuclear Regulatory Commission (NRC)16
approved a power uprate to increase the maximum core power level from 1593 MW(t) to17
1912 MW(t).  The gross electrical output corresponding to 1912 MW(t) is approximately18
650 MW(e).19

20
The VYNPS site layout is shown in Figure 2-3.  Major buildings and structures include the21
reactor building and primary containment, turbine building, control building, radioactive waste22
building, intake structure, cooling towers, and main stack.  The site has begun construction of23
an independent spent fuel storage facility for dry storage of spent nuclear fuel onsite.24

25
The reactor’s primary containment is a pressure suppression system consisting of a drywell, a26
pressure-absorption chamber, and vent pipes connecting the drywell to the pressure-absorption27
chamber.  The drywell is a steel pressure vessel with a spherical lower portion and28
a cylindrical upper portion.  The pressure-absorption chamber is a steel pressure vessel in the29
shape of a torus, located below and encircling the drywell, and is approximately half-filled with30
water.  The vent system from the drywell terminates below the water level in the torus, so that in31
the event of a pipe failure in the drywell, the released steam passes directly to the water where32
it is condensed (Entergy 2004c).33

34
Secondary containment is provided by the reactor building, which is constructed of reinforced35
concrete to the refueling floor.  Above the refueling floor, the structure is a steel framework with36
insulated, corrosion-resistant metal siding.  The reactor building also houses all refueling37
equipment, including the spent fuel storage pool and the new fuel storage vault.38

39
The reactor fuel is uranium dioxide pellets sealed in Zircaloy-2 tubes.  The fuel is enriched40
to no more than 5 percent.  The reactor is refueled on a 18-month refueling cycle.  Spent fuel is  41

42
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currently stored onsite in the storage pool.  Some of the spent fuel currently stored in the spent1
fuel pool will be moved to the independent spent fuel storage facility being constructed onsite.2

3
2.1.3 Cooling and Auxiliary Water Systems4

5
The Connecticut River is the source for cooling water for the main condenser at the VYNPS. 6
Cooling river water can be circulated through the station in one of three modes of operation: 7
open-cycle (also called once-through cooling), hybrid-cycle, or closed-cycle.  The mode of8
operation is selected by the applicant to limit the heat discharged to the river to ensure9
compliance with the thermal limits of the National Pollutant Discharge Elimination System10
(NPDES) permit (Entergy 2004c, NRC 2006a).11

12
In all three modes, the circulating water exits the condenser and flows into the discharge13
structure.  In the open-cycle mode, after entering the discharge structure the water returns to14
the river through an aerating structure.  The cooling towers are not used in the open-cycle mode15
of operation.  In both the closed-cycle and hybrid cycle, after entering the discharge structure,16
the circulating water is pumped up to the cooling towers.  After being cooled, the water returns17
to a weir collection chamber in the discharge structure.  A gate inside this chamber allows all or18
a portion of the water to return to the intake structure.  In the closed-cycle mode all of the tower19
cooled water is returned to the intake structure for re-use in the condenser.  In the hybrid cycle20
mode of operation a portion of the water returns to the intake structure while the remainder is21
returned to the river through the aerating structure.  The exact amount of water returned to both22
the intake structure and the river in hybrid mode depends on seasonal variation in23
environmental parameters, particularly the temperature in the Connecticut River.  Blowdown24
from the circulating water system is discharged to the river through piping near the discharge25
structure.  Make-up water lost from blowdown and evaporation from the cooling towers is26
withdrawn from the river.  VYNPS has two mechanical draft cooling towers, one of which has a27
deep basin holding 1.4 million gal of water for emergency cooling (VDEC 2003, VDEC 2006a,28
Entergy 2004c). 29

30
The concrete intake structure, located on the west bank of Vernon Pool just east of the plant,31
has three pump bays for three circulating water pumps and two service water bays for four32
service water pumps and two fire water pumps.  All bays are provided with trash racks and33
traveling water screens to strain debris in the intake water.  34

35
Water treatment equipment at the intake structure delivers chlorine and bromine to both the36
circulating water and service water pump bays, to minimize marine growth and bacteria in the37
system.  Corrosive control agents and chemicals to adjust pH are also added (see Table 2-3,38
Section 2.2.3.1) (Entergy 2004c).39

40
In its report to the State of air pollutant emissions for calendar year 2005, Entergy reported41
release of four Category III HACs from the operation of its cooling tower (Entergy 2006j).  The42
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specific chemicals were components of two biocides in use during the period.  Spectrus1
NX-1104, manufactured by Betzdearborn, a subsidiary of Hercules Canada, contains2
dodecylguanidine hydrochloride, ethyl alcohol, and isopropyl alcohol (Betzdearborn 2003). 3
Nalco H-550, manufactured by Ondeo Nalco, contains glutaraldehyde (Nalco 2006).4

5
Cooling water for the main condenser is drawn from the Connecticut River using three vertical6
circulating water pumps, which provide a total flow capacity of 360,000 gpm.  Cooling water7
returns to the Connecticut River through the discharge structure near the riverbank southeast of8
the plant (at NPDES Outfall 1).  The structure is approximately 199 ft long by 108 ft wide by 46 ft9
deep.  The discharge structure consists of an aerating spillway that provides air entrainment,10
energy dissipation, and warm water dispersion of the discharged cooling water.  Sheet piling is11
used to prevent scouring of the aerating apron (Entergy 2004c).  12

13
The thermal limits of the plant’s discharge to Vernon Pool are regulated through Vermont’s14
NPDES program (see also Section 2.2.3.1).  During the NPDES winter period (October 1515
through May 15), the NPDES permit requires that the plant-induced temperature at downstream16
River Monitoring Station 3 never exceed 65EF and that the increase in temperature above the17
ambient temperature at that station never exceeds 13.4EF (or a rate of increase of 5EF per18
hour).  During the NPDES summer period (May 16 through October 14), the temperature19
increase at Station 3 is required to be less than 2EF above the ambient temperature for water20
that is above 63EF and less than 5EF above the ambient temperature for water that is below21
55EF (VDEC 2003).22

23
Flow limitations for circulating water discharged at the discharge structure are 543 million gpd24
for open- and hybrid-cycle cooling modes and 12.1 million gpd for closed-cycle cooling modes25
(see Table 2-1, Section 2.2.2.1).26

27
Water is also drawn from the Connecticut River for the plant’s service water system, which28
provides water for turbine and reactor auxiliary equipment cooling, reactor shutdown cooling,29
and miscellaneous services.  Four vertical, two-stage, turbine-like pumps, located at the north30
end of the intake structure, supply water to the service water system, providing a total flow31
capacity of 13,400 gpm.  The service water system also provides water to the normal and32
standby fuel pool cooling subsystems for the reactor building’s spent fuel pool (Entergy 2004c). 33
Service water is returned to the river via the discharge structure.34

35
Two pumps, with a total flow capacity of 5000 gpm, are located at the north end of the intake36
structure to withdraw water from the Connecticut River for fire protection.  Water is drawn as37
needed to supply the automatic wet pipe sprinkler systems, standpipes, and hose stations38
throughout the plant (Entergy 2004c).39

40
41
42
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2.1.4 Radioactive Waste Management Systems and Effluent Control Systems1
2

Radioactive wastes resulting from plant operations are classified as liquid, gaseous, and solid3
wastes.  VYNPS uses liquid, gaseous, and solid radioactive waste management systems to4
collect and process these wastes before they are released to the environment or shipped to5
offsite disposal facilities.  The waste disposal system meets the release limits as set forth in6
Title 10, Part 20, of the Code of Federal Regulations (10 CFR Part 20) and the dose design7
objectives of 10 CFR Part 50, Appendix I (“Numerical Guide for Design Objectives and Limiting8
Conditions for Operation to Meet the Criterion ‘As Low As is Reasonably Achievable’ for9
Radiological Material in Light-Water-Cooled Nuclear Power Reactor Effluents”), and controls the10
processing, disposal, and release of radioactive wastes.  Unless otherwise noted, the11
description of the radioactive waste management systems and effluent control systems for12
liquid, gaseous, and solid wastes presented here (Sections 2.1.4.1, 2.1.4.2, and 2.1.4.3,13
respectively) is based on information provided in the applicant’s Environmental Report (ER)14
(Entergy 2006a) or the VYNPS Updated Final Safety Analysis Report (UFSAR) (Entergy 2004c)15
and was confirmed during the NRC staff’s site visit May 22-25, 2006.16

17
The liquid and gaseous radioactive waste systems are designed to reduce the radioactivity in18
the wastes such that the concentrations in routine discharges are below the applicable19
regulatory limits.  If necessary, liquid waste releases to the Connecticut River occur in batches20
that are monitored during discharge and diluted by the circulating water.  VYNPS has not had21
any radioactive liquid discharges to the Connecticut River over the last 5 years and does not22
plan to release radioactive liquids in the future.  Gaseous wastes are processed and routed to a23
common tall stack for release to the atmosphere.  The gaseous effluents are continuously24
monitored, and discharge is stopped if the effluent concentrations exceed predetermined levels.25

26
The Offsite Dose Calculation Manual (ODCM) for VYNPS (Entergy 2002c) describes the27
methods used for calculating radioactivity concentrations in the environment and the estimated28
potential offsite doses associated with liquid and gaseous effluents from VYNPS.  The ODCM29
also specifies controls for release of liquid and gaseous effluents to ensure compliance with30
NRC regulations.31

32
Radioactive fission products build up within the fuel as a consequence of the fission process. 33
These fission products are contained in the sealed fuel rods; however, as a result of fuel34
cladding failure and corrosion, small quantities escape from the fuel rods and contaminate the35
reactor coolant.  Neutron activation of the primary coolant system is also responsible for coolant36
contamination.  Nonfuel solid wastes result from treating and separating radionuclides from37
gases and liquids and from removing contaminated material from various reactor areas.  Solid38
wastes also consist of reactor components, equipment, and tools removed from service as well39
as contaminated protective clothing, paper, rags, and other trash generated from plant40
operations, design modification, and routine maintenance activities.  The solid waste disposal41



Plant and the Environment

December 2006 2-11 Draft NUREG-1437, Supplement 30

system is designed to package solid wastes for removal to offsite treatment or disposal facilities. 1
Some solid low-level waste is stored onsite temporarily before offsite shipment.2

3
Fuel assemblies that have exhausted a certain percentage of their fuel and that are removed4
from the reactor core for disposal are called spent fuel.  VYNPS currently operates on a5
18-month refueling cycle.  Spent fuel is stored in a spent fuel pool in the reactor building.  Some6
of the older spent fuel will also be stored in an onsite independent spent fuel storage7
installation.8

9
2.1.4.1  Liquid Waste Processing Systems and Effluent Controls10

11
The liquid radioactive waste system receives and processes all radioactive or potentially12
radioactive liquid wastes from multiple sources.  These wastes are collected in sumps and drain13
tanks at various locations throughout the plant and then transferred to the appropriate collection14
tanks for treatment, storage, and disposal.  Although VYNPS operates as a zero discharge plant15
relative to radioactive liquids, very low levels of radioactivity in liquid effluents from VYNPS16
could be released to the Connecticut River in accordance with limits specified in NRC17
regulations, VYNPS ODCM, and the NPDES permit.  18

19
Included in the liquid radioactive waste system are (1) floor and equipment drain systems for20
handling potentially radioactive wastes; and (2) tanks, piping, pumps, process equipment,21
instrumentation, and auxiliaries necessary to collect, process, store, and dispose of potentially22
radioactive wastes.  The equipment used by the liquid radioactive waste system is located in the23
radioactive waste building, with the exception of the cleanup phase separator equipment24
(located in the reactor building), the condensate backwash receiving tank and pump (located in25
the turbine building), and waste sample tanks, floor drain sample tank, and waste surge tank26
(located outdoors at grade level).27

28
The liquid wastes received are of different purities and chemical compositions.  The liquid29
radioactive waste system is used to process these wastes to make them suitable for reuse30
within the plant or, if necessary, for release to the discharge structure where dilution occurs with31
the circulating water.  32

33
The principal sources of liquid wastes are equipment leakage, drainage, and process waste34
produced by plant operations.  This is a batch-type system wherein the wastes are separately35
collected and processed.  The liquid wastes are broadly categorized as high-purity, low-purity,36
chemical, or detergent wastes.  The terms “high” and “low” purity refer to conductivity, not37
radioactivity.  38

39
High-purity (low-conductivity) liquid wastes are collected in the waste collector tank from a40
variety of sources, including the equipment drain sumps in the drywell, reactor building,41
radioactive waste building, and turbine building,  and from decants from cleanup and42
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condensate phase separators, resin rinse, and rapid dewatering systems.  They are processed1
by filtration and ion exchange through waste collector filter or fuel pool filters and waste2
dimineralizers, as required.  After processing, the liquid is pumped to the waste sample tank3
where it is sampled and either recycled for additional processing or transferred to the4
condensate storage tank for reuse in the nuclear system.  VYNPS has operated as a zero5
radioactive liquid discharge facility over the last several years and intends to continue to operate6
in the same mode.  However, should discharge be necessary, wastes would be sampled on a7
batch basis and analyzed for water quality and radioactivity.  If high-purity requirements are met,8
the contents would be transferred to the condensate storage tank.  If high-purity requirements9
are not met, the liquid wastes would be recycled through the radioactive waste system or could10
be discharged.  Discharges would be monitored and the release would be automatically11
terminated if the monitor set points are exceeded.12

13
Low-purity (high-conductivity) liquid wastes are collected in the floor drain collector tank, which14
receives wastes from the floor drains of the drywell, reactor building, radioactive waste building,15
and the turbine building.  These wastes generally have low concentrations of radioactive16
impurities, and processing consists of filtration and combination with high-purity waste in the17
waste collector tank, with subsequent processing as high-purity waste.18

19
Chemical wastes are collected in the chemical waste tank and are from the following sources: 20
chemical laboratory waste, laboratory drains, and sample sinks.  When the chemical21
concentrations are low enough, these wastes may be neutralized and processed by filtration in22
the same manner and with the same equipment as the low-purity wastes.  When the chemical23
concentrations are too high, these wastes may receive additional processing.  24

25
Detergent wastes are collected in the detergent waste tank.  These wastes are primarily from26
radioactive decontamination solutions that contain detergents.  Because detergents will foul ion27
exchange resins, their use is minimized in the plant.  VYNPS uses an offsite cleaning laundry,28
thus minimizing the quantity of detergent waste generated.  Detergent wastes are normally29
dumped to the floor drain collector tank for processing with low-purity waste.  30

31
The NRC staff reviewed the annual liquid effluent releases reported in the VYNPS Annual32
Radioactive Effluent Release Reports for the years 2001 through 2005 (Entergy 2002b, 2003b,33
2004b, 2005b, 2006c).  During this 5-year period, there were no routine or unplanned liquid34
effluent releases from the liquid radioactive waste processing system.  In 2006, NRC issued a35
license amendment to Entergy that allowed Entergy to increase the thermal power of the36
VYNPS by 20 percent (to 1912 MW(t)).  In the environmental assessment (EA) and the Finding37
of No Significant Impact (FONSI) accompanying the license amendment (NRC 2006a), it is38
estimated that the volume of liquid radioactive waste generated could increase by 1.2 percent of39
the current total as a consequence of the 20-percent extended power uprate (EPU).  It is also40
stated in the EA that this is an increase in the volume of radioactive waste that would require41
processing, not an increase in radioactive liquid effluent.  It is also indicated that the liquid waste42
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processing system at VYNPS was designed to handle the increased volume of radioactive1
waste.  Entergy does not anticipate the discharge of any radioactive liquid waste during the2
renewal period.  3

4
2.1.4.2  Gaseous Waste Processing Systems and Effluent Controls5

6
At VYNPS, the gaseous radioactive waste system includes subsystems that process gases from7
the main condenser air ejectors, the startup vacuum pump, and the gland seal condenser.  This8
system also processes gases from the standby treatment system and most station ventilation9
exhausts including from portions of the turbine building, reactor building, and radioactive waste10
building.  The processed gases are routed to the plant stack for dilution and elevated release11
(318 ft above grade) to the atmosphere.  VYNPS ventilation systems are designed to maintain12
gaseous effluents at levels as low as reasonably achievable.  This is done by a combination of13
holdups for decay of short-lived radioactive material, filtration, and monitoring.  Continuous14
radiation monitoring is provided at various points in the system.15

16
During normal operation, noncondensable gases are produced in the reactor coolant and must17
be continuously removed to maintain turbine efficiency.  These gases include hydrogen and18
oxygen from radiolysis of water, gases introduced or generated as a result of chemical control in19
the primary system, mixed fission products, activation products, and air from condenser20
in-leakage.  Off-gas is discharged from the condenser via steam-jet air ejectors and passed21
through holdup piping and high-efficiency particulate air (HEPA) filters.  The off-gas is then22
passed through a hydrogen dilution and recombiner system where hydrogen and oxygen are23
catalytically recombined into water.  After recombination, the off-gas is routed to a chiller to24
remove moisture, and then through seven charcoal delay beds that provide a long delay period25
for radioisotope decay as the off-gas passes through.  The off-gas is then passed through26
HEPA filters and vacuum pumps before it is routed to the 318-ft plant stack for release to the27
environment.  The effluent is continuously monitored and an alarm is activated in the control28
room if the monitor set points are exceeded.  The operators would then take action to reduce or29
terminate the release.30

31
A new gaseous radioactive waste subsystem was installed at VYNPS to permit the incineration32
of slightly radioactive waste oil for space heating purposes.  This incinerator is located in the33
north warehouse on the site.  The environmental releases listed below and the doses to34
receptors in the vicinity of the plant listed in Section 2.2.7 include the emissions from this35
incinerator.  36

37
The NRC staff reviewed the gaseous effluent releases reported in the VYNPS Annual38
Radioactive Effluent Release Reports for the years 2001 through 2005 (Entergy 2002b, 2003b,39
2004b, 2005b, 2006c).  During this 5-year period, the average annual release of radioactive40
effluents was about 40.2 Ci/yr, consisting of the following:41

42
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C 31.7 Ci/yr of fission and activation gases,1
2

C 1.17 × 10-3 Ci/yr of iodines,3
4

C 2.7 × 10-4 Ci/yr of beta and gamma emitters as particulates, and5
6

C 8.55 Ci/yr of tritium.7
8

In March 2006, the NRC issued a license amendment to Entergy that allowed Entergy to9
increase the thermal power of the VYNPS by 20 percent.  In the EA and the FONSI10
accompanying the license amendment (NRC 2006a), it is estimated that the gaseous effluents11
from the VYNPS due to the EPU could increase by as much as 20 percent, consistent with the12
percent increase in power.  However, it is estimated that the gaseous effluents will remain within13
the regulatory limits (NRC 2006a).  Except for the impact of the EPU, no increases in14
radioactive gaseous releases are expected during the license renewal period. 15
See Section 2.2.7 for a discussion of the theoretical doses to the maximally exposed individual16
(MEI) as a result of gaseous releases.17

18
2.1.4.3  Solid Waste Processing19

20
The solid waste management system at VYNPS is designed to collect, process, store, package,21
and prepare wet and dry solid radioactive waste materials for offsite shipment.  Some solid22
waste is temporarily stored onsite in shielded structures prior to shipment from the plant.  Solid23
wastes include wet wastes consisting of spent resins and filter sludges and dry wastes24
consisting of air filters from radioactive ventilation systems; miscellaneous paper, rags, shoe25
covers, etc., from contaminated areas; contaminated clothing, tools, and equipment parts, which26
cannot be effectively decontaminated; solid laboratory wastes; used reactor equipment such as27
spent control rod blades, fuel channels, and incore ion chambers; and large pieces of28
contaminated equipment.  29

30
The wet wastes are pumped from the phase separators or waste sludge tanks as a slurry to31
disposable liners preplaced within the licensed transportation casks.  The slurry is then32
dewatered from within the liner using a remote controlled dewatering system.  After filling and33
dewatering, the liner is closed and the cask is taken to a decontamination area in the34
radioactive waste building where the cask is wiped or washed down to remove external surface35
contamination.  The cask is lifted to a truck for transportation to the onsite waste storage area or36
offsite to a waste disposal site.  37

38
The dry solid waste is normally stored temporarily in various work areas and then moved to the39
process area.  Most waste of this type has relatively low radioactive content and may be40
handled manually.  Used reactor equipment, because of its high radioactivity, is stored in the41
fuel storage pool for a sufficiently long time to allow for radioactive decay before packaging and42
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shipment offsite.  A hydraulic box compactor is used to compress and reduce the volume of1
compressible dry wastes.  As an alternative, these types of wastes can be collected in shipping2
containers and sent to an offsite processor for volume reduction.  3

4
Transportation and disposal of solid radioactive wastes are performed in accordance with the5
applicable requirements of 10 CFR Part 71 and Part 61, respectively.  There are no releases to6
the environment from solid radioactive wastes created at VYNPS.  In 2005, 23 waste shipments7
were made from VYNPS to treatment or disposal facilities.  The total volume and activity of the8
radioactive waste shipped offsite in 2005 were 619 m3 and 229 Ci, respectively (Entergy 2006c). 9
These values are representative of the quantities of radioactive waste generated and shipped10
from the site in previous years.  However, the EPU granted in March 2006 is expected to result11
in an increase in the amount of radioactive waste generated annually.  The increase is expected12
to be less than 18 percent (NRC 2006a).  Except for the impact of the EPU, no increase in13
radiological solid waste is expected during the license renewal period.14

15
2.1.5 Nonradioactive Waste Systems16

17
The principal nonradioactive wastes from VYNPS include various solid waste, chemical wastes,18
and sanitary waste.  Noncontaminated solid waste is collected inside the restricted area in19
designated containers located throughout the plant.  Once filled, the containers are surveyed for20
the presence of loose surface contamination and are then transported to the clean material21
processing facility.  Noncontaminated chemicals, paint, oil, fluorescent bulbs, and other items22
that have either been used or exceeded their useful shelf life are collected in a central collection23
area.  The materials are received in various forms and are processed to meet all regulatory24
requirements prior to final disposition.  Most items are packaged and shipped to vendors for25
processing offsite.  26

27
Sanitary wastewater and laboratory wastewater from all plant locations are discharged to the28
onsite septic systems covered under a permit from the Vermont Department of Environmental29
Conservation.  The solids from the septic tanks are periodically pulled out and spread in a land30
spreading area on the site.  Monitoring of the groundwater around the septic tanks and around31
the land spreading area has showed no indication of radioactive contamination.  32

33
Entergy has a corporate policy and a plan for waste minimization at its nuclear power plants,34
including VYNPS.  The plan provides a hierarchy of waste minimization options that emphasize35
(1) source reduction, (2) reuse/recycling, (3) treatment to reduce volume and/or toxicity, and36
 37
(4) disposal, in that order (Entergy 2006p).  It is expected that Entergy would continue to38
maintain and implement its waste minimization policy and plan during the license renewal period39
of the VYNPS.40

41
42



Plant and the Environment 

Draft NUREG-1437, Supplement 30 2-16 December 2006

2.1.6 Plant Operation and Maintenance1
2

Routine maintenance performed on plant systems and components is necessary for the safe3
and reliable operation of a nuclear power plant.  Maintenance activities conducted at VYNPS4
include inspection, testing, and surveillance to maintain the current licensing basis of the plant5
and to ensure compliance with environmental and safety requirements.  Certain activities can be6
performed while the reactor is operating.  Others require that the plant be shut down.  Long-term7
outages are scheduled for refueling and for certain types of repairs or maintenance, such as the8
replacement of a major component.  The reactor is refueled on a 18-month schedule.9

10
As part of the License Renewal Application (Application), Entergy conducted an aging11
management review to manage the impacts of aging on systems, structures, and components in12
accordance with 10 CFR Part 54.  Section 4 of the Application documents the evaluations of13
time-limited aging analyses (TLAAs) for the license renewal period.  Appendix B of the14
Application provides descriptions of the programs and activities that would manage the impacts15
of aging for the renewal period.  These summary descriptions of aging management program16
activities and TLAAs would be incorporated into the UFSAR for VYNPS following the issuance17
of the renewed operating license (OL).  Entergy expects to conduct the activities related to the18
management of aging impacts during plant operation or normal refueling and other outages, but19
does not plan any outages specifically for the purpose of refurbishment.20

21
2.1.7 Power Transmission System22

23
Transmission corridors considered in the scope for license renewal are those constructed24
specifically to connect the facility to the transmission system (10 CFR 51.53(c)(3)(ii)(H)).  The25
Final Environmental Statement (FES) for VYNPS (AEC 1972) described two transmission lines26
that connected VYNPS with the regional transmission grid.  Both of the lines described in the27
FES utilize 115-kV lines.  The two lines described in the FES, the Chestnut Hill and Coolidge28
lines, are considered in the scope for the Supplemental Environmental Impact Statement (SEIS)29
because they connect VYNPS to the regional grid.  Three other lines that connect to the VYNPS30
switchyard, the Amherst line, the Northfield line, and the Vernon Hydro line were not31
constructed in support of the VYNPS, and therefore are not considered in the scope for the32
SEIS.  None of the transmission lines connecting to the VYNPS switchyard are owned,33
operated, or maintained by Entergy.34

35
From the VYNPS switchyard, the 115-kV Chestnut Hill line runs east across the Connecticut36
River for two miles to the Chestnut Hill substation in Hinsdale, New Hampshire (Figure 2-6). 37
The line crosses the Connecticut River on galvanized steel towers and then is carried on38
wooden H-pole structures to the substation.  From the VYNPS switchyard to the New39
Hampshire State line, the lines are owned by Vermont Electric Power Company, Inc.  (VELCO).40
From the State line to the Chestnut Hill substation, the line is owned by Public Service Company41
of New Hampshire (a subsidiary of the Northeast Utilities System).  The right-of-way (ROW) is42
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300 ft wide and occupies approximately 73 ac.  The 115-kV Keene Line is identified in1
Figure 2-6.  The Keene line starts at the Chestnut Hill Substation and is out of scope.2

3
The second transmission line, the Coolidge line, extends north from the VYNPS 345-kV4
substation for roughly 50 miles to the Coolidge substation located near Ludlow, Vermont5
(Figure 2-7).  The line extends north from VYNPS on steel, single-pole structures for 2 miles6
and then on wooden H-pole structures to the Coolidge substation.  The Coolidge line is owned7
and operated by VELCO.  The line was built in 1971 to 345-kV standards but initially operated at8
115 kV; in 1974, it began operating at 345 kV.  The ROW is 200 ft wide and occupies9
approximately 1212 ac.10

11
Two other 345-kV lines that enter the VYNPS 345-kV substation were not built to connect12
VYNPS to the grid.  The Amherst 345-kV transmission line and the Northfield 345-kV13
transmission line were constructed in the 1970s as part of a regional 345-kV upgrade of the14
northeast grid.  The Amherst line (also known as the Scobie line) is owned and operated by15
Public Service Company of New Hampshire.  The Northfield line is owned and operated by16
Western Massachusetts Electric Company.  The owners of the Amherst and Northfield lines are17
subsidiaries of the Northeast Utilities System.  The final transmission line entering VYNPS is a18
buried 13.2-kV line from the Vernon Hydro Station that provides a source of offsite power for the19
plant.20

21
Maintenance and monitoring of the Coolidge and Chestnut Hill transmission line ROWs in22
Vermont are managed by VELCO.  Right-of-way vegetation maintenance practices in Vermont23
include the use of mechanical clearing and hand-applied herbicides (Entergy 2006e). 24
Regulated wetlands are avoided, and widespread application of herbicides is avoided. 25
Wetlands, wildlife, aesthetics, erosion, and rare and uncommon natural areas and sites with26
rare plants or invasive nuisance plants are considered in the maintenance of the Coolidge line. 27
Maintenance of the Chestnut Hill line in New Hampshire is by Northeast Utilities System. 28
Vegetation control is achieved using only mechanical methods and vegetation planting practices29
(Entergy 2006e).  No herbicides are used in maintenance of the ROW in New Hampshire. 30
Monitoring of the transmission lines by the respective owners is accomplished through aerial31
inspection (Entergy 2006e).  No changes in the design and operation of the transmission lines32
are anticipated during the VYNPS license renewal period.33

34

2.2 Plant Interaction with the Environment35
36

Sections 2.2.1 through 2.2.8 provide general descriptions of the environment near VYNPS as37
background information.  They also provide detailed descriptions where needed to support the38
analysis of potential environmental impacts of refurbishment and operation during the renewal39
term, as discussed in Chapters 3 and 4.  Section 2.2.9 describes the historic and archaeological40
resources in the area, and Section 2.2.10 describes possible impacts associated with other41
Federal project activities.42
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Figure 2-6.  Location of the Chestnut Hill Transmission Line
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Figure 2-7.  Location of the Coolidge Transmission Line
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2.2.1 Land Use1
2

The VYNPS site is located in the town of Vernon, Vermont, in Windham County, in the3
southeastern corner of the State and approximately 4 mi north of the Massachusetts state line4
(Figure 2-2).  The 125-ac site, about 1 mi wide, is owned by Entergy Nuclear Vermont Yankee,5
LLC and is situated on the west shore of the Connecticut River across from Hinsdale, New6
Hampshire, on the east side of the river (Figure 2-3).  Entergy has received perpetual rights and7
easements from the owner of a narrow strip of land between the Connecticut River and the east8
boundary of the VYNPS property.  The property bounding the site to the north, south, and west9
is privately owned.  VYNPS controls the river water between the northern and southern10
boundary fences extending out to the state border near the middle of the river.  The site is11
located on Vernon Pond, formed by Vernon Dam and Hydroelectric Station located immediately12
downstream 0.75 mi from the VYNPS site (Entergy 2006a; Entergy 2004c).13

14
The station site natural grade level is at an elevation of 250 ft mean sea level (MSL).  It is15
situated on glacial deposits from the Pleistocene Age, with an average 30 ft of glacial16
overburden over local bedrock.  Bedrock exists at or near the foundation grades of several17
structures.  The land use within the site boundaries is characterized by grasslands and early18
succession areas (53 percent), developed areas (28 percent), mixed softwood and hardwood19
forested areas (16 percent), shrubs (2 percent), and wetlands (1 percent) (Entergy 2006b).  The20
principal structures at VYNPS consist of a reactor building and primary containment, turbine21
building, control building, radioactive waste building, intake structure, cooling tower, and main22
stack.  The Governor Jonathan Hunt house, built in the 1780s, is situated on the western23
boundary of the site and is maintained as an office and meeting facility.  Entergy, with approval24
by the Vermont Public Service Board, is developing an independent spent fuel storage25
installation for dry cask storage using approximately 1 ac of site land to the north of the plant26
(Entergy 2004c, 2006a, 2006f).27

28
The immediate area surrounding the VYNPS site is delineated by a 6-ft high-security perimeter29
fence topped by barbed wire and signs posted clearly informing an individual that the area is30
private property and unauthorized entry is strictly prohibited.  Recreational users are precluded31
from landing on station waterfront property.  Authorized access to the site is possible from either32
Governor Hunt Road through the main gate or from a spur of the New England Central Railroad. 33
Vernon Pond to the south of the site is used to some extent for recreational purposes (Entergy34
2004c, 2006a).35

36
The town of Vernon has no zoning ordinances, subdivision ordinances, or development review37
board that would affect or determine the site’s land use.  The town prepared and officially38
adopted the 2003 Vernon Town Plan to chart a course for development that will benefit the town39
and its future generations and represent a conscious community decision about the town’s40
future character and its priorities for land use and conservation of natural resources (Town of41
Vernon 2003a; Entergy 2006a).42
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(a) According to the Vermont Water Quality Standards, Section 1-01.B.24, low median monthly flow is the
median monthly flow for the month having the lowest median monthly flow in a given year
(VWRB 2006).

(b) Drought flow is referred to as 7Q10 in Vermont  Water Quality Standards, Section 3-01.C.1.b
(VWRB 2006), and is the 7-day average low flow over a 10-year return period, adjusted to nullify any
effects of artificial flow regulation, that has a 10 percent chance of occurring in a given year.
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2.2.2 Water Use1
2

VYNPS does not use public water supplies for plant operations but instead relies on surface3
water from the Connecticut River and groundwater from onsite potable wells.4

5
2.2.2.1  Surface Water6

7
The VYNPS is located on the west bank of Vernon Pool on the Connecticut River, about 0.75 mi8
upstream of the Vernon Hydroelectric Dam (Vernon Dam), which is located at river mile (RM)9
142.  Vernon Pool is the impounded portion of the Connecticut River directly upstream of the10
dam; it is both the source and receiving water body for the plant’s cooling system.  The pond11
covers 2250 ac (at full-pool elevation of 220.13 ft behind Vernon Dam) and extends to Bellows12
Falls Dam at RM 174.  It is about a half mile wide with a maximum depth of about 40 ft (AEC13
1972; Entergy 2006a).14

15
The Connecticut River has an average daily flow of 10,500 cubic feet per second (cfs) at Vernon16
Dam, based on flows measured from 1944 to 1988 (Entergy 2006a).  During this period,17
monthly flow rate averages ranged from 4005 cfs in August to 30,799 cfs in April.  The average18
daily flow from 2000 to 2005 was 11,101 cfs at Vernon Dam (based on measurements reported19
in Normandeau 2001, 2002, 2003, 2004b, 2005; DeWald 2006a).  During this period, monthly20
flow rate averages ranged from 4525 cfs in September to 30,824 cfs in April (Figure 2-8).21

22
Figure 2-9 is a plot of the monthly flow rate averages for 2004 and 2005, illustrating the degree23
of variability that can occur from year to year.  In 2004, the average daily flow was 9851 cfs at24
Vernon Dam, with monthly flow rate averages ranging from 3967 cfs in October to 23,570 cfs in25
April (Normandeau 2005).  In 2005, the average daily flow was 14,334 cfs at Vernon Dam, with26
monthly flow rate averages ranging from 2661 cfs in August to 36,764 cfs in April (DeWald 27
2006a).  According to the Indirect Discharge Permit (ID-9-0036), the low median monthly flow(a)28
at Vernon Pool is 3050 cfs; the flow under drought conditions(b) is 1523 cfs (VDEC 2005c).29

30
The Vernon Dam, owned and operated by TransCanada, regulates the river discharge to31
maintain a minimum sustained flow of 1250 cfs, although under severe drought conditions, flow32
rates may drop below 1250 cfs.  There are a total of nine hydroelectric dams and three storage33
dams on the main stem of the Connecticut River upstream of the dam and three hydroelectric 34
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Figure 2-8.  Average Monthly Flow Rates at Vernon Dam from 2000 to 2005
(Data sources:  Normandeau 2001, 2002, 2003, 2004b, 2005;
DeWald 2006a)

Figure 2-9.  Average Monthly Flow Rates at Vernon Dam for 2004 and 2005
(Data sources:  Normandeau 2005; DeWald 2006a)
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dams and one pumped-storage facility downstream of the dam (Normandeau 2004a). 1
Impounded water in Vernon Pond allows for some flexibility in flow release from Vernon Dam;2
its surface elevation may fluctuate as much as 8 ft due to operations at upstream and3
downstream dams and runoff inflow (Entergy 2006a).4

5
Cooling Water Use6

7
The VYNPS withdraws water for its variable cooling system from Vernon Pool on the8
Connecticut River.  Cooling water can be circulated through the system in one of three modes of9
operation:  open-cycle (also called once-through cooling), closed-cycle, or a combination hybrid-10
cycle (Entergy 2004c; NRC 2006a).  The plant has the highest water usage in the open-cycle11
mode of operation, withdrawing up to 360,000 gpm (802 cfs) from Vernon Pond.  In the closed-12
cycle mode, the rate of water pumped is reduced to about 10,000 gpm (22 cfs) (Entergy 2006a). 13
The rate of water withdrawn from Vernon Pool in the hybrid-cycle mode falls between that of the14
open- and closed-cycle modes.15

16
Cooling water is discharged back to Vernon Pool through NPDES Outfall 1 at the discharge17
structure about 1700 ft downstream of the intake structure, as shown in Figure 2-10.  A18
description of the plant’s outfalls and their daily flow rate limits is provided in Table 2-1.  For19
open- and hybrid-cycle cooling, the daily discharge limit at NPDES Outfall 1 is 543 million20
gallons per day (gpd) (840 cfs); for closed-cycle cooling, it is 12.1 million gpd (19 cfs).21

22
Maximum consumptive water use, which occurs through cooling tower evaporation when the23
plant is operating in a closed-cycle mode, is estimated to be about 5000 gpm (11 cfs)24
(AEC 1972).  (Consumptive use refers to the amount of water withdrawn from the river that is25
not returned to the river because of evaporative losses.)26

27
An extended power uprate at VYNPS was authorized on March 2, 2006.  While the rate of river28
water withdrawal from Vernon Pool is not affected by the uprate, there may be a small increase29
in the amount of water consumed while the plant is operating in closed- and hybrid-cycle30
modes.  This is due to the need to operate the cooling towers more often to dissipate heat to the31
atmosphere rather than the river to meet the thermal limits set in the NPDES permit32
(see Section 2.2.3.1).  During the NPDES summer period (May 16 to October 14), as defined in33
the NPDES permit currently in effect (VDEC 2003), the increased water consumption is34
estimated to be less than 0.1 percent of the average monthly river flow.  During the NPDES35
winter period (October 15 to May 15), the increased water consumption will be less than36
0.2 percent of the average monthly river flow (NRC 2006a).37

38
Auxiliary Water Use39

40
Water is drawn from Vernon Pool for the plant’s service water system, which provides water for41
turbine and reactor auxiliary equipment cooling, reactor shutdown cooling, and miscellaneous42
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Table 2-1.  VYNPS NPDES Discharge Locations1
2

3
Outfall4

Permitted Daily Flow Rate
(gpd) Description

S/N 0015 543 million
(Open/hybrid cycles)

12.1 million
(Closed cycle)

Circulating water discharge – main condenser cooling water and
service water.  Discharged to the Connecticut River at discharge
structure 1700 ft downstream from intake.

S/N 0026 10,000 Radioactive high purity water; discharged to the Connecticut River
at discharge structure.  No discharge has occurred at this outfall
since 1981.

S/N 0037 1000 Plant heating boiler water (blowdown); discharged to the
Connecticut River at discharge structure.

S/N 0048 10,000 Water treatment carbon filter backwash; discharged to the
Connecticut River at discharge structure.

S/N 0059 14,000(a) Cooling water discharge from the four residual heat removal (RHR)
service water pumps; discharged to the Connecticut River at
discharge structure.

S/N 00610 10,000(b), (c) Stormwater runoff and demineralized trailer rinse down water. 
North storm system discharge point, about 600 ft to the north of the
intake structure.

S/N 00711 –(c) Stormwater runoff; south storm system discharge point to the
forebay of the discharge structure (includes discharges from
S/N 003, S/N 004, and S/N 005).

S/N 00812 –(c) Stormwater runoff; southeast storm system discharge point to the
southeast of the east cooling tower, about 2100 ft downstream
from discharge structure.

S/N 00913 50,000 Strainer and traveling screen backwash; discharge to the
Connecticut River at the intake structure.

S/N 01014 –(c) Stormwater runoff; 345-kV switchyard storm system discharge
point about 900 ft north of the intake structure.

S/N 01115 –(c) Stormwater runoff; 115-kV switchyard storm system discharge
point about 1200 ft north of the intake structure.

S/N 012(d)16 –(c) Stormwater runoff from new gravel parking lot; new outfall (as of
2005) about 1500 ft north of the intake structure.

(a) Discharge limit could increase to 46,500 gpd under the amended permit (issued March 30, 2006) if it is reinstated.17
(b) Permitted flow rate value for demineralized trailer rinse down water.18
(c) Effluent limits and monitoring are not required for stormwater discharges.19
(d) Outfall is a new stormwater discharge specified in the VYNPS NPDES permit renewal application, submitted on20

September 29, 2005.21
Sources: Entergy 2005e; VDEC 2003; VDEC 2006a 22

23
24
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Figure 2-10.   Locations of NPDES Outfalls at the VYNPS (Source: Entergy 2006a)
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services.  Pumps at the intake structure can withdraw up to 13,400 gpm (30 cfs) for the service1
water system.  The service water system also provides water for normal and standby cooling of2
the reactor building’s spent fuel pool (Entergy 2004c).3

4
Additional pumps at the intake structure can also withdraw up to 5000 gpm (11 cfs) as needed5
for the plant’s fire protection system.  This water supplies the automatic wet pipe sprinkler6
systems, standpipes, and hose stations throughout the station (Entergy 2004c).7

8
2.2.2.2  Groundwater9

10
Groundwater at the site occurs under unconfined conditions within both unconsolidated glacial11
overburden sediments and the underlying fractured bedrock.  In the vicinity of the major plant12
structures, groundwater is approximately 20 ft below ground surface.  In the northern portion of13
the site, depth to groundwater varies from about 5 ft to 18 ft below ground surface.  Along the14
southern portion of the site, depth to groundwater is approximately 30 ft.  Groundwater at the15
site generally flows towards the Connecticut River (Entergy 2004c).16

17
At VYNPS, potable water is supplied to various locations from four onsite wells, as shown in18
Table 2-2.  These wells are classified as nontransient, noncommunity public water systems and19
are permitted and regulated by the State of Vermont.  Based on pump rates and measured 20

21

Table 2-2.  VYNPS Potable Water Wells22
23

24
25

Well26 Areas Served
Well

Depth (ft)
Well Rating

(gpm)

Maximum
Water Demand

(gpm)
Construction Office27
Building28

Construction Office
Building

362 9 6.4

Southwest29 Main Building complex;
secondary/backup source
for West Well

500 10.5 –(a)

West30 Main Building complex;
Gate House 1 and 2,
South Warehouse, and
Governor Hunt House

555 73.7 25

New Engineering31
Office Building32

New Engineering Office
Building

500 30 4

33 Total rates (gpm): 123.2 35.4
(a) Not available.34
Sources:  Entergy 2004c, 2005d35
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water usage during 2002 and 2003, the maximum pump rate from all wells was 8.54 gpm;1
however, given the well rating capacities, the total pump rate could be as high as 123.2 gpm, if2
all the wells are operated simultaneously.3

4
The maximum groundwater demand on the VYNPS site would occur during a refueling outage5
and is estimated to be 35.4 gpm, as shown in Table 2-2.6

7
2.2.3 Water Quality8

9
2.2.3.1  Surface Water10

11
The Vermont Water Resources Board classifies the Connecticut River at the station’s point of12
discharge as a Class B water (VDEC 2006a).  Class B waters are managed to achieve and13
maintain a level of quality that supports aquatic biota, wildlife, and aquatic habitat; has aesthetic14
value; and is suitable for public water supply with filtration and disinfection, for swimming and15
other water-based recreation, and for crop irrigation and other agricultural uses (VWRB 2006).16

17
Surface water quality is regulated through the U.S. Environmental Protection Agency’s (EPA)18
NPDES permit program.  Section 402 of the Clean Water Act specifies that “NPDES prohibits19
[discharges] of pollutants from any point source into the nation’s waters except as allowed20
under an NPDES permit.”  Its purpose is to regulate the discharge of wastewater to maintain21
water quality of receiving water bodies.  The State of Vermont has been delegated responsibility22
by the EPA for administration of the NPDES program in Vermont.  NPDES permits are issued23
by the Vermont Department of Environmental Conservation (VDEC) on a five-year cycle (EPA24
2006c).25

26
VYNPS is currently operating under the NPDES permit issued on June 9, 2003 (VDEC Permit27
No. 3-1199, NPDES Number VT0000264; VDEC 2003).  The permit specifies the discharge28
standards and monitoring requirements for effluents at the plant’s 11 outfalls on the Connecticut29
River (an additional stormwater outfall, NPDES Outfall 12, was identified in the NPDES permit30
renewal application, submitted on September 29, 2005, approval pending; VDEC 2005a).  The31
locations of the NPDES outfalls are shown on Figure 2-10; their monitoring requirements are32
summarized in Table 2-3.  33

34
In addition to the water quality parameters listed in Table 2-3, the plant is also required to35
monitor:36

37
C River flow rates on an hourly basis at Vernon Dam, 38

39
C Temperatures on an hourly basis at River Monitoring Station 3 (0.65 miles40

downstream of dam) and River Monitoring Station 7 (4 miles upstream of plant), and 41
42



Plant and the Environment 

Draft NUREG-1437, Supplement 30 2-28 December 2006

C Concentrations of three metals (copper, iron, and zinc) via monthly grab samples at1
NPDES Outfall 1 and at River Monitoring Stations 3 and 7.  2

3
Figure 2-11 shows the locations of Vernon Dam and River Monitoring Stations 3 and 7.  River4
flow rates at Vernon Dam are discussed in Section 2.2.2; temperatures and metal5
concentrations are discussed in the following sections.6

7
Temperature Requirements under the Current NPDES Permit 8

9
The current NPDES permit (VDEC 2003) defines two seasonal periods (winter, from October 1510
through May 15; and summer, from May 16 through October 14) and sets limits for the increase11
in temperatures at River Monitoring Station 3, less than a mile downstream of Vernon Dam. 12
These are presented in detail in Table 2-4.13

14
NPDES permits are issued for five years at a time.  On July 11, 2001, VDEC issued a renewed15
permit for VYNPS with an expiration date of March 31, 2006, and the permit was amended on16
June 9, 2003 (VDEC 2003).  On February 20, 2003, Entergy applied to the VDEC to amend the17
permit for VYNPS to increase the temperature of the Connecticut River by 1EF as determined at18
River Monitoring Station 3 (downstream monitoring station) during the NPDES summer period19
(May 16 through October 14).  On March 30, 2006, VDEC issued an amendment to the permit20
for VYNPS; however, the amended permit only authorized the requested temperature increase21
for the period from June 16 through October 14 (VDEC 2006a).  VDEC concluded that22
additional information was needed to evaluate the impacts of the temperature increase on23
migrating salmon smolt during the May 16 through June 15 portion of the NPDES summer24
period, since it marks the end of the smolt outmigration period.  The permit would have expired25
on March 31, 2006; however, Entergy submitted an application for a renewed permit on26
September 29, 2005 (Entergy 2005e).  By letter dated September 30, 2005, VDEC informed27
Entergy that the renewal application was timely and that the permit would remain valid under an28
administrative extension until VDEC completes the review of the permit renewal application29
(VDEC 2005a).30

31
In May 2006, the New England Coalition (NEC) appealed the NPDES permit amendment that32
was issued on March 30, 2006.  The amendment was stayed by the State of Vermont33
Environmental Court on August 28, 2006.  At the time this SEIS was published, VYNPS was34
operating under the NPDES permit as issued on June 9, 2003 (VDEC 2003).  The future status35
of the permit depends on the outcome of the NEC appeal.  If the appeal is upheld, an increase36
in thermal discharge will not be granted and the discharge requirements in the current permit37
(issued June 9, 2003) will continue until a new permit is issued.  If the appeal is denied, the38
NPDES permit as amended March 30, 2006, will be reinstated and remain in effect until a new39
permit is issued by VDEC (NRC 2006d).  The temperature requirements of the current and40
amended NPDES permits are presented in Table 2-4.41

42
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41               Figure 2-11.  Locations of Vernon Dam and River Monitoring Stations 3 and 7

Relative to VYNPS (Source Entergy 2006a)
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1
Table 2-3.  Monitoring Requirements for Water Quality Parameters at NPDES Outfalls2

3

Outfall Name4 Parameter (Limits) Monitoring Requirement
S/N 0015 Free residual chlorine(a,b) (0.2 mg/L) Chlorine/oxidant injection limited to

closed-cycle cooling; daily grab samples
required during period when treatment is
occurring

6 Total residual oxidant(b)

7 pH (6.5 to 8.5) Daily grab samples

S/N 0028 Radioactivity (5 pCi/L) Daily when discharge occurs(c)

9 pH (6.5-8.5) Daily grab samples

S/N 00310 Cortrol OS7700(d) (15 ppm
hydroquinone)

No monitoring required

S/N 00411 Total suspended solids (8.3 lb) No monitoring required

S/N 00512 No limits specified No monitoring required

S/N 00613 No limits specified No monitoring required

S/N 00714 No limits specified No monitoring required

S/N 00815 No limits specified No monitoring required

S/N 00916 Bulab 8006(d) (20 ppm within service
water system)

No monitoring required

S/N 01017 No limits specified No monitoring required

S/N 01118 No limits specified No monitoring required

S/N 01219 –(e) –(e)

(a) Oxidant or chlorine injection is limited to discharge during a closed cycle or when service water system is20
treated during open/hybrid-cycle operation; detectable residuals are not to exceed 2 hours/day.21

(b) Total oxidant is chlorine, bromine, or a combination of the two.22
(c) Vermont Wastewater Management Division must be notified prior to discharge or, if necessary, within23

24 hr following the discharge.24
(d) VYNPS is also authorized to use Bulab 7034 or Depositrol BL5303 for corrosion control in service and25

circulating water with a maximum permitted concentration of 30 ppm; Bulab 9027 or Inhibitor AZ8103 for26
copper corrosion control in circulating water with maximum permitted concentrations of 10 ppm and27
50 ppm, respectively; Dianodic DN2301, a dispersant for service and circulating water with a maximum28
permitted concentration of 20 ppm; Cortrol OS7700, an oxygen scavenger and pH control agent29
(containing hydroquinone) with a maximum permitted concentration of 15 ppm hydroquinone in boiler30
discharge; Ferroquest FQ7101 for biological and corrosion fouling control in service water system, with a31
maximum permitted concentration of 96 ppm for 1min eight times per year; and Ferroquest FQ7102 for32
pH control, with a maximum permitted concentration of 7 ppm for 1 min eight times per year.33

(e) Outfall is a new discharge location (stormwater) specified in the VYNPS NPDES permit renewal34
application, submitted on September 29, 2005 (approval pending).35

Source:  VDEC 200336
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(a) The heat content of the circulating water system and cooling towers is calculated on the basis of the
change in condenser inlet temperatures over a specified time interval. The heat content of the cooling
water discharge is calculated on the basis of the number and pumping capacity of circulating water
intake pumps, the difference between condenser inlet and outlet temperatures, the number of
circulating intake and cooling tower booster pumps, and the cooling tower outlet temperatures, all over
a specified time interval (Normandeau 2005).

Draft NUREG-1437, Supplement 30 2-32 December 2006

1
The NRC staff’s evaluation of the environmental impact in this SEIS considered the 1EF2
increase for the time period May 16 through October 14.  This evaluation would be bounding if3
the VDEC grants Entergy the 1EF increase in the May 16 through June 14 time period or the4
NEC appeal is denied or the NEC appeal is upheld.    5

6
Methods of Demonstrating Compliance7

8
The permit requirements in effect at the time this SEIS was issued are described below.  The9
NPDES permit requires that during the winter period (October 15 through May 15), the plant-10
induced temperature at downstream River Monitoring Station 3 shall not exceed 65EF (Table 2-11
4).  The plant-induced temperature increase is calculated using the equation published in the12
executive summary of the 1978 demonstration report (Aquatec 1978).  The equation is based13
on the principle of conservation of energy and takes into account the heat content of the plant’s14
circulating water system and cooling towers, the heat content of the plant’s cooling water15
discharge to the river, and the average discharge (flow) of the Connecticut River as measured16
at Vernon Dam(a).  Measurement and cooling system data are linked to a process computer that17
allows plant personnel to adjust operations on the basis of continual real-time data to meet the18
thermal requirements of the permit (Normandeau 2005).19

20
The Vernon Dam regulates the river discharge to maintain a minimum sustained flow of21
1250 cfs.  At 1250 cfs, the permitted theoretical maximum increase in temperature at River22
Monitoring Station 3 due to the plant’s thermal discharge is 12.9EF.  In effect, the plant can23
operate in an open-cycle cooling mode (without cooling tower operation) when ambient river24
temperatures as measured at the upstream monitoring station (River Monitoring Station 7) are25
less than 52.1EF (i.e., 65EF minus 12.9EF) during the winter period.  At ambient temperatures26
equal to or greater than 52.1EF, the plant’s heat discharge can be reduced by using the cooling27
towers to dissipate heat to the atmosphere (especially during periods of low river flow)28
(Normandeau 2005).  The NPDES permit requires that the plant-induced increase in29
temperature above the ambient temperature at River Monitoring Station 3 (downstream of30
VYNPS) never exceeds 13.4EF and that the rate of increase never exceeds 5EF per hour. 31
These two limitations were included in NPDES permit dated July 11, 2001 and the amendments32
dated June 9, 2003 and March 30, 2006.  33

34
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Table 2-5 summarizes the maximum simulated river temperature increases at River Monitoring1
Station 3 and the flows at which they occurred during the winter period (October 15 through2
May 15) for the years 2000 through 2006.  3

4
The limitations of the NPDES permit, dated June 9, 2003, for the plant-induced temperature5
increase at the downstream River Monitoring Station 3 during the summer period (May 166
through October 14) are shown in Table 2-4.  Table 2-6 summarizes the maximum simulated7
river temperature increases at the station and the flows at which they occurred during the8
summer period for the years 2000 through 2006.  9

10
    Table 2-5.  Maximum Calculated River Temperature Increase at River11

Monitoring Station 3 During the NPDES Winter Period (October 1512
through May 15)13

14

15
Year16 Day

Maximum
Temperature 

Increase Permit Limit
River Flow

(cfs)
Exceeded
5EF/hour?

2006(a)17 March 12            6.03EF 13.4EF 2958 No

200518 February 10          12.91EF 13.4EF 1285 No

200419 February 2          12.9EF 13.4EF 1331 No

200320 January 25          13.16EF 13.4EF 1308 No

200221 January 23          12.7EF 13.4EF 1367 No

200122 December 21          12.67EF 13.4EF 1250 No

200023 November 26          12.6EF 13.4EF 1275 No
(a)   Data through August 2006.24
Sources:  Normandeau 2001, 2002, 2003, 2004b, 2005; DeWald 2005a, 2006b25

26
Exceedences occurred in each of the years between 2000 and 2004, but in each case were27
less than 1 hr in duration:28

29
C On July 16 and 21, 2000, two 59-minute exceedences occurred (2.74EF and 0.03EF,30

respectively) when Vernon Dam went to minimum flow as a result of a loss of offsite31
power caused by a lightning strike (Normandeau 2001).  32

33
C On July 5, 2001, a 59-minute exceedence of 0.12EF occurred because plant34

operators did not shift to closed-cycle mode quickly enough to respond to changing35
river conditions.  36

37
C On October 5, 2002, a 60-minute exceedence of 0.05EF occurred because of38

unreliable automated input associated with new equipment (Normandeau 2003).  39
40
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Table 2-6.  Maximum Calculated River Temperature Increase at River1
   Monitoring Station 3 During the NPDES Summer Period (May 16 2
   through October 14)3

4

Year5 Day

Maximum
Temperature 

Increase
Permit 
Limit

River Flow
(cfs)

Exceeded
5EF/hour?

2006(a)6 August 15         2.94EF 3.0EF 3168 No

20057 July 1         1.97EF 2.0EF 6760 No

20048 July 6         2.1EF 2.0EF 3483 No

20039 September 19         2.16EF 2.0EF 2802 No

200210 October 5         2.05EF 2.0EF 1697 No

200111 July 5         2.12EF 2.0EF 3923 No

200012 July 16(b)         2.74EF 2.0EF 6571 No
(a)   Data through August 2006.13
(b)   July 21, 2000 was an exceedance but not the maximum exceedance for the year 2000.14
Sources:  Normandeau 2001, 2002, 2003, 2004b, 2005; DeWald 2005b, 2006c15

16
C On September 19, 2003, an 11-minute exceedence of 0.16EF occurred because17

plant operators shifted operating parameters in anticipation of an increase in river18
flow (reported by the Wilder Hydroelectric Dam).  The increase in river flow occurred,19
but not to the degree anticipated (Normandeau 2004b).20

21
C On July 6, 2004, a 45-minute exceedence of 0.06EF occurred when the plant was22

brought back on-line after an outage caused by a transformer fire23
(Normandeau 2005).24

25
There were no exceedences in 2005 or 2006 through August.26

27
Temperatures in the Connecticut River28

29
The monthly variation in river temperatures as measured at River Monitoring Stations 330
(downstream) and 7 (upstream) over a 5-year period (2000 to 2004) are shown in Figures 2-1231
and 2-13, respectively.  Over this period, monthly averages ranged from 34.5EF in January to32
75.5EF in July at River Monitoring Station 3 and from 33.4EF in February to 73.3EF in August at33
River Monitoring Station 7.34

35
Figure 2-14 is a plot of the temperature difference in average monthly temperatures between36
River Monitoring Stations 7 and 3 (i.e., Station 3 minus Station 7) in 2000 through 2004.  There37
is an increasing trend throughout the spring, peaking in May, with Station 3 having an average38
temperature that was 5.9EF higher than that at Station 7, with a decreasing trend throughout the39
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Figure 2-12.  Seasonal Variation in Temperature at River Monitoring Station 3,   
Located About 0.65 Miles Downstream of Vernon Dam (2000-2004)
(Data sources:  Normandeau 2001, 2002, 2003, 2004b, 2005)

Figure 2-13.  Seasonal Variation in Temperature at River Monitoring Station 7,
Located 4 Miles Upstream of VYNPS (2000-2004) (Data sources: 
Normandeau 2001, 2002, 2003, 2004b, 2005)
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Figure 2-14.  Difference in Average Monthly Temperatures     
                Between River Monitoring Stations 3 (downstream) and 7     
               (upstream)  (Sources:  Normandeau 2001, 2002, 2003,         
              2004b, 2005)
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summer.  In most months during this period, the average monthly temperatures at the23
downstream river monitoring station 3 were greater than those at the upstream river monitoring24
station 7.  However, in September and December, the average monthly temperatures at Station25
7 were higher than Station 3 (1.4EF and 0.4EF, respectively).  The temperature difference26
between the stations was less than 1EF in January and March (Normandeau 2001, 2002, 2003,27
2004b, 2005).28

29
In June, July, and August 2002, temperature measurements were taken from thermistor stations30
along three bank-to-bank transects across Vernon Pool perpendicular to the river flow, as part31
of a study to characterize the circulation and distribution of heated water in the area between32
the VYNPS discharge structure and Vernon Dam (Figure 2-15; ASA 2004).  Temperatures were33
measured at three depths at each of the three stations along each transect (Table 2-7).  The34
June-July sampling period was chosen to represent expected conditions; August was chosen to35
represent low-flow, high-temperature conditions, usually considered the worst-case for potential36
impacts to aquatic biota.37

38
The June-July measurements showed that temperature ranges were fairly similar along each39
transect between the VYNPS discharge structure and Vernon Dam:  67.1EF to 81.5EF at C40
stations, 67.3EF to 82.9EF at D stations, and 66.7EF to 81.9EF at E stations.  Temperatures41
were generally lower at the F stations (67.1EF to 77.0EF), located upgradient of the VYNPS42
intake structure, during the same sampling period (Figure 2-15).43



Plant and the Environment

December 2006 2-37 Draft NUREG-1437, Supplement 30

1
2
3

Significant spatial gradients in the surface water temperature in Vernon Pool were also detected4
in the June-July sampling period.  Temperatures across the transects varied as much as 5.4EF5
to 7.2EF, with the higher temperatures recorded near the west bank.  Temperature variations6
were least pronounced during periods of high river flow.  The average temperature difference7
between the upstream River Monitoring Station 7 and the downstream River Monitoring Station8
3 during the June-July sampling period was 4.3EF.  9

10
The August temperature measurements also showed similarities along each transect between11
the VYNPS discharge structure and Vernon Dam: 75.2EF to 85.1EF at C stations, 75.2EF to12
84.7EF at D stations, and 75.9EF to 86.6EF at E stations.  Temperatures were generally lower at13
the F stations (74.8EF to 83.8EF), located upgradient of the VYNPS intake structure, during the14
same sampling period (Figure 2-15).15
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Figure 2-15.  Locations of Thermistor Stations at Vernon Pool (Source:  ASA 2004)
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         Table 2-7.  Total Water Depth and Temperature Sampling Depths1
          in Vernon Pool2

3

Station Total 4
Water Depth

(ft)
Surface

Depth (ft)
Middle Depth

(ft)
Bottom Depth

(ft)
C1/C25 17 1 8.5 16

C3/C46 17 1 8.5 16

C5/C67 14 1 7.0 13

D1/D28 20 1 10 19

D3/D49 14.1 1 7.0 13

D5/D610 23 1 11.5 22

E1/E211 39 1 19.5 38

E3/E412 13 1 6.5 12

E5/E613 5 1 2.5 4

F1/F214 13 1 6.5 12

F3/F415 21 1 10.5 20
Source:  ASA 200416

17
In the June-July sampling period, thermal stratification of the water column was highest (up to a18
6.3EF difference across the thermocline) near the VYNPS discharge structure, and had a19
decreasing trend toward the dam.  Measurements at the E stations near Vernon Dam showed20
little stratification of the water column; however, the diurnal variation in surface water21
temperature, due to fluctuations in river flow and the effects of solar heating, was as high as22
1.8EF. 23

24
The August diurnal variation in temperature due to fluctuations in river flow and the effects of25
solar heating was most pronounced at the surface (upper 1 ft) in Vernon Pool, with the highest26
variation (3.6EF) occurring near the VYNPS discharge structure (Station C1/C2); diurnal27
variation was less pronounced at the upstream location (Station F), with a variation of about28
1.5EF at the surface.29

30
There was little spatial variation in temperature across the bank-to-bank transects in Vernon31
Pool during the August sampling period.  Although temperatures were slightly higher near the32
VYNPS discharge structure, thermistor temperatures were within about 1.8EF of each other33
across a single transect at any given time.  The average temperature difference between the34
upstream River Monitoring Station 7 and the downstream River Monitoring Station 3 during the35
August sampling period was 2.9EF (ASA 2004).36

37
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In 2004, river temperatures of VYNPS averaged about 42.9EF in April, 57.3EF in May, and1
65.7EF in June, while at the downstream monitoring Station 3 they averaged about 43.3EF in2
April, 59.5EF in May, and 67.5EF in June.  Average daily temperatures at the Vernon Dam3
fishway from mid May through the end of June ranged from 55.5EF(May 27) to 70.6EF (June 15)4
(Normandeau 2005). 5

6
Copper, Iron, and Zinc in the Connecticut River7

8
As part of the NPDES permit monitoring program, the VYNPS collects monthly grab samples9
from the Connecticut River at the discharge structure and at River Monitoring Stations 3 and 710
for total copper, zinc, and iron analyses.  11

12
In 2004, total copper concentrations ranged from <0.002 to 0.135 mg/L at Station 7, 0.003 to13
0.011 mg/L at NPDES Outfall 1, and 0.001 to 0.123 mg/L at Station 3, with the highest14
concentration (0.135 mg/L) occurring at Station 7 in March.  Total iron concentrations ranged15
from 0.10 to 117 mg/L at Station 7, 0.178 to 0.569 mg/L at NPDES Outfall 1, and 0.147 to16
2.42 mg/L at Station 3, with the highest concentration (0.425 mg/L) occurring at Station 7 in17
March.  Total zinc concentrations ranged from 0.004 to 0.425 mg/L at Station 7, <0.003 to18
0.041 mg/L at NPDES Outfall 1, and 0.004 to 0.159 mg/L at Station 3, with the highest19
concentration (0.425 mg/L) occurring at Station 7 in March (Normandeau 2005).20

21
It is likely that the higher concentrations in metals occurring at the upstream location (Station 7)22
relative to the plant’s discharge location and the downstream Station 3 relate to the23
configuration of the sampling location.  The station is located in shallow water (less than one24
foot deep) with a mud substrate that may be disturbed by wave action on occasion, thus25
creating suspended particulates that may contribute to the higher results at that station26
(Normandeau 2005).  27

28
2.2.3.2  Groundwater29

30
An inventory of potential sources of groundwater contamination within the source protection31
area (defined as a 500-ft radius) of each potable water supply well at the VYNPS is provided in32
source water protection plans for each well (Entergy 2005d).  The protection plans delineate33
management practices to reduce the potential risk of contamination of these wells and outline34
emergency response protocols for spills or other contamination events occurring within the35
source protection area.36

37
VYNPS has several sewage treatment and disposal systems (leach fields, landfarm, and septic38
spreading field) that discharge to the subsurface under an Indirect Discharge Permit (ID-9-0036)39
issued by the VDEC.  Systems regulated under the permit are: Main (North) System,40
Construction Office Building (South) System, New Office Building System, New Warehouse41
System, Governor Hunt House System, and Gatehouse #1 System.  These systems have a42
combined total operation design capacity of 14,347 gallons per day (gpd) and a maximum43
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design capacity of 26,297 gpd (VDEC 2005c).  Regular (biannual) monitoring of groundwater1
quality around these systems is required by the permit.  Groundwater levels are also monitored. 2
Because the river-to-effluent flow ratio is extremely large at the VYNPS, Connecticut River3
water quality monitoring is not required by the Indirect Discharge Permit.  4

5
Groundwater is also monitored in the area of a former underground storage tank (UST), known6
as the No.  2 fuel oil release area, just west of the turbine building (Figure 2-3).  This area is the7
site of a 1999 petroleum release from a former 10,000-gal No. 2 fuel oil UST, which resulted in8
the contamination of soil and groundwater in the surficial aquifer (SVE 1999).  Contaminants9
released include tetrachloroethylene (PCE) and a suite of fuel compounds (including benzene,10
toluene, ethylbenzene, and xylene [BTEX] and naphthlalene).  Monitoring has shown the extent11
of contamination to be fairly limited, although low levels (below drinking water standards) of12
some volatile organic compounds (VOCs) were detected in the Construction Office Building well13
(also known as the “COB” well) in 1999, located about 750 ft south of the release area.  Free14
product was found in one of the adjacent monitoring wells and recovered using sorbent pads15
(SVE 1999).16

17
Monitoring wells near the release area were sampled on a quarterly basis from 1999 to 2002,18
and have been sampled annually since 2002.  Over this period, four monitoring wells (located19
between the former UST site and the turbine building) have consistently had levels of petroleum20
hydrocarbons exceeding Vermont’s Primary Groundwater Quality Standards (PGQS), including21
naphthalene (at concentrations up to 1300 μg/L; PGQS = 20 μg/L), 1,2,4-trimethylbenzene22
(at concentrations up to 640 μg/L; PGQS = 5 μg/L); and 1,3,5-trimethylbenzene (at23
concentrations up to 240 μg/L; PGQS = 4 μg/L).  PCE was also detected in adjacent wells with24
concentrations up to 24 μg/L (PGQS = 5 μg/L).  Contaminant concentrations in these wells were25
generally lower in 2005 than in previous years (Entergy 2006m).26

27
Free product (i.e., light nonaqueous-phase liquid) monitoring and recovery continues on an28
as-needed basis.  In 2005, free product, on the order of a few milliliters, was removed from four29
of the wells adjacent to the release area (Entergy 2006m).  30

31
2.2.4 Air Quality32

33
2.2.4.1  Climate and Meteorology34

35
The climate in southeastern Vermont is characterized as a highly variable continental climate,36
exhibiting a large range of diurnal and annual temperatures, significant differences in climate37
parameters between the same seasons in different years, and considerable diversity from place38
to place.  Climate is heavily influenced by topography and distances to large bodies of water,39
primarily Lake Champlain and the Atlantic Ocean (Vermont State Climatologist 2006).  Three40
climatological divisions have been defined for the State: Western, Northeastern, and41
Southeastern.  VYNPS lies within the Southeastern Division, which is defined roughly as a42
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(a) Westover Air reserve Base is located in Chicopee, Massachusetts, approximately 60 mi due south of
Vernon, and also within the Connecticut River Valley.

December 2006 2-41 Draft NUREG-1437, Supplement 30

portion of land adjacent to the south-flowing Connecticut River.  Topography variations within1
the Southeastern Division range from the Wantastiguet Mountain east of Brattleboro, Vermont,2
with an elevation of 1351 ft (411 m) MSL to lowland areas along the Connecticut River near3
Northfield, Massachusetts (south of Vernon approximately 3 mi), with an elevation of 175 ft4
(53 m) MSL (Entergy 2006a).  The average elevation within Vernon is 315 ft (96 m) MSL.  The5
elevation at VYNPS is approximately 250 ft (76 m) MSL.6

7
The predominating direction of wind throughout the State is from the west with some seasonal8
variation; north to northwesterly during the winter months and south-southwesterly during the9
summer months.  However, notwithstanding these broad state-wide trends, predominating wind10
directions at the local level are also greatly influenced by topography.  Thus, in the vicinity of the11
VYNPS, the predominating wind direction generally parallels the long axis of the north-south12
trending Connecticut River Valley.  Wind roses developed for Westover Air Reserve Base,(a) due13
south of VYNPS, show the prevailing wind directions to be generally north or south, depending14
on the season, with an annual average wind speed of 19.1 knots (21.98 mph) (Entergy 2006o).15

16
Weather systems in Vermont are influenced by air masses entering the State from three17
principal directions: cold, dry air from the North American Subartic region; warm, moist air from18
the Gulf of Mexico and other subtropical waters; and cool, damp air from the North Atlantic19
Ocean.  Weather patterns are highly variable in both short and long time frames.  Biweekly20
fluctuations of weather from fair to cloudy or stormy conditions, with abrupt changes in21
temperature, moisture, sunshine, wind direction, and wind speed are common, and monthly22
weather “averages” are typically the result of wide variations of each measured parameter23
throughout the month.24

25
As documented by the National Climate Data Center (NCDC), average temperatures vary26
according to elevation, slope, and local features such as urban heat islands.  Diurnal27
fluctuations of temperature range from 20 to 30EF, with the greatest fluctuations observed in the28
southern portion of the State (including the area containing the VYNPS) (NCDC 2006b). 29
Temperature records from Vernon over the period 1951 to 1960 revealed an annual average of30
13 days with temperatures above 90EF and 175 days with temperatures below 32EF (Entergy31
2006o).32

33
Precipitation occurs throughout the State throughout the year, with precipitation in the34
Southeastern Division most influenced by weather systems originating in the North Atlantic35
Ocean.  Freezing rain can occur throughout the State, but is least likely to occur in the36
Southeastern Division.  Summer thunderstorms, however, are very possible at VYNPS and37
represent the most significant precipitation event.  Snowfall totals vary considerably with38
elevation and also vary considerably from year to year.  Blizzards involving very heavy winds39
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(a) Criteria Pollutants include carbon monoxide (CO), sulfur dioxide (SO2), nitrogen dioxide (NO2), ozone
(O3), lead (Pb), and particulate matter with aerodynamic diameters <10 microns and <2.5 microns
(PM10 and PM2.5).  Criteria pollutants are used to establish NAAQS.  Primary standards are those
necessary to protect public health.  Secondary standards preserve the general welfare and quality of
life.
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and heavy snow totals within the Southeastern Division are generally the result of exceptionally1
low pressure weather systems moving into the State from the North Atlantic (“nor’easters”).  On2
average, the southern portion of the State near Lake Champlain can expect to receive 60 in.  of3
snow each winter.  Snowfall records for Vernon show snow occurring in all months except June4
through September, with monthly averages as high as 16.4 in.  and annual amounts averaging5
60 in.  However, annual totals have been as high as 118 in.  (Entergy 2006o).  6

7
Other severe weather events are uncommon in the State, but have occurred in the past,8
including within the Southeastern Division.  Over the period December 1995 through December9
2005, the NCDC recorded 46 incidents of severe weather: 22 instances of severe winds10
associated with thunderstorms, 17 instances of flooding or flash flooding, 4 instances of hail,11
two tornadoes (F1 and F2 strengths), and one instance of damaging lightning.  Over this period,12
property damage from severe weather throughout Windham County was estimated at $2.707 M. 13
There were no weather-related fatalities over this period (NCDC 2006c).  Based on the Index of14
Tornado Damage Potential, Entergy places the probability of a tornado striking the VYNPS as15
small (Entergy 2006o).16

17
2.2.4.2  Air Quality Impacts18

19
The entire State of Vermont is currently in attainment of primary and secondary standards for all20
six of the criteria pollutants for which National Ambient Air Quality Standards (NAAQS) have21
been established(a).  VYNPS, located in Windham County, lies within the Vermont Intrastate Air22
Quality Control Region (AQCR) 221.  Other Vermont counties within AQCR 221 include23
Bennington, Caledonia, Essex, Lamoille, Orange, Orleans, and Washington.  AQCR 221 is also24
comprised of counties in New Hampshire and Massachusetts.  Air quality in a given area is a25
function of the emission sources within the area, the atmospheric conditions (climate and26
meteorology), features of the area (primarily size and topography), and the nature and amount27
of pollutants transported from outside the area.  The influence of each local pollutant emission28
source on ambient air quality depends primarily on such factors as the type, rate, frequency,29
duration, and exit conditions (primarily thermal energy and exit velocity) of the emissions and30
the specific locations of each source within the area.31

32
The Air Pollution Control Division (APCD) of the Vermont Agency of Natural Resources,33
Department of Environmental Conservation (VDEC) has primary responsibility for regulating air34
emission sources within the State of Vermont.  APCD also monitors the ambient air quality for 35
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(a) According to 40 CFR 70.2, a “major source” is any stationary source or collection of stationary sources
within contiguous or adjacent areas and under common control whose PTE is equal to or greater than
10 tons per year of any hazardous air pollutant (HAP), 25 tons per year of any combination of HAPs,
or 100 tons per year of any air pollutant, including fugitive dust.  (Additional elements are added to this
definition in nonattainment areas for ozone, CO, and PM10.)

(b) To ensure reliability, diesel fuel for emergency generators is sampled monthly and analyzed for critical
chemical and physical properties (VYNPS 2003b).
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conformance with the NAAQS at various monitoring stations throughout the State.  The1
monitoring station closest to VYNPS is located in Brattleboro where only PM10 was monitored in2
2004 (VDEC 2006b).  3

4
The VYNPS has a number of stationary sources of criteria pollutants, including external5
combustion sources such as comfort heat boilers and one used oil furnace and internal6
combustion engines (ICEs) (diesel) on emergency generators.  Emission calculations and7
emission inventory reports for calendar years 2001 through 2005 demonstrate that all of these8
stationary sources qualify as insignificant sources with respect to their emission potentials9
(VYNPS 2001, 2002, 2003a, 2004, 2005, 2006e; Entergy 2006n).  The VYNPS is correctly 10
classified as a minor source with respect to its potential to emit (PTE) criteria pollutants and/or11
hazardous air pollutants (HAPs) and is therefore not required to secure a Title V operating12
permit for any of its stationary emission sources(a).  Documentation submitted to the13
VDEC/APCD claims exempt status for VYNPS (Entergy 1995) and VDEC/APCD concurs14
(VDEC 1995).  Documentation showing the annual hours of operation of the emergency power15
generators demonstrates their continued eligibility for exempt status as emergency generators16
(VYNPS 2006a through d).  17

18
Used oil generated at VYNPS is consumed onsite for energy recovery (comfort heating).  One19
oil burner is in service at the radioactive waste storage facility (the North Warehouse) and20
operates only during the heating season.  Management of used oil, including its incineration in21
used oil burners, is the responsibility of the Hazardous Waste Coordinator.  Sources of oil for22
this burner include used oil recovered from vacuum pump maintenance and repair activities,23
excess new diesel fuel remaining after quality control sampling/testing of the emergency24
generators’ “day tanks,” and used crankcase oil from maintenance of the emergency25
generators(b).  Used oil sources categorically excluded from consumption in the used oil burner26
include any oils recovered from electrical equipment (transformers, oil-filled circuit breakers and27
switches) or oil from any offsite source.  28

29
Used oil sampling and management protocols are established in written operating procedures30
and call for comprehensive analyses of oil for the presence of radionuclides as well as other31
hazardous chemicals and critical physical parameters such as flash point (VYNPS 2003b) to32
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(a) A comprehensive listing of HACs is contained in Appendix B of the Vermont Air Quality Regulations
(adopted December 31, 2003).  Appendix C establishes air quality standards for HACs that display, or
are suspected of, carcinogenicity (Category I HACs), for HACs believed to cause chronic systemic
toxicity due to long-term exposure (Category II HACs), and for HACs believed to cause short-term
irritant effects (Category III HACs).

(b) Cooling tower drift is the result of the entrainment of cooling water droplets in the air being exhausted
from a wet counter-flow-designed cooling tower such as the one being operated by VYNPS.

(c) See also federal regulations at 40 CFR 81 et seq.

(d) Additional information about the Class I areas within this region can be found on the USDA Forest
Service website: http://www.fs.fed.us/r6/aq/natarm/r9/class1r9.htm.
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ensure proper operation of the burner and to preclude the atmospheric release of hazardous1
constituents.  Likewise, operation of the used oil burner is also addressed in written operating2
procedures.  These procedures require the operator to ensure that the required preliminary3
sampling of oil has been completed and that the burner is operated correctly.  Procedures for4
used oil management and for used oil burner operations have been summarized by facility5
personnel (Entergy 2006g).6

7
Vermont air quality regulations define hazardous air contaminants (HACs)(a).  There is very little8
potential for releases of HACs from VYNPS as a result of routine facility operation.  However,9
some water treatment chemicals present in the cooling tower contain Vermont-listed HACs, and10
there is the potential for their release to the atmosphere as cooling tower drift(b).  Details11
regarding such releases are discussed in Section 2.1.3.12

13
Sections 101(b)(1), 110, 169A(a)(2), and 301(a) of the Clean Air Act as amended14
(42 U.S.C. 7401(b), 7410, 7491(a)(2), 7601(a)) established Mandatory Class I Federal Areas15
where visibility is an important value(c).  There is one Mandatory Class I Federal Area in16
Vermont, the Lye Brook Wilderness Area, a 12,430-ac parcel maintained by the U.S. Forest17
Service and located approximately 35 mi northwest of VYNPS.  The closest Class I areas in18
New Hampshire include the 5552-ac Great Gulf Wilderness Area, approximately 130 mi19
northeast of VYNPS, and the 27,380-ac Presidential Range – Dry River Wilderness Areas20
located approximately 120 mi northeast of VYNPS, all managed by the U.S. Forest Service. 21
There are no Class I Areas in Massachusetts close to VYNPS(d).  Given the locations of the22
Class I areas, their distances from the VYNPS, prevailing wind directions, and the limited23
potential of the facility’s stationary sources to emit criteria pollutants that could impact visibility,24
there is little likelihood that activities at the facility can adversely impact visibility in any of these25
Class I areas.26

27
28
29
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2.2.5 Aquatic Resources1
2

2.2.5.1  Description of the Aquatic Resources in the Vicinity of VYNPS3
4

The principal aquatic resource in the vicinity of the VYNPS is the Connecticut River, which is the5
source and receiving water body for the plant’s cooling system.  VYNPS is located on the6
western shoreline of the Connecticut River in Windham County, 0.75 mi upstream of the Vernon7
Dam, which is located at RM 142.  The area upstream of the Vernon Dam is known as Vernon8
Pool.  Vernon Pool covers 2250 ac (at full-pond elevation of 220.13 ft behind the Vernon Dam)9
and extends upstream to Bellows Falls Dam at RM 174.  Maximum water depth at Vernon Dam10
is 40 ft (Entergy 2006a).  The Connecticut River near Vernon Dam is about 0.5 mi wide (AEC11
1972).  The minimum sustained discharged flow from the Vernon Dam is 1250 cfs, or the pool12
inflow, if the river flow is less than 1250 cfs.  Average daily flow is about 10,500 cfs with an13
average annual flow rate of 3.3 x 1011 ft3 (Entergy 2006a).  During 2004, the lowest daily river14
discharge at Vernon Dam was 1757 cfs and the highest was 50,618 cfs.  Monthly flow rate15
averages ranged from 3,967 cfs in October to 23,570 cfs in April (Normandeau 2005).16

17
Yearly river water temperatures upstream of VYNPS vary from 32 to 84EF with daily variations18
rarely exceeding 2EF.  Winter water temperatures average 35EF, and summer temperatures19
average between 70 to 77EF (Entergy 2006a).  During 2004, the monthly average daily river20
temperatures upstream of VYNPS ranged from a low of 32.5EF in February to 72.7EF in July. 21
The lowest daily river temperature was 32.4EF on February 22, while the highest daily river22
temperature was 76.4EF on August 5 (Normandeau 2005).  Between the summer seasons of23
1998 to 2002, ambient river temperatures never exceeded 80EF (Normandeau 2004a).24

25
The transmission lines within the scope of the license renewal review are the Coolidge26
115/345-kV and Chestnut Hill 115-kV lines.  The Coolidge 115/345-kV transmission line27
associated with VYNPS crosses several streams and rivers including the Black River, Williams28
River, Chase Brook, Potash Brook, Trout Brook, Middle Branch Williams River, Howe Brook,29
Stiles Brook, Mill Brook, Grassy Brook, West River, Stickney Brook, Flalladay Brook, Whetstone30
Creek, Ames Hill Brook, and Broad Brook.  The only river crossed by the Chestnut Hill 115-kV31
transmission line is the Connecticut River.  In addition, the upper reach of an unnamed tributary32
of the Connecticut River is located within the Chestnut Hill transmission line right-of-way. 33
Transmission line ROW maintenance activities in the vicinity of stream and river crossings34
employ methods to minimize erosion and shoreline disturbance while encouraging vegetative35
cover.36

37
A number of physical and chemical stresses have caused major changes and modifications to38
the aquatic resources within the Connecticut River.  These include dam construction and39
operation; urban, industrial, and agricultural contaminants; and land-use changes.  Water40
withdrawal from the Connecticut River for municipal, agricultural, and industrial activities is41
minimal.  There are no reported water availability issues concerning the river (Entergy 2006a). 42
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The major industrial use of the river is by the 12 hydroelectric dams.  Three dams, Vernon (RM1
142), Turners Falls (RM 123), and Holyoke (RM 86) are located downstream of VYNPS.  The2
Connecticut River is also used for recreation, tourism, and conservation (e.g., the Silvio O. 3
Conte National Fish and Wildlife Refuge).4

5
Over 180 species of phytoplankton have been collected in the vicinity of VYNPS.  The most6
abundant phytoplankton species include several species of green algae (Microspora stagnorum,7
Pediastrum spp., and Scenedesmus spp.); yellow-green algae (Tribonema bomycinum,8
Dinopryon cylindricum, and Ceratium hirudinella); and diatoms (Melosira varians, Tabellaria9
spp., Fragillaria crotonensis, and Asterionella formosa).   Phytoplankton densities were highest10
in August through October (AEC 1972).  Diatoms dominate the phytoplankton during most of the11
year (Aquatec 1978).12

13
About 160 species of wetland and aquatic vascular plants were collected from Vernon Pool14
during preoperational studies (AEC 1972).  Among the more abundant species collected from15
two marshes located near the plant were common marsh bedstraw (Galium palustre), hybrid16
cattail (Typha glauca), fringed sedge (Carex crinita), stalked bulrush (Scirpus pedicellatus),17
calamus (Acorus calamus), water horsetail (Equisetum fluviatile), and dotted smartweed18
(Polygonum punctatum) (AEC 1972).19

20
Over 75 species of zooplankton were identified during preoperational and early postoperational21
studies.  The zooplankton community density and diversity were highest in June through22
October, with rotifers, cladocerans, and unidentified nauplii (the first larval stage of crustaceans)23
being common (AEC 1972).24

25
Over 200 macroinvertebrate taxa have been collected during studies associated with VYNPS26
(Aquatec 1990).  The macroinvertebrate community near VYNPS is dominated by dipterans27
(true flies), caddisflies, and mayflies.  Other groups of macroinvertebrates commonly collected28
included oligochaetes (aquatic worms), molluscs (mostly fingernail clams and snails),29
crustaceans, hydras, and flatworms (AEC 1972; Normandeau 2005).  Few freshwater mussel30
species are expected to occur in the area of VYNPS due to impounded habitat conditions31
created by the Vernon Dam.  Mussel species that have been collected include the triangle32
floater (Alasmidonta undulata) and Eastern elliptio (Elliptio complanata); both are common to33
abundant within the Connecticut River (Nadeau and Victoria 2003).  Also collected were34
Ligumia sp.  (probably L.  nasuta, the Eastern pondmussel) and Lampsilis sp.  (probably35
L. radiata, the Eastern lampmussel).  Dams have been generally responsible for large losses of36
mussel habitat within the Connecticut River (Kart et al.  2004).  No zebra mussels (Dreissena37
polymorpha) or Asiatic clams (Corbicula fluminea) have been collected in the area of VYNPS38
(Normandeau 2005).39

40
Vernon Dam creates a lentic (lake-like) condition above the dam and a lotic (flowing) condition41
below the dam.  The Vernon Dam was constructed in 1907.  A fish ladder was constructed at42
Vernon Dam in 1981.  Prior to that time, the dam was a barrier to fish movement.  A43
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downstream fish conduit was first operated in 1991 (Normandeau 2004a).  Both warmwater and1
coolwater fish exist above and below Vernon Dam.  Fish are routinely sampled upstream and2
downstream of Vernon Dam as part of the NPDES monitoring requirements.  Samples are3
collected by electroshocking in May, June, September, and October (VANR 2006).4

5
Over 60 species of fish, including 14 migratory species, have been reported from the6
Connecticut River (Connecticut River Atlantic Salmon Commission 1998).  Thirty-one fish7
species were collected near VYNPS during preoperational studies.  The most commonly8
collected species were smallmouth bass (Micropterus dolomieu), white sucker (Catostomus9
commersoni), yellow perch (Perca flavescens), rock bass (Ambloplites rupestris), walleye10
(Sander vitreus), white perch (Morone americana), common carp (Cyprinus carpio), bluegill11
(Lepomis macrochirus), and other sunfish.  Recreational fishing occurs mostly for white perch,12
yellow perch, smallmouth bass, and largemouth bass (Micropterus salmoides) (AEC 1972). 13
There are no commercial fisheries near the VYNPS (Entergy 2006a).14

15
Between 1991 and 2004, 33 species of fish have been collected in electroshocking samples16
from upstream and downstream of Vernon Dam.  Among the 28 species collected upstream of17
Vernon Dam, the predominant species collected were yellow perch (35.6 percent), bluegill18
(19.5 percent), pumpkinseed (L. gibbosus) (9.2 percent), spottail shiner (Notropis hudsonius)19
(8.6 percent), largemouth bass (6.7 percent), and white sucker (4.7 percent).  Migratory species20
that were collected upstream of Vernon Dam included American eel (Anguilla rostrata)21
(0.2 percent), American shad (Alosa sapidissima) (0.7 percent), gizzard shad (Dorosoma22
cepedianum) (<0.01 percent), and sea lamprey (Petromyzon marinus) (0.3 percent)23
(Normandeau 2005).  Among the 33 species collected downstream of Vernon Dam, the most24
numerous species included smallmouth bass (27.2 percent), spottail shiner (17.7 percent),25
American shad (10.9 percent), rock bass (8.1 percent), white sucker (7.5 percent), fallfish26
(Semotilus corporalis) (6.2 percent), and bluegill (6.1 percent).  In addition to the American27
shad, other migratory species that were collected downstream of Vernon Dam included28
American eel (0.8 percent), Atlantic salmon (Salmo salar) (<0.01 percent), blueback herring29
(Alosa aestivalis) (<0.01 percent), gizzard shad (0.1 percent), and sea lamprey (0.5 percent)30
(Normandeau 2005).  The fish community near the VYNPS has remained relatively stable31
based on the results of sampling that has been conducted since1968 (Entergy 2006a).  The32
major differences that have been observed since preoperational years are primarily due to the33
addition of fish passage facilities at the dams, which has allowed migratory species to become34
reestablished in the area.  35

36
Fish consumption guidelines for fish from the Connecticut River have been established due to37
high levels of mercury (Vermont and New Hampshire) or polychlorinated biphenyls (PCBs)38
(Massachusetts) found in some species.  The guidelines are established for the general public39
and for a more restrictive group that includes pregnant women, women who may become40
pregnant, nursing mothers, and children.  For Massachusetts, the general public are advised41
against eating channel catfish (Ictalurus punctatus), white catfish (Ameiurus catus), American42
eel, and yellow perch, while the more restrictive groups are advised not to eat any fish from the43
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Connecticut River (Massachusetts Office of Health and Human Services 2006).  The Vermont1
guidelines suggest no more than nine meals per month for the general public and no more than2
two to three meals a month for the more restrictive group for most fish species, while fewer3
meals per month are advised for one or both groups for walleye, smallmouth bass, largemouth4
bass, northern pike (Esox lucius), chain pickerel (E. niger), American eel, and yellow perch5
(VDH 2001).  For New Hampshire, the general public are advised to limit themselves to four6
meals per month for most species while the more restrictive group should have only one meal7
per month.  These limits also apply to bass and pickerel species, although only fish 12 in.  or8
less should be consumed.  For Atlantic salmon, adults 16 and older can eat 4 oz per month,9
while those under 16 and women from the restrictive group are advised against eating Atlantic10
salmon (NHFGD undated).11

12
The Connecticut River Atlantic Salmon Commission establishes annual schedules for the13
passage of migratory fish species for a number of dams on the Connecticut River (FWS 2006a). 14
The 2006 schedule for upstream fish passage operations at Vernon Dam was May 15 through15
July 15 and September 15 through November 15 for Atlantic salmon and May 15 through July16
15 for American shad and blueback herring.  The schedule for downstream fish passage17
operations for Vernon Dam was April 1 through June 15 for salmon smolts, October 15 through18
December 31 for salmon adults, June 1 through July 31 for adult shad, and September 119
through November 15 for juvenile shad (FWS 2006a).20

21
Table 2-8 summarizes the passage of migratory fish species at Vernon Dam between 1981 and22
2006.  Prior to 1981, the lack of a fish passage facility at Vernon Dam prevented migratory23
species from moving into Vernon Pool.  To illustrate how migrating species disperse throughout24
the mainstem of the Connecticut River, Table 2-9 presents the numbers of migratory fish25
species that have passed Holyoke, Turners Falls, Vernon, and Bellows Fall Dams during 200426
and 2005.27

28
Atlantic Salmon29

30
Prior to damming of the Connecticut River watershed, Atlantic salmon spawning runs occurred31
as far upstream as Beecher Falls (near the Vermont-Canadian border, about RM 370)32
(NHFGD 2005).  Spawning runs mostly occur in the spring, but a small number also migrate33
upriver in the early fall.  Those that return in the spring spend the summer in deep, cold pools of34
their natal streams before spawning in fall (Connecticut River Atlantic Salmon Commission35
1998).  The optimal temperature range for migratory adults is 57.2 to 68EF (Krisweb.com36
undated).  Since restoration efforts have begun, Atlantic salmon have reached as far upstream37
as the Ammonoosuc River, downstream of the Ryegate Dam (RM 273) (FWS undated). 38
Spawning habitat primarily occurs in the Connecticut River tributaries, including the West River39
(which is crossed by the Coolidge transmission line) (Gephard and McMenemy 2004).  Artificial40

41
42

 43
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Table 2-8.  Summary of Migratory Fish Passage at Vernon Dam, 1981 Through 20061
2

Year3
Atlantic
Salmon

American 
Shad

Blueback
Herring

Gizzard
Shad

Sea
Lamprey

Striped
Bass

1981 to 19854 2.4(a)

(0-8)
784

(9-2597)
31.4

(7-56) 0.0 428
(5-1257)

2.6
(0-11)

1986 to 19905 5.6
(0-10)

3932
(982-10,894)

39.4
(0-94)

2.2
(0-7)

423
(205-667) 0.0

1991 to 19956 7.8
(5-13)

18,091
(2681-37,197)

112.6
(10-383)

7.6
(0-14)

680
(509-750)

0.6
(0-1)

1996 to 20007 7.6
(4-12)

8032
(1548-18,844)

3.8
(0-11)

25
(0-114)

4098
(836-16,438)

1
(0-5)

2001 to 20058 1.8
(0-4)

638
(167-1744) 0.0 1

(0-4)
4176

(2210-8119)
0.2

(0-1)

20069 4.0 133.0 0.0 0.0 2895.0 0.0
(a)  Mean number (range).10
Source:  VDFW 2006a11

12
13

Table 2-9.  Summary of Migratory Fish Passage at Holyoke, Turners Falls, Vernon,14
and Bellows Falls Dams, 2004 and 2005(a)15

16

Year17
Atlantic
Salmon

American
Shad

Blueback
Herring

Gizzard
Shad

Sea
Lamprey

Striped
Bass

200518

Holyoke 19 132 (15)(b) 116,511 534 126 28,134 226

Turners Falls20 5 1500 2 0 17,798 2

Vernon21 5 167 0 0 3586 0

Bellows Falls22 3 3 0 0 229 0

23
200424

Holyoke25 46 (6) 191,555 151 279 59,461 256

Turners Falls26 1 2092 43 0 8229 9

Vernon27 1 653 0 1 3668 0

Bellows Falls28 1 0 0 0 0 0
(a) Only observed fish are counted, therefore the numbers presented do not represent all returns.29
(b) Number in parentheses are those that were released above Holyoke Dam, the remainder were removed for30

the captive broodstock program.31
Sources:  FWS 2004, 2005b32
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barriers (e.g., dams and faulty culverts) and natural barriers (e.g., waterfalls >10 ft high) pose1
problems for adults migrating to their spawning areas (Kart et al. 2004).  Most returning Atlantic2
salmon are captured for broodstock, although about 10 percent are released upstream of3
Holyoke Dam to spawn naturally (Connecticut River Atlantic Salmon Commission 1998). 4
Optimal spawning temperature is 41 to 46.4EF (Krisweb.com undated).  Spawning habitat5
consists of coarse, clean gravel stretches that are at least 6 to 9 ft long and 3 ft wide with water6
depths of 1 to 2 ft.  Self-sustaining populations of Atlantic salmon do not currently occur within7
the Connecticut River watershed, and are therefore dependent on a multi-state stocking effort8
(Kart et al.  2004).  Juvenile Atlantic salmon have been stocked in streams as far north as the9
Nulhegan River, Vermont, about 350 river miles above the mouth of the Connecticut River10
(FWS undated).11

12
Adults that do not die after spawning will overwinter in the river before migrating back to sea. 13
Salmon fry emerge from their nests in May or June.  The young (parr) Atlantic salmon inhabit14
streams for 1 to 3 years (Kart et al. 2004) inhabiting cool, swift-flowing streams with riffles and15
gravel-cobble substrates.  As they mature, they will also use slower-moving waters with pools16
and vegetation (NHFGD 2005).  Optimal range for parr survival is 32.9 to 68EF (Krisweb.com17
undated).  Most parr undergo physiological changes (smoltification) for adaptation for ocean life;18
however, some parr will become sexually mature before smoltification and are capable of 19
fertilizing the eggs of returning females (Henry and Cragg-Hine 2003).  The smolts outmigrate20
from the river and post-smolts migrate to feeding areas in the North Atlantic during late spring21
and summer (Kart et al. 2004).  The optimal temperature range for migrating smolts is 44.6 to22
57.7EF (Krisweb.com undated).  Atlantic salmon spend at least 1 year in the ocean before23
returning to spawn (NHFGD 2005).24

25
Outmigrating adults and smolts are subject to turbine mortality as they move downstream and26
pass the hydroelectric dams on the Connecticut River.  They also can experience extended27
residency in impoundments (which can cause physiological stress or increased predatory28
pressure to smolts), and are susceptible to diseases through contact with commercial29
aquaculture salmon in estuary and marine habitats.  Low water pH due to acid deposition30
appears to be detrimental to outmigrating smolts, while water temperature fluctuations in the31
Atlantic Ocean over the past 10 years may be contributing to reduced adult salmon returns32
throughout much of their range (Kart et al. 2004).  Annual spawning runs in the Connecticut33
River have numbered in the hundreds, but more recently have declined to less than one34
hundred.  Spawning run declines have been occurring throughout the species’ range; thus, the35
decline is thought to be due to marine conditions (Gephard and McMenemy 2004).  There is a36
no-take policy for Atlantic salmon in the Connecticut River (NHFGD 2005).37

38
American Shad39

40
The goal for the restoration of the American shad in the Connecticut River is to have a return of41
2 million shad at the mouth of the river, a passage of 1 million at Holyoke Dam, 850,000 at42
Turners Falls, and 750,000 at Vernon Dam (Shad Studies Subcommittee 1992).  To date, the43
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maximum return occurred in 1992 with a river estimate of 1.63 million and the count at Holyoke1
Dam estimated at 720,000.  Counts have generally been less than 50 percent of these numbers2
in the succeeding years (FWS 2005c).  Table 2-10 provides counts for American shad at3
Holyoke, Turners Falls, and Vernon Dams.4

5
The American shad is reasonably secure within the Connecticut River as long as access to6
spawning and nursery habitats is not obstructed (Kart et al. 2004).  However, annual spawning7
runs into the Vermont-New Hampshire portion of the Connecticut River have noticeably declined8
since the peak years of the early 1990s.  This may be attributable to the inefficiency of the9
fishways at Turners Falls and, in some years, high spring discharges from Vernon Dam. 10
Turbine mortality of outmigrating adults and juveniles is also a factor.  Habitat modifications due11
to the impoundments and improvements in striped bass (Morone saxatilis) stocks have12
increased predatory pressure on clupeids and are also likely to contribute to the decline in13
abundance.  Additionally, excessive commercial harvests within estuaries and the Atlantic14
seaboard also jeopardize shad stocks (Kart et al. 2004).  The American shad occurs upstream15
in the Connecticut River to at least Bellows Falls (RM 174), although a few fish have passed16
above this dam.  It has also been observed in the West River (enters the Connecticut River at17
RM 149)  (Kart et al. 2004).  Bellows Falls is thought to be the historic upstream range of the18
American shad prior to the construction of the hydroelectric dams in the Connecticut River19
(FWS undated).  Although American shad can climb the fish ladder at Turners Falls, the ladder20
is thought to be too long for many individuals, causing them to tire and not pass farther21
upstream (Castro-Santos et al. 2005).  In some years, <1 percent pass Turners Falls Dam22
(Castro-Santos et al. 2005).  Between 1997 and 2002, only 2.45 percent of the American shad23
that passed Holyoke Dam passed Turners Falls Dam, while 73.3 percent that passed Turners24
Falls Dam passed Vernon Dam (Gephard and McMenemy 2004).  Dam passage facilities on the25
Connecticut River that allow upriver displacement have resulted in higher adult American shad26
mortality, large decreases in repeat spawners, and decreases in the mean size and age of27
adults.  The loss in larger repeat-spawning females could account for a 14 percent reduction in28
the annual recruitment to the American shad population in the river (Leggett et al.  2004).29

30
American shad spawning occurs in well-oxygenated areas in broad flats and shallow water. 31
Spawning substrates vary but water velocities need to be sufficient to minimize sedimentation32
(Kart et al. 2004).  Spawning occurs at a temperature range of 46.4 to 78.8EF with peak activity33
at 57.2 to 69.8EF (O’Leary and Kynard 1986).  Repeat spawning individuals in the Connecticut34
River has been reported at 63 percent (MacKenzie et al. 1985).  High flow rates during the35
spawning season (late May and June) prolong the development of eggs, and turbulent June36
flows can promote unfavorable feeding conditions for first-feeding larvae that can reduce37
American shad larval survival.  Both factors can reduce year-class strength (Savoy et al. 2004). 38
The fecundity of first-time spawners has been reported to average 256,000 eggs per female,39
with a lifetime fecundity per female average 384,000 eggs.  However, many eggs are not40
fertilized and, additionally, fertilized egg mortality is high (e.g., only 5 to 19 percent of fertilized 41

42
43
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Table 2-10.  American Shad Counts at Holyoke, Turners Falls, 1
and Vernon Dams from 1981 Through 20052

3
Year4 River

Estimate
Holyoke

Dam
Turners Falls

Dam
Vernon

Dam
19815 910,000 380,000 200 (<0.1)(a) 97 (48.5)(b)

19826 940,000 290,000 11 (<0.1) 9 (81.8)

19837 1,570,000 530,000 12,705 (2.4) 2597 (20.4)

19848 1,230,000 500,000 4333 (0.9) 335 (7.7)

19859 730,000 480,000 3855 (0.8) 833 (21.6)

198610 750,000 350,000 17,858 (5.1) 982 (5.5)

198711 590,000 280,000 18,959 (6.8) 3459 (18.2)

198812 650,000 290,000 15,787 (5.4) 1370 (8.7)

198913 980,000 354,000 9511 (2.7) 2953 (31.0)

199014 820,000 363,788 27,908 (7.7) 10,868 (38.9)

199115 1,200,000 520,000 54,656 (10.5) 37,197 (68.1)

199216 1,630,000 720,000 60,089 (8.3) 31,155(51.8)

199317 750,000 340,000 10,221 (3.0) 3652 (35.7)

199418 330,000 181,000 3729 (2.1) 2681 (71.9)

199519 300,000 190,000 18,369 (9.7) 15,771 (85.9)

199620 670,000 280,000 16,192 (5.8) 18,844 (116.4)

199721 660,000 300,000 9216 (3.1) 7475 (81.1)

199822 640,000 320,000 10,527 (3.3) 7239 (68.8)

199923 480,000 190,000 6751 (3.6) 5309 (78.6)

200024 428,000 230,000 2590 (1.1) 1548 (59.8)

200125 740,000 270,000 1540 (0.6) 1666 (108.2)

200226 687,000 370,000 2870 (0.8) 336 (11.7)

200327 527,000 290,000 NA(c) 267 (NA)

200428 531,000 192,000 2092 (1.1) 653 (31.2)

200529 NA 116,511 1500 (1.3) 167 (11.1)

(a) Number (Percent of Holyoke Dam count).30
(b) Number (Percent of Turners Falls Dam count).31
(c)  NA = not available.32
Sources: Aquatec 1990; Connecticut Atlantic Salmon Commission33
2004; FWS 2005b,c,d, 2006d; Gephard and McMenemy 200434

35
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eggs survive) (MacKenzie et al. 1985; Savoy et al. 2004).  Maximum egg hatch and survival1
occurs at a range of 59.9 to 78.8EF.  Temperatures in excess of 80.1EF are unsuitable (O’Leary2
and Kynard 1986).  The eggs are nonadhesive and most drift in the current until they hatch3
(NHFGD 2005).  Substrate is a critical problem only in areas where silt or sand can smother4
eggs that have settled to the bottom (Atlantic Salmon Marine Fisheries Commission 1999).5

6
 About 60 to 80 percent of newly hatched larvae die within 7 days after first-feeding begins7
(Savoy et al. 2004).  Nursery habitat for American shad is generally deep pools away from the8
shoreline (Atlantic States Marine Fisheries Commission 1999).  Larvae change into filter-feeding9
juveniles in July through August (Savoy et al. 2004).  Juvenile shad are found at water10
temperatures of 50 to 87.8EF (O’Leary and Kynard 1986).  Juvenile American shad form dense11
schools and outmigrate to the ocean in late fall (October to November) and mature at sea (Kart12
et al. 2004).  Outmigration generally begins when water temperatures drop to 66.2EF, peak at13
57.2 to 48.2EF, and end at 50 to 46.4EF (O’Leary and Kynard 1986).  The lower lethal14
temperature for American shad is 39.2EF with sublethal effects occurring at 42.8EF (O’Leary15
and Kynard 1986).  Average annual mortality of returning adults in the Connecticut River is16
about 70 percent (MacKenzie et al. 1985).17

18
Blueback Herring19

20
Historically, the blueback herring may have occurred as far upstream in the Connecticut River21
as Bellow Falls (Kart et al. 2004).  Although blueback herring are currently common downstream22
of Turners Falls Dam and below the first dams on most tributaries, they are in decline23
throughout the watershed.  Their numbers are low between Turners Falls Dam and Bellows24
Falls Dam (Gephard and McMenemy 2004).  The blueback herring and alewife (Alosa25
pseudoharengus) are collectively referred to as river herring.  Alewives rarely occur upstream of26
the Holyoke Dam (Connecticut River Atlantic Salmon Commission 2004).  Spawning success27
and survival of juveniles and adults depends upon successful passage of the dams (FWS28
undated).  Between 1981 and 1992, upstream passage at Holyoke Dam (RM 86) averaged29
433,000 blueback herrings.  Their upstream passage has decreased significantly in recent30
years (FWS undated, 2005c).  The annual passage during the 1990s was 44,000, only 193931
were counted in 2002, and a few hundred in 2004.  Due to significant declines in the blueback32
herring population within the Connecticut River over the past 20 years, blueback herring are33
rarely encountered in the Vermont-New Hampshire portion of the river (Kart et al. 2004).  At34
Vernon Dam, no blueback herring have been counted in more than 5 years (Table 2-5).35

36
The blueback herring spawns in swift flowing waters over substrates such as gravel, sand,37
detritus, and submersed aquatic vegetation (Kart et al. 2004).  Spawning occurs between April38
and July at water temperatures ranging from 57 to 81EF (Connecticut River Atlantic Salmon39
Commission 2004).  A female can produce around 200,000 eggs (Connecticut River Atlantic40
Salmon Commission undated).  The eggs are released in the water column, but they settle and41
adhere to the substrate.  Adults return to sea after spawning, while the young-of-the-year42
migrate to the ocean in the fall (Kart et al. 2004; NHFGD 2005).  Juveniles begin their43
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outmigration when water temperatures drop to 69.8EF, peak at 59 to 57.2EF, and end at 50EF1
(O’Leary and Kynard 1986).  Fewer than 1 percent of the young-of-the-year survive to migrate2
to sea as juveniles, while as many as 90 percent of adults die after spawning (FWS 2002a). 3
High mortality of outmigrating juveniles and adults is thought to occur due to turbine mortality4
during dam passage.  Additionally, improvements in striped bass stocks have increased5
predatory pressure on clupeids (Kart et al. 2004).  Other factors that may have contributed to a6
decline in blueback herring throughout the Atlantic Coast include their use as bait for the striped7
bass sport fishery and commercial harvest in the Atlantic Ocean (Gephard and McMenemy8
2004).9

10
Gizzard Shad11

12
The gizzard shad is a relatively new addition to the Connecticut River, having been first13
observed from the mouth of the river in 1980 (FWS undated).  Their occurrence in the14
Connecticut River is due to a natural northern range extension along the East Coast (Gephard15
and McMenemy 2004).  As the gizzard shad has not fully adapted to New England winters, they16
can experience high mortalities during cold winters, which subsequently lowers spawning runs17
(Gephard and McMenemy 2004).  While still sparse, they are now found as far upstream as18
Bellows Falls Dam.  Fish passage facilities have benefitted the gizzard shad, although programs19
are not directly aimed at increasing the gizzard shad.  Spawning runs include both anadromous20
and potamodromous individuals (Gephard and McMenemy 2004).  The latter are those21
individuals that overwrinter in freshwater and subsequently migrate into smaller tributaries for22
spawning and rearing.  They spawn in late spring and early summer (FWS undated).  Gizzard23
shad spawning in a vernal pool was first documented in 1989 (Aquatec 1990).24

25
Sea Lamprey26

27
The sea lamprey was extirpated from Vermont about two centuries ago due to dams and28
degradation of spawning and nursery habitats (e.g., from excessive siltation).  Although not29
designed to increase the sea lamprey population, retrofitting the dams with passage facilities30
has restored the sea lamprey.  It now spawns in the Connecticut River at least as far upstream31
as Wilder Dam (RM 217) and in tributaries such as the West, Williams, Black, and White Rivers32
(Kart et al.  2004).  While parasitic at sea, the adult sea lamprey does not feed during its33
freshwater spawning migration and is not a threat to other fishes in the river.  It spawns over34
substrates of sand, gravel, and rubble at depths of 1.5 to 2.0 ft (Kart et al.  2004).  Adults die35
after spawning (FWS undated).  The larvae (called ammocoetes) burrow into rich organic36
stream bottoms and filter-feed at the streambed surface (Kart et al.  2004).  They remain in37
freshwater for up to 10 years.  After migrating to sea, they become parasitic, living in the ocean38
for 1 to 2 years before initiating their spawning migrations (FWS undated).39

40
41
42
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American Eel1
2

The American eel spawns in the fall within the Sargasso Sea (a 2 million square-mile area of the3
North Atlantic Ocean between the West Indies and the Azores); each female can produce 20 to4
40 million eggs (FWS 2005a).  Adults die after spawning  (FWS undated).  After hatching, larvae5
(leptocephali) drift on currents to coastal areas where they transform into glass eels and then to6
elvers, which migrate to inland waters where they can live as immature yellow eels for 10 to 257
or more years before maturing and returning to the sea to spawn (silver eels)  (Kart et al.  2004;8
NHFGD 2005).  The American eel is ubiquitous in Connecticut and Massachusetts, common to9
infrequent in southern Vermont/New Hampshire, and uncommon in the northern Connecticut10
River basin (FWS undated).  The number of American eels has been decreasing coast-wide in11
recent years (FWS undated).  Dams (even those with fish ladders designed for adult12
anadromous species) can block access of juveniles to their important rearing habitats13
(American Eel Plan Development Team 2000; FWS undated) and can cause a high rate of14
turbine mortality to adults outmigrating to the ocean.  High commercial harvests of juveniles in15
coastal waters has also diminished population stocks (Kart et al.  2004; FWS 2005a).16

17
Striped Bass18

19
Although the striped bass is considered an anadromous species, they are also considered to be20
amphidromus within the Connecticut River watershed, as they will move into freshwater for21
purposes other than spawning (e.g., for feeding) (FWS undated).  Spawning most often occurs22
in the estuary or tidal portion of rivers.  A female can produce 0.5 to 3 million eggs (Connecticut23
River Atlantic Salmon Commission undated).  While the striped bass has been reported as far24
upstream as Bellows Falls Dam  (FWS undated); there is little evidence that they spawn in the25
river (Gephard and McMenemy 2004).  The numbers and size of striped bass in the Connecticut26
River, particularly below Holyoke Dam, have been increasing in recent years due to coast-wide27
stock recovery.  The population of striped bass along the Atlantic coast has increased from28
about 5 million in 1982 to more than 41 million since 1995 (Massachusetts Division of Marine29
Fisheries undated).  As previously discussed, the increase in the striped bass population in the30
Connecticut River, as well as other watersheds along the Atlantic coast, appear to coincide with31
declines in American shad populations.  They generally occur in the river between April and32
early July, although some may exist in the river year-round (Gephard and McMenemy 2004). 33
Since the mid-1990s, an average of over 300,000 striped bass larger than 2.5 ft long have34
occurred in the Connecticut River from April through June (Savoy and Crecco 2004).  Striped35
bass of this size are large enough to consume adult male and first-spawning female American36
shad.  This many striped bass could account for the marked decrease in American shad and37
blueback herring populations in the Connecticut River (Savoy and Crecco 2004).38

39
40
41
42
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2.2.5.2  Threatened or Endangered Aquatic Species1
2

Few Federally or State-listed aquatic species are known to occur in the Connecticut River in the3
southeastern Vermont-southwestern New Hampshire-northern Massachusetts area or in the4
Connecticut River tributaries within the three Counties in which the VYNPS transmission lines of5
concern occur (i.e., Windham and Windsor Counties, Vermont, and Cheshire County, New6
Hampshire) (Table 2-11).  The vicinity of VYNPS is encompassed within or upstream of the7
range of two Federally endangered aquatic species, the dwarf wedgemussel (Alasmidonta8
heterodon) and the shortnose sturgeon (Acipenser brevirostrum), respectively.  No Federally 9
listed aquatic species are known from the tributaries of the Connecticut River that are crossed10
by the transmission lines associated with VYNPS (FWS 2006d; NMFS 2006).  The State-listed11
brook floater (Alasmidonta varicosa) is known from the West River, a Connecticut River tributary12
that is crossed by the Coolidge transmission line.  The Federally and State-listed species are13
discussed in the remainder of this section.14

15
Table 2-11.  Federally and Vermont-Listed Aquatic Species Potentially Occurring 16

in the Vicinity of VYNPS and Associated Transmission Lines17
18

Scientific19
Name20

Common
Name

Federal
Status(a)

State
Status(a) Habitat

Mussels21

Alasmidonta22
heterodon23

dwarf
wedgemussel

E E Large rivers in substrates of stable
mud, silty sand, sand, or gravel.

24

Alasmidonta varicosa25 brook floater – T Small rivers in rocky or gravelly
substrates and in sandy shoals.

26

Fish 27

Acipenser28
brevirostrum29

shortnose
sturgeon

E E Large rivers; occasionally enters
saltwater.

(a)  E = endangered, T = threatened, – = not listed.30
Sources: Kart et al. 2004; NHFGD 200531

32
Shortnose Sturgeon33

34
The shortnose sturgeon was Federally listed as an endangered species on March 11, 1967. 35
The National Oceanic and Atmospheric Administration National Marine Fisheries Service36
(NOAA Fisheries) is the lead agency for this species (FWS 2006b).  A recovery plan for the37
shortnose sturgeon has been prepared (NMFS 1998).  Decreases in the shortnose sturgeon38
were attributable to over-harvests, bycatch in the shad fishery, dams, and pollution39
(Suckling 2006; FWS undated).  It inhabits freshwater rivers, but occasionally enters saltwater40
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(NHFGD 2005).  Where not blocked by dams or other barriers, the shortnose sturgeon is1
capable of migrating 124 mi upriver to spawn (NHFGD 2005).  The historic range in the2
Connecticut River appears to be upstream to Turners Falls (RM 123) (Gephard and McMenemy3
2004).  Females reach sexual maturity at age 8 to 12 years, while males mature at age 6 to 104
(CDEP 2004a).  The shortnose sturgeon spawns during mid- to late-spring in areas containing5
boulder, cobble, and gravel substrates at water depths of 10 m or less.  Spawning occurs at6
water temperatures of 48.2 to 64.4EF (NHFGD 2005).  Females only spawn every three to7
5 years, while males may spawn every year (CDEP 2004a).8

9
Two populations of shortnose sturgeon occur in the Connecticut River, a partially landlocked10
population between the Holyoke and Turners Falls Dam in Massachusetts, and the second11
population between Holyoke Dam and Long Island Sound, which is amphidromus (moving12
between fresh and salt water) (FWS undated; CDEP 2004a).  The upper Connecticut River13
population ranged from about 197 to 714 fish in the 1976 to 1978 period (Suckling 2006).  There14
were 47 to 98 spawning fish in 1992 and 1993, respectively.  The lower Connecticut River15
population has increased from about 875 in the 1988 to 1993 time period to about 1800 in 16
2003 (Suckling 2006).  The Holyoke Dam fish lift passes an average of about four shortnose17
sturgeon per year (NMFS 1998).  The population downstream of the Turners Falls Dam is at18
least 20 mi downstream of VYNPS (Entergy 2006a).19

20
Dwarf Wedgemussel21

22
The dwarf wedgemussel was Federally listed as an endangered species on March 14, 1990. 23
The U.S. Fish and Wildlife Service (FWS) Northeast Region (Region 5) is the lead region for this24
species (FWS 2006b).  A recovery plan for the dwarf wedgemussel has been prepared (FWS25
1993).  The reported distribution of the dwarf wedgemussel in the Connecticut River basin26
includes Hampshire and Franklin Counties, Massachusetts; Cheshire and Sullivan Counties,27
New Hampshire; and Windham and Windsor Counties, Vermont (Entergy 2006a).  It has been28
documented from Brattleboro and further north in Vermont, but not in the Vernon area29
(VANR 2005).  The dwarf wedgemussel has been impacted by riparian disturbance, pollution30
and sedimentation, stream fragmentation, impoundments, and altered flows (FWS 1990;31
NHFGD 2005).  Generally, areas immediately upstream of dams can have conditions (e.g.,32
siltation and low dissolved oxygen levels) that are unsuitable for mussels, while areas33
immediately downstream of dams can have daily water level and temperature fluctuations that34
can stress mussels (FWS 1993).  Thus, the dwarf wedgemussel would not be expected to be35
present in the vicinity of the VYNPS, including the thermal plume area.36

37
Less than 55 populations of the dwarf wedgemussel remain throughout its range.  Forty-one of38
these populations contain less than 50 individuals, with 32 populations having less than39
10 individuals or are possibly extirpated.  Only 8 or 9 populations have 50 to 1000 individuals,40
and only 4 populations have 10,000 to 100,000 individuals (NHFGD 2005).  In recent surveys,41
no specimens were found in Vernon Pool between Bellows Falls Dam and Vernon Dam 42
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(NHFGD 2005).  The closest occurrence to the VYNPS in the Connecticut River is near1
Rockingham, Vermont, just north of Bellows Falls Dam, 30 mi upstream of the site2
(NHFGD 2005; Entergy 2006a).3

4
The small (generally #1.5-in.) mussel inhabits primarily large rivers in substrates of stable mud,5
silty sand, sand, or gravel (CDEP 2004b; Kart et al.  2004).  Water currents need to be sufficient6
to maintain the area free of surficial silt (Kart et al.  2004).  Suitable fish hosts in the Connecticut7
River watershed for the glochidia of the dwarf wedgemussel include the tessellated darter8
(Etheostoma olmstedi), slimy sculpin (Cottus cognatus), and juveniles and parr of Atlantic9
salmon (Kart et al.  2004; NHFGD 2005).  Healthy populations of tessellated darter and slimy10
sculpin in the Connecticut River and major tributaries such as the Ashuelot River contribute to11
the persistence of the dwarf wedgemussel (NHFGD 2005).  Unlike many mussel species that12
may live 20 to 100 years, the dwarf wedgemussel only lives about 10 years.  Thus, individuals13
must be constantly replaced to maintain viable populations (NYSDEC undated).14

15
Brook Floater16

17
Within Vermont, the State-threatened brook floater is currently known only from the West River18
(Kart et al.  2004).  It occurs in small- and medium-sized streams to large rivers within rocky or19
gravel substrates and sandy shoals, often with rooted aquatic vegetation and in or adjacent to20
riffles and rapids (MDFW 1989; Kart et al.  2004; NHFGD 2005).  The brook floater requires21
clean, well-oxygenated waters with moderate to high flows (NHFGD 2005).  Suitable fish hosts22
for the glochidia of the brook floater include slimy sculpin, longnose dace (Rhinichthys23
cataractae), blacknose dace (R.  atratulus), golden shiner (Notemigonus crysoleucas),24
pumpkinseed, yellow perch, and tessellated darter (Kart et al.  2004).  Declines of the brook25
floater are due to dams and flow regulation, siltation, dredging, stream diversions and26
channelization, nutrient loading, and acid precipitation (MDFW 1989).27

28
2.2.6 Terrestrial Resources29

30
2.2.6.1  Description of Terrestrial Resources in the Vicinity of VYNPS31

32
The 125-ac VYNPS site is located just west of the Connecticut River and within the Southern33
Vermont Piedmont, a region of low rolling foothills that are dissected by streams and rivers34
(Thompson and Sorenson 2005).  The region is mostly forested, but small agricultural areas are35
interspersed among the hills and dominate the fertile floodplains.  Sugar maple (Acer36
saccharum), American beech (Fagus grandifolia), ash (Fraxinus spp.), and yellow birch (Betula37
alleghaniensis) occur at the higher elevations, and oak (Quercus spp.) and pine (Pinus spp.)38
become common in the Connecticut River Valley and on many south-facing slopes.  The39
VYNPS site and the surrounding region are within the Adirondack-New England Mixed 40
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Forest–Coniferous Forest–Alpine Meadow Province of the Warm Continental Regime1
Mountains Division of the Humid Temperate Domain, using Bailey’s delineation of ecoregions of2
North America (Bailey 1995, 1996, and 1998).3

4
Common terrestrial vertebrate species in the region include wild turkey (Meleagris gallopavo),5
white-tailed deer (Odocoileus virginianus), eastern cottontail (Sylvilagus floridanus), porcupine6
(Erethizon dorsatum), eastern chipmunk (Tamias striatus), gray squirrel (Sciurus carolinensis), a7
variety of other small mammals, and numerous songbirds (Thompson and Sorenson 2005). 8
Vernal pools provide habitat for salamanders, including red-backed salamander (Plethodon9
cinereus) and spotted salamander (Ambystoma maculatum).  Other species in the vicinity10
include green frog (Rana clamitans), wood frog (R.  sylvatica), spring peeper (Pseudacris11
crucifer), red-spotted newt (Notophthalmus viridescens), Jefferson’s salamander (Ambystoma12
jeffersonianum), ruffed grouse (Bonasa umbellus), beaver (Castor canadensis), muskrat13
(Ondatra zibethicus), mink (Mustela vison), black bear (Ursus americanus), moose (Alces14
alces), snowshoe hare (Lepus americanus), and fisher (Martes pennanti) (VDFW 2006b).15

16
About 35 ac (28 percent) of the VYNPS site currently is occupied by buildings and structures17
(Entergy 2006a).  Prior to construction of the station, the site was primarily pasture land with a18
few mature trees (AEC 1972).  The remainder of the site supports mowed grass and early19
successional habitat (66 ac; 53 percent), mixed deciduous and coniferous woodland (20 ac;20
16 percent), shrubland (3 ac; 2 percent); and wetland (1 ac; 1 percent).  A band of riparian21
vegetation parallels the western bank of the Connecticut River.  About 1600 ft of the shoreline22
near the intake and discharge structures consists of rip-rap through which shrubs and small23
trees have grown.  Mixed deciduous and coniferous riparian woodland parallels the river shore24
upstream and downstream of the rip-rap area for the remainder of the VYNPS property.  This25
riparian woodland is up to 300 ft wide.26

27
Eleven wetland areas have been delineated on the VYNPS site (SVE Associates 2005).  All of28
these wetlands are dominated by herbaceous species, were described as depressions or29
swales, and are Vermont Category 3 wetlands, i.e., they are not considered significant for30
providing wetland functions (Smith 2004; Lattrell 2004, 2005).  The largest of these wetlands is31
about 1.2 ac (0.5 ha), and was apparently affected by construction of stormwater retention32
areas associated with a new parking area (Smith 2004).  Dominant plant species found in site33
wetlands include reed canary grass (Phalaris arundinacea), spike rush (Eleocharis spp.), field34
horestail (Equisetum arvense), dark green bulrush (Scirpus atrovirens), soft rush (Juncus35
effusis), sedges (Carex spp.), and sensitive fern (Onoclea sensibilis) (Smith 2004; Lattrell 2004;36
Lattrell 2005).  In addition to the wetlands on the VYNPS site, there are several small marshes37
located on the western shore of the Connecticut River upstream and downstream of the VYNPS38
site (AEC 1972; Entergy 2006j).  These marshes are dominated by common reed (Phragmites39
communis).40

41
A number of migrant waterfowl and other birds occur in wetlands and aquatic habitats adjacent42
to the VYNPS site (Entergy 2006a).  Migrant waterfowl species that occur in the area include43
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mallard (Anas platyrhynchos), Canada goose (Branta canadensis), and American black duck1
(Anas rubipres).  Osprey (Pandion haliaetus) and bald eagle (Haliaeetus leucocephalus) forage2
and roost along the Connecticut River and occasionally roost in large riparian trees on the3
VYNPS site.4

5
Several forested areas within the nearby 1401-ac Roaring Brook Wildlife Management Area are6
considered important deer wintering areas (Entergy 2006a).  Many of the natural communities7
on the wildlife management area property are unique to Vermont and are more like those found8
in Massachusetts (VDFW 2006b).  The wildlife management area is located about 1 mi to the9
west and south of VYNPS.  It is mostly forested with a mixture of eastern hemlock (Tsuga10
canadensis) and hardwood trees, especially white oak (Quercus alba) and red oak (Q.  rubra),11
which provide important food for many wildlife species.12

13
2.2.6.2  Threatened or Endangered Terrestrial Species14

15
Table 2-12 presents the scientific names, common names, listing status, and habitats of16
Federally and State-listed terrestrial species that could occur in the vicinity of the VYNPS site17
(Windham County, Vermont, and Cheshire County, New Hampshire).  This information is also18
presented for species that could occur on or in the vicinity of transmission lines associated with19
VYNPS (VYNPS-to-Coolidge line in Windham and Windsor Counties, Vermont, and the20
VYNPS-to-Chestnut Hill line in Windham County, Vermont, and Cheshire County, New21
Hampshire).22

23
The NRC contacted FWS to determine the presence of Federally listed threatened or24
endangered species in the vicinity of VYNPS or associated transmission lines (NRC 2006b,25
2006c).  The FWS determined that the bald eagle was the only Federally listed species known26
to occur in the vicinity of these facilities, and that bald eagles nest less than 1 mi downstream of27
VYNPS (FWS 2006d).  In addition, FWS determined that no impacts to the eagles are known to28
occur at this site that could be attributed to VYNPS or its transmission lines, and that29
preparation of a Biological Assessment or further consultation under Section 7 of the30
Endangered Species Act is not required.31

32
Entergy contacted the Vermont Agency of Natural Resources (VANR) to determine if important33
natural habitats occurred on or in the vicinity of the VYNPS site (Tucker 2005).  VANR provided34
a list of State-listed species that are known to occur within 6 mi of the VYNPS site.  These35
species and others determined to occur or potentially occur in the project area are presented in36
Table 2-12.  Federally listed species with the potential to occur in the project area are discussed37
in the remainder of this section.  Included are Jesup’s milk-vetch, northeastern bulrush, bald38
eagle, and Indiana bat.39

40
41
42
43
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 Table 2-12.  Federally Listed and State-Listed Terrestrial Species Whose Ranges Include the1
VYNPS Site, Transmission Lines Within the Scope of License Renewal, and2
Vicinity3

4
Scientific5

Name6
Common 

Name
Federal
Status(a)

State
Status(a) Habitat

Plants7

Allium canadense8 wild garlic NL NH-E Moist fields or open woods. 
Known to occur in Cheshire
County, New Hampshire.

Astragalus robbinsii9
var.  jesupi10

Jesup’s milk-vetch E VT-E Connecticut River Valley. 
Confined to calcareous bedrock
outcrops that are ice scoured
annually.  Nearest known
population approximately 50 mi
north of site.  Known to occur in
Windsor County, Vermont.

Aureolaria virginica11 downy false-
foxglove

NL NH-T Dry oak woods.  Known to occur
in Cheshire County,
New Hampshire.

Aureolaria12
pedicularia var. 13
intercedens14

fern-leaved false-
foxglove

NL NH-E Dry deciduous woods and
clearings.  In New Hampshire, it
is found in partial to open canopy
portions of oak-pine forest and
woodlands on rocky slopes and
ridges, outcrops, and summits. 
Known to occur in Cheshire
County, New Hampshire.

Cornus florida15 flowering dogwood NL VT-T Mesic deciduous woods, on
floodplains, slopes, bluffs, and in
ravines.  Found within 6 mi of
VYNPS in Windham County,
Vermont.

Crotalaria sagittalis16 rattlebox NL VT-T Sandy soils of open areas.  
Found within 6 mi of VYNPS in
Windham County, Vermont.

Fimbristylis17
autumnalis18

autumn fimbristylis NL VT-E Moist to wet sands, peats, silts, or
clays, primarily of disturbed,
sunny ground such as seeps,
ditches, savannas, stream banks,
reservoir drawdowns, and pond
shores.  Found within 6 mi of
VYNPS.
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Table 2-12.  (contd)1
2

Scientific3
Name4

Common 
Name

Federal
Status(a)

State
Status(a) Habitat

Galearis spectabilis5 showy orchis NL NH-T Rich woods, primarily beech and
maple woods with calcareous
soils, and at the edges of
swamps.  Known to occur in
Cheshire County, New
Hampshire.

Helianthemum6
bicknellii7

plains frostweed NL VT-T Dry sandy or rocky soil in open
woods, clearings, and grasslands. 
Found within 6 mi of VYNPS.

Helianthus8
strumosus9

harsh sunflower NL VT-T Openings or edges of woods. 
Found within 6 mi of VYNPS.

Hypericum ascyron10 great St.  John’s-
wort

NL VT-T Along streambanks, and in wet
meadows and thickets.  Found
within 6 mi of VYNPS.

Isoetes engelmannii11 Engelmann’s
quillwort

NL VT-T Open areas of shallow bodies of
water; pond margins and ditches. 
Found within 6 mi of VYNPS.

Isotria verticillata12 large whorled
pogonia

NL VT-T,
NH-E

Acid woods and edges of fens. 
Found within 6 mi of VYNPS.

Lechea mucronata13 hairy pinweed NL VT-E Dry sandy soils in fields and open
woods.  Found within 6 mi of
VYNPS.

Lespedeza hirta14 hairy bush-clover NL VT-T Dry sunny places and roadsides. 
Found within 6 mi of VYNPS.

Rhexia virginica15 Virginia meadow-
beauty

NL VT-T Wet sandy soil.  Found within
6 mi of VYNPS.

Potamogeton16
zosteriformis17

flatstem pondweed NL NH-T Ponds and slow streams.  Known
to occur in Cheshire County, New
Hampshire.

Polygonatum18
biflorum var. 19
commutatum20

giant Solomon’s
seal

NL NH-E Dry to moist sandy, loamy, or
rocky soils in deciduous woods
and thickets, usually in upland
areas.  Known to occur in
Cheshire County, New
Hampshire.



Plant and the Environment

Table 2-12.  (contd)

Scientific
Name

Common 
Name

Federal
Status(a)

State
Status(a) Habitat
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Scirpus1
ancistrochaetus2

northeastern
bulrush

E VT-E Alluvial meadows and small
headwater or coastal plains
ponds characterized by
seasonally variable water levels. 
Known to occur in Windham
County, Vermont.

Solidago odora3 sweet goldenrod NL VT-T Dry openings in sandy or rocky
acid soil; open woods, thinly
wooded slopes, thickets, and
clearings.  Found within 6 mi of
VYNPS.

Uvularia perfoliata4 perfoliate bellwort NL NH-E Moist woodland and scrub. 
Known to occur in Cheshire
County, New Hampshire.

Viola lanceolata5 lance-leaved violet NL VT-T Wet open places often along
streams and ponds, especially in
sandy soils.  Found within 6 mi of
VYNPS.

Woodwardia6
virginica7

Virginia chain-fern NL VT-T Swamps and wet woods.  Found
within 6 mi of VYNPS.

8

Insects9

Cicindela puritana10 puritan tiger beetle E Extirpated.  Formerly sandy
riverine beaches along the
Connecticut River.

11

Amphibians12

Ambystoma13
jeffersonianum14

Jefferson’s
salamander

NL VT-SC Well-shaded deciduous forest
with ponds and pools for
breeding.  Found within 6 mi of
VYNPS.
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Federal
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Ambystoma1
opacum2

marbled
salamander

NL NH-E Sandy and gravelly areas of
mixed deciduous woodlands; low
areas around ponds, swamps,
and quiet streams during
breeding season.  Known to
occur in Cheshire County, New
Hampshire.

Hemidactylium3
scutatum4

four-toed
salamander

NL VT-SC Swamps, boggy streams, and
wet, wooded, or open areas near
ponds or quiet, mossy, or
grassy/sedgy pools.  Found within
6 mi of VYNPS.

Bufo fowleri5 Fowler’s toad NL VT-SC Wooded areas, river valleys,
floodplains, agricultural areas;
usually in areas with deep friable
soils.  Breeds in shallow water of
marshes and bodies of water
lacking a strong current.  Found
within 6 mi of VYNPS.

6

Reptiles7

Coluber constrictor8 eastern racer NL VT-T Wide range of habitats including
prairies, shrublands, woodlands,
forests, stream sides, and
semi-agricultural areas.  Found
within 6 mi of VYNPS.

Clemmys guttata9 spotted turtle NL VT-E Unpolluted, small, shallow bodies
of water such as marshes,
marshy pastures, bogs, fens,
streams, swamps, ponds, and
vernal pools surrounded by
relatively undisturbed meadow or
undergrowth.  Found within 6 mi
of VYNPS.
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Crotalus horridus1 timber rattlesnake NL NH-E Mountainous or hilly deciduous or
mixed deciduous-coniferous
forest, often with rocky
outcroppings, steep ledges, and
rock slides.  Known to occur in
Cheshire County,
New Hampshire.

2

Birds3

Haliaeetus4
leucocephalus5

bald eagle T, PDL VT-E Large open bodies of water with
adjacent trees.  Nests along
Connecticut River less than 1 mi
downstream of VYNPS site. 
Migrates and winters through
area.  Known to occur in
Windham and Windsor Counties,
Vermont.

6

Mammals7

Myotis sodalis8 Indiana bat E VT-E Riparian, bottomland, and upland
forest habitats.  Possible
occurrence in Windham and
Windsor County, Vermont, and
Cheshire County, New
Hampshire.

(a) NL = not listed, E=endangered, T = threatened, PDL = proposed for delisting, VT-E = listed as endangered in9
Vermont, VT-T = listed as threatened in Vermont, VT-SC = species of special concern in Vermont, NH-E =10
listed as endangered in New Hampshire, NH-T = listed as threatened in New Hampshire.  Note that for State-11
listed species, mention is only made regarding occurrence in the State of listing.12

Sources: DeGraff and Rudis 1986; Gleason and Chronquist 1991; FWS 2002b, 2006c; LaRoche 2005; VDFW13
2005a,b; CBS 2006; EPA 2006b; NatureServe 200614

15
Jesup’s Milk-Vetch16

17
Jesup’s milk-vetch (Astragalus robbinsii var. jesupi) was Federally listed as endangered in18
1987.  Critical habitat has not been designated for this species.  The entire population of the19
species is thought to be less than 1000 individuals, and it is considered one of the rarest plants20
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in New England; it is endemic to rock outcrops on the Connecticut River (Brackley 1989). 1
Jesup’s milk-vetch is a perennial herb, 20 to 60 cm tall, with blue-violet flowers that appear in2
late May or early June.  The species has a 1.5- to 3.0-cm long seed pod with a conspicuous3
beak that can be used to distinguish the species.4

5
Only three populations (one in Vermont, two in New Hampshire) are currently known for the6
Jesup’s milk-vetch (Brackley 1989).  All three occur along a 16-mi stretch of the Connecticut7
River about 50 mi upstream of VYNPS.  The species is found primarily on partially shaded8
calcareous bedrock outcrops (primarily schist) that are ice-scoured annually.  Most plants occur9
at the ice-scour line between barren rock and vegetated upper areas of the bank.  Searches10
ofother apparently suitable sites downstream to the Massachusetts border have failed to reveal11
additional populations of the species (Brackley 1989).  None of the locations are in areas likely12
to be affected by operations of the VYNPS or its associated transmission lines.13

14
Northeastern Bulrush15

16
The northeastern bulrush (Scirpus ancistrochaetus) was Federally listed as endangered in17
1991.  Critical habitat has not been designated for this species.  Thirty-three populations are18
currently known from seven eastern states.  Two of these populations are located in Vermont19
(Windham County) and one in New Hampshire (Cheshire County).  Most of these populations20
exist on private lands that are subject to habitat loss, modification, and degradation caused by21
residential and agricultural development (Copeyan 1993).  Northeastern bulrush is a member of22
the sedge family (Cyperaceae) and is about 30 to 50 in.  tall at maturity.  Flowering occurs from23
mid-June to July, and fruit sets between July and September.24

25
The northeastern bulrush is found in ponds, wet depressions, and shallow sinkholes within26
small (less than 1 ac) wetland complexes (Copeyan 1993).  The single population in New27
Hampshire, observed in 1992, occurred on private land in northern Cheshire County in a28
drained beaver pond dominated by grasses and sedges.  The two populations in Vermont are29
located in Windham County about 15 mi apart.  In one of these populations, individuals occur in30
several small shallow ponds surrounded by emergent wetlands in an alluvial meadow of the31
Connecticut River.  In the other site, plants occur along the edges of a beaver meadow in the32
zone of emergent vegetation.  All sites are characterized by fluctuating water levels fed primarily33
by surface water runoff.34

35
The northeastern bulrush is not known to occur on the VYNPS site or on either transmission line36
within the scope of license renewal.37

38
Bald Eagle39

40
The bald eagle (Haliaeetus leucocephalus) was Federally listed in 1967.  It is currently listed as41
threatened in the conterminous U.S., but was proposed for delisting in 1999 (FWS 1999). 42
Critical habitat has not been designated for this species.  Drastic declines in the number of bald43
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eagles was linked to reproductive failure associated with widespread use of the insecticide1
dichloro-diphenyl-trichloroethane (DDT).  The 1972 ban of DDT for use in the United States was2
pivotal in the recovery of the species.3

4
The bald eagle ranges across much of North America.  The species frequents estuaries, large5
lakes, reservoirs, major rivers, and some coastal habitats.  Fish form the bulk of its diet, but6
waterfowl and carrion are also eaten.  Bald eagles typically nest in trees near water, especially7
in large trees along shorelines away from disturbance.  Adults tend to use the same breeding8
area for years and often use the same nest.9

10
Bald eagles can occur in the VYNPS area throughout the year.  VYNPS’s location on the11
Vernon Pool of the Connecticut River makes it ideal as a foraging and roosting area for eagles. 12
Eagles frequently roost on the large riparian trees along the site shoreline.  Several bald eagles13
were observed on or near the site during the NRC staff’s site audit in May 2006.  During the14
winter, open water near the discharge canal could attract foraging eagles that would otherwise15
leave the area.16

17
There is also the potential for breeding of the bald eagle on or near the VYNPS site.  For18
several years, Vermont was the only state in the conterminous United States that did not have a19
breeding pair of bald eagles (VDFW 2006c).  However, in 2005, a bald eagle pair built a nest in20
a large pine along the Connecticut River just downstream of Vernon Dam less than 1 mi from21
VYNPS.  The pair successfully hatched at least one young in this nest in April 200622
(VDFW 2006c), but by late May the eaglet had died (VDFW 2006d).  Although there was23
evidence of raccoon predation, the cause of death was not known (VDFW 2006d).24

25
Indiana Bat26

27
The Indiana bat (Myotis sodalis) was Federally listed as endangered in 1967.  No critical habitat28
has been designated for this species in the project area.  The Indiana bat ranges across much29
of the eastern United States (FWS 1983).  Large hibernating populations occur in Indiana,30
Missouri, and Kentucky.  Most Indiana bats migrate seasonally between winter hibernacula and31
summer ranges.32

33
Suitable habitat for the Indiana bat consists of riparian, bottomland, and upland forest habitats34
with trees that have crevices or exfoliating bark that can be used as roosting sites.  Maternity35
colonies are formed mostly in riparian and floodplain areas of small- to medium-sized streams36
(FWS 1983).  Optimum foraging habitat consists of streams lined on both sides with mature37
trees that overhang the water, although other habitats are sometimes used.38

39
Although there are no known records of the Indiana bat in either Windham or Windsor Counties,40
Vermont, or Cheshire County, New Hampshire, there is a possibility that the species occurs 41
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within suitable habitat on or near the VYNPS site or transmission lines associated with the site. 1
The summer range of this species includes the southern half of Vermont and the southwestern2
portion of New Hampshire (FWS 1983).3

4
2.2.7 Radiological Impacts5

6
A radiological environmental monitoring program (REMP) has been conducted around the7
VYNPS site since 1970.  The objectives of the REMP are to provide an early indication of the8
appearance or accumulation of any radioactive material in the environment caused by the9
operation of the station, to provide assurance to regulatory agencies and the public that the10
station’s environmental impact is known and within anticipated limits, to verify the adequacy and11
proper functioning of station effluent controls and monitoring systems, and to provide standby12
monitoring capability for rapid assessment of risk to the general public in the event of13
unanticipated or accidental releases of radioactive material (Entergy 2006b).14

15
Each year, results of measurements of radiological releases are summarized in the VYNPS16
Annual Radioactive Effluent Release Report (e.g., Entergy 2006c).  The limits for all radiological17
releases are specified in the ODCM (Entergy 2002c), and these limits are designed to meet18
Federal standards and requirements.19

20
The REMP includes monitoring of the airborne pathway (air particulates and iodine), waterborne21
pathways (river water, groundwater, and river sediment), ingestion pathways (milk, silage,22
mixed grass, and fish), and direct radiation pathway (gamma dose on thermoluminescent23
dosimeter (TLD) locations) (Entergy 2006b).  For trending purposes, radiological and direct24
radiation measurements are compared with past years.  Sampling locations are chosen based25
on meteorological factors, preoperational planning, and results of land-use surveys.  A number26
of locations, in areas very unlikely to be affected by plant operations, are selected as controls. 27
The environmental monitoring reports over the last 5 years have been reviewed.  The results28
indicate that the radiation and radioactivity in the environmental media monitored around the29
plant have been well within applicable regulatory limits (Entergy 2002a, 2003a, 2004a, 2005a,30
2006b).31

32
The Vermont Department of Health (VDH) has also been conducting radiological surveillance33
and monitoring around the VYNPS since 1971.  The results are summarized in the annual State34
of Vermont, Vermont Yankee Nuclear Power Station Environmental Radiation Surveillance35
Reports (VDH 2002, 2003, 2004, 2005, 2006).  The samples collected and the measurements36
made by VDH annually include:37

38
C The direct gamma radiation emanations as measured by TLDs at the site boundary39

and various other locations around the site,40
41

C The amount of radioactive particulates and radioactive iodine in air,42
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C Water from wells and waterways surrounding the plant, and 1
2

C Various wild and cultivated vegetation, river bed sediments, and soils.3
4

The VDH reports present long-term historical trends and in some cases compare the results5
with background measurements.  The 2005 report concludes that there are no significant6
adverse health effects from operation of VYNPS to Vermonters (VDH 2006).7

8
In addition to monitoring radioactivity in environmental media, Entergy annually assesses doses9
to individuals from gaseous and liquid effluents (if any) at several locations based on effluent10
release data and mathematical modeling methods approved by the NRC.  Calculations are11
performed using the plant effluent release data, onsite meteorological data, and appropriate12
pathways identified in the ODCM.  Radiation dose results for the 5-year period of 2001 through13
2005 (Entergy 2002b, 2003b, 2004b, 2005b, 2006c) were reviewed.  The results for 2005, which14
were representative of the values for the other years, were as follows:15

16
C The maximum annual whole body dose to an individual on the site boundary not17

adjacent to the Connecticut River (called the maximally exposed individual, or MEI)18
from all pathways including direct radiation was 13.5 mrem/yr.  Over 99.9 percent of19
this dose was due to direct radiation because of the individual’s close proximity to20
the plant.  The main source of this direct radiation is the gamma radiation originating21
in the turbine building.  These gammas spread out radially from the turbine building. 22
Some of them directed towards the sky get scattered back to earth by the atoms in23
the air, particulate matter suspended in the air, or the clouds before they reach the24
MEI (by a process called skyshine).  This dose is less than the EPA (40 CFR25
Part 190) dose limit of 25 mrem/yr to the whole body of any member of the public26
from the entire fuel cycle.  It also meets NRC’s dose limit in 10 CFR Part 20, which is27
based on the EPA’s limit.  It is also below the 20 mrem/yr limit imposed on VYNPS28
by the Vermont Department of Health (VDH 1977).  29

30
C The maximum annual dose to the thyroid, which was also the organ with the31

maximum dose, of the MEI from all effluents was also 13.5 mrem.  Similar to the32
whole body dose, over 99.9 percent of the thyroid dose was due to the direct33
radiation.  This dose is less than the EPA (40 CFR Part 190) dose limit of 75 mrem/yr34
to the thyroid of any member of the public from the entire fuel cycle.  It also meets35
NRC’s dose limit in 10 CFR Part 20, which is based on the EPA limit.  36

37
C The direct radiation decreased rapidly with distance from the plant.  For example,38

TLDs, which measure the direct radiation, registered an annual average reading of39
0.0094 milliRoentgen (mR)/hr at a location 210 m away from the center of the turbine40
building on the site boundary in the west-southwest (WSW) direction.  At 520 m41
away from the center of the turbine building in the same direction, the average42
annual TLD measurement was 0.0066 mR/hr.  The average TLD measurements at43
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control locations indicative of the background radiation in the vicinity of the plant1
were of 0.0063 mR/hr with a standard deviation of 0.00033 mR/hr.  These results2
indicate that direct radiation from the plant went down to essentially zero at about3
310 m from the site boundary in the WSW direction.  Similar reductions in direct4
radiation measurements were observed for other directions.  5

6
These results confirm that VYNPS has been operating in compliance with all the Federal7
(Appendix I to 10 CFR Part 50, 10 CFR Part 20, and 40 CFR Part 190) regulations as well as8
the State of Vermont regulations (VDH 1977).  In March 2006, the NRC issued a license9
amendment that allowed Entergy to increase the thermal power of VYNPS by 20 percent (to10
1912 MW(t)).  In the EA and the FONSI accompanying the license amendment (NRC 2006a), it11
is estimated that when the power increases by 20 percent, the direct radiation component of the12
MEI dose at the site boundary would increase by about 26 percent and would be about13
18.6 mrem per year.  Considering that over 99.9 percent of the individual’s dose is from direct14
radiation, the whole body dose to the MEI is estimated to be about 18.7 mrem/yr.15

16
In March of 2006, Entergy started the power uprate and completed it in May 2006.  In May17
2006, Entergy also installed new shielding (3-in.-thick steel) on top of the high-pressure turbine18
to cut down on the skyshine component of the direct radiation.  Entergy staff measured the19
exposure rate at the site boundary before the uprate, after the uprate but before the new shield20
was installed, and after the installation of the shield.  The results indicated that the exposure21
rates at the site boundary were 0.001313 mR/hr before the uprate, 0.002534 mR/hr after the22
uprate but before the shield was installed, and 0.001866 mR/hr after the shield was installed23
(Entergy 2006d).  On an annual basis, the exposure rates were estimated to be 11.50 mR,24
22.2 mR, and 16.35 mR, respectively, for the same conditions.  Although not exactly correct, the25
exposure rate in terms of 1 mR/hr is often considered to be equivalent to a dose rate of 126
mrem/hr.  Therefore, the measured values indicate that with the newly installed shield in place,27
the MEI dose at the site boundary will continue to satisfy both the Federal and State regulations. 28

29
30

In April 2006, Entergy was granted approval by the Vermont Public Service Board to construct a31
dry fuel storage facility onsite.  Once constructed, some of the spent fuel that is currently in the32
spent fuel pool onsite will be moved to the dry storage facility.  It is estimated that the dry33
storage facility will increase the annual dose received by the MEI by approximately 0.3 mrem34
(Entergy 2006g).  All of this increase is expected to come from direct radiation.  With this35
increase, the estimated whole body dose to the MEI would be approximately 19 mrem/yr, which36
would still be within the Federal and State limits.37

38
Aside from the changes associated with the power uprate and the installation of the dry fuel39
storage facility, as discussed above and in Section 2.1.4, Entergy does not anticipate any40
significant changes to the radioactive effluent releases or exposures from VYNPS operations41
during the renewal period; therefore, the impacts on the environment are not expected to42
change.43
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2.2.8 Socioeconomic Factors1
2

The staff reviewed the Entergy ER (Entergy 2006a) and information obtained from county, city,3
and local economic development staff.  The following sections describe the housing market,4
community infrastructure, population, and economy in the region surrounding the VYNPS site.5

6
2.2.8.1  Housing7

8
VYNPS employs approximately 650 workers, the majority of whom live in Windham County,9
Vermont (43 percent), and Cheshire County, New Hampshire (25 percent).  The remainder are10
located in Franklin County, Massachusetts (17 percent), and a number of other counties 11
(Table 2-13).  Given the residential locations of VYNPS employees, the most significant impacts12
of plant operations are likely to occur in Windham County, Cheshire County, and Franklin13
County.  The focus of the analysis in this SEIS is on the impacts of VYNPS operations in these14
counties.15

16
Entergy refuels VYNPS every 18 months.  During refueling, approximately 700 to 900 additional17
workers are employed for a 30-day period (Entergy 2006a).  The majority of these workers18
reside in the same communities as the permanent employees at the plant.19

20
The number of housing units and housing vacancies in Windham County, Cheshire County, and21
Franklin County are shown in Table 2-14.  In Windham County, the total number of housing22
units grew at an annual rate of 0.5 percent over the period 1990 to 2000, while the number of23
occupied units grew at an average annual rate of 1.2 percent over the same period.  With an24
annual average population growth rate of 0.6 percent during this period, there was a slight25
decline (!1.0 percent) in the annual rate of growth in the number of vacant units during this26
period.  In Cheshire County, housing market trends were similar to those in Windham County. 27
Annual growth in housing in Cheshire County was 0.5 percent between 1990 and 2000, with28
slightly larger growth in the number of occupied housing units (0.9 percent).  In Franklin County,29
annual growth in housing between 1990 and 2000 was 0.5 percent, with a slightly higher rate of30
growth in occupied housing (0.6 percent).  With annual population growth in Cheshire County31
and Franklin County at 0.5 percent and 0.2 percent, respectively, the number of vacant units fell32
in both counties, by !2.3 percent in Cheshire County and by !1.1 percent in Franklin County.33

34
The housing vacancy rate in 2000 was 32.0 percent in Windham County, 11.2 percent in35
Cheshire County, and 7.7 percent in Franklin County.  The high rates in Windham County and36
Cheshire County are due primarily to the large number of seasonal homes in the region.37

38
39
40
41
42
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Table 2-13.  VYNPS Permanent Employee Residence1
Information by County and City2

3
County and City(a)4 Percent of Total

WINDHAM COUNTY5

Brattleboro6 14

Vernon7 14

Guilford8 3

Putney9 2

Newfane10 2

Others11 8

Total Windham County12 43

CHESHIRE COUNTY13

Hinsdale14 6

Keene15 5

West Chesterfield16 3

Spofford17 2

Others18 9

Total Cheshire County19 25

FRANKLIN COUNTY20

Greenfield21 6

Others22 11

Total Franklin County23 17

Other Counties24 15

Grand Total25 100
(a) Addresses are for both unincorporated (counties) and26

incorporated (cities and towns) areas.27
Source:  Entergy 2006a28

29
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 1
Table 2-14.  Housing Units and Housing Units Vacant (Available) by County2

During 1990 and 20003
4

5 1990 2000
Average Annual Growth

Rate 1990 to 2000

WINDHAM COUNTY6

Housing units7 25796 27039 0.5

Occupied units8 16264 18375 1.2

Vacant units9 9532 8664 !1.0

CHESHIRE COUNTY10

Housing units11 30350 31876 0.5

Occupied units12 25856 28299 0.9

Vacant units13 4494 3577 !2.3

FRANKLIN COUNTY14

Housing units15 30394 31939 0.5

Occupied units16 27640 29466 0.6

Vacant units17 2754 2473 !1.1
Source:  USCB 2006a 18

19
2.2.8.2  Public Services20

21
Water Supply22

23
Water supplied by public water systems in Windham County, Cheshire County, and Franklin24
County comes from both surface water and groundwater sources (Table 2-15).  Currently, there25
are six water suppliers within 10 mi of VYNPS, with the Brattleboro system providing 68 percent26
of total capacity (Entergy 2004c).  Large parts of the three counties do not have access to public27
water systems and use groundwater and springs as their primary water source.  More than 5028
wells within a mile of VYNPS supply water for domestic and farm use.  All the water supply29
systems within 10 mi of the plant have additional capacity to meet new water demands (Entergy30
2004c).31

32
VYNPS withdraws water from the Connecticut River for plant service and fire protection at a rate33
of 18,400 gpm, and from wells located onsite at a maximum rate of 35 gpm (Section 2.2.2).34
The plant does not use groundwater from local municipal systems.  Fire protection for the plant35
is provided by the Town of Vernon Fire Department (Town of Vernon 2006).36

37
38
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1
Table 2-15.  Major County Public Water Supply Systems in 20042

3

Water System4 Source
Maximum Capacity

(million gpd)

WINDHAM COUNTY5

Brattleboro6 Surface water 3

Brattleboro7 Groundwater 3.2

CHESHIRE COUNTY8

Hinsdale9 Groundwater 1

Winchester10 Groundwater 0.6

FRANKLIN COUNTY11

Northfield12 Groundwater 0.2

Bernardston13 Groundwater 1.1
Source:  Entergy 2004c 14

15
Education16

17
VYNPS is located in the Windham Southeast Supervisory Union School District, which is one of18
four school districts serving Windham County.  In 2004, the district had 9 schools, with a total19
enrollment of 3106 students, and employed 48 teachers (Standard and Poors 2006). 20
Expenditures in the district are currently $14,738 per student compared to $13,408 for Vermont21
as a whole (Public School Review 2006).  The only school located in the town of Vernon is the22
Vernon Elementary School, which had 228 students and 10 teachers in 2004 (Public School23
Review 2006).  Student enrollment in the district, together with expenditures per student and the24
number of teachers in the district, have remained stable over the 2000 to 2004 period (Standard25
and Poors 2006; Public School Review 2006).26

27
In 2004, Windham County had an additional 20 private schools, with an enrollment of28
2114 students (Private School Review 2006).29

30
Transportation31

32
Access to VYNPS is via State Highway 142, approximately 0.8 mi west of the plant.  The33
highway runs north-south in the vicinity of the plant, generally following the route of the34
Connecticut River.  Access to the plant itself is provided via two intersections on Highway 14235
and Governor Hunt Road.  Interstate I-91 and U.S. Highway 5 run north-south through the36
county, connecting Brattleboro with Greenfield to the south, while Highway 9 connects37
Brattleboro with Bennington to the west, and Keene to the east in New Hampshire.  Highway 3038
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links Brattleboro with other towns to the northwest.  Most VYNPS employees traveling from the1
northern and western parts of the county use these roads to reach the site (Entergy 2006a).2

3
Two segments of Highway 142 for which traffic counts are available were assessed in the ER. 4
Moderate increases in traffic have occurred between 1992 and 2002 to the north of the plant on5
Highway 142, with increases in commuter and commercial traffic, while traffic has been6
relatively stable south of the plant on Highway 142 over the same period (Entergy 2006a).7

8
2.2.8.3  Offsite Land Use9

10
VYNPS is located in the town of Vernon, Vermont, in Windham County.  The town of Vernon11
occupies 19.4 mi2.  The 2000 Census reported Vernon’s population to be 2119, and the town12
receives approximately $1 million in property tax revenue (Entergy 2006a).  Land use in the13
town has changed little over the last 20 to 30 years.  From 1970 to 1990, approximately 425 ac14
of forest were converted to nonforested land, and 260 ac were developed for other land uses. 15
The VYNPS site is currently surrounded by the Connecticut River on the east, by farm and16
pasture land mixed with wooded areas on the north and south, and by the town of Vernon on17
the west (Entergy 2004c).  The nearest homes are situated along the Governor Hunt Road just18
to the west of the site, and the Vernon Elementary School is west of Highway 4, approximately19
1500 ft from the reactor building (Entergy 2004c).  The town of Vernon has no zoning20
ordinances, subdivision ordinances, or development review board.  The town did approve the21
2003 Town Plan, which outlines the community’s plan for future growth and development22
(Entergy 2006a).23

24
The town of Vernon derives significant revenue from VYNPS.  Property taxes paid by Entergy25
make up approximately 40 percent of the town of Vernon’s General Fund, which is utilized for26
police, fire, roads, and other town services.  Entergy’s State Electric Generation Education Tax27
payment covers approximately a third of the Vernon School District’s budget.  This funding28
enables the town of Vernon and Windham County to maintain lower tax rates than would29
otherwise be needed to fund the current level of public infrastructure and services for the county30
and local government (Entergy 2006a).31

32
Windham County occupies roughly 789 mi2, and its population increased from 41,588 to 44,28433
between 1990 and 2004.  The average annual population growth rate between the 2000 and34
2003 censuses was 0.1 percent (Entergy 2006a).  The major land uses within the county35
consist of woodland (56 percent), cropland (29 percent), pasture land (8 percent), and other36
uses (7 percent) (Entergy 2006a).  Conversion of land to development is less intense in the37
county as compared to State-wide trends, with growth being associated with a recreational38
facility and resort and vacation home development.  According to the 2002 USDA Census of39
Agriculture, 397 farms were located in the county, which is a 3 percent increase since 199740
(USDA 2006b).  Land acreage associated with farms increased 21 percent during this period to41
over 60,000 ac.  The major farm commodities in Windham County are cattle and dairy products,42
and the major crops are hay and silage (Entergy 2006a).  The Windham Regional Commission43
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has drafted a new regional plan to assist the towns in southeastern Vermont in collectively1
addressing regional land use, as well as environmental and socioeconomic issues (Windham2
Regional Commission 2006).3

4
Cheshire County, New Hampshire, has a total area of 729 mi2.  In 2003, the county had a5
population of 75,965, with an average annual growth rate of 0.9 percent between the 2000 and6
2003 censuses (Entergy 2006a).  Cheshire County, located in the Monadnock region of7
southwestern New Hampshire, has a mix of rural villages, urban settings, and forest and8
agricultural land.  Approximately 83 percent of the county is forested, and the acreage in farms9
increased from 38,216 ac to 41,651 ac between 1987 and 1997, while the acreage in cropland10
declined from 14,475 ac to 12,301 ac during that period (USDA 2006; University of New11
Hampshire Cooperative Extension 2006).  Cheshire County is one of three New Hampshire12
counties that are partners in the Southwest Region Planning Commission, which serves to13
promote sound decision making for the conservation and effective management of natural,14
cultural, and economic resources (Southwest Regional Planning Commission 2006).  It is also a15
member of the Monadnock Economic Development Corporation, which strives to enhance the16
industrial and business base of the area to improve the standard of living, quality of life, and17
economic vitality of member communities (Monadnock Economic Development Corporation18
2006).19

20
Franklin County, Massachusetts, located approximately 4 mi south of the town of Vernon, has a21
total area of 725 mi2.  In 2003, the county had a population of 72,204, with an annual average22
growth rate of 0.3 percent between the 2000 and 2003 censuses (Entergy 2006a).  The county23
exists today only as an historical geographic region, and it has no county government.  The24
Franklin Regional Council of Governments provides regional and local planning, human25
services advocacy and coordination, and municipal services to the 26 towns located in the26
upper Connecticut River Valley in midwestern Massachusetts that make up Franklin County. 27
The area is one of the most rural regions in Massachusetts (Franklin Regional Council of28
Governments 2006).29
   30
The nearest urban area within 10 mi of the site is the city of Brattleboro, Vermont31
(2000 population, 12,005), which is located about 5 mi upriver.  The remainder of this area is32
rural, with approximately 75 to 80 percent of the area being wooded, and it contains several33
small villages and towns with populations between 1000 and 4000 (Entergy 2006a).  The area34
between 10 mi and 25 mi of the site is predominately rural and has two urban centers with35
2000 census populations of around 20,000 residents (Greenfield, Massachusetts, 18,168, and36
Keene, New Hampshire, 22,563) (Entergy 2004c; AEC 1972).37

38
The site area is host to a New England Central Railroad line that is approximately 0.5 mi west of39
the plant at its closest approach.  A former rail line right-of-way on the east side of the40
Connecticut River is now owned by the State of New Hampshire and has been converted for41
recreational use by the public.  Canoeing and some sport fishing take place on Vernon Pond42
and adjacent river areas; users are precluded from landing on station waterfront property.  The43
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New England Electric Company has developed a series of small recreation areas along the1
Connecticut River.  There are no public water supply intakes located on the Connecticut River2
downstream of VYNPS (AEC 1972; Entergy 2004c, 2006a).  The town of Vernon manages the3
J. Maynard Miller Town Forest, and the Vermont Fish and Game Department owns several4
large forested areas (Town of Vernon 2003b, 2006).5

6
2.2.8.4  Visual Aesthetics and Noise7

8
The plant is located on a river terrace.  The elevation of the site ranges from 220 ft to9
approximately 280 ft above mean sea level, which helps shield some of the plant structures10
from the public road on the west boundary where several residences are located.  The plant is11
periodically visible from the Hinsdale, New Hampshire, side of the river, and landscaping serves12
to partially blend the site with the surrounding countryside (AEC 1972).13

14
The reactor building, turbine building, stack, and meteorological towers are visible from Vermont15
State Highway 142, which passes by the plant, and also from New Hampshire State Highway16
119, on the other side of the river.  The reactor building (-305 ft) has reinforced concrete side17
walls, with the top 40 ft covered with a light grey metal siding.  The turbine building (-90 ft) has18
a structural steel frame covered with a light green corrugated metal siding.  The tapered,19
reinforced concrete stack is 318 ft high and has white strobe lights at the -300-ft level (AEC20
1972).  The primary meteorological tower has a variable intensity red light at the top and steady21
red lights at the mid-height level (Entergy 2006f).22

23
The 50-ft cooling towers are not visible from Highway 142, though the plume is visible from24
Vernon and Highway 119 in New Hampshire (AEC 1972).  The aesthetic impacts associated25
with cooling tower operations will not change significantly.  The cooling towers will continue to26
operate based on the flow rate and ambient temperature of the river.  With the plant’s uprated27
power level, the dimensions of the plumes generated during the summer will increase by28
approximately 328 ft in length, 65.6 ft to 98.4 ft in width, and up to 164 ft in height (NRC 2006a).29

30
Three 345-kV transmission lines connect to the plant’s 345-kV switchyard.  Two of these lines31
span the Connecticut River to the New Hampshire side in tandem with a 115-kV line.  The third32
345-kV line extends north from the plant.  While the lines detract from the aesthetic appearance33
of the area, the AEC staff noted that these lines do not appear obtrusive in the setting34
(AEC 1972).35

36
Noise from operation of the mechanical draft cooling towers may be a source of irritation to the37
public during summer months and a minor irritant to nearby residences (AEC 1972).  No38
significant increase in noise is anticipated for cooling tower operation following the extended39
power up-rate to approximately 120 percent of the original NRC-licensed power level40
(Entergy 2005c).  As a condition of the approval of the up-rate, the Vermont Public Service41
Board required replacing 21 of the 22 125-horsepower (hp) cooling tower motor/fan units with42
200-hp units and replacing the 8-bladed fans with 10-bladed fans, with one of the design criteria43
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being that the motor/fan changes could not increase the cooling tower environmental noise level1
by more than 1 “A-weighted” decibel level (dBA); the A-weighted decibel scale being used better2
approximates the range of sensitivity of the human ear to sounds of different frequencies.  After3
a series of sound-level tests, not only did the fan modifications comply with the requirement that4
the cooling tower noise level shall not increase by more than 1 dBA, but sound levels were5
generally the same or up to 1.2 dBA quieter than the baseline measurements (Entergy 2005c;6
NRC 2006a).7

8
2.2.8.5  Demography9

10
In 2000, 153,409 people lived within 20 mi of VYNPS, for a density of 122 persons/mi2.  This11
density translates to Category 4 (least sparse) (Entergy 2006a), using the measure of12
sparseness described in the Generic Environmental Impact Statement for License Renewal of13
Nuclear Plants (GEIS), NUREG-1437, Volumes 1 and 2 (NRC 1996, 1999)(a).  At the same time,14
there were 1,513,282 persons living within 50 mi of the plant, for a density of 193 persons/mi2. 15
The NRC sparseness and proximity matrix assigns a Category 4 rating (high density) for this16
measure as well.  There are no growth control measures that would limit housing development17
in this area (Entergy 2006a).18

19
Table 2-16 shows population trends for Windham County, Cheshire County, and Franklin20
County, the area in which the majority of VYNPS employees live.  Annual average growth rates21
in the three counties show moderate growth during the 1990s and 1980s.  The annual average22
growth rate for each State over the period 1990 to 2000 was 0.8 percent for Vermont,23
1.1 percent for New Hampshire, and 0.5 percent for Massachusetts.  Growth in each county is24
forecasted to continue at moderate levels over the period 2004 to 2032 (Entergy 2006a).25

26
Transient Population27

28
The transient population in the vicinity of the VYNPS site consists primarily of tourists visiting29
the various recreational areas in southern Vermont and seasonal residents of resorts and30
vacation home developments (Entergy 2006a).  An estimated 35,265 tourists per day visit the31
southern Vermont area (Entergy 2006i).32

33
Migrant Farm Labor34

35
Although approximately 1900 seasonal or migrant workers are employed during the summer36
and fall months in the three-county area (USDA 2006b), the majority of agricultural laborers37
reside in the area (Entergy 2006a).  Agriculture in the area is declining in importance with the38
development of recreation and summer residency in the area.39
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Table 2-16.  Population Growth in Windham County, Cheshire County,1
and Franklin County, 1970 to 20322

3
WINDHAM COUNTY4

Year5 Population Annual Growth Percent(a)

19906 41588 –(b)

20007 44216 0.6

20038 44379 0.1

20329 48941 0.3

CHESHIRE COUNTY10

Year11 Population Annual Growth Percent(a)

199012 70121 –

200013 73825 0.5

200314 75965 0.9

203215 96895 0.7

FRANKLIN COUNTY16

Year17 Population Annual Growth Percent(a)

199018 70092 –

200019 71535 0.2

200320 72204 0.3

203221 77231 0.2
(a) Annual percent growth rate is calculated over the previous decade.22
(b) A dash indicates no data available.23
Source:  Entergy 2006a24

25
2.2.8.6  Economy26

27
Employment and Income28

29
In 2003, total employment in Windham County was 23,083 (USCB 2006b).  Service industries30
dominate employment in the county and account for almost 50 percent of total employment 31
(11,345 people employed).  The largest employer within 10 mi of the plant is C&S Wholesale32
Grocers, which has 840 employees (Table 2-17).  Manufacturing also plays an important part in33
the local economy, with almost 21 percent of county employment (4779 people).  Wholesale34
and retail trade employs 17.3 percent (3995 people) of the county workforce.  In Cheshire35
County, the services sector also provides the largest share of total county employment, with36
almost 43 percent (13,046 people), followed by wholesale and retail trade and manufacturing,37
both with approximately 20 percent of the county employed workforce.  Employment in Franklin 38



Plant and the Environment 

Draft NUREG-1437, Supplement 30 2-80 December 2006

Table 2-17.  Major Employment Facilities Within 10 mi1
of the VYNPS Site2

3
Firm4 Number of Employees

C&S Wholesale Grocers5 840

Windham Southeast Supervisory Union6
(County School District)7

800

Entergy Nuclear8 600

United Natural Foods9 487

Retreat Healthcare10 430

World Learning/School for International11
Training12

362

Brattleboro Memorial Hospital13 276

Cersosimo Lumber14 252

Chittenden Bank15 250

Wal-Mart16 220

FiberMark17 200
Source:  Brattleboro Area Chamber of Commerce 200618

19
County is also dominated by services (43 percent of county jobs, 13,624 people), with a similar20
share of total employment (21 percent) in wholesale and retail trade as Windham and Cheshire21
Counties.  Employment in agriculture (8 percent of total county employment) and utilities22
(7 percent of county jobs) are relatively more important in Franklin County than in Windham23
County and Cheshire County.24

25
In Windham County, personal income was $1.5 billion in 2003 (in 2005 dollars), with a per26
capita income of $33,079 (2005 dollars) (DOC 2006).  In Cheshire County, personal income27
was $2.5 billion and per capita income was slightly higher at $33,485.  In Franklin County,28
personal income was $2.3 billion and per capita income was $32,094.29

30
Unemployment31

32
In January 2006, unemployment in Windham County and Cheshire County was relatively low at33
3.4 percent and 3.3 percent, respectively.  In Franklin County it was somewhat higher, at34
5 percent (DOL 2006).  The unemployment rate for Vermont as a whole was 4.1 percent in35
January 2006; the New Hampshire rate was 3.8 percent, and the Massachusetts rate was36
5.3 percent.37

38
39
40
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Taxes1
2

Property taxes are paid by VYNPS to the town of Vernon and by the Entergy corporate office3
facility in Brattleboro to Brattleboro Township.  The State also levies an electricity generation tax4
on the plant, in addition to State sales, franchise use, and excise taxes on VYNPS and the5
Entergy corporate office facility.  Revenues are used by the town of Vernon and Brattleboro6
Township to fund local and county emergency management programs, public safety, local7
public schools, local government operations, local road maintenance, and the local library8
system.9

10
The plant is a significant source of tax revenue for local government in Vernon.  Over the period11
2003 to 2005, on average, approximately 65 percent (about $1.2 million in 2005 dollars) of total12
tax revenues spent in the town of Vernon came from property taxes paid to the township by13
VYNPS (Table 2-18).  In contrast, only about 1 percent (about $0.2 million in 2005 dollars) of14
Brattleboro Township tax revenues, on average, over the period 2003 to 2005 came from15
Entergy.  Revenues from VYNPS, from the Entergy facility in Brattleboro and from electricity16
generation taxes levied by the State constituted less than 1 percent of total State revenues in17
2005.18

19
20

Table 2-18.  VYNPS Contribution to Vernon Tax Revenues21
22

Year23

Total 
Tax Revenues

(millions $2005)(a)
Taxes Paid by VYNPS

(millions $2005)(b)
Percent of Total
Tax Revenues

TOWN OF VERNON24

200325 1.7 1.2 69

200426 1.8 1.1 65

200527 2 1.2 60

BRATTLEBORO TOWNSHIP28

200329 25.8 0.2 1

200430 25.6 0.2 1

200531 22.4 0.2 1

VERMONT32

200333 1655 6.4 >1

200434 1827 6.5 >1

200535 2243 6.2 >1

(a) Sources:  Town of Vernon 2003b, 2004; Town of Brattleboro 2006; USCB 2006c36
(b) Source:  Entergy 2006l 37
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Utility restructuring legislation has not been enacted in Vermont, making it difficult to predict the1
long-term impact of any such changes in the electricity industry in the State on VYNPS.  Any2
changes in assessed valuation of plant property and equipment that may potentially occur could3
affect property tax payments to the townships and the county.  However, any impacts on tax4
revenues as a result of restructuring would not occur as a direct result of license renewal.5

6
2.2.9 Historic and Archaeological Resources7

8
This section discusses the cultural background and the known historic and archaeological9
resources at the VYNPS site and in the surrounding area.10

11
2.2.9.1  Cultural Background12

13
The area in and around the VYNPS site has the potential for significant prehistoric and historic14
resources.  The area around the Connecticut River is highly sensitive for archaeological15
material.  Human occupation in this region roughly follows a standard chronological sequence16
for prehistory in the Eastern United States:  Paleo-Indian Period (10000 BC to 7000 BC);17
Archaic Period (7000 BC to 1000 BC); Woodland Period (1000 BC to AD 1500).  In general, the18
Paleo-Indian Period is characterized by highly mobile bands of hunters and gatherers.  A typical19
Paleo-Indian site might consist of an isolated stone point or knife (of a style characteristic of the20
period) in an upland area along large river valleys or ancient lake beds.  The Archaic Period21
represents a transition from a highly mobile existence to a more sedentary existence.  It is a22
period of increased local resource exploitation (e.g., predominantly deer and small mammals,23
fish and other aquatic resources, nuts and seeds), more advanced tool development, and24
increased complexity in social organization.  The Woodland Period is a continuation of the25
complexities begun during the Archaic Period with the introduction of ceramic technology. 26
Pottery, the principal distinguishing feature between Archaic and Woodland Period sites, begins27
to appear in the archaeological record during this time.  Generally, the Woodland people lived in28
small permanent or semipermanent settlements.  The bow and arrow first appears during the29
Woodland time period.30

31
The historic period in this region began with the arrival of the first European settlers in the32
mid-1500s.  However, the earliest European settlement in Windham County was Fort Dummer,33
established in 1725 on the current site of Brattleboro, Vermont.  The Native Americans living in34
the area were collectively known as the Abenaki.  The Abenaki are divided into the eastern and35
western groups.  Vermont was home to the western groups, which included the Sokokis,36
Squakheag, and the Winnipesaukees.  The Fort Hill site, a Sokokis/Squakheag village located37
on the Connecticut River near the VYNPS, contains evidence of European influence.38

39
European claims on the region began in 1687 when Native American groups first deeded some40
of the land in the Vernon area.  The first permanent settler was Joseph Stebbins in 174041
(Cowie and Peterson 1991).  In 1791, Vermont became the 14th State in the United States. 42
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The first railroad arrived in the area in 1847 opening the State to further development.  The1
Vernon area had an agricultural focus, with several mills and sawmills.2

3
Windham County has 75 sites listed on the National Register of Historic Places (NRHP).  The4
nearest NRHP-listed property is the Pond Road Chapel, located 3 mi south of VYNPS.  There5
are 17 National Historic Landmarks (NHLs) in Vermont.  Two of the NHLs are located in6
Windham County.  The Naulakha site, the residence of Rudyard Kipling, is located 15 mi north7
of VYNPS, and the Rockingham Meeting House is located roughly 36 mi to the north.8

9
In addition, Vermont maintains a State Register of Historic Places (SRHP).  The SRHP is kept10
by the Vermont Division for Historic Preservation.  The SRHP includes archaeological sites,11
historic buildings, structures, and landscapes.  The SRHP contains over 30,000 properties.  The12
VYNPS has a SRHP-listed site on its property.  The Governor Hunt House is an eighteenth13
century house once owned by Jonathan Hunt, who was elected Lieutenant Governor of14
Vermont in 1794.  The structure, built in the early 1780s, is owned by the VYNPS and is used as15
a meeting facility.  This is the only known historic property at VYNPS.16

17
2.2.9.2  Historic and Archaeological Resources at the VYNPS Site18

19
The VYNPS site occupies approximately 125 ac.  No formal archaeological survey was20
conducted at the VYNPS site prior to initial construction (AEC 1972).  There is potential for21
intact archaeological deposits within the undeveloped areas of the VYNPS site.  The VYNPS is22
located on the floodplain of the Connecticut River.  As a result, there is the potential for deeply23
buried archaeological material.24

25
The Vermont Archaeological Society was contacted during initial planning for the power26
station’s construction (AEC 1972).  Extensive subsurface excavation is reported to have taken27
place prior to construction, but no intact archaeological deposits were identified.  It is unclear28
whether the excavations were directed by the Vermont Archaeological Society.  There does not29
appear to be any documentation of the investigations that took place prior to construction.30

31
A considerable amount of the site was disturbed during construction.  Aerial photographs from32
construction are the only evidence of the extent of the disturbance.  Two archaeological33
investigations have been undertaken since the plant was constructed.  These surveys examined34
a 34-ac area on the northern and western end of the plant property and a 10-ac area on the35
southeastern portion of the site.  These investigations did not identify any intact subsurface36
cultural remains.  Two shovel tests on the western portion of the property uncovered historic37
artifacts dating to the nineteenth century, but no subsurface features were associated with these38
artifacts (Hanson 1991).  The southern survey established that disturbance from construction39
activities extends to roughly 3.5 ft below ground surface (Hartgen 2001).40

41
42
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The Governor Hunt House was purchased in 1968 by the Vermont Yankee Power Corporation. 1
The house was restored to its original condition in 1990.  An addition was added to the back of2
the house to accommodate a meeting room for the plant.  The house is open for interpretive3
tours in the summer and by appointment.4

5
A file search was conducted at both the New Hampshire State Historic Preservation Office6
(SHPO) and the Vermont SHPO to determine if any archaeological sites were in close proximity7
to the transmission lines associated with VYNPS.  No archaeological sites were identified near8
the Chestnut Hill transmission lines in New Hampshire (NHDHR 2006).  However, areas were9
identified as highly sensitive for cultural resources.  The Vermont SHPO file search identified10
one archaeological site in the vicinity of the Coolidge transmission line; this transmission line is11
not owned by Entergy.  The transmission line is owned by Vermont Electric Power Company,12
and the NRC has no regulatory authority over that company.  The site consists of several stone13
waste flakes found on the bank of a river.  The site’s eligibility for listing on the National Register14
of Historic Places has not been determined.  The material appears to have been found within15
roughly 1000 ft of the transmission line right-of-way but, given the location, it is difficult to16
determine the site boundary.  By letter dated October 30, 2006, the NRC staff informed Vermont17
Electric Power Company of the existence of the site and provided information that can be used18
by the company to find the documentation concerning the site at the Vermont SHPO.19

20
Although no known sites of significance to Native Americans have been identified at the VYNPS21
site, government-to-government consultation with the appropriate Federally recognized Native22
American Tribes has been initiated (Appendix E).23

24
2.2.10 Related Federal Project Activities and Consultations25

26
The NRC staff reviewed the possibility that the activities of other Federal agencies might impact27
the renewal of the OL for the VYNPS.  Any such activities could result in cumulative28
environmental impacts and the possible need for a Federal agency to become a cooperating29
agency for the preparation of the SEISs.30

31
Vernon Dam, located 0.75 mi downstream from the VYNPS, is licensed by the Federal Energy32
Regulatory Commission (FERC) as Project No.  1094, as one of a series of dams constructed33
on the Connecticut River for hydroelectric and flood control purposes.  The Vernon Dam and34
Hydroelectric Station is owned and operated by TransCanada and is currently undergoing35
renovation (Entergy 2006a).36

37
Federal facilities and lands located within 50 mi of the VYNPS include the Green Mountain38
National Forest and North Springfield Lake in Vermont,  U.S.  Air Force Westover facility and39
Fort Devens U.S.  Army Military Reservation in Massachusetts, and the Wapack National 40
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Wildlife Refuge in New Hampshire (NRC 2006a).  Only the Green Mountain National Forest in1
Vermont is closer than 25 mi.  There are no Native American lands within 50 mi of the VYNPS2
(Entergy 2006a).3

4
After reviewing the Federal activities in the vicinity of the VYNPS, the NRC staff determined that5
there are no known or reasonably foreseeable Federal project activities that would make it6
desirable for another Federal agency to become a cooperating agency for preparing this SEIS.7

8
The NRC is required under Section 102(c) of the National Environmental Policy Act (NEPA) to9
consult with and obtain the comments of any Federal agency that has jurisdiction by law or10
special expertise with respect to any environmental impact involved.  The NRC has consulted11
with the FWS and the NMFS regarding the presence of Federally listed and/or proposed12
endangered or threatened species in relation to the VYNPS; the consultation correspondence is13
included in Appendix E (Letter, August 10, 2006, M. J. Amaral, FWS; Letter, September 15,14
2006, L. A. Chiarella, NMFS).15

16

2.3 References17
18

10 CFR Part 20.  Code of Federal Regulations, Title 10, Energy, Part 20, “Standards for19
Protection Against Radiation.”20

21
10 CFR Part 50.  Code of Federal Regulations, Title 10, Energy, Part 50, “Domestic Licensing of22
Production and Utilization Facilities.”23

24
10 CFR Part 54.  Code of Federal Regulations, Title 10, Energy, Part 54, “Requirements for25
Renewal of Operating Licenses for Nuclear Power Plants.”26

27
10 CFR Part 61.  Code of Federal Regulations, Title 10, Energy, Part 61, “Licensing28
Requirements for Land Disposal of Radioactive Waste.”29

30
10 CFR Part 71.  Code of Federal Regulations, Title 10, Energy, Part 71, “Packaging and31
Transportation of Radioactive Material.”32

33
40 CFR Part 190.  Code of Federal Regulations, Title 40, Protection of Environment, Part 190,34
“Environmental Radiation Protection Standards for Nuclear Power Operations.”35

36
40 CFR Part 81.  Code of Federal Regulations, Title 40, Protection of Environment, Part 81,37
“Designation of Areas for Air Quality Planning Purposes.”38

39
40
41



Plant and the Environment 

Draft NUREG-1437, Supplement 30 2-86 December 2006

American Eel Plan Development Team.  2000.  “Interstate Fishery Management Plan for1
American Eel (Anguilla rostrata).”  Atlantic States Marine Fisheries Commission, Washington,2
D.C.  April 2000.  Available URL:  http://www.asmfc.org/speciesDocuments/eel/fmps/eel/3
FMP.pdf (Accessed July 26, 2006).4

5
Applied Science Associates, Inc.  (ASA).  2004.  Hydrothermal Modeling of the Cooling Water6
Discharge from the Vermont Yankee Power Plant to the Connecticut River.  ASA7
Report 02-088.  (April 2004).8

9
Aquatec Inc.  (Aquatec).  1978.  Executive Summary 316 Demonstration Vermont Yankee10
Nuclear Power Station – Biological, Hydrological & Engineering Information.  Aquatec Inc.,11
South Burlington, Vermont.  (March 1978).12

13
Aquatec Inc.  (Aquatec).  1990.  316 Demonstration Vermont Yankee Nuclear Power Station14
Connecticut River Vernon, Vermont – Biological, Hydrological & Engineering Information. 15
Aquatec Inc., South Burlington, Vermont.  (June 1990).16

17
Atlantic States Marine Fisheries Commission.  1999.  “Amendment 1 to the Interstate Fishery18
Management Plan for Shad & River Herring.”  Fishery Management Report No. 35.  Atlantic19
States Marine Fisheries Commission, Washington, D.C.  April 1999.  Available URL: 20
http://www.asmfc.org/speciesDocuments/shad/fmps/shadam1.pdf (Accessed April 7, 2006).21

22
Bailey, R.G.  1995.  Description of the Ecoregions of the United States.  Misc.  Publ. 1391. 23
U.S. Department of Agriculture, Forest Service, Washington, D.C.24

25
Bailey, R.G.  1996.  Ecosystem Geography.  Springer-Verlag, New York, New York.26

27
Bailey, R.G.  1998.  Ecoregions Map of North America—Explanatory Note.  Misc.  Publ. 1548. 28
U.S. Department of Agriculture, Forest Service, Washington, D.C.29

30
Betzdearborn.  2003.  Label for Spectrus NX 1104, Slime control Agent; Industrial, March 28. 31
Available URL:  http://eddenet.pmra-arla.gc.ca/4.0/4.1.2.asp?regn=23805.00&page=32
238&uniqueid=6%2F15%2F2006+1%3A51%3A06+PM#search=%22Spectrus%20NX-1104%2033
%22 (Accessed October 3, 2006).34

35
Brackley, F.E.  1989.  Jesup’s Milk-Vetch Recovery Plan.  U.S. Fish and Wildlife Service,36
Concord, New Hampshire.  (November 1989).  37

38
Brattleboro Area Chamber of Commerce.  2006.  “Key Businesses.”  Available URL: 39
http://www.brattleborochamber.org/business/key_business.php (Accessed May 2006).40

41
Castro-Santos, T., A. Haro, and T. Sullivan.  2005.  “American Shad Passage on the42
Connecticut River:  What We’ve Done, What We Know, What to Do?”  Migratory Fish43



Plant and the Environment

December 2006 2-87 Draft NUREG-1437, Supplement 30

Restoration Research Forum Abstracts - 2005.  U.S. Fish and Wildlife Service, Connecticut1
River Coordinator’s Office, Sunderland, Massachusetts.  Available URL: 2
http://www.fws.gov/r5crc/mig_fish_forum.html (Accessed April 7, 2006).3

4
Connecticut Botanical Society (CBS).  2006.  “Gallery of Connecticut Wildflowers.”  Available5
URL:  http://www.ct-botanical-society.org/galleries/galleryindex.html (Accessed July 19, 2006).6

7
Connecticut Department of Environmental Protection (CDEP).  2004a.  “Shortnose Sturgeon8
Acipenser brevirostrum.”  Connecticut Department of Environmental Protection, Hartford,9
Connecticut.  Available URL:  http://dep.state.ct.us/burnatr/Wildlife/factshts/snsturg.htm10
(Accessed August 7, 2006).11

12
Connecticut Department of Environmental Protection (CDEP).  2004b.  “Dwarf Wedgemussel13
Alasmidonta heterodon.”  Connecticut Department of Environmental Protection, Hartford,14
Connecticut.  Available URL:  http://dep.state.ct.us/burnatr/Wildlife/learn/fwmusl/dwwm.htm15
(Accessed May 12, 2006).16

17
Connecticut River Atlantic Salmon Commission.  1998.  “Strategic Plan for the Restoration of18
Atlantic Salmon to the Connecticut River.”  Connecticut River Atlantic Salmon Commission,19
Sunderland, Massachusetts.  July 1998.  Available URL:  http://www.fws.gov/r5crc/documents/20
strplan.pdf (Accessed April 6, 2006).21

22
Connecticut River Atlantic Salmon Commission.  2004.  “Management Plan for River Herring in23
the Connecticut River Basin.”  Connecticut River Atlantic Salmon Commission, Sunderland,24
Massachusetts.  October 2004.  Available URL:  http://www.fws.gov/r5crc/herring_plan.html25
(Accessed April 6, 2006).26

27
Connecticut River Atlantic Salmon Commission.  Undated.  “Connecticut River Striped Bass.” 28
Connecticut River Atlantic Salmon Commission, Sunderland, Massachusetts.  Available URL: 29
http://www.fws.gov/R5CRc/Fish/striped_bass_fact_sheet.pdf (Accessed August 23, 2006).30

31
Copeyan, C.K.  1993.  Northeastern Bulrush (Scirpus ancistrochaetus) Recovery Plan. 32
U.S. Fish and Wildlife Service, Hadley, Massachusetts.  (August 25, 1993).  33

34
Cowie, E.R., and J.B. Peterson.  1991.  Archaeological Phase II Evaluation Study of the35
Route 142 Improvement Project, Vernon, Windham County, Vermont.36

37
DeGraff, R.M., and D.D. Rudis.  1986.  New England Wildlife: Habitat, Natural History, and38
Distribution.  General Technical Report NE-108.  U.S. Department of Agriculture, Forest39
Service, Broomhall, Pennsylvania.40

41
DeWald, L.  2005a.  Letter from L.  DeWald, Entergy, to Theresa Tanner, VDEC.  Subject: 42
“Monthly NPDES Discharge Monitoring Report for February 2005.”  (March 7, 2005).43



Plant and the Environment 

Draft NUREG-1437, Supplement 30 2-88 December 2006

DeWald, L.  2005b.  Letter from L.  DeWald, Entergy, to Theresa Tanner, VDEC.  Subject: 1
“Monthly NPDES Discharge Monitoring Report for July 2005.”  (August 12, 2005).2

3
DeWald, L.  2006a.  Personal communication from L.  DeWald, Entergy, to T.  Patton, Argonne4
National Laboratory.  ML061730237.  (May 24, 2006).5

6
DeWald, L.  2006b.  Letter from L.  DeWald, Entergy, to Theresa Tanner, VDEC.  Subject: 7
“Monthly NPDES Discharge Monitoring Report for March 2006.”  (April 11, 2006).8

9
DeWald, L.  2006c.  Letter from L.  DeWald, Entergy, to Theresa Tanner, VDEC.  Subject: 10
“Monthly NPDES Discharge Monitoring Report for August 2006.”  (September 11, 2006).11

12
DeWald, L.  2006d.  E-mail communication from L.  DeWald, Entergy Nuclear Northeast,13
Vernon, Vermont, to R.  Emch, Nuclear Regulatory Commission, Washington, D.C., copy to14
D.S. Miller and R. Kolpa, Argonne National Laboratory, Argonne, IL.  (October 5, 2006).15

16
Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear Operations, Inc.  (Entergy).  1995. 17
Letter from D. Reed, Entergy Nuclear Northeast, Vernon, Vermont, to Vermont Air Pollution18
Control Division, Waterbury, Vermont.  Subject:  “Vermont Yankee Operating Permit Opt-Out19
Application.”  (November 9, 1995).20

21
Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear Operations, Inc.  (Entergy). 22
2002a.  2001 Annual Radiological Environmental Operating Report, Vermont Yankee Nuclear23
Power Station.  Docket No. 50-271.  Brattleboro, Vermont.  (May 14, 2002).24

25
Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear Operations, Inc.  (Entergy). 26
2002b.  Annual 2001 Radioactive Effluent Release Report, Vermont Yankee Nuclear Power27
Station.  Docket No. 50-271.  Brattleboro, Vermont.  (May 14, 2002).28

29
Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear Operations, Inc.  (Entergy).  2002c. 30
Vermont Yankee Nuclear Power Station Off-Site Dose Calculation Manual.  Revision 30. 31
Brattleboro, Vermont (October 2002).  Included as attachment to Entergy Nuclear Northeast –32
Vermont Yankee (Entergy).  2003.  Annual 2002 Radioactive Effluent Release Report, Vermont33
Yankee Nuclear Power Station.  Docket No. 50-271.  Brattleboro, Vermont.  (May 14, 2003).34

35
Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear Operations, Inc.  (Entergy). 36
2003a.  2002 Annual Radiological Environmental Operating Report, Vermont Yankee Nuclear37
Power Station.  Docket No. 50-271.  Brattleboro, Vermont.  (May 9, 2003).38

39
Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear Operations, Inc.  (Entergy). 40
2003b.  Annual 2002 Radioactive Effluent Release Report, Vermont Yankee Nuclear Power41
Station.  Docket No. 50-271.  Brattleboro, Vermont.  (May 7, 2003).42

43



Plant and the Environment

December 2006 2-89 Draft NUREG-1437, Supplement 30

Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear Operations, Inc.  (Entergy). 1
2004a.  2003 Annual Radiological Environmental Operating Report, Vermont Yankee Nuclear2
Power Station.  Docket No. 50-271.  Brattleboro, Vermont.  (May 7, 2004).3

4
Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear Operations, Inc.  (Entergy). 5
2004b.  Annual 2003 Radioactive Effluent Release Report, Vermont Yankee Nuclear Power6
Station.  Docket No. 50-271.  Brattleboro, Vermont.  (May 7, 2004).7

8
Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear Operations, Inc.  (Entergy).  2004c. 9
Vermont Yankee Nuclear Power Station, Updated Final Safety Analysis Report,  Revision 19. 10
Docket No. 50-271.  Brattleboro, Vermont.  (November 1, 2004).11

12
Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear Operations, Inc.  (Entergy). 13
2005a.  2004 Annual Radiological Environmental Operating Report, Vermont Yankee Nuclear14
Power Station.  Docket No. 50-271.  Brattleboro, Vermont.  (May 11, 2005).15

16
Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear Operations, Inc.  (Entergy). 17
2005b.  Annual 2004 Radioactive Effluent Release Report, Vermont Yankee Nuclear Power18
Station.  Docket No. 50-271.  Brattleboro, Vermont.  (May 11, 2005).19

20
Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear Operations, Inc.  (Entergy).  2005c. 21
Extended Power Uprate Cooling Tower Pre & Post Modification Noise Test Report for Vermont22
Yankee Nuclear Power Station.  Shaw, Stone Webster.  59029-RPT-05-001.23

24
Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear Operations, Inc.  (Entergy). 25
2005d.  Source Water Protection Plans for Entergy Nuclear Northeast.  (May 2005).26

27
Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear Operations, Inc.  (Entergy). 28
2005e.  Application for NPDES Permit Renewal 2006-2010.  (September 29, 2005).29

30
Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear Operations, Inc.  (Entergy).  2005f. 31
Nuclear Management Manual, Refrigerant Management Program, EN-MA-128, Revision 2. 32
(June 29, 2005).33

34
Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear Operations, Inc.  (Entergy). 35
2006a.  Applicant’s Environmental Report – Operating License Renewal Stage, Vermont36
Yankee Nuclear Power Station.  Docket No. 50-271.  Brattleboro, Vermont.  (January 25, 2006).37

38
Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear Operations, Inc.  (Entergy). 39
2006b.  2005 Annual Radiological Environmental Operating Report, Vermont Yankee Nuclear40
Power Station.  Docket No. 50-271.  Brattleboro, Vermont.  (May 15, 2006).41

42



Plant and the Environment 

Draft NUREG-1437, Supplement 30 2-90 December 2006

Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear Operations, Inc.  (Entergy).  2006c. 1
Annual 2005 Radioactive Effluent Release Report, Vermont Yankee Nuclear Power Station. 2
Docket No. 50-271.  Brattleboro, Vermont.  (May 15, 2006).3

4
Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear Operations, Inc.  (Entergy). 5
2006d.  DR-53 Location Exposure Rate Status – Pre-PowerUp, Pre and Post Shield – 3/4, 5/106
and 5/23 Data.  Prepared by SP Skibniowsky.  NRC ADAMS Accession No. ML061730186. 7
(May 24, 2006).8

9
Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear Operations, Inc.  (Entergy). 10
2006e.  Vermont Yankee Nuclear Power Station License Renewal Application, Amendment 9,11
Appendix E, Revision 2.  Entergy Nuclear Operations, Inc., Brattleboro, Vermont.  (August 10,12
2006).  13

14
Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear Operations, Inc.  (Entergy).  2006f. 15
Comments to Inquiries.  (May 25, 2006).16

17
Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear Operations, Inc.  (Entergy). 18
2006g.  Table 2 Summary of Site Boundary Direct Shine Doses and EPU Scaling Factors. 19
Calculation Number: VYC-2298, Revision Number 0, Page 37 of 41.  NRC Adams Accession20
No. ML061730182.21

22
Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear Operations, Inc.  (Entergy). 23
2006h.  2005 Air Pollutant Emissions Inventory Report for Entergy Nuclear Vermont Yankee,24
LLC.  Facility ID WM 2335.  Letter report from L. DeWald and S. Wender IV, Entergy Nuclear25
Northeast, Vernon, Vermont, to D. Riley, Vermont Agency of Natural Resources, Department of26
Environmental Conservation, Air Pollution Control Division, Waterbury, Vermont.  (January 26,27
2006).28

29
Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear Operations, Inc.  (Entergy).  2006i. 30
Used Oil Management and Furnace Operation; Summary for NRC License Renewal31
Environmental Scoping Team.  No date on the document; however, received by NRC on32
June 26.33

34
Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear Operations, Inc.  (Entergy).  2006j. 35
Land Use Map.  Vernon, Vermont.  (June 23, 2006).36

37
Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear Operations, Inc.  (Entergy).  2006k. 38
Updated Final Safety Analysis Report, Revision 13.  (April 2003).39

40
Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear Operations, Inc.  (Entergy).  2006l. 41
Vermont Yankee Nuclear Power Station License Renewal SEIS Information Needs.  ADAMS42
Accession No. ML061730180.43



Plant and the Environment

December 2006 2-91 Draft NUREG-1437, Supplement 30

Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear Operations, Inc.  (Entergy). 1
2006m.  2005 Annual Groundwater Monitoring Report, Entergy Nuclear Vermont Yankee, LLC2
SMS Site #99-2617.  (January 23, 2006).3

4
Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear Operations, Inc.  (Entergy). 5
2006n.  Letter report from L. DeWald and S.  Wender, IV, Entergy Nuclear Northeast, Vermont,6
Vermont,  to D.  Riley, Vermont Agency of Natural Resources, Department of Environmental7
Conservation, Air Pollution Control Division, Waterbury, Vermont.  Subject:  “2005 Air Pollutant8
Emission Inventory Report for Entergy Nuclear Vermont Yankee, LLC.  Facility ID WM 2335. 9
(January 26, 2006).10

11
Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear Operations, Inc.  (Entergy). 12
2006o.  Updated  Final Safety Analysis Report, Revision 17.  Section 2.3.  (January 2006).13

14
Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear Operations, Inc. (Entergy).  2006p. 15
Entergy Nuclear Waste Minimization Plan.  (July 2006). 16

17
 Franklin Regional Council of Governments.  2006.  Available URL:  http://www.frcog.org18
(Accessed May 9, 2006).19

20
Gephard, S., and J. McMenemy.  2004.  “An Overview of the Program to Restore Atlantic21
Salmon and Other Diadromous Fishes to the Connecticut River with Notes on the Current22
Status of These Species in the River.”  In The Connecticut River Ecological Study (1965-1973)23
Revisited:  Ecology of the Lower Connecticut River 1973-2003, P.M. Jacobson, D.A. Dixon,24
W.C. Leggett, B.C. Marcy, Jr., and R.R. Massengill, eds.  American Fisheries Society,25
Monograph 9, Bethesda, Maryland.26

27
Gleason, H.A., and A. Chronquist.  1991.  Manual of Vascular Plants of Northeastern28
United States and Canada.  Second Edition.  New York Botanical Garden, Bronx, New York.29

30
Hanson Engineers, Inc.  1991.  Phase I Cultural Resource Investigations – Vernon Vermont31
Yankee Low Level Radioactive Waste Disposal Site.  Springfield, Illinois.32

33
Hartgen Archaeological Associates, Inc.  2001.  Archaeological Sensitivity of Assessment for34
the Proposed Gas Storage Area and Access Road.  Putney, Vermont.35

36
Henry, K., and D. Cragg-Hine.  2003.  “Ecology of the Atlantic Salmon.”  Conserving Natura37
2000 Rivers Ecology Series No. 7.  English Nature, Peterborough.  Available URL: 38
http://www.english-nature.org.uk/LIFEinUKRivers/publications/Salmon.pdf39
(Accessed August 23, 2006).40

41
42



Plant and the Environment 

Draft NUREG-1437, Supplement 30 2-92 December 2006

Kart, J., R. Regan, S.R. Darling, C. Alexander, K. Cox, M. Ferguson, S. Parren, K. Royar, and1
B. Popp, eds.  2004.  “Vermont’s Wildlife Action Plan.”  Vermont Fish & Wildlife Department,2
Waterbury, Vermont.  Available URL:  http://www.vtfishandwildlife.com/swg_cwcs_report.cfm3
(Accessed August 22, 2006).4

5
Krisweb.com.  Undated.  “Water Temperature and Gulf of Maine Atlantic Salmon.”  Klamath6
Resource Information System.  Available URL:  http://www.krisweb.com/krissheepscot/krisdb/7
html/krisweb/stream/temperature_sheepscot.htm (Accessed July 31, 2006).8

9
LaRoche, W.A.  2005.  Letter from W.A. LaRoche, Vermont Agency of Natural Resources, to10
G.E. Tucker, FTN Associates, Ltd., Little Rock, Arkansas.  (December 7, 2005).11

12
Lattrell, W.A.  2004.  Letter from W.A. Lattrell, Valley Environmental Services, Greenfield,13
Massachusetts, to J. Goodell, SVE Associates, Brattleboro, Vermont.  (May 5, 2004).14

15
Lattrell, W.A.  2005.  Letter from W.A. Lattrell, Valley Environmental Services, Greenfield,16
Massachusetts, to J. Goodell, SVE Associates, Brattleboro, Vermont.  (May 13, 2005).17

18
Leggett, W.C., T.F. Savoy, and C.A. Tomichek.  2004.  “The Impact of Enhancement Initiatives19
on the Structure and Dynamics of the Connecticut River Population of American Shad.”  In The20
Connecticut River Ecological Study (1965-1973) Revisited:  Ecology of the Lower Connecticut21
River 1973-2003, P.M. Jacobson, D.A. Dixon, W.C. Leggett, B.C. Marcy, Jr., and22
R.R. Massengill, eds.  American Fisheries Society, Monograph 9, Bethesda, Maryland.23

24
MacKenzie, C., L.S. Weiss-Glanz, and J.R. Moring.  1985.  “Species Profiles:  Life Histories and25
Environmental Requirements of Coastal Fishes and Invertebrates (Mid-Atlantic) – American26
Shad.”  U.S. Fish and Wildlife Service Biological Report 82 (11.37).  U.S. Army Corps of27
Engineers TR EL-82-4.  Available URL:  http://www.nwrc.usgs/gov/wdb/pub/0156.pdf (Accessed28
August 22, 2006).29

30
Massachusetts of Marine Fisheries.  Undated.  “Species Profiles > Striped Bass.” 31
Massachusetts Division of Marine Fisheries, Boston, Massachusetts.  Available URL:32
http://www.mass.gov/dfwele/dmf/recreationalfishing/stripedbass.htm (Accessed October 6,33
2006).34

35
Massachusetts Department of Fisheries and Wildlife (MDFW).  1989.  “Massachusetts Rare and36
Endangered Wildlife Alasmidonta varicosa Brook Floater.”  Massachusetts Department of37
Fisheries and Wildlife, Natural Heritage and Endangered Species Program, Westborough,38
Massachusetts.  Available URL:  http://www.mass.gov/dfwele/dfw/nhesp/nhfacts/alavar.pdf39
(Accessed August 23, 2006).40

41
42



Plant and the Environment

December 2006 2-93 Draft NUREG-1437, Supplement 30

Massachusetts Office of Health and Human Services.  2006.  “Public Health Fish Consumption1
Advisory.”  Massachusetts Office of Health and Human Services, Boston, Massachusetts. 2
Available URL:  http://db.state.ma.us/dph/fishadvisory/SearchResults.asp?Action=WATER3
(Accessed April 7, 2006).4

5
Monadnock Economic Development Corporation.  2006.  “About Monadnock Economic6
Development Corporation.”  Available URL:  http://www.monadnock-development.org/7
about.html (Accessed May 18, 2006).8

9
Nadeau, E.J., and J. Victoria.  2003.  “A Guide to the Freshwater Mussels of Connecticut.” 10
Connecticut Bureau of Natural Resources, Hartford, Connecticut.  Available URL: 11
http://dep.state.ct.us/burnatr/Wildlife/pdf/fwmusl.pdf (Accessed August 23, 2006).12

13
Nalco.  2006.  Material Safety Data Sheet (MSDS) for Product H-550, Microbiocide.  Available14
URL:  http://www.nalco.com (request access) (Accessed October 3, 2006).15

16
National Climatic Data Center (NCDC).  2006a.  “Vermont Climate Summary.”  U.S. Department17
of Commerce.  Available URL:  http://lwf.ncdc.noaa.gov/oa/climate/research/ cag3/vt.html18
(Accessed September 12, 2006).19

20
National Climate Data Center (NCDC).  2006b.  “Climatological Data Annual Summary,21
New England, 2004.”  Volume 116, Number 13, ISSN 0364-5339.  National Oceanic and22
Atmospheric Administration.  Available URL:  http://www1.ncdc.noaa.gov/pub/orders/23
20E3F7BC-4D87-DAD4-A2AC-474579B6F16B.pdf (Accessed March 29, 2006).24

25
National Climate Data Center (NCDC).  2006c.  “Storms Events.”  National Oceanic and26
Atmospheric Administration.  Available URL:  http://www4.ncdc.noaa.gov/cgi-27
win/wwcgi.dll?wwevent~storms (Accessed March 30, 2006).28

29
National Marine Fisheries Service (NMFS).  1998.  “Final Recovery Plan for the Shortnose30
Sturgeon Acipenser brevirostrum.”  U.S. Department of Commerce, National Oceanic and31
Atmospheric Administration, National Marine Fisheries Service, Silver Spring, Maryland. 32
December 1998.  Available URL:  http://www.nmfs.noaa.gov/pr/pdfs/recovery/33
sturgeon_shortnose.pdf (Accessed July 20, 2006).34

35
NatureServe.  2006.  “NatureServe Explorer:  An Online Encyclopedia of Life.”  NatureServe,36
Arlington, Virginia.  Available URL:  http://www.natureserve.org/explorer 37
(Accessed July 19, 2006).38

39



Plant and the Environment 

Draft NUREG-1437, Supplement 30 2-94 December 2006

New Hampshire Division of Historic Resources (NHDHR).  2006.  E-mail correspondence1
between E. Feighner, NHDHR, Concord, New Hampshire, and D. O’Rourke, Argonne National2
Laboratory, Argonne, Illinois.  Subject:  “Transmission Lines Associated with Vermont Yankee3
Nuclear Power Station.”  (July 12–13, 2006).4

5
New Hampshire Fish and Game Department (NHFGD).  2005.  “New Hampshire Wildlife Action6
Plan.”  New Hampshire Fish and Game Department, Concord, New Hampshire.  Available URL: 7
http://www.wildlife.state.nh.us/Wildlife/wildlife_plan.htm (Accessed August 22, 2006).8

9
New Hampshire Fish and Game Department (NHFGD).  Undated.  “Is It Safe to Eat the Fish?” 10
New Hampshire Fish and Game Department, Concord, New Hampshire.  Available URL: 11
http://www.wildlife.state.nh.us/Fishing/fish_consumption.htm (Accessed April 4, 2006).12

13
New York State Department Environmental Conservation (NYSDEC).  Undated.  “Dwarf Wedge14
Mussel Fact Sheet.”  New York State Department of Environmental Conservation, Albany, New15
York.  Available URL:  http://www.dec.state.ny.us/website/dfwmr/wildlife/endspec/dwmufs.html16
(Accessed August 7, 2006).17

18
Normandeau Associates, Inc.  (Normandeau).  2001.  “Ecological Studies of the Connecticut19
River, Vernon, Vermont.”  Report 30 (January–December 2000).  (April 2001).20

21
Normandeau Associates, Inc.  (Normandeau).  2002.  “Ecological Studies of the Connecticut22
River, Vernon, Vermont.”  Report 31 (January–December 2001).  (April 2002).23

24
Normandeau Associates, Inc.  (Normandeau).  2003.  “Ecological Studies of the Connecticut25
River, Vernon, Vermont.”  Report 32 (January–December 2002).  (May 2003).26

27
Normandeau Associates, Inc.  (Normandeau).  2004a.  “§316(a) Demonstration in Support of a28
Request for Increased Discharge Temperature Limits at Vermont Yankee Nuclear Power29
Station During May through October.”  Prepared for Entergy Nuclear Vermont Yankee, Vernon,30
Vermont, by Normandeau Associates, Inc., Bedford, New Hampshire.  (April 2004).31

32
Normandeau Associates, Inc.  (Normandeau).  2004b.  “Ecological Studies of the Connecticut33
River, Vernon, Vermont.”  Report 33 (January–December 2003).  (May 2004).34

35
Normandeau Associates, Inc.  (Normandeau).  2005.  “Ecological Studies of the Connecticut36
River Vernon, Vermont.”  Report 34 January–December 2004.  Prepared for Entergy Nuclear37
Vermont Yankee, Vernon, Vermont, by Normandeau Associates, Inc., Bedford, New Hampshire. 38
(May 2005).39

40
O’Leary, J.A., and B. Kynard.  1986.  “Behavior, Length, and Sex Ratio of Seaward-Migrating41
Juvenile American Shad and Blueback Herring in the Connecticut River.”  Transactions of the42
American Fisheries Society, Vol. 115, pp. 529–536.43



Plant and the Environment

December 2006 2-95 Draft NUREG-1437, Supplement 30

Private School Review.  2006.  “Private Schools.”  Available URL: 1
http://www.privateschoolreview.com/public_schools/stateid/VT (Accessed May 2006).2

3
Public School Review.  2006.  “Public Schools.”  Available URL: 4
http://www.publicschoolreview.com/public_schools/stateid/VT (Accessed May 2006).5

6
Savoy, T.F., and V.A. Crecco.  2004.  “Factors Affecting the Recent Decline of Blueback Herring7
and American Shad in the Connecticut River.”  In The Connecticut River Ecological Study8
(1965-1973) Revisited:  Ecology of the Lower Connecticut River 1973-2003, P.M. Jacobson,9
D.A. Dixon, W.C. Leggett, B.C. Marcy, Jr., and R.R. Massengill, eds.  American Fisheries10
Society, Monograph 9, Bethesda, Maryland.11

12
Savoy, T.F., V.A. Crecco, and B.C. Marcy, Jr.  2004.  “American Shad Early Life History and13
Recruitment in the Connecticut River:  A 40-Year Summary.” In The Connecticut River14
Ecological Study (1965-1973) Revisited:  Ecology of the Lower Connecticut River 1973-2003,15
P.M. Jacobson, D.A. Dixon, W.C. Leggett, B.C. Marcy, Jr., and R.R. Massengill, eds. 16
American Fisheries Society, Monograph 9, Bethesda, Maryland.17

18
Shad Studies Subcommittee.  1992.  “A Management Plan for American Shad in the19
Connecticut River Basin.”  U.S. Fish and Wildlife Service, Connecticut River Coordinator’s20
Office, Sunderland, Massachusetts.  February 4.  Available URL: 21
http://www.fws.gov.r5crc/shad_plan.html (Accessed April 7, 2006).22

23
Smith, W.W.  2004.  Letter from W.W. Smith, Valley Environmental Services, Greenfield,24
Massachusetts, to J. Goodell, SVE Associates, Brattleboro, Vermont.  (November 1, 2004).25

26
Southwest Regional Planning Commission.  2006.  Available URL:  http://www.swrpc.org 27
(Accessed March 13, 2006).28

29
Standard and Poors.  2006.  “SchoolMatters.”  Available at http://www.schoolmatters.com/30
(Accessed May, 2006).31

32
Suckling, K.  2006.  “Measuring the Success of the Endangered Species Act:  Recovery Trends33
in the Northeastern United States.”  Center for Biological Diversity, Tucson, Arizona.  Available34
URL:  http://www.esasuccess.org/reports/ne_species/study/Measuring-the-Success-of-the-35
ESA.pdf (Accessed April 11, 2006).36

37
SVE Associates.  1999.  Site Investigation Report – VT Yankee Nuclear Power Plant,  Vernon38
VT.  (November 15, 1999).39

40
SVE Associates.  2005.  Wetlands Locations Map, Energy Nuclear Vermont Yankee, LLC,41
Vernon, Vermont.  Brattleboro, Vermont.  (June 2, 2005).42

43



Plant and the Environment 

Draft NUREG-1437, Supplement 30 2-96 December 2006

Thompson, E.H., and E.R. Sorenson.  2005.  Wetland, Woodland, Wildland – A Guide to the1
Natural Communities of Vermont.  Published by the Nature Conservancy and the Vermont2
Department of Fish and Wildlife.  Distributed by the University Press of New England, Lebanon,3
New Hampshire.4

5
Town of Brattleboro.  2006.  “Town of Brattleboro, VT.”  Available URL: 6
http://www.brattleboro.org/index.asp (Accessed July 2006).7

8
Town of Vernon.  2003a.  Town Plan.  Vernon, Vermont.9

10
Town of Vernon.  2003b.  “Vernon, Vermont, 2003."  Vernon Town and School District Annual11
Report.  (June 30, 2003).12

13
Town of Vernon.  2004.  “Vernon, Vermont, 2004."  Vernon Town and School District Annual14
Report .  (June 30, 2004).15

16
Town of Vernon.  2006.  “Vernon Selectboard Meeting.”  Available URL: 17
http://sover.net/~vernontc/home.html (Accessed May 9, 2006).18

19
Tucker, G.E.  2005.  Letter from G.E. Tucker, FTN Associates, Ltd., Little Rock, Arkansas, to20
T. Torti, Vermont Agency of Natural Resources, Waterbury, Vermont.  (September 15, 2005).21

22
U.S. Atomic Energy Commission (AEC).  1972.  Final Environmental Statement Related to the23
Operation of the Vermont Yankee Nuclear Power Station, Vermont Yankee Nuclear Power24
Corporation.  Docket No. 50-271.  Directorate of Licensing, Washington, D.C.  (July 1972).25

26
U.S. Census Bureau (USCB).  2006a.  “American Fact Finder.”  U.S. Census Bureau,27
Washington, D.C.  Available URL:  http://factfinder.census.gov/ (Accessed May 2006).28

29
U.S. Census Bureau (USCB).  2006b.  “County Business Patterns.”  U.S. Census Bureau,30
Washington, D.C.  Available URL:  http://www.census.gov/epcd/cbp/view/cbpview.html31
(Accessed May 2006).32

33
U.S. Census Bureau (USCB).  2006c.  “Census of Governments.”  U.S. Census Bureau,34
Washington, D.C.  Available URL:  http//www.census.gov/gov/www/index 35
(Accessed May 2006).36

37
U.S. Department of Agriculture (USDA).  2006a.  “U.S. Census of Agriculture, 1987, 1992,38
1997.”  Available URL:  http://agcensus.mannlib.cornell.edu/ (Accessed March 22, 2006).39

40
U.S. Department of Agriculture (USDA).  2006b.  “Census of Agriculture, 2002.”  National41
Agricultural Statistics Service, Washington, D.C.  Available URL: 42
http://www.nass.usda.gov/census/census97/vol1/vol1pubs.htm (Accessed May 2006).43



Plant and the Environment

December 2006 2-97 Draft NUREG-1437, Supplement 30

1
U.S. Department of Commerce (DOC).  2006.  “Local Area Personal Income.”  Bureau of2
Economic Analysis.  Available URL:  http://www.bea.doc.gov/bea/regional/reis/3
(Accessed May 2006).4

5
U.S. Department of Labor (DOL).  2006.  “Local Area Unemployment Statistics.”  Bureau of6
Labor Statistics.  Available URL:  ftp://ftp.bls.gov/pub/time.series/la/ (Accessed May 2006).7

8
U.S. Environmental Protection Agency (EPA).  2006a.  “Fact Sheet:  Complying With the9
Section 608 Refrigerant Recycling Rule.”  March 8.  Available URL: 10
http://www.epa.gov/ozone/title6/608/608fact.html (Accessed on July 6, 2006).11

12
U.S. Environmental Protection Agency (EPA).  2006b.  “Endangered Species Protection13
Program Databases.”  Available URL:  http://www.epa.gov/espp/database.htm14
(Accessed July 19, 2006).15

16
U.S.  Environmental Protection Agency (EPA ).  2006c.  “NPDES Water Permit Program in New17
England.”  Available URL:  http://www.epa.gov/region1/npdes/index.html (Accessed October 2,18
2006).19

20
U.S. Fish and Wildlife Service (FWS).  1983.  Indiana Bat Recovery Plan.  Rockville, Maryland. 21
(October 14, 1983).22

23
U.S. Fish and Wildlife Service (FWS).  1990.  “Endangered and Threatened Wildlife and Plants;24
Determination of Endangered Status for the Dwarf Wedge Mussel.”  Federal Register, Vol. 55,25
No. 50, pp. 9447–9451.26

27
U.S. Fish and Wildlife Service (FWS).  1993.  “Dwarf Wedge Mussel (Alasmidonta heterodon)28
Recovery Plan.”  U.S. Fish and Wildlife Service, Region 5, Hadley, Massachusetts.  Available29
URL:  http://www.fws.gov/northeast/nyfo/es/dwm.pdf (Accessed April 11, 2006).30

31
U.S. Fish and Wildlife Service (FWS).  1999.  “Endangered and Threatened Wildlife and Plants;32
Proposed Rule to Remove the Bald Eagle in the Lower 48 States from the List of Endangered33
and Threatened Wildlife.”  Federal Register, Vol. 64, pp. 36454–36464.  Washington, D.C. 34
(July 6, 1999).35

36
U.S. Fish and Wildlife Service (FWS).  2001.  “Shortnose Sturgeon Habitat Model.”  U.S. Fish37
and Wildlife Service, Gulf of Maine Coastal Program, Falmouth, Maine.  July.  Available URL: 38
http://www.fws.gov/r5gomp/gom/habitatstudy/metadata/shortnose_sturgeon_model.htm39
(Accessed July 20, 2006).40

41
42



Plant and the Environment 

Draft NUREG-1437, Supplement 30 2-98 December 2006

U.S. Fish and Wildlife Service (FWS).  2002a.  “The Natural History of the River Herrings (Alosa1
pseudoharengus and Alosa aestivalis).”  U.S. Fish and Wildlife Service, Central New England2
Fishery Resources Office, Nashua, New Hampshire.  Available URL: 3
http://www.fws.gov/r5cneafp/herring.htm (Accessed April 7, 2006).4

5
U.S. Fish and Wildlife Service (FWS).  2002b.  “Endangered Species – State and County6
Listings.”  Northeast Region Ecological Services, Hadley, Massachusetts.  Available URL: 7
http://www.fws.gov/northeast/endangered/ (Accessed May 11, 2006).8

9
U.S. Fish and Wildlife Service (FWS).  2004.  “2004 Connecticut River Migratory Fish Counts.” 10
U.S. Fish and Wildlife Service, Connecticut River Coordinator’s Office, Sunderland,11
Massachusetts.  December.  Available URL:  http://www.fws.gov/r5crc/Fish/old04.html12
(Accessed April 6, 2006).13

14
U.S. Fish and Wildlife Service (FWS).  2005a.  “American Eel Anguilla rostrata.”  U.S. Fish and15
Wildlife Service, Northeast Region, Hadley, Massachusetts.  April.  Available URL: 16
http://www.fws.gov/northeast/ameel/ameelfactsht.final.pdf (Accessed April 12, 2006).17

18
U.S. Fish and Wildlife Service (FWS).  2005b.  “2005 Connecticut River Migratory Fish Counts.” 19
U.S. Fish and Wildlife Service, Connecticut River Coordinator’s Office, Sunderland,20
Massachusetts.  December.  Available URL:  http://www.fws.gov/r5crc/Fish/old05.html21
(Accessed April 6, 2006).22

23
U.S. Fish and Wildlife Service (FWS).  2005c.  “Connecticut River Migratory Fish Counts, 1967-24
2005.”  U.S. Fish and Wildlife Service, Connecticut River Coordinator’s Office, Sunderland,25
Massachusetts.  December.  Available URL:  http://www.fws.gov/r5crc/Fish/oldcts.html26
(Accessed August 8, 2006).27

28
U.S. Fish and Wildlife Service (FWS).  2006a.  “Fish Passage Schedule.”  U.S. Fish and Wildlife29
Service, Connecticut River Coordinator’s Office, Sunderland, Massachusetts.  Available URL: 30
http://www.fws.gov/r5crc/Habitat/fish_passage_schedule.htm (Accessed April 6, 2006).31

32
U.S. Fish and Wildlife Service (FWS).  2006b.  “Species Information Threatened and33
Endangered Animals and Plants.”  U.S. Fish and Wildlife Service, Washington, D.C.  Available34
URL:  http://www.fws.gov/endangered/wildlife.html (Accessed August 23, 2006).35

36
U.S. Fish and Wildlife Service (FWS).  2006c.  “Natural Resources in the Connecticut River37
Watershed – Federally Endangered or Threatened Species.”  Available URL: 38
http://www.fws.gov/r5soc/EndThrSp.htm#HL (Accessed May 22, 2006).39

40
U.S.  Fish and Wildlife Service (FWS).  2006d.  Letter from M.J. Amaral, U.S. Fish and Wildlife41
Service, Concord, New Hampshire, to R. Franovich, U.S. Nuclear Regulatory Commission,42
Rockville, Maryland.  (August 10, 2006).43



Plant and the Environment

December 2006 2-99 Draft NUREG-1437, Supplement 30

U.S. Fish and Wildlife Service (FWS).  2006d.  Data from M. Grander, U.S. Fish and Wildlife1
Service, Sunderland, Massachusetts, to W. Vinikour, Argonne National Laboratory, Argonne,2
Illinois.  (May 24, 2006).  3

4
U.S. Fish and Wildlife Service (FWS).  Undated.  “Fish Facts.”  U.S. Fish and Wildlife Service,5
Connecticut River Coordinator’s Office, Sunderland, Massachusetts.  Available URL: 6
http://www.fws.gov/r5crc/Fish/facts.html (Accessed April 6, 2006).7

8
U.S. National Marine Fisheries Service (NMFS).  2006.  Letter from L. A. Chiarella, U.S.9
National Marine Fisheries Service, Gloucester, Massachusetts, to R. Franovich, U.S. Nuclear10
Regulatory Commission, Rockville, Maryland.  (September 15, 2006).11

12
U.S. Nuclear Regulatory Commission (NRC).  1996.  Generic Environmental Impact Statement13
for License Renewal of Nuclear Plants.  NUREG-1437, Vols. 1 and 2, Washington, D.C.14

15
U.S. Nuclear Regulatory Commission (NRC).  1999.  Generic Environmental Impact Statement16
for License Renewal of Nuclear Plants, Main Report, “Section 6.3 – Transportation, Table 9.1,17
Summary of Findings on NEPA Issues for License Renewal of Nuclear Power Plants, Final18
Report.”  NUREG-1437, Vol. 1, Addendum 1, Washington, D.C.19

20
U.S. Nuclear Regulatory Commission (NRC).  2006a.  Vermont Yankee Nuclear Power Station21
– Final Environmental Assessment and Finding of No Significant Impact Related to the22
Proposed License Amendment to Increase the Maximum Power Level.  Docket No. 50-271. 23
Washington, D.C.  (January 20, 2006).24

25
U.S. Nuclear Regulatory Commission (NRC).  2006b.  Letter from R. Franovich, U.S. Nuclear26
Regulatory Commission, Rockville, Maryland, to M. Moriarity, U.S. Fish and Wildlife Service,27
Hadley, Massachusetts.  (May 5, 2006).28

29
U.S. Nuclear Regulatory Commission (NRC).  2006c.  Letter from R. Franovich, U.S. Nuclear30
Regulatory Commission, Rockville, Maryland, to M. Moriarity, U.S. Fish and Wildlife Service,31
Concord, New Hampshire.  (July 21, 2006).32

33
U.S.  Nuclear Regulatory Commission (NRC).  2006d.  Memorandum and Order, Docket No. 34
50-271-LR.  (September 22, 2006).35

36
University of New Hampshire Cooperative Extension.  2006.  “Cheshire County Profile.” 37
Available URL:  http://extension.unh.edu/Counties/Cheshire/CHCProf.htm38
(Accessed March 22, 2006).39

40
41
42



Plant and the Environment 

Draft NUREG-1437, Supplement 30 2-100 December 2006

Vermont Agency of Natural Resources (VANR).  2005.  Letter from W.A. Laroche, Vermont1
Agency of Natural Resources, Department of Fish and Wildlife, Waterbury, Vermont, to2
G.E. Tucker, FTN Associates, Ltd., Little Rock, Arkansas.  Subject:  “Information on the3
Environmental Issues and Informational Needs to Be Addressed in the Permit Application for4
Renewal of the Current Operating License.”  (December 7, 2005).5

6
Vermont Agency of Natural Resources (VANR).  2006.  Final Amended Discharge Permit7
#3-1199.  Vermont Agency of Natural Resources, Department of Environmental Conservation,8
Wastewater Management Division, Waterbury, Vermont.  (March 2006).9

10
Vermont Department of Environmental Conservation (VDEC).  1995.  Letter from R. Valentinetti,11
VT DEC/APCD, to G.D. Weyman, Vermont Yankee Nuclear Power Station.  Subject: 12
“Concurrence in Approval of the VYNPS Title V Permit Opt-Out Application.” 13
(November 20, 1995).14

15
Vermont Department of Environmental  Conservation (VDEC).  2003.  National Pollutant16
Discharge Elimination System Permit Number VT0000264 (VDEC Permit No. 3-1199). 17
Wastewater Management Division.  (June 9, 2003).18

19
Vermont Department of Environmental Conservation (VDEC).  2005a.  Renewal of Permit20
3-1199.  Permit renewal with letter from C. Fowler, VDEC, to L. DeWald, Entergy. 21
(September 30, 2005).22

23
Vermont Department of Environmental Conservation (VDEC).  2005b.  Letter from C. Dunn,24
Vermont Department of Environmental Conservation, Air Pollution Control Division, to25
L. DeWald, Entergy Northeast (Vermont Yankee).  Subject: “Acknowledging Payment of26
Registration Fee and Certificate of Registration.”  (May 4, 2005).27

28
Vermont Department of Environmental Conservation (VDEC).  2005c.  Indirect Discharge29
Permit No. 9-0036.  Permit with letter from J.J. Akielaszek, VDEC, to B. Williams, Entergy. 30
(December 14, 2005).31

32
Vermont Department of Environmental Conservation (VDEC).  2006a.  Final Amended33
Discharge Permint #3-1199.  Amended permit with letter from B.D. Kooiker, VDEC, to34
L. DeWald, Entergy.  (March 30, 2006).35

36
Vermont Department of Environmental Conservation (VDEC).  2006b.  “2005 Annual Report on37
Air Quality State of Vermont.”  Available URL:  http://www.anr.state.vt.us/air/Monitoring/htm/38
2005AnnualReport.htm (Accessed March 29, 2006).39

40
Vermont Department of Environmental Conservation (VDEC).  2006c.  “Vermont Air Pollution41
Point Source Database; Facility Emissions by Pollutant for 2004 (in tons).”  Available URL: 42



Plant and the Environment

December 2006 2-101 Draft NUREG-1437, Supplement 30

http://www.anr.state.vt.us/air/Planning/docs/rptFacEmissionsTotal2004.pdf1
(Accessed March 29, 2006).2

3
Vermont Department of Environmental Conservation (VDEC).  2006d.  “Air Pollution Control in4
Vermont; Air Pollution from Motor Vehicles in Vermont.” Pamphlet.  Available URL: 5
http://www.anr.state.vt.us/air/MobilSources/docs/pollution.pdf (Accessed March 29, 2006).6

7
Vermont Department of Fish and Wildlife (VDFW).  2005a.  “Endangered and Threatened Plants8
of Vermont.”  Nongame and Natural Heritage Program.  April 23, 2005.  Available URL: 9
http://www.vtfishandwildlife.com/library/Reports_and_documents/nongame_ and_Natural_10
Heritage/Rare_Threatened_and_Endangered_Species/Endangered%20_and_ Threatened_11
Plants_of_Vermont-April_2005.pdf (Accessed on May 22, 2006).12

13
Vermont Department of Fish and Wildlife (VDFW).  2005b.  “Endangered and Threatened14
Animals of Vermont.”  Nongame and Natural Heritage Program.  April 23, 2005.  Available URL: 15
http://www.vtfishandwildlife.com/library/Reports_and_documents/nongame_16
and_Natural_Heritage/Rare_Threatened_and_Endangered_Species/Endangered_and_17
Threatened_Animals_of_Vermont-April_2005.pdf (Accessed on May 22, 2006).18

19
Vermont Department of Fish and Wildlife (VDFW).  2006a.  “Connecticut River Anadromous20
Fisheries Restoration and Management.  Fish Passage Operation.”  Vermont Fish and Wildlife21
Department Annual Report.  Project F-34-R-*.  Period Covered:  July 1, 2005 to June 30, 2006. 22
Vermont Fish and Wildlife Department, Waterbury, Vermont.23

24
Vermont Department of Fish and Wildlife (VDFW).  2006b.  “Roaring Brook Wildlife25
Management Area.”  Available URL:  http://www.vtfishandwildlife.com/library/Maps/Wildlife%2026
Management% 20Areas/Springfield%20District/Roaring%20Brook%20WMA.pdf (Accessed May27
11, 2006).28

29
Vermont Department of Fish and Wildlife (VDFW).  2006c.  “Vermont Has Its First Bald Eagle30
Nest.”  Available URL:  http://www.cvps.com/eagles/documents/eaglereleaseMay12006.pdf 31
(Accessed July 19, 2006).32

33
Vermont Department of Fish and Wildlife (VDFW).  2006d.  “Conn. River Eagle Nest Fails, but34
Six Young Eagles Are Growing at Fish & Wildlife’s Dead Creek Wildlife Management Area. 35
Available URL:  http://www.cvps.com/eagles/documents/eaglet_loss.pdf36
(Accessed July 19, 2006).37

38
Vermont Department of Health (VDH).  1977.  “Chapter 3 – Radiological Health.”  In39
Radiological Health Statute and Regulations, Regulation Part 5.  Available URL: 40
http://healthvermont.gov/enviro/rad/Radiological%20Health.pdf (Accessed on July 20, 2006).41

42



Plant and the Environment 

Draft NUREG-1437, Supplement 30 2-102 December 2006

Vermont Department of Health (VDH).  2001.  “Vermont Fish Advisory.”  Vermont Department of1
Health, Burlington, Vermont.  January.  Available URL: 2
http://leahy.senate.gov/issues/environment/mercury/fishmercury.pdf (Accessed April 6, 2006).3

4
Vermont Department of Health (VDH).  2002.  State of Vermont, Environmental Radiation5
Surveillance Report.  2001 Summary.  Office of Occupational & Radiological Health, Burlington,6
Vermont.  NRC ADAMS Accession Number ML061780093.  7

8
Vermont Department of Health (VDH).  2003.  State of Vermont, Environmental Radiation9
Surveillance Report.  2002 Summary.  Office of Radiological Health.  Burlington, Vermont.  NRC10
ADAMS Accession Number ML061770612.  11

12
Vermont Department of Health (VDH).  2004.  State of Vermont, Environmental Radiation13
Surveillance Report.  2003 Summary.  Office of Radiological Health, Burlington, Vermont.  NRC14
ADAMS Accession Number ML061770606.  15

16
Vermont Department of Health (VDH).  2005.  State of Vermont, Environmental Radiation17
Surveillance Report.  2004 Summary.  Office of Radiological Health.  Burlington, Vermont.  NRC18
ADAMS Accession Number ML061770589.19

20
Vermont Department of Health (VDH).  2006.  State of Vermont, Vermont Yankee Nuclear21
Power Station, Environmental Radiation Surveillance Report.  2005 Summary.  Office of22
Radiological Health, Burlington, Vermont.  NRC ADAMS Accession Number ML061770593.23

24
Vermont State Climatologist.  2006.  “Weather and Climate in Vermont.”  Available URL: 25
http://www.uvm.edu/~ldupigny/sc/climate_vermont.html (Accessed March 27, 2006).26

27
Vermont Water Resources Board (VWRB).  2006.  Vermont Water Quality Standards.  Adopted28
January 25.29

30
Vermont Yankee Nuclear Power Station (VYNPS).  2001.  VY Air Emissions Recordkeeping –31
2001.32

33
Vermont Yankee Nuclear Power Station (VYNPS).  2002.  VY Air Emissions Recordkeeping –34
2002.35

36
Vermont Yankee Nuclear Power Station (VYNPS).  2003a.  VY Air Emissions Recordkeeping –37
2003.38

39
Vermont Yankee Nuclear Power Station (VYNPS).  2003b.  Monthly Analysis Data for the Main40
Fuel Oil Storage Tank for 2000 and 2003.  Summary data for samples taken from December41
2000 through January 2003.42

43



Plant and the Environment

December 2006 2-103 Draft NUREG-1437, Supplement 30

Vermont Yankee Nuclear Power Station (VYNPS).  2004.  VY Air Emissions Recordkeeping –1
2004.2

3
Vermont Yankee Nuclear Power Station (VYNPS).  2005.  VY Air Emissions Recordkeeping –4
2005.5

6
Vermont Yankee Nuclear Power Station (VYNPS).  2006a.  Entergy Vermont Yankee Five Year7
PM History for DG-1-1A, Diesel Generator.  (April 27, 2006).8

9
Vermont Yankee Nuclear Power Station (VYNPS).  2006b.  Entergy Vermont Yankee Five Year10
PM History for DG-1-1B, Diesel Generator.  (April 27, 2006).11

12
Vermont Yankee Nuclear Power Station (VYNPS).  2006c.  Entergy Vermont Yankee Five Year13
PM History for P-40-1A, Diesel Driven Fire Pump.  (April 27, 2006).14

15
Vermont Yankee Nuclear Power Station (VYNPS).  2006d.  Entergy Vermont Yankee Five Year16
PM History for DG-3-1A, Security Lighting Diesel Generator.  Includes John Deere diesel engine17
and Kohler generator.  (April 27, 2006).18

19
Vermont Yankee Nuclear Power Station (VYNPS).  2006e.  Nameplate Ratings for House Heat20
Boilers.  No date on document; however, received by NRC on June 26.21

22
Windham Regional Commission.  2006.  Draft Windham Regional Plan.23





(a) The GEIS was originally issued in 1996.  Addendum 1 to the GEIS was issued in 1999.  Hereafter, all
references to the “GEIS” include the GEIS and its Addendum 1.

December 2006 3-1 Draft NUREG-1437, Supplement 30

3.0  Environmental Impacts of Refurbishment1
2
3

Environmental issues associated with refurbishment activities are discussed in the Generic4
Environmental Impact Statement for License Renewal of Nuclear Plants (GEIS), NUREG-1437,5
Volumes 1 and 2 (NRC 1996, 1999).(a)  The GEIS includes a determination of whether the6
analysis of the environmental issues could be applied to all plants and whether additional7
mitigation measures would be warranted.  Issues are then assigned a Category 1 or a8
Category 2 designation.  As set forth in the GEIS, Category 1 issues are those that meet all of9
the following criteria:10

11
(1) The environmental impacts associated with the issue have been determined to apply12

either to all plants or, for some issues, to plants having a specific type of cooling system13
or other specified plant or site characteristics.14

15
(2) A single significance level (i.e., SMALL, MODERATE, or LARGE) has been assigned to16

the impacts (except for collective off-site radiological impacts from the fuel cycle and17
from high-level waste and spent fuel disposal).18

19
(3) Mitigation of adverse impacts associated with the issue has been considered in the20

analysis, and it has been determined that additional plant-specific mitigation measures21
are likely not to be sufficiently beneficial to warrant implementation.22

23
For issues that meet the three Category 1 criteria, no additional plant-specific analysis is24
required in this draft Supplemental Environmental Impact Statement (SEIS) unless new and25
significant information is identified.26

27
Category 2 issues are those that do not meet one or more of the criteria for Category 1 and,28
therefore, additional plant-specific review of these issues is required.29

30
License renewal actions may require refurbishment activities for the extended plant life.  These31
actions may have an impact on the environment that requires evaluation, depending on the type32
of action and the plant-specific design.  Environmental issues associated with refurbishment33
that were determined to be Category 1 issues are listed in Table 3-1.34

35
Environmental issues related to refurbishment considered in the GEIS for which these36
conclusions could not be reached for all plants, or for specific classes of plants, are Category 237
issues.  These are listed in Table 3-2.38
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Table 3-1.  Category 1 Issues for Refurbishment Evaluation1
2

ISSUE–10 CFR Part 51, Subpart A, Appendix B, Table B-13 GEIS Sections

SURFACE-WATER QUALITY, HYDROLOGY, AND USE (FOR ALL PLANTS)4

Impacts of refurbishment on surface-water quality5 3.4.1

Impacts of refurbishment on surface-water use6 3.4.1

AQUATIC ECOLOGY (FOR ALL PLANTS)7

Refurbishment8 3.5

GROUNDWATER USE AND QUALITY9

Impacts of refurbishment on groundwater use and quality10 3.4.2

LAND USE11

Onsite land use12 3.2

HUMAN HEALTH13

Radiation exposures to the public during refurbishment14 3.8.1

Occupational radiation exposures during refurbishment15 3.8.2

SOCIOECONOMICS16

Public services:  public safety, social services, and tourism and recreation17 3.7.4; 3.7.4.3; 3.7.4.4;
3.7.4.6

Aesthetic impacts (refurbishment)18 3.7.8
19

Environmental issues related to refurbishment considered in the GEIS for which these20
conclusions could not be reached for all plants, or for specific classes of plants, are Category 221
issues.  These are listed in Table 3-2.22

23
The potential environmental effects of refurbishment actions would be identified, and the24
analysis would be summarized within this section, if such actions were planned.  Entergy25
Nuclear Vermont Yankee, LLC and Entergy Nuclear Operations, Inc. (Entergy), indicated that it26
has performed an integrated plant assessment evaluating structures and components pursuant27
to Title 10, Part 54, Section 54.21, of the Code of Federal Regulations (10 CFR 54.21) to28
identify activities that are necessary to continue operation of VYNPS during the requested29
20-year period of extended operation.  These activities include replacement of certain30
components as well as new inspection activities and are described in the Environmental Report31
(ER) (Entergy 2006).32

33
The integrated plant assessment that Entergy conducted under 10 CFR Part 54 did not identify34
the need to undertake any major refurbishment or replacement actions to maintain the35
functionality of important systems, structures, and components during the VYNPS license36
renewal period.  Therefore, refurbishment is not considered in this draft SEIS.37



Environmental Impacts of Refurbishment

December 2006 3-3 Draft NUREG-1437, Supplement 30

Table 3-2.  Category 2 Issues for Refurbishment Evaluation1
2

ISSUE–10 CFR Part 51, Subpart A, Appendix B, Table B-13
GEIS

Sections

10 CFR 51.53
(c)(3)(ii)

Subparagraph

TERRESTRIAL RESOURCES4

Refurbishment impacts5 3.6 E

THREATENED OR ENDANGERED SPECIES (FOR ALL PLANTS)6

Threatened or endangered species7 3.9 E

AIR QUALITY8

Air quality during refurbishment (nonattainment and9
maintenance areas)10

3.3 F

SOCIOECONOMICS11

Housing impacts12 3.7.2 I

Public services:  public utilities13 3.7.4.5 I

Public services:  education (refurbishment)14 3.7.4.1 I

Offsite land use (refurbishment)15 3.7.5 I

Public services, transportation16 3.7.4.2 J

Historic and archaeological resources17 3.7.7 K

ENVIRONMENTAL JUSTICE18

Environmental justice 19 Not
addressed(a)

Not 
addressed(a)

(a) Guidance related to environmental justice was not in place at the time the GEIS and the associated revision to20
10 CFR Part 51 were prepared.  If an applicant plans to undertake refurbishment activities for license renewal,21
environmental justice must be addressed in the applicant’s ER and the U.S. Nuclear Regulatory Commission22
(NRC) staff’s environmental impact statement.23

24
25
26
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4.0  Environmental Impacts of Operation1
2
3

Environmental issues associated with operation of a nuclear power plant during the renewal4
term are discussed in the Generic Environmental Impact Statement for License Renewal of5
Nuclear Plants (GEIS), NUREG-1437, Volumes 1 and 2 (NRC 1996, 1999).(a)  The GEIS6
includes a determination of whether the analysis of the environmental issues could be applied to7
all plants and whether additional mitigation measures would be warranted.  Issues are then8
assigned a Category 1 or a Category 2 designation.  As set forth in the GEIS, Category 1 issues9
are those that meet all of the following criteria:10

11
(1) The environmental impacts associated with the issue have been determined to apply12

either to all plants or, for some issues, to plants having a specific type of cooling system13
or other specified plant or site characteristics.14

15
(2) A single significance level (i.e., SMALL, MODERATE, or LARGE) has been assigned to16

the impacts (except for collective offsite radiological impacts from the fuel cycle and from17
high-level waste and spent fuel disposal).18

19
(3) Mitigation of adverse impacts associated with the issue has been considered in the20

analysis, and it has been determined that additional plant-specific mitigation measures21
are likely not to be sufficiently beneficial to warrant implementation.22

23
For issues that meet the three Category 1 criteria, no additional plant-specific analysis is24
required unless new and significant information is identified.25

26
Category 2 issues are those that do not meet one or more of the criteria for Category 1, and,27
therefore, additional plant-specific review of these issues is required.28

29
This chapter addresses the issues related to operation during the renewal term that are listed in30
Table B-1 of Title 10, Part 51, of the Code of Federal Regulations (10 CFR Part 51), Subpart A,31
Appendix B, and are applicable to the Vermont Yankee Nuclear Power Station (VYNPS). 32
Section 4.1 addresses issues applicable to the VYNPS cooling system.  Section 4.2 addresses33
issues related to transmission lines and onsite land use.  Section 4.3 addresses the radiological34
impacts of normal operation, and Section 4.4 addresses issues related to the socioeconomic35
impacts of normal operation during the renewal term.  Section 4.5 addresses issues related to36
groundwater use and quality, while Section 4.6 discusses the impacts of renewal-term37
operations on threatened and endangered species.  Section 4.7 addresses potential new38
information that was raised during the scoping period, and Section 4.8 discusses cumulative39



Environmental Impacts of Operation

Draft NUREG-1437, Supplement 30 4-2 December 2006

impacts.  The results of the evaluation of environmental issues related to operation during the1
renewal term are summarized in Section 4.9.  Category 1 and Category 2 issues that are not2
applicable to VYNPS because they are related to plant design features or site characteristics3
not found at VYNPS are listed in Appendix F.4

5

4.1 Cooling System6
7

Category 1 issues in Table B-1 of 10 CFR Part 51, Subpart A, Appendix B, that are applicable to8
VYNPS cooling system operation during the renewal term are listed in Table 4-1.  Entergy9
Nuclear Vermont Yankee, LLC And Entergy Nuclear Operations, Inc. (Entergy) stated in its10
Environmental Report (ER) (Entergy 2006a) that it is not aware of any new and significant11
information associated with the renewal of the VYNPS operating license (OL).  The12
U.S. Nuclear Regulatory Commission (NRC) staff has not identified any new and significant13
information during its independent review of the Entergy ER, the site visit, the scoping process,14
or the evaluation of other available information (e.g., potential impacts associated with the15
extended power uprate) (NRC 2006a).  Therefore, the NRC staff concludes that there are no16
impacts related to these issues beyond those discussed in the GEIS.  For all of the issues, the17
NRC staff concluded in the GEIS that the impacts would be SMALL, and additional18
plant-specific mitigation measures are not likely to be sufficiently beneficial to warrant19
implementation.20

21
A brief description of the NRC staff’s review and the GEIS conclusions, as codified in 10 CFR22
Part 51, Table B-1, for each of these issues follows:23

24
C Altered current patterns at intake and discharge structures.  Based on information in25

the GEIS, the Commission found that26
27

Altered current patterns have not been found to be a problem at operating28
nuclear power plants and are not expected to be a problem during the license29
renewal term.30

31
The NRC staff has not identified any new and significant information during its32
independent review of the Entergy ER, the site visit, the scoping process, or the33
evaluation of other available information.  Therefore, the NRC staff concludes that there34
would be no impacts of altered current patterns during the renewal term beyond those35
discussed in the GEIS.36

37
C Temperature effects on sediment transport capacity.  Based on information in the38

GEIS, the Commission found that39
40
41
42
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Table 4-1.  Category 1 Issues Applicable to the Operation of the VYNPS Cooling System1
During the Renewal Term2

3
ISSUE-10 CFR Part 51, Subpart A, Appendix B, Table B-14 GEIS Section

SURFACE WATER QUALITY, HYDROLOGY, AND USE5

Altered current patterns at intake and discharge structures6 4.2.1.2.1

Temperature effects on sediment transport capacity7 4.2.1.2.3

Scouring caused by discharged cooling water8 4.2.1.2.3

Eutrophication9 4.2.1.2.3

Discharge of chlorine or other biocides10 4.2.1.2.4

Discharge of sanitary wastes and minor chemical spills11 4.2.1.2.4

Discharge of other metals in wastewater12 4.2.1.2.4

Water-use conflicts (plants with once-through cooling systems)13 4.2.1.3

AQUATIC ECOLOGY14

Accumulation of contaminants in sediments or biota15 4.2.1.2.4

Entrainment of phytoplankton and zooplankton16 4.2.2.1.1

Cold shock17 4.2.2.1.5

Thermal plume barrier to migrating fish18 4.2.2.1.6

Distribution of aquatic organisms19 4.2.2.1.6

Premature emergence of aquatic insects20 4.2.2.1.7

Gas supersaturation (gas bubble disease)21 4.2.2.1.8

Low dissolved oxygen in the discharge22 4.2.2.1.9

Losses from predation, parasitism, and disease among organisms23 4.2.2.1.10

Stimulation of nuisance organisms24 4.2.2.1.11

AQUATIC ECOLOGY (PLANTS WITH COOLING-TOWER-BASED HEAT DISSIPATION SYSTEMS)25

Entrainment of fish and shellfish in early life stages26 4.3.3

Impingement of fish and shellfish27 4.3.3

Heat shock28 4.3.3

TERRESTRIAL RESOURCES29

Cooling tower impacts on crops and ornamental vegetation30 4.3.4

Cooling tower impacts on native plants31 4.3.5.1

HUMAN HEALTH32

Microbiological organisms (occupational health)33 4.3.6

Noise34 4.3.7
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These effects have not been found to be a problem at operating nuclear1
power plants and are not expected to be a problem during the license2
renewal term.3

4
The NRC staff has not identified any new and significant information during its5
independent review of the Entergy ER, the site visit, the scoping process, or the6
evaluation of other available information.  Therefore, the NRC staff concludes that there7
would be no impacts of temperature effects on sediment transport capacity during the8
renewal term beyond those discussed in the GEIS.9

10
C Scouring caused by discharged cooling water.  Based on information in the GEIS,11

the Commission found that12
13

Scouring has not been found to be a problem at most operating nuclear14
power plants and has caused only localized effects at a few plants.  It is not15
expected to be a problem during the license renewal term.16

17
The NRC staff has not identified any new and significant information during its18
independent review of the Entergy ER, the site visit, the scoping process, or the19
evaluation of other available information.  Therefore, the NRC staff concludes that there20
would be no impacts of scouring caused by discharged cooling water during the renewal21
term beyond those discussed in the GEIS.22

23
C Eutrophication.  Based on information in the GEIS, the Commission found that24

25
Eutrophication has not been found to be a problem at operating nuclear26
power plants and is not expected to be a problem during the license renewal27
term.28

29
The NRC staff has not identified any new and significant information during its30
independent review of the Entergy ER, the site visit, the scoping process, or the31
evaluation of other available information.  Therefore, the NRC staff concludes that there32
would be no impacts of eutrophication during the renewal term beyond those discussed33
in the GEIS.34

35
C Discharge of chlorine or other biocides.  Based on information in the GEIS, the36

Commission found that37
38

Effects are not a concern among regulatory and resource agencies, and are39
not expected to be a problem during the license renewal term.40

41
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However, the staff did receive a comment during the scoping process concerning the1
presence of biocides in cooling water drift, providing potentially new and significant2
information on this issue.  The staff’s evaluation of this information is presented in3
Section 4.7.4

5
The NRC staff has not identified any new and significant information during its6
independent review of the Entergy ER, the site visit, the scoping process, or the7
evaluation of other available information, including the National Pollutant Discharge8
Elimination System (NPDES) permit for VYNPS, or discussion with the Vermont9
Department of Environmental Conservation (VDEC).  During the scoping process, the10
NRC staff received a comment concerning the potential impact on human health from11
the presence of biocides in the cooling tower drift.  The staff examined this concern to12
determine if it represents new and significant information.  The staff’s evaluation is13
provided in Section 4.7.  The NRC staff, based on the evaluation in Section 4.7,14
concludes that there would be no impacts of discharge of chlorine or other biocides15
during the renewal term beyond those discussed in the GEIS.16

17
C Discharge of sanitary wastes and minor chemical spills.  Based on information in the18

GEIS, the Commission found that19
20

Effects are readily controlled through the NPDES permit (in the case of21
VYNPS, issued by the State of Vermont), an Indirect Discharge Permit, and22
periodic modifications, if needed, and are not expected to be a problem23
during the license renewal term.24

25
The NRC staff has not identified any new and significant information during its26
independent review of the Entergy ER, the site visit, the scoping process, or the27
evaluation of other available information, including the NPDES permit for VYNPS, or28
discussion with the VDEC.  Therefore, the NRC staff concludes that there would be no29
impacts of discharges of sanitary wastes and minor chemical spills during the renewal30
term beyond those discussed in the GEIS.31

32
C Discharge of other metals in wastewater.  Based on information in the GEIS, the33

Commission found that34
35

These discharges have not been found to be a problem at operating nuclear36
power plants with cooling-tower-based heat dissipation systems and have37
been satisfactorily mitigated at other plants.  They are not expected to be a38
problem during the license renewal term.39

40
The NRC staff has not identified any new and significant information during its41
independent review of the Entergy ER, the site visit, the scoping process, or the42
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evaluation of other available information, including the NPDES permit for VYNPS, or1
discussion with the VDEC.  Therefore, the NRC staff concludes that there would be no2
impacts of discharges of other metals in wastewater during the renewal term beyond3
those discussed in the GEIS.4

5
C Water-use conflicts (plants with once-through cooling systems).  Based on6

information in the GEIS, the Commission found that7
8

These conflicts have not been found to be a problem at operating nuclear9
power plants with once-through heat dissipation systems.10

11
The NRC staff has not identified any new and significant information during its12
independent review of the Entergy ER, the site visit, the scoping process, or the13
evaluation of other available information, including the NPDES permit for VYNPS, or14
discussion with the VDEC.  Therefore, the NRC staff concludes that there would be no15
impacts of water-use conflicts for plants with once-through cooling systems during the16
renewal term beyond those discussed in the GEIS.17

18
C Accumulation of contaminants in sediments or biota.  Based on information in the19

GEIS, the Commission found that20
21

Accumulation of contaminants has been a concern at a few nuclear power22
plants but has been satisfactorily mitigated by replacing copper alloy23
condenser tubes with those of another metal. It is not expected to be a24
problem during the license renewal term.25

26
The NRC staff has not identified any new and significant information during its27
independent review of the Entergy ER, the site visit, the scoping process, or the28
evaluation of available information.  Therefore, the NRC staff concludes that there would29
be no impacts of accumulation of contaminants in sediments or biota during the renewal30
term beyond those discussed in the GEIS.31

32
C Entrainment of phytoplankton and zooplankton.  Based on information in the GEIS,33

the Commission found that34
35

Entrainment of phytoplankton and zooplankton has not been found to be a36
problem at operating nuclear power plants and is not expected to be a37
problem during the license renewal term.38

39
The NRC staff has not identified any new and significant information during its40
independent review of the Entergy ER, the site visit, the scoping process, the review of41
monitoring programs, or the evaluation of other available information.  Therefore, the42
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NRC staff concludes that there would be no problems associated with the entrainment of1
phytoplankton and zooplankton during the renewal term beyond those discussed in the2
GEIS.3

4
C Cold shock.  Based on information in the GEIS, the Commission found that5

6
Cold shock has been satisfactorily mitigated at operating nuclear plants with7
once-through cooling systems, has not endangered fish populations or been8
found to be a problem at operating nuclear power plants with cooling towers9
or cooling ponds, and is not expected to be a problem during the license10
renewal term.11

12
The NRC staff has not identified any new and significant information during its13
independent review of the Entergy ER, the site visit, the scoping process, or the14
evaluation of other available information.  Therefore, the staff concludes that there are15
no impacts of cold shock during the renewal term beyond those discussed in the GEIS. 16

17
C Thermal plume barrier to migrating fish.  Based on information in the GEIS, the18

Commission found that19
20

Thermal plumes have not been found to be a problem at operating nuclear21
power plants and are not expected to be a problem during the license22
renewal term.23

24
The NRC staff has not identified any new and significant information during its25
independent review of the Entergy ER, the site visit, the scoping process, or the26
evaluation of other available information.  During the course of the NRC staff review, a27
number of comments were raised by members of the public and public interest groups28
on the impact of the thermal plume during license renewal from VYNPS on migratory fish29
species in the Connecticut River.  The staff examined the information provided in the30
comments as well as other sources to determine if it represents new and significant31
information.  The staff’s evaluation is provided in Section 4.7.  The NRC staff, based on32
the evaluation in Section 4.7, concludes that there would be no impacts of thermal plume33
barriers on migrating fish during the renewal term beyond those discussed in the GEIS.34

35
C Distribution of aquatic organisms.  Based on information in the GEIS, the36

Commission found that37
38

Thermal discharge may have localized effects but is not expected to affect39
the larger geographical distribution of aquatic organisms.40

41
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The NRC staff has not identified any new and significant information during its1
independent review of the Entergy ER, the site visit, the scoping process, the review of2
monitoring programs, or the evaluation of other available information.  Therefore, the3
NRC staff concludes that there would be no impacts on the distribution of aquatic4
organisms during the renewal term beyond those discussed in the GEIS.5

6
C Premature emergence of aquatic insects.  Based on information in the GEIS, the7

Commission found that8
9

Premature emergence has been found to be a localized effect at some10
operating nuclear power plants but has not been a problem and is not11
expected to be a problem during the license renewal term.12

13
The NRC staff has not identified any new and significant information during its14
independent review of the Entergy ER, the site visit, the scoping process, or the15
evaluation of other available information.  Therefore, the NRC staff concludes that there16
would be no impacts on premature emergence of aquatic insects during the renewal17
term beyond those discussed in the GEIS.18

19
C Gas supersaturation (gas bubble disease).  Based on information in the GEIS, the20

Commission found that21
22

Gas supersaturation was a concern at a small number of operating nuclear23
power plants with once-through cooling systems but has been satisfactorily24
mitigated.  It has not been found to be a problem at operating nuclear power25
plants with cooling towers or cooling ponds and is not expected to be a26
problem during the license renewal term.27

28
The NRC staff has not identified any new and significant information during its29
independent review of the Entergy ER, the site visit, the scoping process, or the30
evaluation of other available information.  Therefore, the NRC staff concludes that there31
would be no impacts of gas supersaturation during the renewal term beyond those32
discussed in the GEIS.33

34
C Low dissolved oxygen in the discharge.  Based on information in the GEIS, the35

Commission found that36
37

Low dissolved oxygen has been a concern at one nuclear power plant with a38
once-through cooling system but has been effectively mitigated.  It has not39
been found to be a problem at operating nuclear power plants with cooling40
towers or cooling ponds and is not expected to be a problem during the41
license renewal term.42
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The NRC staff has not identified any new and significant information during its1
independent review of the Entergy ER, the site visit, the scoping process, the review of2
monitoring programs, or the evaluation of other available information.  Therefore, the3
NRC staff concludes that there would be no impacts of low dissolved oxygen during the4
renewal term beyond those discussed in the GEIS.5

6
C Losses from predation, parasitism, and disease among organisms exposed to7

sublethal stresses.  Based on information in the GEIS, the Commission found that8
9

These types of losses have not been found to be a problem at operating10
nuclear power plants and are not expected to be a problem during the license11
renewal term.12

13
The NRC staff has not identified any new and significant information during its14
independent review of the Entergy ER, the site visit, the scoping process, or the15
evaluation of other available information.  Therefore, the NRC staff concludes that there16
would be no impacts of losses from predation, parasitism, and disease among17
organisms exposed to sublethal stresses during the renewal term beyond those18
discussed in the GEIS.19

20
C Stimulation of nuisance organisms.  Based on information in the GEIS, the21

Commission found that22
23

Stimulation of nuisance organisms has been satisfactorily mitigated at the24
single nuclear power plant with a once-through cooling system where25
previously it was a problem.  It has not been found to be a problem at26
operating nuclear power plants with cooling towers or cooling ponds and is27
not expected to be a problem during the license renewal term.28

29
The NRC staff has not identified any new and significant information during its30
independent review of the Entergy ER, the site visit, the scoping process, or the31
evaluation of other available information.  Therefore, the NRC staff concludes that there32
would be no impacts from stimulation of nuisance organisms during the renewal term33
beyond those discussed in the GEIS.34

35
C Entrainment of fish and shellfish in early life stages (cooling-tower-based heat36

dissipation).  Based on information in the GEIS, the Commission found that37
38

Entrainment of fish has not been found to be a problem at operating nuclear39
power plants with this type of cooling system and is not expected to be a40
problem during the license renewal term.41

42
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VYNPS has the capability to operate using once-through or closed-cycle cooling or an1
intermediate condition called the hybrid mode.  For closed-cycle cooling, the issue of2
entrainment is considered a Category 1 issue, not requiring a site-specific analysis but3
rather a determination of whether or not there is new and significant information that calls4
into question the conclusions of the staff’s GEIS.  However, since VYNPS does employ5
once-through cooling, at least for a portion of the year, the issue of entrainment does require6
a site-specific analysis as a Category 2 issue.  The analysis is presented in Section 4.1.2 of7
this document and provides a site-specific assessment of impact for the issue of8
entrainment for the station cooling system under closed-cycle, hybrid, and once-through9
modes of operation.10

11
C Impingement of fish and shellfish (cooling-tower-based heat dissipation).  Based on12

information in the GEIS, the Commission found that13
14

The impingement of fish and shellfish has not been found to be a problem at15
operating nuclear power plants with this type of cooling system and is not16
expected to be a problem during the license renewal term.17

18
VYNPS has the capability to operate using once-through or closed-cycle cooling or an19
intermediate condition called the hybrid mode.  For closed-cycle cooling, the issue of20
impingement is considered a Category 1 issue, not requiring a site-specific analysis but21
rather a determination of whether or not there is new and significant information that calls22
into question the conclusions of the staff’s GEIS.  However, since VYNPS does employ23
once-through cooling, at least for a portion of the year, the issue of impingement does24
require a site-specific analysis as a Category 2 issue.  The analysis is presented in25
Section 4.1.3 of this document and provides a site-specific assessment of impact for the26
issue of impingement for the station cooling system under closed-cycle, hybrid, and once-27
through modes of operation.28

29
C Heat shock (cooling-tower-based heat dissipation).  Based on information in the GEIS,30

the Commission found that31
32

Heat shock has not been found to be a problem at operating nuclear power33
plants with this type of cooling system and is not expected to be a problem during34
the license renewal term.35

36
VYNPS has the capability to operate using once-through or closed-cycle cooling or an37
intermediate condition called the hybrid mode.  For closed-cycle cooling, the issue of heat38
shock is considered a Category 1 issue, not requiring a site-specific analysis but rather a39
determination of whether or not there is new and significant information that calls into40
question the conclusions of the staff’s GEIS.  However, since VYNPS does employ41
once-through cooling, at least for a portion of the year, the issue of heat shock does require42
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a site-specific analysis as a Category 2 issue.  The analysis is presented in Section 4.1.4 of1
this document and provides a site-specific assessment of impact for the issue of heat shock2
for the station cooling system under closed-cycle, hybrid, and once-through modes of3
operation.4

5
C Cooling tower impacts on crops and ornamental vegetation.  Based on information in6

the GEIS, the Commission found that7
8

Impacts from salt drift, icing, fogging, or increased humidity associated with9
cooling tower operation have not been found to be a problem at operating10
nuclear power plants and are not expected to be a problem during the11
renewal term.12

13
The NRC staff has not identified any new and significant information during its14
independent review of the Entergy ER, the staff’s site visit, the scoping process, or the15
evaluation of other available information.  Therefore, the NRC staff concludes that there16
are no cooling tower impacts on crops and ornamental vegetation during the renewal17
term beyond those discussed in the GEIS.18

19
C Cooling tower impacts on native plants.  Based on information in the GEIS, the20

Commission found that21
22

Impacts from salt drift, icing, fogging, or increased humidity associated with23
cooling tower operation have not been found to be a problem at operating24
nuclear power plants and are not expected to be a problem during the license25
renewal term.26

27
The NRC staff has not identified any new and significant information during its28
independent review of the Entergy ER, the staff’s site visit, the scoping process, or the29
evaluation of other available information.  Therefore, the NRC staff concludes that there30
are no cooling tower impacts on native vegetation during the renewal term beyond those31
discussed in the GEIS.32

33
C Microbiological organisms (occupational health).  Based on information in the GEIS,34

the Commission found that35
36

Occupational health impacts are expected to be controlled by continued37
application of accepted industrial hygiene practices to minimize worker38
exposures.39

40
The NRC staff has not identified any new and significant information during its41
independent review of the Entergy ER, the staff’s site visit, the scoping process, or the42
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evaluation of other available information.  Therefore, the NRC staff concludes that there1
are no impacts of microbiological organisms during the renewal term beyond those2
discussed in the GEIS.3

4
C Noise.  Based on information in the GEIS, the Commission found that5

6
Noise has not been found to be a problem at operating plants and is not7
expected to be a problem at any plant during the license renewal term.8

9
The NRC staff has not identified any new and significant information during its10
independent review of the Entergy ER, the site visit, the scoping process, or the11
evaluation of other available information.  Therefore, the NRC staff concludes that there12
would be no impacts of noise during the renewal term beyond those discussed in the13
GEIS.14

15
The Category 2 issues related to cooling system operation during the renewal term that are16
applicable to VYNPS are discussed in the sections that follow and are listed in Table 4-2.17

18
Table 4-2.  Category 2 Issues Applicable to the Operation of the VYNPS Cooling System19

During the Renewal Term20
21
22

ISSUE-10 CFR Part 51,23
Subpart A, Appendix B, Table B-124

GEIS
Section

10 CFR Part
51.53(a)(3)(ii)

Subparagraph
SEIS

Section

SURFACE WATER QUALITY, HYDROLOGY, AND USE25

Water use conflicts (plants with cooling ponds26
or cooling towers using make-up water from a27
small river with low flow)28

4.3.2.1
4.4.2.1

A 4.1.1

AQUATIC ECOLOGY29

Entrainment of fish and shellfish in early life30
stages31 4.2.2.1.2 B 4.1.2

Impingement of fish and shellfish32 4.2.2.1.3 B 4.1.3

Heat shock33 4.2.2.1.4 B 4.1.4

HUMAN HEALTH34

Microbiological organisms (public health)35
(plants using lakes or canals, or cooling36
towers or cooling ponds that discharge to a37
small river)38

4.3.6 G 4.1.5

39
40
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(a) Low median monthly flow is the median monthly flow for the month having the lowest median monthly
flow (Vermont Water Quality Standards, Section 1-01.B.24).
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the 7-day average low flow over a 10-year return period, adjusted to nullify any effects of artificial flow
regulation, that has a 10 percent chance of occurring in a given year.
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4.1.1 Water Use Conflicts (Make-Up from a Small River)1
2

For power plants with cooling ponds or cooling towers using make-up water from a small river3
with low flow, i.e., less than 3.15 × 1012 ft3/yr threshold value in 10 CFR 51.53(3)(ii)(A), water4
use conflicts are considered a Category 2 issue that requires plant-specific assessment before5
license renewal.6

7
Cooling water withdrawn from the Connecticut River (at Vernon Pool) can be circulated through8
the VYNPS system in one of three modes of operation, including closed-cycle, open-cycle9
(once-through cooling), or hybrid-cycle.  Category 2 applies to the VYNPS because the10
Connecticut River has an average daily flow of about 10,500 cubic feet per second (cfs)11
(3.3 × 1011 ft3/yr), based on flows measured from 1944 to 1988 (Entergy 2006a) and about12
11,101 cfs (3.5 × 1011 ft3/yr), based on flows measured from 2000 to 2005 (Normandeau 2001,13
2002, 2003, 2004b, 2005; DeWald 2006).  Vernon Pool is an approximately 25-mi long, 2250-ac14
impoundment created by the construction of the Vernon Dam, less than a mile downstream of15
the plant.  The dam facility, owned and operated by TransCanada, is required to maintain a16
minimum sustained flow of 1250 cfs.  The surface elevation of the pool fluctuates as much as17
8 ft due to operations at upstream and downstream dams and runoff inflow.  The maximum18
depth of the pool near Vernon Dam is about 40 ft (Entergy 2006a).19

20
According to the ER, 5000 gpm (11.1 cfs) of the 360,000 gpm (802.1 cfs) of water withdrawn21
from the Connecticut River for condenser cooling would be lost to evaporation (as an upper22
bound).  This loss represents a reduction in flow of less than 0.10 percent of the average daily23
flow.  It also represents a reduction in flow of 0.37 percent of the low median monthly flow24
(3050 cfs)(a), 0.73 percent of the flow under drought conditions (1523 cfs)(b), and 0.89 percent of25
the minimum sustained flow requirement for Vernon Dam (1250 cfs).  These values are well26
below the Vermont Water Quality Standards criterion of 5 percent for Class B Water27
Management Type 1 waters (constituting aquatic biota, wildlife, and aquatic habitat).  Thus,28
impacts to the flow of the Connecticut River through Vernon Pond due to consumptive water29
use are not considered significant.30

31
The NRC staff independently reviewed the Entergy ER, visited the site, and reviewed the32
VYNPS NPDES permit, and other reports and has evaluated the consumptive water use 33
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associated with VYNPS operations (due to evaporative water loss).  Based on this information, 1
the staff concludes that the potential impacts of water use conflicts are SMALL and no2
additional mitigation is warranted.3

4
4.1.2 Entrainment of Fish and Shellfish in Early Life Stages5

6
For plants with once-through cooling systems, the entrainment of fish and shellfish in early life7
stages into cooling water systems associated with nuclear power plants is considered a8
Category 2 issue, which requires a site-specific assessment before license renewal.  VYNPS9
operates in a closed-cycle mode part of the year during which time entrainment is categorized10
as a Category 1 issue.  The hybrid-cycle mode, not discussed in the GEIS (NRC 1996), is11
neither defined as a Category 1 or 2 issue.  Conservatively, for VYNPS, the NRC staff12
considered entrainment as a Category 2 issue providing a site-specific analysis of entrainment13
for the entire year under all three operating modes.  To perform this assessment, the NRC staff14
reviewed the applicant’s ER (Entergy 2006a) and related documents, including the Clean Water15
Act (CWA) Section 316 demonstrations (Aquatec 1978, 1990; Normandeau 2004), and visited16
the VYNPS site.  The staff also reviewed the applicant’s State of Vermont NPDES Permit17
No. VT0000264, issued on June 9, 2003, and in force until March 31, 2006 (VDEC 2003); the18
Final Amended NPDES Permit No. VT0000264, issued on March 30, 2006 (VDEC 2006a); the19
fact sheet related to the amendment of the NPDES permit (VDEC 2006b); and the application20
for the NPDES permit renewal (Entergy 2005a).21

22
Section 316(b) of the CWA requires that the location, design, construction, and capacity of the23
cooling water intake structures reflect the best technology available for minimizing adverse24
environmental impacts (Title 33, Section 1326, of the United States Code (33 USC 1326)). 25
Entrainment of fish and shellfish into the cooling water system is a potential adverse26
environmental impact that can be minimized by use of the best available technology.27

28
On July 9, 2004, the EPA published a final rule in the Federal Register (EPA 2004) that29
addresses cooling water intake structures at existing power plants, such as VYNPS, where flow30
levels exceed a minimum threshold value of 50 million gpd.  The rule is Phase II in the EPA’s31
development of CWA 316(b) regulations that establish national requirements applicable to the32
location, design, construction, and capacity of cooling water intake structures at existing33
facilities that exceed the threshold value for water withdrawals.  The national requirements,34
which are implemented through the NPDES permits, minimize the adverse environmental35
impacts associated with the continued use of the intake systems.  Licensees are required to36
demonstrate compliance with the Phase II performance standards at the time of renewal of their37
NPDES permit.  As part of the NPDES renewal, licensees may be required to alter the intake38
structure, redesign the cooling system, modify station operation, or take other mitigative39
measures to comply with this regulation.  The new performance standards are designed to40
significantly reduce entrainment losses due to water withdrawals associated with cooling water 41
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intake structures used for power production.  Any additional site-specific mitigation required as a1
result of the 316(b) Phase II reviews at VYNPS would result in less impact from entrainment2
during the license renewal period.3

4
The VYNPS withdraws a maximum of 518 million gpd (360,000 gpm or 802 cfs) during once-5
through operation to a minimum of 14.4 million gpd (10,000 gpm or 22 cfs) during closed-cycle6
operation.  During 2004, the monthly average daily river discharge at Vernon Dam ranged from7
3967 cfs in October to 23,570 cfs in April.  The lowest daily discharge was 1757 cfs on July 7,8
while the highest daily flow was 50,618 cfs on April 2 (Normandeau 2005).  The VYNPS9
operates in a closed- or hybrid-cycle mode during the warmer months of the year and, at times,10
may also operate these modes during the cooler months.11

12
Entrained fish eggs and larvae experience thermal stress and mechanical and hydraulic forces13
during transport through a plant’s cooling system.  In a study of the Haddam Neck Plant, a14
nuclear plant with once-through cooling that formerly operated on the lower Connecticut River,15
Marcy (2004c (1976c) and references cited therein) found mechanical damage to be the main16
cause of entrainment mortality, while thermal shock was responsible for only about 20 percent17
of the mortality.  While some entrainment survival occurs, 100 percent mortality is normally18
assumed as a conservative estimate of entrainment losses for all operational modes.  When19
ichthyoplankton are at their peak in the Connecticut River (e.g., late spring through early20
summer), VYNPS is generally operating in an open-cycle or hybrid mode.  The NPDES permit21
requires larval fish sampling to be done weekly during this period (Normandeau 2005).22

23
The portion of Vernon Pool near VYNPS was found not to be a good fish spawning area due to24
daily water level fluctuations, a steep shoreline, and a silty sand substrate.  Therefore, the25
amount of ichthyoplankton entrained in the area would be expected to be limited.  Overall,26
densities of ichthyoplankton near the VYNPS intake were <1 fish/m3, which were much lower27
than densities in littoral areas estimated by Aquatec (1990).  For example, minnow densities28
near the VYNPS intake were <0.6 larvae/m3, whereas densities in shallow, slow-moving29
nearshore areas were as high as 3000/m3 (Aquatec 1990).  Monitoring results indicate that30
larval fish densities are low in the VYNPS area and the impact of entrainment has been minimal31
(Entergy 2006a).32

33
Table 4-3 presents some of the results of entrainment collections that have been made in the34
Connecticut River in the vicinity of the VYNPS intake since 1988.  Entrainment collections at35
VYNPS are generally made from early May through early to mid July each year, as dictated by36
the NPDES permit.  In general, the common warmwater species that are resident within Vernon37
Pool were predominant in entrainment collections.  These included the spottail shiner (Notropis 38
hudsonius), white perch (Morone americana), and centrarchids.  No Atlantic salmon(Salmo39
salar) and only one American shad (Alosa sapidissima) have been collected in entrainment40
samples.41

42
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Table 4-3.  Percentages (and Numbers) of Fish Eggs and Larvae Entrained at VYNPS1
2

Species3

Collection Period

1988 and
1990-1997 2001 2003 2004

Common carp4
(Cyprinus carpio)5

0.3 (18)(a) 0.2 (3) 2.2 (27) 0.5 (5)

Spottail shiner6
(Notropis hudsonius)7

0.03 (2) 57.9 (978) 71.6 (875) 25.4 (269)

Notropis spp.8 49.6(b) (2850) 0.0 (0) 0.0 (0) 0.0 (0)

Cyprinidae9 13.7(b) (788) 0.0 (0) 0.0 (0) 0.0 (0)

White sucker10
(Catostomus commersoni)11

0.02 (1) 37.9 (640) 0.2 (2) 1.0 (11)

White perch12
(Morone americana)13

20.7 (1191) 1.8 (31) 14.6 (178) 3.4 (36)

Sunfish14
(Lepomis spp.)15

10.9 (628) 1.8(c) (31) 8.2(c) (100) 68.7 (726)

Largemouth bass16
(Micropterus salmoides)17

0.07 (4) 0.0(d) (0) 0.0(d) (0) 0.0 (0)

Yellow perch18
(Perca flavescens)19

4.2 (244) 0.1 (2) 3.2 (39) 0.5 (5)

Walleye20
(Sander vitreus)21

0.14 (8) 0.1 (2) 0.1 (1) 0.2 (2)

Other species22
(including unidentifiable fishes)23

0.1(e) (2) 0.0 (0) 0.3(e) (3)

24

Total25 100 (5747) 100 (1690) 100 (1222) 100 (1057)
(a)   The percentage and the total number collected followed by the number entrained in   26
        parentheses for each species during the collection period.  27
(b) Based on entrainment sample identifications done in the subsequent years and fish species28

known from lower Vernon Pool, most individuals identified as only Notropis spp. or Cyprinidae29
were probably spottail shiners.30

(c) Listed as Centrarchidae and therefore may also include some largemouth bass.31
(d)   See footnote (c).  Likely some largemouth bass eggs and larvae were entrained. 32
(e) Other species comprised almost entirely of the tessellated darter (Etheostoma olmstedi).33
Sources: Normandeau 1999; VYNPS and Normandeau 2002; Entergy and Normandeau 2004; 34
               Normandeau 200535

36
37
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To interpret the impacts of entrainment on the fish community, entrainment losses must be1
compared to the distribution, abundance, and life cycles of the populations and species that2
occur near VYNPS.  The ultimate impact of entrainment losses must be evaluated in terms of a3
system’s resiliency (i.e., environmental stability, productivity, population compensation, and4
ecological and economic importance of the individual species) (Noguchi et al. 1985).  When5
assessing the significance of entrainment, entrainment losses need to be weighed against the6
losses that occur from natural mortality of fish eggs and larvae.  For example, the survival from7
egg to adult for the American shad is about 0.001 percent (Marcy 2004b (1976b)).  Based on8
riverine and entrainment collections of resident and anadromous fish, which have been ongoing9
since before VYNPS began commercial operations (e.g., Aquatec 1978, 1990; Entergy and10
Normandeau 2004; Normandeau 2005), the applicant stated that no observable adverse11
impacts to any fish species or to the overall fish community of Vernon Pool due entrainment by12
VYNPS has been demonstrated (Entergy 2006a).13

14
Based on the results of the extensive sampling program conducted by the applicant, and the15
utilization of the closed- or hybrid-cycle mode during much of the spawning season, the NRC16
staff has determined that the potential impacts of entrainment of fish and shellfish by VYNPS17
during the 20-year renewal period would be SMALL and no additional mitigation is warranted. 18
However, under the provisions of the CWA 316(b) Phase II regulations, the VDEC may impose19
further restrictions or require modifications to the cooling system to reduce the impact of20
entrainment.21

22
4.1.3 Impingement of Fish and Shellfish23

24
For power plants with once-through cooling systems, the impingement of fish and shellfish on25
screens associated with plant cooling systems is considered a Category 2 issue, which requires26
a site-specific assessment before license renewal.  VYNPS operates in a closed-cycle mode27
part of the year, during which time impingement is categorized as a Category 1 issue.  The28
hybrid-cycle mode, not discussed in the GEIS (NRC 1996), is neither defined as a Category 1 or29
2 issue.  Conservatively, for VYNPS, the NRC staff considered impingement as a Category 230
issue providing a specified analysis of impingement for the entire year under all three operating31
modes.  To perform this evaluation, the NRC staff reviewed the applicant’s ER (Entergy 2006a)32
and related documents, including the Clean Water Act (CWA) Section 316 demonstrations33
(Aquatec 1978, 1990; Normandeau 2004), and visited the VYNPS site.  The staff also reviewed34
the applicant’s State of Vermont NPDES Permit No. VT0000264, issued on June 9, 2003, and in35
force until March 31, 2006 (VDEC 2003); the Final Amended NPDES Permit No. VT0000264,36
issued on March 30, 2006 (VDEC 2006a); the fact sheet related to the amendment of the37
NPDES permit (VDEC 2006b); and the application for the NPDES permit renewal38
(Entergy 2005a). 39

40
Impacts of existing cooling water systems, including the impacts of impingement, are regulated41
under the provisions of the CWA as described in Section 4.1.2.  Section 4.1.2 also includes a42
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discussion of Section 316(b) requirements, which are also relevant to impingement.  The new1
performance standards are designed to significantly reduce impingement losses resulting from2
plant operation.  Any site-specific mitigation would result in less impact due to continued plant3
operation.4

5
As part of the NPDES requirements, VYNPS is required to monitor fish impingement.  Routine6
impingement sampling is conducted at VYNPS from April 1 through June 15 and from August 17
through October 31.  Additionally, limits are established by the State of Vermont for the number8
of American shad and Atlantic salmon (Salmo salar) that can be impinged.  The impingement9
limit for Atlantic salmon is set at 0.1 percent of the estimated smolt-equivalents (estimated10
number of smolts from a population that successfully emigrate from a specified area) migrating11
past VYNPS.  If this limit is exceeded, the plant must run in a closed cycle until June 15.  The12
American shad impingement limit is set at one impinged shad for each adult shad that passes13
the Vernon Dam fishway and/or is transported by State or Federal fisheries personnel upstream14
of Vernon Dam (Aquatec 1990).  Impingement numbers below those established for the two15
anadromous fish species are considered by the Environmental Advisory Committee (comprised16
of the Vermont Department of Environmental Conservation, Vermont Department of Fish and17
Wildlife, New Hampshire Department of Environmental Services, New Hampshire Department18
of Fish and Game, Massachusetts Department of Environmental Protection, Massachusetts19
Division of Fish and Wildlife, and the U.S. Fish and Wildlife Service (FWS) Coordinator of the20
Connecticut River Anadromous Fish Program) to be impingement losses that are not adverse to21
the populations of these species (Entergy 2006a).  To date, the NPDES limits established for22
Atlantic salmon and American shad have not been exceeded.23

24
During the initial 316 demonstration (Aquatec 1978), an average of 23 fish per day were25
impinged during 685 days of once-through operation.  The fish passages at Turners Falls and26
Vernon Dam were not in place until the early 1980s, therefore no Atlantic salmon or American27
shad were impinged during this period.  Between 1981 and 1989, 26 fish were impinged per day28
(Aquatec 1990).  Over 80 percent were small sunfishes, rock bass, minnows, and yellow perch.  29
During this period, 59 juvenile Atlantic salmon and only one American shad were impinged30
(Aquatec 1990).31

32
Table 4-4 presents some of the results of impingement collections that have been made at33
VYNPS since 1988.  Impingement collections at VYNPS are generally made from April 134
through June 15 and August 1 through October 31 each year, as dictated by NPDES permit35
stipulations.  In general, the common warmwater species that are resident within Vernon Pool36
were predominant in impingement collections.  These included sunfish, rock bass, and yellow37
perch.  The numbers of American shad and Atlantic salmon impinged at VYNPS were lower 38
than the yearly NPDES permit limits set for these species.  For example, 25 American shad and39
9 Atlantic salmon were impinged in 2001. The permit limits were set at 1666 American shad and40
231 Atlantic salmon (VYNPS and Normandeau 2002).  In 2003, 13 American shad and 2841
Atlantic salmon were impinged, while the permit limits for the year were set at 1140 and 364, 42
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Table 4-4.  Percentages (and Numbers) of Fish Species1
Impinged at VYNPS(a)2

3 Collection Period

4
Species5

1988 and
1990-1997 2001 2003 2004

Sea lamprey6
(Petromyzon marinus)7

0.9 (130)(b) 34.4 (241) 0.2 (2) 0.0 (0)

American shad8
(Alosa sapidissima)9

2.6 (387) 3.6 (25) 1.1 (13) 30.8 (73)

Atlantic salmon10
(Salmo salar)11

1.4 (202) 1.3 (9) 2.5 (28) 0.0 (0)

Chain pickerel12
(Esox niger)13

0.2 (31) 0.4 (3) 1.0 (11) 0.8 (2)

Golden shiner14
(Notemigonus crysoleucas)15

1.1 (161) 2.1 (15) 0.6 (7) 0.4 (1)

Spottail shiner16
(Notropis hudsonius)17

7.7 (1139) 0.3 (2) 0.8 (9) 2.1 (5)

Yellow bullhead18
(Ameiurus natalis)19

1.5 (227) 0.0 (0) 3.4 (39) 0.4 (1)

Rock bass20
(Ambloplites rupestris)21

10.8 (1599) 4.7 (33) 9.5 (108) 9.7 (23)

Pumpkinseed22
(Lepomis gibbosus)23

5.8 (853) 1.7 (12) 14.2 (162) 2.5 (6)

Bluegill24
(Lepomis macrochirus)25

19.9 (2937) 28.7 (201) 32.6 (372) 28.3 (67)

Unidentified sunfish26
(Lepomis spp.)27

20.1 (2967) 0.0 (0) 0.0 (0) 0.0 (0)

Smallmouth bass28
(Micropterus dolomieu)29

1.9 (279) 1.0 (7) 2.4 (27) 3.8 (9)

Largemouth bass30
(Micropterus salmoides)31

0.9 (134) 0.6 (4) 5.1 (58) 1.3 (3)

Black crappie32
(Pomoxis nigromaculatus)33

0.01 (1) 1.7 (12) 11.0 (126) 4.2 (10)

Yellow perch34
(Perca flavescens)35

15.2 (2247) 18.3 (128) 15.0 (171) 8.4 (20)

Other species36
(including unidentifiable fishes)37

28.3 (4184) 1.1 (8) 0.8 (9) 7.2 (17)

Totals38 100 (14,778) 100 (700) 100 (1142) 100 (237)

(a) Data presented represent  a portion of the impingement data collected at this facility. 39
(b) The percent of total number impinged followed by the total number impinged in parentheses for each40
species during the collection period.41
Sources: Normandeau 1999, 2005; VYNPS and Normandeau 2002; Entergy and Normandeau 2004;42
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respectively (Entergy and Normandeau 2004).  In 2004, 73 American shad and no Atlantic1
salmon were impinged.  The NPDES permit impingement limits for 2004 were set at 10052
American shad and 252 Atlantic salmon (Normandeau 2005).3

4
No observable adverse impacts to any fish species or to the overall fish community of Vernon5
Pool due impingement at VYNPS has been demonstrated, based on riverine and impingement6
collections of resident and anadromous fish, which have been ongoing since before VYNPS7
began commercial operations (Aquatec 1978, 1990; Entergy and Normandeau 2004;8
Normandeau 2005; Entergy 2006a). 9

10
Based on the results of the extensive sampling program conducted by the applicant, and the11
utilization of closed- or hybrid-cycle modes during much of the year, the NRC staff has12
determined that the potential impacts of impingement of fish and shellfish by VYNPS during the13
20-year renewal period would be SMALL and no additional mitigation is warranted.  However,14
under the provisions of the CWA 316(b) Phase II regulations, the VDEC may impose further15
restrictions or require modifications to the cooling system to reduce the impact of impingement.16

17
4.1.4 Heat Shock18

19
Heat shock can be defined as acute thermal stress caused by exposure to a sudden elevation20
of water temperature that adversely affects the metabolism and behavior of fish and can lead to21
death.  Heat shock is most likely to occur when an off-line unit returns to service or when a22
station has a discharge canal.  For plants with once-through cooling systems, the impacts of23
heat shock are listed as a Category 2 issue and require plant-specific evaluation before license24
renewal.  Impacts on fish and shellfish resources resulting from heat shock are a Category 225
issue because of continuing concerns about acute thermal-discharge impacts and the possible26
need to modify thermal discharges in the future in response to changing environmental27
conditions (NRC 1996).  VYNPS operates in a closed-cycle mode part of the year during which28
time heat shock is categorized as a Category 1 issue.  The hybrid-cycle mode, not discussed in29
the GEIS (NRC 1996), is neither defined as a Category 1 or 2 issue.  Conservatively, for30
VYNPS, the NRC staff considered heat shock as a Category 2 issue, providing a specified31
analysis of heat shock for the entire year under all three operating modes.32

33
Information considered by the NRC staff during its assessment includes (1) the type of cooling34
system (e.g., once-through, closed-cycle, or cooling lake) and (2) evidence of CWA35
Section 316(a) variance or equivalent State documentation.  To perform this evaluation, the36
NRC staff reviewed the applicant’s ER (Entergy 2006a) and related documents, including the37
Clean Water Act (CWA) Section 316 demonstrations (Aquatec 1978, 1990; Normandeau 2004),38
and visited the VYNPS site.  The staff also reviewed the applicant’s State of Vermont NPDES39
Permit No. VT0000264, issued on June 9, 2003, and in force until March 31, 200640
(VDEC 2003); the Final Amended NPDES Permit No. VT0000264, issued on March 30, 200641
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(VDEC 2006a); the fact sheet related to the amendment of the NPDES permit (VDEC 2006b);1
and the application for the NPDES permit renewal (Entergy 2005a).2

3
For coldwater species, which are generally stenothermal, the physiological effects from4
temperature are often the main factors controlling their distribution.  Ambient temperatures of5
80.6EF often exceed the lethal temperature of coldwater species (Cherry et al. 1975).  When6
Connecticut Yankee, a nuclear power plant with once-through cooling that formerly operated on7
the Lower Connecticut River was operational, most fish left the discharge canal when8
temperatures reached about 95EF, but some would return even after a temperature drop of only9
1.8EF (Marcy 2004a (1976a)).  There was no indication that the fish that inhabited the discharge10
canal during the warmer seasons suffered any mortality due to increased water temperatures11
(Marcy 2004a (1976a)).  Fish were able to leave the area as temperatures approached their12
upper limits of tolerance.  However, some species such as pumpkinseed, white perch, golden13
shiner, white catfish (Ameiurus catus), and brown bullhead (A. nebulosus) were collected in the14
discharge canal at a temperature of 104EF, while the common carp and spottail shiner were15
collected at a maximum canal temperature of 102.6EF (Marcy 2004a (1976a)).16

17
For the initial 316 demonstration (Aquatec 1978), brown trout (Salmo trutta) were held in live18
cages in the VYNPS discharge plume.  All of the fish were able to survive 10 days of rapidly and19
widely fluctuating temperatures of 15EF or more within 10 minutes when ambient temperatures20
did not exceed 60EF, which is generally the temperature that occurs in the October 15 to21
May 15 period when VYNPS operates in an open cycle.  American eels can survive short-term22
thermal shocks, as demonstrated by individuals having apparently survived elevated23
Connecticut Yankee discharge channel temperatures of 104EF (American Eel Plan24
Development Team 2000). 25

26
Near the VYNPS discharge, heated effluent during the warmer summer months is about 80 to27
90EF, with a very infrequent worst-case maximum of around 100EF (Normandeau 2004). 28
Table 4-5 summarizes thermal preferences and tolerances for several of the more common29
warmwater species that are resident in the VYNPS area.30

31
The NRC staff has determined that the potential for heat shock during the renewal term is32
unlikely because of the design, location, and operation of VYNPS.  The station discharges via a33
shoreline surface discharge to the Connecticut River, a relatively large body of water.  Vernon34
Pool contains sufficient thermal refugia for fish even during the late summer or early fall when35
there is high ambient river water temperatures.  Station operation historically has resulted in a36
gradual increase in cooling water discharge temperatures during power ascension, thereby37
avoiding a rapid and possibly lethal increase in water temperatures.  Similar operating38
procedures are expected during the renewal term.  Finally, heat shock has not been a problem39
historically at VYNPS.  No instances of heat shock-related mortality to fish in Vernon Pool have40
been reported during the past years of commercial operation.  Again, it is unlikely that heat41
shock-related mortalities would occur during the renewal term.  Therefore, the NRC staff has 42
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Table 4-5.  Thermal Preferences and Tolerances of Warmwater1
Species That Occur in the VYNPS Area2

3

Species4
Thermal

Preference
Spawning

Temperature

Upper
Tolerance

Limit
Common carp5
(Cyprinus carpio)6

68EF 65-68EF 96EF

White sucker7
(Catostomus commersoni)8

57EF 50EF 82EF

Bluegill9
(Lepomis macrochirus)10

60-80EF 67EF 92.8EF

Pumpkinseed11
(Lepomis gibbosus)12

60-80EF 68EF 95EF

Largemouth bass13
(Micropterus salmoides)14

79-81EF 66EF 90.5EF

Smallmouth bass15
(Micropterus dolomieu)16

68-0EF 62EF 90.5EF

Walleye17
(Sander vitreus)18

77EF 50EF 84EF

Yellow perch19
(Perca flavescens)20

63EF 45-50EF 91.4EF

Sources:  AEC 1972; Marcy 2004a (1976a)21
22

determined that the impact related to heat shock to fish and shellfish during the renewal term23
would be SMALL and no additional mitigation is warranted.24

25
4.1.5 Microbiological Organisms (Public Health)26

27
The effects of microbiological organisms on human health are listed as a Category 2 issue and28
require plant-specific evaluation before license renewal for those plants with closed-cycle29
cooling on a small river.  The average annual flow of the Connecticut River near the VYNPS site30
is 3.3 × 1011 ft3/yr (Entergy 2006a), which is less than the 3.15 x 1012 ft3/yr threshold value31
specified in 10 CFR 51.53(c)(3)(ii)(G) for thermal discharge to a small river.  Hence, the NRC32
staff considers the Connecticut River to be a small river, and the effects of its discharge on33
microbiological organisms must be addressed for VYNPS.34

35
The Category 2 designation is based on the magnitude of the potential public-health impacts36
associated with thermal enhancement of the enteric pathogens Salmonella spp. and Shigella37
spp., the Pseudomonas aeruginosa bacterium, thermophilic fungi, Legionella spp. bacteria, and38
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pathogenic strains of the free-living amoebae Naegleria and Acanthamoeba spp. (NRC 1999). 1
Thermophilic microorganisms can have optimum growth at temperatures of 122EF or more, a2
maximum temperature tolerance of up to 158EF, and a minimum tolerance of about 68EF3
(Deacon 2003).  However, thermal preferences and tolerances differ among the various4
microorganisms and environmental conditions.  P. aeruginosa has an optimum temperature for5
growth of 98.6EF and can tolerate a temperature as high as 107.6EF (Todar 2004).  A water6
temperature range of 90 to 105EF provides ideal conditions for Legionella spp. bacterial growth7
(CDC 2005).  Salmonella spp. can thrive at temperatures between 40 and 140EF (Kendall8
2006).  Populations of the pathogenic amoeba Naegleria fowleri can be enhanced in thermally9
altered water bodies at temperatures ranging from 95 to 106EF or higher, but this organisms is10
rarely found in water cooler than 95EF, as indicated by studies reviewed and coordinated by11
Tyndall et al. (1989).12

13
No public swimming areas occur in the Connecticut River between Brattleboro and Vernon, and14
the incidence of swimming and diving activities near VYNPS is low (Entergy 2006a). 15
Recreational uses near the plant include fishing and boating.  Entergy employees and16
contractors also perform sampling in the river.  These activities create a potential for human17
exposure to microbiological organisms.  The ambient temperatures of the Connecticut River18
near the VYNPS site vary from near freezing (approximately 32EF) in the winter to a maximum19
84EF in the summer (Entergy 2006a).  Between 1998 to 2002, ambient river temperatures never20
exceed 80EF (Normandeau 2004).  Therefore, ambient river conditions are not likely to support21
the proliferation of pathogenic organisms of concern.  As discussed in Section 4.1.4, average22
summer temperatures at the downstream monitoring station do not average more than 2EF23
above ambient.  In addition, water temperatures at the downstream monitoring station are not to24
exceed 85EF (Entergy 2006b).  Based the small area of maximum water temperatures near the25
point of discharge (80 to 90EF, with an infrequent worst-case of 100EF (Normandeau 2004)),26
coupled with the dilution provided by the Connecticut River, thermophilic27
microorganisms are not expected to cause any appreciable public health risk.  No reported28
cases of Naegleria fowleri or amoebic meningoencephalitis or other water-borne illnesses have29
been reported in the vicinity of VYNPS (Entergy 2006a).30

31
Based on the evaluation presented above, thermophilic microbiological organisms are not likely32
to occur as a result of VYNPS discharges to the Connecticut River.  The NRC staff concludes33
that impacts on public health from thermophilic microbiological organisms from continued34
operation of VYNPS during the license renewal period would be SMALL, and no additional35
mitigation is warranted.36

37

4.2 Transmission Lines38
39

The Final Environmental Statement (FES) for VYNPS (AEC 1972) describes two transmission40
lines that were built to connect VYNPS with the transmission system.  The transmission lines,41
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as well as their ownership and responsibilities for their maintenance, are described in1
Section 2.1.7 of this Supplemental Environmental Impact Statement (SEIS).  The 2-mi-long2
Chestnut Hill 115-kV transmission line connects to the Vermont-New Hampshire transmission3
grid, while the 50-mi-long Coolidge 345-kV transmission line connects to the New England4
transmission grid (AEC 1972).  The Chestnut Hill line has a 300-ft right-of-way, and the5
Coolidge line has a 200-ft right-of-way.6

7
Vegetation control along the Coolidge and Chestnut Hill transmission lines in Vermont is8
accomplished through the use of hand-applied herbicides and mechanical clearing.  Procedures9
are in place to ensure that vegetation management along rights-of-way is carried out in a10
manner to protect local water bodies and aquatic organisms that could be adversely impacted11
from herbicide application in the immediate vicinity of stream and river crossings.  Herbicides12
that are used comply with Federal and State regulations and are applied by licensed13
applicators.  No herbicides are used in maintaining the right-of-way of the Chestnut Hill14
transmission line in New Hampshire. 15

16
Category 1 issues in 10 CFR Part 51, Subpart A, Appendix B, Table B-1, that are applicable to17
VYNPS transmission lines are listed in Table 4-6.  Entergy stated in its ER that it is not aware of18

19
Table 4-6.  Category 1 Issues Applicable to the VYNPS Transmission Lines During20

the Renewal Term21
22

ISSUE–10 CFR Part 51, Subpart A, Appendix B, Table B-123 GEIS Sections

TERRESTRIAL RESOURCES24

Power line right-of-way management (cutting and herbicide application)25 4.5.6.1

Bird collisions with power lines26 4.5.6.2

Impacts of electromagnetic fields on flora and fauna (plants, agricultural crops,27
honeybees, wildlife, livestock)28

4.5.6.3

Floodplains and wetlands on power line right-of-way29 4.5.7

AIR QUALITY30

Air quality effects of transmission lines31 4.5.2

LAND USE32

Onsite land use33 4.5.3

Power line rights-of-way34 4.5.3
35

any new and significant information associated with the renewal of the VYNPS operating license36
(OL) (Entergy 2006a).  The NRC staff has not identified any new and significant information37
during its independent review of the Entergy ER, the site visit, the scoping process, or its38
evaluation of other information.  Therefore, the NRC staff concludes that there would be no39
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impacts related to these issues beyond those discussed in the GEIS (NRC 1999).  For all of1
those issues, the NRC staff concluded in the GEIS that the impacts are SMALL, and additional2
plant-specific mitigation measures are not likely to be sufficiently beneficial to warrant3
implementation.4

5
A brief description of the NRC staff’s review and GEIS conclusions, as codified in Table B-1, for6
each of these issues follows:7

8
C Power line right-of-way management (cutting and herbicide application).  Based on9

information in the GEIS, the Commission found that10
11

The impacts of right-of-way maintenance on wildlife are expected to be of12
small significance at all sites.13

14
The NRC staff has not identified any new and significant information during its15
independent review of the Entergy ER, the site visit, the scoping process, consultation16
with the U.S. Fish and Wildlife Service (FWS) and the Vermont Agency of Natural17
Resources (VANR), or its evaluation of other information.  Therefore, the NRC staff18
concludes that there would be no impacts of power line right-of-way maintenance during19
the renewal term beyond those discussed in the GEIS.20

21
C Bird collisions with power lines.  Based on information in the GEIS, the Commission22

found that23
24

Impacts are expected to be of SMALL significance at all sites.25
26

The NRC staff has not identified any new and significant information during its27
independent review of the Entergy ER, the site visit, the scoping process, consultation28
with the FWS and VANR, or its evaluation of other information.  Therefore, the NRC staff29
concludes that there would be no impacts of bird collisions with power lines during the30
renewal term beyond those discussed in the GEIS.31

32
C Impacts of electromagnetic fields on flora and fauna (plants, agricultural crops,33

honeybees, wildlife, livestock).  Based on information in the GEIS, the Commission34
found that35

36
No significant impacts of electromagnetic fields on terrestrial flora and fauna37
have been identified.  Such effects are not expected to be a problem during38
the license renewal term.39

40
The NRC staff has not identified any new and significant information during its41
independent review of the Entergy ER, the site visit, the scoping process, or its42
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evaluation of other information and public comments on the draft SEIS.  Therefore, the1
NRC staff concludes that there would be no impacts of electromagnetic fields on flora2
and fauna during the renewal term beyond those discussed in the GEIS.3

4
C Floodplains and wetlands on power line rights-of-way.  Based on information in the5

GEIS, the Commission found that6
7
8

Periodic vegetation control is necessary in forested wetlands underneath9
power lines and can be achieved with minimal damage to the wetlands.  No10
significant impact is expected at any nuclear power plant during the license11
renewal term.12

13
The NRC staff has not identified any new and significant information during its14
independent review of the Entergy ER, the site visit, the scoping process, consultation15
with the FWS and VANR, or and its evaluation of other information.  Therefore, the NRC16
staff concludes that there would be no impacts of power line rights-of-way on floodplains17
and wetlands during the renewal term beyond those discussed in the GEIS.18

19
C Air quality effects of transmission lines.  Based on the information in the GEIS, the20

Commission found that21
22

Production of ozone and oxides of nitrogen is insignificant and does not23
contribute measurably to ambient levels of these gases.24

25
The NRC staff has not identified any new and significant information during its26
independent review of the Entergy ER, the site visit, the scoping process, or its27
evaluation of other information.  Therefore, the NRC staff concludes that there would be28
no air quality impacts of transmission lines during the renewal term beyond those29
discussed in the GEIS.30

31
C Onsite land use.  Based on the information in the GEIS, the Commission found that32

33
Projected onsite land use changes required during … the renewal period34
would be a small fraction of any nuclear power plant site and would involve35
land that is controlled by the applicant.36

37
The NRC staff has not identified any new and significant information during its38
independent review of the Entergy ER, the site visit, the scoping process, or its39
evaluation of other information.  Therefore, the NRC staff concludes that there would be40
no onsite land-use impacts during the renewal term beyond those discussed in the41
GEIS.42
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C Power line rights-of-way.  Based on information in the GEIS, the Commission found1
that2

3
Ongoing use of power line rights-of-way would continue with no change in4
restrictions.  The effects of these restrictions are of small significance.5

6
The NRC staff has not identified any new and significant information during its7
independent review of the  ER, the site visit, the scoping process, or its evaluation of8
other information.  Therefore, the NRC staff concludes that there would be no impacts of9
power line rights-of-way on land use during the renewal term beyond those discussed in10
the GEIS.11

12
There is one Category 2 issue related to transmission lines, and another issue related to13
transmission lines is being treated as a Category 2 issue.  These issues are listed in Table 4-714
and are discussed in Sections 4.2.1 and 4.2.2.15

16
4.2.1 Electromagnetic Fields – Acute Effects17

18
Based on the GEIS, the Commission found that electric shock resulting from direct access to19
energized conductors or from induced charges in metallic structures has not been found to be a20
problem at most operating plants and generally is not expected to be a problem during the21
license renewal term.  However, site-specific review is required to determine the significance of22
the electric shock potential along the portions of the transmission lines that are within the scope23
of this SEIS. 24

25
Table 4-7. Category 2 and Uncategorized Issues Applicable to the VYNPS Transmission26

Lines During the Renewal Term27
28

ISSUE–10 CFR Part 51, Subpart A,29
Appendix B, Table B-130

GEIS
Sections

10 CFR 51.53(c)(3)(ii)
Subparagraph

SEIS
Section

HUMAN HEALTH31

Electromagnetic fields, acute effects32
(electric shock)33

4.5.4.1 H 4.2.1

Electromagnetic fields, chronic effects34 4.5.4.2 NA(a) 4.2.2
(a) Not addressed.35

36
In the GEIS (NRC 1996), the NRC staff found that without a review of the conformance of each37
nuclear plant transmission line with National Electrical Safety Code (NESC) (IEEE 2002)38
criteria, it was not possible to determine the significance of the electric shock potential. 39
Evaluation of individual plant transmission lines is necessary because the issue of electric40
shock safety was not addressed in the licensing process for some plants.  For other plants, land41
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use in the vicinity of transmission lines may have changed, or power distribution companies may1
have chosen to upgrade line voltage.  To comply with 10 CFR 51.53(c)(3)(ii)(H), the applicant2
must provide an assessment of the impact of the proposed action on the potential shock hazard3
from the transmission lines if the transmission lines that were constructed for the specific4
purpose of connecting the plant to the transmission system do not meet the recommendations5
of the NESC for preventing electric shock from induced currents.6

7
Both transmission lines associated with VYNPS were constructed in accordance with NESC and8
industry guidance in effect at that time.  The transmission facilities are maintained to ensure9
continued compliance with current standards.  Since the lines were constructed, a new criterion10
has been added to the NESC for power lines with voltages exceeding 98 kV.  This criterion11
states that the minimum clearance for a line must limit induced currents due to static effects to12
5 mA.13

14
Entergy (2006a) has reviewed the transmission lines for compliance with this criterion.  Vermont15
Electric Power Company, Inc. (VELCO) indicated that the Coolidge line has not operated in16
excess of 212EF, which is within its original design specifications which assumed an eventual17
345-kV line, and that the line meets the current NESC clearance standards (Entergy 2006c). 18
Northeast Utilities indicated that the Chestnut Hill line also only operates within its design limits19
and meets current NESC clearance standards (Entergy 2006c).  No induced shock hazard to20
the public should occur, since the lines are operating within original design specifications and21
meet current NESC clearance standards.22

23
The NRC staff has reviewed the available information, including the applicant’s evaluation and24
computational results.  Based on this information, the NRC staff evaluated the potential impacts25
for electric shock resulting from operation of VYNPS and its associated transmission lines.  It is26
the NRC staff’s conclusion that the potential impacts from electric shock during the renewal27
period would be SMALL and no additional mitigation is warranted.28

29
4.2.2 Electromagnetic Fields – Chronic Effects30

31
In the GEIS, the chronic effects of 60-Hz electromagnetic fields from power lines were not32
designated as Category 1 or 2, and will not be until a scientific consensus is reached on the33
health implications of these fields.34

35
The potential for chronic effects from these fields continues to be studied and is not known at36
this time.  The National Institute of Environmental Health Sciences (NIEHS) directs related37
research through the U.S. Department of Energy (DOE).  The report by NIEHS (1999) contains38
the following conclusion:39

40
The NIEHS concludes that ELF-EMF (extremely low frequency-electromagnetic field)41
exposure cannot be recognized as entirely safe because of weak scientific evidence that42
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exposure may pose a leukemia hazard.  In our opinion, this finding is insufficient to1
warrant aggressive regulatory concern.  However, because virtually everyone in the2
United States uses electricity and therefore is routinely exposed to ELF-EMF, passive3
regulatory action is warranted such as continued emphasis on educating both the public4
and the regulated community on means aimed at reducing exposures.  The NIEHS does5
not believe that other cancers or noncancer health outcomes provide sufficient evidence6
of a risk to currently warrant concern.7

8
This statement is not sufficient to cause the NRC staff to change its position with respect to the9
chronic effects of electromagnetic fields.  The NRC staff considers the GEIS finding of “Not10
Applicable” still appropriate and will continue to follow developments on this issue.11

12

4.3 Radiological Impacts of Normal Operations13
14

Category 1 issues in 10 CFR Part 51, Subpart A, Appendix B, Table B-1, that are applicable to15
VYNPS in regard to radiological impacts are listed in Table 4-8.  Entergy stated in its ER16
(Entergy 2006a) that it is not aware of any new and significant information associated with the17
renewal of the VYNPS OL.  The extended power uprate that took place in early 2006 and the18
construction of the new dry fuel storage facility, which is expected to be completed in 2006,19
have been considered by the NRC in its evaluation of the radiological impacts, and the impacts20
have been determined to be within the envelope established in the GEIS.  The NRC staff has21
not identified any new and significant information during its independent review of the ER, the22
site visit, the scoping process, or the evaluation of other available information.  Therefore, the23
NRC staff concludes that there would be no impacts related to these issues beyond those 24
discussed in the GEIS.  For these issues, the NRC staff concluded in the GEIS that the impacts25
are SMALL and that additional plant-specific mitigation measures are not likely to be sufficiently26
beneficial to warrant implementation.27

28
Table 4-8. Category 1 Issues Applicable to Radiological Impacts of Normal Operations29

During the Renewal Term30
31

ISSUE–10 CFR Part 51, Subpart A, Appendix B, Table B-132 GEIS Sections

HUMAN HEALTH33

Radiation exposures to public (license renewal term)34 4.6.2

Occupational radiation exposures (license renewal term)35 4.6.3
36
37
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A brief description of the NRC staff’s review and the GEIS conclusions, as codified in Table B-1,1
for each of these issues follows:2

3
C Radiation exposures to the public (license renewal term).  Based on information in4

the GEIS, the Commission found that5
6

Radiation doses to the public will continue at current levels associated with7
normal operations.8

9
The NRC staff has not identified any new and significant information during its10
independent review of the Entergy ER, the site visit, the scoping process, or the11
evaluation of other available information.  Therefore, the NRC staff concludes that there12
would be no impacts of radiation exposures to the public during the renewal term beyond13
those discussed in the GEIS.14

15
C Occupational radiation exposures (license renewal term).  Based on information in16

the GEIS, the Commission found that17
18

Projected maximum occupational doses during the license renewal term are19
within the range of doses experienced during normal operations and normal20
maintenance outages, and would be well below regulatory limits.21

22
The NRC staff has not identified any new and significant information during its23
independent review of the Entergy ER, the site visit, the scoping process, or the24
evaluation of other available information.  Therefore, the NRC staff concludes that there25
would be no impacts of occupational radiation exposures during the renewal term26
beyond those discussed in the GEIS.27

28
There are no Category 2 issues related to radiological impacts of routine operations.29

30

4.4 Socioeconomic Impacts of Plant Operations During31

the License Renewal Period32
33

Category 1 issues in 10 CFR Part 51, Subpart A, Appendix B, Table B-1, that are applicable to34
socioeconomic impacts during the renewal term are listed in Table 4-9.  Entergy stated in its ER35
(Entergy 2006a) that it is not aware of any new and significant information associated with the36
renewal of the VYNPS OL.  The staff has not identified any new and significant information37
during its independent review of the Entergy ER, the staff's site visit, the scoping process, or its38
evaluation of other available information.  Therefore, the staff concludes that there are no39
impacts related to these issues beyond those discussed in the GEIS (NRC 1996).  For these 40
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 1
Table 4-9.  Category 1 Issues Applicable to Socioeconomics During the Renewal Term2

3
ISSUE—10 CFR Part 51, Subpart A, Appendix B, Table B-14 GEIS Sections

SOCIOECONOMICS5

Public services:  public safety, social services, and tourism and recreation6 4.7.3; 4.7.3.3; 4.7.3.4;
4.7.3.6

Public services:  education (license renewal term)7 4.7.3.1

Aesthetic impacts (license renewal term)8 4.7.6

Aesthetic impacts of transmission lines (license renewal term)9 4.5.8
10

issues, the staff concluded in the GEIS that the impacts are SMALL and additional plant-specific11
mitigation measures are not likely to be sufficiently beneficial to warrant implementation.12

13
A brief description of the staff’s review and the GEIS conclusions, as codified in Table B-1, for14
each of these issues follows:15

16
C Public services:  public safety, social services, and tourism and recreation.  Based17

on information in the GEIS, the Commission found that18
19

Impacts to public safety, social services, and tourism and recreation are20
expected to be of small significance at all sites.21

22
The NRC staff has not identified any new and significant information during its23
independent review of the Entergy ER, the staff’s site visit, the scoping process, or the24
evaluation of other available information.  Therefore, the NRC staff concludes that there25
are no impacts on public safety, social services, and tourism and recreation during the26
renewal term beyond those discussed in the GEIS.27

28
C Public services:  education (license renewal term).  Based on information in the29

GEIS, the Commission found that30
31

Only impacts of small significance are expected.32
33

The NRC staff has not identified any new and significant information during its34
independent review of the Entergy ER, the site visit, the scoping process, or the35
evaluation of other available information.  Therefore, the NRC staff concludes that there36
are no impacts on education during the renewal term beyond those discussed in the37
GEIS.38

39



Environmental Impacts of Operation

Draft NUREG-1437, Supplement 30 4-32 December 2006

C Aesthetic impacts (license renewal term).  Based on information in the GEIS, the1
Commission found that2

3
No significant impacts are expected during the license renewal term.4

5
The NRC staff has not identified any new and significant information during its6
independent review of the Entergy ER, the site visit, the scoping process, or the7
evaluation of other available information.  Therefore, the NRC staff concludes that there8
would be no aesthetic impacts during the renewal term beyond those discussed in the9
GEIS.10

11
C Aesthetic impacts of transmission lines (license renewal term).  Based on information12

in the GEIS, the Commission found that13
14

No significant impacts are expected during the license renewal term.15
16

The NRC staff has not identified any new and significant information during its17
independent review of the Entergy ER, the site visit, the scoping process, or the18
evaluation of other available information.  Therefore, the NRC staff concludes that there19
would be no aesthetic impacts of transmission lines during the renewal term beyond20
those discussed in the GEIS.21

22
Table 4-10 lists the Category 2 socioeconomic issues, which require plant-specific analysis, and23
environmental justice, which was not addressed in the GEIS.24

25
Table 4-10.  Environmental Justice and GEIS Category 2 Issues Applicable to26

Socioeconomics During the Renewal Term27
28

ISSUE—10 CFR Part 51, Subpart A,29
Appendix B, Table B-130 GEIS Sections

10 CFR 51.53(c)(3)(ii)
Subparagraph SEIS Section

SOCIOECONOMICS31

Housing impacts32 4.7.1 I 4.4.1

Public services:  public utilities33 4.7.3.5 I 4.4.2

Offsite land use (license renewal term)34 4.7.4 I 4.4.3

Public services, transportation35 4.7.3.2 J 4.4.4

Historic and archaeological resources36 4.7.7 K 4.4.5

Environmental Justice37 Not addressed(a) Not addressed(a) 4.4.6
(a) Guidance related to environmental justice was not in place at the time the GEIS and the associated revision to38

10 CFR Part 51 were prepared.  Therefore, environmental justice must be addressed in the NRC staff’s SEIS.39
40
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4.4.1 Housing Impacts During Operations1
2

In determining housing impacts, the applicant chose to follow Appendix C of the GEIS3
(NRC 1996), which presents a population characterization method that is based on two factors,4
“sparseness” and “proximity” (GEIS Section C.1.4 (NRC 1996)).  Sparseness measures 5
population density within 20 mi of the site, and proximity measures population density and city6
size within 50 mi.  Each factor has categories of density and size (GEIS Table C.1), and a7
matrix is used to rank the population category as low, medium, or high (GEIS Figure C.1).8

9
In 2000, there were 153,409 people living within 20 mi of VYNPS, for a density of10
122 persons/mi2.  This density translates to Category 4 (least sparse), using the GEIS measure11
of sparseness (Entergy 2006a).  At the same time, there were 1,513,282 persons living within12
50 mi of the plant, for a density of 193 persons/mi2.  The NRC sparseness and proximity matrix13
assigns a Category 4 rating (high density) for this measure as well.  There are no growth14
controls that would limit housing development in this area (Entergy 2006a).15

16
10 CFR Part 51, Subpart A, Appendix B, Table B-1, states that impacts on housing availability17
are expected to be of small significance at plants located in a high-population area where18
growth-control measures are not in effect.  The VYNPS site is located in a high-population area,19
and Windham County, Cheshire County, and Franklin County are not subject to growth-control20
measures that would limit housing development.  Based on the NRC criteria, Entergy expects21
housing impacts to be SMALL during continued operations (Entergy 2006a).22

23
SMALL impacts result when no discernible change in housing availability occurs, changes in24
rental rates and housing values are similar to those occurring State-wide, and no housing25
construction or conversion is required to meet new demand (NRC 1996).  The GEIS assumes26
that an additional staff of 60 permanent workers might be needed during the license renewal27
period to perform routine maintenance and other activities.28

29
The housing vacancy rate in 2000 was 32.0 percent in Windham County, 11.2 percent in30
Cheshire County, and 7.7 percent in Franklin County.  If these vacancy rates continue, small31
increases in the number of workers at the plant during the license renewal period would mean32
no new housing construction would be required.33

34
The NRC staff reviewed the available information relative to housing impacts and Entergy’s35
conclusions.  Based on this review, the NRC staff concludes that the impact on housing during36
the license renewal period would be SMALL and no additional mitigation is warranted.37

38
4.4.2 Public Services:  Public Utility Impacts During Operations39

40
Impacts on public utility services are considered SMALL if there is little or no change in the41
ability of the system to respond to the level of demand, thus there is no need to add capital42
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facilities.  Impacts are considered MODERATE if overtaxing of service capabilities occurs during1
periods of peak demand.  Impacts are considered LARGE if existing levels of service (e.g.,2
water or sewer services) are substantially degraded and additional capacity is needed to meet3
ongoing demands for services.  The GEIS indicates that, in the absence of new and significant4
information to the contrary, the only impacts on public utilities that could be significant are5
impacts on public water supplies (NRC 1996).6

7
Analysis of impacts on the public water supply system considered both plant demand and plant-8
related population growth.  Section 2.2.2 describes the VYNPS-permitted withdrawal rate and9
actual use of water.10

11
The NRC staff has reviewed the available information, including permitted and actual water-use12
rates at VYNPS, water supply capacities for the major water supply systems in Windham13
County, Cheshire County, and Franklin County, and expected population growth.  Based on this14
information, the NRC staff concludes that the potential impacts of VYNPS operation during the15
license renewal period would be SMALL.  During the course of its evaluation, the NRC staff16
considered mitigation measures for continued operation of VYNPS.  Based on this evaluation,17
the staff determined that mitigation measures in place at VYNPS are appropriate and no18
additional mitigation is warranted.19

20
4.4.3 Offsite Land Use During Operations21

22
Offsite land use during the license renewal term is a Category 2 issue (10 CFR Part 51, Subpart23
A, Appendix B, Table B-1).  Table B-1 of 10 CFR Part 51, Subpart A, Appendix B, notes that24
“significant changes in land use may be associated with population and tax revenue changes25
resulting from license renewal.”26

27
Section 4.7.4 of the GEIS defines the magnitude of land-use changes as a result of plant28
operation during the license renewal term as follows:29

30
SMALL – Little new development and minimal changes to an area’s land-use pattern.31

32
MODERATE – Considerable new development and some changes to the land-use pattern.33

34
LARGE – Large-scale new development and major changes in the land-use pattern.35

36
Tax revenue can affect land use because it enables local jurisdictions to provide the public37
services (e.g., transportation and utilities) necessary to support development.  Section 4.7.4.1 of38
the GEIS states that the assessment of tax-driven land-use impacts during the license renewal39
term should consider (1) the size of the plant’s payments relative to the community’s total40
revenues, (2) the nature of the community’s existing land-use pattern, and (3) the extent to41
which the community already has public services in place to support and guide development.  If42
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the plant’s tax payments are projected to be small relative to the community’s total revenue, tax-1
driven land-use changes during the plant’s license renewal term would be SMALL, especially2
where the community has pre-established patterns of development and has provided adequate3
public services to support and guide development.  Section 4.7.2.1 of the GEIS states that if tax4
payments by the plant owner are less than 10 percent of the taxing jurisdiction’s revenue, the5
significance level would be SMALL.  If the plant’s tax payments are projected to be medium to6
large relative to the community’s total revenue, new tax-driven land-use changes would be7
MODERATE.  If the plant’s tax payments are projected to be a dominant source of the8
community’s total revenue, new tax-driven land-use changes would be LARGE.  This would be9
especially true where the community has no pre-established pattern of development or has not10
provided adequate public services to support and guide development.11

12
Property taxes are paid by VYNPS to the town of Vernon and the Entergy corporate office13
facility in Brattleboro to Brattleboro Township.  Property taxes paid by VYNPS to the town of14
Vernon approximate 65 percent (about $1.2 million in 2005 dollars) of total township tax15
revenue, which is utilized for police, fire, public works, roads, and other town services. 16
Entergy’s State Electric Generation Education Tax payment covers approximately a third of the17
Vernon School District’s budget.  In contrast, only 1 percent (about $0.2 million in 2005 dollars)18
of Brattleboro Township revenues, on average, over the period 2003 to 2005 came from19
Entergy.  Revenues from VYNPS, the Entergy facility and electricity generation taxes levied by20
the State constitute less than 1 percent of total State revenues in 2005.  These payments21
represent a significant, positive impact on the condition of Vernon, while a small, positive impact22
on the fiscal conditions of the township and State.23

24
Because no refurbishment or new construction activities are associated with the license25
renewal, no additional sources of plant-related tax payments are expected that could further26
influence land use in the town, township, or State.  The continued collection of property taxes27
from VYNPS will result in moderate indirect tax-driven land-use pattern changes through lower28
local property taxes and the current level of public infrastructure and services (Entergy 2006a). 29
This source of revenue allows the town and local school district to keep tax rates below the30
levels they would otherwise have in order to fund the higher levels of public infrastructure and31
services and educational facilities and staffing.32

33
Windham County’s average annual population growth rate between the 2000 and 200334
censuses was 0.1 percent, while Cheshire County’s rate was 0.9 percent, and Franklin County’s35
rate was 0.3 percent (Section 2.2.8.3).  These three counties are rural with growing areas of36
recreational development.  The GEIS assumes that an additional 60 permanent workers might37
be needed during the license renewal period to perform routine maintenance and other38
activities; thus, land-use changes from VYNPS population-related growth would be negligible. 39
The town of Vernon did approve the 2003 Town Plan, which outlines the community’s plan for40
future growth and development (Entergy 2006a); land use has changed little over the last 20 to41
30 years.  All three counties are members of regional planning commissions. 42
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No major plant refurbishment or construction activities have been identified as necessary to1
support the continued operation of the VYNPS beyond the end of the existing operating license2
term (Entergy 2006a).  Because it is anticipated there will be no increase in the assessed value3
of VYNPS due to refurbishment-related improvements or normal maintenance, annual property4
taxes from VYNPS to the town of Vernon and Brattleboro Township might remain relatively5
constant throughout the license renewal period.  Since utility restructuring legislation has not6
been enacted in Vermont, the long-term impact of any such changes in the electricity industry in7
the State on VYNPS is difficult to predict.  Any changes to the VYNPS tax rates due to the8
restructuring would be independent of license renewal.9

10
VYNPS will continue to be a significant source of tax revenue for the town of Vernon.  However,11
despite having this significant income source since plant construction in the early 1970s, Vernon12
has not nor expects to experience large land use changes.  VYNPS environs continue to remain13
largely rural, and annual population growth rates for the three-county region have recently14
averaged between 0.1 to 0.9 percent (Entergy 2006a).  The criteria in the GElS (Section15
C.4.1.5.2), results in the assignment of an impact level of MODERATE when tax levels are16
greater than 10 percent.  However, the case study assumed a certain level of refurbishment.  As17
no major refurbishment activities are planned at Vermont Yankee to support license renewal, no18
new sources of plant-related tax payments are expected that could significantly affect land use19
in the three-county region.  Based on the aforementioned information derived from the20
applicant, the NRC staff’s site visit, the scoping process, discussions with Vernon officials and21
regional land-use planning agency personnel, and other public sources, the staff concluded that22
tax-related land-use impacts are likely to be SMALL and no additional mitigation is warranted. 23

24
4.4.4 Public Services:  Transportation Impacts During Operations25

26
Table B-1, 10 CFR Part 51, states:  “Transportation impacts (level of service) of highway traffic27
generated ... during the term of the renewed license are generally expected to be of small28
significance.  However, the increase in traffic associated with additional workers and the local29
road and traffic control conditions may lead to impacts of moderate or large significance at30
some sites.”  All applicants are required by 10 CFR 51.53(c)(3)(ii)(J) to assess the impacts of31
highway traffic generated by the proposed project on the level of service of local highways32
during the term of the renewed license.33

34
Given the small number of additional workers required during the renewal period, there would35
be no significant additional impacts to the transportation network in the vicinity of the VYNPS36
site.  Therefore, the staff concluded that transportation impacts during operation are likely to be37
SMALL and no additional mitigation is warranted.38
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4.4.5 Historic and Archaeological Resources 1
2

The National Historic Preservation Act (NHPA) requires that Federal agencies take into account3
the effects of their undertakings on historic properties.  The historic preservation review process4
mandated by Section 106 of the NHPA is outlined in regulations issued by the Advisory Council5
on Historic Preservation at 36 CFR Part 800.  Renewal of an OL is an undertaking that could6
potentially affect historic properties.  Therefore, according to the NHPA, the NRC is to make a7
reasonable effort to identify historic properties in the areas of potential effects.  If no historic8
properties are present or affected, the NRC is required to notify the State Historic Preservation9
Office (SHPO) before proceeding.  If it is determined that historic properties are present, the10
NRC is required to assess and resolve possible adverse effects of the undertaking.11

12
Entergy contacted the Vermont SHPO on September 15, 2005, regarding preparation of its13
application for license renewal (Entergy 2006a).  The NRC contacted the Vermont SHPO and14
the Advisory Council on Historic Preservation on May 8, 2006, and the appropriate Federally15
recognized Native American Tribes in the region on May 10, 2006.  These letters are available16
in Appendix E.17

18
A search of the Vermont SHPO files for the region around the VYNPS shows that the region is19
highly sensitive for archaeological remains.  While no prehistoric archaeological sites have been20
identified on the VYNPS property, the Governor Hunt House is a historically significant property21
owned and managed by the plant operator.  The area around the house has the potential to22
contain buried remains associated with the Governor Hunt House.  Additionally, the VYNPS23
property is located on the floodplain of the Connecticut River, which has the potential to contain24
deeply buried archaeological deposits.25

26
Continued operation of VYNPS would likely protect any archaeological sites present within the27
VYNPS site boundary by protecting those lands from development and providing secured28
access.  However, because there is the potential for cultural resources to be present at the site,29
the applicant should take care during normal operations and maintenance activities related to30
operations not to inadvertently affect cultural resources.  To avoid such adverse impacts,31
environmental review procedures have been put in place at VYNPS regarding undertakings that32
involve land disturbing activities in undisturbed surface and subsurface areas as well as33
modifications to historic structures (i.e., Governor Hunt House).  These procedures include34
contacting the SHPO to establish the actions necessary to protect known or as of yet35
undiscovered cultural resources before an action is allowed to occur. 36

37
The archaeological site in close proximity to the Coolidge transmission line has the potential to38
be impacted by right-of-way maintenance activities.  However, the site’s location adjacent to a 39
river makes any impacts to the site unlikely.  VELCO’s procedures consider minimization of40
erosion and bank destabilization along rivers and wetlands, which could further protect the site.  41
These procedures would likely protect the archaeological site from impact.  Similarly, the areas42
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sensitive for archaeological remains along the Chestnut Hill line are along waterways, which are1
protected by current maintenance procedures, thereby minimizing the potential for impacts to2
previously unidentified archaeological remains.      3

4
Based on this analysis of cultural resources, the NRC staff concludes that the impact of license5
renewal would be SMALL and that further mitigation is not necessary.  While the area is highly6
sensitive for cultural resources and a historic property is on the VYNPS site (i.e., Governor Hunt7
House), the procedures are adequate to protect cultural resources at the plant.  Therefore, daily8
operations at the VYNPS during the license renewal period would likely have a SMALL impact9
on cultural resources.  The potential for impacts to cultural resources along the transmission10
lines is considered SMALL.11

12
4.4.6 Environmental Justice13

14
Environmental justice refers to a Federal policy that requires that Federal agencies identify and15
address, as appropriate, disproportionately high and adverse human health or environmental16
effects of its actions on minority(a) or low-income populations.  The memorandum accompanying17
Executive Order 12898 (59 FR 7629) directs Federal executive agencies to consider18
environmental justice under the National Environmental Policy Act of 1969 (NEPA).  The19
Council on Environmental Quality (CEQ) has provided guidance for addressing environmental20
justice (CEQ 1997).  Although the Executive Order is not mandatory for independent agencies,21
the NRC has voluntarily committed to undertake environmental justice reviews.  Specific22
guidance is provided in NRC Office of Nuclear Reactor Regulation Office Instruction LIC-203,23
Procedural Guidance for Preparing Environmental Assessments and Considering24
Environmental Issues Rev. 1 (NRC 2004a).  In 2004, the Commission issued a final Policy25
Statement on the Treatment of Environmental Justice Matters in NRC Regulatory and Licensing26
Actions (NRC 2004b).27

28
The scope of the review as defined in NRC guidance (NRC 2004a) includes identification of29
impacts on minority and low-income populations, the location and significance of any 30
environmental impacts during operations on populations that are particularly sensitive, and31
information pertaining to mitigation.  It also includes an evaluation of whether these impacts are32
likely to be disproportionately high and adverse.33

34
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statistical subdivision of counties delineated by local committees of census data users in accordance
with USCB guidelines for the purpose of collecting and presenting decennial census data.  Census
block groups are subsets of census tracts (USCB 2006).
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The NRC staff looks for minority and low-income populations within a 50-mi radius of the site. 1
For the NRC staff’s review, a minority population exists in a census block group(a) if the2
percentage of each minority and aggregated minority category within the census block group3
exceeds the corresponding average minority percentage in Vermont, New Hampshire, and4
Massachusetts by 20 percentage points, or if the percentage of minorities within a census block5
group is at least 50 percent.  A low-income population exists if the percentage of low-income6
population within a census block group exceeds the corresponding average percentage of low-7
income population in the three states by 20 percentage points, or if the percentage of low-8
income population within a census block group is at least 50 percent.9

10
For the VYNPS review, the NRC staff examined the geographic distribution of minority and11
low-income populations within 50 mi of the site, employing data from the 2000 census12
(USCB 2006). 13

14
Figures 4-1 and 4-2 show the distribution of census block groups for the minority and low-15
income populations, respectively.16

17
There are no census block groups in Vermont or New Hampshire within the 50-mi region that18
exceed the NRC thresholds defining minority populations.  A number of block groups in19
Massachusetts within the 50-mi region exceeded the NRC thresholds.  These are located to the20
south of VYNPS in Springfield and Northampton, and to the southeast of the site in Worcester,21
Leominster, and Fitchburg.  The majority of the census block groups exceeding the thresholds 22
defining a low-income population are located in the same communities to the south and 23
southeast of the site containing minority populations.  Additional low-income population block24
groups are located in Greenfield, Adams, and Pittsfield, Massachusetts, in Bennington,25
Vermont, and in Keene, New Hampshire.26

27
With the locations of minority and low-income populations identified, the NRC staff proceeded to28
evaluate whether any of the environmental impacts of the proposed action could affect these29
populations in a disproportionately high and adverse manner.  Based on staff guidance 30
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(NRC 2004a), air, land, and water resources within about 50 mi of the VYNPS site were1
examined.  Within that area, a few potential environmental impacts could affect human2
populations; all of these were considered  SMALL for the general population.3

4
The pathways through which the environmental impacts associated with VYNPS license5
renewal can affect human populations are discussed in each associated section.  The NRC staff6
evaluated whether minority and low-income populations could be disproportionately affected by7
these impacts.  The NRC staff found no unusual resource dependencies or practices, such as8
subsistence agriculture, hunting, or fishing, through which the populations could be9
disproportionately high and adversely affected.  In addition, the NRC staff did not identify any10
location-dependent disproportionately high and adverse impacts affecting these minority and11
low-income populations.  The NRC staff concludes that offsite impacts from VYNPS to minority12
and low-income populations would be SMALL and no additional mitigation is warranted.13

14

4.5 Groundwater Use and Quality15
16

The Category 1 issue in Table B-1 of 10 CFR Part 51, Subpart A, Appendix B, that is applicable17
to VYNPS groundwater use and quality is listed in Table 4-11.  Entergy stated in its ER (Entergy18
2006a) that it is not aware of any new or significant information associated with the renewal of19
the VYNPS OL.  The NRC staff has not identified any new and significant information during its20
independent review of the Entergy ER, the site visit, the scoping process, or the evaluation of21
other available information.  Therefore, the NRC staff concludes that there are no impacts22
related to this issue beyond those discussed in the GEIS.  For the issue, the NRC staff23
concluded in the GEIS that the impact would be SMALL and additional mitigative measures are24
not likely to be sufficiently beneficial to warrant implementation.25

26
Table 4-11.  Category 1 Issue Applicable to Groundwater Use and Quality27

During the Renewal Term28
29

ISSUE-10 CFR Part 51, Subpart A, Appendix B, Table B-130 GEIS Sections

GROUNDWATER USE AND QUALITY31

Groundwater use conflicts (potable and service water; plants that use <100 gpm)32 4.8.1.1
33

A brief description of the NRC staff’s review and the GEIS conclusions, as codified in34
10 CFR Part 51, Table B-1, follows:35

36
C Groundwater-use conflicts (potable and service water; plants that use <100 gpm). 37

Based on information in the GEIS, the Commission found that38
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1
2

Plants using less than 100 gpm are not expected to cause any groundwater-use3
conflicts.  4

5
As discussed in Section 2.2.2, VYNPS groundwater use is less than 100 gpm.  The NRC staff6
has not identified any new and significant information during its independent review of the7
Entergy ER, the site visit, the scoping process, or the evaluation of other available information. 8
Therefore, the NRC staff concludes that there would be no groundwater-use conflicts during the9
renewal term beyond those discussed in the GEIS.  10

11
The Category 2 issue related to groundwater use and quality during the renewal term is listed in12
Table 4-12.  This issue requires a plant-specific analysis.13

14
Table 4-12.  Category 2 Issue Applicable to Groundwater Use and Quality15

During the Renewal Term16
17

18
ISSUE-10 CFR Part 51, 19

Subpart A, Appendix B, Table B-120
GEIS 

Section

10 CFR
Part 51.53(a)(3)(ii)

Subparagraph
SEIS 

Section

GROUNDWATER USE AND QUALITY21

Groundwater-use conflicts (plants using cooling22
towers withdrawing make-up water from a small river)23

4.8.1.3
4.4.2.1

B 4.5

24
4.5.1 Groundwater-Use Conflicts (Make-Up from a Small River)25

26
The issue of groundwater-use conflicts applies to VYNPS because it withdraws water from the27
Connecticut River (Vernon Pool), an approximately 25-mi-long, 2250-ac impoundment created28
by the construction of Vernon Dam on the Connecticut River, and such withdrawals can29
potentially impact recharge rates to local groundwater resources.  The dam facility, owned and30
operated by TransCanada, is required to maintain a minimum sustained inflow of 1250 cfs.  The31
surface elevation of Vernon Pool fluctuates as much as 8 ft due to operations at upstream and32
downstream dams and runoff inflow. 33

34
The Connecticut River has an average daily flow of about 10,500 ft3/s (3.3 × 1011 ft3/yr), based35
on flows measured from 1944 to 1988 (Entergy 2006a), and about 11,101 ft3/s (3.5 × 1011 ft3/yr),36
based on flows measured from 2000 to 2005 (Normandeau 2001, 2002, 2003, 2004b, 2005;37
DeWald 2006).  The maximum consumptive loss due to cooling tower evaporation is estimated38
to be 5000 gpm (11.1 ft3/s) (AEC 1972).  This represents a reduction in flow of less than39
0.10 percent of the average daily flow.  It also represents a reduction in flow of 0.37 percent of40
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the low median monthly flow (3050 ft3/s), 0.73 percent of the flow under drought conditions1
(1523 ft3/s), and 0.89 percent of the minimum sustained flow requirement for Vernon Dam2
(1250 ft3/s).  These values are well below the Vermont Water Quality Standards criterion of3
5 percent for Vermont Class B waters (Section 4.1.1).  Because impacts to the flow in the4
Connecticut River due to consumptive use are not considered significant, the NRC staff5
concludes that impacts to groundwater use would also be SMALL and no additional mitigation is6
warranted. 7

8

4.6 Threatened or Endangered Species9
10

Threatened or endangered species are listed as a Category 2 issue in 10 CFR Part 51,11
Subpart A, Appendix B, Table B-1.  This issue is listed in Table 4-13.12

13
This issue requires consultation with appropriate agencies to determine whether threatened or14
endangered species are present and whether they or their critical habitat would be adversely15
affected by continued operation of the nuclear plant during the license renewal term.  The 16
presence of threatened or endangered species or their critical habitat in the vicinity of the17
VYNPS site is discussed in Sections 2.2.5.5 and 2.2.6.2.18

19
Table 4-13. Category 2 Issue Applicable to Threatened or Endangered Species 20

During the Renewal Term21
22

ISSUE–10 CFR Part 51, Subpart A,23
Appendix B, Table B-124

GEIS
Section

10 CFR Part 51.53(c)(3)(ii)
Subparagraph

SEIS
Section

THREATENED OR ENDANGERED SPECIES (FOR ALL PLANTS)25

Threatened or endangered species26 4.1 E 4.6
27

The NRC contacted FWS to determine the presence of Federally listed threatened or28
endangered species in the vicinity of VYNPS or associated transmission lines (NRC 2006b,29
2006d).  The FWS determined that the bald eagle was the only Federally listed species known30
to occur in the vicinity of these facilities, and that bald eagles nest less than one mile31
downstream of VYNPS (FWS 2006).  In addition, FWS determined that no impacts to the eagles32
are known to occur at this site that could be attributed to VYNPS or its transmission lines, and33
that preparation of a biological assessment or further consultation under Section 7 of the34
Endangered Species Act is not required.35

36
The NRC also contacted the U.S. National Marine Fisheries Service (NMFS) to determine the37
presence of Federally listed threatened and endangered species in the vicinity of VYNPS (NRC38
2006c).  The NMFS determined that no Federally listed or proposed threatened or endangered39
species or designated critical habitat for listed species under the jurisdiction of NMFS are known40
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to exist in the project area.  Therefore, the NMFS concluded that no further consultation1
pursuant to section 7 of the Endangered Species Act is required (NMFS 2006). 2

3
4.6.1 Aquatic Species4

5
The FWS (2005) did not list any Federally listed or proposed threatened or endangered aquatic6
species under FWS jurisdiction that occur within the VYNPS area, and the proposed project7
would not adversely affect Federally listed species under FWS jurisdiction.  However, the8
Federally listed (endangered) dwarf wedgemussel (Alasmidonta heterodon) and shortnose9
sturgeon (Acipenser brevirostrum) are reported to inhabit the Connecticut River.  As discussed10
in Section 2.2.5, no specimens of the dwarf wedgemussel have been found in Vernon Pool11
between Bellows Falls Dam (river mile (RM) 174) and Vernon Dam (RM 142) in recent surveys. 12
The closest occurrence in the Connecticut River is near Rockingham, Vermont, just north of13
Bellows Falls Dam, over 30 mi upstream of VYNPS (NHFGD 2005; Entergy 2006a).14

15
The VYNPS cooling water intake and discharge are closely monitored under the NPDES16
program.  The NPDES permit limits are reviewed on a regular basis to ensure the protection of17
aquatic biota.  This includes the tessellated darter, slimy sculpin, and Atlantic salmon smolts18
that serve as hosts for the glochidia of the dwarf wedgemussel.  The tessellated darter is19
common throughout the Connecticut River watershed (Hartel et al. 1996).  The slimy sculpin is20
well distributed throughout the Connecticut River watershed (NHFGD 2005), although it has not21
been collected in river or impingement samples associated with VYNPS (Normandeau 2005). 22
Atlantic salmon smolts are also common throughout the Connecticut River due to stocking23
programs.  Few smolts are annually impinged at VYNPS (Normandeau 2005), and they have24
not been impinged at numbers above those allowed by the NPDES permit (Section 4.1.3). 25
Therefore, potential indirect impacts to the dwarf wedgemussel due to operational effects on26
their host fish species would be negligible.27

28
Known populations of the shortnose sturgeon in the Connecticut River occur downstream of the29
Turners Falls Dam (RM 123) in Massachusetts.  This area is about 20 mi downstream of30
VYNPS (Entergy 2006a; NMFS 2006).  As shortnose sturgeon spawning can occur over a31
range of water temperatures (48.2 to 64.4EF) (NHFGD 2005), the thermal discharge would have32
no noticeable impact to shortnose sturgeon inhabiting the Connecticut River below the Turners33
Fall Dam.  Therefore, impacts associated with the operation of VYNPS, located 20 mi upstream,34
are too far removed to adversely affect this species.35

36
There are no plans to conduct refurbishment or construction activities at VYNPS.  Therefore, the37
NRC staff has concluded that continued operation of the plant during the license renewal term38
will have no effect of the dwarf wedgemussel or the shortnose sturgeon.  Thus, it is the NRC39
staff’s finding that the impacts on threatened or endangered aquatic species from an additional40
20 years of operation of VYNPS would be SMALL and no additional mitigation is warranted.41

42
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4.6.2 Terrestrial Species1
2

FWS (2006) stated that, except for the bald eagle (Haliaeetus leucocephalus), no other3
Federally listed or proposed threatened or endangered species under FWS jurisdiction are4
known to occur within the VYNPS area and the areas of transmission lines within the scope of5
license renewal, and that operations during the license renewal term would not adversely affect6
Federally listed species under FWS jurisdiction.  They concluded that preparation of a biological7
assessment or further consultation under Section 7 of the Endangered Species Act (ESA) would8
not be required.9

10
Bald eagles can occur in the VYNPS area throughout the year, are known to use the site for11
foraging and roosting, and nest less than 1 mi downstream of the site near the Vernon Dam. 12
During the winter, open water near the discharge canal could attract foraging eagles that would13
otherwise leave the area.  This close proximity to the site increases the potential for interactions14
between the bald eagle and VYNPS, but adverse effects are not considered likely.  The bald15
eagle may benefit from the maintenance of open water near the plant’s discharge during the16
winter, as this may provide additional foraging opportunities for the species.17

18
Transmission lines pose a potential collision hazard to migrant and resident bird species,19
including the bald eagle.  In the GEIS, the NRC assessed the impacts of transmission lines on20
avian populations (NRC 1996).  The NRC concluded that mortality resulting from bird collisions21
with transmission lines associated with an additional 20 years of operation would be of SMALL22
significance (see Section 4.2).  This conclusion was based on (1) no indication in the existing23
literature that collision mortality is high enough to result in population-level impacts, and (2) the24
lack of known instances where nuclear power plant lines affect large numbers of individuals in25
local areas.  Continued operation of VYNPS and operation and maintenance of the VYNPS-to-26
Coolidge and VYNPS-to-Chestnut Hill transmission lines during the license renewal period are27
not likely to adversely affect the bald eagle.28

29
The Indiana bat is not known to occur at the VYNPS site or along associated transmission lines,30
but potential habitat occurs within the project area.  It should be noted, however, that this31
species is difficult to detect without conducting specialized surveys, and such surveys of the site32
and vicinity have not been conducted.  License renewal and continued operations of VYNPS are33
not likely to adversely affect the Indiana bat for several reasons.  No refurbishment is34
considered necessary during the license renewal period at the VYNPS site (Entergy 2006a),35
and, therefore, significant land disturbance during that period is not considered likely.  However,36
any activities during the renewal period that could result in land disturbance would undergo a37
predisturbance evaluation and consideration of impacts on threatened and endangered species. 38
Vegetation management within the transmission line rights-of-way (ROWs) prevents the39
establishment of large trees within the ROWs that could be used by the Indiana bat.  Only40
dangerous trees in the border zone of the ROWs are removed during routine vegetation41
management.  This greatly limits the likelihood that a tree used by Indiana bats for roosting or42
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nursery habitat would be affected.  On the basis of these considerations, continued operation of1
VYNPS during the license renewal period would not be expected to adversely affect the Indiana2
bat.3

4
The two Federally listed plant species, Jesup’s milk-vetch and northeastern bulrush, are not5
expected to be adversely affected by VYNPS license renewal.  Jesup’s milk-vetch occurs only in6
an area along the Connecticut River approximately 50-mi upstream of the VYNPS site.  The site7
is not affected by VYNPS operations nor by operation and maintenance of the transmission8
lines within the scope of license renewal.  Although not known to occur within either of the9
transmission line corridors, the northeastern bulrush occurs in wetlands of both counties10
traversed by transmission lines within the scope of license renewal.  ROW maintenance is not11
expected to adversely affect this species because herbicides are not used by maintenance12
crews near wetlands and any hand-clearing of vegetation would increase the openness of13
habitats, which should benefit this species.  Surveys conducted prior to any land disturbance on14
the VYNPS site, as required by site environmental review procedures, would ensure that any15
previously undetected populations of this species could be avoided.16

17
Continued operations and  transmission line maintenance during the license renewal term are18
not expected to adversely affect State-listed threatened or endangered species (Table 2-11).  19
No refurbishment is considered necessary during the license renewal period at the VYNPS site20
(Entergy 2006a), and, therefore, significant land disturbance during that period is not considered21
likely.  However, environmental review procedures in place at VYNPS ensure the consideration 22
of impacts on threatened and endangered species of any activities that could result in land23
disturbance.  Maintenance procedures for transmission line ROWs limits vegetation clearing to24
that needed to ensure line safety, and cutting and herbicide use near wetlands or stream25
crossings (where many of the State-listed species are found) is limited (cutting) or prohibited26
(herbicide).  State-listed species adapted to more open habitats could benefit from transmission27
line maintenance practices that maintain openings.28

29
In conclusion, it is the NRC staff’s finding that the impact on threatened or endangered30
terrestrial species of an additional 20 years of operation of VYNPS and the VYNPS-to-Coolidge31
and VYNPS-to-Chestnut Hill transmission line would be SMALL and no additional mitigation is32
warranted.33

34

4.7 Evaluation of New and Potentially Significant35

Information on Impacts of Operations During the36

Renewal Term37
38

During the scoping period, comments indicated concern about the effects of biocides present in39
the cooling tower drift during the license renewal period.  This issue is discussed in40
Section 4.7.1.  Concerns were also expressed during the scoping period suggesting that41
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thermal discharges to the Connecticut River from the VYNPS during the renewal period would1
adversely affect migratory fish species.  This issue is discussed in Section 4.7.2.2

3
4.7.1 Evaluation of Potential New and Significant Information Concerning4

Biocides in Cooling Water Drift5
6

As discussed in Section 2.3.1, water treatment chemicals that contain Vermont-listed hazardous7
air contaminants (HACs) are in use in the circulating water system.  Releases of Category III8
HACs to the atmosphere are the result of biocides (Nalco H-550 and Spectruc NX-1104) being9
present in “drift” from the cooling tower.(a)  For all of the Category III HACs involved, the10
calculated releases were substantially below the respective action levels (both expressed as11
lb/8-hr period): 0.002 vs. 0.025 for dodecylguanidine, 0.001 vs. 2330 for ethyl alcohol, 0.001 vs.12
4120 for isopropyl alcohol, and 0.015 vs. 340 for glutaraldehyde. 13

14
VYNPS has discontinued the use of Nalco H-550 (DeWald 2006) but will continue to use15
Spectrus NX-1104.  Entergy has requested approval for a number of additional water treatment16
chemicals in its application to the State for a new NPDES permit (Entergy 2005e).  If approval17
for use is granted through the issuance of a new NPDES, and in accordance with air pollution18
regulations, Entergy will identify the HACs present in each of the approved chemicals and will19
ensure that all subsequent annual reports to the State regarding HAC releases include20
calculations for each HAC for which there is the potential for release to the atmosphere as drift21
from the cooling tower (DeWald 2006).  The operating conditions of the cooling tower are not22
expected to change significantly, and, therefore, the drift rate can be expected to remain23
generally the same as was reported for calendar year 2005. 24

25
Drift from the cooling tower has the potential to contain such HACs; thus, such drift constitutes a26
release to the atmosphere.  A member of the public at the June 07, 2006 public scoping27
meeting expressed concern over exposure to a specific HAC, glutaraldehyde, known to be28
present in one of the biocides formerly in use.  The most recent data indicates that the amount29
of glutaraldehyde released to the atmosphere was well below the state action level.   Further,30
the facility has indicated that it has discontinued the use of this particular biocide, so the31
potential for future releases of glutaraldehyde from the use of that biocide has been eliminated. 32

33
Beyond the concern expressed in the comment, however, the NRC staff realizes that there is a34
broader issue regarding the potential for release of other HACs contained in water treatment35
chemicals in cooling tower drift.  The staff determined the facility is aware of the potential for36
such releases and has performed the necessary calculations and made the required emission37
reports to the State regarding the releases of HACs from the cooling towers.  Data discussed38
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above indicate that all of the HACs present in the cooling water were released in drift at1
concentrations well below the state action levels.  Because cooling tower operating conditions2
are not expected to change in the foreseeable future, the drift rate is expected to remain3
essentially unchanged, and equilibrium concentrations of water treatment chemicals are4
expected to be low.  Consequently, even though there may be changes to the water treatment5
chemicals used in the future, the magnitudes of releases of such chemicals in cooling tower drift6
can be expected to remain relatively small.  Further, it is expected that cooling tower drift will fall7
to the ground in the immediate vicinity of the cooling tower; thus, pathways of exposures to the8
general public do not practically exist. 9

10
For the reasons stated above, the concerns expressed during the scoping period do not11
represent information that would be considered new and significant relative to HACs released in12
cooling tower drift, as the impacts resulting from their release due to continued operation of13
VYNPS are SMALL.14

15
4.7.2 Evaluation of Potential New and Significant Information Concerning16

Thermal Discharges to the Connecticut River17
18

During the scoping period, the NRC staff received comments from members of the public and19
public interest groups suggesting that thermal discharges to the Connecticut River from the20
VYNPS during the renewal period would adversely affect migratory fish species.  In particular,21
concerns were raised that thermal discharges from VYNPS’ cooling system would affect both22
the spawning migration and outmigration of juveniles and post-spawning adults for American23
shad and Atlantic salmon.  It was suggested that upstream movement of adults of both species24
could be disrupted or denied by the thermal plume in the vicinity of the VYNPS.  Fish could25
become confused by the elevated temperature at the entrance to the Vernon Dam fish ladder or26
water temperatures could be above the avoidance limits for the species.  Conversely, during27
downstream movement, fish could be delayed due to avoidance of the thermal plume. 28
Concerns were expressed that any delays in outmigration could result in physiological changes29
to individuals that may ultimately affect their survival during the transition from a freshwater to a30
marine environment.  Also, it was believed that delayed outmigration could result in American31
shad acclimatizing to warmer water temperatures and then experiencing cooler ambient river32
temperatures near or at their lower tolerance limit as they resume downstream movement.33

34
It has been suggested that thermal plumes could constitute a barrier to migrating fish if the35
thermal mixing zone covers all or a substantial cross sectional area of the river and/or exceeds36
thermal tolerance limits.  Conversely, impacts from thermal plumes are considered to be of37
small significance if fish migrations are not blocked and populations of aquatic organisms in the38
vicinity of the plant are not reduced (NRC 1999).  As thermal plume barriers have not been39
observed to be a problem at any existing nuclear power plant, the NRC staff determined that40
thermal plume barriers to migrating fish are classified as a Category 1 issue (NRC 1996).  In the41
1980s, a study, known as Project SAVE (Save Available Vermont Energy) was conducted at42
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VYNPS to evaluate the effects of thermal discharge, impingement, and entrainment on aquatic1
resources (Aquatec 1990).  As part of Project SAVE, migration of anadromous species was2
evaluated.  No correlation was found between the operation of VYNPS and the size of the3
American shad run through the Vernon Dam fishway.  Also, no large exclusionary areas to4
American shad were found as a result of plant operations (Aquatec 1990).  As most American5
shad move in the lower half of the water column (Witherell and Kynard 1990), they are unlikely6
to be deterred by a surface discharge thermal plume at the surface (NRC 1996).  As no7
statistical differences were observed in American shad counts at Vernon Dam before, during,8
and following power outages at VYNPS, it was concluded that upstream migration of shad was9
not affected by thermal discharges from the plant (Normandeau 2004). 10

11
Similarly, no blockages of adult Atlantic salmon past Vernon Dam due to VYNPS operations12
were observed during Project SAVE (Aquatec 1990).  Seventy-five percent of the adult Atlantic13
salmon that passed Turners Falls Dam passed the Vernon Dam fishway; while radiotelemetry14
studies of smolts revealed that downstream movement into and through the VYNPS thermal15
plume occurred without any observed delays (Aquatec 1990).  Most Atlantic salmon smolt16
migration past VYNPS is completed by early June.  Therefore, downstream migration past the17
VYNPS is completed before the upper limit for feeding of 72.5EF or 7-day upper limit for survival18
of 82EF is exceeded (Normandeau 2004).  Atlantic salmon smolts migrating past VYNPS would19
not be subjected to elevated temperatures for more than 12 hr, and could avoid the warmest20
waters by swimming around or under the plume (Normandeau 2004).21

22
American shad comprised 0.7 percent of electroshocking catches above Vernon Dam between23
1991 and 2002; while no Atlantic salmon were collected.  During these years, only two24
American shad larvae were collected in ichthyoplankton samples collected near the VYNPS25
intake (Normandeau 2004).  As discussed in Section 4.1.3, impingement of American shad and26
Atlantic salmon at VYNPS has always been well below annual limits stipulated in the NPDES27
permit.  These results imply that these species do not frequent lower Vernon Pool; therefore,28
suggesting that the thermal plume from VYNPS does not delay movements of American shad or29
Atlantic salmon or function as an attraction to these species.30

31
Upstream passage of American shad has been very successful at Vernon Dam.  For example,32
between 1995 and 2002, counts of American shad at the Vernon Dam fishway were over 7133
percent of those counted at the Turners Falls Dam fishway.  In comparison, counts at Turners34
Falls Dam were only 3.6 percent of those at Holyoke Dam (Normandeau 2004).  This supports35
the finding that VYNPS operations have a minimal impact on American shad migrations,36
especially in comparison to passage problems at Turners Falls Dam.  Similarly, most adult37
Atlantic salmon that pass Turners Falls Dam have been found to pass Vernon Dam, with most38
continuing on to be counted at Bellows Falls Dam.  Section 2.2.5 provides further discussion on39
migratory fish species passage at these dams.40

41
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As discussed in Section 2.2.5, the decreases in American shad that have been observed in the1
Connecticut River since the early 1990s have not been confined to the river, but have been2
observed throughout the Atlantic coast.  Recovery of the striped bass population has likely3
increased predatory pressure on American shad.  This factor coupled with excessive4
commercial harvests within the estuaries and Atlantic Ocean are believed to be primarily5
responsible for decreases in this species of shad.  Similarly, spawning run declines of Atlantic6
salmon have occurred throughout the range of the species.  As discussed in Section 2.2.5, this7
decline is thought to be due to impacts that occur while the Atlantic salmon is in the sea.8

9
Overall, none of the observed changes in fish community composition or distribution in over 3010
years of study of the aquatic resources in lower Vernon Pool and upper Turners Falls Pool can11
be reasonably attributed to operations of VYNPS (Normandeau 2004).  Modeling of thermal12
discharges from VYNPS indicated that most of the eastern half of Vernon Pool near Vernon13
Dam would experience minimal elevated temperatures (Swanson et al. 2005) therefore14
preventing the establishment of a thermal barrier to in- or out- migration.  Also, solar radiation15
contributes to much of the difference in river temperatures between the monitoring station16
upstream of VYNPS and the monitoring station downstream of Vernon Dam (Normandeau17
2004).  The highest temperatures that outmigrating fish would experience would be in the18
immediate area of Vernon Dam near the fishways.  It would only take a short time (e.g., minutes19
to seconds) for them to pass through this area.  When the fishways are operational, temperature20
differentials are well within thermal tolerance limits of the migratory species.  The NPDES permit21
for VYNPS contains operational and temperature limits to protect water quality and minimize22
impacts to aquatic biota.  No observable adverse impacts to any fish species or to the overall23
fish community of Vernon Pool due to thermal discharges from VYNPS have been24
demonstrated since VYNPS began commercial operations (Aquatec 1978, 1990; Entergy and25
Normandeau 2004; Normandeau 2005; Entergy 2006a).  For example, neither decreases in the26
growth rates of resident fish species nor delays in movement of migratory species due to the27
VYNPS thermal plume have been observed (Aquatec 1990; Normandeau 2004).28

29
For the reasons stated above, the concerns expressed during the scoping period do not30
represent information that would be considered new and significant or call into question the31
NRC staff’s conclusions that impacts on the migration of fish from continued operation of32
VYNPS are SMALL.33

34

4.8 Cumulative Impacts35
36

The NRC staff considered potential cumulative impacts in its environmental analysis of37
operations of VYNPS.  For the purposes of this analysis, past actions are those related to the38
resources at the time of the plant licensing and construction, present actions are those related39
to the resources at the time of current operation of the power plant, and future actions are40
considered to be those that are reasonably foreseeable through the end of plant operation,41
which would include the 20-year license renewal term.  Therefore, the analysis considers42
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potential impacts through the end of the current license term as well as the 20-year renewal1
license term.  The geographical area over which past, present, and future actions would occur is2
dependent on the type of action considered and is described below for each impact area.3

4
The impacts of the proposed action, as described in Sections 4.1 through 4.6, are combined5
with other past, present, and reasonably foreseeable future actions regardless of what agency6
(Federal or non-Federal) or person undertakes such other actions.  These combined impacts7
are defined as “cumulative” in 40 CFR 1508.7 and include individually minor but collectively8
significant actions taking place over a period of time.  It is possible that an impact that may be9
SMALL by itself could result in a MODERATE or LARGE impact when considered in10
combination with the impacts of other actions on the affected resource.  Likewise, if a resource11
is regionally declining or imperiled, even a SMALL individual impact could be important if it12
contributes to or accelerates the overall resource decline.13

14
4.8.1 Cumulative Impacts on Aquatic Resources15

16
For the purposes of this analysis, the geographic area considered for cumulative impacts17
resulting from operation of the cooling system at VYNPS is primarily the portion of the18
Connecticut River between Turners Falls Dam (RM 123) and Vernon Pool up to Brattleboro,19
Vermont (RM 149), although the entire Connecticut River was also considered, especially in20
regard to migratory fish species.  As discussed in Section 4.1, the NRC staff found no new and21
significant information to indicate that the conclusion regarding any of the Category 1 issues22
related to the cooling system at VYNPS is inconsistent with the conclusions in the GEIS (NRC23
1996).  Additionally, the NRC staff determined that none of the Category 2 issues related to the24
cooling system (i.e., entrainment, impingement, and thermal shock) would have greater than a25
SMALL impact on aquatic resources.  The transmission line right-of-way maintenance activities26
in the vicinity of stream and river crossings employ procedures to minimize erosion and27
shoreline disturbance while encouraging vegetative cover.  Therefore, impacts from the28
transmission lines associated with the VYNPS would have a negligible impact on aquatic29
resources near VYNPS.30

31
The cumulative impacts of past actions have resulted in the existing water quality and aquatic32
resource conditions near VYNPS.  The major changes and modifications within the Connecticut33
River that have resulted in the greatest impacts on aquatic resources include physical and34
chemical stresses and introduced species.  The physical and chemical stresses include urban,35
industrial, and agricultural contaminants (e.g., nutrients, toxic chemicals, sediment); land-use36
changes (e.g., residential, agricultural, and industrial development); acid rain and37
channelization; and dams and associated impoundments (Center for the Environment 2004;38
Connecticut River Watershed Council undated; Field 2005).  These stresses can affect fish,39
benthic macroinvertebrates, and plankton populations; cause a loss of habitat; and contaminate40
fish, which leads to restrictions on human consumption.  Dam construction began in the 1800s41
and resulted in the reduction of the distribution and/or extirpation of migratory species within the42
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Connecticut River.  Upstream passage restoration began in the 1970s, and downstream1
passage restoration began in the 1980s (Boubee and Haro 2003).  In addition to dams blocking2
fish movement, both migratory and resident fishes could be damaged or killed by turbine3
passage.  For example, various estimates of mortality for the American shad range from 1 to4
10 percent to as high as 90 percent (Savoy et al. 2004).  Other than the hydroelectric dams, no5
significant diversions of water pose a threat to migratory fishes (Gephard and McMenemy6
2004).  Thermal plumes from other power plants along the Connecticut River can affect aquatic7
species, particularly migratory fishes (AEC 1972). 8

9
The river water supply is adequate to meet the needs of VYNPS for cooling purposes under all10
flow conditions.  The NRC staff, while preparing this assessment, assumed that other industrial,11
commercial, or public installations could be located in the general vicinity of VYNPS prior to the12
end of VYNPS operations.  Any discharge of water by such facilities into the Connecticut River13
would be regulated by the VANR.  They set discharge limits considering the overall or14
cumulative impact of all other regulated activities in the area.  Compliance with the CWA and its15
NPDES permit minimizes the cumulative impacts that VYNPS would have on aquatic resources. 16
Continued operation of VYNPS would require renewed discharge permits from the VANR, which17
would address changing requirements so that cumulative water quality objectives would be18
served.19

20
The VYNPS is located within a reach of the Connecticut River, which serves as a migratory21
corridor that links spawning and rearing habitats for several migratory fish species, including the22
anadromous American shad, Atlantic salmon, blueback herring, sea lamprey, and the23
catadromous American eel (VANR 2005).  All of these species were extirpated from some or24
most of the river as a result of dams.  However, since the construction of fish ladders at the25
dams, these species have been undergoing restoration as part of the Anadromous Fish26
Restoration Program, which is a cooperative effort among the States of Connecticut,27
Massachusetts, New Hampshire, and Vermont, as well as the U.S. Bureau of Sport Fisheries28
and Wildlife and the U.S. Bureau of Commercial Fisheries (Entergy 2006a).  The increased29
abundance of striped bass in the estuary and lower reaches of the Connecticut River may be30
partly responsible for the dramatic drop in the number of American shad and blueback herring31
that have occurred in the Connecticut River (and other East Coast river systems) since 199232
(Savoy and Crecco 2004).33

34
Future contributions to cumulative impacts to aquatic resources within the Connecticut River35
would generally occur from those actions that currently cause impacts (e.g., human habitation,36
urban and industrial development, agriculture, commercial, and recreational fisheries).  The37
potential also exists for the expansion of non-native species that already occur in the38
Connecticut River, and for additional non-native species to become established within the river. 39
Among the species introduced into the Connecticut River (Connecticut River Atlantic Salmon40
Commission 1998), those prevalent in the area near VYNPS include the rock bass, bluegill,41
smallmouth bass, largemouth bass, common carp, white catfish, channel catfish, and walleye.42
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The dwarf wedgemussel and shortnose sturgeon are the only Federally listed aquatic species1
that are reported from the Connecticut River in the area being considered for cumulative2
impacts.  As mentioned in Section 2.2.5, past actions that have adversely affected these3
species have included siltation, impoundments, and contaminants.  The introduction or spread4
of the zebra mussel (Dreissena polymorpha) or Asiatic clam (Corbicula fluminea) within the5
Connecticut River would have the potential to adversely affect the dwarf wedgemussel and6
other native mussel species.  As discussed in Section 4.6.1, existing populations of the dwarf7
wedgemussel and shortnose sturgeon are too far removed from VYNPS for plant operations to8
contribute to the cumulative impacts that affect these species.  Additionally, entrainment,9
impingement, and thermal discharges have only minimal localized impact on species that would10
be suitable hosts for the glochidia of the dwarf wedgemussel.11

12
Because the aquatic resources of the Connecticut River are influenced by many controlling13
factors, the incremental contributions of VYNPS operations cannot be quantified precisely14
without additional investigations.  It is likely, however, that VYNPS impacts are localized and15
have a minimal contribution to the cumulative impact on aquatic resources in the Connecticut16
River.  The NRC staff concludes that the cumulative impact of continued operation of the17
VYNPS cooling system on aquatic resources in the Connecticut River would be SMALL and no18
additional mitigation is warranted.  However, under the provisions of the CWA 316(b) Phase II19
regulations, the VDEC may impose further restrictions or require modifications to the cooling20
system to reduce the impacts on aquatic resources from entrainment and impingement.21

22
In addition to the assessment above, the NRC contacted the NMFS to determine if any species23
needed to be evaluated under the essential fish habitat provisions of the Magnuson-Stevens24
Fishery Conservation and Management Act (NRC 2006c).  The NMFS indicated that the25
Connecticut River and tributaries are designated essential fish habitat for Atlantic salmon;26
therefore, the NMFS instructed the NRC to evaluate the impact of the operation of VYNPS on27
the essential fish habitat of the Atlantic salmon (NMFS 2006).  An assessment of the essential28
fish habitat for the Atlantic salmon, which is being provided to the NMFS for review, is included29
in Appendix E of this SEIS.30

31
4.8.2 Cumulative Impacts on Terrestrial Resources32

33
This section analyzes past, present, and future actions that could result in adverse cumulative34
impacts on terrestrial resources, including wildlife populations, upland habitat, wetlands,35
floodplains, and land use.  For the purposes of this analysis, the geographic area that36
encompasses the past, present, and foreseeable future actions that could contribute to adverse37
cumulative impacts on terrestrial resources includes Windham County, Vermont, and Cheshire38
County, New Hampshire, which contain VYNPS and its associated transmission lines.  VYNPS39
and its associated transmission lines occupy a very small percentage of the overall land area of40
the two counties (0.24 and 0.02 percent, respectively).41

42
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Past land-use changes include construction of the VYNPS facility and the VYNPS-to-Coolidge1
and VYNPS-to-Chestnut Hill transmission lines.  While some expansion of commercial and2
residential development has occurred in the area since the station was built in the late 1960s,3
the area remains fairly rural and undeveloped.  Continued operations during the license renewal4
term are not expected to result in a change in land use, development rates, or terrestrial habitat5
loss in the area.6

7
As described in Section 2.2.6, several small wetland areas that are ranked by the State as8
Category 3 wetlands (i.e., they are not considered significant for providing wetland functions)9
are present on the site.  In addition, some relatively undisturbed terrestrial habitats exist on the10
station (e.g., mixed and deciduous woodland and riparian habitat).  No impacts to these wetland11
or terrestrial habitats are anticipated during the license renewal term, and any activities would12
be reviewed for impacts prior to implementation.13

14
Four Federally listed threatened or endangered terrestrial species are listed for the two-county15
project area, but there is no critical habitat designated in either county (Section 2.2.6.2).  The16
FWS determined that the bald eagle was the only Federally listed species known to occur in the17
vicinity of VYNPS facilities (FWS 2006).  In addition, FWS determined that no impacts to the18
eagles are known to occur that could be attributed to VYNPS or its transmission lines.19

20
On the basis of these considerations, the NRC staff concludes that the incremental contribution21
of VYNPS operations to cumulative impacts on terrestrial resources, including terrestrial22
threatened or endangered species, is SMALL, and that operations of VYNPS during the license23
renewal term would not result in a change to current levels of cumulative impact.  No additional24
mitigation is warranted.25

26
4.8.3 Cumulative Human Health Impacts27

28
The radiological dose limits for protection of the public and workers have been developed by the29
EPA and the NRC to address the cumulative impact of acute and long-term exposure to30
radiation and radioactive material.  These dose limits are codified in 40 CFR Part 190 and31
10 CFR Part 20.  For the purpose of this analysis, the area within a 50-mi radius region of32
interest (ROI) of the VYNPS site was included.  There are no other operating nuclear fuel cycle33
facilities within the 50-mi ROI.  The Yankee Rowe nuclear reactor, which is located about 30 mi34
to the west-southwest of VYNPS in Greenfield, Massachusetts, was permanently shut down on35
October 1, 1991.  It is undergoing decommissioning.  One other nuclear fuel-cycle facility, the36
50-mi ROI of which intersects with the 50-mi ROI of VYNPS, is Haddam Neck nuclear power37
plant located approximately 90 mi south of VYNPS in East Hampton, Connecticut.  This plant is38
also shut down and is currently undergoing decommissioning.  A research and test reactor that39
was operated by Combustion Engineering for the U.S. Navy in Windsor, Connecticut 40
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(approximately 75 mi away from VYNPS), is also in final stages of decommissioning.  Because1
of their distance and nonoperational status, these nuclear facilities are not expected to2
contribute to the cumulative impacts at or near the VYNPS.3

4
As stated in Section 2.2.7, the owners of VYNPS have conducted a radiological environmental5
monitoring program (REMP) around the VYNPS site since 1970, with the results presented6
annually in the VYNPS Annual Radiological Environmental Operating Report (Entergy 2006d). 7
In addition, the Vermont Department of Health, Division of Health Protection, has conducted an8
environmental surveillance program in the vicinity of VYNPS since 1971 (VDH 2006).  Both the9
REMP and the State of Vermont VYNPS Surveillance Program measure radiation and10
radioactive materials from all sources, including VYNPS emissions, and thus consider11
cumulative radiological impacts.  On the basis of an evaluation of results from both of these12
programs and considering the effects of the extended power uprate and the dry fuel storage13
facility onsite, the NRC staff concluded in Sections 2.2.7 and 4.3 that impacts of radiation14
exposure on the public and workers (occupational) from operation of VYNPS during the renewal15
term would be SMALL.  The NRC staff is not aware of any plans or proposals for new nuclear16
facilities in the vicinity of VYNPS that would potentially contribute to cumulative radiological17
impacts.  Therefore, the NRC staff concludes that future cumulative radiological impacts would18
be SMALL and no additional mitigation is warranted.  The NRC and States of Vermont,19
New Hampshire, and Massachusetts would regulate any future actions in the vicinity of the20
VYNPS site that could contribute to cumulative radiological human health impacts.21

22
The staff determined that the electric-field-induced currents from the VYNPS transmission lines23
are well below the National Electrical Safety Code (NESC) recommendations for preventing24
electric shock from induced currents.  Therefore, the VYNPS transmission lines do not25
detectably affect the overall potential for electric shock from induced currents within the analysis26
area.  With respect to chronic effects of electromagnetic fields, although the NRC staff27
considers the GEIS finding of “not applicable” to be appropriate in regard to VYNPS, the VYNPS28
transmission lines are not likely to detectably contribute to the regional exposure to extremely29
low frequency-electromagnetic fields (ELF-EMFs).  The VYNPS transmission lines pass through30
a sparsely populated, rural area with very few residences or businesses close enough to the31
lines to have detectable ELF-EMFs.  Therefore, the NRC staff has determined that the32
cumulative impacts of the continued operation of the VYNPS transmission lines will be SMALL33
and no additional mitigation is warranted.34

35
4.8.4 Cumulative Socioeconomic Impacts36

37
The continued operation of VYNPS is not likely to result in significant cumulative impacts for any38
of the socioeconomic impact measures assessed in Section 4.4 of this SEIS (public services,39
housing, and offsite land use).  This is because operating expenditures, staffing levels, and local40
tax payments during renewal would be similar to those during the current license period. 41

42
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When combined with the impact of other potential activities likely in the area surrounding the1
plant, socioeconomic impacts resulting from VYNPS license renewal would not produce an2
incremental change in any of the impact measures used.  The NRC staff therefore determined3
that the impacts on employment, personal income, housing, local public services, utilities, and4
education occurring in the local socioeconomic environment as a result of license renewal5
activities, in addition to the impacts of other potential economic activity in the area, would be6
SMALL.  The NRC staff determined that the impact on offsite land use would be SMALL7
because no refurbishment activities are planned at VYNPS and no new incremental changes to8
plant-related tax payments are expected that could influence land use by fostering considerable 9
growth.  The impacts of license renewal on transportation and environmental justice would also10
be SMALL.  There are no reasonably foreseeable scenarios that would alter these conclusions11
in regard to cumulative impacts.12

13
Although archaeological surveys at the VYNPS have failed to identify intact archaeological14
sites, and the potential exists for significant cultural resources to be present within the site15
boundaries due to its location on the Connecticut River floodplain, it does not appear likely that16
the proposed license renewal would adversely affect these resources.  The applicant has17
indicated that no refurbishment or replacement activities, including additional land-disturbing18
activities, at the plant site (or along existing transmission corridors) are planned for the license19
renewal period (Entergy 2006a).  Absent land-disturbing activities, continued operation of20
VYNPS would likely protect any cultural resources present within the VYNPS site boundary by21
protecting those lands from development and providing secured access.  Prior to a22
ground-disturbing activity in an undisturbed area, it is expected the applicant would evaluate the23
potential for impacts on cultural resources in consultation with the SHPO and appropriate Native24
American Tribes, as required under Section 106 of the National Historic Policy Act; therfore, the25
contribution to a cumulative impact on cultural resources by continued operation of VYNPS26
during the license renewal period would be SMALL.27

28
4.8.5 Cumulative Impacts on Groundwater Use and Quality29

30
The geographic range of analysis for cumulative impacts on groundwater would encompass31
wells completed in the unconsolidated glacial and fluvial sediments making up the unconfined32
aquifer to a depth of about 30 to 70 ft and the underlying Ordovician gneiss and granitic33
intrusives of the Oliverian Plutonic and New Hampshire Plutonic Series (Entergy 2005b, Buckley34
2006).35

36
Groundwater in the region generally flows towards the Connecticut River, but fluctuates37
depending on precipitation and water level changes in the river.  Well users in the vicinity rely38
on wells completed in the glacial deposits.  Deeper wells, which go into the underlying bedrock,39
generally have lower yields (AEC 1972, Entergy 2004).40

41
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VYNPS draws its potable water supply from four onsite wells completed at depths greater than1
350 ft (as listed in Table 2-1).  Based on usage in 2002 and 2003, the maximum demand for2
these wells is about 8.54 gpm, well below the Category 2 threshold of 100 gpm for groundwater3
use.  The facility does not have plans for further groundwater development, either by increased4
pumping or installation of additional wells.  Compared to regional water withdrawal rates and5
projected increases, VYPNS operational uses are considered inconsequential.6

7
As described in Section 2.2.3.2, site exceedences of groundwater standards have included8
petroleum compounds.  However, the areal extent of contamination remains on the facility’s9
property, and various remedial activities (e.g., free product recovery) and monitoring systems10
are operating under State regulation.  Therefore, the contamination does not contribute to offsite11
regional groundwater impacts.  This is also true of discharges related to the plant’s sewage12
treatment and disposal systems.13

14
On the basis of actual and planned pumping rates and the fact that increasing groundwater15
extraction would require State approval, the NRC staff concludes that the plant’s contribution to16
cumulative impacts on groundwater resources through water usage would be minor and no17
additional mitigation is warranted.  On the basis of groundwater quality, the NRC staff concludes18
that the plant’s contributions to cumulative impacts on the quality of local groundwater19
resources also would be inconsequential.  As long as remediation and monitoring continue,20
where necessary, under State regulatory oversight, no additional mitigation is warranted.21

22
4.8.6 Conclusions Regarding Cumulative Impacts23

24
The NRC staff considered the potential impacts resulting from operation of VYNPS during the25
license renewal term and other past, present, and future actions in the vicinity of VYNPS.  The26
NRC staff's determination is that the potential cumulative impacts resulting from VYNPS27
operation during the license renewal term would be SMALL.28

29

4.9 Summary of Impacts of Operations During the30

Renewal Term31
32

Neither Entergy nor the NRC staff is aware of information that is both new and significant33
related to any of the applicable Category 1 issues associated with VYNPS operation during the34
renewal term.  Consequently, the NRC staff concludes that the environmental impacts35
associated with these issues are bounded by the impacts described in the GEIS.  For each of36
these issues, the GEIS concluded that the impacts would be SMALL, and that additional37
plant-specific mitigation measures would not likely be sufficiently beneficial to warrant38
implementation.39

40
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Plant-specific environmental evaluations were conducted for 14 Category 2 issues applicable to1
VYNPS operation during the renewal term as well as for environmental justice and chronic2
effects of electromagnetic fields.  For 13 issues and environmental justice, the NRC staff3
concludes that the potential environmental impact of renewal term operations of VYNPS would4
be of SMALL significance in the context of the standards set forth in the GEIS and no additional5
mitigation is warranted.  For Federally listed threatened and endangered species, the NRC6
staff’s conclusion is that the impact resulting from license renewal would be SMALL and that7
further investigation is not warranted.  In addition, the NRC staff determined that a consensus8
has not been reached by appropriate Federal health agencies regarding chronic adverse effects9
from electromagnetic fields.10

11
Cumulative impacts of past, present, and reasonably foreseeable future actions were12
considered, regardless of what agency (Federal or non-Federal) or person undertakes such13
other actions.  The NRC staff concluded that the impacts of continued operation of VYNPS14
during the license renewal period would not result in significant cumulative impacts on15
potentially affected resources.16

17
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5.0  Environmental Impacts of Postulated Accidents1
2
3

Environmental issues associated with postulated accidents are discussed in the Generic4
Environmental Impact Statement for License Renewal of Nuclear Plants (GEIS), NUREG-1437,5
Volumes 1 and 2 (NRC 1996, 1999).(a)  The GEIS includes a determination of whether the6
analysis of the environmental issue could be applied to all plants and whether additional7
mitigation measures would be warranted.  Issues are then assigned a Category 1 or a8
Category 2 designation.  As set forth in the GEIS, Category 1 issues are those that meet all of9
the following criteria:10

11
(1) The environmental impacts associated with the issue have been determined to apply12

either to all plants or, for some issues, to plants having a specific type of cooling13
system or other specified plant or site characteristics.14

15
(2) A single significance level (i.e., SMALL, MODERATE, or LARGE) has been assigned16

to the impacts (except for collective offsite radiological impacts from the fuel cycle17
and from high-level waste and spent fuel disposal).18

19
(3) Mitigation of adverse impacts associated with the issue has been considered in the20

analysis, and it has been determined that additional plant-specific mitigation21
measures are likely not to be sufficiently beneficial to warrant implementation.22

23
For issues that meet the three Category 1 criteria, no additional plant-specific analysis is24
required unless new and significant information is identified.25

26
Category 2 issues are those that do not meet one or more of the criteria for Category 1, and,27
therefore, additional plant-specific review of these issues is required.28

29
This chapter describes the environmental impacts from postulated accidents that might occur30
during the license renewal term.31

32

5.1 Postulated Plant Accidents33
34

Two classes of accidents are evaluated in the GEIS.  These are design-basis accidents and35
severe accidents, as discussed below.  36

37
38
39
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5.1.1  Design-Basis Accidents1
2

In order to receive U.S. Nuclear Regulatory Commission (NRC) approval to operate a nuclear3
power facility, an applicant for an initial operating license (OL) must submit a Safety Analysis4
Report (SAR) as part of its application.  The SAR presents the design criteria and design5
information for the proposed reactor and comprehensive data on the proposed site.  The SAR6
also discusses various hypothetical accident situations and the safety features that are provided7
to prevent and mitigate accidents.  The NRC staff reviews the application to determine whether8
the plant design meets the Commission’s regulations and requirements and includes, in part,9
the nuclear plant design and its anticipated response to an accident.10

11
Design-basis accidents (DBAs) are those accidents that both the licensee and the NRC staff12
evaluate to ensure that the plant can withstand normal and abnormal transients, and a broad13
spectrum of postulated accidents, without undue hazard to the health and safety of the public. 14
A number of these postulated accidents are not expected to occur during the life of the plant,15
but are evaluated to establish the design basis for the preventive and mitigative safety systems16
of the facility.  The acceptance criteria for DBAs are described in Title 10, Part 50 and Part 100,17
of the Code of Federal Regulations (10 CFR Part 50 and 10 CFR Part 100). 18

19
The environmental impacts of DBAs are evaluated during the initial licensing process, and the20
ability of the plant to withstand these accidents is demonstrated to be acceptable before21
issuance of the OL.  The results of these evaluations are found in license documentation such22
as the applicant’s Final Safety Analysis Report (FSAR), the NRC staff’s Safety Evaluation23
Report (SER), the Final Environmental Statement (FES), and Section 5.1 of this Supplemental24
Environmental Impact Statement (SEIS).  A licensee is required to maintain the acceptable25
design and performance criteria throughout the life of the plant, including any extended-life26
operation.  The consequences for these events are evaluated for the hypothetical maximally27
exposed individual; as such, changes in the plant environment will not affect these evaluations. 28
Because of the requirements that continuous acceptability of the consequences and aging29
management programs be in effect for license renewal, the environmental impacts as calculated30
for DBAs should not differ significantly from initial licensing assessments over the life of the31
plant, including the license renewal period.  Accordingly, the design of the plant relative to DBAs32
during the extended period is considered to remain acceptable, and the environmental impacts33
of those accidents were not examined further in the GEIS.34

35
The Commission has determined that the environmental impacts of DBAs are of SMALL36
significance for all plants because the plants were designed to successfully withstand these37
accidents.  Therefore, for the purposes of license renewal, DBAs are designated as a38
Category 1 issue in 10 CFR Part 51, Subpart A, Appendix B, Table B-1.  The early resolution of39
the DBAs makes them a part of the current licensing basis of the plant; the current licensing40
basis of the plant is to be maintained by the licensee under its current license and, therefore,41
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under the provisions of 10 CFR 54.30, is not subject to review under license renewal.  This1
issue, applicable to Vermont Yankee Nuclear Power Station (VYNPS), is listed in Table 5-1. 2

3
Table 5-1.  Category 1 Issue Applicable to Postulated Accidents During the Renewal Term4

5
ISSUE–10 CFR Part 51, Subpart A,6

Appendix B, Table B-17 GEIS Sections

POSTULATED ACCIDENTS8

Design-basis accidents 9 5.3.2; 5.5.1
10

Based on information in the GEIS, the Commission found that11
12

The NRC staff has concluded that the environmental impacts of design-basis13
accidents are of small significance for all plants.14

15
Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear Operations, Inc. (Entergy), stated16
in its Environmental Report (ER) (Entergy 2006) that it is not aware of any new and significant17
information associated with the renewal of the VYNPS OL.  The NRC staff has not identified any18
new and significant information during its independent review of the Entergy ER, the site visit,19
the scoping process, or the evaluation of other available information.  Therefore, the NRC staff20
concludes that there are no impacts related to DBAs beyond those discussed in the GEIS.21

22
5.1.2  Severe Accidents  23

24
Severe nuclear accidents are those that are more severe than DBAs because they could result25
in substantial damage to the reactor core, regardless of offsite consequences.  In the GEIS, the26
NRC staff assessed the impacts of severe accidents using the results of existing analyses and27
site-specific information to conservatively predict the environmental impacts of severe accidents28
for each plant during the renewal period.29

30
Severe accidents initiated by external phenomena, such as tornadoes, floods, earthquakes,31
fires, and sabotage, traditionally have not been discussed in quantitative terms in FESs and32
were not specifically considered for the VYNPS site in the GEIS (NRC 1996).  However, in the33
GEIS, the NRC staff did evaluate existing impact assessments performed by the NRC and by34
the industry at 44 nuclear plants in the United States and concluded that the risk from beyond-35
design-basis earthquakes at existing nuclear power plants is SMALL.  Additionally, compliance36
with the NRC regulatory requirements under 10 CFR Part 73 provide reasonable assurance that37
the risk from sabotage is SMALL.  Even if such events were to occur, the Commission would38
expect that resultant core damage and radiological releases would be no worse than those39
expected from internally initiated events.  Based on the above, the Commission concludes that 40
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the risk from sabotage and beyond design-basis earthquakes at existing nuclear power plants is1
small and additionally, that the risks from other external events, are adequately addressed by a2
generic consideration of internally initiated severe accidents. 3

4
Based on information in the GEIS, the Commission found that5

6
The probability weighted consequences of atmospheric releases, fallout onto open7
bodies of water, releases to groundwater, and societal and economic impacts from8
severe accidents are small for all plants.  However, alternatives to mitigate severe9
accidents must be considered for all plants that have not considered such alternatives.10

11
Therefore, the Commission has designated mitigation of severe accidents as a Category 2 issue12
in 10 CFR Part 51, Subpart A, Appendix B, Table B-1.  This issue, applicable to VYNPS, is13
listed in Table 5-2.14

15
Table 5-2.  Category 2 Issue Applicable to Postulated Accidents During the Renewal Term16

17
ISSUE–10 CFR Part 51, Subpart A,18

Appendix B, Table B-119
GEIS

Sections
10 CFR 51.53(c)(3)(ii)

Subparagraph
SEIS

Section

POSTULATED ACCIDENTS20

Severe accidents21 5.3.3; 5.3.3.2;  
5.3.3.3; 5.3.3.4; 
5.3.3.5; 5.4; 5.5.2

L 5.2

22
The NRC staff has not identified any new and significant information with regard to the23
consequences from severe accidents during its independent review of the Entergy ER24
(Entergy 2006), the site visit, the scoping process, or the evaluation of other available25
information.  Therefore, the NRC staff concludes that there are no impacts of severe accidents26
beyond those discussed in the GEIS.  However, in accordance with 10 CFR 51.53(c)(3)(ii)(L),27
the NRC staff has reviewed severe accident mitigation alternatives (SAMAs) for VYNPS.  The28
results of its review are discussed in Section 5.2.29

30

5.2 Severe Accident Mitigation Alternatives31
32

Section 51.53(c)(3)(ii)(L) requires that license renewal applicants consider alternatives to33
mitigate severe accidents if the staff has not previously evaluated SAMAs for the applicant's34
plant in an environmental impact statement (EIS) or related supplement or in an environmental35
assessment.  The purpose of this consideration is to ensure that plant changes (i.e., hardware,36
procedures, and training) with the potential for improving severe accident safety performance 37
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are identified and evaluated.  SAMAs have not been previously considered for Vermont Yankee1
Nuclear Power Station (VYNPS); therefore, the remainder of Chapter 5 addresses those2
alternatives.3

5.2.1 Introduction4
5

This section presents a summary of the SAMA evaluation for VYNPS conducted by Entergy6
Nuclear Generation Company (Entergy), and described in the ER, and the NRC's review of this7
evaluation.  The details of the review are described in the NRC staff evaluation that was8
prepared with contract assistance from Information Systems Laboratories, Inc.  The entire9
evaluation for VYNPS is presented in Appendix G.10

The SAMA evaluation for VYNPS was conducted with a four-step approach.  In the first step11
Entergy quantified the level of risk associated with potential reactor accidents using the12
plant-specific probabilistic safety assessment (PSA) and other risk models. 13

In the second step Entergy examined the major risk contributors and identified possible ways14
(SAMAs) of reducing that risk.  Common ways of reducing risk are changes to components,15
systems, procedures, and training.  Entergy initially identified 302 potential SAMAs for VYNPS. 16
Entergy screened out 236 SAMAs from further consideration because they are not applicable at17
VYNPS due to design differences, have already been implemented at VYNPS, or are addressed18
by a similar SAMA.  The remaining 66 SAMAs were subjected to further evaluation.19

In the third step Entergy estimated the benefits and the costs associated with each of the20
remaining SAMAs.  Estimates were made of how much each SAMA could reduce risk.  Those21
estimates were developed in terms of dollars in accordance with NRC guidance for performing22
regulatory analyses (NRC 1997).  The cost of implementing the proposed SAMAs was also23
estimated.24

Finally, in the fourth step, the costs and benefits of each of the remaining SAMAs were25
compared to determine whether the SAMA was cost-beneficial, meaning the benefits of the26
SAMA were greater than the cost (a positive cost-benefit).  Entergy found two SAMAs to be27
potentially cost-beneficial (Entergy 2006c).  However, in response to NRC staff inquiries28
regarding estimated benefits for certain SAMAs and lower cost alternatives, four additional29
potentially cost-beneficial SAMAs were identified (Entergy 2006c and 2006d).30

The potentially cost-beneficial SAMAs do not relate to adequately managing the effects of aging31
during the period of extended operation; therefore, they need not be implemented as part of32
license renewal pursuant to 10 CFR Part 54.  Entergy's SAMA analyses and the NRC's review33
are discussed in more detail below.34

35
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5.2.2 Estimate of Risk1

Entergy submitted an assessment of SAMAs for VYNPS as part of the ER (Entergy 2006a). 2
This assessment was based on the most recent VYNPS PSA available at that time, a3
plant-specific offsite consequence analysis performed using the MELCOR Accident4
Consequence Code System 2 (MACCS2) computer program, and insights from the VYNPS5
Individual Plant Examination (IPE) (VYNPC 1993) and Individual Plant Examination of External6
Events (IPEEE) (VYNPC 1998).7

The baseline core damage frequency (CDF) for the purpose of the SAMA evaluation is8
approximately 8.0 x 10-6 per year.  This CDF is based on the risk assessment for internally-9
initiated events.  Entergy did not include the contribution to risk from external events within the10
VYNPS risk estimates; however, it did account for the potential risk reduction benefits11
associated with external events by increasing the estimated benefits for internal events by a12
factor of 3.33.  The breakdown of CDF by initiating event is provided in Table 5-3.13

As shown in Table 5-3, events initiated by loss of offsite power, internal flooding, transients14
without the power conversion system, and loss of an AC bus are the dominant contributors to15
CDF.  Although not separately reported, station blackout (SBO) sequences contribute 2.3 x 10-616
per year (about 29 percent of the total internal events CDF), while anticipated transient without17
scram (ATWS) sequences contribute 1.5 x 10-7 per year to CDF (about 2 percent of the total18
internal events CDF).19

Entergy estimated the dose to the population within 80 km (50 mi) of the VYNPS site to be20
approximately 0.151 person-Sv (15.1 person-rem) per year.  The breakdown of the total21
population dose by containment release mode is summarized in Table 5-4.  Containment22
failures within the early time frame (less than 6 hours following event initiation) dominate the23
population dose risk at VYNPS.24

25
The NRC staff has reviewed Entergy's data and evaluation methods and concludes that the26
quality of the risk analyses is adequate to support an assessment of the risk reduction potential27
for candidate SAMAs.  Accordingly, the staff based its assessment of offsite risk on the CDFs28
and offsite doses reported by Entergy.29

30
5.2.3 Potential Plant Improvements31

32
Once the dominant contributors to plant risk were identified, Entergy searched for ways to33
reduce that risk.  In identifying and evaluating potential SAMAs, Entergy considered insights 34
from the plant-specific PSA, and SAMA analyses performed for other operating plants that have 35
submitted license renewal applications.  Entergy identified 302 potential risk-reducing36
improvements (SAMAs) to plant components, systems, procedures and training.37

38
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Table 5-3.  VYNPS Core Damage Frequency1

Initiating Event2
CDF

(Per Year
% Contribution

to CDF

Loss of offsite power3 2.8 x 10-6 35

Internal Flooding4 1.4 x 10-6 17

Transients without power conversion5
system6

8.4 x 10-7 11

Loss of AC Bus 37 7.9 x 10-7 10

Loss of AC Bus 48 7.3 x 10-7 9

Loss of DC bus 29 2.8 x 10-7 4

Loss of DC bus 110 2.8 x 10-7 3

Inadvertently opened relief valve11 2.7 x 10-7 3

Reactor trip12 1.7 x 10-7 2

Anticipated Transient Without Scram13 1.5 x 10-7 2

Loss of Coolant Accidents14 7.3 x 10-8 1

Stuck-open relief valve15 6.5 x 10-8 1

Total loss of service water16 5.2 x 10-8 1

Interfacing System LOCA17 3.9 x 10-8 <1

LOCA outside containment18 3.4 x 10-8 <1

Total CDF19 8.0 x 10-6 100
20

Table 5-4.  Breakdown of Population Dose by Containment Release Mode21
22

Containment Release Mode23
Population Dose

(Person-Rem1 Per Year) % Contribution

Early Containment Failure24 12.8 85
Late Containment Failure25 2.1 14
Containment Bypass26 0.2 1
Intermediate Containment Failure27 < 0.1 < 1
Intact Containment28 negligible negligible
Total29 15.1 100

  1One person-Rem = 0.01 person-Sv30
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Entergy removed 236 SAMAs from further consideration because they are not applicable at1
VYNPS due to design differences, have already been implemented at VYNPS, or are addressed2
by a similar SAMA.  A detailed cost-benefit analysis was performed for each of the 66 remaining3
SAMAs.4

The staff concludes that Entergy used a systematic and comprehensive process for identifying5
potential plant improvements for VYNPS, and that the set of potential plant improvements6
identified by Entergy is reasonably comprehensive and, therefore, acceptable. 7

5.2.4 Evaluation of Risk Reduction and Costs of Improvements8
9

Entergy evaluated the risk-reduction potential of the remaining 66 SAMAs.  The majority of the10
SAMA evaluations were performed in a bounding fashion in that the SAMA was assumed to11
completely eliminate the risk associated with the proposed enhancement.12

Entergy estimated the costs of implementing the 66 candidate SAMAs through the application of13
engineering judgement, and use of other licensees’ estimates for similar improvements.  The14
cost estimates conservatively did not include the cost of replacement power during extended15
outages required to implement the modifications, nor did they include contingency costs16
associated with unforeseen implementation obstacles.17

The staff reviewed Entergy’s bases for calculating the risk reduction for the various plant18
improvements and concludes that the rationale and assumptions for estimating risk reduction19
are reasonable and somewhat conservative (i.e., the estimated risk reduction is similar to or20
somewhat higher than what would actually be realized).  Accordingly, the staff based its21
estimates of averted risk for the various SAMAs on Entergy’s risk reduction estimates.22

The staff reviewed the bases for the applicant’s cost estimates.  For certain improvements, the23
staff also compared the cost estimates to estimates developed elsewhere for similar24
improvements, including estimates developed as part of other licensees’ analyses of SAMAs for25
operating reactors and advanced light-water reactors.  The staff found the cost estimates to be26
consistent with estimates provided in support of other plants’ analyses.27

The staff concludes that the risk reduction and the cost estimates provided by Entergy are28
sufficient and appropriate for use in the SAMA evaluation.29

5.2.5 Cost-Benefit Comparison30

The cost-benefit analysis performed by Entergy was based primarily on NUREG/BR-0184 (NRC31
1997) and was executed consistent with this guidance.  NUREG/BR-0058 has recently been32
revised to reflect the agency’s revised policy on discount rates.  Revision 4 of NUREG/BR-005833
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states that two sets of estimates should be developed – one at three percent and one at seven1
percent (NRC 2004).  Entergy provided both sets of estimates (Entergy 2006a).2

3
Entergy identified three potentially cost-beneficial SAMAs in the baseline analysis contained in4
the ER (using a seven percent discount rate, and considering the combined impact of both5
external events and uncertainties).  The potentially cost-beneficial SAMAs are:6

7
C SAMA 47 – shield injection system electrical equipment from potential water spray.  This8

SAMA involves installing shields in two locations to address the impacts of breaks in either9
of the two locations.10

11
C SAMA 65 – modify procedures to allow operators to defeat the low reactor pressure12

interlock circuitry that inhibits opening the LPCI or core spray injection valves following13
sensor or logic failures that prevent all low pressure injection valves from opening.14

15
C SAMA 66 – install a bypass switch to allow operators to bypass the low reactor pressure16

interlock circuitry that inhibits opening the LPCI or core spray injection valves following17
sensor or logic failures that prevent all low pressure injection valves from opening.18

19
In response to an RAI, Entergy provided a revised assessment based on a modified multiplier20
for external events and a separate accounting of uncertainties (Entergy 2006c).  The revised21
baseline assessment resulted in identification of only one potentially cost-beneficial SAMA22
(SAMA 65).  When accounting for uncertainties, SAMA 66 was also potentially cost-beneficial. 23
(SAMA 47, which was marginally cost-beneficial in Entergy’s original SAMA assessment, is not24
cost-beneficial in the revised assessment.)  However, in response to NRC staff inquiries25
regarding estimated benefits for certain SAMAs and lower cost alternatives, four additional26
potentially cost-beneficial SAMAs were identified (Entergy 2006c and 2006d):27

28
C SAMA 63, control containment venting within a narrow pressure band.29

30
C New SAMA involving operator procedure revisions to provide additional space cooling to the31

EDG room via the use of portable equipment.32
33

C New SAMA involving use of a portable generator to power the battery chargers.34
35

C New SAMA involving use a portable generator to provide power to individual 125VDC motor36
control centers (MCCs). 37

38
The staff concludes that, with the exception of the potentially cost-beneficial SAMAs discussed39
above, the costs of the SAMAs evaluated would be higher than the associated benefits.40

41
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5.2.6 Conclusions1
2

The staff reviewed Entergy’s analysis and concluded that the methods used and the3
implementation of those methods were sound.  The treatment of SAMA benefits and costs4
support the general conclusion that the SAMA evaluations performed by Entergy are reasonable5
and sufficient for the license renewal submittal.  Although the treatment of SAMAs for external6
events was somewhat limited by the unavailability of an external event PSA, the likelihood of7
there being cost-beneficial enhancements in this area was minimized by improvements that8
have been realized as a result of the IPEEE process, and increasing the estimated SAMA9
benefits for internal events by a multiplier to account for potential benefits in external events.10
Based on its review of the SAMA analysis, the staff concurs with Entergy’s identification of11
areas in which risk can be further reduced in a cost-beneficial manner through the12
implementation of all or a subset of potentially cost-beneficial SAMAs.  Given the potential for13
cost-beneficial risk reduction, the staff considers that further evaluation of these SAMAs by14
Entergy is warranted.  However, none of the potentially cost-beneficial SAMAs relate to15
adequately managing the effects of aging during the period of extended operation.  Therefore,16
they need not be implemented as part of the license renewal pursuant to 10 CFR Part 54.17

18
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6.0  Environmental Impacts of the Uranium1

Fuel Cycle and Solid Waste Management2
3
4

Environmental issues associated with the uranium fuel cycle and solid waste management are5
discussed in the Generic Environmental Impact Statement for License Renewal of Nuclear6
Plants (GEIS), NUREG-1437, Volumes 1 and 2 (NRC 1996, 1999).(a)  The GEIS includes a7
determination of whether the analysis of the environmental issue could be applied to all plants8
and whether additional mitigation measures would be warranted.  Issues are then assigned a9
Category 1 or a Category 2 designation.  As set forth in the GEIS, Category 1 issues are those10
that meet all of the following criteria:11

12
(1) The environmental impacts associated with the issue have been determined to apply13

either to all plants or, for some issues, to plants having a specific type of cooling system14
or other specified plant or site characteristics.15

16
(2) A single significance level (i.e., SMALL, MODERATE, or LARGE) has been assigned to17

the impacts (except for collective offsite radiological impacts from the fuel cycle and from18
high-level waste (HLW) and spent fuel disposal).19

20
(3) Mitigation of adverse impacts associated with the issue has been considered in the21

analysis, and it has been determined that additional plant-specific mitigation measures22
are likely not to be sufficiently beneficial to warrant implementation.23

24
For issues that meet the three Category 1 criteria, no additional plant-specific analysis is25
required unless new and significant information is identified.26

27
Category 2 issues are those that do not meet one or more of the criteria for Category 1, and,28
therefore, additional plant-specific review of these issues is required.29

30
This chapter addresses the issues that are related to the uranium fuel cycle and solid waste31
management during the license renewal term that are listed in Table B-1 of Title 10, Part 51, of32
the Code of Federal Regulations (10 CFR Part 51), Subpart A, Appendix B, and are applicable33
to the Vermont Yankee Nuclear Power Station (VYNPS).  The generic potential impacts of the34
radiological and nonradiological environmental impacts of the uranium fuel cycle and35
transportation of nuclear fuel and wastes are described in detail in the GEIS based, in part, on36
the generic impacts provided in 10 CFR 51.51(b), Table S-3, “Table of Uranium Fuel Cycle 37
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Environmental Data,” and in 10 CFR 51.52(c), Table S-4, “Environmental Impact of1
Transportation of Fuel and Waste to and from One Light-Water-Cooled Nuclear Power Reactor.” 2
The U.S. Nuclear Regulatory Commission (NRC) staff also addresses the impacts from radon-3
222 and technetium-99 in the GEIS.  4

5

6.1 The Uranium Fuel Cycle6
7

Category 1 issues in 10 CFR Part 51, Subpart A, Appendix B, Table B-1, that are applicable to8
VYNPS from the uranium fuel cycle and solid waste management are listed in Table 6-1.9

10
Table 6-1. Category 1 Issues Applicable to the Uranium Fuel Cycle and Solid Waste11

Management During the Renewal Term12
13

ISSUE–10 CFR Part 51, Subpart A, Appendix B, Table B-114 GEIS Section

URANIUM FUEL CYCLE AND WASTE MANAGEMENT15

Offsite radiological impacts (individual effects from other than the16
disposal of spent fuel and HLW)17

6.1; 6.2.1; 6.2.2.1; 6.2.2.3;
6.2.3; 6.2.4; 6.6

Offsite radiological impacts (collective effects)18 6.1; 6.2.2.1; 6.2.3; 6.2.4; 6.6

Offsite radiological impacts (spent fuel and HLW disposal)19 6.1; 6.2.2.1; 6.2.3; 6.2.4; 6.6

Nonradiological impacts of the uranium fuel cycle20 6.1; 6.2.2.6; 6.2.2.7; 6.2.2.8;
6.2.2.9; 6.2.3; 6.2.4; 6.6

Low-level waste storage and disposal21 6.1; 6.2.2.2;6.4.2; 6.4.3;
6.4.3.1; 6.4.3.2; 6.4.3.3; 6.4.4;
6.4.4.1; 6.4.4.2; 6.4.4.3;
6.4.4.4; 6.4.4.5; 6.4.4.5.1;
6.4.4.5.2; 6.4.4.5.3; 6.4.4.5.4;
6.4.4.6; 6.6

Mixed waste storage and disposal22 6.4.5.1; 6.4.5.2; 6.4.5.3;
6.4.5.4; 6.4.5.5; 6.4.5.6;
6.4.5.6.1; 6.4.5.6.2; 6.4.5.6.3;
6.4.5.6.4; 6.6

Onsite spent fuel23 6.1; 6.4.6; 6.4.6.1; 6.4.6.2;
6.4.6.3; 6.4.6.4; 6.4.6.5;
6.4.6.6; 6.4.6.7; 6.6

Nonradiological waste24 6.1; 6.5; 6.5.1; 6.5.2; 6.5.3; 6.6

Transportation25 6.1; 6.3.1; 6.3.2.3; 6.3.3; 6.3.4;
6.6, Addendum 1

26
27
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Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear Operations, Inc. (Entergy) stated in1
its Environmental Report (ER) (Entergy 2006) that it is not aware of any new and significant2
information associated with the renewal of the VYNPS operating license (OL).  The extended3
power uprate granted in March 2006 and the construction of the new dry fuel storage facility,4
which is expected to be completed in 2006, have been considered by the NRC in its evaluation5
of the radiological impacts and the impacts have been determined to be within the boundaries6
established in the GEIS.  The NRC staff has not identified any new and significant information7
during its independent review of the Entergy ER, the site visit, the scoping process, or the8
evaluation of other available information.  Therefore, the NRC staff concludes that there are no9
impacts related to these issues beyond those discussed in the GEIS.  For these issues, the10
NRC staff concluded in the GEIS that the impacts are SMALL except for the collective offsite11
radiological impacts from the fuel cycle and from HLW and spent fuel disposal, as discussed12
below, and that additional plant-specific mitigation measures are not likely to be sufficiently13
beneficial to be warranted.14

15
A brief description of the NRC staff review and the GEIS conclusions, as codified in Table B-1,16
10 CFR Part 51, for each of these issues follows:17

18
  C Offsite radiological impacts (individual effects from other than the disposal of spent fuel19

and HLW).  Based on information in the GEIS, the Commission found that 20
21

Offsite impacts of the uranium fuel cycle have been considered by the Commission in22
Table S-3 of this Part (10 CFR 51.51(b)).  Based on information in the GEIS, impacts on23
individuals from radioactive gaseous and liquid releases, including radon-222 and24
technetium-99, are small.25

26
The NRC staff has not identified any new and significant information during its independent27
review of the Entergy ER, the site visit, the scoping process, or the evaluation of other available28
information.  Therefore, the NRC staff concludes that there would be no offsite radiological29
impacts of the uranium fuel cycle during the renewal term beyond those discussed in the GEIS.30

31
  C Offsite radiological impacts (collective effects).  Based on information in the GEIS, the32

Commission found that33
34

The 100-year environmental dose commitment to the U.S. population from the fuel cycle,35
HLW and spent fuel disposal excepted, is calculated to be about 14,800 person-rem, or36
12 cancer fatalities, for each additional 20-year power reactor operating term.  Much of37
this, especially the contribution of radon releases from mines and tailing piles, consists38
of tiny doses summed over large populations.  This same dose calculation can39
theoretically be extended to include many tiny doses over additional thousands of years40
as well as doses outside the United States.  The result of such a calculation would be41
thousands of cancer fatalities from the fuel cycle, but this result assumes that even tiny42
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doses have some statistical adverse health effect that will not ever be mitigated (e.g., no1
cancer cure in the next thousand years), and that these doses projected over thousands2
of years are meaningful.  However, these assumptions are questionable.  In particular,3
science cannot rule out the possibility that there will be no cancer fatalities from these4
tiny doses.  For perspective, the doses are very small fractions of regulatory limits and5
even smaller fractions of natural background exposure to the same populations.6

7
Nevertheless, despite all the uncertainty, some judgment as to the regulatory NEPA8
(National Environmental Policy Act) implications of these matters should be made and it9
makes no sense to repeat the same judgment in every case.  Even taking the10
uncertainties into account, the Commission concludes that these impacts are acceptable11
in that these impacts would not be sufficiently large to require the NEPA conclusion, for12
any plant, that the option of extended operation under 10 CFR Part 54 should be13
eliminated.  Accordingly, while the Commission has not assigned a single level of14
significance for the collective effects of the fuel cycle, this issue is considered15
Category 1.16

17
The NRC staff has not identified any new and significant information during its independent18
review of the Entergy ER, the site visit, the scoping process, or the evaluation of other available19
information.  Therefore, the NRC staff concludes that there would be no offsite radiological20
impacts (collective effects) from the uranium fuel cycle during the renewal term beyond those21
discussed in the GEIS.22

23
  C Offsite radiological impacts (spent fuel and HLW disposal).  Based on information in the24

GEIS, the Commission found that25
26

For the HLW and spent fuel disposal component of the fuel cycle, there are no current27
regulatory limits for offsite releases of radionuclides for the current candidate repository28
site.  However, if we assume that limits are developed along the lines of the 199529
National Academy of Sciences (NAS) report, Technical Bases for Yucca Mountain30
Standards (NAS 1995), and that in accordance with the Commission’s Waste31
Confidence Decision, 10 CFR 51.23, a repository can and likely will be developed at32
some site which will comply with such limits, peak doses to virtually all individuals will be33
100 mrem per year or less.  However, while the Commission has reasonable confidence34
that these assumptions will prove correct, there is considerable uncertainty since the35
limits are yet to be developed, no repository application has been completed or36
reviewed, and uncertainty is inherent in the models used to evaluate possible pathways37
to the human environment.  The NAS report indicated that 100 mrem per year should be38
considered as a starting point for limits for individual doses, but notes that some39
measure of consensus exists among national and international bodies that the limits40
should be a fraction of the 100 mrem per year.  The lifetime individual risk from the41
100 millirem annual dose limit is about 3 × 10-3.42
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Estimating cumulative doses to populations over thousands of years is more1
problematic.  The likelihood and consequences of events that could seriously2
compromise the integrity of a deep geologic repository were evaluated by the3
Department of Energy in the Final Environmental Impact Statement:  Management of4
Commercially Generated Radioactive Waste, October 1980 (DOE 1980).  The5
evaluation estimated the 70-year whole-body dose commitment to the maximum6
individual and to the regional population resulting from several modes of breaching a7
reference repository in the year of closure, after 1000 years, after 100,000 years, and8
after 100,000,000 years.  Subsequently, the NRC and other Federal agencies have9
expended considerable effort to develop models for the design and for the licensing of a10
HLW repository, especially for the candidate repository at Yucca Mountain.  More11
meaningful estimates of doses to population may be possible in the future as more is12
understood about the performance of the proposed Yucca Mountain repository.  Such13
estimates would involve very great uncertainty, especially with respect to cumulative14
population doses over thousands of years.  The standard proposed by the NAS is a limit15
on maximum individual dose.  The relationship of potential new regulatory requirements,16
based on the NAS report, and cumulative population impacts has not been determined,17
although the report articulates the view that protection of individuals will adequately18
protect the population for a repository at Yucca Mountain.  However, the19
U.S. Environmental Protection Agency’s (EPA’s) generic repository standards in 40 CFR20
Part 191 generally provide an indication of the order of magnitude of cumulative risk to21
population that could result from the licensing of a Yucca Mountain repository, assuming22
the ultimate standards will be within the range of standards now under consideration. 23
The standards in 40 CFR Part 191 protect the population by imposing “containment24
requirements” that limit the cumulative amount of radioactive material released over25
10,000 years.  Reporting performance standards that will be required by EPA are 26
expected to result in releases and associated health consequences in the range27
between 10 and 100 premature cancer deaths, with an upper limit of 1000 premature28
cancer deaths worldwide for a 100,000-metric tonne (MTHM) repository.29

30
Nevertheless, despite all the uncertainty, some judgment as to the regulatory NEPA31
implications of these matters should be made and it makes no sense to repeat the same32
judgment in every case.  Even taking the uncertainties into account, the Commission33
concludes that these impacts are acceptable in that these impacts would not be34
sufficiently large to require the NEPA conclusion, for any plant, that the option of35
extended operation under 10 CFR Part 54 should be eliminated.  Accordingly, while the36
Commission has not assigned a single level of significance for the impacts of spent fuel37
and HLW disposal, this issue is considered Category 1.38

39
On February 15, 2002, based on a recommendation by the Secretary of the Department of40
Energy, the President recommended the Yucca Mountain site for the development of a41
repository for the geologic disposal of spent nuclear fuel and high-level nuclear waste.  The42
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U.S. Congress approved this recommendation on July 9, 2002, in Joint Resolution 87, which1
designated Yucca Mountain as the repository for spent nuclear waste.  On July 23, 2002, the2
President signed Joint Resolution 87 into law; Public Law 107-200, 116 Stat. 735 (2002)3
designates Yucca Mountain as the repository for spent nuclear waste.  This development does4
not represent new and significant information with respect to the offsite radiological impacts5
from license renewal related to disposal of spent nuclear fuel and high-level nuclear waste.6

7
The EPA developed Yucca-Mountain-specific repository standards, which were subsequently8
adopted by the NRC in 10 CFR Part 63.  In an opinion, issued July 9, 2004, the U.S. Court of9
Appeals for the District of Columbia Circuit (the Court) vacated the EPA’s radiation protection10
standards for the candidate repository, which required compliance with certain dose limits over11
a 10,000-year period.  The Court’s decision also vacated the compliance period in NRC’s12
licensing criteria for the candidate repository in 10 CFR Part 63.  In response to the Court’s13
decision, the EPA issued its proposed revised standards to 40 CFR Part 197 on August 22,14
2005 (70 FR 49014).  In order to be consistent with the EPA’s revised standards, the NRC15
proposed revisions to 10 CFR Part 63 on September 8, 2005 (70 FR 53313).16

17
Therefore, for the HLW and spent fuel disposal component of the fuel cycle, there is some18
uncertainty with respect to regulatory limits for offsite releases of radioactive nuclides for the19
current candidate repository site.  However, prior to promulgation of the affected provisions of20
the Commission’s regulations, the NRC staff assumed that limits would be developed along the21
lines of the 1995 NAS report, Technical Bases for Yucca Mountain Standards, and that in22
accordance with the Commission’s Waste Confidence Decision, 10 CFR 51.23, a repository that23
would comply with such limits could and likely would be developed at some site. 24

25
Despite the current uncertainty with respect to these rules, some judgment as to the regulatory26
NEPA implications of offsite radiological impacts of spent fuel and HLW disposal should be27
made.  The NRC staff concludes that these impacts are acceptable in that the impacts would28
not be sufficiently large to require the NEPA conclusion that the option of extended operation29
under 10 CFR Part 54 should be eliminated.30

31
The NRC staff has not identified any new and significant information during its independent32
review of the Entergy ER, the site visit, the scoping process, or the evaluation of other available 33
information.  Therefore, the NRC staff concludes that there would be no offsite radiological34
impacts related to spent fuel and HLW disposal during the renewal term beyond those35
discussed in the GEIS.36

37
C Nonradiological impacts of the uranium fuel cycle.  Based on information in the GEIS, the38

Commission found that  39
40

The nonradiological impacts of the uranium fuel cycle resulting from the renewal of an41
operating license for any plant are found to be small.42
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The NRC staff has not identified any new and significant information during its independent1
review of the Entergy ER, the site visit, the scoping process, or the evaluation of other available2
information.  Therefore, the NRC staff concludes that there would be no nonradiological impacts3
of the uranium fuel cycle during the renewal term beyond those discussed in the GEIS.4

5
  C Low-level waste storage and disposal.  Based on information in the GEIS, the6

Commission found that7
8

The comprehensive regulatory controls that are in place and the low public doses being9
achieved at reactors ensure that the radiological impacts to the environment will remain10
small during the term of a renewed license.  The maximum additional onsite land that11
may be required for low-level waste storage during the term of a renewed license and12
associated impacts will be small.  Nonradiological impacts on air and water will be13
negligible.  The radiological and nonradiological environmental impacts of long-term14
disposal of low-level waste from any individual plant at licensed sites are small.  In15
addition, the Commission concludes that there is reasonable assurance that sufficient16
low-level waste disposal capacity will be made available when needed for facilities to be17
decommissioned consistent with NRC decommissioning requirements.18

19
The NRC staff has not identified any new and significant information during its independent20
review of the Entergy ER, the site visit, the scoping process, or the evaluation of other available21
information.  Therefore, the NRC staff concludes that there would be no impacts of low-level22
waste storage and disposal associated with the renewal term beyond those discussed in the23
GEIS.24

25
  C Mixed waste storage and disposal.  Based on information in the GEIS, the Commission26

found that27
28

The comprehensive regulatory controls and the facilities and procedures that are in29
place ensure proper handling and storage, as well as negligible doses and exposure to30
toxic materials for the public and the environment at all plants.  License renewal will not31
increase the small, continuing risk to human health and the environment posed by mixed32
waste at all plants.  The radiological and nonradiological environmental impacts of33
long-term disposal of mixed waste from any individual plant at licensed sites are small. 34
In addition, the Commission concludes that there is reasonable assurance that sufficient35
mixed waste disposal capacity will be made available when needed for facilities to be36
decommissioned consistent with NRC decommissioning requirements.37

38
The NRC staff has not identified any new and significant information during its independent39
review of the Entergy ER, the site visit, the scoping process, or the evaluation of other available40
information.  Therefore, the NRC staff concludes that there would be no impacts of mixed waste41
storage and disposal associated with the renewal term beyond those discussed in the GEIS.42
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  C Onsite spent fuel.  Based on information in the GEIS, the Commission found that1
2

The expected increase in the volume of spent fuel from an additional 20 years of3
operation can be safely accommodated onsite with small environmental effects through4
dry or pool storage at all plants if a permanent repository or monitored retrievable5
storage is not available.6

7
The NRC staff has not identified any new and significant information during its independent8
review of the Entergy ER, the site visit, the scoping process, or the evaluation of other available9
information.  Therefore, the NRC staff concludes that there would be no impacts of onsite spent10
fuel associated with license renewal beyond those discussed in the GEIS.11

12
  C Nonradiological waste.  Based on information in the GEIS, the Commission found that13

14
No changes to generating systems are anticipated for license renewal.  Facilities and15
procedures are in place to ensure continued proper handling and disposal at all plants.16

17
The NRC staff has not identified any new and significant information during its independent18
review of the Entergy ER, the site visit, the scoping process, or the evaluation of other available19
information.  Therefore, the NRC staff concludes that there would be no nonradiological waste20
impacts during the renewal term beyond those discussed in the GEIS.21

22
  C Transportation.  Based on information contained in the GEIS, the Commission found that23

24
The impacts of transporting spent fuel enriched up to 5 percent uranium-235 with25
average burnup for the peak rod to current levels approved by the NRC up to26
62,000 MWd/MTU and the cumulative impacts of transporting HLW to a single27
repository, such as Yucca Mountain, Nevada, are found to be consistent with the impact28
values contained in 10 CFR 51.52(c), Summary Table S-4, “Environmental Impact of29
Transportation of Fuel and Waste to and from One Light-Water-Cooled Nuclear Power30
Reactor.”  If fuel enrichment or burnup conditions are not met, the applicant must submit31
an assessment of the implications for the environmental impact values reported in the32
summary table.33

34
VYNPS meets the fuel-enrichment and burnup conditions set forth in Addendum 1 to the GEIS. 35
The NRC staff has not identified any new and significant information during its independent36
review of the Entergy ER, the site visit, the scoping process, or the evaluation of other available37
information.  Therefore, the NRC staff concludes that there would be no impacts of38
transportation associated with license renewal beyond those discussed in the GEIS.39

40
There are no Category 2 issues for the uranium fuel cycle and solid waste management.41

42



Fuel Cycle

December 2006 6-9 Draft NUREG-1437, Supplement 30

6.2 References1
2

10 CFR Part 51.  Code of Federal Regulations, Title 10, Energy, Part 51, “Environmental3
Protection Regulations for Domestic Licensing and Related Regulatory Functions.”4

5
10 CFR Part 54.  Code of Federal Regulations, Title 10, Energy, Part 54, “Requirements for6
Renewal of Operating Licenses for Nuclear Power Plants.”7

8
10 CFR Part 63.  Code of Federal Regulations, Title 10, Energy, Part 63, “Disposal of9
High-Level Radioactive Wastes in a Geologic Repository at Yucca Mountain, Nevada.” 10

11
40 CFR Part 191.  Code of Federal Regulations, Title 40, Protection of Environment, Part 191,12
“Environmental Radiation Protection Standards for Management and Disposal of Spent Nuclear13
Fuel, High-Level and Transuranic Radioactive Waste.”14

15
40 CFR Part 197.  Code of Federal Regulations, Title 40, Protection of Environment, Part 197,16
“Public Health and Environmental Radiation Protection Standards for Management and17
Disposal for Yucca Mountain, Nevada.”18

19
Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear Operations, Inc. (Entergy).  2006. 20
Applicant’s Environmental Report – Operating License Renewal Stage, Vermont Yankee21
Nuclear Power Station.  Docket No. 50-271.  Brattleboro, Vermont.  (January 25, 2006).22

23
Joint Resolution Approving the Site at Yucca Mountain, Nevada, for the Development of a24
Repository for the Disposal of High-Level Radioactive Waste and Spent Nuclear Fuel, pursuant25
to the Nuclear Waste Policy Act of 1982.  2002.  Public Law 107-200.  116 Stat. 735.26

27
National Academy of Sciences (NAS).  1995.  Technical Bases for Yucca Mountain Standards. 28
Washington, D.C.29

30
National Environmental Policy Act (NEPA), as amended, 42 USC 4321, et. seq.31

32
U.S. Department of Energy (DOE).  1980.  Final Environmental Impact Statement: 33
Management of Commercially Generated Radioactive Waste.  DOE/EIS-0046F. 34
Washington, D.C.35

36
U.S. Environmental Protection Agency (EPA).  2005.  “Public Health and Environmental37
Radiation Protection Standards for Yucca Mountain, Nevada.”  Federal Register, Vol. 70,38
No. 161, pp. 49014–49068.  Washington, D.C.  (August 22, 2005).39

40
U.S. Nuclear Regulatory Commission (NRC).  1996.  Generic Environmental Impact Statement41
for License Renewal of Nuclear Plants.  NUREG-1437, Vols. 1 and 2, Washington, D.C.42



Fuel Cycle

Draft NUREG-1437, Supplement 30 6-10 December 2006

U.S. Nuclear Regulatory Commission (NRC).  1999.  Generic Environmental Impact Statement1
for License Renewal of Nuclear Plants, Main Report, “Section 6.3 – Transportation, Table 9.1,2
Summary of Findings on NEPA Issues for License Renewal of Nuclear Power Plants, Final3
Report.”  NUREG-1437, Vol. 1, Addendum 1, Washington, D.C.4

5
U.S. Nuclear Regulatory Commission (NRC).  2005.  “Implementation of a Dose Standard After6
10,000 Years.”  Federal Register, Vol. 63, No. 173, pp. 53313–53320.  Washington, D.C. 7
(September 28, 2005).8



(a) The GEIS was originally issued in 1996.  Addendum 1 to the GEIS was issued in 1999.  Hereafter, all
references to the “GEIS” include the GEIS and its Addendum 1.

December 2006 7-1 Draft NUREG-1437, Supplement 30

7.0  Environmental Impacts of Decommissioning1
2
3

Environmental impacts from the activities associated with the decommissioning of any reactor4
before or at the end of an initial or renewed license are evaluated in the Generic Environmental5
Impact Statement for Decommissioning of Nuclear Facilities:  Supplement 1, Regarding the6
Decommissioning of Nuclear Power Reactors, NUREG-0586, Supplement 1 (NRC 2002).  The7
U.S. Nuclear Regulatory Commission (NRC) staff’s evaluation of the environmental impacts of8
decommissioning presented in NUREG-0586, Supplement 1, identifies a range of impacts for9
each environmental issue.10

11
The incremental environmental impacts associated with decommissioning activities resulting12
from continued plant operation during the renewal term are discussed in the Generic13
Environmental Impact Statement for License Renewal of Nuclear Plants (GEIS), NUREG-1437,14
Volumes 1 and 2 (NRC 1996, 1999).(a)  The GEIS includes a determination of whether the15
analysis of the environmental issue could be applied to all plants and whether additional16
mitigation measures would be warranted.  Issues were then assigned a Category 1 or a17
Category 2 designation.  As set forth in the GEIS, Category 1 issues are those that meet all of18
the following criteria:19

20
(1) The environmental impacts associated with the issue have been determined to apply21

either to all plants or, for some issues, to plants having a specific type of cooling system22
or other specified plant or site characteristics.23

24
(2) A single significance level (i.e., SMALL, MODERATE, or LARGE) has been assigned to25

the impacts (except for collective offsite radiological impacts from the fuel cycle and from26
high-level waste and spent fuel disposal).27

28
(3) Mitigation of adverse impacts associated with the issue has been considered in the29

analysis, and it has been determined that additional plant-specific mitigation measures30
are likely not to be sufficiently beneficial to warrant implementation.31

32
For issues that meet the three Category 1 criteria, no additional plant-specific analysis is33
required unless new and significant information is identified.34

35
Category 2 issues are those that do not meet one or more of the criteria for Category 1, and,36
therefore, additional plant-specific review of these issues is required.  There are no Category 237
issues related to decommissioning.38

39
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7.1  Decommissioning1
2

Category 1 issues in Table B-1 of Title 10, Part 51, of the Code of Federal Regulations3
(10 CFR Part 51), Subpart A, Appendix B, that are applicable to Vermont Yankee Nuclear4
Power Station (VYNPS) decommissioning following the renewal term are listed in Table 7-1. 5
Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear Operations, Inc. (Entergy) stated in6
its Environmental Report (ER) (Entergy 2006) that it is aware of no new and significant7
information regarding the environmental impacts of VYNPS license renewal.  The NRC staff has8
not identified any new and significant information during its independent review of the Entergy9
ER, the site visit, the scoping process, or its evaluation of other available information. 10
Therefore, the NRC staff concludes that there are no impacts related to these issues beyond11
those discussed in the GEIS.  For all of these issues, the NRC staff concluded in the GEIS that12
the impacts are SMALL, and additional plant-specific mitigation measures are not likely to be13
sufficiently beneficial to be warranted.14

15
Table 7-1.  Category 1 Issues Applicable to the Decommissioning of VYNPS16

Following the Renewal Term17
18

ISSUE–10 CFR Part 51, Subpart A,19
Appendix B, Table B-120 GEIS Section

DECOMMISSIONING21
Radiation doses22 7.3.1; 7.4

Waste management23 7.3.2; 7.4

Air quality24 7.3.3; 7.4

Water quality25 7.3.4; 7.4

Ecological resources26 7.3.5; 7.4

Socioeconomic impacts27 7.3.7; 7.4
28

A brief description of the NRC staff’s review and the GEIS conclusions, as codified in Table B-1,29
for each of the issues follows:30

31
  C Radiation doses.  Based on information in the GEIS, the Commission found that32

33
Doses to the public will be well below applicable regulatory standards regardless34
of which decommissioning method is used.  Occupational doses would increase35
no more than 1 man-rem caused by buildup of long-lived radionuclides during the36
license renewal term.37

38
The NRC staff has not identified any new and significant information during its39
independent review of the Entergy ER, the site visit, the scoping process, or the40
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evaluation of other available information.  Therefore, the NRC staff concludes that there1
would be no radiation dose impacts associated with decommissioning following the2
license renewal term beyond those discussed in the GEIS.3

4
  C Waste management.  Based on information in the GEIS, the Commission found that5

6
Decommissioning at the end of a 20-year license renewal period would generate7
no more solid wastes than at the end of the current license term.  No increase in8
the quantities of Class C or greater than Class C wastes would be expected.9

10
The NRC staff has not identified any new and significant information during its11
independent review of the Entergy ER, the site visit, the scoping process, or the12
evaluation of other available information.  Therefore, the NRC staff concludes that there13
would be no impacts from solid waste associated with decommissioning following the14
license renewal term beyond those discussed in the GEIS.15

16
  C Air quality.  Based on information in the GEIS, the Commission found that17

18
Air quality impacts of decommissioning are expected to be negligible either at the19
end of the current operating term or at the end of the license renewal term.20

21
The NRC staff has not identified any new and significant information during its22
independent review of the Entergy ER, the site visit, the scoping process, or the23
evaluation of other available information.  Therefore, the NRC staff concludes that there24
would be no impacts on air quality associated with decommissioning following the25
license renewal term beyond those discussed in the GEIS.26

27
  C Water quality.  Based on information in the GEIS, the Commission found that28

29
The potential for significant water quality impacts from erosion or spills is no30
greater whether decommissioning occurs after a 20-year license renewal period31
or after the original 40-year operation period, and measures are readily available32
to avoid such impacts.33

34
The NRC staff has not identified any new and significant information during its independent35
review of the Entergy ER, the site visit, the scoping process, or the evaluation of other36
available information.  Therefore, the NRC staff concludes that there would be no impacts37
on water quality associated with decommissioning following the license renewal term38
beyond those discussed in the GEIS.39

40
  C Ecological resources.  Based on information in the GEIS, the Commission found that41

42
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Decommissioning after either the initial operating period or after a 20-year1
license renewal period is not expected to have any direct ecological impacts.2

3
The NRC staff has not identified any new and significant information during its independent4
review of the Entergy ER, the site visit, the scoping process, or the evaluation of other5
available information.  Therefore, the NRC staff concludes that there would be no impacts6
on ecological resources associated with decommissioning following the license renewal7
term beyond those discussed in the GEIS.8

9
  C Socioeconomic impacts.  Based on information in the GEIS, the Commission found that10

11
Decommissioning would have some short-term socioeconomic impacts.  The12
impacts would not be increased by delaying decommissioning until the end of a13
20-year relicense period, but they might be decreased by population and14
economic growth.15

16
The NRC staff has not identified any new and significant information during its independent17
review of the Entergy ER, the site visit, the scoping process, or its evaluation of other18
available information.  Therefore, the NRC staff concludes that there would be no19
socioeconomic impacts associated with decommissioning following the license renewal term20
beyond those discussed in the GEIS.21

22
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8.0  Environmental Impacts of Alternatives1
2
3

This chapter examines the potential environmental impacts associated with (1) denying the4
renewal of the Vermont Yankee Nuclear Power Station (VYNPS) operating license (OL)5
(i.e., the no-action alternative); (2) replacing VYNPS electric-generation capacity using electric-6
generation sources other than VYNPS; (3) purchasing electric power from other sources to7
replace power generated by VYNPS; and (4) a combination of generation and conservation8
measures.  In addition, other alternatives that were deemed unsuitable for replacement of power9
generated by VYNPS are discussed.10

11
The environmental impacts of alternatives are evaluated using the U.S. Nuclear Regulatory12
Commission’s (NRC’s) three-level standard of significance – SMALL, MODERATE, or LARGE –13
developed using the Council on Environmental Quality guidelines and set forth in the footnotes14
to Table B-1 of Title 10, Part 51, of the Code of Federal Regulations (10 CFR Part 51),15
Subpart A, Appendix B:16

17
SMALL – Environmental effects are not detectable or are so minor that they will neither18
destabilize nor noticeably alter any important attribute of the resource.19

20
MODERATE – Environmental effects are sufficient to alter noticeably, but not to destabilize21
important attributes of the resource.22

23
LARGE – Environmental effects are clearly noticeable and are sufficient to destabilize24
important attributes of the resource.25

26
The impact categories evaluated in this chapter are the same as those used in the Generic27
Environmental Impact Statement for License Renewal of Nuclear Plants (GEIS) NUREG-1437,28
Volumes 1 and 2 (NRC 1996, 1999),(a) with the additional impact category of environmental29
justice and transportation.30

31

8.1 No-Action Alternative32
33

NRC regulations implementing the National Environmental Policy Act (NEPA), 10 CFR Part 51,34
Subpart A, Appendix A(4), specify that the no-action alternative be discussed in an NRC35
Environmental Impact Statement (EIS).  For license renewal, the no-action alternative refers to36
a scenario in which the NRC would not renew the VYNPS OL, and Entergy would then cease37
plant operations by the end of the current OL and initiate decommissioning of the plant.  Entergy38
eventually would be required to shut down VYNPS and to comply with NRC decommissioning39
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requirements in 10 CFR 50.82, whether or not the OL is renewed.  If the VYNPS OL is renewed,1
shutdown of the unit and decommissioning activities would not be avoided, but would be2
postponed for up to an additional 20 years.3

4
The environmental impacts associated with decommissioning under a license renewal or the no-5
action alternative would be bounded by the discussion of impacts in Chapter 7 of the license6
renewal GEIS (NRC 1996), Chapter 7 of this Supplemental Environmental Impact Statement7
(SEIS), and the Final Generic Environmental Impact Statement on Decommissioning of Nuclear8
Facilities, NUREG-0586, Supplement 1 (NRC 2002).  The impacts of decommissioning after9
60 years of operation are not expected to be significantly different from those that would occur10
after 40 years of operation.11

12
Impacts from the decision to permanently cease operations are not considered in NUREG-0586,13
Supplement 1.(a)  Therefore, immediate impacts that occur between plant shutdown and the14
beginning of decommissioning are considered here.  These impacts would occur when the unit15
shuts down regardless of whether the license is renewed or not and are discussed below, with16
the results presented in Table 8-1.  Plant shutdown would result in a net reduction in power17
production capacity.  The power not generated by VYNPS during the license renewal term18
would likely be replaced by (1) power purchased from other electricity providers, (2) generation19
alternatives other than VYNPS, (3) demand-side management (DSM) and energy conservation,20
or (4) some combination of these options.  The environmental impacts of these options are21
discussed in Section 8.2.22

23
  C Land Use24

25
In Chapter 4, the NRC staff concluded that the impact of continued plant operation on land26
use would be SMALL.  Onsite land use would not be affected immediately by the cessation27
of operations.  Plant structures and other facilities are likely to remain in place until28
decommissioning.  The transmission lines associated with VYNPS are expected to remain in29
service after the plant stops operating.  As a result, maintenance of the rights-of-way will30
continue as before.  Therefore, the NRC staff concludes that the impact on land use from31
plant shutdown would be SMALL.32

33
  C Ecology34

35
In Chapter 4, the NRC staff concluded that the ecological impact of continued plant36
operation would be SMALL.  Cessation of operations would be accompanied by a reduction37
in cooling water flow and in the thermal plume from the plant.  These changes would reduce38
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environmental impacts on terrestrial and aquatic species.  The transmission lines associated1
with VYNPS are expected to remain in service after VYNPS stops operating.  As a result,2
maintenance of the rights-of-way and subsequent impacts on the terrestrial ecosystem3
would continue as before.  Therefore, the NRC staff concludes that the ecological impact4
from shutdown of the plant would be SMALL.5

6
Table 8-1.  Summary of Environmental Impacts of the No-Action Alternative7

8
Impact Category9 Impact Comment

Land use10 SMALL Impact is expected to be SMALL because plant
shutdown would not be expected to result in changes
to onsite or offsite land use.

Ecology11
12

SMALL Impact is expected to be SMALL because aquatic
impacts would be reduced from current levels, and
terrestrial impacts are not expected because there
would not be any changes in transmission line right-of-
way maintenance practices.

Water use and quality –13
surface water14

SMALL Impact is expected to be SMALL because surface-
water intake and discharges would be eliminated.

Water use and quality –15
groundwater16

SMALL Impact is expected to be SMALL because
groundwater use would decrease.

Air quality17 SMALL Impact is expected to be SMALL because emissions
related to plant operation and worker transportation
would decrease.

Waste18 SMALL Impact is expected to be SMALL because generation
of high-level waste would stop, and generation of low-
level and mixed waste would decrease.

Human health19 SMALL Impact is expected to be SMALL because radiological
doses to workers and members of the public, which
are within regulatory limits, would be further reduced.

Socioeconomics20 SMALL TO
LARGE

Impacts are expected to range from SMALL to LARGE
because the loss of overall employment would be
relatively SMALL and the loss of tax revenues would
be LARGE.

Transportation21 SMALL Impact is expected to be SMALL because the
decrease in employment would reduce traffic.

Aesthetics22 SMALL Impact is expected to be SMALL because plant
structures would remain in place and the visibility of
plumes from the cooling towers would be eliminated.

Historic and archaeological23
resources24

SMALL Impact is expected to be SMALL because shutdown of
the plant would not result in land disturbance.

Environmental justice25 SMALL Impact is expected to be SMALL because the loss of
overall employment would be small.
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  C Water Use and Quality – Surface Water1
2

In Chapter 4, the NRC staff concluded that the impact of continued plant operation on3
surface-water use and quality would be SMALL.  When the plant stops operating, there4
would be an immediate reduction in the consumptive use of water because of the reduction5
in cooling water flow and in the amount of heat rejected to the Connecticut River.  Therefore,6
the NRC staff concludes that the impact on surface-water use and quality from plant7
shutdown would be SMALL.8

9
  C Water Use and Quality – Groundwater10

11
In Chapter 4, the NRC staff concluded that the impact of continued plant groundwater use12
on groundwater availability and quality would be SMALL.  When the plant stops operating,13
there would be a reduction in the use of water because cooling towers would no longer be14
required and there would be reduced potable water consumption and sanitary use as the15
size of the plant staff decreases.  Therefore, the NRC staff concludes that the impact on16
groundwater use and quality from shutdown of the plant would be SMALL.17

18
  C Air Quality19

20
In Chapter 4, the NRC staff concluded that the impact of continued plant operation on air21
quality would be SMALL.  When the plant stops operating, there would be a reduction in22
emissions from activities related to plant operation, such as worker transportation. 23
Therefore, the NRC staff concludes that the impact on air quality from shutdown of the plant24
would be SMALL.25

26
  C Waste27

28
The impacts of radioactive waste generated by continued plant operation are discussed in29
Chapter 6.  The impact of low-level and mixed waste from plant operation is characterized30
as SMALL.  When VYNPS stops operating, it would stop generating high-level waste (HLW),31
and the generation of low-level and mixed waste associated with plant operation and32
maintenance would be reduced.  Therefore, the NRC staff concludes that the impact of33
waste generated after shutdown of the plant would be SMALL.34

35
  C Human Health36

37
In Chapter 4, the NRC staff concluded that the impacts of continued plant operation on38
human health would be SMALL.  After the cessation of operations, the amount of radioactive39
material released to the environment in gaseous and liquid forms would be reduced. 40
Therefore, the NRC staff concludes that the impact of shutdown of the plant on human41
health would be SMALL.  In Chapter 5, the NRC staff concluded that the impacts of42
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accidents during operation would be SMALL.  After shutdown, the variety of potential1
accidents at the plant would be reduced to a limited set associated with fuel handling and2
storage.  Therefore, the NRC staff concludes that the impact of potential accidents following3
shutdown of the plant would be SMALL.4

5
  C Socioeconomics6

7
In Chapter 4, the NRC staff concluded that the socioeconomic impact of continued plant8
operation would be SMALL.  There would be immediate socioeconomic impacts associated9
with the shutdown of the plant because of the reduction in the staff at the plant.  There may10
also be an immediate reduction in property tax revenues for Windham County, and this is11
anticipated to be LARGE.  The overall impact would depend on the state of the economy,12
the net change in workforce at the plant, and the changes in local government tax receipts. 13
Appendix J of Supplement 1 to NUREG-0586 (NRC 2002) shows that the overall14
socioeconomic impact of plant closure plus decommissioning could be greater than SMALL. 15
The NRC staff concludes that the socioeconomic impact of VYNPS shutdown on16
employment would be SMALL because of the relatively small employment loss compared17
with total employment in the economy of the surrounding area.  Therefore, the NRC staff18
concludes that the socioeconomic impacts of plant shutdown would range from SMALL to19
LARGE.  Impacts could be offset if new power-generating facilities are built at or near the20
current site.21

22
  C Transportation23

24
In Chapter 4, the NRC staff concluded that the impact of continued plant operation on25
transportation would be SMALL.  Cessation of operations would be accompanied by a26
reduction of traffic in the vicinity of the plant.  Most of the reduction would be associated with27
a reduction in the plant workforce, but there also would be a reduction in shipment of28
material to and from the plant.  Therefore, the NRC staff concludes that the impact of plant29
closure on transportation would be SMALL.30

31
  C Aesthetics32

33
In Chapter 4, the NRC staff concluded that the aesthetic impact of continued plant operation34
would be SMALL.  Cessation of operations would be accompanied by the elimination of35
visible plumes from the cooling towers.  Plant structures and other facilities are likely to36
remain in place until decommissioning.  Therefore, the NRC staff concludes that the37
aesthetic impact of plant closure would be SMALL.38

39
  C Historic and Archaeological Resources40

In Chapter 4, the NRC staff concluded that the impacts of continued plant operation on41
historic and archaeological resources would be SMALL.  Onsite land use would not be42
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affected immediately by the cessation of operations.  Plant structures and other facilities1
would likely remain in place until decommissioning.  The transmission line associated with2
the project is expected to remain in service after the plant stops operating.  As a result,3
maintenance of the transmission line right-of-way would continue as before.  Therefore, the4
NRC staff concludes that the impact on historic and archaeological resources from plant5
shutdown would be SMALL.6

7
  C Environmental Justice8

9
In Chapter 4, the NRC staff concluded that the environmental justice impact of continued10
operation of the plant would be SMALL.  Continued operation of the plant would not have a11
disproportionately high and adverse impact on minority and low-income populations. 12
Shutdown of the plant also would not have disproportionately high and adverse impacts on13
minority and low-income populations resulting from the loss of employment opportunities at14
the site or from secondary socioeconomic impacts (e.g., loss of patronage at local15
businesses because the loss would be very minor in the context of the regional economy). 16
The NRC staff concludes that the environmental justice impact of plant shutdown is17
expected to be SMALL.  Any impact would be offset if new power-generating facilities are18
built at or near the current site.  See Appendix J to NUREG-0586, Supplement 119
(NRC 2002), for additional discussion of this impact.20

21

8.2 Alternative Energy Sources22
23

This section discusses the environmental impacts associated with developing alternative24
sources of electric power to replace the power generated by VYNPS, assuming that the OL for25
VYNPS is not renewed.  The order of presentation of alternative energy sources does not imply26
which alternative would be most likely to occur or to have the least environmental impacts.  The27
following power-generation alternatives are considered in detail:28

29
  C Coal-fired plant generation at an alternate site (Section 8.2.1),30

31
  C Natural-gas-fired plant generation at the VYNPS site and at an alternate site32

(Section 8.2.2), and33
34

  C New nuclear power plant generation at an alternate site (Section 8.2.3).35
36

The alternative of purchasing power from other sources to replace power generated at VYNPS37
is discussed in Section 8.2.4.  Other power-generation alternatives and conservation38
alternatives considered by the NRC staff and found not to be reasonable replacements for39
VYNPS are discussed in Section 8.2.5.  Section 8.2.6 discusses the environmental impacts of a40
combination of generation and conservation alternatives.41

42
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Each year, the Energy Information Administration (EIA), a component of the U.S. Department of1
Energy (DOE), issues an Annual Energy Outlook.  In its Annual Energy Outlook 2006 with2
Projections to 2030, the EIA projects that more than 57 percent of new electric-generating3
capacity between 2006 and 2030 will be coal-fired plants (EIA 2006).  The amount of electricity4
produced by coal-fired plants will rise slowly in the near future but will grow considerably5
compared to other types of plants because of reliability and rising natural gas prices.  Natural-6
gas-fired plants accounted for 18 percent of the total supply in 2004, but the EIA predicts their7
contribution to decline to 17 percent by 2030 (EIA 2006).  A slight rise in the percentage of8
natural-gas-fired plants in the near term is predicted due to new more efficient technologies, but9
the rising cost of natural gas will eventually reduce this share.  Renewable fuel technologies10
such as wind, solar, and hydropower provided 9 percent of the total electricity consumed in11
2004, and this is expected to rise to only 9.4 percent by 2030 (EIA 2006).  Of the renewable12
fuels, hydropower provides the most power at 6.8 percent in 2004 and is expected to fall to13
5.1 percent in 2030 (EIA 2006).  The drop in hydropower is due to the lack of new locations for14
development.  The share of power resulting from other renewable sources of power is expected15
to rise from 2.2 percent in 2004 to 4.3 percent in 2030 due to technological advances and State16
and Federal support (EIA 2006).17

18
Nuclear plants currently provide 20 percent of the power in the United States (EIA 2006).  New19
nuclear plants are expected to be built partly due to Energy Policy Act of 2005 tax incentives. 20
By 2030, nuclear power is expected to drop to only 15 percent of the total power produced in21
the United States (EIA 2006).22

23
However, there has been an increased interest in constructing new nuclear power facilities, as24
evidenced by the certification of four standard nuclear power plant designs and recent activities25
involving the review of other plant designs and potential sites (see Section 8.2.3).  The NRC has26
also established the Office of New Reactors (NRO) to prepare for and manage future reactor27
and site licensing applications (NRC 2006).  In addition, the Energy Policy Act of 2005 contains28
provisions to ensure that nuclear energy continues to be a major component of the nation’s29
energy supply.  This Act also establishes a production tax credit for new nuclear power facilities. 30
Therefore, despite the EIA projection, a new nuclear plant alternative for replacing power31
generated by VYNPS is considered in this SEIS.32

33
VYNPS has a net electrical capacity of 650 MW(e) (Section 3.2.1; Entergy 2005).  For the coal-34
and natural-gas-fired plant alternatives, the NRC staff assumed construction of a 620-MW(e)35
and a 608-MW(e) plant, respectively, which is consistent with Entergy’s Environmental Report36
(ER) (Entergy 2005).  This assumption will understate the environmental impacts of replacing37
the 650 MW(e) from VYNPS by about 5 to 6 percent.  The applicant did not identify any specific38
alternate sites in the ER for the coal-fired or natural-gas-fired plants; however, it was assumed39
that a suitable location could be found in the region.  For the new nuclear power plant40
alternative, the NRC staff assumed the same capacity as VYNPS.  Given the small size of the41
VYNPS property, 125 acres, it was assumed that  the coal-fired and nuclear power plant would42
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(a) Heat rate is a measure of generating station thermal efficiency.  In English units, it is generally
expressed in British thermal units (Btu) per net kilowatt-hour (kWh).  It is computed by dividing the
total Btu content of the fuel burned for electric generation by the resulting kWh generation.

(b) The capacity factor is the ratio of electricity generated, for the period of time considered, to the energy
that could have been generated at continuous full-power operation during the same period.
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have to be constructed at an alternate location (Entergy 2006).  Therefore, this SEIS only1
evaluates construction of a natural-gas-fired plant at the VYNPS site as well as the construction2
of all three power plant alternatives at an alternate site for the analysis of environmental3
impacts.4

5
8.2.1 Coal-Fired Plant Generation6

7
The coal-fired plant alternative is analyzed for a generic alternate site.  Unless otherwise8
indicated, the assumptions and numerical values used are from the Entergy ER (Entergy 2006). 9
The NRC staff reviewed the information in the Entergy ER and compared it with environmental10
impact information in the GEIS for license renewal.  Although the OL renewal period is only11
20 years, the impact of operating a coal-fired plant for 40 years is considered (as a reasonable12
projection of the operating life of a coal-fired plant).  The NRC staff assumed that the VYNPS13
plant would remain in operation while the alternative coal-fired plant was constructed.14

15
The NRC staff assumed the construction of one standard 620-MW(e) unit for a total capacity of16
620 MW(e) as a potential replacement for VYNPS.  The coal-fired plant would consume17
approximately 1.9 million tons/yr of pulverized bituminous coal with an ash content of18
approximately 8.2 percent (Entergy 2006).  Entergy assumes a heat rate(a) of 10,200 Btu/kWh19
and a capacity factor(b) of 0.85 in its ER (Entergy 2006).20

21
In addition to the impacts discussed below for a coal-fired plant at an alternate site, impacts22
would occur offsite as a result of the mining of coal and limestone.  Impacts of mining23
operations would include an increase in fugitive dust emissions; surface-water runoff; erosion;24
sedimentation; changes in water quality; disturbance of vegetation and wildlife; disturbance of25
historic and archaeological resources; changes in land use; and impacts on employment.26

27
The magnitude of these offsite impacts would largely be proportional to the amount of land28
affected by mining operations.  In the GEIS, the NRC staff estimated that approximately29
22,000 ac would be affected by the mining of coal and the disposal of the waste needed to30
support a 1000-MW(e) coal-fired plant during its operational life (NRC 1996).  Proportionally31
less land would be affected by a 620-MW(e) plant.  Partially offsetting this offsite land use would32
be the elimination of the need for uranium mining to supply fuel for VYNPS.  In the GEIS, the33
NRC staff estimated that approximately 1000 ac would be affected for mining the uranium and34
processing it during the operating life of a 1000-MW(e) nuclear power plant.35
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8.2.1.1  Coal-Fired Plant with a Closed-Cycle Cooling System1
2

In this section, the NRC staff evaluates the impacts of a coal-fired plant located at an alternate3
site that uses a closed-cycle cooling system.  The impacts of a coal-fired plant using a once-4
through cooling system are considered in Section 8.2.1.2.5

6
The overall impacts of the coal-fired plant alternative are discussed in the following sections and7
summarized in Table 8-2.  The magnitude of impacts for an alternate site would depend on the8
characteristics of the particular site selected.9

10
  C Land Use11

12
In its ER, Entergy estimated that 1054 ac of land would be needed for construction of a coal-13
fired plant at an alternate site.  Entergy assumed use of the closed-cycle cooling system for14
a coal-fired plant at an alternate site (see Table 8-2 for a discussion of the impacts of a coal-15
fired plant using a closed-cycle cooling system).  Additional land would likely be required for16
construction of cooling towers.17

18
The GEIS estimates that approximately 1700 ac would be needed for a 1000-MW(e) coal-19
fired plant (NRC 1996).  This estimate would be scaled down for the 620-MW(e) capacity of20
the proposed coal-fired plant alternative (i.e., 1054 ac) at an alternate site.  Additional land21
might be needed for transmission lines and rail spurs, depending on the location of the22
alternate site relative to the nearest intertie connection and rail line.23

24
In the GEIS, the staff estimated that approximately 22 acres of land per MW(e) would be25
affected for mining the coal and disposing of the waste to support a coal-fired plant during its26
operational life (NRC 1996).  Therefore, for the hypothetical 620 gross MW(e) plant utilized27
in this analysis, it would take approximately 13,640 acres of land.  Partially offsetting this28
offsite land use would be the elimination of the need for uranium mining and processing to29
supply fuel for VYNPS.  In the GEIS, the staff estimated approximately 1 acre per MW(e)30
would be affected for mining and processing the uranium during the operating life of a31
nuclear power plant (NRC 1996).  Therefore, for the hypothetical 620 gross MWe plant32
utilized in this analysis, it would take approximately 620 acres of land.33

34
Additional land would likely be needed at an alternate site for a transmission line to connect35
to the existing grid and for a rail spur.36

37
The waste produced by the coal-fired plant would be disposed of at an alternate site, and38
would account for approximately 123.3 ac of land area over the 40-year plant life.39

40
41

    42
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Table 8-2.  Summary of Environmental Impacts of a Coal-Fired Plant Using Closed-Cycle1
 Cooling at an Alternate Site2

3
Impact Category4 Impact Comments

Land use5 MODERATE
to LARGE

Impact would depend on the characteristics of the alternate site. 
Uses approximately 1054 ac for plant, offices, and parking. 
Additional land (amount dependent on site chosen) would be
needed for a rail spur and a transmission line.  Additional offsite
land-use impact of 13,640 ac for mining coal and limestone.

Ecology6 MODERATE
to LARGE

Impact would depend on the characteristics of the land to be
developed, surface-water body used for intake and discharge,
and transmission line and rail spur routes.  Impact on terrestrial
ecology from cooling-tower drift.  Some impingement and
entrainment of aquatic organisms.

Water use and quality –7
surface water8

SMALL to
MODERATE

Impact would depend on the volume of water withdrawn and
discharged and the characteristics of the surface-water body. 
Cooling-tower blowdown containing increased dissolved solids
and intermittent low concentrations of biocides, as well as
wastewater, would be released.

Water use and quality – 9
groundwater10

SMALL to
MODERATE

Impact would depend on the volume of water withdrawn and
discharged and the characteristics of the aquifers.

Air quality11 MODERATE Impact from fugitive dust and emissions from vehicles and
equipment during construction would be MODERATE.  Impact of
operations on air quality during operations would be
MODERATE with the following emissions expected:  
Sulfur oxides
  C 1238 tons/yr
Nitrogen oxides
  C 472 tons/yr
Particulates
  C 77 tons/yr of total suspended particulates
  C 18 tons/yr of PM10

Carbon monoxide
  C 472 tons/yr
Small amounts of mercury and other hazardous air pollutants
and naturally occurring radioactive materials – mainly uranium
and thorium.
Pollution-control standards may vary, depending on location. 
Impact during construction would be MODERATE.  Impact
during operation would be MODERATE.
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Table 8-2.  (contd)1
2

Impact Category3 Impact Comments
Waste4 MODERATE Waste would be generated and removed during construction. 

During operation, total waste volume would be about
222,227 tons/yr of ash and scrubber sludge, requiring
approximately 123.3 ac for disposal during the 40-year life of the
plant.  Waste disposal constraints may vary.

Human health5
6

SMALL Impact is uncertain, but considered SMALL in the absence of
more quantitative data.

Socioeconomics7 SMALL to
LARGE  

Construction impact would depend on location, but could be
LARGE if the plant is located in a rural area.  Up to 1550
workers during the peak period of the 3-year construction
period.  Operation would result in a workforce of 124 full-time
employees, which is a net loss of approximately 554 jobs, if the
site is located in Windham County.  Windham County’s tax base
would experience a loss and an additional reduction in
employment if the alternate site is not located within the county. 
Employment impacts could be offset by other economic growth
in the area.

Transportation8 MODERATE
to LARGE

Transportation impact associated with up to 1550 construction
workers  would be MODERATE.  Impact associated with 124
plant workers during operation would be SMALL.

For rail transportation of coal and lime, the impact is considered
SMALL to LARGE, depending on location.  Barge delivery would
have SMALL impacts.

Aesthetics9 MODERATE
to LARGE

Impact would depend on the characteristics of the site, but could
be MODERATE.  Intermittent noise from construction, commuter
traffic, and waste disposal; continuous noise from cooling towers
and mechanical equipment; and rail transportation of coal and
lime would result in MODERATE noise impacts.  The impact
could range from MODERATE to LARGE.

Additional impact would result from construction and operation
of the new transmission line and rail spur.  Depending on the
location of the site chosen, this impact could be LARGE.

Historic and10
archeological resources11

SMALL to
MODERATE

Impact would depend on the characteristics of the alternate site. 
A cultural resource inventory would be needed to identify,
evaluate, and mitigate potential impacts of new plant
construction.

Environmental justice12 SMALL to
MODERATE 

Impact would depend on population distribution and makeup at
the site.

13
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The NRC staff concludes that this alternative would result in MODERATE to LARGE land-1
use impacts at an alternate site, depending particularly on the location and length of the2
transmission line and rail spur.3

4
  C Ecology5

6
Locating a coal-fired plant at an alternate site would result in construction and operational7
impacts.  Approximately 1054 ac of land would be converted to industrial use.  Even8
assuming siting at a previously disturbed area, the impacts would affect ecological9
resources.  Impacts could include impacts on threatened and endangered species, wildlife10
habitat loss, reduced productivity, habitat fragmentation, and a local reduction in biological11
diversity.  Use of cooling makeup water from a nearby surface-water body could cause12
entrainment and impingement of fish and other aquatic organisms, and result in adverse13
impacts on aquatic resources.  If needed, construction and maintenance of a transmission14
line and a rail spur also would have ecological impacts.  There would be some additional15
impact on terrestrial ecology from drift from the cooling towers.  Overall, the ecological16
impacts of constructing a coal-fired plant with a closed-cycle cooling system at an alternate17
site are considered to be MODERATE to LARGE.18

19
  C Water Use and Quality20

21
Surface Water.  At an alternate site, the impact on surface-water use and quality would22
depend on the volume of water needed for cooling makeup water, the discharge volume,23
and the characteristics of the receiving body of water.  Intake from and discharge to any24
surface body of water would be regulated by the State of Vermont.  The impacts would be25
SMALL to MODERATE and dependent on the receiving body of water.26

27
Groundwater.  Groundwater use is possible for a coal-fired plant at an alternate site if28
surface-water resources are limited for makeup and potable water.  Groundwater withdrawal29
could require a permit.  Impacts on groundwater use and quality of a coal-fired plant with a30
closed-cycle cooling system at an alternate site would be SMALL to MODERATE,31
depending on the volume of groundwater withdrawn and characteristics of the aquifer.32

33
  C Air Quality34

35
The air quality impacts of coal-fired generation differ considerably from those of nuclear36
generation due to emissions of sulfur oxides (SOx), nitrogen oxides (NOx), particulate matter,37
carbon monoxide (CO), hazardous air pollutants such as mercury, and naturally occurring38
radioactive materials.39

40
A new coal-fired plant located in Vermont would likely need a Prevention of Significant41
Deterioration (PSD) permit and an operating permit under the Clean Air Act (CAA).  The42
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plant would need to comply with the new-source performance standards for such plants as1
set forth in 40 CFR Part 60, Subpart D(a).  The standards establish limits for particulate2
matter and opacity (40 CFR 60.42(a)), sulfur dioxide (SO2) (40 CFR 60.43(a)), and NOx3
(40 CFR 60.44(a)).4

5
The U.S. Environmental Protection Agency (EPA) has various regulatory requirements for6
visibility protection in 40 CFR Part 51, Subpart P, including a specific requirement for review7
of any new major stationary source in an area designated as attainment or unclassified8
under the CAA.  All of Vermont has been classified as attainment or unclassified for criteria9
pollutants (40 CFR 81.346).10

11
Section 169A of the CAA establishes a national goal of preventing future and remedying12
existing impairment of visibility in mandatory Class I Federal areas when impairment results13
from man-made air pollution.  The EPA issued a new regional haze rule in 1999 (Federal14
Register, Volume 64, page 35714 (64 FR 35714); July 1, 1999 (EPA 1999)).  The rule15
specifies that for each mandatory Class I Federal area located within a State, the State must16
establish goals that provide for reasonable progress toward achieving natural visibility17
conditions.  The reasonable progress goals must provide for an improvement in visibility for18
the most-impaired days over the period of the implementation plan and ensure no19
degradation in visibility for the least-impaired days over the same period20
(40 CFR 51.308(d)(1)).  If a coal-fired plant were located close to a mandatory Class I area,21
additional air pollution control requirements could be imposed.  Lye Brook Wilderness Area,22
located about 35 mi northwest of VYNPS, is a Class I area where visibility is an important23
value (40 CFR 81.431).  Air quality in this area could be affected by a coal-fired plant at an24
alternate site if the site chosen were located upwind of the wildlife refuge.25

26
Anticipated impacts for particular pollutants that would result from a coal-fired plant at an27
alternate site are as follows:28

29
Sulfur oxides.  A new coal-fired power plant would be subject to the requirements in Title IV30
of the CAA.  Title IV was enacted to reduce SO2 and NOx emissions, the two principal31
precursors of acid rain, by restricting emissions of these pollutants from power plants. 32
Title IV caps aggregate annual power plant SO2 emissions and imposes controls on SO233
emissions through a system of marketable allowances.  The EPA issues one allowance for34
each ton of SO2 that a unit is allowed to emit.  New units do not receive allowances but are35
required to have allowances to cover their SO2 emissions.  Owners of new units must36
therefore acquire allowances from owners of other power plants by purchase or reduce SO237
emissions at other power plants they own.  Allowances can be banked for use in future38
years.  Thus, a new coal-fired power plant would not add to net regional SO2 emissions,39
although it might do so locally.  Regardless, SO2 emissions would be greater for the coal-40
fired plant alternative than the proposed action.41

42
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Entergy estimates that by using wet limestone flue gas desulfurization to minimize SOx1
emissions (95 percent removal), the total annual stack emissions would be approximately2
1238 tons of SOx (Entergy 2006).3

4
Nitrogen oxides.  Section 407 of the CAA establishes technology-based emission limitations5
for NOx emissions.  The market-based allowance system used for SO2 emissions is not used6
for NOx emissions.  A new coal-fired power plant would be subject to the new-source7
performance standards for such plants at 40 CFR 60.44a(d)(1).  This regulation, issued on8
September 16, 1998 (63 FR 49453 (EPA 1998)), limits the discharge of any gases that9
contain NOx (expressed as nitrogen dioxide (NO2)) in excess of 200 ng/J (1.6 lb/MWh) of10
gross energy output, based on a 30-day rolling average.11

12
Entergy estimates that by using NOx burners with overfire air and selective catalytic13
reduction (SCR) (95 percent reduction), the total annual NOx emissions for a new coal-fired14
power plant would be approximately 472 tons (Entergy 2006).  This level of NOx emissions15
would be greater than under the proposed action.16

17
Particulate matter.  Entergy estimates that the total annual stack emissions would include18
77 tons of filterable total suspended particulates and 18 tons of particulate matter (PM10)19
(40 CFR 50.6).  Entergy assumes a design that minimizes air emissions through a20
combination of boiler technology and post-combustion pollutant removal would be used for21
control (Entergy 2005).  Particulate emissions would be greater under the coal-fired plant22
alternative than under the proposed action.23

24
The construction of a coal-fired plant would generate fugitive dust.  In addition, exhaust25
emissions would come from vehicles and motorized equipment used during the construction26
process.27

28
Carbon monoxide.  Entergy estimates that the total CO emissions would be approximately29
472 tons/yr (Entergy 2006).  This level of emissions is greater than that under the proposed30
action.31

32
Hazardous air pollutants, including mercury.  In December 2000, the EPA issued regulatory33
findings on emissions of hazardous air pollutants from electric utility steam-generating units34
(EPA 2000a).  The EPA determined that coal- and oil-fired electric utility steam-generating35
units are significant emitters of hazardous air pollutants.  The EPA found that coal-fired36
power plants emit arsenic, beryllium, cadmium, chromium, dioxins, hydrogen chloride,37
hydrogen fluoride, lead, manganese, and mercury (EPA 2000a).  The EPA concluded that38
mercury is the hazardous air pollutant of greatest concern.  The EPA found that (1) there is39
a link between the burning of coal and mercury emissions; (2) electric utility steam-40
generating units are the largest domestic source of mercury emissions; and (3) certain41
segments of the U.S. population (e.g., the developing fetus and subsistence fish-eating42
populations) are believed to be at potential risk of adverse health effects due to mercury43
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exposures resulting from consumption of contaminated fish (EPA 2000a).  Accordingly, on1
March 15, 2005, the EPA issued the Clean Air Mercury Rule to permanently cap and reduce2
mercury emissions from coal-fired power plants (EPA 2005).3

4
Uranium and thorium.  Coal contains uranium and thorium.  Uranium concentrations are5
generally in the range of 1 to 10 ppm.  Thorium concentrations are generally about 2.5 times6
greater than uranium concentrations (Gabbard 1993).  One estimate is that in 1982, a7
typical coal-fired plant released about 5.2 tons of uranium and 12.8 tons of thorium8
(Gabbard 1993).  The population dose equivalent from the uranium and thorium releases9
and daughter products produced by the decay of these isotopes has been calculated to be10
significantly higher than that from nuclear power plants (Gabbard 1993).11

12
Carbon dioxide.  A coal-fired plant would also have unregulated carbon dioxide (CO2)13
emissions that could contribute to global warming.  The level of emissions from a coal-fired14
plant would be greater than that under the proposed action.15

16
Summary.  The GEIS analysis did not quantify emissions from coal-fired power plants, but17
implied that air impacts could be substantial.  The GEIS also mentioned global warming18
from unregulated CO2 emissions and acid rain from SOx and NOx emissions as potential19
impacts (NRC 1996).  Adverse human health effects, such as cancer and emphysema, have20
been associated with the products of coal combustion.21

22
Siting a coal-fired power plant at an alternate site within the same air jurisdiction could result23
in installing more or less stringent pollution control equipment to meet local applicable24
requirements.  Therefore, the NRC staff concludes that the impact on air quality would be25
MODERATE.26

27
  C Waste28

29
Waste would be generated during construction activities.  During operations, coal30
combustion generates waste in the form of ash, and equipment for controlling air pollution31
generates additional ash and scrubber sludge.  One 620-MW(e) coal-fired plant would32
generate approximately 222,227 tons of this waste annually for 40 years (Entergy 2006). 33
The ash and scrubber sludge would be disposed of onsite, accounting for approximately34
123.3 ac of land area over the 40-year plant life.  Waste impacts on groundwater and35
surface water could extend beyond the operating life of the plant if leachate and runoff from36
the waste storage area occurs.  Disposal of the waste could noticeably affect land use and37
groundwater quality; however, with appropriate management and monitoring, the impact is38
expected to be small to moderate.  After closure of the waste site and revegetation, the land39
could be available for other uses.40

41
In May 2000, the EPA issued a “Notice of Regulatory Determination on Wastes from the42
Combustion of Fossil Fuels” (EPA 2000b).  The EPA concluded that some form of national43
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regulation is warranted to address coal combustion waste products because (1) the1
composition of these wastes could be dangerous to human health and the environment2
under certain conditions; (2) the EPA has identified 11 documented cases of proven3
damages to human health and the environment by improper management of these wastes in4
landfills and surface impoundments; (3) present disposal practices are such that, in 1995,5
these wastes were being managed in 40 to 70 percent of landfills and surface6
impoundments without reasonable controls in place, particularly in the area of groundwater7
monitoring; and (4) the EPA identified gaps in State oversight of coal combustion wastes. 8
Accordingly, the EPA announced its intention to issue regulations for disposal of coal9
combustion waste under Subtitle D of the Resource Conservation and Recovery Act.10

11
For all of the preceding reasons, the impact from waste generated from burning coal at an12
alternate site is considered MODERATE.13

14
  C Human Health15

16
Worker risks associated with coal-fired plants result from fuel and limestone mining, from17
fuel and lime transportation, and from disposal of coal combustion waste.  In addition, there18
are public risks from inhalation of stack emissions.  Emission impacts can be widespread19
and health risks difficult to quantify.  The coal-fired plant alternative also introduces the risk20
of coal-pile fires and attendant inhalation risks.21

22
In the GEIS, the NRC staff stated that there could be human health impacts (cancer and23
emphysema) from inhalation of toxins and particulates, but it did not identify the significance 24
of these impacts (NRC 1996).  In addition, the discharges of uranium and thorium from coal-25
fired plants can potentially produce radiological doses in excess of those arising from26
nuclear power plant operations (Gabbard 1993).27

28
Regulatory agencies, including the EPA and State agencies, establish air emission29
standards and requirements based on human health impacts.  These agencies also impose30
site-specific emission limits as needed to protect human health.  As discussed previously,31
the EPA has recently concluded that certain segments of the U.S. population (e.g., the32
developing fetus and subsistence fish-eating populations) are believed to be at potential risk33
of adverse health effects due to mercury exposures from sources such as coal-fired power34
plants.  However, in the absence of more quantitative data, the NRC staff expects that the35
human health impact from radiological doses and inhalation of toxins and particulates36
generated by burning coal would be SMALL at an alternate site.37

38
  C Socioeconomics39

40
Construction of a coal-fired plant and associated facilities would take approximately 3 years. 41
The NRC staff assumed that construction would take place while VYNPS continues42
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operation and would be completed by the time VYNPS permanently ceases operations. 1
Estimates presented in the GEIS indicate that the workforce would be expected to vary2
between 744 and 1550 workers during the 3-year construction period for a 620-MW(e) coal-3
fired plant (NRC 1996).  After construction, the local communities would be impacted by the4
loss of the construction jobs, although this loss would be possibly offset by other growth5
currently being projected for the area.  Impacts on socioeconomics of operation of a coal-6
fired plant would be SMALL.7

8
Construction of a replacement coal-fired power plant at an alternate site would impact the9
communities around VYNPS as they would experience the impact of the loss of jobs at10
VYNPS.  The communities around the new site would have to absorb the impacts of a11
temporary workforce (approximately 1550 workers at the peak of construction) and a12
permanent workforce of approximately 124  workers.  In the GEIS, the NRC staff stated that13
socioeconomic impacts at a rural site would be larger than at an urban site, because more14
of the peak construction workforce would need to move to the area to work.  Alternate sites15
would need to be analyzed on a case-by-case basis, and socioeconomic impacts could16
range from SMALL to LARGE.17

18
  C Transportation19

20
Transportation-related impacts associated with a coal-fired plant at an alternate site would21
be dependent on the site location.  The impacts on transportation associated with22

 23
1550 commuting construction workers would likely be MODERATE.  Transportation impacts24
related to the commuting of an estimated 124 workers during operations would likely be25
SMALL.26

27
At an alternate site, coal and lime would probably be delivered by rail.  At an alternate site,28
impacts associated with rail transportation would depend on the site location and distance to29
the existing rail line.  Impacts associated with rail transportation at an alternate site could30
range from SMALL to LARGE.31

32
  C Aesthetics33

34
The coal-fired plant could be as much as 200 ft tall with cooling towers, stack, and coal piles35
visible in daylight hours.  The exhaust stack could be as much as 650 ft high.  The plant and36
associated stack would also be visible at night because of outside lighting.  Visual impacts37
of a new coal-fired plant could be mitigated by landscaping and color selection for buildings38
that is consistent with the environment.  Visual impact at night could be mitigated by39
reduced use of lighting, provided that the lighting meets Federal Aviation Administration40
(FAA) requirements (FAA 2000), and appropriate use of shielding.  There could be a41
significant impact if construction of a new transmission line and/or rail spur is needed.  A42
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coal-fired plant at an alternate site would likely have a MODERATE to LARGE aesthetic1
impact, depending on the site location chosen.2

3
A coal-fired plant would introduce mechanical sources of noise that would be audible offsite. 4
Sources contributing to total noise produced by plant operation are classified as continuous5
or intermittent.  Continuous sources include the mechanical equipment associated with6
normal plant operations, such as cooling towers.  Intermittent sources include the equipment7
related to coal handling, solid waste disposal, transportation related to coal and lime8
delivery, use of outside loudspeakers, and the commuting of plant employees.  These9
impacts are considered to be MODERATE.10

11
Noise impacts associated with rail delivery of coal and lime to a plant at an alternate site12
would be most significant for residents living in the vicinity of the facility and along the rail13
route.  Although noise from passing trains significantly raises noise levels near the rail14
corridor, the short duration of the noise reduces the impact.  Nevertheless, given the15
frequency of train transport and the many residents likely to be within hearing distance of the16
rail route, the impact of noise on residents in the vicinity of the facility and the rail line are17
considered MODERATE.18

19
The aesthetic impact associated with the construction and operation of a new transmission20
line and rail spur at an alternate site could be LARGE, depending on the location of the site21
chosen.  Overall, the NRC staff concludes that the aesthetic impact associated with locating22
a coal-fired plant at an alternate site could be MODERATE to LARGE.23

24
  C Historic and Archaeological Resources25

26
Before construction or any ground disturbance at an alternate site, studies would likely be27
needed to identify, evaluate, and address mitigation of the potential impacts of new plant28
construction on historic and archaeological resources.  The studies would likely be needed29
for all areas of potential disturbance at the proposed plant site and along associated30
corridors where new construction would occur (e.g., roads, transmission corridors, rail lines,31
or other rights-of-way).  Other lands, if any, that are acquired to support the plant would also32
likely need an inventory of cultural resources to identify and evaluate existing historic and33
archaeological resources and possible mitigation of adverse effects from subsequent34
ground-disturbing actions related to physical expansion of the plant site.35

36
Historic and archaeological resources must be evaluated on a site-specific basis.  The37
impacts can generally be effectively managed under current laws and regulations, and as38
such, the categorization of impacts at an alternate site could range from SMALL to39
MODERATE, depending on what resources are present and whether mitigation is40
necessary.41

42
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  C Environmental Justice1
2

Environmental justice impacts would depend on the site chosen and the nearby population3
distribution.  Construction activities would offer new employment possibilities.  This could4
affect housing availability and prices during construction, which could disproportionately5
affect minority and low-income populations.  Closure of VYNPS would result in a decrease6
in employment of approximately 678 operating employees, possibly offset by general growth7
in the area.  Following construction, it is possible that the ability of local government to8
maintain social services could be reduced at the same time as diminished economic9
conditions reduce employment prospects for minority or low-income populations.  Overall,10
the impact is expected to be SMALL.  Projected economic growth in the area and the ability11
of minority and low-income populations to commute to other jobs outside the area could12
mitigate any adverse effects.13

14
The environmental justice impact at an alternate site would depend on the site chosen and15
the nearby population distribution, and could range from SMALL to MODERATE.16

17
8.2.1.2  Coal-Fired Plant with a Once-Through Cooling System18

19
This section discusses the environmental impacts of constructing a coal-fired generation system20
at an alternate site using once-through cooling.  The impacts (SMALL, MODERATE, or LARGE)21
of this option are the same as the impacts for a coal-fired plant using the closed-cycle system. 22
However, there are minor environmental differences between the closed-cycle and once-23
through cooling systems.  Table 8.3 summarizes these differences.  The design and operation24
of the intake would need to comply with performance standards of the EPA’s 316(b) regulations25
to minimize adverse impacts associated with water withdrawal, and heated discharges would26
need to comply with 316(a) regulations.27

28
8.2.2  Natural-Gas-Fired Plant Generation29

30
The environmental impacts of the natural-gas-fired plant alternative are examined in this section31
for both the VYNPS site and an alternate site.  The NRC staff assumed that the plant would use32
a closed-cycle cooling system (Section 8.2.2.1).  In Section 8.2.2.2, the NRC staff also33
evaluated the impacts of once-through cooling.34

35
The existing switchyard, offices, and transmission line would be used for the gas-fired36
alternative at the VYNPS site.  For purposes of analysis, Entergy estimates that approximately37
40 mi of buried gas supply pipeline would need to be constructed to connect to the existing38
pipeline near Renfrew, Massachusetts (Tennessee Pipeline) (Entergy 2006).39

40
If a new natural-gas-fired plant were built at an alternate site in Vermont to replace VYNPS,41
construction of a new natural gas supply pipeline and a new transmission line could be needed. 42
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Table 8-3.  Summary of Environmental Impacts of Coal-Fired Plant Generation at an Alternate1
Site with Once-Through Cooling System2

3

Impact Category4
Change in Impacts from

Closed-Cycle Cooling System
Land use5 Impacts may be less (e.g., through elimination of cooling

towers) or greater (e.g., if a reservoir is required).

Ecology6 Impact would depend on ecology at the site.  Possible
impacts associated with entrainment of fish and shellfish in
early life stages, impingement of fish and shellfish, and heat
shock.  No impact on terrestrial ecology from cooling tower
drift.

Water use and quality-surface water7
8
9

Increased water withdrawal leading to possible water-use
conflicts; thermal load higher on receiving body of water
than with closed-cycle cooling; no discharge of cooling
tower blowdown.

Water use and quality-groundwater10 No change

Air quality11 No change

Waste12 No change

Human health13 No change

Socioeconomics14 No change

Transportation15 No change

Aesthetics16 Less aesthetic impact because cooling towers would not be
used.

Historic and archaeological resources17 No change

Environmental justice18 No change
19

In the GEIS, the NRC staff estimated disturbance of up to 2500 ac for construction of a 60-mi20
transmission line to an alternate site (NRC 1996).21

22
The NRC staff assumed that a replacement natural-gas-fired plant would use combined-cycle23
technology (Entergy 2006).  In a combined-cycle unit, hot combustion gases in a combustion24
turbine rotate the turbine to generate electricity.  Waste combustion heat from the combustion25
turbine is routed through a heat-recovery boiler to make steam to generate additional electricity.26

27
Entergy assumed a 608 MW(e) combined-cycle plant, as the gas-fired plant alternative at28
VYNPS (Entergy 2006).  This capacity is approximately equivalent to the VYNPS total net29
capacity of 650 MW(e).  Entergy estimates that the plant would consume approximately30
26.9 billion ft3 of gas annually (Entergy 2006).31

32



Alternatives

December 2006 8-21 Draft NUREG-1437, Supplement 30

Unless otherwise indicated, the assumptions and numerical values used are from the Entergy1
ER (Entergy 2006).  The NRC staff reviewed this information and compared it with2
environmental impact information in the GEIS.  Although the OL renewal period is only 20 years,3
the impact of operating a natural-gas-fired plant for 40 years is considered (as a reasonable4
projection of the operating life of a natural-gas-fired plant).5

6
8.2.2.1  Natural-Gas-Fired Plant with a Closed-Cycle Cooling System7

8
The overall impacts of a natural-gas-fired plant with a closed-cycle cooling system are9
discussed in the following sections and summarized in Table 8-4.  The extent of impacts at an10
alternate site would depend on the characteristics of the selected location of the plant site.11

12
  C Land Use13

14
For siting a natural-gas-fired plant at VYNPS, existing facilities and infrastructure would be15
used to the extent practicable, limiting the amount of new construction that would be16
required.  Specifically, the NRC staff assumed that a natural-gas-fired plant would use the17
existing switchyard, offices, and transmission line.  Much of the land that would be used has18
been previously disturbed.  At VYNPS, the NRC staff assumed that approximately 67 ac19
would be needed for the plant and associated infrastructure.  (However, additional land20
would also be needed for construction of cooling towers for a closed-cycle cooling system.) 21
There would be an additional impact of up to approximately 364 ac for construction of a22
40-mile gas pipeline.  Approximately 90 ac of already developed land at the VYNPS site is23
available (Entergy 2006).24

25
For construction at an alternate site, the NRC staff assumed in the GEIS that 110 ac would26
be needed for a 1000-MW(e) plant and associated infrastructure (NRC 1996).  This estimate27
would be scaled down for the 608-MW(e) capacity of the gas-fired plant alternative28
considered here (i.e., 67 ac).  The additional amount of land impacted by the construction of29
a new transmission line and a gas pipeline is dependent on the site location chosen.  The30
NRC staff assumed in the GEIS that approximately 2500 ac would be impacted for31
construction of a 60-mi transmission line (NRC 1996).32

33
Regardless of where a gas-fired plant is built, additional land (approximately 3600 ac) would34
be required for natural gas wells and collection stations (NRC 1996).  Partially offsetting35
these offsite land requirements would be the elimination of the need for uranium mining to36
supply fuel for VYNPS.  In the GEIS (NRC 1996), the NRC staff estimated that37
approximately 1000 ac would be affected by the mining and processing of uranium during38
the operating life of a 1000-MW(e) nuclear power plant.39

40
Overall, the NRC staff concludes that land-use impact for a gas-fired plant at the VYNPS41
site would be SMALL to MODERATE given the availability of previously developed and 42

43
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Table 8-4.  Summary of Environmental Impacts of a Natural-Gas-Fired Plant Using1
Closed-Cycle Cooling at the VYNPS Site and at an Alternate Site2

3
4

Impact5
Category6

VYNPS Site Alternate Site

Impact Comments Impact Comments

Land use7 SMALL to
MODERATE

Impact would depend on the
degree to which previously
disturbed lands were utilized. 
Uses approximately 67 ac
for plant site.  Additional
impact of up to
approximately 364 ac for
construction of 40-mi of
underground gas pipeline. 
Additional land needed for
cooling towers.

MODERATE
to LARGE

Impact would depend on
the characteristics of the
alternate site.  Uses
approximately 110 ac for
power block, cooling
towers, offices, roads, and
parking areas.  Additional 
land would be needed for a
new transmission line
(amount dependent on site
chosen) and for construc-
tion and/or upgrade of a
gas pipeline.

Ecology8 SMALL to
MODERATE

Impact would depend on the
characteristics of the land to
be developed.  Using
developed areas at the
current VYNPS site would
reduce impacts on ecology. 
Impacts could occur with
construction of a gas
pipeline.  Impact on
terrestrial ecology from
cooling-tower drift.  Impact
on aquatic ecology would be
reduced from current levels
because surface-water
intake and thermal discharge
would be reduced.

MODERATE
to LARGE

Impact would depend on
the characteristics of the
land to be developed,
surface-water body used
for intake and discharge,
and transmission and
pipeline routes.  Impact on
terrestrial ecology from
cooling-tower drift.  Some
impingement and
entrainment of aquatic
organisms.

Water use and9
quality – surface10
water11

SMALL Impact on surface water
would be reduced from
current level.  Cooling-tower
blowdown containing
increased dissolved solids
and intermittent low
concentrations of biocides,
as well as wastewater, would
be released.  Temporary
erosion and sedimentation
could occur in any streams
crossed during pipeline
construction.

SMALL to
MODERATE

Impact would depend on
volume of water withdrawn
and discharged and
characteristics of surface-
water body.  Cooling-tower
blowdown containing
increased dissolved solids
and intermittent low
concentrations of biocides,
as well as wastewater,
would be released. 
Temporary erosion and
sedimentation could occur
in streams crossed during
pipeline construction.

12
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Table 8-4.  (contd)1
2
3

Impact4
Category5

VYNPS Site Alternate Site

Impact Comments Impact Comments

Water use and6
quality –7
groundwater8

SMALL Impact would be similar to
current VYNPS operations if
groundwater continues to be
used for potable water use.

SMALL to
MODERATE

Impact would depend on
the location of the site, the
volume of water withdrawn
and discharged, and
characteristics of the
aquifer.

Air quality9 MODERATE Impact from fugitive dust and
emissions from vehicles and
equipment during
construction would be
SMALL.  Impact of
operations on air quality
during operations would be
MODERATE with the
following emissions
expected:  
Sulfur oxides
  C 47.7 tons/yr
Nitrogen oxides
  C 153.1 tons/yr
Carbon monoxide
  C 32.2 tons/yr
PM10 particulates
  C 26.7 tons/yr
Some hazardous air
pollutants.

MODERATE Same emissions as a
natural-gas-fired plant at
the VYNPS site, although
pollution-control standards
may vary depending on
location.  Impacts during
construction would be
SMALL.  Impacts during
operation would be
MODERATE.

Waste10 SMALL Waste would be generated
and removed during
construction.  Minimal waste
from fuel consumption
during operation.

SMALL Same impact as a natural-
gas-fired plant at the
VYNPS site.  Waste
disposal constraints may
vary.

Human health11 SMALL Human health risks
associated with gas-fired
plants may result from NOx
emissions, which are
regulated.  Impacts are
expected to be SMALL.

SMALL Same impact as a natural-
gas-fired plant at the
VYNPS site.

12
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Impact
Category

VYNPS Site Alternate Site

Impact Comments Impact Comments
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Socioeconomics1 MODERATE During construction, impact
would be MODERATE. 
Less than 1550 additional
workers during the peak of
the 3-year construction
period, followed by a reduc-
tion of the current VYNPS
workforce from 678 to 124. 
Windham County would
experience a reduced
demand for goods and
services as well as a loss in
its tax base and
employment, but this would
be potentially offset by
projected economic growth
in the area.  Impact during
operation would be
MODERATE.

MODERATE Construction impact 
would depend on location,
but could be MODERATE if
the location is in a rural
area.  Up to 1550 additional
workers during the peak of
the 3-year construction
period.  Windham County
would experience a loss in
its tax base and
employment if the plant is
built outside of the county,
but this would be potentially
offset by projected
economic growth in the
area.  Impact during
operation would be
MODERATE.

Transportation2
3

MODERATE Transportation impact
associated with construction
workers would be
MODERATE, as
678 VYNPS workers and
less than 1550 construction
workers would be
commuting to the site. 
Impact during operation
would be SMALL as the
number of commuters would
be reduced to 124.

MODERATE Transportation impact
associated with
1550 construction workers
would be MODERATE. 
Impact during operation
would be SMALL as the
number of commuters
would be reduced to 124.

Aesthetics4 MODERATE MODERATE aesthetic
impact due to visibility of
plant units, exhaust stacks,
cooling towers and plumes,
and gas compressors.

Intermittent noise from
construction and continuous
noise from cooling towers
and mechanical equipment
would result in MODERATE
impact.

MODERATE
to LARGE

Impact would depend on
the characteristics of the
site, but would be similar to
those for a natural-gas-fired
plant at the VYNPS site
with additional impact from
the new transmission line
and gas pipeline.  The
impact could range from
MODERATE to LARGE.
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VYNPS Site Alternate Site
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Historic and1
archeological2
resources3

SMALL to
MODERATE

Impact would depend on the
degree to which previously
disturbed lands were utilized. 
A cultural resource inventory
would be needed to identify,
evaluate, and mitigate the
potential impact of new plant
construction.

SMALL to
MODERATE

Impact would depend on
the characteristics of the
alternate site.  A cultural
resource inventory would
be needed to identify,
evaluate, and mitigate
potential impacts of new
plant construction.

Environmental4
justice5

SMALL Impacts on minority and low-
income communities should
be similar to those
experienced by the
population as a whole. 
Some impacts on housing
may occur during construc-
tion; the loss of
554 operating jobs at
VYNPS could reduce
employment prospects for
minority and low-income
populations.  Impact could
be offset by projected
economic growth and the
ability of affected workers to
commute to other jobs.

SMALL to
MODERATE 

Impact would depend on
population distribution and
makeup at site.

6
disturbed land that could be used for the plant site, the use of existing transmission systems,7
and the proximity of an existing gas pipeline.  Impacts on land use at an alternate site could8
be greater, depending on the site chosen and the land requirements for a new transmission9
line and new gas pipeline, and are characterized as MODERATE to LARGE.10

11
  C Ecology12

13
At the VYNPS, there would be ecological impacts related to possible habitat loss and to14
cooling tower drift associated with siting of the gas-fired plant.  There would also be15
ecological impacts associated with bringing a new underground gas pipeline to the VYNPS. 16
Impacts due to habitat loss could be reduced through the use of previously impacted land. 17
Ecological impacts at an alternate site would depend on the nature of the land converted for18
the plant and the possible need for a new gas pipeline and/or transmission line. 19
Construction of the transmission line and construction and/or upgrading of the gas pipeline20
to serve the plant would be expected to have temporary ecological impacts.  Ecological21
impacts on the plant site and utility easements could include impacts on threatened or22
endangered species, wildlife habitat loss and reduced productivity, habitat fragmentation,23
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and a local reduction in biological diversity.  The cooling makeup water intake and discharge1
could have aquatic resource impacts.  Overall, the ecological impacts are considered2
MODERATE to LARGE at either location.3

4
  C Water Use and Quality5

6
Surface Water.  Each of the natural-gas-fired units would include a heat-recovery boiler,7
using a portion of the waste heat from the combustion turbines to generate additional8
electricity.  The net result would be an overall reduction in the amount of waste heat rejected9
from the plant, with an associated reduction in the amount of cooling water required by the10
plant.  Thus, the cooling water requirements for the natural-gas-fired combined-cycle units11
would be much less than those for conventional steam-electric generators, including the12
existing nuclear unit.  Plant discharge would consist mostly of cooling-tower blowdown, with13
the discharge having a higher temperature and increased concentration of dissolved solids,14
relative to the receiving body of water, and intermittent low concentrations of biocides (e.g.,15
chlorine).  In addition to the cooling-tower blowdown, treated process waste streams and16
sanitary wastewater might also be discharged.  All discharges would be regulated by the17
Vermont Department of Environmental Conservation (VDEC).  There would be consumptive18
use of water due to evaporation from the cooling towers.  Overall, the surface-water impacts19
of operation under the natural-gas-fired plant alternative at the VYNPS site are considered20
SMALL.21

22
A natural-gas-fired plant at an alternate site is assumed to use surface water for cooling23
makeup water and discharge.  Intake and discharge would involve relatively small quantities24
of water compared with the coal-fired plant alternative.  The impact on surface water would25
depend on the volume of water needed for makeup water, the discharge volume, and the26
characteristics of the receiving body of water.  Discharges would be the same as those27
described above for a gas-fired plant at the VYNPS site.  Intake from and discharge to any28
surface body of water would be regulated by the VDEC.  The impact would be SMALL to29
MODERATE.30

31
Water-quality impacts from sedimentation during construction were characterized in the32
GEIS as SMALL (NRC 1996).  The NRC staff also noted in the GEIS that operational water-33
quality impacts would be similar to, or less than, those from other generating technologies.34

35
Groundwater.  Any groundwater withdrawal would require a permit from the local permitting36
authority.  VYNPS currently uses groundwater for potable water, and this practice would37
likely continue under the gas-fired plant alternative.  Impacts on groundwater use and quality38
would be considered SMALL.  Impacts on groundwater at an alternate site would depend on39
the volume of water needed and characteristics of the groundwater source.  The NRC staff40
concludes that impacts at an alternate site would be SMALL to MODERATE, depending on41
site-specific conditions.42
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  C Air Quality1
2

Natural gas is a relatively clean-burning fuel.  The gas-fired plant alternative would release3
similar types of emissions, but in lesser quantities than the coal-fired plant alternative.4

5
A new gas-fired plant located in Vermont would likely need a PSD permit and an operating6
permit under the CAA.  A new combined-cycle natural gas power plant would also be7
subject to the new-source performance standards for such units at 40 CFR Part 60,8
Subparts D(a) and GG.  These regulations establish emission limits for particulates, opacity,9
SO2, and NOx.10

11
The EPA has various regulatory requirements for visibility protection in 40 CFR Part 51,12
Subpart P, including a specific requirement for review of any new major stationary source in13
an area designated attainment or unclassified under the CAA.  All of Vermont has been14
classified as attainment or is unclassified for criteria pollutants (40 CFR 81.346).15

16
Section 169A of the CAA establishes a national goal of preventing future and remedying17
existing impairment of visibility in mandatory Class I Federal areas when impairment results18
from man-made air pollution.  The EPA issued a new regional haze rule in 199919
(64 FR 35714; July 1,1999 (EPA 1999)).  The rule specifies that for each mandatory Class I20
Federal area located within a state, the state must establish goals that provide for21
reasonable progress toward achieving natural visibility conditions.  The reasonable progress22
goals must provide for an improvement in visibility for the most impaired days over the23
period of the implementation plan and ensure no degradation in visibility for the24
least-impaired days over the same period (40 CFR 51.308(d)(1)).  If a natural-gas-fired plant25
were located close to a mandatory Class I area, additional air pollution control requirements26
could be imposed.  Lye Brook Wilderness Area, located about 35 mi northwest of VYNPS, is27
a Class I area where visibility is an important value (40 CFR 81.431).  Air quality in this area28
could be affected by a gas-fired plant at the VYNPS site or at an alternate site if the site29
chosen were located upwind of the wildlife refuge.30

31
Entergy projects the following emissions for the natural-gas-fired plant alternative32
(Entergy 2006):33

34
C Sulfur oxides – 47.7 tons/yr35

36
C Nitrogen oxides – 153.1 tons/yr37

38
C Carbon monoxide – 32.2 tons/yr39

40
C PM10 particulates – 26.7 tons/yr41

42



Alternatives

Draft NUREG-1437, Supplement 30 8-28 December 2006

A natural-gas-fired plant would also have unregulated CO2 emissions that could contribute1
to global warming.2

3
In December 2000, the EPA issued regulatory findings on emissions of hazardous air4
pollutants from electric utility steam-generating units (EPA 2000a).  The EPA found that5
natural-gas-fired power plants emit arsenic, formaldehyde, and nickel.  Unlike coal- and oil-6
fired plants, the EPA did not determine that emissions of hazardous air pollutants from7
natural-gas-fired power plants should be regulated under Section 112 of the CAA8
(EPA 2000a).9

10
Construction activities would result in temporary fugitive dust.  Exhaust emissions would11
also come from vehicles and motorized equipment used during the construction process.12

13
Air emissions would likely be the same at VYNPS or at an alternate site.  The overall air14
quality impact for a new natural-gas-fired plant sited at VYNPS or at an alternate site is15
considered MODERATE.16

17
  C Waste18

19
There would be spent selective catalytic reduction (SCR) catalyst from NOx emissions20
control and small amounts of solid waste products (i.e., ash) from burning natural gas fuel. 21
In the GEIS, the NRC staff concluded that waste generation from gas-fired technology would22
be minimal (NRC 1996).  Natural gas combustion results in very few by-products because of23
the clean nature of the fuel.  Waste-generation impacts would be so minor that they would24
not noticeably alter any important resource attribute.  Construction-related debris would be25
generated during construction activities.26

27
Overall, the waste impacts associated with the natural-gas-fired plant alternative would be28
SMALL for a plant sited at VYNPS or at an alternate site.29

30
  C Human Health31

32
In Table 8-2 of the GEIS, the NRC staff identified cancer and emphysema as potential33
health risks from gas-fired plants (NRC 1996).  The risks may be attributable to NOx34
emissions that contribute to ozone formation, which in turn contributes to health risks. 35
Nitrogen oxide emissions from any gas-fired plant would be regulated.  For a plant sited in36
Vermont, NOx emissions would be regulated by the VDEC.  Overall, the impact on human37
health of the natural-gas-fired plant alternative sited at VYNPS or at an alternate site is38
considered SMALL.39

40
41
42
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  C Socioeconomics1
2

Construction of a natural-gas-fired plant would take approximately 3 years.  Peak3
employment would be less than approximately 1550 workers (Entergy 2006).  The NRC staff4
assumed that construction would take place while VYNPS continues operation and would be5
completed by the time it permanently ceases operations.  During construction, the6
communities surrounding the VYNPS site would experience demands on housing and public7
services that could have MODERATE impacts.  These impacts would be tempered by8
construction workers commuting to the site from other parts of Windham County or from9
other nearby counties.  After construction, the communities would be impacted by the loss of10
jobs.  The current VYNPS workforce (approximately 678 workers) would decline through a11
decommissioning period to a minimal maintenance size.  The gas-fired plant would12
introduce a replacement tax base at VYNPS or at an alternate site and approximately13
100 new permanent jobs.  This would represent a net loss of 578 jobs at the VYNPS site.14

15
In the GEIS (NRC 1996), the NRC staff concluded that socioeconomic impacts from16
constructing a natural-gas-fired plant would not be very noticeable and that the small17
operational workforce would have the lowest socioeconomic impacts of any nonrenewable18
technology.  Compared with the coal-fired and nuclear plant alternatives, the smaller size of19
the construction workforce, the shorter construction time frame, and the smaller size of the20
operations workforce would mitigate socioeconomic impacts.  The loss of 578 permanent21
jobs (up to 678 jobs if an alternate site is not located in Windham County) may be partially22
tempered by the projected economic growth of the area.  For these reasons, socioeconomic23
impacts associated with construction and operation of a natural-gas-fired power plant would24
be MODERATE and SMALL, respectively, for siting at VYNPS or at an alternate site.25

26
  C Transportation27

28
Transportation impacts associated with construction and operating personnel commuting to29
a natural-gas-fired plant would depend on the population density and transportation30
infrastructure in the vicinity of the site.  The impacts can be classified as MODERATE for31
construction and SMALL for operation at VYNPS or at an alternate site.32

33
  C Aesthetics34

35
For a natural-gas-fired plant, the turbine buildings (approximately 100 ft tall) and exhaust36
stacks (approximately 125 ft tall), and cooling towers and plumes would be visible during37
daylight hours from offsite.  The gas pipeline compressors also would be visible.  Noise and38
light from the plant would be detectable offsite.  Intermittent noise from construction and39
continuous noise from cooling towers and mechanical equipment would result in40
MODERATE impact.  Overall, the aesthetic impacts associated with construction and41
operation of a natural-gas-fired plant at the VYNPS site are categorized as MODERATE.42

43
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At an alternate site, the buildings, cooling towers, cooling-tower plumes, and the associated1
transmission line and gas pipeline compressors would be visible offsite.  There would also2
be a visual impact from a new transmission line.  Aesthetic impacts would be mitigated if the3
plant were located in an industrial area adjacent to other power plants.  Noise impacts would4
be similar to those described for the VYNPS site.  Overall, the aesthetic impacts associated5
with an alternate site are categorized as MODERATE to LARGE and would depend on the6
characteristics of the area to be developed.  Depending on the site chosen, the greatest7
contributor to aesthetic impact would be the new transmission line.8

9
  C Historic and Archaeological Resources 10

11
Before construction or any ground disturbance at VYNPS or at an alternate site, studies12
would likely be needed to identify, evaluate, and address mitigation of the potential impacts13
of new plant construction on historic and archaeological resources.  The studies would likely14
be needed for all areas of potential disturbance at the proposed plant site and along15
associated corridors where new construction would occur (e.g., roads, transmission and16
pipeline corridors, or other rights-of-way).  Other lands, if any, that are acquired to support17
the plant would also likely need an inventory of cultural resources to identify and evaluate18
existing historic and archaeological resources and possible mitigation of adverse effects19
from subsequent ground-disturbing actions related to physical expansion of the plant site.20

21
Historic and archaeological resources must be evaluated on a site-specific basis.  The22
impacts can generally be effectively managed under current laws and regulations, and as23
such, the categorization of impacts ranges from SMALL to MODERATE, depending on what24
resources are present and whether mitigation is necessary.25

26
  C Environmental Justice27

28
No environmental pathways or locations have been identified that would result in29
disproportionately high and adverse environmental impacts on minority and low-income30
populations if a new natural-gas-fired plant were built at the VYNPS site.  Some impacts on31
housing availability and prices during construction might occur, and this could32
disproportionately affect minority and low-income populations.  Closure of VYNPS would33
result in a decrease in employment of approximately 678 operating employees, partially34
offset by the 100 workers required for operation of the new plant, and possibly by general35
growth in the area.  Following construction, it is possible that the ability of local government36
to maintain social services could be reduced at the same time as diminished economic37
conditions reduce employment prospects for minority or low-income populations.  Overall,38
environmental justice impacts are expected to be SMALL.  Projected economic growth in the39
area and the ability of minority and low-income populations to commute to other jobs outside40
the area could mitigate any adverse effects.41

42
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Environmental justice impacts at an alternate site would depend upon the site chosen and1
the nearby population distribution; therefore, impacts could range from SMALL to2
MODERATE.3

4
8.2.2.2  Natural-Gas-Fired Plant with a Once-Through Cooling System5

6
This section discusses the environmental impacts of constructing a natural gas-fired generation7
system at an alternate site using once-through cooling.  The impacts (SMALL, MODERATE, or8
LARGE) of this option are the same as the impacts for a natural-gas-fired plant using the9
closed-cycle system.  However, there are minor environmental differences between the closed-10
cycle and once-through cooling systems.  Table 8.5 summarizes the incremental differences. 11
The design and operation of the intake would need to comply with performance standards of the12
EPA’s 316(b) regulations to minimize adverse impacts associated with water withdrawal, and13
heated discharges would need to comply with 316(a) regulations. 14

15
Table 8-5.  Summary of Environmental Impacts of Natural Gas-Fired Generation at an16

Alternate Site with Once-Through Cooling17
18

Impact Category19
Change in Impacts from

Closed-Cycle Cooling System

20
Land use21 Impacts may be less (e.g., through elimination of cooling

towers) or greater (e.g., if a reservoir is required).

Ecology22 Impact would depend on the ecology at the site.  Potential
impacts associated with entrainment of fish and shellfish
in early life stages, impingement of fish and shellfish, and
heat shock.  No impact on terrestrial ecology from cooling
tower drift.

Water use and quality – surface water23 Increased water withdrawal leading to possible water-use
conflicts, thermal load higher on receiving body of water
than with closed-cycle cooling; no discharge of cooling
tower blowdown.

Water use and quality – groundwater24 No change

Air quality25 No change

Waste26 No change

Human health27 No change

Socioeconomics28 No change

Transportation29 No change

Aesthetics30 Less aesthetic impact because cooling towers would not
be used.

Historic and archaeological resources31 No change

Environmental justice32 No change
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8.2.3  Nuclear Power Plant Generation1
2

Since 1997, the NRC has certified four new standard designs for nuclear power plants under3
10 CFR Part 52, Subpart B.  These designs are the 1300-MW(e) U.S. Advanced Boiling Water4
Reactor (10 CFR Part 52, Appendix A), the 1300-MW(e) System 80+ Design (10 CFR Part 52,5
Appendix B), the 600-MW(e) AP600 Design (10 CFR Part 52, Appendix C), and the 1117- to6
1154-MW(e) AP1000 design (10 CFR Part 52, Appendix D).  All these plants are light-water7
reactors.  Although no applications for a construction permit or a combined license based on8
these certified designs have been submitted to the NRC, the submission of the design9
certification applications indicates continuing interest in the possibility of licensing new nuclear10
power plants.  In addition, recent escalation in prices of natural gas and electricity have made11
new nuclear power plant construction more attractive from a cost standpoint.  In addition,12
System Energy Resources, Inc., Exelon Generation Company, LLC, Dominion Nuclear North13
Anna, LLC, and Southern Nuclear Operating Company have recently submitted applications for14
early site permits for new advanced nuclear power plants under the procedures in 10 CFR Part15
52, Subpart A (SERI 2003; Exelon 2003; Dominion 2003; SNOC 2006).  Consequently,16
construction of a new nuclear power plant at the an alternate site is considered in this section. 17
The NRC staff assumed that the new nuclear plant would have a 40-year lifetime.  An18
evaluation of the impacts of a new nuclear generating plant to replace VYNPS was not included19
in the Entergy ER (Entergy 2006).20

21
The NRC has summarized environmental data associated with the uranium fuel cycle in22
Table S-3 of 10 CFR 51.51.  The impacts shown in Table S-3 are representative of the impacts23
that would be associated with a replacement nuclear power plant built to one of the certified24
designs, sited at an alternate site.  In the GEIS, the NRC estimated that for a 1000-MW(e)25
reactor, 500 to 1000 ac would be required for construction (NRC 1996).  The impacts shown in26
Table S-3 were adjusted to reflect the replacement of 650 MW(e) generated by VYNPS.  The27
environmental impacts associated with transporting fuel and waste to and from a light-water-28
cooled nuclear power reactor are summarized in Table S-4 of 10 CFR 51.52.29

30
The summary of the NRC’s findings on NEPA issues for license renewal of nuclear power plants31
in Table B-1 of 10 CFR Part 51, Subpart A, Appendix B, is also relevant, although not directly32
applicable, for consideration of environmental impacts associated with the operation of a new33
nuclear power plant.  Additional environmental impact information for a new nuclear power plant34
using closed-cycle cooling is presented in Section 8.2.3.1, and using once-through cooling is35
presented in Section 8.2.3.2.36

37
8.2.3.1  New Nuclear Plant with a Closed-Cycle Cooling System38

39
The overall impacts of a new nuclear plant are discussed in the following sections and are40
summarized in Table 8-6. The extent of impacts at an alternate site would depend on the41
location of the site that is selected.42
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Table 8-6.  Summary of Environmental Impacts of a New Nuclear Power Plant Using1
      Closed-Cycle Cooling at an Alternate Site2

3
Impact Category4 Impact Comments

Land use5 MODERATE
to LARGE

Impact would depend on the characteristics of the alternate
site.  Impact would depend on the degree to which previously
disturbed lands were utilized.  Requires approximately 325 to
650 ac for the plant.  Additional offsite land use impacts from
uranium mining plus additional land for a transmission line.

Ecology6 MODERATE
to LARGE

Impact would depend on the characteristics of the land to be
developed, surface-water body used for intake and discharge,
and transmission line route.  Impact on terrestrial ecology
from cooling-tower drift.  Some impingement and entrainment
of aquatic organisms.

Water use and quality –7
surface water8

SMALL to
MODERATE

Impact would depend on the volume of water withdrawn and
discharged and the characteristics of the surface-water body. 
Cooling-tower blowdown containing increased dissolved
solids and intermittent low concentrations of biocides, as well
as wastewater, would be released.

Water use and quality –9
groundwater10

SMALL to
MODERATE

Impact would depend on the volume of water withdrawn and
discharged and the characteristics of the aquifer.

Air quality11 SMALL Impact from fugitive dust and emissions from vehicles and
equipment during construction would be SMALL.  Emissions
from diesel generators and possibly other sources during
operation would be similar to current VYNPS operation, and
their impact on air quality would be SMALL.    

Waste12 SMALL Waste would be generated and removed during construction. 
Waste impacts for an operating nuclear power plant are
presented in 10 CFR Part 51, Appendix B, Table B-1.

Human health13 SMALL Human health impacts for an operating nuclear power plant
are presented in 10 CFR Part 51, Appendix B, Table B-1.

Socioeconomics14 MODERATE
to LARGE  

Construction impact would depend on location, but could be
LARGE at a rural location.  Windham County would
experience a loss in its tax base and employment if the
chosen site is located outside of the county, but possibly
offset by economic growth in the area.

Transportation15 MODERATE
to LARGE  

Impact would depend on the location of the site. 
Transportation impacts of up to 2500 construction workers
could be MODERATE to LARGE.  Transportation impacts of
678 commuting personnel could be SMALL to MODERATE.
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Table 8-6.  (contd)1
 2

Impact Category3 Impact Comments
Aesthetics4 MODERATE

to LARGE
Impact would depend on the characteristics of the site. 
Aesthetic impact due to the addition of cooling towers and
other structures would be MODERATE.

Intermittent noise from construction and commuter traffic
and continuous noise from cooling towers and mechanical
equipment could result in impacts ranging from SMALL to
MODERATE.  Additional visual impacts would occur from
the new transmission line that would be needed.

Historic and5
archeological resources6

SMALL to
MODERATE

Impact would depend on the characteristics of the
alternative site.  A cultural resource inventory would be
needed to identify, evaluate, and mitigate potential impacts
of new construction.

Environmental justice7
8

SMALL to
LARGE 

Impacts would vary, depending on population distribution
and makeup at the site.

9
In addition to the impacts discussed below, impacts would occur offsite as a result of uranium10
mining.  Impacts of mining would include an increase in fugitive dust emissions, surface-water11
runoff, erosion, sedimentation, changes in water quality, disturbance of vegetation and wildlife,12
disturbance of historic and archaeological resources, changes in land use, and impacts on13
employment.14

15
The magnitude of these offsite impacts would be largely proportional to the amount of land16
affected by mining.  However, there would be no net change in land needed for uranium mining17
because land needed for the new nuclear plant would offset land needed to supply uranium for18
fuel at VYNPS.19

20
  C Land Use21

22
Land-use impacts at an alternate site would alter approximately 325 to 650 ac of land (NRC23
1996) except for the land needed for a transmission line to connect to the grid.  The amount24
of land needed for the transmission line would depend upon the location of the alternate25
site.  In addition, it may be necessary to construct a rail spur to an alternate site to bring in26
equipment during construction.  Depending particularly on transmission line routing, siting a27
new nuclear plant at an alternate site would result in MODERATE to LARGE land-use28
impacts.29

30
31
32



Alternatives

December 2006 8-35 Draft NUREG-1437, Supplement 30

  C Ecology1
2

At an alternate site, there would be construction impacts and new incremental operational3
impacts.  Even assuming siting at a previously disturbed area, the impacts would affect4
ecological resources.  Impacts could include impacts on threatened and endangered5
species, wildlife habitat loss, reduced productivity, habitat fragmentation, and a local6
reduction in biological diversity.  Use of cooling makeup water from a nearby surface-water7
body could have adverse aquatic resource impacts.  Impacts on terrestrial ecology could8
result from cooling-tower drift.  Construction and maintenance of a transmission line, if9
needed, would have ecological impacts.  Overall, the ecological impacts at an alternate site10
would be MODERATE to LARGE and would depend on the ecological conditions at the site11
and the amount of land to be developed.12

13
  C Water Use and Quality14

15
Surface Water.  At an alternate site, the impact on the surface water would depend on the16
volume of water needed for makeup water, the discharge volume, and the characteristics of17
the receiving body of water.  Intake from and discharge to any surface body of water would18
be regulated by the VDEC.  The impacts would be SMALL to MODERATE, and their19
magnitude would depend on the characteristics of the surface-water body used as the20
source of cooling water.21

22
Groundwater.  The NRC staff assumed that a new nuclear power plant located at an23
alternate site would use groundwater for reactor makeup water and potable water24
(see Section 2.2.2).  Use of groundwater for a nuclear power plant sited at an alternate site25
would require a permit from the local permitting authority.26

27
Overall, impacts from a plant similar to VYNPS at an alternate site are considered to be28
SMALL to MODERATE, depending on the volume of groundwater used and characteristics29
of the aquifer.30

31
  C Air Quality32

33
Construction of a new nuclear plant sited at an alternate site would result in fugitive dust34
emissions during the 5-year construction period.  Exhaust emissions would also be35
produced by vehicles and motorized equipment used during the construction process.  Air36
quality impacts from construction could be MODERATE.  An operating nuclear plant would37
have minor air emissions associated with diesel generators and other minor intermittent38
sources and would be similar to the current impacts associated with operation of VYNPS39
(i.e., SMALL).40

41
42
43
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  C Waste1
2

The waste impacts associated with operation of a nuclear power plant are presented in3
Table B-1 of 10 CFR Part 51, Subpart A, Appendix B.  Construction-related waste would be4
generated during construction activities and removed to an appropriate disposal site. 5
Overall, waste impacts are considered SMALL.6

7
  C Human Health8

9
Human health impacts for an operating nuclear power plant are presented in10
10 CFR Part 51, Subpart A, Appendix B, Table B-1.  Overall, human health impacts are11
considered SMALL.12

13
Siting the replacement nuclear power plant at an alternate site would not alter human health14
impacts.  Therefore, the impacts would be SMALL.15

16
  C Socioeconomics17

18
If a new nuclear power plant were constructed at an alternate site, the communities around19
the new site would have to absorb the impacts of a large, temporary workforce (up to20
2500 workers at the peak of construction) and a permanent workforce of approximately21
678 workers.  In the GEIS (NRC 1996), the NRC staff indicated that socioeconomic impacts22
at a rural site would be larger than at an urban site because more of the peak construction23
workforce would need to move to the area to work.  Alternate sites would need to be24
analyzed on a case-by-case basis, and impacts could range from MODERATE to LARGE,25
depending on the socioeconomic characteristics of the area around the site.26

27
 C Transportation28

29
Transportation-related impacts associated with commuting construction workers at an30
alternate site are site dependent, but could be MODERATE to LARGE.  Transportation31
impacts related to commuting of plant operating personnel would also be site-dependent,32
but can be characterized as SMALL to MODERATE, and would depend on the33
characteristics of the transportation system and population in the vicinity of the site.34

35
  C Aesthetics36

37
At an alternate site, there would be an aesthetic impact from the buildings, cooling towers,38
and the plume associated with the cooling towers.  There could also be a significant39
aesthetic impact associated with construction of a new transmission line.  The length of the40
transmission line would depend upon the location of the plant.  Noise and light from the41
plant would be detectable offsite.  The impact of noise and light would be less if the plant42
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were located in an industrial area adjacent to other power plants.  Overall, the aesthetic1
impacts associated with locating a new nuclear plant at an alternate site can be categorized2
as MODERATE to LARGE.  Depending on the location chosen, the greatest contributor to3
this categorization could be the aesthetic impact of the new transmission line.4

5
  C Historic and Archaeological Resources6

7
Before construction or any ground disturbance at an alternate site, studies would likely be8
needed to identify, evaluate, and address mitigation of the potential impacts of new plant9
construction on historic and archaeological resources.  The studies would likely be needed10
for all areas of potential disturbance at the proposed plant site and along associated11
corridors where new construction would occur (e.g., roads, transmission and pipeline12
corridors, or other rights-of-way).  Other lands, if any, that are acquired to support the plant13
would also likely need an inventory of cultural resources to identify and evaluate existing14
historic and archaeological resources and possible mitigation of adverse effects from15
subsequent ground-disturbing actions related to physical expansion of the plant site.16

17
Historic and archaeological resources must be evaluated on a site-specific basis.  The18
impacts can generally be effectively managed under current laws and regulations, and as19
such, the categorization of impacts ranges from SMALL to MODERATE at an alternate site,20
depending on what resources are present and whether mitigation is necessary.21

22
  C Environmental Justice23

24
The environmental justice impact at an alternate site would depend upon the site chosen25
and the nearby population distribution.  Some impacts on housing availability and prices26
during construction might occur, and this could disproportionately affect the minority and27
low-income populations.  After completion of construction, it is possible that the ability of the28
local government to maintain social services could be reduced at the same time as29
diminished economic conditions reduce employment prospects for the minority and low-30
income populations.  Overall, impacts are expected to be SMALL.31

32
8.2.3.2  New Nuclear Plant with a Once-Through Cooling System33

34
This section discusses the environmental impacts of constructing and operating a new nuclear35
power plant using once-through cooling.  The impacts (SMALL, MODERATE, or LARGE) of this36
option are similar to the impacts for a nuclear power plant using a closed-cycle system. 37
However, there are minor differences between the closed-cycle and once-through cooling38
systems.  Table 8-7 summarizes these differences.  The design and operation of the intake39
would need to comply with performance standards of the EPA’s 316(b) regulations to minimize40
adverse impacts associated with water withdrawal, and heated discharges would need to41
comply with 316(a) regulations.42

43
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Table 8-7.  Summary of Environmental Impacts of a New Nuclear Power Plant Using1
     Once-Through Cooling2

3

Impact Category4
Change in Impacts from

Closed-Cycle Cooling System
Land use5 Impact may be less (e.g., through elimination of

cooling towers) or greater (e.g., if a reservoir is 
required).

Ecology6 Impact would depend on the ecological conditions
in areas to be developed.  Possible impacts
associated with entrainment of fish and shellfish
in early life stages, impingement of fish and
shellfish, and heat shock.  No impact on terrestrial
ecology from cooling-tower drift.

Water use and quality – surface water7 Greater water withdrawal rates leading to possible
water-use conflicts, thermal load higher on
receiving body of water than with closed-cycle
cooling; no discharge of cooling-tower blowdown.

Water use and quality – groundwater 8 No change

Air quality9 No change

Waste10 No change

Human health11 No change

Socioeconomics12 No change

Transportation13 No change

Aesthetics14 Less aesthetic impact because cooling towers are
not used.

Historic and archaeological resources15 No change

Environmental justice16 No change
17

8.2.4  Purchased Electrical Power18
19

If available, purchased power from other sources could potentially obviate the need to renew the20
VYNPS OL.  A description of the current energy trading system in Vermont is provided in the21
Vermont Electric Plan (State of Vermont 2005a).  It is unlikely, however, that sufficient baseload,22
firm power supply would be available to replace VYNPS capacity.23

24
Imported power from Canada or Mexico is unlikely to be available for replacement of VYNPS25
capacity.  In Canada, 60 percent of the country’s electrical generation capacity is derived from26
renewable energy sources, principally hydropower (EIA 2004b).  Canada plans to expand27
hydroelectric capacity, including large-scale projects (EIA 2004b).  Canada’s nuclear generation28
is projected to increase from 10,000 MW in 2001 to 15,200 MW in 2020 before reaching a29
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forecasted decline to 12,400 MW in 2025 (EIA 2004b).  The EIA projected that total gross1
U.S. imports of electricity from Canada and Mexico will gradually increase from 38.4 billion kWh2
in 2001 to 47.2 billion kWh in 2010 and then gradually decrease to 15.2 billion kWh in 20253
(EIA 2004a).  Consequently, it is unlikely that electricity imported from Canada or Mexico would4
be able to replace VYNPS capacity.5

6
If power to replace VYNPS capacity were to be purchased from sources within the7
United States or a foreign country, the power-generation technology would likely be one of8
those described in this SEIS and in the GEIS (probably coal, natural gas, or nuclear).  The9
description of the environmental impacts of other technologies in Chapter 8 of the GEIS is10
representative of the purchased electrical power alternative to renewal of the VYNPS OL.  Thus,11
the environmental impacts of imported power would still occur but would be located elsewhere12
within the region, nation, or another country.13

14
8.2.5  Other Alternatives15

16
Other power-generation technologies considered by the NRC are discussed in the following17
paragraphs.18

19
8.2.5.1  Oil-Fired Plant Generation20

21
The EIA projects that oil-fired plants will account for very little of the new generation capacity in22
the United States between 2005 and 2025 because of higher fuel costs and lower efficiencies23
(EIA 2004a).  Oil-fired generation is more expensive than nuclear or coal-fired generation.  In24
addition, future increases in oil prices are expected to make oil-fired generation increasingly25
more expensive than coal-fired generation.  The high cost of oil has prompted a steady decline26
in its use for electricity generation.  For these reasons, oil-fired generation is not considered an27
economically feasible alternative to VYNPS license renewal.28

29
Construction and operation of an oil-fired plant would have environmental impacts.  For30
example, in Section 8.3.11 of the GEIS, the NRC staff estimated that construction of a31
1000-MW(e) oil-fired plant would require about 120 ac of land for the facility and additional land32
for an oil pipeline (NRC 1996).  In addition, operation of oil-fired plants would have33
environmental impacts (including impacts on the aquatic environment and air) that would be34
similar to those of a coal-fired plant.35

36
8.2.5.2  Wind Power37

38
Wind power, by itself, is not suitable for large baseload capacity.  As discussed in Section 8.3.139
of the GEIS, wind is not constant, and average annual capacity factors for wind plants are40
relatively low (on the order of 30 percent) (NRC 1996).  Wind power, only in conjunction with41
energy storage mechanisms or other sources of electrical generation, might serve as a means42
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of providing baseload power.  However, current energy storage technologies are too expensive1
for wind power to serve as a large baseload generator by itself.2

3
Southeastern Vermont, including Windham County, has poor wind power potential.  However,4
crests along the Green Mountains located roughly 25 miles west of VYNPS have excellent wind5
potential.  The annual wind power estimates for Vermont range from a rating of Class 1 and6
some Class 2, increasing to Classes 5 and 6 along the mountain crests (DOE 2006a).  Areas7
designated Class 3 or greater are suitable for most wind energy applications (DOE 2004).  Most8
of Vermont is below the Class 3 rating.  Land-use conflicts, such as urban development,9
farmland, and environmentally sensitive areas, also minimize the amount of land suitable for10
wind energy applications (PNNL 1986).11

12
DOE’s National Renewable Energy Laboratory (NREL) estimates that the footprint of a 1.5-MW13
wind turbine is between 0.25 and 0.5 ac.  In addition, a spacing interval of 5 to 10 turbine rotor14
diameters between wind turbines is typically maintained to prevent interferences between15
turbines (NREL 2006).  Five turbine rotor diameters would be suitable for optimal wind16
conditions, increasing to 10 depending on the amount of wind turbulence and other potential17
topographic disturbances.  Land disturbance during construction to install the turbine is18
estimated to be between 1 to 3 ac per turbine related to grading the site for installation, laydown19
areas for equipment and materials, and staging areas for construction equipment used to hoist20
the turbines and their towers into place.  The area surrounding the turbine is then reclaimed21
after construction is completed.  These estimates do not include land used for substations,22
control buildings, access roads, and other related facilities.  Assuming the most common23
commercially available land-based turbine is used (currently 1.5 MW(a)), 453 turbines in a linear24
array are estimated to be needed in land areas with a wind class of Class 3 or greater to25
produce 680 MW(e), using the NREL’s Wind Farm Area Calculator (NREL 2006).  Assuming a26
rotor diameter of roughly 200 ft for a 1.5-MW turbine, the total acreage for a wind farm with 45327
turbines in a linear array in optimal wind conditions could require more than 2,075 ac; 226.5 ac28
would be dedicated to the turbine footprint (assuming approximately 0.5 ac per turbine base),29
and the remaining land between turbines could be available for other uses, such as grazing or30
agricultural land.  These numbers do not take into account the low annual capacity factor of31
approximately 30 percent that is associated with wind energy.32

33
Consequently, the current VYNPS site is too small to support a baseload level of wind34
generation capacity.  Although impacts would depend on the site chosen, common issues of35
concern include visual impacts, noise, potential interferences with aircraft operations, and bird36
and bat collisions.37

38
39
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8.2.5.3  Solar Power1
2

Solar technologies use the sun’s energy and light to provide heat and cooling, light, hot water,3
and electricity for homes, businesses, and industry.  In the GEIS, the NRC staff noted that by its4
nature, solar power is intermittent.  Therefore, solar power by itself is not suitable for baseload5
capacity and is not a feasible alternative to license renewal of VYNPS.  The average capacity6
factor of photovoltaic cells is about 25 percent, and the capacity factor for solar thermal systems7
is about 25 to 40 percent.  Solar power, in conjunction with energy storage mechanisms, might8
serve as a means of providing baseload power.  However, current energy storage technologies9
are too expensive to permit solar power to serve as a large baseload generator.10

11
Therefore, solar power technologies (photovoltaic and thermal) cannot currently compete with12
conventional fossil-fueled technologies in grid-connected applications because of high costs per13
kilowatt of capacity (NRC 1996).14

15
Natural resources (e.g., wildlife habitat, land use, and aesthetics) can incur substantial impacts16
from construction of solar-generating facilities.  As stated in the GEIS, land requirements are17
high – 35,000 ac per 1000 MW(e) for photovoltaic and approximately 14,000 ac per18
1000 MW(e) for solar thermal systems.  Neither type of solar electric system would fit at the19
VYNPS site, and both would have LARGE environmental impacts at an alternate site.20

21
Vermont receives between approximately 3.5 to 4.0 kWh of solar radiation per square meter per22
day, compared with 6 to 8 kWh of solar radiation per square meter per day in areas of the23
southwestern United States, such as Arizona and California, which are most promising for solar24
technologies (DOE 2006b).  Because of the natural resource impacts (land and ecological), the25
area’s relatively low rate of solar radiation, and high cost, solar power is not deemed a feasible26
baseload alternative to renewal of the VYNPS OL.  Some solar power may be substituted for27
electric power in rooftop and building applications.  Implementation of non-rooftop solar28
generation on a scale large enough to replace VYNPS would likely result in LARGE29
environmental impacts.30

31
8.2.5.4  Hydropower32

33
There are few remaining sites in the Vermont market region that would be environmentally34
suitable for a hydroelectric facility to replace the generating capacity of VYNPS (INEEL 1996). 35
In Section 8.3.4 of the GEIS, the NRC staff points out that hydropower’s percentage of36
U.S. generating capacity is expected to decline because hydroelectric facilities have become37
difficult to site as a result of public concern about flooding, destruction of natural habitat, and38
alteration of natural river courses.39

40
The NRC staff estimated in the GEIS that land requirements for hydroelectric power are41
approximately 1 million ac per 1000 MW(e).  Replacement of VYNPS generating capacity would42
require flooding less than this amount of land.  Because of the small supply of suitable sites in43
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Vermont and the large land-use and related environmental and ecological resource impacts1
associated with siting hydroelectric facilities large enough to replace VYNPS, the NRC staff2
concludes that hydropower is not a feasible alternative to VYNPS OL renewal on its own.  Any3
attempts to site hydroelectric facilities large enough to replace VYNPS would result in LARGE4
environmental impacts.5

6
8.2.5.5  Geothermal Energy7

8
Geothermal energy has an average capacity factor of 90 percent and can be used for baseload9
power where available.  Geothermal technology is limited by the geographical availability of the10
resource and immature status of the technology (NRC 1996).  As illustrated in Figure 8.4 in the11
GEIS, geothermal electric-generating plants are most likely to be sited in the western12
continental United States, Alaska, and Hawaii, where hydrothermal reservoirs are prevalent. 13
There is no feasible location in Vermont for geothermal capacity to serve as an alternative to14
VYNPS (DOE 2006b).  The NRC staff concludes that geothermal energy is not a feasible15
alternative to renewal of the VYNPS OL.16

17
8.2.5.6  Wood Waste18

19
The use of wood waste to generate electricity is largely limited to those states with significant20
wood resources, such as California, Maine, Georgia, Minnesota, Oregon, Washington, and21
Michigan.  Electric power is generated in these states by the pulp, paper, and paperboard22
industries that consume wood and wood waste for energy; these industries benefit from the use23
of waste materials that could otherwise represent a disposal problem.24

25
DOE estimates that Vermont has some resources for wood fuels consisting of urban, mill, and26
forest residues; approximately 689,204 dry tons/yr are available in Vermont (Walsh et al. 2000). 27
The National Renewable Energy Laboratory (NREL) has estimated that 1100 kWh of electricity28
can be produced by 1 dry ton of wood residue.  Therefore, approximately 0.76 TWh of electricity29
can be generated from wood residue in Vermont (NREL 2004).30

31
A wood-burning facility can provide baseload power and operate with an average annual32
capacity factor of around 70 to 80 percent and with 20 to 25 percent efficiency (NRC 1996). 33
The fuels required are variable and site-specific.  A significant barrier to the use of wood waste34
to generate electricity is the high delivered-fuel cost and high construction cost per MW of35
generating capacity.  The larger wood-waste power plants are only 40 to 50 MW(e) in size. 36
Estimates in the GEIS suggest that the overall level of construction impact per MW of installed37
capacity should be approximately the same as that for a coal-fired plant, although facilities using38
wood waste for fuel would be built at smaller scales.  Like coal-fired plants, wood-waste plants39
require large areas for fuel storage and processing and involve the same type of combustion40
equipment.41

42
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While wood resources are available in Vermont, wood energy is not considered a reasonable1
alternative to renewal of the VYNPS OL because of the disadvantages of low heat content,2
handling difficulties, and high transportation costs.3

4
8.2.5.7  Municipal Solid Waste5

6
Municipal waste combustors incinerate the waste and use the resultant heat to generate7
steam, hot water, or electricity.  The combustion process can reduce the volume of waste by up8
to 90 percent and the weight of the waste by up to 75 percent (EPA 2004).  Municipal waste9
combustors use three basic types of technologies:  mass burn, modular, and refuse-derived fuel10
(EIA 2001).  Mass-burning technologies are most commonly used in the United States.  This11
group of technologies processes raw municipal solid waste “as is,” with little or no sizing,12
shredding, or separation before combustion.13

14
Growth in the municipal waste combustion industry slowed dramatically during the 1990s15
after rapid growth during the 1980s.  The slower growth was due to three primary factors: 16
(1) the Tax Reform Act of 1986, which made capital-intensive projects such as municipal waste17
combustion facilities more expensive relative to less capital-intensive waste disposal18
alternatives such as landfills; (2) the 1994 Supreme Court decision (C&A Carbone, Inc. v. Town19
of Clarkstown), which struck down local flow control ordinances that required waste to be20
delivered to specific municipal waste combustion facilities rather than landfills that may have21
had lower fees; and (3) increasingly stringent environmental regulations that increased the22
capital cost necessary to construct and maintain municipal waste combustion facilities23
(EIA 2001).  The EIA projects an increase in electricity generation from municipal solid waste24
and landfill gas by 7 billion kWh to 29 billion kWh in 2025; however, no new capacity is25
expected (EIA 2005).26

27
The decision to burn municipal waste to generate energy is usually driven by the need for an28
alternative to landfills rather than by energy considerations.  The use of landfills as a waste29
disposal option is likely to increase in the near term; however, it is unlikely that many landfills30
will begin converting waste to energy because of unfavorable economics, particularly with31
electricity prices declining in real terms.  U.S. electricity prices in 2002 dollars are expected to32
decline by 8 percent between 2002 and 2008 and remain stable until 2011 (EIA 2004a).  Prices33
are expected to increase by 0.3 percent per year from 2011 until 2025, following the trend of the34
generation component of electricity price (EIA 2004a).35

36
Municipal solid waste combustion generates an ash residue that is buried in landfills.  The ash37
residue is composed of bottom ash and fly ash.  Bottom ash refers to that portion of the38
unburned waste that falls to the bottom of the grate or furnace.  Fly ash represents the small39
particles that rise from the furnace during the combustion process.  Fly ash is generally40
removed from flue-gases using fabric filters or scrubbers (EIA 2001).41

42
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Currently, there are approximately 89 waste-to-energy plants operating in the United States. 1
These plants generate approximately 2500 MW(e), or an average of approximately 28 MW(e)2
per plant (Integrated Waste Services Association 2004), a much smaller capacity than that3
needed to replace the 650 MW(e) of VYNPS.4

5
The initial capital costs for municipal solid waste plants are greater than for comparable steam-6
turbine technology at wood-waste facilities.  This is because of the need for specialized waste-7
separation and waste-handling equipment for municipal solid waste (NRC 1996).  Furthermore,8
estimates in the GEIS suggest that the overall level of construction impact from a waste-fired9
plant should be approximately the same as that for a coal-fired plant.  In addition, waste-fired10
plants have the same or greater operational impacts (including impacts on the aquatic11
environment, air, and waste disposal).  Some of these impacts would be MODERATE, but still12
larger than the environmental effects of license renewal of VYNPS; therefore, municipal solid13
waste would not be a feasible alternative to renewal of the VYNPS OL, particularly at the14
scale required.15

16
8.2.5.8  Other Biomass-Derived Fuels17

18
In addition to wood and municipal solid waste fuels, there are several other concepts for power19
generation, including burning crops, converting crops to a liquid fuel such as ethanol, and20
converting crops or wood waste to gaseous fuel.  In the GEIS, the NRC staff points out that21
none of these technologies has progressed to the point of being competitive on a large scale or22
of being reliable enough to replace a baseload plant such as VYNPS.  For these reasons, such23
fuels do not offer a feasible alternative to renewal of the VYNPS OL.24

25
8.2.5.9  Fuel Cells26

27
Fuel cells work without combustion and its environmental impacts.  Power is produced28
electrochemically by passing a hydrogen-rich fuel over an anode and air over a cathode and29
separating the two by an electrolyte.  The only by-products are heat, water, and CO2.  Hydrogen30
fuel can come from a variety of hydrocarbon resources by subjecting them to steam under31
pressure.  Natural gas is typically used as the source of hydrogen.32

33
Phosphoric acid fuel cells are generally considered first-generation technology.  These fuel cells34
are commercially available at a cost of approximately $4000 to $4500/kW of installed capacity35
(DOE 2006c).  Higher-temperature second-generation fuel cells achieve higher fuel-to-electricity36
and thermal efficiencies.  The higher temperatures contribute to improved efficiencies and give37
the second-generation fuel cells the capability to generate steam for cogeneration and38
combined-cycle operations.39

40
Due to cost issues, the DOE formed the Solid State Energy Conversion Alliance (SECA), with41
the goal of producing new fuel cell technologies at a cost of $400/kW or lower by 201042
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(DOE 2006d).  Fuel cells have the potential to become economically competitive if SECA can1
reach its goal.  For comparison, the installed capacity cost for a natural-gas-fired, combined-2
cycle plant is about $500 to $600/kW (Northwest Power Planning Council 2000).  At the present3
time, fuel cells are not economically or technologically competitive with other alternatives for4
baseload electricity generation.  Consequently, fuel cells are not a feasible alternative to5
renewal of the VYNPS OL.6

7
8.2.5.10  Delayed Retirement8

9
Existing generating units slated for retirement would likely require major refurbishment to10
upgrade or replace plant components to meet current environmental regulations, such as those11
regarding air emissions.  For this reason, delayed retirement of other Entergy generating units12
would not be a feasible alternative to renewal of the VYNPS OL.  Entergy concluded in its ER13
(Entergy 2006) that closing the VYNPS would not remove the need for the 650 MW(e) produced14
by the plant.  The environmental impacts of delayed retirement of non-nuclear 15
generating sources would be similar to the impacts from the operation of coal-fired and natural-16
gas-fired plants.  The NRC staff agrees that delayed retirement is not a feasible alternative to17
renewal of the VYNPS OL.18

19
8.2.5.11  Utility-Sponsored Conservation20

21
Market conditions that initially favored utility-sponsored conservation programs (i.e., demand-22
side management (DSM)), including educational programs, energy efficiency programs, and23
load management programs, have changed significantly.  The viability of new or expanded DSM24
programs has decreased in recent years because of increased competition in the electric utility25
industry, mandated energy efficiency standards, and years of customer education programs that26
have made efficiency the normal practice.  Vermont has enacted several electric energy27
efficiency programs (State of Vermont 2005b).  These programs are administered by the28
Efficiency Vermont group that is paid for by an energy efficiency charge on state energy bills. 29
Programs include promoting the use of energy-efficient appliances, providing information to30
homeowners and businesses on energy-efficient technologies, and information on energy-31
efficient building materials (Efficiency Vermont 2006).  Although this program has resulted in32
peak demand reductions, and the environmental impacts of implementing a DSM program33
would be SMALL, implementation would not be able to realistically replace the 650 MW(e) of net34
generating capacity of VYNPS.  Therefore, the conservation alternative by itself is not35
considered a reasonable alternative to renewing the VYNPS OL.36

37
8.2.6  Combination of Alternatives38

39
Even though individual alternatives to VYNPS might not be sufficient on their own to replace40
VYNPS capacity because of the small size of the resource or lack of cost-effective41
opportunities, it is conceivable that a combination of alternatives might be cost-effective.  As42
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discussed previously, VYNPS has a combined net electrical capacity of 650 MW(e).  For the1
coal- and natural-gas-fired plant alternatives, the use of standard-sized units as potential2
replacements for VYNPS were assumed for purposes of the analyses.3

4
There are many possible combinations of alternatives.  Table 8-8 presents the environmental5
impacts of one assumed combination of alternatives consisting of 530 MW(e) of combined-cycle6
natural-gas-fired plant generation using closed-cycle cooling, a DSM reduction in peak electric7
demand of 40 MW(e), and 80 MW in purchased power.  The NRC staff considered a natural-8
gas-fired plant over a coal-fired plant because a comparison of the impacts indicates that a9
coal-fired plant would have greater impacts than a similar-sized gas-fired plant (see Tables 8-210
and 8-4).  Also, the footprint of the natural-gas-fired plant is smaller and could be11
accommodated within previously disturbed portions of the VYNPS site.  The impacts are based12
on the assumptions for constructing and operating a natural-gas-fired plant, as discussed in13
Section 8.2.2, adjusted for the reduced capacity.  Energy reduction savings associated with14
DSM would result in no addition to the environmental impacts listed in Table 8-8 for a natural-15
gas-fired plant.16

17
Operation of a new natural-gas-fired plant would result in increased emissions (compared with18
the proposed action) and other environmental impacts.  Environmental impacts related to the19
number of acres of land disturbed and air emissions are scaled based on the reduced amount20
of electricity produced.  However, the number of workers was not likewise scaled. 21
Conservatively, the number of workers for a 608-MW(e) plant, as used in Table 8-4, is also used22
here for a 530-MW(e) natural-gas-fired-plant.  The environmental impacts of power generation23
associated with power purchased from other generators would still occur, but would be located24
elsewhere in the region, nation, or another country (Canada) as discussed in Section 8.1.4. 25
The environmental impacts associated with purchased power are not shown in Table 8-8.26

27
The NRC staff also evaluated a combination of alternatives that employs only renewable energy28
alternatives.  The combination evaluated includes 200 MW wind power, 200 MW solar power,29
40 MW DSM reduction in peak electric demand, and 210 MW purchased renewable energy30
(assumed to be hydroelectric power purchased from Canada).  The wind power capacity31
evaluated would require a minimum of 134 1.5-MW turbines on land (occupying an estimated32
600 ac).  The solar power capacity evaluated would require a minimum of 2800 ac for solar33
thermal energy or 7000 acres for photovoltaic energy.  It should be noted that the acreage34
estimate for wind power is a conservative estimate, and significant additional acreage (up to35
approximately 1400 acres) could be required to provide 200 MW because the capacity factor of36
wind is estimated to be on the order of 30 percent; the 25 percent capacity factor of solar has37
been factored into the above estimate of area, which was determined based on information38
provided in the GEIS (NRC 1996).  Thus, for the all-renewable-energy combination of39
alternatives, a minimum of 3400 ac would be needed for a land-based system.  These estimates40
do not include installation of new transmission capacity, which would be needed.41

42
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Table 8-8. Summary of Environmental Impacts of Combination of Alternatives1
at the VYNPS Site and at an Alternate Site2

3

Impact4
Category5

VYNPS Site Alternate Site

Impact Comments Impact Comments

Land use6 SMALL to
MODERATE

Impact would depend on
the degree to which
previously disturbed lands
were utilized.  Uses 32 ac
for plant site.  Additional
impact of up to
approximately 364 ac for
construction of a 40-mi
underground gas pipeline.

MODERATE
to LARGE

Impact would depend on the
characteristics of the
alternate site.  Uses 58 ac
for power block, offices,
cooling towers, roads, and
parking areas.  Additional
land needed for a new
transmission line (amount
dependent on site chosen)
and for construction and/or
upgrade of a gas pipeline.

Ecology7 SMALL to
MODERATE

Impact would depend on
the characteristics of land
to be developed.  Uses
developed areas at current
VYNPS site, thereby
reducing impacts on
ecology.  Impacts could
occur with construction of
a gas pipeline.  Impacts on
terrestrial ecology from
cooling-tower drift are
expected.  Impact on
aquatic ecology would be
reduced from current
levels because surface-
water intake and thermal
discharge would be
reduced.

MODERATE
to LARGE

Impact would depend on the
characteristics of the land to
be developed, surface-water
body used for intake and
discharge, and transmission
and pipeline routes. 

Water use and8
quality – surface9
water10

SMALL Impact would be reduced
from current level. 
Cooling-tower blowdown
containing increased
dissolved solids and
intermittent low
concentrations of biocides,
as well as wastewater,
would be released. 
Temporary erosion and
sedimentation could occur
in streams crossed during
pipeline construction.

SMALL to
MODERATE

Impact would depend on
volume of water withdrawn
and discharged and
characteristics of surface-
water body.  Cooling-tower
blowdown containing
increased dissolved solids
and intermittent low
concentrations of biocides,
as well as wastewater,
would be released. 
Temporary erosion and
sedimentation could occur in
streams crossed during
pipeline construction.

11
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Table 8-8.  (contd)1
2

3
Impact4

Category5

VYNPS Site Alternate Site

Impact Comments Impact Comments

Water use and6
quality –7
groundwater8

SMALL Impact would be similar to
current VYNPS operations
if groundwater continues
to be used for potable
water.

SMALL to
MODERATE

Impact would depend on the
location of the site, volume
of water withdrawn and
discharged, and the
characteristics of the
aquifer.

Air quality9 MODERATE Impact from fugitive dust
and emissions from
vehicles and equipment
during construction would
be SMALL.  Impact of
operations on air quality
would be MODERATE
with the following
emissions expected:
Sulfur oxides
  C 37 tons/yr
Nitrogen oxides
  C  119 tons/yr
Carbon monoxide
  C  172 tons/yr
PM10 particulates
  C 22 tons/yr
Some hazardous air
pollutants.

MODERATE Same emissions as a
natural-gas-fired plant at the
VYNPS site, although
pollution control standards
may vary depending on
location.

Waste10 SMALL Minimal waste product
from fuel consumption. 
Waste would be generated
and removed during
construction.

SMALL Same impact as a natural-
gas-fired plant at the
VYNPS site.  Waste
disposal constraints may
vary.

Human health11 SMALL Human health risks
associated with natural-
gas-fired plants may be
attributable to NOx
emissions, which are
regulated.  Impacts
considered SMALL.

SMALL Same impacts as a natural-
gas-fired plant at the
VYNPS site.
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Impact
Category

VYNPS Site Alternate Site

Impact Comments Impact Comments
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Socioeconomics1 MODERATE During construction,
impact would be
MODERATE.  Up to 1550
additional workers during
the peak of the 3-year
construction period,
followed by a reduction in
the current VYNPS
workforce from 678 to 124. 
Windham County would
experience reduced
demand for goods and
services as well as a loss
in its tax base and
employment, but this
would be potentially offset
by projected economic
growth in the area.  Impact
during operation would be
SMALL.

MODERATE Construction impact would
depend on location, but
could be MODERATE if the
location is in a rural area. 
1550 additional workers
during the peak of the
3-year construction period. 
Windham County would
experience a loss in its tax
base and employment if a
plant were constructed
outside of the county, but
this would be potentially
offset by projected
economic growth in the
area.

Transportation2 MODERATE Transportation impact
associated with
construction workers
would be MODERATE as
478 VYNPS  workers and
up to 1550 construction
workers would be
commuting to the site. 
Impact during operation
would be SMALL as the
number of commuters
would be reduced to 124.

MODERATE Transportation impact
associated with
1550 construction workers
and 124 plant workers would
be MODERATE and
SMALL, respectively.

Aesthetics3 MODERATE MODERATE aesthetic
impact due to visibility of
plant units, exhaust
stacks, cooling towers,
plumes, and gas
compressors.

Intermittent noise from
construction and
continuous noise from
cooling towers and
mechanical equipment
would result in
MODERATE impacts.

MODERATE
to LARGE

Impact would depend on the
characteristics of the site,
but would be similar to those
for a natural-gas-fired plant
at the VYNPS site, with
additional impact from the
new transmission line and
gas pipeline.

4
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Impact
Category

VYNPS Site Alternate Site

Impact Comments Impact Comments
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Historic and1
archeological2
resources3

SMALL to
MODERATE

Impact would depend on
the degree to which
previously disturbed lands
were utilized.  A cultural
resource inventory would
be needed to identify,
evaluate, and mitigate
potential impacts of new
construction on cultural
resources in undeveloped
areas.

SMALL to
MODERATE

Impact would depend on the
characteristics of the
alternate site.  A cultural
resource inventory would be
needed to identify, evaluate,
and mitigate potential
impacts of new construction.

Environmental4
justice5

SMALL Impacts on minority and
low-income communities
should be similar to those
experienced by the
population as a whole. 
Some impacts on housing
could occur during
construction; loss of
554 operating jobs at
VYNPS could reduce
employment prospects for
minority and low-income
populations.  Impact could
be offset by projected
economic growth and the
ability of affected workers
to commute to other jobs.

SMALL to
MODERATE 

Impact would depend on
population distribution and
makeup at the site.  Some
impact on housing could
occur during construction.

6
The impacts of this combination of alternatives would approach a rating of LARGE during7
construction (wind turbine installation and construction of a solar power plant).  Less land8
disturbance would result if rooftops are used throughout the local communities for solar9
applications.  Depending on site locations, installation of wind turbines, solar panels, and10
associated facilities including transmission systems would have potentially LARGE impacts11
associated with land disturbance.  Land disturbance would result in impacts to land use,12
terrestrial ecology, aquatic ecology, and archaeological sites.  Construction impacts on air13
quality, water quality, and noise could be MODERATE depending on location and construction14
practices.  Wind and solar technologies would require systems to store electricity for periods of15
peak demand to compensate for periods of intermittency.  Local impacts during operation likely16
would be SMALL for wind, solar, DSM, and purchased power in most environmental areas. 17
Impacts would depend on the site chosen, but common concerns regarding wind power that18
could cause MODERATE impacts include visual impacts, potential interferences with radar and19
aircraft, and bird and bat collisions.20

21
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The NRC staff concludes that it is very unlikely that the environmental impacts of any1
reasonable combination of generating and conservation options could be reduced to the level of2
impacts associated with the proposed action.3

4

8.3 Summary of Alternatives Considered5
6

The environmental impacts of the proposed action, renewal of the VYNPS OL, would be SMALL7
for all impact categories, except for collective offsite radiological impacts from the fuel cycle and8
from HLW and spent fuel disposal.  Collective offsite radiological impacts from the fuel cycle9
and from HLW and spent fuel disposal were not assigned a single significance level but were10
determined by the Commission to be Category 1 issues nonetheless.  Alternatives to the11
proposed action that were evaluated include license renewal with implementation of the12
no-action alternative (discussed in Section 8.1), new-generation alternatives (from coal, natural13
gas, and nuclear discussed in Sections 8.2.1 through 8.2.3, respectively), purchased electrical14
power (discussed in Section 8.2.4), alternative technologies (discussed in Section 8.2.5), and a15
combination of alternatives (discussed in Section 8.2.6).16

17
The no-action alternative would require the replacement of electrical-generating capacity by18
(1) DSM and energy conservation, (2) power purchased from other electricity providers,19
(3) power-generation alternatives other than VYNPS, or (4) some combination of these options. 20
For each of the new-generation alternatives (coal, natural gas, and nuclear), the environmental21
impacts would be greater than the impacts of license renewal.  For example, the22
land-disturbance impacts resulting from construction of any new facility would be greater than23
the impacts of continued operation of VYNPS.  The impacts of purchased electrical power24
(imported power) would still occur, but would occur elsewhere.  Alternative technologies are not25
considered feasible at this time, and it is very unlikely that the environmental impacts of any26
reasonable combination of generation and conservation options could be reduced to the level of27
impacts associated with renewal of the VYNPS OL.28

29
The NRC staff concludes that the alternative actions, including the no-action alternative, may30
have environmental effects in at least some impact categories that reach MODERATE or31
LARGE significance.32

33
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9.0  Summary and Conclusions1
2
3

By letter dated January 25, 2006, Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear4
Operations, Inc. (Entergy) submitted an application to the U.S. Nuclear Regulatory Commission5
(NRC) to renew the operating license (OL) for Vermont Yankee Nuclear Power Station (VYNPS)6
for an additional 20-year period (Entergy 2006a).  If the OL is renewed, State regulatory7
agencies and Entergy will ultimately decide whether the plant will continue to operate based on8
factors such as the need for power, or other matters within the State’s jurisdiction or the purview9
of the owners.  If the OL is not renewed, then the plant must be shut down at or before the10
expiration of the current OL, which expires on March 21, 2012.11

12
Section 102 of the National Environmental Policy Act (NEPA) directs that an Environmental13
Impact Statement (EIS) is required for major Federal actions that significantly affect the quality14
of the human environment.  The NRC has implemented Section 102 of NEPA in Title 10,15
Part 51, of the Code of Federal Regulations (10 CFR Part 51).  Part 51 identifies licensing and16
regulatory actions that require an EIS.  In 10 CFR 51.20(b)(2), the Commission requires17
preparation of an EIS or a supplement to an EIS for renewal of a reactor OL; 10 CFR 51.95(c)18
states that the EIS prepared at the OL renewal stage will be a supplement to the Generic19
Environmental Impact Statement for License Renewal of Nuclear Plants (GEIS), NUREG-1437,20
Volumes 1 and 2 (NRC 1996, 1999).(a)21

22
Upon acceptance of the Entergy application, the NRC began the environmental review process23
described in 10 CFR Part 51 by publishing a Notice of Intent to prepare an EIS and conduct24
scoping (Federal Register, Volume 71, page 20733 (71 FR 20733) (NRC 2006a)) on April 21,25
2006.  The NRC staff visited the VYNPS site in May 2006, conducted an open house on June 6,26
2006, at which comments were accepted, and held public scoping meetings on June 7, 2006, in27
Battleboro, Vermont (NRC 2006b).  The NRC staff reviewed the Entergy Environmental Report28
(ER) (Entergy 2006b) and compared it with the GEIS, consulted with other agencies, and29
conducted an independent review of the issues following the guidance set forth in NUREG-30
1555, Supplement 1, the Standard Review Plans for Environmental Reviews for Nuclear Power31
Plants, Supplement 1:  Operating License Renewal (NRC 2000).  The NRC staff also32
considered the public comments received during the scoping process for preparation of this33
draft Supplemental Environmental Impact Statement (SEIS) for VYNPS.  The public comments34
received during the scoping process that were considered to be within the scope of the35
environmental review are provided in Appendix A, Part 1, of this draft SEIS.36

37
The NRC staff will hold two public meetings in Battleboro, Vermont, in January 2007, to38
describe the preliminary results of the NRC environmental review and to answer questions to39
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provide members of the public with information to assist them in formulating their comments on1
this draft SEIS.  When the comment period ends, the NRC staff will consider and address all of2
the comments received.  These comments will be addressed in Appendix A, Part 2, of the final3
SEIS.4

5
This draft SEIS includes the NRC staff’s preliminary analysis that considers and weighs the6
environmental effects of the proposed action, including cumulative impacts, the environmental7
impacts of alternatives to the proposed action, and mitigation measures available for reducing8
or avoiding adverse effects.  This draft SEIS also includes the staff’s preliminary9
recommendation regarding the proposed action.10

11
The NRC has adopted the following statement of purpose and need for license renewal from the12
GEIS:13

14
The purpose and need for the proposed action (renewal of an operating license) is to15
provide an option that allows for power generation capability beyond the term of a16
current nuclear power plant operating license to meet future system generating needs,17
as such needs may be determined by State, utility, and, where authorized, Federal18
(other than NRC) decisionmakers.19

20
The evaluation criterion for the NRC staff’s environmental review, as defined in21
10 CFR 51.95(c)(4) and the GEIS, is to determine22

23
... whether or not the adverse environmental impacts of license renewal are so great that24
preserving the option of license renewal for energy-planning decisionmakers would be25
unreasonable.26

27
Both the statement of purpose and need and the evaluation criterion implicitly acknowledge that28
there are factors, in addition to license renewal, that will ultimately determine whether an29
existing nuclear power plant continues to operate beyond the period of the current OL.30

31
NRC regulations (10 CFR 51.95(c)(2)) contain the following statement regarding the content of32
SEISs prepared at the license renewal stage:33

34
The supplemental environmental impact statement for license renewal is not required to35
include discussion of need for power or the economic costs and economic benefits of36
the proposed action or of alternatives to the proposed action except insofar as such37
benefits and costs are either essential for a determination regarding the inclusion of an38
alternative in the range of alternatives considered or relevant to mitigation.  In addition,39
the supplemental environmental impact statement prepared at the license renewal stage40
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need not discuss other issues not related to the environmental effects of the proposed1
action and the alternatives, or any aspect of the storage of spent fuel for the facility2
within the scope of the generic determination in § 51.23(a) and in accordance with3
§ 51.23(b).(a)4

5
The GEIS contains the results of a systematic evaluation of the consequences of renewing an6
OL and operating a nuclear power plant for an additional 20 years.  It evaluates7
92 environmental issues using the NRC’s three-level standard of significance – SMALL,8
MODERATE, or LARGE – developed using the Council on Environmental Quality guidelines. 9
The following definitions of the three significance levels are set forth in the footnotes to10
Table B-1 of 10 CFR Part 51, Subpart A, Appendix B:11

12
SMALL – Environmental effects are not detectable or are so minor that they will neither13
destabilize nor noticeably alter any important attribute of the resource.14

15
MODERATE – Environmental effects are sufficient to alter noticeably, but not to16
destabilize, important attributes of the resource.17

18
LARGE – Environmental effects are clearly noticeable and are sufficient to destabilize19
important attributes of the resource.20

21
For 69 of the 92 issues considered in the GEIS, the NRC staff analysis in the GEIS shows the22
following:23

24
(1) The environmental impacts associated with the issue have been determined to apply25

either to all plants or, for some issues, to plants having a specific type of cooling system26
or other specified plant or site characteristics.27

28
(2) A single significance level (i.e., SMALL, MODERATE, or LARGE) has been assigned to29

the impacts (except for collective off-site radiological impacts from the fuel cycle and30
from high-level waste (HLW) and spent fuel disposal).31

32
(3) Mitigation of adverse impacts associated with the issue has been considered in the33

analysis, and it has been determined that additional plant-specific mitigation measures34
are likely not to be sufficiently beneficial to warrant implementation.35

36
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These 69 issues were identified in the GEIS as Category 1 issues.  In the absence of new and1
significant information, the NRC staff relied on conclusions as amplified by supporting2
information in the GEIS for issues designated Category 1 in Table B-1 of 10 CFR Part 51,3
Subpart A, Appendix B.  The NRC staff also determined that information provided during the4
public comment period did not identify any new issue that requires site-specific assessment.5

6
Of the 23 issues that do not meet the criteria set forth above, 21 are classified as Category 27
issues requiring analysis in a plant-specific supplement to the GEIS.  The remaining two issues,8
environmental justice and chronic effects of electromagnetic fields, were not categorized. 9
Environmental justice was not evaluated on a generic basis and must also be addressed in a10
plant-specific supplement to the GEIS.  Information on the chronic effects of electromagnetic11
fields was not conclusive at the time the GEIS was prepared.12

13
This draft SEIS documents the NRC staff’s consideration of all 92 environmental issues14
identified in the GEIS.  The NRC staff considered the environmental impacts associated with15
alternatives to license renewal and compared the environmental impacts of license renewal and16
the alternatives.  The alternatives to license renewal that were considered include the no-action17
alternative (not renewing the OL for VYNPS) and alternative methods of power generation. 18
These alternatives were evaluated assuming that the replacement power generation plant is19
located at either the VYNPS site or at some other unspecified location.20

21

9.1 Environmental Impacts of the Proposed Action –22

License Renewal23
24

Entergy and the NRC staff have established independent processes for identifying and25
evaluating the significance of any new information on the environmental impacts of license26
renewal.  Neither Entergy nor the NRC staff has identified information that is both new and27
significant related to Category 1 issues that would call into question the conclusions in the28
GEIS.  Similarly, neither the scoping process, Entergy, nor the NRC staff has identified any new29
issue applicable to VYNPS that has a significant environmental impact.  Therefore, the NRC30
staff relies upon the conclusions of the GEIS for all Category 1 issues that are applicable to31
VYNPS.32

33
Entergy’s license renewal application presents an analysis of the Category 2 issues that are34
applicable to VYNPS.  The NRC staff has reviewed the Entergy analysis for each issue and has35
conducted an independent review of each issue plus environmental justice and chronic effects36
from electromagnetic fields.  Three Category 2 issues are not applicable because they are37
related to plant design features or site characteristics not found at VYNPS.  Four Category 238
issues are not discussed in this draft SEIS because they are specifically related to39
refurbishment.  Entergy (Entergy 2006b) has stated that its evaluation of structures and40
components, as required by 10 CFR 54.21, did not identify any major plant refurbishment41
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activities or modifications as necessary to support the continued operation of VYNPS for the1
license renewal period.  In addition, any replacement of components or additional inspection2
activities are within the bounds of normal plant component replacement and, therefore, are not3
expected to affect the environment outside of the bounds of the plant operations evaluated in4
the Final Environmental Statement Related to Operation of VYNPS (AEC 1972).5

6
Fourteen Category 2 issues related to operational impacts and postulated accidents during the7
renewal term, as well as environmental justice and chronic effects of electromagnetic fields, are8
discussed in detail in this draft SEIS.  Five of the Category 2 issues and environmental justice9
apply to both refurbishment and to operation during the renewal term and are only discussed in10
this draft SEIS in relation to operation during the renewal term.  For all 14 Category 2 issues11
and environmental justice, the NRC staff concludes that the potential environmental impacts12
would be of SMALL significance in the context of the standards set forth in the GEIS.  In13
addition, the NRC staff determined that appropriate Federal health agencies have not reached a14
consensus on the existence of chronic adverse effects from electromagnetic fields.  Therefore,15
no further evaluation of this issue is required.  For severe accident mitigation alternatives16
(SAMAs), the NRC staff concludes that a reasonable, comprehensive effort was made to17
identify and evaluate SAMAs.  Based on its review of the SAMAs for VYNPS and the plant18
improvements already made, the NRC staff concludes several candidate SAMAs are potentially19
cost-beneficial.  However, none of these SAMAs relate to adequately managing the effects of20
aging during the period of extended operation.  Therefore, they need not be implemented as21
part of license renewal pursuant to 10 CFR Part 54. 22

23
Mitigation measures were considered for each Category 2 issue.  Current measures to mitigate24
the environmental impacts of plant operation were found to be adequate, and no additional25
mitigation is warranted.  However, under the provisions of the Clean Water Act 316(b) Phase II26
regulations, the Vermont Department of Environmental Conservation may impose further27
restrictions or require modifications to the cooling system to reduce the impacts on aquatic28
resources from entrainment and impingement.  Cumulative impacts of past, present, and29
reasonably foreseeable future actions were considered, regardless of what agency (Federal or30
non-Federal) or person undertakes such other actions.  For purposes of this analysis, where31
VYNPS license renewal impacts are deemed to be SMALL, the NRC staff concluded that these32
impacts would not result in significant cumulative impacts on potentially affected resources.33

34
The following sections discuss unavoidable adverse impacts, irreversible or irretrievable35
commitments of resources, and the relationship between local short-term use of the36
environment and long-term productivity.37

38
9.1.1 Unavoidable Adverse Impacts39

40
An environmental review conducted at the license renewal stage differs from the review41
conducted in support of a construction permit because the plant is in existence at the license42
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renewal stage and has operated for a number of years.  As a result, adverse impacts associated1
with the initial construction have been avoided, have been mitigated, or have already occurred. 2
The environmental impacts to be evaluated for license renewal are those associated with3
refurbishment and continued operation during the renewal term.4

5
The adverse impacts of continued operation identified are considered to be of SMALL6
significance, and none warrants implementation of additional mitigation measures.  However,7
under the provisions of the Clean Water Act 316(b) Phase II regulations, the Vermont8
Department of Environmental Conservation may impose further restrictions or require9
modifications to the cooling system to reduce the impacts on aquatic resources from10
entrainment and impingement.  The adverse impacts of likely alternatives if VYNPS ceases11
operation at or before the expiration of the current OL would not be smaller than those12
associated with continued operation of this unit, and they may be greater for some impact13
categories in some locations.14

15
9.1.2 Irreversible or Irretrievable Resource Commitments16

17
The commitment of resources related to construction and operation of VYNPS during the18
current license period was made when the plant was built.  The resource commitments19
considered in this draft SEIS are associated with continued operation of the plant for an20
additional 20 years.  These resources include materials and equipment required for plant21
maintenance and operation, the nuclear fuel used by the reactors, and ultimately, permanent22
offsite storage space for the spent fuel assemblies.23

24
The most significant resource commitments related to operation during the renewal term are the25
fuel and the permanent storage space.  VYNPS replaces a portion of the fuel assemblies in its26
unit during every refueling outage, which occurs on an 18-month cycle.27

28
The likely power-generation alternatives if VYNPS ceases operation on or before the expiration29
of the current OL will require a commitment of resources for construction of the replacement30
plants as well as for fuel to run the plants.31

32
9.1.3 Short-Term Use Versus Long-Term Productivity33

34
An initial balance between short-term use and long-term productivity of the environment at the35
VYNPS site was set when the plant was approved and construction began.  That balance is36
now well-established.  Renewal of the OL for VYNPS and continued operation of the plant37
would not alter the existing balance, but may postpone the availability of the site for other uses. 38
Denial of the application to renew the OL would lead to shutdown of the plant and would alter39
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the balance in a manner that depends on subsequent uses of the site.  For example, the1
environmental consequences of turning the VYNPS site into a park or an industrial facility are2
quite different.3

4

9.2 Relative Significance of the Environmental Impacts of5

License Renewal and Alternatives6
7

The proposed action is renewal of the OL for VYNPS.  Chapter 2 describes the site, power8
plant, and interactions of the plant with the environment.  As noted in Chapter 3, no9
refurbishment and no refurbishment impacts are expected at VYNPS.  Chapters 4 through 710
discuss environmental issues associated with renewal of the OL.  Environmental issues11
associated with the no-action alternative and alternatives involving power generation and use12
reduction are discussed in Chapter 8.13

14
The significance of the environmental impacts from the proposed action (approval of the15
application for renewal of the OL), the no-action alternative (denial of the application),16
alternatives involving nuclear, coal-, or gas-fired power generation at the VYNPS site and at an17
unspecified alternate site, and a combination of alternatives are compared in Table 9-1. 18
Closed-cycle cooling systems are assumed for all power-generation alternatives.19

20
Substitution of once-through cooling for the closed-cycle cooling system in the evaluation of the21
nuclear and gas- and coal-fired generation alternatives would result in somewhat greater22
environmental impacts in some impact categories.23

24
Table 9-1 shows the significance of the environmental effects of the proposed action are25
SMALL for all impact categories (except for collective offsite radiological impacts from the fuel26
cycle and from HLW and spent fuel disposal, for which a single significance level was not27
assigned (see Chapter 6)).  The alternative actions, including the no-action alternative, may28
have environmental effects in at least some impact categories that reach MODERATE or29
LARGE significance.30

31
32

9.3 NRC Staff Conclusions and Recommendations33
34

Based on (1) the analysis and findings in the GEIS (NRC 1996, 1999), (2) the Entergy ER35
(Entergy 2006b), (3) consultation with Federal, State, and local agencies, (4) the NRC staff’s36
own independent review, and (5) the NRC staff’s consideration of public comments received,37
the preliminary recommendation of the NRC staff is that the Commission determine that the38
adverse environmental impacts of license renewal for VYNPS are not so great that preserving39
the option of license renewal for energy-planning decisionmakers would be unreasonable.40

41
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Appendix A

Comments Received on the Environmental Review

Part I – Comments Received During Scoping1
2

On April 21, 2006, the U.S. Nuclear Regulatory Commission (NRC) published a Notice of Intent3
in the Federal Register (Volume 71, page 20733) to notify the public of the NRC staff’s intent to4
prepare a plant-specific supplement to the Generic Environmental Impact Statement for License5
Renewal of Nuclear Plants (GEIS), NUREG-1437, Volumes 1 and 2, to support the renewal6
application for the Vermont Yankee Nuclear Power Station (VYNPS) operating license and to7
conduct scoping.  The plant-specific supplement to the GEIS has been prepared in accordance8
with the National Environmental Policy Act (NEPA) of 1969, Council on Environmental Quality9
(CEQ) guidance, and Title 10, Part 51, of the Code of Federal Regulations (10 CFR Part 51). 10
As outlined by NEPA, the NRC initiated the scoping process with the issuance of the Federal11
Register Notice.  The NRC invited the applicant; Federal, State, and local government agencies;12
Native American Tribal organizations; local organizations; and individuals to participate in the13
scoping process by providing oral comments at the scheduled public meetings and/or by14
submitting written suggestions and comments no later than June 23, 2006.15

16
The scoping process included two public scoping meetings that were held at the Latchis17
Theatre in Brattleboro, Vermont, on June 7, 2006.  Additionally, the NRC held an informal open18
house at the Quality Inn & Suites, Brattleboro, Vermont, on Tuesday, June 6th.  Approximately19
200 members of the public attended the meetings.  During the open house on June 6th, oral20
comments from 3 attendees were recorded and transcribed by a certified court reporter.  The21
scoping meeting sessions began with NRC staff members providing a brief overview of the22
license renewal process and the NEPA process.  After the NRC’s prepared statements, the23
meetings were open for public comments.  Forty-seven  attendees provided oral statements that24
were recorded and transcribed by a certified court reporter.  In addition to the comments25
received during the public meetings, eighteen comment letters were received by the NRC in26
response to the Notice of Intent.27

28
At the conclusion of the scoping period, the NRC staff and its contractors reviewed the29
transcripts and all letters to identify specific comments and issues.  Each set of comments from30
a given commenter was given a unique identifier (Commenter ID), so that each set of comments31
from a commenter could be traced back to the transcript or letter by which the comments were32
submitted.  Specific comments were numbered sequentially within each comment set.  Several33
commenters submitted comments through multiple sources (e.g., afternoon and evening34
scoping meetings).  All of the comments received and the NRC staff responses are included in35
the VYNPS Scoping Summary Report dated October 30, 2006.36
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Table A.1 identifies the individuals who provided comments applicable to the environmental1
review and the Commenter ID associated with each person’s set(s) of comments.  The2
individuals are listed in the order in which they spoke at the public meeting, and in alphabetical3
order for the comments received by letter or e-mail.  To maintain consistency with the Scoping4
Summary Report, the unique identifier used in that report for each set of comments is retained5
in this appendix.6

7
Specific comments were categorized and consolidated by topic.  Comments with similar specific8
objectives were combined to capture the common essential issues raised by the commenters. 9
The comments fall into one of the following general groups:10

11
  C Specific comments that address environmental issues within the purview of the NRC12

environmental regulations related to license renewal.  These comments address13
Category 1 or Category 2 issues or issues that were not addressed in the GEIS.  They14
also address alternatives and related Federal actions.15

16
  C General comments (1) in support of or opposed to nuclear power or license renewal or17

(2) on the renewal process, the NRC’s regulations, and the regulatory process.  These18
comments may or may not be specifically related to the VYNPS license renewal19
application.20

21
  C Questions that do not provide new information.22

23
  C Specific comments that address issues that do not fall within or are specifically excluded24

from the purview of NRC environmental regulations related to license renewal.  These25
comments typically address issues such as the need for power, emergency26
preparedness, security, current operational safety issues, and safety issues related to27
operation during the renewal period.28

29
Comments applicable to this environmental review and the NRC staff’s responses are30
summarized in this appendix.  The parenthetical alphanumeric identifier after each comment31
refers to the comment set (Commenter ID) and the comment number.  This information, which32
was extracted from the VYNPS Scoping Summary Report, is provided for the convenience of33
those interested in the scoping comments applicable to this environmental review.  The34
comments that are general or outside the scope of the environmental review for VYNPS are not35
included here.  More detail regarding the disposition of general or inapplicable comments can36
be found in the Scoping Summary Report.  The Agencywide Document Access and37
Management System (ADAMS) accession number for the Scoping Summary Report is38
ML063030576.39

40
This accession number is provided to facilitate access to the document through the Public41
Electronic Reading Room (http://www.nrc.gov/reading-rm.html).42
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Table A-1.  Individuals Providing Comments During Scoping Comment Period1
2

Commenter3
ID4 Commenter Affiliation (If Stated) Comment Source (a)

VS-A5 Michael Mulligan Open House

VS-B6 Nancy Crompton Open House

VS-C7 Ellen Kaye Open House

VS-D8 Raymond Shadis New England Coalition (NEC) Afternoon Scoping Meeting

VS-E9 Evan Mulholland Afternoon Scoping Meeting

VS-F10 Chris Williams Nuclear Information and Resources Service (NIRS) Afternoon Scoping Meeting

VS-G11 Shawn Banfield Vermont Energy Partnership Afternoon Scoping Meeting 

VS-H12 Dan MacArthur Marlboro County Emergency Management Director Afternoon Scoping Meeting

VS-I13 Bill Burton Afternoon Scoping Meeting

VS-J14 Robert English Afternoon Scoping Meeting 

VS-K15 Carol Boyer Afternoon Scoping Meeting

VS-L16 Nancy Nelkin Afternoon Scoping Meeting 

VS-M17 Sally Shaw NEC Afternoon Scoping Meeting

VS-N18 Sarah Kotkov NEC Afternoon Scoping Meeting

VS-O19 Gary Sachs Afternoon Scoping Meeting

VS-P20 Ann Elizabeth Howes Afternoon Scoping Meeting

VS-Q21 David McElwee Entergy Nuclear Vermont Yankee (Entergy) Afternoon Scoping Meeting

VS-R22 Deborah Reger Leftovers Affinity Afternoon Scoping Meeting

VS-S23 Cora Brooks Afternoon Scoping Meeting

VS-T24 Beth Adams CAN Afternoon Scoping Meeting

VS-U25 Jane Newton Afternoon Scoping Meeting

VS-V26 Governor Thomas B.
Salmon

Evening Scoping Meeting

VS-W27 Deb Katz CAN Evening Scoping Meeting 

VS-X28 Sunny Miller Traprock Peace Center Evening Scoping Meeting

VS-Y29 Beth McElwee Evening Scoping Meeting

VS-Z30 Ellen Cota Entergy Evening Scoping Meeting 

VS-AA31 Michael Flory Entergy Evening Scoping Meeting

VS-BB32 Shawn Banfield Vermont Energy Partnership Evening Scoping Meeting

VS-CC33 Claire Change CAN Evening Scoping Meeting

VS-DD34 Raymond Shadis NEC Evening Scoping Meeting

VS-EE35 Bernard Buteau Entergy Evening Scoping Meeting

VS-FF36 Marian Kelner Evening Scoping Meeting

VS-GG37 Ted Sullivan Evening Scoping Meeting

VS-HH38 John Dreyfuss Evening Scoping Meeting

VS-II39 Mike Hamer Evening Scoping Meeting
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Table A-1.  (contd)1
2

Commenter3
ID4 Commenter Affiliation (If Stated) Comment Source (a)

VS-JJ5 Chris Nord CAN Evening Scoping Meeting

VS-KK6 Dart Everett Brattleboro Development Center Evening Scoping Meeting

VS-LL7 Bill Pearson VT Earth Institute Evening Scoping Meeting

VS-MM8 Emily Tinkham Entergy Evening Scoping Meeting

VS-NN9 Clay Turnbill Nuclear Free Vermont/CAN/NEC Evening Scoping Meeting

VS-OO10 Dennis Girroir Entergy Evening Scoping Meeting

VS-PP11 Emma Stamas Evening Scoping Meeting

VS-QQ12 George Iselin Evening Scoping Meeting

VS-RR13 Sherry Zabriskie Evening Scoping Meeting

VS-SS14 Gary Sachs Evening Scoping Meeting

VS-TT15 Larry Lukens Evening Scoping Meeting

VS-UU16 Joan Horman Evening Scoping Meeting

VS-VV17 Beth Adams Evening Scoping Meeting

VS-WW18 Jon Block Attorney E-mail (ML061770066)

VS-XX19 Cora Brooks Letter (ML061840614)

VS-YY20 Tina Emery-Howe E-mail (ML061730420)

VS-ZZ21 Dart Everett Brattleboro Development Center Evening Scoping Meeting

VS-AAA22 Catherine Gjessing Vermont Agency of Natural Resources E-mail (ML061770066)

VS-BBB23 Mike Hebert E-mail (ML061730415)

VS-CCC24 Jacob Iselin Letter (ML061840615)

VS-DDD25 Becca King E-mail (ML061730399)

VS-EEE26 Thomas Matsuda E-mail (ML061740035)

VS-FFF27 Sunny Miller Traprock Peace Center E-mail (ML061770071)

VS-GGG28 Massachusetts Attorney
General Thomas F.
Reilly

Letter (ML061780088)

VS-HHH29 Sally Shaw NEC E-mail (ML061770056)

VS-III30 William Sherman Vermont Department of Public Service
(same comments in the letter and e-mail)

E-mail (ML061770052)
Letter (ML061840612)

VS-JJJ31 E. Stamas Letter (ML061920474)

VS-KKK32 Edward and Emma
Stamas

Letter (ML061840613)

VS-LLL33 Jonathon Von Ranson E-mail (ML061730427)

VS-MMM34 Pam Walker CAN E-mail (ML061730431)

VS-NNN35 Dory Zelman E-mail (ML061770078)

(a) The open house, afternoon and evening transcripts can be found in ADAMS under accession numbers:         ML061840036,36
ML061840033, and ML061840029, respectively.37
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Comments in this section are grouped in the following categories:1
2

 A.1.1 License Renewal and Its Processes3
 A.1.2 NRC Hearing Process4
 A.1.3 Support of License Renewal at Vermont Yankee Nuclear Power Station5
 A.1.4 Opposition to License Renewal at Vermont Yankee Nuclear Power Station6
 A.1.5 Support of Nuclear Power7
 A.1.6 Opposition to Nuclear Power8
 A.1.7 Ecology9
 A.1.8 Threatened and Endangered Species10
 A.1.9 Surface-Water Quality, Hydrology, and Use11
 A.1.10 Human Health12
 A.1.11 Socioeconomics13
 A.1.12 Postulated Accidents14
 A.1.13 Uranium Fuel Cycle and Waste Management15
 A.1.14 Alternative Energy Sources16

17
18

A.1  Comments and Responses19
20

A.1.1  Comments Concerning License Renewal and Its Processes21
22

Comment:  I was interested, the person before me was going through the benefits of nuclear23
energy, but, as we all know, there are many, many hidden costs included in producing energy24
from nuclear power.  One of them being that there is a sizeable payroll at the Federal level, paid25
for by our taxes, which is specifically for the purpose of seeing that nuclear energy continues to26
operate fairly cheaply.  So just think of that.  The people who are here today getting paid by us,27
the citizenry, we're paying for that in our taxes, but it's really a cost that should be associated28
with the electric costs of nuclear power.  (VS-H-4)29

30
Comment:  I think part of the problem is, as taxpayers, we're paying the NRC as our31
employees, to be the knowledgeable representatives of public interest.  The NRC is responsible32
for overseeing the nuclear industry.  And when they do a poor job, they risk our health and well33
being, when you do not rigorously and objectively evaluate the impacts of nuclear power on us. 34
(VS-L-1)35

36
Comment:  The Executive Summary of the 600 some odd page Environmental Impact37
Statement, is full of little items like that.  Here's another.  The staff concludes that the generic38
analysis of a severe accident, applies to all reactors.39

40
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The probability weighted consequences of atmospheric releases fall out onto open bodies of1
water, groundwater releases and the societal and economic impacts are of small significance,2
for all reactors.3

4
That, with the stroke of a pen, wipes out all our concerns.  They also conclude that the5
environmental impacts of design-basis accidents, are of small significance for all plants.6

7
And, because additional measures to reduce such impacts would be costly, don't worry, they8
won't burden the Licensee with extra mitigations.  (VS-M-3)9

10
Comment:  And one of my concerns, when I hear the NRC at this meeting, in regard to the data11
that they use for their studies, is that they take much of their data, not from their own sources,12
but from the Licensee.  And, in my opinion, that's poor practice.  (VS-O-2)13

14
Comment:  One of the problems that citizens have and citizen-intervenors have is that when15
issues like this are found within a plant, typically a condition report will be written.  That is not16
public.  That does not go into the NRC public document room.  And then the item may or may17
not be entered into the company's Corrective Action Program.  That's a place where NRC buries18
a lot of issues too.  They sort of hand it back to the company and say you guys fix it and make19
sure you keep records.  But those records are not public and there's really no way to access20
them unless you get involved in a legal proceeding and then maybe you can touch them.  (VS-21
DD-8)22

23
Comment:  I'd like to recite a couple of excerpts right from your own website, that I think help24
support the position to allow Vermont Yankee to consider operation.  It's the NRC primary25
mission to protect the public health and safety and the environment.  That's what we're talking26
about tonight is the environmental effects.  In the environment, the effects of radiation from27
nuclear reactors, materials and waste facilities and you also regulate these nuclear materials28
and facilities to promote the common defense and security.  There's also a section there that29
talks about reactor license renewal overview.  And it states that the Atomic Energy Act and the30
NRC regulations limit commercial power reactor licenses to an initial 40-year -- 40 years, as you31
said, but also permits such licenses to be renewed.  That original 40-year term for reactor32
licenses was based on economic and anti-trust considerations and not on limitations of nuclear33
technology.  Due to this selective period, however, some structures and components may have34
been engineered on the basis of a 40-year service life.  The NRC has established a timely35
license renewal process which we've heard something about tonight and clear requirements36
codified in 10 CFR parts 51 and 54 that are needed to assure safe plant operation for extended37
plant life.38

39
The timely renewal of licenses for an additional 20 years, where appropriate to renew them,40
may be important to ensuring an adequate energy supply for the United States during the first41
half of the 21st century.  (VS-EE-1)42
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Comment:  Another point is that we are regulated in this industry and when you're regulated,1
there's rules that you have to follow and those -- and we are governed by the NRC and we have2
to follow all those rules.  As we apply for this application, the look that is given to the site and to3
all the processes that it has is exhaustive.  It's a mess.  And all of those rules have to be met. 4
So let's let the facts decide what it is.  If the NRC after their investigation into what's going on at5
the plant and whether or not we're following the rules, if they conclude that we will have an6
effect on the environment that are of such a nature that it doesn't meet the regulations, then7
they need to not approve this license application.  But if it does meet the rules and regulations,8
then it needs to be approved.  (VS-GG-3)9

10
Comment:  They have a very, very large team of inspectors looking at every possible aspect11
you can look at for aging management, for how we're going to handle aging management.  It's12
the future replacement of certain parts that wear out, things like that, based on operating13
experience, etcetera and everything.  It's a very involved process.  It's not taken lightly by the14
NRC or Vermont Yankee.  (VS-II-6)15

16
Comment:  I'll go back to my original question, who do you actually work for?  Are these17
meetings, these public meetings, merely an appeasement so you have the general public come18
up to the microphone, make a few statements, and then they go away and you get to go on your19
merry business and decide in collusion with this industry how it's going to go.  Or are you 20
actually taking into account the real concerns that are obvious, if you just sit and think about21
them, we're talking about 35 million curies of Cesium-137 sitting in that spent-fuel pool.        22
(VS-JJ-7)23

24
Comment:  I think that in every meeting that the NRC is a part of, they had better rethink who25
they're working for and start thinking about the children and grandchildren who are going to26
have to get out of this technology of nuclear energy and nuclear waste proliferation, and get into27
something safer and more sustainable.  (VS-PP-3)28

29
Comment:  I've spoken many times against nuclear power and I'm at the point where I feel like30
nobody's listening as far as Vermont Yankee or Entergy.  The government, the NRC for sure. 31
(VS-RR-1)32

33
Comment:  Dozens of Entergy (Vermont Yankee) employees and their family members were34
allowed to speak and citizens who had come on their own had to wait until late in the evening35
and cut their comments short and questions short (earlier in the evening when questions were36
taken).  (VS-KKK-1)37

38
Response:  The comments are in regard to license renewal and its processes in general.  The39
Commission has established a process, by rule, for the environmental and safety reviews to be40
conducted to review a license renewal application.  The development of the Commission's 41
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regulations governing the license renewal process was already subject to public review and1
comment.  The comments provide no new information; therefore, they will not be evaluated2
further.3

4
A.1.2  Comments Concerning NRC Hearing Process5

6
Comment:  I think that many of us are quite disgusted by the fact that the Atomic Safety and7
Licensing Board has recently refused to hear, or refused to accept the contentions, the new8
contentions of New England Coalition, based solely on their lack of timeliness in filing.  And yet,9
in a few weeks, we'll have another one of these public meetings.  We think that these decisions,10
the decisions on uprate and on re-licensing, are based, and should be based on science and11
engineering, and to have a show of soliciting  the views of the citizens, many of us believe is a12
sham and a travesty and I think that is why people have not shown up today, not because it's a13
little bit rainy.  (VS-N-1)14

15
Response:  The Atomic Safety and Licensing Board rules on petitions and motions in16
accordance with NRC regulations.  The comment provides no new and significant information;17
therefore, the comment will not be evaluated further.18

19
A.1.3  Comments in Support of License Renewal at Vermont Yankee Nuclear Power20
Station21

22
Comment:  In closing, the Vermont Yankee has an important and crucial role to play in the23
future of your state.  It is both environmentally and economically appropriate to grant the plant a24
license extension.  We know that there is a wide array of support for the continued operation of25
this plant, for the reasons I have articulated here today.  Its essential economic benefits.  Its26
environmentally sound operations, and its important role as a component of the Vermont energy27
portfolio.  (VS-G-4)28

29
Comment:  I'm probably one of the few people here from Windham County that endorses the30
re-licensing of Vermont Yankee, and its, and hopefully looks upon with the environmental31
issues, favorably.  (VS-I-1)32

33
Comment:  Vermont Yankee is a safe, well run plant  and is a great asset to the area.  It34
provides good paying jobs, provides an infrastructure to attract new businesses to the area.  To35
help, and help eliminate tons of pollutants that would otherwise be put into the air that we36
breathe.  And I look forward to another 20 years of operation at Vermont Yankee, and hope that37
the NRC will approve the license renewal application.  (VS-Q-2)38

39
Comment: Since 1972, when the Vernon plant came online, the State of Vermont has avoided40
some 100 million metric tons of fossil fuel pollution and that's not an inconsequential41
environmental effect of life, particularly given the realities of potential replacement power later in42
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this century with the candidates principally being natural gas and coal, both of which cause1
gaseous greenhouse emissions into the environment.2

3
Point two is the fact that we're in the midst of a global warming debate in this country.  And in4
my view, decisions ultimately made by regulatory bodies such as the NRC must factor in the5
realities of global warming and the clear and present danger suggested by unnecessary and6
unwanted ingestions of improper pollution into the Vermont and the environment of the country.7

8
Now I have an old-fashioned view, having watched this plant grow, having been in the9
legislature of Vermont when it was authorized many years ago and that view is not likely10
accepted by all, maybe viewed as heresy in some quarters, but it speaks to the notion that this11
plant has been both safe and environmentally friendly over these many years and in that context12
in terms of its contribution or I should say noncontribution to pollution in this state, has helped13
make Vermont a cleaner place in which to live.  Now we're engaged in our state in a14
conversation about energy as we speak and this meeting tonight is an exceedingly important15
meeting on that subject.  Now there are some interesting participants in this discussion and I'm16
aware of one.  The Sharon Academy up in Sharon, Vermont, senior class, this past winter, put17
together an energy plan and they went up to Montpelier and introduced the plan before the18
House Natural Resources Committee.  We had opportunity in the Vermont Energy Partnership,19
myself and Amanda Eiby, got to visit with the students and offer a critique of their remarkable20
work, but what we learned is this.  These students in their analysis of Vermont's energy future21
included that nuclear energy is "clean, reliable, affordable and long lasting."  And in opting for22
renewal of the license issue before us tonight and beyond, to describe the "cultural negativity23
about nuclear power as unjustified."  That was the students' view in their words.24

25
The point is this.  People of all ages and perspectives are entitled to participate in this debate26
and maybe, just maybe, our kids might teach us a lesson or two on this important subject.27

28
Now this Commission will travel many miles before it sleeps on these issues.  You begin the29
process here in Brattleboro tonight and I for one wish you well in your profoundly important30
work.  (VS-V-1)31

32
Comment:  Vermont Yankee provides the needed infrastructure to attract other businesses to33
this area, so that young adults like me will be able to stay in Vermont and enjoy the area we've34
grown to appreciate.  We need to make sure that there are jobs available here to support those35
who wish to make this area our home.  Vermont Yankee goes a long way in helping to secure36
this future for Vermonters.  Vermont Yankee should stand tall in this community.  In addition to37
providing the most reliable, clean and safe source of energy throughout New England, their38
commitment to community involvement, youth development, and vast employment opportunities39
makes them a crucial and highly beneficial component of this community.  A renewal of their40
operating license is integral to the continuation of the flourishing New England rural41
communities that we've all come to love.  (VS-Y-1)42
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Comment:  It make sense to approve the license renewal.  Entergy is committed to being1
environmentally and socially responsible and has given a lot to this community.  The financial2
impact of not extending the license would affect Vermont negatively for many years.  But more3
importantly, the environmental impact of closing Vermont Yankee would pose even greater4
threat.  People have been told not to eat the fish out of the Connecticut River because of the5
mercury levels.  Well, Vermont Yankee and other nuclear power plants do not emit the poisons6
or greenhouse gases which are slowly devastating our environment.7

8
In addition, Vermont Yankee has a proven record of safe operations.  Safety is and has been its9
number one priority.  Entergy is a business.  Corporate Entergy is a business.  And I can assure10
you that Corporate Entergy would not put money into this license renewal process if they did not11
believe that Vermont Yankee was a well run, well maintained, safe facility.  Vermont Yankee is12
committed to safe operation and if I did not believe this, I would not work there.13

14
The environmental benefits of generating electricity without emitting greenhouse gases is a15
wonderful legacy for our children and our grandchildren.  I believe that we should approve the16
license renewal process.  (VS-Z-1)17

18
Comment:  Vermont Yankee's value to my home state can only become more valuable as time19
goes on.  As global warming becomes more and more destructive, we can remain an20
environmentally friendly source of power with zero greenhouse gas emissions.  As the world21
energy market has become more competitive, we can continue to be a source of reliable,22
economic, baseload power and that is why we encourage the NRC to renew Vermont Yankee's23
license.  (VS-AA-3)24

25
Comment:  Vermont Yankee has an important and crucial to play in the future of our state.  It is26
both economically and environmentally appropriate to grant the plant's license extension.  We27
know there's a wide array of support for the continued operation of this plant for the reasons I28
have articulated here tonight:  its essential economic benefits, its environmentally sound29
operations and its important role as a component in the Vermont energy portfolio.  (VS-BB-5)30

31
Comment:  Considering what I've presented, the worldwide recognition of the need for32
additional nuclear power to help save our environment from the effluence of fossil fuels and to33
help establish energy security and I would go on to say world peace, and considering the34
existing guidance for granting license extensions, I would submit that it would be arbitrary and35
in defiance of the rules and guidelines already in place to not grant Vermont Yankee an36
operating license extension if all requirements established in 10 CFR Parts 51 and 54 are met. 37
(VS-EE-3)38

39
Comment:  You know, we're very proud of the impeccable environmental record that this plant40
currently enjoys.  We've had a sustained, safe, operational record with excellent environmental41
stewardship.  We pledge to continue that going forward.  I'm also very proud of the people and42
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the processes we have in place that helps sustain that environmental performance.  The scope1
of the environmental audit conducted by the NRC was very broad.  It touched on many subjects. 2
There were many people here, both NRC staff and the contractors.  They were very3
challenging.  They were very rigorous.  They were very thorough.  And we've resolved the4
issues and we're answering questions, many questions that came up.  Again, I am satisfied that5
the process will hold true and the questions will be answered.  And if we can provide6
satisfactory record and good answers to the questions that came up, the license should be7
renewed.  (VS-HH-1)8

9
Comment:  I truly believe that the only way to keep this amazing area that we live in10
environmentally friendly, while producing 34 percent of Vermont's electricity is to continue the11
safe and reliable operation of Vermont Yankee.  (VS-MM-1)12

13
Comment:  I look at the overall impact of Vermont Yankee, environmentally, economically, and14
very personally, and I've got some pretty significant observations over the last 30-35 years, and15
I'm still waiting to identify one that is truly negative, truly negatively impacting all of us.         16
(VS-OO-1)17

18
Comment:  I haven't heard anything tonight that says there's anything new and significant. 19
Actually, I haven't heard anything new, and I haven't heard anything that sounds significant.  We20
have met all the requirements.  We have exceeded many of them.  We continue to meet the21
environmental requirements.  We continue to be, as John Dreyfus said, good stewards of our22
environment. This plant emits no carbon dioxide.  In fact it emits nothing that would be23
considered a hazard.  We don't emit radioactivity.  And the people who have spoken tonight24
have, as far as I can tell, not raised a substantive issue that identifies a new or significant25
environmental impact that would be an obstacle to the renewal of this plant's license.           26
(VS-TT-1)27

28
Comment:  This letter is in support of renewing the operating license of the Vermont Yankee29
nuclear facility.  I believe the environmental benefits that Vermont Yankee provides are a crucial30
part of ensuring that Vermont’s landscape remains clean and pristine.  It has not gone31
unnoticed that Vermont has one of the lowest emissions ratings in the country, largely because32
of our nuclear plant in Vernon.33

34
Nuclear energy avoids the emissions of harmful toxins or other pollutants into the atmosphere35
that other large power facilities, like coal or natural gas are guilty of.  More and more36
environmental scientists have concluded that nuclear energy is the only power source that can37
help combat global warming.38

39
Vermont and the entire New England region is in need of this plant, and as long as it maintains40
its high level of safe operations, there is no reason why this plant should not remain online.41
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Vermont Yankee is a necessary component to this state’s current and future energy portfolio,1
and I hope that the NRC rules in favor of a license extension.  (VS-YY-1)2

3
Comment:  It is estimated that by mid-century, the world will require a doubling of the current4
worldwide energy demand of 14 terawatts of power.  To achieve this demand will require the5
equivalent of one 1,000 megawatt power plant going on line every day for nearly 38 years6
(article from Discover, February 2005, pp 16-17 attached).7

8
Although I assume the initial mandate to the NRC regarding environmental issues 30 to 409
years ago concerned the rather micro impact, that is of a limited area surrounding a nuclear10
plant, certainly now the issue is equally the global concern of greenhouse gasses, foremost11
carbon dioxide.12

13
I am not an expert.  I am a concerned citizen, concerned about the future of energy for the State14
of Vermont, the future energy requirement for the world and the environmental impact the15
sources of that energy will have.16

17
Dr. Arthur Westing, a resident of Putney, VT, 10 miles up the road, is an expert.  He has served18
on the faculty of, or been a research fellow at several education institutions, including Harvard19
University and the Stockholm International Peace Research Institute, served as the director of20
the United Nationals Environmental Programme project on “Peace, Security, & the21
Environment,” and is the author of many articles and books on the environment.  At the22
moment, Dr. Westing is in Sweden.  He told me he wished he could be here to testify on the23
importance of Vermont Yankee to the energy future of Vermont, and give his wholehearted24
support to the relicensing.  I am submitting an email from Dr. Westing to me giving me the25
authority to give you two letters he has written on energy and environmental issues, as well as26
his resume.  His latest letter cites a British report on The Role of Nuclear Power in a Low27
Carbon Economy which he uses to calculate the impacts shown on the following page.28

29
Thank you for beginning this lengthy process for the relicensing of the Entergy Nuclear Vermont30
Yankee Nuclear Plant.  I hope the evidence shows a positive decision.  (VS-ZZ-1)31

32
Comment:  The Vermont Yankee nuclear power plant plays an integral role in Vermont’s33
current energy portfolio, and must be part of our future.  Vermont Yankee is a clean, emissions34
free generating facility that provides stable, low-cost power to our state.  These are all crucial35
factors that businesses take into consideration when determining whether to remain here, or36
relocate to Vermont.  If Vermont Yankee goes off-line in 2012 where will we find replacement37
power that is as clean and reliable?  Vermont Yankee is critical to Windham County and38
Southeast Vermont in particular.  Currently, the plant and its contractors employ full time39
approximately 600 men and women, and provides $80 million to local Vermont businesses40
through the purchase of goods and services.41

42
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Its clean power, sound operations, well paying jobs, and community participation and support1
helps make the region a great place to live and work.  For all of these reasons, I encourage the2
Nuclear Regulatory Commission to extend the license of Vermont Yankee for another 20 years. 3
(VS-BBB-1)4

5
Response:  The comments support license renewal at VYNPS.  The comments are general in6
nature and provide no new information; therefore, they will not be evaluated further.7

8
A.1.4  Comments in Opposition to License Renewal at Vermont Yankee Nuclear Power9
Station10

11
Comment:  Because we have to live with the effects on the Connecticut River.  We have to live12
with the effects on our health, increased cancers.  These are things that need to be looked13

14
seriously, by the NRC, in this process.  Not to mention the nuclear waste that's stored in our15
backyard.  It's bad enough that it's already there, it's at risk by an accident.  It's at risk by16
criminal act.  (VS-L-3)17

18
Comment:  I do not believe that Vermont Yankee should be open one more day.  We need to19
close Vermont Yankee, not just think about extending licensing for 20 years.  (VS-T-1)20

21
Comment:  I want to end with this notion of a vision.  We envision a future of safety, prosperity22
and health for all.  People generate their own electricity in their own homes.  Local energy23
production is easy and accessible for all.  We live in a world where safety, prosperity and human24
health are what we value above all and it is something that we have to hold sacred for all of us,25
not relicensing Vermont Yankee.  (VS-W-4)26

27
Comment:  Until and unless we can ensure the health and safety of human beings, and of all28
the environment, and all forms of life, we shouldn't even be using nuclear power.  Let me29
register my vote as not being in favor of a 20 year extension of Vermont Yankee.  (VS-LL-7)30

31
Comment:  I think that the main issue is whether we are gonna let this outfit produce more32
waste, contributing hot water to the rivers, and things that actually do contribute to the global33
warming, and we need to decide whether it's suicidal, actually murderous, to allow these wastes34
to be put on to future generations.  (VS-QQ-3)35

36
Comment:  At what point do we take responsibilities for the damage we are doing with nuclear37
energy and radiation?  At what point do we say to ourselves, that we have gone too far, and that38
this is not about profit or power or comfort but about safety for us, our world, and its future?  Do39
we want to risk another Chernobyl, or another Three Mile Island?  Safety is defined as a state of40
being safe, freedom from injury or damage, the quality of ensuring against hurt, injury, danger or41
risk, or the state of being protected from harm.  Do we want to risk our safety with toxic nuclear42
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byproducts that jeopardize our future generations and ourselves?  Please.  I hope you can take1
a moment and hear me from my heart to your heart, and then act from that place.2

3
Do our personal comforts, and your profits, justify the risk of proceeding with nuclear power,4
particularly at this staging facility?  (VS-UU-1)5

6
Comment:   I think this plant should be closed as soon as possible, and that planned into the7
closing of it should be planning for jobs for the people that have worked so well at Vermont8
Yankee.  (VS-VV-3)9

10
Comment:  Maybe you could allow the reactor at Vernon, VT be shut down and ask Entergy to11
decommission as was promised.  The radioactive waste is a serious, unresolved problem. 12
Hazardous.  No reason to increase our risk to cancer and catastrophy.  No reason to approve13
Entergy’s plant.  (VS-XX-1)14

15
Comment:  I deeply oppose the 20 year lease renewal and the uprate in power.  Please 16
do not approve either of these.  Please listen to the citizens you are supposed to represent and17
protect.  (VS-EEE-1)18

19
Comment:  Please respond to reason and our concern for the safety of our population, our20
tourist industry, organic farms, our colleges, and our homes.  All these things would be severely21
and adversely affected by even a small release of nuclear radiation due to human error, aging22
machinery or pipes, or terrorism.  Please help us by closing and decommissioning this facility in23
5 or 6 years as originally planned.  Please help us reduce the risks to our health and safety24
instead of increasing them.  (VS-JJJ-5)25

26
Comment:  Please let our region become an example to the rest of the nation.  Many regions27
are growing in population and energy usage.  Our region is stable and able to reduce our usage28
through conservation.  Please let us try.  Please give us the incentive to try by closing this29
nuclear plant by 2012.  Please stop saying that we need nuclear power and there is not a30
cleaner, safer solution.  This is untrue in a region like ours where the population is stable, highly 31
educated, and extremely concerned about the risks of aging nuclear power plants and poorly32
stored, highly radioactive “spent” fuel rods.  Please listen to our concerns and respond by33
closing down this plant as planned.  (VS-JJJ-7)34

35
Comment:  I am writing to express my grave concern about the re-authorization of the Vermont36
Yankee Nuclear Power Plant.  I want the plant closed.  Cheap, renewable and alternative37
sources of power need to be supported by the government.  Nuclear power is not the answer.  I38
do not want to be irradiated.  Nor my rivers, farmlands, children.  I am a fisherman, an organic39
gardener living a wholesome rural lifestyle.  You may not know what this lifestyle is like. It is40
about connecting with the land, with the seasons, with the ways of the earth.  I am honored to41
work with children with special needs.  Don't you realize that all these environmental insults42
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cause diseases in our children?  Why do you think so many have diseases like autism, mental1
retardation, cancer?  It is no coincidence, our modern practices of poisoning earth, air and water2
have made us sick, literally.  3

4
We must learn to live with greater integrity.  Please stop this nuclear madness.  There is no safe5
way to store the spent fuel rods.  There is no safe way to mine the uranium.  There is no safe6
level of radiation sent down our rivers and streams.  There is many other ways to address7
energy needs.  Please help us protect our beautiful valley from further harm.  Close the plant. 8
Now.  (VS-NNN-1)9

10
Response:  The comments oppose license renewal at VYNPS.  The comments are general in11
nature and provide no new and significant information; therefore, they will not be evaluated12
further.13

14
A.1.5  Comments in Support of Nuclear Power15

16
Comment: We've had no national energy policy.  We're talking about 20 years down the road. 17
That's short-term, 40 years down the road is short-term.  I started out dealing with energy in18
1962, and one of my students made a hydrogen fuel cell, that's how I got enlightened in this 19
thing.  1962, that's a lot of years ago.  And I've been involved in learning about energy for all20
these years.  All right, now, what's going to happen?  I really feel we not only need to re-license21
Vermont Yankee, but we need more nuclear power plants throughout the country.  (VS-I-3)22

23
Comment:  In surfing the web recently, I found an interesting article.  It was an excerpt from24
Physics Today.  It was dated June 4th.  It states, "Some two dozen power plants are scheduled25
to be built or refurbished during the next five years in Canada, China, several European Union26
countries, India, Iran, Pakistan, Russia, South Africa.  In the U.S. and U.K., government 27
preparations are underway that may lead to 15 new reactor orders by 2007.  The new interest in28
civilian nuclear energy results from attempts to reduce carbon dioxide emissions and increasing29
concerns about energy security."  (VS-EE-2)30

31
Response: The comments support nuclear power.  The comments are general in nature and32
provide no new and significant information; therefore, they will not be evaluated further.33

34
A.1.6  Comments in Opposition to Nuclear Power35

36
Comment: We need to be forward thinking.  And my sense is that nuclear power is kind of37
passe.  We've all looked at this.  We see what the risks are, and there are huge chunks in38
Russia that have been, in their terms, withdrawn from public use, for the foreseeable future39
because of an accident.  And, as far as I know, nobody has repealed Murphy's Law.  So I'd like40
to suggest that we be responsible and that we get this message today that we are asking all of41
you to look beyond what has become an old mantra, and make use of the truly up-to-date42
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technology, that could allow all of us to feel good about living our lives without adding to the1
environmental burdens.  (VS-K-2)2

3
Comment:  Nobody knows what's going to happen in the future.  There are people who believe4
that this plant is safe.  There are other people who believe that it’s not safe.  There's no way to5
determine this, I guess.  Time will tell, but the criteria that I'd like to present is what happens for6
each side if that side is wrong?  If the people who believe the nuclear power plant is safe and7
they're wrong, the land becomes polluted, thousands of people die.  This will be an effect that8
will be in effect for hundreds of thousands of years.  If the people who believe that the nuclear9
power plant is unsafe and they're wrong, what will be the effect?  The effect will be that there10
will be other sources of power, conservation and nobody gets hurt.  So since nobody on the11
planet knows which side is correct, I think that using this criteria might guide us in the right12
direction.  (VS-FF-1)13

14
Response:  The comments oppose nuclear power.  The comments are general in nature and15
provide no new and significant information; therefore, they will not be evaluated further.16

17
A.1.7  Comments Concerning Ecology18

19
Comment:  Issues 18, 20, 23, 24, and 28 through 30 (Thermal plume barrier to migrating fish,20
Premature emergence of aquatic insects, Losses among organisms exposed to sublethal21
stresses, Stimulation of nuisance organisms, Entrainment, Impingement, and Heat shock)  As22
we understand it, these issues are associated with intake structures and thermal discharge23
issues which require a NPDES permit.  The requirements of the Clean Water Act and the24
NPDES permit will provide assurance that the impacts of permitted intake structures and25
discharges meet the applicable federal and state requirements.  It would be helpful, however, to26
have some limited site specific review of these issues.  For example, have recent scientific27
studies regarding intake structure and thermal impacts on migrating fish species and aquatic28
organisms, in similar habitats or within this region, led to new knowledge applicable to these29
issues?  Are there any organisms present in the Vernon area which are particularly susceptible30
to sublethal stresses or heat shock?  Are there any specific study protocols recommended for31
determining the impacts of intake and discharges on species present in the affected regions of32
the Connecticut River?  (VS-AAA-1)33

34
Comment:  Specifically, I've got concerns about the effect on the Connecticut River and on the35
fish and other wildlife that live in and on the river.  According to the environmental report drafted36
for this license renewal process, Entergy states that it withdraws water to cool the reactor, from37
the river, at a rate of up to 360,000 gallons per minute when using once through cooling.  The38
majority of this water is discharged back into the river at temperatures that can reach 10039
degrees Fahrenheit, at the point of discharge.  The recently issued NPDES Permit Amendment,40
which New England Coalition is appealing, allows for Vermont Yankee to increase the41
temperature of the river by an additional one degree Fahrenheit over what it was previously42
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allowed.  The environmental impact of this extra thermal waste discharged into the river, is1
potentially significant.  Temperature is critical for American Shad and other fish species,2
particularly during migration and spawning.3

4
Even this one degree increase in water temperature may adversely effect the Shad and other5
species, reducing their population in the river system.  In its report, however, Entergy does not6
assess these impacts.  Entergy's conclusion that the impact on the environment is small, is7
based on the fact that the discharge complies with state and Federal pollution limits.  There's no8
further discussion of what effect another 20 years of increased thermal discharge will have on9
the eco-system.  Whether or not the discharge from Vermont Yankee is in compliance with its10
State and Federal permits, Entergy should be required to take a hard look at, and assess a11
direct, indirect and cumulative impacts on the river eco-system of 20 more years of increased12
thermal discharge.  (VS-E-1)13

14
Comment:  I am concerned that the continued release of heated water into the Connecticut15
River from Vermont Yankee is adversely affecting aquatic life in the river.  Several school and16
citizen awareness groups have measured temperatures as high as 10 degrees Fahrenheit17
warmer below the plant than above, and it is my understanding that only 1-2 degrees Fahrenheit18
is allowed.  Since this has continued for many years, I fear that plant officials do not plant to19
stop this.  I ask that you please address this ongoing problem in your considerations of whether20
or not to extend the license of the Vermont Yankee Nuclear Power Plant.  (VS-CCC-1)21

22
Comment:  The increase in the river temperature needs to be fully analyzed for the affects over23
the new 20 year lease period. This raise could seriously affect the environment.  (VS-EEE-3)24

25
Comment:  Please save the Connecticut River from overheating.  Many of us are also26
concerned about the hot water that is being released into the Connecticut River.  Studies have27
shown that the current levels of hot water are harmful and with the 20% “uprate” the28
temperatures are rising to much higher levels.  Why do you want to destroy the ecology of this29
beautiful river?  (VS-JJJ-6)30

31
Response: The comments relate to aquatic ecology issues.  Some of the comments specifically32
relate to the potential impact on aquatic biota of the heated water that will be released from33
VYNPS when once through cooling is used.  This issue will be evaluated and addressed in34
Section 4.7 of the SEIS.  In addition, heat shock, entrainment, and impingement will be35
evaluated and discussed in Chapters 2 and 4 of the SEIS.36

37
Comment:  As an ecologist, I'm compelled to point out that environmental impacts are multi-38
variate impacts.  They are not generic.  Life is not generic.  And although biological systems are39
resilient and they recover from damage, radiation exposure causes genetic impacts that will40
change life forever.  Genetic damage can be passed on to our offspring and theirs.  It can 41
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change biological communities forever.  I submit that the very idea of a GEIS is sheis.  In NRC's1
Executive Summary of their Generic Environmental Impact Statement, which I consider an2
oxymoron.  (VS-M-1)3

4
Comment:  I ask NRC to revisit the permitting of this defacto LLRW dumping ground, and5
consider the impact of nuclides in river sediments which are the spawning beds for American6
Shad and Salmon.  I learned from VT Dept. of Health employee Larry Crist that Cobalt 60 and7
Cesium 137 levels have been found in river sediments.  Embryonic exposure to these isotopes8
by fish or other aquatic biota have not been sampled or quantified.  Laboratory experimentation9
might reveal the potential for ecological impact.  (VS-HHH-2)10

11
As an organic farmer with livestock and vegetable crops, I consider the radiation emissions from12
the plant's operation to be one more degrading influence in the environment, added to a number13
of others, that affects both crop plants and livestock raised in this area.  It is difficult to quantify14
but I am confident from reading about the experiences of farmers in the area of this plant and15
others that the radiation stressor exists.  For these reasons, I strongly oppose the relicensing of16
the Vernon nuclear plant beyond 2012.  I am willing to use less electricity if the license17
extension is denied, and to pay more for it.  (VS-LLL-2)18

19
Response: The comments relate to the effects of radiation from plant effluents on biota other20
than man.  The effects of radiation from VYNPS effluents on biota is not one of the 92 issues21
evaluated by the NRC for license renewal.  The levels of plant effluents are limited by radiation22
standards for human exposure, and those limitations are generally considered to be sufficiently23
protective of biota other than man.  The NRC staff will review the reports of the environmental24
radiological monitoring programs conducted by Entergy and the Vermont Department of Health25
for the last several years to ensure that the levels of radioactive concentrations in the26
environment are within expected levels.  Entergy’s environmental radiological monitoring27
program will be discussed in Section 2.2.7 of the SEIS. 28

29
Comment:  Issues 43 and 46 (Bird collisions).  The Agency is interested in bird mortality rates. 30
In particular, the Agency is interested in whether the numbers and species of birds which have31
experienced mortalities with the cooling towers and the power lines are an issue of concern. 32
This concern is also applicable to the met towers on site.  (VS-AAA-2)33

34
Response: The comment relates to Category 1 terrestrial ecology issues.  Bird collisions with35
power lines will be discussed in Section 4.2 of the SEIS.36

37
A.1.8  Comments Concerning Threatened and Endangered Species38

39
Comment:  Issue 45 (Power line right of way management).  The Agency is interested in this40
issue as it relates to rare, threatened and endangered species which may be present in41
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proximity to the power lines.  In addition, the Agency is interested in preserving undisturbed1
riparian buffers in areas of surface water or stream crossings.  (VS-AAA-3)2

3
Response: The comment relates to threatened and endangered species and terrestrial4
resources, particularly riparian buffers. The NRC conducts an independent analysis of the5
impacts of license renewal on aquatic and terrestrial resources including threatened and6
endangered species, flood plains, and wetlands.  The occurrence of Federally- and State-listed7
species on the VYNPS site and associated transmission line rights-of-way will be discussed in8
Sections 2.2.5 and 2.2.6 of the SEIS.  An analysis of impacts to these listed species is9
presented in Section 4.6 of the SEIS.  The environmental impacts of power line rights-of-way10
management on flood plains and wetlands will be discussed in Section 4.2 of the SEIS.11

12
A.1.9  Comment Concerning Surface-Water Quality, Hydrology, and Use  13

14
Comment:  I am an ecologist and mother living in the 10-mile EPZ, downstream of the VT15
Yankee Nuclear Reactor.  I would like the NRC to expand the scope of the EIS to examine the16
consequences of the surface spreading of radioactive septic waste and stockpiling of tons of17
contaminated soil on fields adjacent to the Connecticut River.  I think it is important to consider18
the possibility that some radionuclides wash into the river in heavy rains and spring melt.  A19
1991 study of the suitability of the VY site for low level radioactive waste commissioned by the20
VT Low-Level Radioactive Waste Authority, and conducted by Batelle Company, concluded that21
it was not a promising LLRW site due to short groundwater travel time, a shallow groundwater22
depth, seeps discharging to the riverbank and springs discharging south of the site, poor23
drainage in parts of the site, jurisdictional wetlands on the site, with one apparently significant24
wetland under VT wetland law, potential liquifaction of some soils on the site during an25
earthquake, and the need to remove and replace existing soils to meet the regulatory26
requirement to enhance the retardation of the movement of radionuclides.  (Battelle. 1991. Site27
Characterization Data Report for the Vernon/VT Yankee Site Volume I - The Report. Wagner28
Heindel and Noyes, Inc.)  (VS-HHH-1)29

30
Response:  The comment is related to Category 1 surface-water quality, hydrology,31
groundwater, and water use issues evaluated in the GEIS.  These issues will be addressed in32
Chapter 2 of the SEIS.  The comment regarding soil liquifaction is addressed as a design basis33
issue in Section 15 of the Appendix.34

35
A.1.10  Comments Concerning Human Health Issues36

37
Comment:  I'm raising a child here.  I hear that cancer rates near the plant are higher than in38
other places.  There's some studies.  I hear that Strontium-90 turns up in baby teeth.  So this is39
an experimental thing and we're being experimented on.  I don't think it should continue.  (VS-C-40
2)41

42
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Response: The comment concerns Strontium-90 in baby teeth.  In 2000, a report entitled,1
“Strontium-90 in Deciduous Teeth as a Factor in Early Childhood Cancer,” was published by the2
Radiation and Public Health Project.  The report alleges there has been an increase in cancer3
incidence due to strontium-90 released from nuclear power facilities.  Elevated levels of4
strontium-90 in deciduous (baby) teeth was claimed in the report as the evidence for the5
increase in childhood cancer.  This study has been largely discredited by the scientific6
community for a number of reasons including the lack of controls, small sample sizes, and the7
lack of environmental sampling and analysis (see http://www.nrc.gov/reading-rm/doc-8
collections/fact-sheets/tooth-fairy.html).  The assessment of human health impacts in the SEIS9
will determine if the facility is currently limiting and will continue to limit radiological releases to10
within Federal limits, which are considered protective of the public.  The comment provides no11
new and significant information; therefore, it will not be evaluated further.12

13
Comment:  I would like to submit the BEIR 7 Report of the National Academy of Sciences.  The14
biological effects of ionizing radiation.  The National Academy of Sciences told us that, in fact,15
there is not a threshold dose phenomenon.  The GEIS presupposes a threshold dose16
phenomenon.  Therefore, it claims that it does make sense to normalize early fatalities.  That's17
based on the BEIR 5 Report, not BEIR 7.  I would like to suggest that you recalculate using the18
conclusions of BEIR 7.  What does BEIR 7 say about radiation risks to workers under exposure19
of one REM per year.  That was another little nugget in the Appendices of the GEIS.  I'm just20
curious.  I would love to see that calculated.  I think your Appendix E.4.1.2 is faulty, also based21
on BEIR 7, because it's based on the notion of a threshold of effects.  That does not seem to be22
the case.  Your Appendices E.8.2, these Appendices show the tables and the calculations23
behind a lot of their conclusions in the GEIS.24

25
Quantities and units, assumes non-stochastic effects will not occur if the dose equivalent from26
internal and external sources combined, is less than 50 rems or fewer in a year.  This, too,27
contradicts the conclusions of the BEIR 7 Study.  Your cost estimates also use BEIR 5, not 7,28
and the costs are based on 1980 costs, or maybe they were updated to 1994, 12 years ago. 29
(VS-M-6)30

31
Comment:  In Appendix E, I think it was Page E-43, we talk about ALARA limits.  That stands32
for As Low As Reasonably Achievable.  These are radiation exposure limits for workers.  And33
they were derived using analytic techniques to identify the approximate point at which the cost34
of providing additional protection, would exceed the risk averted.  But what dollar value do you35
place on a workers life?  I'm just curious.  I guess I'll conclude with saying that it seems to me36
that your Generic Environmental Impact Statement is fatally flawed, in many ways. 37
Recalculations of early fatalities and latent fatalities, are biased.  They are based on old38
information, BEIR 5, not BEIR 7, and I humbly request that you recalculate them based on the39
most currently available knowledge on the effects of radiation.  Particularly, low level radiation. 40
(VS-M-9)41

42
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Comment:  I have a question that comes up, that I didn't ask in the beginning of the meeting,1
which is,  on what do you base radiation exposure?  Is it the ICRP?  International Committee on2
Radiological Protection?  Or is it on the European, on the European Committee on Radiation3
Risk?  (VS-O-9)4

5
Comment:  In July of 2005, and this has already been brought up tonight, the U.S. National6
Academy of Sciences released its latest biological effects of ionizing radiation report, otherwise7
known as BEIR VII.  Basically what it pointed out was that no amount of radiation can be8
considered safe.  How ethical and moral is it then to site an elementary school directly across9
the street from Vermont Yankee?  Children are far more vulnerable to radiological damage that10
adults.  (VS-LL-4)11

12
Comment:  Regarding the Generic Environmental Impact Statement (the GEIS), I would like to13
request that you consider the National Academy of Sciences Biological Effects of Ionizing14
Radiation VII report new and significant information and recalculate early fatalities, latent15
fatalities and any injury projections based on this information.16

17
Herewith and in these comments I formally petition the NRC for a 2.802 rulemaking to reconcile18
with current science, in particular, but not exclusively, The National Academy of Sciences BEIR19
VII Report, the Part 100 tables in 10 CFR for radiation exposure.  BEIR VII was published in20
2005.  Throughout the Generic Environmental Impact Statement you cite BEIR V, which came21
out in 1990.  This is not acceptable.  If you insist on using a Generic EIS, an oxymoron at best,22
you must at least reference the latest and best available science in your calculations of risk and23
consequences.24

25
"In 1990, the NAS estimated that the risks of dying from cancer due to exposure to radiation26
were about five percent higher for women than for men," said Dr. Arjun Makhijani, president of27
the Institute for Energy and Environmental Research.  "In BEIR VII, the cancer mortality risks for28
females are 37.5 percent higher.  The risks for all solid tumors, like lung, breast, and kidney,29
liver, and other solid tumors added together are almost 50 percent greater for women than men,30
though there are a few specific cancers, including leukemia, for which the risk estimates for men31
are higher."  (Summary estimates are in Table ES-1 on page 28 of the BEIR VII report32
prepublication copy, on the Web at http://books.nap.edu/books/030909156X/html/28.html.)33

34
Unlike the 1990 NAS report, BEIR VII estimates risks for cancer incidence rates as well as35
mortality and also provides detailed risk figures according to age of exposure for males and36
females, by cancer type.  This is a great advance over the previous report.  The BEIR VII report37
has thoroughly reviewed available human and animal cancer data and scientific understanding38
arrived at using cellular level studies.  Cancer risk incidence figures for solid tumors for women39
are also about double those for men.40

41
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The BEIR VII report estimates that the differential risk for children is even greater.  For instance,1
the same radiation in the first year of life for boys produces three to four times the cancer risk as2
exposure between the ages of 20 and 50.  Female infants have almost double the risk as male3
infants.  (Table 12 D-1 and D2, on pages 550-551 of the prepublication copy of the report, on4
the Web starting at http://books.nap.edu/books/030909156X/html/550.html).--IEER July 2005. 5
(VS-HHH-3)6

7
Comment:  In the GEIS you mention: "Because of a threshold dose phenomenon, it does not8
make sense to normalize early fatalities."  I believe you reference BEIR V and other sources.  It9
is my understanding that the BEIR reports never proved the existence of a threshold dose10
phenomenon, and the current BEIR VII report explicitly concludes that there is no evidence that11
such a phenomenon exists.  Therefore the NRC’s attitude that public or worker exposure to12
radiation from nuclear power plants can be "below regulatory concern" MUST be re-examined,13
and revised.  I call upon you to suspend the license renewal process for VT Yankee until such a14
time as this re-examination and recalculation of all tables in the GEIS related to radiation15
exposure and projected consequences is completed.  (VS-HHH-5)16

17
Comment:  Third, the actual human health impacts of an accident with radiation release should18
be recalculated using assumptions from BEIR VII, not an arbitrary and false threshold dose19
model.  The GEIS reports radiation risks to nuclear workers of 1 REM/year based on BEIR V. 20
These should be recalculated using BEIR VII and the latest science in medical journals which21
include exposure to internal radiation sources--alpha and beta emitters, via inhalation or22
ingestion.  Recent work on people exposed to depleted uranium might be enlightening.  In the23
Appendices of the GEIS, Appendix E.4.1.2. is faulty in that it is based on the notion of a24
threshold dose.  This should be entirely re-done in the light of BEIR VII which definitively states25
there is no evidence of such a threshold dose.  The calculations on page E-39 in the26
appendices assumes non-stochastic effects will not occur if the dose equivalent from internal27
and external sources combined is less than 50 REM in a year.  This too must be recalculated in28
the light of BEIR VII.29

30
RE page E-43: ALARA limits were derived using analytic techniques to identify the approximate31
point at which the cost of providing additional protection would exceed the cost consequences32
of the risk averted.  If BEIR VII is correct, any exposure to extra radiation from nuclear reactors33
is costly in terms of human health, and the consequences are cumulative.  What dollar value34
does the NRC place on worker's lives?  (VS-HHH-7)35

36
Response: The comments relate to the NRC’s radiation protection standards.  NRC and the37
Environmental Protection Agency (EPA) consider available information and recommendations38
from a number of sources in the development and periodic reassessment of radiation standards39
in the United States.  Those sources include the National Commission on Radiation Protection40
and Measurements (NCRP), International Committee on Radiation Protection (ICRP), National41
Academy of Sciences, and others.42
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In spring 2006, the National Research Council of the National Academies published, “Health1
Risks from Exposure to Low Levels of Ionizing Radiation, Biological Effects of Ionizing Radiation2
(BEIR) VII Phase 2.”  A pre-publication version of the report was made public in June 2005. 3
The major conclusion of the report is that current scientific evidence is consistent with the4
hypothesis that there is a linear, no-threshold dose response relationship between exposure to5
ionizing radiation and the development of cancer in humans.  This conclusion is consistent with6
the system of radiological protection the NRC uses to develop its regulations.  Therefore, the7
NRC’s regulations continue to be adequately protective of public health and safety and the8
environment.  None of the findings in the BEIR VII report warrant changes to the NRC9
regulations.  The BEIR VII report does not say there is no safe level of exposure to radiation; it10
does not address “safe versus not safe.”  It does continue to support the conclusion that there is11
some amount of cancer risk associated with any amount of radiation exposure and that the risk12
increases with exposure and exposure rate.  It concludes that the risk of cancer induction at the13
dose levels in NRC’s and EPA’s radiation standards is very small.  Similar conclusions have14
been made in all of the associated BEIR reports since 1972 (BEIR I, III, and V).  The BEIR VII15
report does not constitute new and significant information; therefore, the comments will not be16
evaluated further.17

18
The petition for rulemaking made by Sally Shaw, in comment VS-HHH-3, has been forwarded to19
the Office of the Secretary for the Commission for appropriate action.20

21
Comment:  I believe we have to take responsibility right now for the effect that we are having22
because we are already seeing its effects upon our children and grandchildren.  We know that23
mercury in the ponds in the fish that we happily go out and catch on a Sunday already in24
Vermont, we can't allow the children to eat more than four ounces a month and we have seen25
the effects of children who have more than that.  The illnesses and cancers and neurological26
damage already caused by different kinds of pollutants in Vermont is staggering.  We certainly27
don't need any more.  (VS-B-5)28

29
Comment:  But what I want the NRC to weigh heavily, it's the waste issue, environmentally, and30
the cancer issue.  Are there cancer clusters around nuclear power plants?  Are there elevated31
rates of breast cancer around nuclear power plants?  I read reports that say that there are and it32
is unfair to experiment with a population when these are questions hanging in the air.  It's33
unconscionable.  (VS-C-4)34

35
Comment:   As you know, the state of Vermont posts radiation measuring devices, TLDs,36
around the plant perimeter.  And the state reports that three times in the last decade or so, that37
the state limit of 20 millirem per year has been exceeded at the fence line.  And we took a quick38
look at those reports for those three years, and then also at a study, I believe, done by Duke39
Engineering for Vermont Yankee, and found that the TLDs in the same sector were the ones 40
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that read high in each of those instances.  And, you know, this is not an anomaly for a bad1
detection instrument, because they are changed out quarterly, and the excess is the average2
over a year.3

4
The other thing that we noticed is that the only other abnormally high reading, that occurred in5
each of those three instances, was at the interior of the Vernon Elementary School.  The other6
thing that we noticed was that the turbine hall and the offending TLD, and the elementary7
school, line up axially.  There's a straight line to be drawn from the turbine hall, to the one8
monitor that read high, to the elementary school reading high.9

10
The state folks thought this might be an artifact of excess of radon in the school.  But, of course,11
we don't generally use TLDs to go chasing radon.  The other thing that we noticed, was that12
there was no correlation between the measured amount of radon in the school, for those13
instances, and the high TLD readings.  From an amateur science point of view, we believe14
there's enough here to warrant real investigation.  I should point out to you that we have not15
looked for correlation on weather or meteorological conditions, but it might well be a16
consideration that these high readings are a result of temperature inversion and downdraft from17
the release stack.  (VS-D-2)18

19
Comment:  Here at Vernon, as in the rest of the country, it's part of the operating license that20
the Nuclear Regulatory Commission gives the companies that operate these power plants, as21
part of that process and part of that license, they're allowed to routinely emit radioactive22
releases, in both the air and water.  I'm sure everybody in this room knows that.  Long-term,23
that's a problem.  We'd like to know how much has been released by the operation of Vermont 24
Yankee, year-to-date, or operational lifetime to date.  And how much is projected under routine25
operational conditions?  How much is going to be released over the proposed license26
extension?  (VS-F-3)27

28
Comment:  They state that among the 150 million people who live within 50 miles of a U.S.29
Nuclear Power Plant, I prefer to call it a reactor, not a plant.  About 30 million who will die of30
spontaneous cancers.  That's one in five people, by their calculations.  And they say that since31
we can't prove a one of them was caused by radiation, therefore the NRC doesn't have to worry32
about them, note bene.  They admit that five calculated fatalities associated with nuclear33
powered induced cancers will occur.  So I ask which one of us, or our children, living within 5034
miles, will die of radiation induced cancer, over the lifetime of this plant.  That's the cost of35
progress.  Tough luck, sucker.  Most of the people who die of radiation induced cancers, will live36
within ten miles.  Thus, there's a very good possibility that we will know, we in this room, will37
know some of them.  At last count, my husband and I counted, between us, 28 people we know38
who have died or are living with cancer, in our extended community.  Can I prove that their39
cancers are radiation related?  No.  Therefore, the effects, the impact of these deaths, on our40
life, is considered by the NRC to be of small significance.  (VS-M-2)41

42
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Comment:  Richard Monson of the Harvard School of Public Health stated, quote, the scientific1
research base shows that there is no threshold below which low levels of ionizing radiation can2
be demonstrated to be harmless or beneficial.  I'm going to repeat that.  There is no threshold3
below which low levels of ionizing radiation can be demonstrated to be harmless or beneficial. 4
The health risks, particularly the development of solid cancers in organs, rise proportionately5
with exposure.  At low doses of radiation, the risk of inducing solid cancers is very small.  As the6
overall lifetime exposure increases, so does the risk.  Every nuclear reactor emits small7
amounts of radiation.  Even, supposedly, zero-emission reactors.  (VS-O-4) (VS-SS-2)8

9
Comment:  There's an article about Vermont Yankee from 1980, about the town of Vernon, and10
how much anxiety--1980, we're talking about.  How much anxiety exists in the communities11
around this plant.  And not only does this plant--let's say it--causes cancer, causes cancer of12
unborn, yet unborn children.  Not only does it cause cancer, it causes heart attacks for the13
anxiety that people live with.  (VS-S-1)14

15
Comment:  Secondly, radiation monitoring is now inadequate and will be inadequate.  In16
Western Massachusetts, the Department of Health is doing no radiological monitoring.        17
(VS-X-1)18

19
Comment:  Thirdly, health monitoring is inadequate.  And it will be inadequate. (VS-X-2)20

21
Comment:  Vermont Yankee routinely emits radioactive material into the air, soil and water. 22
Presumably these emissions are permissible.  But who knows?  Permissible emissions are not23
the same thing as safe emissions.  (VS-LL-3)24

25
Comment:  Let me give you a quick review of some results from accidents at other nuclear26
facilities.27

28
A 400 percent increase in leukemia incidents in the population living downwind of the Pilgrim29
nuclear power reactor in Massachusetts in the first five years after fuel was known to have30
leaked excess radioactivity.31

32
Three to 400 percent increase in lung cancer in the general population within the plume of the33
Three Mile Island accident.34

35
Six to 700 percent increase in leukemia in the general population within the plume of Three Mile36
Island.37

38
Eight thousand percent increase in thyroid cancer in Belarus children living near Chernobyl,39
reported six years after the meltdown.40

41
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Further effects found in victims of the Chernobyl accident, less than 10 years after the meltdown1
include the following.  A 500 percent increase in thyroid cancer in children in Ukraine.  A 752
percent increase, incidence of heart disease.3

4
A 200 percent increase in respiratory and digestive disease.  A 200 percent increase in birth5
defects.6

7
Among atomic workers, a 250 percent increase in all cancers.  And finally, a 1200 percent8
increase in all cancers exist around the Sheffield [sic] reprocessing facility in England.  9
(VS-LL-5)10

11
Comment:  1. Subjects to include in a supplement to the GEIS for Vermont Yankee and12
analyze in depth:13

1.5 Extent of groundwater contamination on (and beneath) site, including, but not limited to14
tritium contamination.15

1.6 Extent of any off-site groundwater contamination, including, but not limited to tritium16
contamination of drinking water wells and other off site ground water locations.  (VS-WW-2) 17

18
Comment:  there is ample evidence in the publicly available records for Vermont Yankee that19
numerous spills occurred during operations under the original license and the facility engaged in20
shoddy record keeping to document the extent and location of such events.1 Thus, including a21
complete inventory and analysis of all the items in the list within the scope of the EIS for22
Vermont Yankee license renewal makes good practical sense based on the historical record for23
this licensee. Further, as the NRC is aware, tritium contamination--which is a part of the24
historical record for this facility--has become a major issue at reactor sites across the country.25
Thus, on and off site tritium contamination due to past (and continued) operation of the Vermont26
Yankee Nuclear Power Station should be thoroughly investigated, including all sources and27
pathways on and off site, to assure if the NRC renews VY’s license it will not permit continued28
radioactive contamination of groundwater.  (VS-WW-5)29

30
Comment:  In July of 1975, did faulty valves discharge radioactive water into the Connecticut31
River and Atlantic fisheries?  In 1995 did faulty fuel assemblies interfere with valve closing?  An32
adequate scope of environmental assessment will require an extensive period for assessing33
contamination levels in air, water, soil, plant, animal tissues.  Adequate scope will establish34
radiation monitoring in a 100-mile radius of the Vernon reactor in Massachusetts, New35
Hampshire and Vermont, on an ongoing basis for the remainder of the license period.36
(VS-FFF-3)37

38
Response:  The comments relate to potential health effects from radiation exposure.  The GEIS39
concluded that public radiation exposure is a Category 1 issued based on the assumption that40
the plant continues to meet NRC and EPA dose regulations.  As part of its search for new and41
significant information, the NRC staff will review recent results from the licensee’s effluent and42
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environmental radiological monitoring programs.  In addition, the NRC staff will review recent1
reports from the environmental radiological monitoring program conducted by the Vermont2
Department of Health (VDH) around Vermont Yankee.  The staff regards information from the3
effluent and environmental reports over the last several years as the best source of information4
to use to assess the expected levels of radiological impact during the license renewal period. 5
The radiological effluent and environmental monitoring programs and the impacts from6
VYNPS’s radiological effluents will be discussed in Chapters 2 and 4 of the SEIS.7

8
In 1990, the U.S. Congress requested that the National Cancer Institute study cancer rates in9
the areas surrounding nuclear facilities, such as nuclear power plants, to determine if there are10
detrimental effects on the population.  VYNPS was included in the study.  This extensive report11
found no evidence that nuclear facilities may be linked causally with excess deaths from12
leukemia or from other cancers in populations living nearby.  The comments concerning cancer13
provide no new and significant information; therefore, they will not be evaluated further.14

15
Comment:  The company uses an oxidizer called glutaraldehyde in small parts, two-tenths of a16
part per million.  It triggers asthma.  Two-tenths of a part per million exceeds California's17
occupational exposure standards.  In all the regulation, we don't find any place that the18
regulation anticipates spray.  It anticipates fumes.  It anticipates skin contact, but I don't think19
any regulator ever figured you would spray people with this stuff.  The glutaraldehyde plus,20
surfactant, anti-rust compounds, other pesticides, other biocides, and fluorine and bromine21
compounds are used by the company.  The water gets circulated in the cooling towers.  It flows22
out in spray.  It goes up to a mile downwind.  And I just want to point out that in terms of23
concentrations as those droplets travel, they dry and we don't know what the concentrations are24
when they land on the skin, but unless it's quantified, we have to assume that it's toxic.  Unless25
it's quantified, we have to assume that there are health effects and those things need to be26
measured in the Village of Vernon and across the river in Hinsdale.  (VS-DD-10)27

28
Response: The comment relates to potential releases of chemicals in the cooling tower drift29
from Vermont Yankee.  Specifically, the comment relates to a chemical called glutaraldehyde30
that Entergy added to the cooling water as part of a commercially available biocide mixture. 31
Entergy discontinued use of the glutaraldehyde in the fall of 2005.  The use of chemicals in the32
cooling water at Vermont Yankee is regulated by air and water permits, such as the National33
Pollutant Discharge Elimination System permit, issued by the Vermont Agency for Natural34
Resources.  The NRC staff will review those permits and discuss the environmental impacts of35
chemical releases in the cooling tower drift in Chapters 2 and 4 of the SEIS.36

37
Comment:  Issue 89 (Water Quality) The Agency believes that groundwater and surface water38
quality are issues of great importance to Vermonters and should be subject to a site specific39
analysis.  With respect to groundwater, it would be very useful to determine the natural40
background levels of radionuclides at the Entergy Vermont Yankee facility and in the vicinity of41
regional monitoring devices.  What is the potential contribution to groundwater of constituents42
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from land spreading of low-level constituents on site?  How will both the natural and1
anthropogenic background levels be used when determining whether future releases from the2
facility exceed health standards?  (VS-AAA-6)3

4
Response: The comment concerns potential radiological contamination in ground and surface5
water.  Groundwater is monitored by Entergy both within the boundaries of the VYNPS site and6
outside.  Entergy has installed test wells for monitoring the ground water around the periphery7
of the on-site land-spreading plot where the sludge from the on-site septic tanks is periodically8
disposed.  The State of Vermont also monitors the ground water at several locations in the9
vicinity of the site.  The results of Entergy’s and the State’s monitoring programs are published10
annually.  These monitoring programs will be described in Section 2.2.7 of the SEIS. 11
Cumulative radiological impacts will be discussed in Section 4.8.3 of the SEIS.12

13
A.1.11  Comments Concerning Socioeconomics14

15
Comment:  From an economic standpoint, I would just quickly say that a stable, relatively low-16
cost power provider will help to maintain and expand businesses here in Vermont, while at the17
same time providing for an opportunity to bring and attract new businesses to the state.  In a18
time where Vermont faces an increasing, aging population, the plant provides employment to19
600 highly skilled men and women.  These individuals and the company provide more than 20020
million in economic benefits to the Windham County Region and the state as a whole. 21
According to the Vermont Public Board, I'm sorry, the Public Service Department, the company,22
through the State's Power Purchase Agreement, will provide customers in Vermont,23
approximately 250 million dollars in savings over the life of the contract.  (VS-G-2)24

25
Comment:  We have seen and been instrumental in the plant's continued enhancements and26
upgrades, most recently during the power uprate process.  The cost of Vermont Yankee's power27
to Vermont consumers like myself is also far below regional market prices.  As a baseload28
generator, we are able to provide lower cost power which is so critical for this state.  (VS-AA-2)29

30
Comment:  From an economic standpoint, a stable, relatively low-cost power provider helps to31
maintain and expand businesses in Vermont, while at the same time providing an opportunity to32
attract new business.  In a time when Vermont faces an increasing, aging population the plant33
provides employment to 600 highly skilled men and women.  Those individuals in the company34
provide more than $200 million in economic benefits to the Wyndham County region and the35
State of Vermont as a whole.  (VS-BB-2)36

37
Comment:  According to the Vermont Public Service Department, the company through the38
power purchase agreement, will provide Vermont customers approximately $250 million in39
savings over the life of the contract.  This estimate, it should be noted, was made when energy40
prices were far lower than they are today.  And in fact, at 3.95 cents per kilowatt hour, Vermont41
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Yankee power today costs Vermonters 40 percent less than other sources of electricity.  This1
matters most to Vermont's elderly and the poor.  (VS–BB-3)2

3
Comment:  The economic impact of shutting down or not granting a license extension for4
Vermont Yankee is very, very severe.  To take one third of the electricity out of the state, one5
third of what it needs to run, that electricity has to be generated somewhere and come from6
some other means.  (VS-GG-1)7

8
Comment:  Living within about 14 miles of a nuclear plant weighs on the minds of people, and9
my friends and neighbors virtually unanimously feel a strain whenever they think about Vermont10
Yankee.  I am in both the construction trades and farming, self-employed in both fields, and as a11
contractor, dealing with others in that line of work, I have seen how strongly many people in12
construction feel an aversion to the Vernon, Vt., area because of uneasiness about the nuclear13
plant.  I have heard builders voice scruples against building spec housing in that area.  They14
wouldn't want to live there themselves and don't feel right about selling a family a house so15
close to the potential danger of meltdown, or the actual, ongoing radiation health hazard from16
the plant's operation.  The town of Vernon remains quite sparsely populated despite taxes being17
low, and I believe appropriate concern about the nuclear power plant explains why.  The effects18
of worry don't cease at the town boundary, either—by harming the peace of mind, they19
negatively influence the choices of home buyers, adders-on and renovators, and of businesses20
looking to relocate in a radius of easily a dozen or perhaps 20 miles.  (VS-LLL-1)21

22
Response:  The comments relate to socioeconomic issues.  Socioeconomic issues will be23
discussed in Chapters 2 and 4 of the SEIS.24

25
A.1.12  Comments Concerning Postulated Accidents26

27
Comment:  I'm very concerned about dry-cask storage, alongside the Connecticut River which28
flows through Massachusetts and Connecticut to the Long Island Sound and just the idea that29
nuclear radioactivity could be carried by that water all the way to Long Island Sound should give30
us great pause.  I believe we have to take responsibility right now for the effect that we are31
having because we are already seeing its effects upon our children and grandchildren.  32
(VS-B-4)33

34
Comment:  We, there's many of us in the local citizenry know that our environment, our homes,35
our farms, our entire livelihood are at risk here.  If there's ever a sizeable release of36
radioactivity, then our property values will plummet.  Our ability to sell, possibly even eat our37
own produce, will be diminished.  And I can't imagine a greater environmental impact than that. 38
I mean we're talking about all or nothing, here.  And I don't know whether you want to try to do a39
mathematical analysis of all or nothing, or not. 40

41
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But from my perspective, it doesn't make any sense.  If there's any possibility, that there's going1
to be any kind of impact like that, then I think that the NRC can only include that in the2
environmental scoping.  (VS-H-2)3

4
Comment:  At a recent ACRS hearing in Rockville, Maryland, NRC staff, I think maybe it was5
NRR staff, testified that in a design-basis accident or loss of cooling accident, under upgraded6
conditions, which they're not looking at, of course, with this re-licensing thing.  The entire7
quantity of the core would be released in about 30 seconds.  And accident impacts after uprate,8
are greater than the 20 percent uprate, they may approach 40 percent, maybe more.  And this9
might result in a 500 roentgen exposure at the limiting location, which happens to be very near a10
residence, which happens to be on the plant perimeter.  I submit that such an accident would11
have a significant impact on the person or family living there.  So I would ask the NRC to12
recalculate.  That goes on and on, I'm going to skip.  (VS-M-4)13

14
Comment:  The other thing, quarrel I have with your cost estimates, is that you skip Indian15
Point, hypothetical accident costs for Indian Point.  I don't blame the NRC for skipping Indian16
Point.  Lots of folks live down there.  The cost of an accident would be astronomical, but it's not17
good science to leave out a big outlier like that, in this case.  (VS-M-7)18
Comment:  This afternoon is the first time, maybe the second time I've heard that the reactor is19
70 feet in the air, which is a decision as to whether or not any kind of explosion would suck20
water and dirt into the air and emit, you know, to the hills, but it would probably be buffeted. 21
Like there is a higher rate of survivor-hood, on the other side of the mountains from Hiroshima. 22
That it's at, you're buffeted by the earth.  (VS-P-1)23

24
Comment:  I urgently request that you refuse to re-license the VT Yankee Nuclear Power Plant 25
I am extremely worried about the dangers of this aging plant and all the harm it can do to us, as26
residents of the Pioneer Valley.  I live immediately downwind, to the S. of Vernon, and I am an27
educator.  We all know we will not be protected from the radiation of a nuclear accident.  Yes,28
we need cheap electrical power.  I am unwilling however, to risk our lives for this.  I will insure29
my car, my home, etc, but there is no insurance to protect us from radiation damage to our30
health, or from a terrorist attack.  Already there are radiation and chemical leaks.  What are you31
trying to do to us?  (VS-DDD-1) (VS-MMM-1)32

33
Comment:  Another quarrel I have with the GEIS is that early fatality calculations are based on34
a 50-mile radius from reactors, however graphs in the report only show numbers for a 150-mile35
radius.  Where are the numbers for a 50-mile radius?36

37
The GEIS cost estimates on an accident at a reactor, based on outdated cost information from38
1980 updated only to 1994, 12 years ago, is flawed for a number of reasons.  First, the outdated39
cost information, aforementioned, should be updated to reflect current reality.  Second, you did40
not include Indian Point.  This is disingenuous.  Although it may be an "outlier" due to the large41
population living within 50 miles of its reactors, nevertheless an accident there would have an42
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enormous impact on the economy of New England, and the entire country.  It should not be left1
out of your accident consequence cost calculations.  (VS-HHH-6)2

3
Response:  The comments relate to Category 1 design-basis and severe accidents issues.  4
Environmental impacts of postulated design basis and severe accidents will be discussed in5
Chapter 5 of the GEIS.6

7
A.1.13  Comments Concerning Uranium Fuel Cycle and Waste Management8

9
Comment:  Vermont Yankee had gotten permission to store contaminated soil on site, starting10
back, I think in 1998, maybe a little earlier.  And, at the time, the amount was some excavated11
soil from a construction project, about 135 cubic yards.  And then roughly at 35 or 40 cubic12
yards per year, they anticipated generating through contaminated sanding salts from the roads13
from silt in the cooling towers, and also from waste sludge.  And, in 2004, Entergy received14
permission to increase that amount.  They had accumulated, they  thought, about 500 cubic15
meters of contaminated soil on site, and they wished to dispose of, on-site, an additional 15016
cubic meters per year.  That's about ten big dump truck loads.  And this disposal site or, excuse17
me, this storage site is on the south end of the site, just south of the cooling towers.  It is18
constantly sprayed down with what is called drift, sideways spray from the cooling towers.  It is19
on the riverbank.  We believe that the phenomenon of bio uptake, of sedimentary separation, of20
chemical combination, can leach and separate and concentrate the radioactive material in that21
disposed of or stored soil, complicating decommissioning, polluting the river, winding up in the22
biota.  And so we believe that should also be investigated as part of the environmental23
assessment.  (VS-D-3)24

25
Comment:  So we have to run the other way to nuclear.  You have to really think hard about all26
of the nuclear waste that's going to be with us forever.  And will Entergy be with us forever.  As27
long as it takes for the radiation to dissipate.  (VS-L-5)28

29
Comment:  Especially if Entergy gets its way and does not even have to provide berms around30
the casks.  And, of course, there's also a flooding danger.  In 1991, there was a study regarding31
the construction of a low-level waste repository down on the plant grounds, and it was deemed32
not wise.  (VS-N-3)33

34
Comment:  Nuclear is not cheap electricity.  Protect the waste for 100,000 years, tell us how35
much that's going to cost.  Spend some of that money to protect that waste, and then tell us it's36
cheap, affordable or inexpensive electricity.  I challenge you on that.  To anyone who claims that37
there was a benefit to nuclear power, please show me this cost benefit analysis, including the38
price of dealing with this waste.  Because the rate we're given as for the power purchase39
agreement, from 2002, does not tell us the true cost of the economics behind this.  (VS-O-1)40

41
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Comment:  But we know that this is not clean, there's no answer for the waste.  You know1
Vermonters don't want this.  (VS-RR-2)2

3
Comment:  We were asking the same questions then that we're asking the NRC now, and that4
is, why produce power when you don't know what to do with the waste?  When you don't know5
what to do with the waste.  When you don't know what to do with the waste.  When the waste,6
now, has become subject to the possibility of a terrorist attack.  (VS-VV-2)7

8
Comment:  CAN contends that the following are proper subjects of environmental concern that9
should be fully investigated prior to renewal of the Vermont Yankee license to operate:10

11
1. Subjects to include in a supplement to the GEIS for Vermont Yankee and analyze in depth:12

1.1 Accumulation of low-level radioactive waste on site.13
1.2 Accumulation of chemical wastes on site.14
1.3 Extent of on and off site contamination due to radioactive materials, chemicals and15

other VY waste in on and off site locations, including, but not limited to disposal in the16
Brattleboro and other area landfills that are now part of the Windham Solid Waste Management17
District and/or out of state landfills utilized by the WSWMD.18

1.4 Extent of site contamination due to chemical and other hazardous wastes, including,19
but not limited to PCB contamination in paint, accumulated TCE, PERC and other organic20
solvents, lead, and asbestos.  (VS-WW-1)21

22
Comment:  1. Subjects to include in a supplement to the GEIS for Vermont Yankee and23
analyze in depth: 24

25
1.7 Extent of radionuclide inventory and location of radioactive waste accumulated in26

on-site disposal locations for contaminated silt, sand, soil, sewage and other materials.  (VS-27
WW-3)28

29
Comment:  In the event that Vermont Yankee is given an additional twenty years (or less) of30
operation under license renewal, now is the time to access the above listed environmental31
issues in order to inventory and fully analyze the extent of these problems at the originally32
contemplated end-of-life for this reactor.  This inventory and analysis is appropriate, as the use33
and improper disposal of many of the environmental hazards listed above, along with on-site34
disposal of construction waste during construction of the facility, were commonly accepted and35
customary business and industrial practices during a major portion of the original license period.36
 (VS-WW-4)37

38
Comment:  Issue 87 (Waste Management)  The Agency is suggesting that low level radioactive39
waste issue should be evaluated on a site specific basis.  Title 10 Vermont Statue Annotated40
contains §7066 (c) states:41

42
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No generator of low-level radioactive waste in the state existing on the date of enactment of this1
action may increase its generation of waste in a year by more than 20 percent of the total2
annual volume of waste from all generators estimated for disposal by the secretary of natural3
resources, under subdivision 7065(a)(3) of this title, unless that generator receives a favorable4
determination from the secretary of natural resources that disposal capacity will be available as5
provided by section 3.04(11) of the compact agreement.6

7
The Agency would like to know whether Entergy Vermont Yankee will increase production of8
low-level radioactive waste as a consequence of the renewal and, if so, will any increase remain9
in compliance with the state statutory requirements regarding low level radioactive waste10
generation, minimization, and reporting.  (VS-AAA-5)11

12
Comment:  Assessors will compare cultural willingness to isolate materials no longer in use,13
when those materials pose a health risk, whether is no longer interest in those materials, or14
whether substantial bribes are available to sell nuclear remains illegally, in both prosperous and15
desperate times.  An adequate assessment team will include sociologists who can assess the16
human factors relevant for environmental protection for the length of time needed for isolating17
wastes produced in a twenty year period, not the environmental protection needed in a twenty18
year period.  (VS-FFF-5)19

20
Comment:  I think the uranium that's mined to operate  this nuclear power plant, is coming from21
native land, from very, people that have lived for over 30, what, 40 years, with the tailings of the22
uranium mining.  And why doesn't the environmental scoping include the people that live, you23
know, with these tailings, with the still births and the water, from the water, from the polluted24
water, from the polluted air.  (VS-R-1)25

26
Comment: For the people who are trying to tell us that nuclear energy is clean and it doesn't27
contribute to greenhouse gases, are not taking into consideration the amount of nonrenewable28
energy used to dig up and process the uranium, to make it into a fissionable form.  (VS-U-1)29

30
Comment:  In the uprate proceeding before the Vermont Public Service Board, Entergy31
presented quite a remarkable witness, Dr. Ernest Moniz, M-O-N-I-Z, from MIT and he is a32
former Assistant Secretary of Energy and I had the privilege of cross examining the good doctor33
and he made some startling admissions.  Number one is that all of the fuel, commercial nuclear34
fuel produced in the United States to his best recollection was produced at the Portsmouth35
enrichment plant and the Paducah enrichment plant and both of those plants, which absorb36
enormous quantities of electricity in the process, are supplied by coal-fired stations.37

38
My question for Dr. Moniz was well, then the pollution gets here ahead of the fuel, doesn't it?39
And in fact, the mercury that some speaker referred to earlier, those heavy, heavy coal-fired40
plants in Ohio and the ones that provide electricity to enrich nuclear fuel, among the dirtiest, do41
send their mercury to our waters and our fish.  (VS-DD-1)42
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Comment:  The facts show us that huge amounts of pollution are released during the mining1
and processing of uranium for fuel rods.  (VS-JJJ-2)2

3
Response:  The comments relate to Category 1 uranium fuel cycle and waste management4
issues.  The environmental impacts of the uranium fuel cycle including waste disposal will be5
addressed in Chapter 6 of the SEIS.6

7
A.1.14  Comments Concerning Alternative Energy Sources8

9
Comment:  We also do not have to demand so much electricity.  We don't really require it.  Our10
inflated desires for the expansion of electrical power have been -- are a 20th century notion of11
progress at any cost.  The cost is now coming due and we are going to have to begin paying for12
the expansion....And I very much want to hear the NRC, the Regulatory Commission and other13
leaders in our country talking about conservation.  This is indeed a war.  It's as if we are at war14
against our unchecked desire to progress at the expense of other nations and at the expense of15
the environment.  And we can indeed change our ways and show a willingness to conserve. 16
(VS-B-2)17

18
Comment:  I don’t think it should continue.  It should be closed down.  We should be looking for19
safer forms of energy production and we should be conserving.  (VS-C-3)20

21
Comment:  The Partnership fully supports the re-licensing of the Vermont Yankee Nuclear22
Power Plant in Vernon and I will explain to you why.  It is no secret that Vermont's demand for23
energy is continuing to grow.  It may be a less known fact, however, that Vermont faces24
uncertainty over its future energy supply.  Currently, one-third of Vermont's electric supply25
comes from Hydro Quebec.  These long-term contracts with the state will begin to expire in26
2014, and there is no guarantee that these contracts will either be renewed or renegotiated27
given the company's, Hydro Quebec's more local business opportunities in the province. 28
Another approximate one-third of our supply here in Vermont, is made up of a wide array of both29
in-state and out-of-state sources, renewable and non-renewable.  The Partnership supports the30
in-state development of renewable sources, and we encourage the increased used of energy31
efficiency in the expansion on conservation measures.  However, the fact remains a reliable32
energy portfolio, here in Vermont, must be made up elsewhere, of base load sources of power. 33
Vermont Yankee accounts for the last one-third of our Vermont portfolio.34

35
About 34 percent of Vermont's total electricity supply needs are met by the Vermont Yankee36
Plant.  So let me put this debate into proper context.  Vermont has not brought on a single,37
significant power generating facility in over 20 years.  And there are no plans to do so in the38
near term.  To make matters worse, proposals to develop small scale generation in Vermont,39
have been met with sharp criticism and serious opposition.40

41
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In a time when energy costs are at their highest, Vermont Yankee will not only play an essential1
role in our state's energy portfolio, it is critically important to the Vermont economy and2
environment.  (VS-G-1)3

4
Comment:  In 2005, alone, according to the Nuclear Energy Institute, Vermont Yankee avoided5
emissions of 7,700 tons of sulphur dioxide, 2,000 tons of nitrogen oxides, and 2.5 million tons of6
carbon dioxide.  Emissions of sulphur dioxide, lead to the formation of acid rain.  Nitrogen oxide7
is the precursor to both ground-level ozone and smog.  And greenhouse gases, like carbon8
dioxide, contribute to global warming.9

10
We live in a country where half the electricity generated comes from coal-burning sources.  Yet,11
in Vermont, we can be very proud to say that that's not the case.  Vermont Yankee does not12
release harmful greenhouse gases or other toxins into the atmosphere  which are the primary13
cause for global warming.  The issue of global warming, a climate change, has rapidly reached14
alarming levels.15

16
And power-generated facilities have been at the heart of that crisis.  In the United States, coal is17
the leading power provider with over 600 plants operating.  Of these plants, of the 600 plants,18
36 percent of all U.S. emissions are accounted by those plants' generation.  It has become19
abundantly clear that the nuclear energy is the only emission-free source that can meet20
consumer demand, reliably and at a reasonable cost.  Leading environmentalists, from around21
the world, like Dr. Patrick Moore, Co-Founder of Green Peace, have come to the conclusion that22
nuclear power is the only source that can help remedy and save the planet from catastrophic23
climate change.24

25
Just last month, Dr. Moore said in the Washington Post, nuclear energy is the only large scale,26
cost effective energy source that can reduce these emissions, while continuing to satisfy the27
growing demand for power.  And these days, in these days it can do so safely.  He went on to28
say that it's extremists who fail to consider the enormous and obvious benefits of nuclear power,29
also fail to understand that nuclear energy is practical, safe and environmentally friendly.30

31
Without Vermont Yankee, Vermont utilities would be forced to buy additional power on the spot32
market that would be less reliable and certainly considerably more expensive.  So the33
Partnership asks, do Vermonters really want to pay more and to depend on power from fossil34
fuel sources, such as natural gas and coal, which contribute to the global warming and the35
earth's degradation?  The Vermont Partnership thinks not.  (VS-G-3)36

37
Comment:  I feel that in any electrical generation, no matter what type of process you are38
using, there are benefits and risks.  And I firmly believe that the benefits of nuclear power,39
greatly exceed the risks.  I know a lot of you are in disagreement.  The main reason that I feel40
this way is other than hydro-electric power, all of the other forms of electrical generation involve41
carbon fuels.  Either coal, oil, natural gas, biomass, you name it.  All of these are going to42



Appendix A

Draft NUREG-1437, Supplement 30 A-36 December 2006

produce gases that are going to be harmful to the environment.  They are going to produce1
greenhouse gases.  And I know some people don't believe in global warming, certainly the2
President of the United States doesn't agree about global warming, but it does exist.  (VS-I-2)3

4
Comment: Because fossil fuels are going to diminish.  China wants them, everybody else5
wants them.  They’re polluting the atmosphere.  They’re going to kill the earth in just a very, very6
few decades.  Now with nuclear power we have the ability to get the fuel right here in North7
America.  We can use nuclear power to generate electricity.  We can use nuclear power to8
electrolyze water and get hydrogen.  And hydrogen is going to be the fuel of the future.        9
(VS-I-4)10

11
Comment:  About 30 years ago the Union of Concerned Scientists developed a program that12
provided the way that the United States could be 70 percent solar-powered by the year 2000. 13
Well, here it's 2006, and we're talking about energy problems and energy shortages.14

15
Well, for the last 25 years, I've lived in a solar home that I built, and I've lived off the grid with16
solar electricity from portable tag panels.  If you came into my house, you wouldn't notice much17
difference from your house.  I have computers, I have monitors, I have televisions, I have a18
microwave.  I have a washing machine.  I cook on electric hot plates in the summer and I cook19
on a wood cook stove in the winter.  I don't use any oil to heat my house.  So when people tell20
you that we need to risk the very ground that we stand on, that we need to risk making it21
uninhabitable for 15 generations, in order to heat our homes and have electricity, it simply isn't22
true.  Technologically we can solve energy problems, we can do it without destroying the23
environment.  The problem is political and social.  We need to say we want renewable energy, 24
we are not willing to pay the price of the destruction of the earth, to heat our homes.  (VS-J-1)25

26
Comment:  And I would like to suggest that we follow up and that each of us become27
responsible for learning that, for example, our own Department of Energy has very firm studies28
that clearly tell us that if we exerted the political and social will, we would have no need for any29
of the risky enterprises that we use now to meet our needs for energy and heat.  (VS-K-1)30

31
Comment:  I want to add that I question this assumption that we need more and more energy32
and that the only choices are centralized forms of energy that use fossil fuels, coal that uses,33
uranium.  This is not an automatic assumption.  One aspect of this renewal, as I understand it,34
is to consider alternatives.  And I want to ask my neighbors, who live in this area, to really look35
seriously at alternatives.  There are so many renewable options.  There's solar, there's wind,36
and people have a way of making it sound like, oh, well you know you really can't do that, that's37
not practical.  That's not true.  It's very practical, it's very doable.  This is an article that's very38
low researched.  It's being done in other countries.  It's being done in Western Europe.  People39
are putting solar panels on their homes and getting paid by the utility for producing that 40
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electricity.  So we need to open our minds and not get into an either/or situation where people1
saying well coal plants are so bad for the environment and it's making, causing global warming. 2
(VS-L-4)3

4
Comment:  No other power generation source comes close to having to expend so much5
money and so much energy, just to convince us that it won't kill thousands of us.  If Entergy,6
Excelon and others just invested in wind and solar, none of this would be necessary.  I do hope7
that you will consider that possibility in your NEPA required look at alternatives to re-licensing8
ENVY.  (VS-M-8)9

10
Comment:  In order for nuclear to cover the carbon-based emissions, better used in coal and in11
natural gas plants, etcetera, we would have to have a new nuclear power plant built every two12
weeks, between now and 2050.  I don't think that's going to happen, sir.  (VS-O-3)13

14
Comment:  But if we were to stop the creation of nuclear waste, and stop our mental15
dependence on extremely bright street lights.  Over, hugely over air-conditioned environments16
and brought our electrical usage, personally at home, down to seriously conservative levels, that17
we would feel some relaxation of social economic status stress, that is the equation of the18
success of industrial America.  And it's, you know, you're at that big decision point in your life,19
where you straighten up and start respecting incredible simplicity, and really learn solar panel. 20
Really contemplate wind farms and harness the hydro-electric potential in the rivers and21
streams and waterfalls.  And gauge down to accepting that as the amount of electricity that you22
can look at and use.  (VS-P-2)23

24
Comment:  Greenhouse gas emissions are a real problem and we need to do something about25
it.  We need to stop relying on fossil fuels for the generation of electricity and turn more towards26
nuclear energy.  Nuclear energy is safe, clean and readily available for use in this country, and27
it does not contribute to the greenhouse gas emissions and helps keep our green mountains28
green.  To not allow Vermont Yankee to operate an additional 20 years, would be a significant29
impact on our environment.  (VS-Q-1)30

31
Comment:  I want to speak to alternatives.  In my home town of Corinth, we publish Northern32
Woodlands magazine.  Last month--I want to give these, I don't have enough for all 2533
employees, but I want to give you all a copy to read tonight in your hotel.  "Energy From Wood:34
Turning Woodchips Into Power, Heat and Ethanol."  We have the answers.  We have the35
alternatives.  We've listened to Amory Levans* [phonetic], Rocky Mountain Institute, and other36
experts.  We can use energy efficiency.  (VS-R-3)37

38
Comment:  And, you know you do have a choice.  Every worker has a choice.  I don't think it's39
our job to provide alternative jobs, but we can convert that plant, we can still have a good40
economy, we can convert that plant, run it on gas, like I said we can use alternatives and41
provide the same amount of energy.  (VS-R-4)42
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Comment:  We can develop the technology at a reasonable price, relatively much more1
reasonable price than creating nuclear, keeping this plant alive, create wind power, geothermal,2
which hasn't been mentioned.  Geothermal energy and hydro energy to create sustainable3
energy resources.  I came from Maine.  We closed Maine Yankee [sic].  They have a viable4
renewal energy plan in Maine.  They have a dam that actually has little elevators that lift the fish5
uphill and people can buy into energy produced by that type of energy.  Geothermal.  There's a6
lot of hope in what that can do.  We have a heated core from the center of the Earth, that we're7
not utilizing, we're not resourcing ourselves with that yet, except in areas of--when I say "we" I'm8
thinking of this area.  But other areas of the world and other parts of the country rely on 9
geothermal energy for electricity and fuel already.  So there are things that we can do and that's10
what I think we should be focusing on, and it should be a regional discussion since it affects11
regional issues.  (VS-T-4)12

13
Comment:  In New York State, Congresswoman Nita Lowey commissioned a study by the14
National Academy of Sciences about whether Indian Point could be replaced, the Indian Point15
reactors.  And it, in fact, found that Indian Point reactors could be replaced in the State of New16
York.  It wouldn't be easy, but it was possible.  But why don't we have a National Academy of17
Science study here?  Why haven't our legislators called for that so that we can have an18
independent look at what it would take to replace Vermont Yankee, not done by the NRC as19
part of their environmental impact study which is set up to permit Vermont Yankee to go ahead,20
not done just by the Public Service Commission which has mixed loyalties in terms of this, but a21
real independent study.  It is the will that we have to exert on our legislators to do what's right. 22
We need a clear vision at this point of a safe energy future, a future that we know is safe for our23
children.  (VS-W-3)24

25
Comment: Our work at the plant helps to make Vermont a cleaner, more prosperous place to26
live.  Without Vermont Yankee, the 620 megawatts that we currently supply to the New England27
grid would have to come from a fossil fuel power plant.  Wind power, the Connecticut River28
hydro project and energy conservation, while all nice ideas, simply cannot replace the steady,29
reliable, baseline power that we produce.  Since opening in 1972, Vermont Yankee has30
prevented more than 100 million tons of fossil fuel emissions from entering the atmosphere. 31
This has been prevented not only by rendering an in-state coal plant unnecessary, but also from32
reducing the amount of out-of-state electricity that we have to purchase, most of which would33
come from coal plants, as coal still accounts for half of the power produced in America today.  In34
2005, Vermont Yankee avoided the emissions of 7,700 tons of sulphur dioxide; 2,000 tons of35
nitrogen oxide and 2.5 million metric tons of carbon dioxide.  Emissions of sulphur dioxide lead36
to the formation of acid rain.  Nitrogen oxides are a key precursor of both ground level ozone37
and smog and greenhouse gases like carbon dioxide contribute to global warming.  The 2,00038
tons of nitrogen oxide prevented by Vermont Yankee last year is the equivalent of what would39
have been generated by 105,000 vehicles.  For comparison, in Vermont, we have 280,00040
registered cars.  (VS-AA-1)41

42
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Comment:  The partnership [Vermont Energy Partnership] fully supports the relicensing of the1
Vermont Yankee nuclear power plant in Vernon and I will explain why.  It is no secret that2
Vermont's demand for energy is continuing to grow.  But it may be a less known fact that3
Vermont faces uncertainty over its future energy supply.  Currently, one third of Vermont's4
electric supply comes from the Hydro Quebec -- from Hydro Quebec.  And these long-term5
contracts will begin to expire starting in 2014.  There is no guarantee that the contracts will6
either be renewed or renegotiated, given the other more local business opportunities Hydro7
Quebec has in the province.  Another approximate one third of Vermont's electric supply is8
made up of a wide array of both in-state and out-of-state renewable sources and nonrenewable9
sources.  The Partnership supports the in-state development of renewable energy supplies,10
encourages the increased use of energy efficiency and the expansion of conservation11
measures.  However, the fact remains a reliable energy portfolio must be made up of a12
baseload source of power.  Vermont Yankee accounts for the last one third of the Vermont13
portfolio, energy portfolio.  About 34 percent of Vermont's total electricity supply needs are met14
by Vermont Yankee today.  So let me put this debate in further context.  Vermont has not15
brought online a significant power generating facility in over 20 years and there are no plans to16
date to do so in the near future.  To make matters worse, proposals to develop small-scale17
generation in Vermont have been met with sharp criticism and severe opposition.18

19
In a time when energy costs are at their highest, the Vermont Yankee plant will not only play an20
essential role in our state's energy portfolio, it is critically important to Vermont's economy and21
environment.  (VS-BB-1)22

23
Comment:  Today, we live in a country where half of the electricity generated comes from coal-24
burning sources, yet Vermonters can be proud to say that that is not true here.  Vermont25
Yankee is a clean, emissions-free facility.  Unlike fossil fuel-generating facilities, nuclear power26
does not release harmful greenhouse gases and other toxins into the atmosphere that are the27
primary cause for global warming.28

29
It is becoming abundantly clearly that nuclear energy is the only emissions-free source that can30
meet consumers' demand for reliability and at a reasonable cost.  Leading environmentalists31
around the world, like Dr. Patrick Moore, co-founder of Greenpeace, have come to the32
conclusion that nuclear power is the only source that can help remedy and save the planet from33
catastrophic climate change.  Just last month, Dr. Moore said in the Washington Post "nuclear34
energy is the only large-scale, cost-effective energy source that can reduce these greenhouse35
emissions while continuing to satisfy a growing demand for power.  In these days, it can do so36
safely."  He went on to say, "the extremists who fail to consider the enormous and obvious37
benefits of nuclear power also fail to understand that nuclear energy is practical, safe and38
environmentally friendly."  In closing, without Vermont Yankee, Vermont utilities will be forced to39
buy additional power on the spot market that would be less reliable and considerably more40
expensive.41

42
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Do Vermonters really want to pay more and be dependent on power from fossil fuel sources1
such as natural gas and coal which now contribute to global warming and the earth's2
degradation?  The Vermont Energy Partnership thinks not.  (VS-BB-4)3

4
Comment:  Entergy, because it's also a public -- not a public, but a privately-owned utility5
company, also sells its electricity out on the market and trades.  Traders buy it and compete for6
whatever can be generated.  So for Vermont Yankee, all of its electrical generating capacity 7
has been planned out for 2006.  That's the rest of this year and for part of 2007.  All that8
electricity has already been sold and paid for, speculatively, by traders, by the national grid, by9
whoever Entergy can sell the power to.10

11
So there isn't any way that they can now change the cost of that electricity that they've sold it for12
and I don't know the numbers.  I just know that it was sold.  So it's committed to this generation13
of a set price of baseload power and baseload power means that it's running 24/7 at a very14
even amount and I think Vermont Yankee is now at 650 kilowatt hours or something -- huh? 15
Megawatt hours, right, sorry.  So they've already sold all this to the grid and the grid has already16
agreed to a price, but the national grid or the regional grid actually for New England currently17
has a surplus.  There's extra electricity out there.  We don't actually have to have part of the18
electricity that's coming from VY right now.  And I don't know the technical aspects of how the19
grid works, what happens to this extra electricity.20

21
But what we need to do is to investigate other ways of producing this electricity and to make it22
economically unfeasible for Entergy to continue running Vermont Yankee at its rate right now,23
which does not mean firing all the workers.  (VS-CC-1)24

25
Comment:  Energy efficiency and conservation are the easiest and lowest cost ways of26
reducing that energy demand.  It's already been estimated that even in Vermont, if we replace27
five lightbulbs with compact fluorescents and a refrigerator or other major appliance like an air28
conditioner or home heating, other large electrical demand with energy-efficient or EnergyStar-29
rated appliances, we could reduce the demand in Vermont by 25 percent.  Now this does30
require the participation of every household or double participation by half the households.  But I31
don't think that that's an unreasonable goal to have, especially since it would mean that we32
would no longer have to depend on Vermont Yankee's electrical generation.  (VS-CC-2)33

34
Comment:  So in order to think about what other choices we have and what we need to do, as35
individuals, it's really hard to think about wind power and solar power and what can we do as36
individuals.  The best thing that I can think of that we need to do is to read.  Read books, read37
magazines, read articles, go to the web and Harvey Wasserman has a wonderful book out38
called Solar Topia which is a fantasy, but it gives you something to hold on to and something to39
dream about and something to think about of how you can apply it to your every day life.  In it he40
says that basically wind power right now, as it is technologically developed is capable of41
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replacing a majority of the electrical generation in the United States from fossil fuels and nuclear1
power.  We're not just talking about only nuclear.  (VS-CC-3)2

3
Comment:  Now some of the complaints about wind power are that it kills birds.  Well, the first4
wind towers that went up and I can't remember where the path in California where they went up,5
those wind towers were placed -- yes -- those wind towers were designed without thinking about6
the birds.  They were like the erector set towers that have lots of braces, four legs and cross7
bracing and then finally the wind turbine at the top.  Well, what was happening was that the8
birds were resting on these bracings and then when they'd see a squirrel or a chipmunk or9
whatever they wanted to get, these birds of prey would then fly down and get knocked out by10
the blades as they were coming around.  Well, now the towers are not built like that.  They're11
single pole structures, so there's nothing the birds can rest on.  The other thing is that the12
turbines turn so slowly now that you'd really have to have a suicidally-depressed bird to fly into13
one of these and get knocked out.  So the arguments about birds is really unfounded [sic].  14
(VS-CC-4)15

16
Comment:  the other thing about nuclear power, not nuclear power, wind power is that it's not17
something that's just a dream.  In 2002, the Conference on American Wind Power Generating18
Association, was attended by maybe 1500 people.  Last year, it was attended by more than19
5,000 people.  It had grown so much that it is not something that's just a pipe dream.  You can20
go and visit wind towers that are installed in Vermont, in New Hampshire and in Massachusetts21
right now and see how they operate.  You can listen that they're not noisy and you can talk to22
the residents there who live next to them who really like their wind power. (VS-CC-5)23

24
Comment:  And if it is a fossil means, whether it's oil, coal or gas, it's going to increase the25
pollutants that are going in the air.  It will affect the environment, much, much, more worse than26
what the effect is of nuclear power.  The 100 million tons that the government talked about, that27
is a very, very significant amount of pollutants in the air and there's empirical data that supports28
that that has caused global warming and that is now causing the oceans to heat up and that is29
having a dramatic effect on things like hurricanes.  The number of hurricanes that we're having30
now is a direct result of this global warming.  (VS-GG-2)31

32
Comment:  Another thing I wanted to touch on here, just very briefly, is that there was a report33
by the National Academy of Sciences that talked about Indian Point.  One of the key34
conclusions of that report are that the economic and environmental impact of closing those35
plants, shutting those plants down, was very significant.  And that was the key conclusion of it. 36
So I urge you to educate yourself, read about it, and understand, you know, the impact of37
closing down a plant like Vermont Yankee.  (VS-HH-2)38

39
Comment:  When we first started making power in this country, a lot of heavy polluters.  We're40
all ruining the environment.  We're damming up rivers for hydro, a lot of coal-fired power plants,41
the most abundant source of electricity in this country is coal.  Fifty-eight percent of our power in42
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the United States is made from coal.  We're the largest coal burning country in the world, as a1
matter of fact.  We're starting to see a lot of the results of that over the years.  (VS-II-1)2

3
Comment:  We're looking at 20 more years of operation from this facility right here.  I believe4
that there will be a better technology one day and than our current technology for making power. 5
I honestly believe that.  We're on the verge of a lot of those things right now to this.  Hydrogen6
cell power, but scientists are predicting right now that maybe ten years, possibly twenty years to7
be able to make megawatts of hydrogen cells.  Ironically, nuclear power plants produce8
hydrogen.  But then we use some more energy to take that hydrogen and re-combine it back9
with the oxygen and make water out of it and put it back to the power plant.  So imagine if you10
have a hydrogen cell sitting outside a nuclear power plant to make power from that hydrogen. 11
Stepping stones of technology.  I think that we can't get from one point to another point to being12
completely nuclear free without going through that process.  We started out with plants years13
ago, but we've improved on those technologies.  We've made them more efficient.  We've14
learned from our lessons of the past and made better plants to continue on in the future with. 15
(VS-II-2)16

17
Comment:  One day, we'll reach that point where we can probably start shutting down these18
plants.  But that day isn't today.  Six hundred twenty megawatts of power electric.  What scares19
me is how are going to, if we shut this plant down in 2012, where are going to produce that20
power from right now?  That's baseload electricity.  That's not wind power with a 20 percent21
efficiency factor.  Those numbers you can look them up on NEPAX.  It's a website that tells how22
much power the capacity, how much those places actually stay online.  (VS-II-3)23

24
Comment:  I'll support any power made from any source that's safe like that.  I believe Vermont25
Yankee is a very safe plant having worked there for as long as I have.  But I don't believe that26
we're going to be ready in the next 10 or 15 years to get away from nuclear power.  It's not27
feasible.  We're not going to be able to produce 620 megawatts without going to coal, without28
going to gas power, which gas has been touted as being the clean source of energy, it's not.  It29
produces half of the amount of waste that our coal plants produce.  (VS-II-4)30

31
Comment:  Oil is out of the question.  Oil is like less than 10 percent, less than 5 percent of the32
entire production of power in this country, just because of the unavailability of it and that we33
need it for automobiles and other things like that, other smaller, small-type things.  But consider34
that.  Consider where we're going to get our power from if we shut this plant down.  We have to35
get it from somewhere.  It's not in my back yard.  It's here.  It's safe.  We have a proven track36
record of being safe.  Why not continue for 20 more years.  (VS-II-5)37

38
Comment:  I wanted to address first an issue that has come up over and over again that39
Governor Salmon, I think was the first to speak to the issue of global warming and how nuclear40
is purported to be a solution, a near-term solution for global warming, just to say that it has been41
shown in numerous studies, chief among them, out of Rocky Mountain Institute which is run by42
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world renown Emory Lovins and his wife, Hunter, a couple of researchers back in the late 1990s1
looked at global carbon mitigation strategies, using nuclear and using renewables as two2
alternative paths.  And they discovered a finding that they put two different ways which I think3
are provocative.  One, that for every $100 spent on nuclear that could otherwise have been4
spent on what we call renewables, an extra ton of carbon is released to the atmosphere that5
would have otherwise been prevented.  And that's because, as Ray Shadis pointed out earlier,6
it's going to take many, many years of many, many hundreds of nuclear plants to begin to cut7
back on the acceleration of global carbon using nuclear.  And the energy efficiency and8
renewable strategy is a much simpler, more direct, cost-effective way to go about it.  (VS-JJ-1)9

10
Comment:  According to Rich Smalley, who is a Nobel Peace Prize winner for chemistry in11
1996 for his work on nanotechnology by mid-century the world will require a doubling of its12
current world-wide energy demand of 14 terawatts of power.  To achieve this demand will13
require the equivalent of one 1,000 megawatt power plant going online every day for nearly 3814
years.  And this is from Discover of February 2005 and I have it in the testimony here.  Although15
I assume the initial mandate of the NRC regarding environmental issues 30 to 40 years ago16
concerned the rather micro impact that is of the areas immediately surrounding a nuclear plant,17
certainly now the issue is equally a global concern of greenhouse gases, foremost carbon18
dioxide.  (VS-KK-1)19

20
Comment:  Dr. Arthur Westing, a resident of Putney, Vermont, 10 miles up the road, is an21
expert.  He has served on the faculty or been a research fellow at several education institutions,22
including Harvard University, the Stockholm International Peace Research Institute.  He has23
served as the director of the United Nations Environmental Program Project, Peace, Security24
and the Environment, and is the author of many articles and several books on the environment. 25
At the moment, unfortunately, he is in Sweden.  He told me he wished he could be here to26
testify on the importance of Vermont Yankee to the energy future of Vermont and give his27
wholehearted supported to the relicensing.  I am submitting an email from him to me giving me28
the authority to give you two letters he has written on energy and the environmental issues, as29
well as his résumé.  His latest letter cites a British report on the role of nuclear power and low30
carbon economy which he uses to calculate the impact shown on the following page.31

32
Thank you for beginning this lengthy process for the relicensing of Entergy and Nuclear33
Vermont Yankee Power Plant.  I hope the evidence supports a positive decision.34

35
I think this is very important.  It shows that for CO2 production from various sources of power,36
that kilograms of CO2 per kilowatt of electricity for cradle to grave or a full production cycle. 37
Coal, it's 891.  Natural gas is 356.  Photovoltaics, interestingly enough is 50, while wind and38
nuclear are 16.  Nuclear power is very important to the future energy of this world and this state39
and please, I hope you consider relicensing it.  (VS-KK-2)40

41
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Comment:  They were also in error to dismiss as, quote, inadequate, alternative energy1
sources.  We need to understand that solar wind, biomass, geothermal and others are safe,2
clean, dependable, and most important, sustainable.  Conservation and efficiency should also3
be added to the list.  If given the billions in Federal subsidies that nuclear has enjoyed over the4
years, these alternative energies could easily meet our energy needs without harming the5
environment.  (VS-LL-6)6
Comment:  Vermont Yankee produces enough electricity to power about 620,000 homes and it7
does not burn fossil fuel.  Over the years, this has avoided millions of tons of fossil air pollution.  8

9
If Vermont Yankee were to close, it would be replaced with large amounts of fossil fuel10
generation and greenhouse gas emissions that lead to global warming.  (VS-MM-2)11

12
Comment:  Global warming.  Are you concerned about global warming?  Twenty years ago,13
folks were, scientists were making quite a bit of noise about it, and the administrator at the time14
said, nah.  Do you believe it?  And if you do believe global warming is an issue, and you think15
it's upon us, do you want your power coming from coal-burning facilities that generate16
greenhouse gases and smog?  We know that our use of electricity contributes to global17
warming.  If you believe we can fulfill our electric needs in Vermont without Vermont Yankee's18
baseload electricity, if you want economical power, then please listen closely.  If you are19
concerned about greenhouse gases, we can't afford this distraction of dangerous, dirty,20
expensive source of electricity.  Low cost, safe, clean power, zero greenhouse gases21
emissions.  That must be wind and solar.  (VS-NN-1)22

23
Comment:  But I do believe that in the long run, we really need to embrace safe, clean energy--24
wind, solar, and other sustainable long-term renewables....A reliable source of power must25
include baseload power, so let's buy windpower from New York, if Governor Douglas won't get26
out of the way and let the public get their wind generation in Vermont, when the wind's not27
blowing we'll use hydro, and as a last resort, we'll use the power that we get off the open28
market, not spot market, though.  Vermonters overwhelmingly embrace renewable energy.  7529
percent want wind.  There's probably even more that want solar.  Small-scale renewables. 30
When the first incentive program came out in Vermont two years ago, they thought it would last31
for two years.  In seven months, it was all used up.  People wanted solar.  People wanted wind. 32
Our elderly, who must choose between electricity, or food, or medicine, they need solar hot33
water systems.  They need energy audits.  They need efficiency upgrades of their homes and34
their apartments.  And there's jobs in doing that.  Lots of jobs.  Vermont needs jobs.  We need35
plumbers, carpenters, engineers, concrete workers, electricians, energy planners, and that's36
exactly why we need to implement a clean, renewable energy program today, putting nice37
tradespeople to work.  (VS-NN-2)38

39
Comment:  We're making that bet, and I think that that's a foolish bet because I think we're not40
so dumb, that we're willing to take that risk, and I also think we're not so dumb that we can't41
create better technologies, safer technologies, other than continuing to rely on fossil fuels and42
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nuclear power and all the old standbys that we've continued to try to pretend are our only1
choices.  We have lots of choices to make, lots of decisions to make, and they can create jobs,2
they can create energy, they can create a better life for the future inhabitants of this region.  If3
we're so smart to create this technology, so well, that we can be positive it's gonna be safe over4
the next 20 years, why aren't we smart enough to make it better, to create safer nuclear power5
plants with safer designs, and to close those that are no longer capable of operating safely? 6
And why aren't we capable of beginning to create more wind and solar and conservation7
technologies that could create immediate jobs for many more people who wouldn't have to be8
as highly educated as the people who build nuclear power plants or decommission them?  (VS-9
PP-2)10

11
Comment:   I think the solution, even better than soft-path technology of windmills and solar12
and photovoltaics, which we need, is conservation.  (VS-QQ-2)13

14
Comment:  We know there's other answers.  I, for one, live off the grid.  I don't rely on this15
power, we don't need it, and like Clay said, 75 percent of Vermonters know this, and we can16
move on.  (VS-RR-3)17

18
Comment:  So let's take Commissioner David O'Brien who's the head of the state department19
of Public Service.  He put a $60 million figure on the cost that would come to Vermont20
ratepayers if VY closed in 2008.  Vermont Yankee provides roughly 250 megawatts to Vermont. 21
That represents one-third of our Vermont total energy demand, which is about 750 megawatts.22

23
A recent PSB study determined that energy efficiency measures could reduce Vermont's total24
electricity use by 20 percent, or 150 megawatts.  Let's apply that savings to what VY provides. 25
Then we'd reduce the amount of power needed to replace VY to 100 megawatts.  That's 25026
minus 150.  If it would cost Vermont 60 million bucks to replace the 250 megawatts over four27
years, it would cost us 40 percent of that or $24 million to replace the 100 megawatts that would28
remain, if we implemented all the efficiency measures we could.  Now we're down to $2429
million.  Spread that over four years.  That's $6 million a year, divided by 250,000 households in30
Vermont, and the increase in each household's electricity bill for the entire year would be31
roughly $24.00.  That's not even considering the contribution from industrial and commercial32
users.  That doesn't sound like a lot of money to invest in freeing Vermont from this role in the33
production of hundreds of tons and millions, hundreds of tons of radioactive waste, millions of34
curies of deadly nuclear substances created by the Vermont Yankee nuclear reactor, stored on35
the banks of the Connecticut River.  It doesn't sound like a lotta money to spend to get rid of36
Vermont Yankee.  (VS-SS-1)37

38
Comment:  in 18 years in Princeton, all those years we have a windmill, thanks to the citizens39
of that town, and they've now decided to improve on the windmill that has been there, and it has40
provided well for, without any pollution at all, for 30 percent of the energy needed for that41
community.  And I believe they're adding another windmill.  I'm not sure of the statistics.  But I42



Appendix A

Draft NUREG-1437, Supplement 30 A-46 December 2006

then went to Maine.  Maine got rid of its nuclear power plant, Maine Yankee, I'm not sure what1
year, and the governor of Maine has led the people that work for the government to create a2
plan, a 50-point plan of creating renewable energies in the state of Maine.  They're encouraging3
cities and towns to develop renewable energies that they will market elsewhere, that universities4
can use, that can provide jobs for people, that can be safe and viable for the next generations. 5
Why don't we go that direction?  I attended a recent conference at Smith College at which there6
was all different kinds of renewables presented, and for the first time, I found out about7
geothermal energy and that people in Massachusetts, at least there, I'm not sure about Vermont8
or anywhere else, are utilizing geothermal energy for commercial buildings as well as residential9
properties, either by going straight down to the center of the Earth, not the center, but down10
where it's hotter than it is on the surface--I'm not sure how many feet down you have to go--but11
going straight down or else spreading out along a piece of land next to your building and12
creating energy right from the Earth itself, with of course no pollutants in that process at all. 13
(VS-VV-1)14

15
Comment:  The assessment team will compare the environmental impact of wind, solar, hydro16
and geo-thermal alternatives as if they enjoyed the full insurance and financial benefits enjoyed17
by nuclear energy utilities, and report those comparisons year by year for operations for 10,00018
generations-- or for the length of time future generations will need to manage our waste without19
benefit.  (VS-FFF-4)20

21
Comment:  The facts show that our region could produce power more cheaply and without any22
pollution or risk of pollution by starting to install wind towers offshore or in the hills of our region23
over the next 5 years.  The facts show that this region could reduce its power needs significantly24
by educating people about compact fluorescent bulbs, insulation, heat pumps, more efficient25
appliances, solar hot water heaters, and hundreds of ways of conserving energy.  The mere26
price of electricity is currently a huge incentive for conservation, but other tax incentives could27
also help us to reduce our power needs to a level that would allow the Vernon facility to close in28
5 years.  (VS-JJJ-4)29

30
Response:  The comments relate to alternative energy development and conservation.  The31
environmental impacts of alternatives to license renewal will be addressed in Chapter 832
(alternatives) of the SEIS; they include conservation (demand-side management) and33
renewable energy sources such as wind and solar energy.34
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2

Contributors to the Supplement3
4
5

The overall responsibility for the preparation of this supplement was assigned to the Office of6
Nuclear Reactor Regulation, U.S. Nuclear Regulatory Commission (NRC).  The supplement7
was prepared by members of the Office of Nuclear Reactor Regulation with assistance from8
other NRC organizations and Argonne National Laboratory and Information Systems9
Laboratories, Inc..10

11
Name12 Affiliation Function or Expertise

NUCLEAR REGULATORY COMMISSION13
Rani Franovich14 Nuclear Reactor Regulation Branch Chief
Richard Emch15 Nuclear Reactor Regulation Project Manager
Robert Schaaf16 Nuclear Reactor Regulation Socioeconomics
Andrew Luu17 Nuclear Reactor Regulation Radiation Protection
Jason Flemming18 Nuclear Reactor Regulation Hydrology
Scott Werts19 Nuclear Reactor Regulation Hydrology
Sam Hernadez20 Nuclear Reactor Regulation Cultural Resources; Alternatives
Michael Masnik21 Nuclear Reactor Regulation Ecology
Nathan Goodman22 Nuclear Reactor Regulation Ecology
Jessie Muir23 Nuclear Reactor Regulation Principal Project Support
Robert Palla24 Nuclear Reactor Regulation Severe Accident Mitigation Alternatives

ARGONNE NATIONAL LABORATORY(a)25
David Miller26 Team Leader
Halil Avci27 Deputy Team Leader; Health Physics
Timothy Allison28 Socioeconomics
Ronald Kolpa29 Meteorology; Air Quality
Kirk LaGory30 Terrestrial Ecology
William Metz 31 Land Use
Vic Comello32 Technical Editor
Ellen Moret33 Administrative Support
Daniel O’Rourke34 Cultural Resources; Alternatives
Terri Patton35 Hydrology
William Vinikour36 Aquatic Ecology
Konstance Wescott37 Cultural Resources; Alternatives
(a) Argonne National Laboratory is operated for the U.S. Department of Energy by UChicago Argonne, LLC.38

INFORMATION SYSTEMS LABORATORIES, INC.39
Lauren Fleishman40 Severe Accident Mitigation Alternatives
Robert Schmidt41 Severe Accident Mitigation Alternatives

42





Appendix C

Chronology of NRC Staff Environmental Review Correspondence
Related to the Entergy Nuclear Vermont Yankee, LLC

and Entergy Nuclear Operations, Inc. 
Application for License Renewal of

Vermont Yankee Nuclear Power Station





December 2006 C-1 Draft NUREG-1437, Supplement 30

Appendix C1

2

Chronology of NRC Staff Environmental Review Correspondence3

Related to the Entergy Nuclear Vermont Yankee, LLC 4

and Entergy Nuclear Operations, Inc.5

Application for License Renewal of 6

Vermont Yankee Nuclear Power Station7
8
9

This appendix contains a chronological listing of correspondence between the U.S. Nuclear10
Regulatory Commission (NRC) and Entergy Nuclear Vermont Yankee, LLC and Entergy11
Nuclear Operations, Inc. (Entergy), and other correspondence related to the NRC staff’s12
environmental review, under Title 10, Part 51, of the Code of Federal Regulations (10 CFR Part13
51), of Entergy’s application for renewal of the Vermont Yankee Nuclear Power Station14
(VYNPS) operating license.  All documents, with the exception of those containing proprietary15
information, have been placed in the Commission’s Public Document Room, at One White Flint16
North, 11555 Rockville Pike (first floor), Rockville, Maryland, and are available electronically17
from the Public Electronic Reading Room found on the Internet at the following web address:18
http://www.nrc.gov/reading-rm.html.  From this site, the public can gain access to the NRC’s19
Agencywide Document Access and Management Systems (ADAMS), which provides text and20
image files of NRC’s public documents in the Publicly Available Records (PARS) component of21
ADAMS.  The ADAMS accession numbers for each document are included below.22

23
January 25, 2006 Letter from Entergy to NRC, forwarding the application for renewal of24

the operating license for VYNPS, requesting an extension of the25
operating license for an additional 20 years 26
(Accession No. ML060300082).27

28
January 31, 2006 Letter from NRC to Entergy, “Receipt and Availability of the License29

Renewal Application for the Vermont Yankee Nuclear Power Station” 30
(Accession No. ML060310684).31

32
March 21, 2006 Letter from NRC to Entergy, transmitting “Determination of33

Acceptability and Sufficiency for Docketing, Proposed Review34
Schedule, and Opportunity for a Hearing Regarding the Application35
from Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear36
Operations, Inc. for Renewal of the Operating License for the Vermont37
Yankee Nuclear Power Station” (Accession No. ML060800664).38

39
40
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April 12, 2006 Letter from NRC to Entergy, forwarding the Federal Register “Notice1
of Intent to Prepare an Environmental Impact Statement and Conduct2
Scoping Process for License Renewal for the Vermont Yankee3
Nuclear Power Station” (Accession No. ML061040142).4

5
May 5, 2006 Letter from NRC to Ms. Patricia A. Kurkul, National Oceanic and6

Atmospheric Administration (NOAA), National Marine Fisheries7
Service, Northeast Regional Office, “Request for List of Protected8
Species and Essential Fish Habitat Within the Area Under Evaluation9
for the Vermont Yankee Nuclear Power Station License Renewal10
Application Review” (Accession No. ML061280184).11

12
May 5, 2006 Letter from NRC to Mr. Marvin Moriarty, U.S. Fish and Wildlife Service13

(FWS), Northeast Regional Office, “Request for List of Protected14
Species Within the Area Under Evaluation for the Vermont Yankee15
Nuclear Power Station License Renewal Application Review”16
(Accession No. ML061280128).17

18
May 8, 2006 Letter from NRC to Mr. Don L. Klima, Director, Advisory Council on19

Historic Preservation, “Vermont Yankee Nuclear Power Station20
License Renewal Application Review” (Accession No. ML061290255).21

22
May 8, 2006 Letter from NRC to Ms. Jane Lendway, Vermont Historic Preservation23

Officer, “Vermont Yankee Nuclear Power Station License Renewal24
Application Review” (Accession No. ML061300034).25

26
May 10, 2006 Letter to The Honorable April St. Francis-Rushlow, Chief, Abenaki27

Nation of Missisquoi, St. Francis/Sokoki Band, inviting participation in28
the scoping process related to NRC’s environmental review of the29
license renewal application for Vermont Yankee Nuclear Power30
Station (Accession No. ML061300680).31

32
May 10, 2006 Letter to The Honorable Nelson Bolding, Chief, Boldwing Clan, inviting33

participation in the scoping process related to NRC’s environmental34
review of the license renewal application for Vermont Yankee Nuclear35
Power Station (Accession No. ML061310133).36

37
38
39
40
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May 10, 2006 Letter to The Honorable Tom Eagle Rising Libby, Chief, Greater1
Lowell Indian Cultural Association, inviting participation in the scoping2
process related to NRC’s environmental review of the license renewal3
application for Vermont Yankee Nuclear Power Station4
(Accession No. ML061300677).5

6
May 10, 2006 Letter to The Honorable Paul Pouliot, Council Chief, Cowasuck7

Band-Pennacook Abenaki People, inviting participation in the scoping8
process related to NRC’s environmental review of the license renewal9
application for Vermont Yankee Nuclear Power Station10
(Accession No. ML061310144).11

12
May 10, 2006 Letter to The Honorable Peter Newell, Council Chief, NH Intertribal13

Native American Council, inviting participation in the scoping process14
related to NRC’s environmental review of the license renewal15
application for Vermont Yankee Nuclear Power Station 16
(Accession No. ML061310108).17

18
May 10, 2006 Letter to The Honorable Charles True, Chief, Abenaki Nation of New19

Hampshire, inviting participation in the scoping process related to20
NRC’s environmental review of the license renewal application for21
Vermont Yankee Nuclear Power Station 22
(Accession No. ML061300684).23

24
May 10, 2006 Letter to Ms. Nancy Lyons, Ambassador, First Nation of New25

Hampshire, inviting participation in the scoping process related to26
NRC’s environmental review of the license renewal application for27
Vermont Yankee Nuclear Power Station 28
(Accession No. ML061300480).29

30
May 10, 2006 Letter to Mr. Steven Montembeault, President, Laconia Indian31

Historical Association, inviting participation in the scoping process32
related to NRC’s environmental review of the license renewal33
application for Vermont Yankee Nuclear Power Station34
(Accession No. ML061300282).35

36
June 1, 2006 Letter to Entergy from NRC, “Request for Additional Information (RAI)37

Regarding Severe Accident Mitigation Alternatives (SAMAs) for38
Vermont Yankee Nuclear Power Station”  39
(Accession No. ML061520506).40

41
July 11, 2006 “Summary of Public Scoping Meetings Conducted Related to the42

Review of Vermont Yankee Nuclear Power Station License Renewal43
Application” (Accession No. ML061920495).44

45
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July 21, 2006 Letter from NRC to Mr. Marvin Moriarty, U.S. Fish and Wildlife Service1
(FWS), Northeast Regional Office, “Amended Request for List of2
Protected Species Within the Area Under Evaluation for the Vermont3
Yankee Nuclear Power Station License Renewal Application Review,”4
(Accession No. ML062020755).5

6
August 1, 2006 Letter from Entergy to NRC, “Vermont Yankee Nuclear Power Station7

License No. DPR-28 (Docket No. 50-271) License Renewal8
Application, Amendment 7,” (Accession No. ML062160079)9

10
August 10, 2006 Letter from U.S. Fish and Wildlife Service to Rani Franovich, NRC,11

regarding threatened and endangered species, (Accession No.12
ML062370102)13

14
August 25, 2006 Email from Lynn DeWald, Entergy, to Richard Emch, NRC, “Appendix15

3 to 316a Demonstration,” (Accession No. ML062920340)16
17

September 15, 2006 Letter from U.S. National Marine Fisheries Service to Rani Franovich,18
NRC, “Vermont Yankee Nuclear Power Station Renewal Application19
Review,”  (Accession No. ML063260338)20

21
September 18, 2006 Email from Bob West, FTN Associates, to Richard Emch, NRC,22

“VYNPS ER - Supplemental Information Chestnut Hill 115-kV23
Transmission Line,” (Accession No. ML062850144)24

25
September 18, 2006 Email from Lynn DeWald, Entergy, to Richard Emch, NRC, “Air26

Emissions Inventory Report foer 2005 and MSDS for Nalco H-550,”27
(Accession No. ML062850148)28

29
September 19, 2006 Letter from Entergy to NRC, “Vermont Yankee Nuclear Power Station30

License No. DPR-28 (Docket No. 50-271) License Renewal31
Application, Amendment 13,” (Accession No. ML062680034)32

33
September 27, 2006 Email from Richard L. Emch, Jr., NRC to Michael Hamer, Entergy, 34

“Request for Clarification Regarding Responses to RAIs for Severe35
Accident Mitigation Alternatives for the Vermont Yankee Nuclear36
Power Station (TAC No. MC9670),” (Accession No. ML062920434)37

38
September 30, 2006 Email from Lynn DeWald, Entergy, to Richard Emch, NRC, “VY 200539

DMR’s,” (Accession No. ML062910400)40
41
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September 30, 2006 Email from Lynn DeWald, Entergy, to Richard Emch, NRC, “VY 20061
DMR’s to date,” (Accession No. ML062920270)2

3
October 3, 2006 Email from Lynn DeWald, Entergy, to Richard Emch, NRC, “Waste4

Minimization Plan,” (Accession No. ML062920265)5
6

October 3, 2006 Email from Jill Brochu, Entergy, to Richard Emch, NRC, “Figures 3-27
and 3-3 ER,” (Accession No. ML062920352)8

9
October 3, 2006 Email from Lynn DeWald, Entergy, to Richard Emch, NRC, “Current10

Air Certification and Fishway Temperature Table form 2003 Annual11
Report,” (Accession No. ML062920385417)12

13
October 3, 2006 Email from Lynn DeWald, Entergy, to Richard Emch, NRC, “Cooling14

Tower Report for VY,” (Accession No. ML062920423)15
16

October 3, 2006 Email from Rick Buckley, Entergy, to Richard Emch, NRC,17
“Thermophilic Microorganisms,” (Accession No. ML062920358)18

19
October 5, 2006 Email from Lynn DeWald, Entergy, to Richard Emch, NRC, “VY20

Cooling Tower Operation,” (Accession No. ML062920372)21
22

October 5, 2006 Email from Lynn DeWald, Entergy, to Richard Emch, NRC, “VY Drift,”23
(Accession No. ML062920377)24

25
October 5, 2006 Email from Lynn DeWald, Entergy, to Richard Emch, NRC, “Current26

IDP Permit,” (Accession No. ML062920385)27
28

October 12, 2006 Email from Lynn DeWald, Entergy, to Richard Emch, NRC,29
“Ecological Studies of the Connecticut River Vernon/Vermont Report30
X,” (Accession No. ML062920069)31

32
October 12, 2006 Email from Lynn DeWald, Entergy, to Richard Emch, NRC, “VY33

Annual Ecological reorts from 1980's,” (Accession No. ML062980249)34
35

October 12, 2006 Email from Lynn DeWald, Entergy, to Richard Emch, NRC,36
“Ecological Studies of the Connecticut River Vernon,Vermont Report37
31,” (Accession No. ML062920329)38

39
October 17, 2006 Email from Lynn DeWald, Entergy, to Richard Emch, NRC,40

“Ecological Studies of the Connecticut River Vernon/Vermont Report41
XIV,” (Accession No. ML062920075)42

43
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October 20, 2006 Letter from Entergy to NRC, “Vermont Yankee Nuclear Power Station1
License No. DPR-28 (Docket No. 50-271) License Renewal2
Application, Amendment 18,” (Accession No. ML062990155)3

4
October 30, 2006 Letter from NRC to Entergy, “Issuance of Environmental Scoping5

Summary Report Associated with the Staff’s Review of the Application6
by Entergy Nuclear Operations, Inc. For Renewal of the Operating7
License for Vermont Yankee Nuclear Power Station (TAC NO.8
MC9670),” (Accession No. ML063030576).9

10
October 30, 2006 Letter from NRC to Mr. John Fisk, Vermont Electric Power Company,11

“Vermont Yankee Nuclear Power Station License Renewal Application12
Review,” (Accession No. ML062970318).13

14
November 6, 2006 Letter from Entergy to NRC, “Vermont Yankee Nuclear Power Station15

License No. DPR-28 (Docket No. 50-271) License Renewal16
Application, Amendment 21,” (Accession No. ML063170080)17

18
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2

Organizations Contacted3
4
5

During the course of the U.S. Nuclear Regulatory Commission staff’s independent review of6
environmental impacts from operations during the renewal term, the following Federal, State,7
regional, local, and Native American Tribal agencies were contacted:8

9
Abenaki Nation of Missisquoi, St. Francis/Sokoki Band, Swanton, Vermont10

11
Abenaki Nation of New Hampshire, Whitefield, New Hampshire12

13
Advisory Council on Historic Preservation14

15
Boldwing Clan, Goffstown, New Hampshire16

17
Cheshire County, Keene, New Hampshire18

19
Cowasuck Band-Pennacook Abenaki People, Forestdale, Massachusetts20

21
First Nation of New Hampshire, Franconia, New Hampshire22

23
Franklin Council of Governments, Greenfield, Massachusetts24

25
Greater Lowell Indian Cultural Association, Lowell, Massachusetts26

27
Laconia Indian Historical Association, Laconia, New Hampshire28

29
National Marine Fisheries Service, Gloucester, Massachusetts30

31
New Hampshire Fish and Game Department, Concord, New Hampshire32

33
New Hampshire Intertribal Native American Council, Laconia, New Hampshire34

35
Town of Brattleboro, Brattleboro, Vermont36

37
Town of Hinsdale, Hinsdale, New Hampshire38

39
Town of Vernon, Vernon, Vermont40

41
U.S. Fish and Wildlife Service, Hadley, Massachusetts42

43



Appendix D

Draft NUREG-1437, Supplement 30 D-2 December 2006

Vermont Agency of Natural Resources, Waterbury Vermont1
2

Vermont Department of Environmental Conservation, Waterbury, Vermont3
4

Vermont Department of Health, Division of Radiological Health, Burlington, Vermont5
6

Vermont Division of Historic Preservation, Montpelier, Vermont7
8

Vermont Fish and Wildlife Program, Waterbury, Vermont9
10

Vermont Nongame and Natural Heritage Program, Waterbury, Vermont11
12

Vernon Schools, Brattleboro, Vermont13
14

Windham Regional Commission, Brattleboro, Vermont15
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2

Entergy Nuclear Vermont Yankee, LLC and Entergy 3

Nuclear Operations, Inc. Compliance Status 4

and Consultation Correspondence5
6
7

Correspondence received during the process of evaluation of the application for renewal of the8
license for Vermont Yankee Nuclear Power Station (VYNPS) is identified in Table E-1.  Copies9
of the correspondence are included at the end of this appendix.10

11
The licenses, permits, consultations, and other approvals obtained from Federal, State,12
regional, and local authorities for VYNPS are listed in Table E-2.13

14
Table E-1.  Consultation Correspondence15

16

Source17 Recipient Date of Letter

U.S. Nuclear Regulatory18
Commission (R.L. Franovich)19

U.S. National Marine Fisheries Service 
(P. Kurkul)

May 5, 2006

U.S. Nuclear Regulatory20
Commission (R.L. Franovich)21

U.S. Fish and Wildlife Service
(M. Moriarty)

May 5, 2006

U.S. Nuclear Regulatory22
Commission (R.L. Franovich)23

Director, Advisory Council on Historic
Preservation (D. Klima)

May 8, 2006

U.S. Nuclear Regulatory24
Commission (R.L. Franovich)25

Vermont State Historic Preservation Officer
(J. Lendway)

May 8, 2006

U.S. Nuclear Regulatory26
Commission (R.L. Franovich)27

Boldwing Clan (N. Bolding) May 10, 2006(a)

U.S. Nuclear Regulatory28
Commission (R.L. Franovich)29

U.S. Fish and Wildlife Service
(M. Moriarty)

July 21, 2006

U.S. Fish and Wildlife Service30
(M.J. Amaral)31

U.S. Nuclear Regulatory Commission
(R.L. Franovich)

August 10,
2006

U.S. National Marine Fisheries32
Service 33
(L.A. Chiarella)34

U.S. Nuclear Regulatory Commission
(R.L. Franovich)

September 15,
2006

(a)  Similar letters were sent to seven other Native American Tribes listed in Appendix C.35
36
37
38
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In the letter to the U.S. National Marine Fisheries Service dated May 5, 2006, the NRC1
requested that the NMFS determine if any species needed to be evaluated under the essential2
fish habitat provisions of the Magnuson-Stevens Fishery Conservation and Management Act for3
the Vermont Yankee license renewal review.  In the letter to the NRC dated September 15,4
2006, the NMFS indicated that the Connecticut River and tributaries are designated essential5
fish habitat for Atlantic salmon; therefore, the NMFS instructed the NRC to evaluate the impact6
of the operation of VYNPS on the essential fish habitat of the Atlantic salmon.  The NRC staff’s7
assessment of the essential fish habitat for the Atlantic salmon, “ESSENTIAL FISH HABITAT8
ASSESSMENT FOR RENEWAL OF THE VERMONT YANKEE NUCLEAR POWER STATION9
OPERATING LICENSE,” is included in this appendix for review by the NMFS.10

11
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(a) The GEIS was originally issued in 1996.  Addendum 1 to the GEIS was issued in 1999.  Hereafter, all
references to the “GEIS” include the GEIS and its Addendum 1.
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1.0  INTRODUCTION1
2

The Magnuson-Stevens Fishery Conservation and Management Act (MSFCMA), which was3
reauthorized and amended by the Sustainable Fisheries Act of 1996, sets forth the essential4
fish habitat (EFH) provisions designed to protect important habitats of Federally managed5
marine and anadromous species.  The Act requires the eight regional fishery management6
councils to describe and identify EFH, and to minimize the adverse effects of fishing on EFH. 7
Pursuant to the Act, Congress has defined EFH as “those waters and substrate necessary to8
fish for spawning, breeding, feeding, or growth to maturity.”   Federal agencies that fund, permit,9
or undertake activities that may adversely affect EFH are required to consult with the National10
Marine Fisheries Service (NMFS) regarding the potential effects of their actions on EFH, and11
respond in writing to NMFS’s conservation recommendations.  For the purpose of consultation,12
an adverse effect includes any impact that reduces the quality and/or quantity of EFH.  The13
consultation document must include the following information:14

15
C A description of the proposed action;16

17
C An analysis of the potential adverse effects of the action on EFH and the managed18

species;19
20

C The Federal agency’s conclusions regarding the effects of the action on EFH; and21
22

C Proposed mitigation, if applicable.23
24

On January 25, 2006, Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear Operations,25
Inc. (Entergy), submitted an application for renewal of the operating license (OL) of the Vermont26
Yankee Nuclear Power Station (VYNPS) to the U.S. Nuclear Regulatory Commission (NRC)27
(Energy 2006a).  The current OL expires at midnight on March 21, 2012.   As part of the28
application, Entergy submitted an Environmental Report (ER) (Entergy 2006b) prepared in29
accordance with the requirements of Title 10, Part 51, of the Code of Federal Regulations (1030
CFR Part 51).31

32
On April 21, 2006, the NRC staff published a Notice of Intent (NRC 2006a) to prepare a plant-33
specific supplement to the Generic Environmental Impact Statement for License Renewal of34
Nuclear Plants (GEIS) (NRC 1996,1999).(a)  During the development of the Supplemental35
Environmental Impact Statement (SEIS), the NRC staff visited the site, visited the Conte36
Anadromous Fish Lab, met with members of Federal and State regulatory agencies, spoke to37
local citizens, interviewed individuals who had conducted environmental research in the38



Appendix E

Draft NUREG-1437, Supplement 30 E-28 December 2006

Connecticut River, and reviewed a variety of technical reports, journal articles, and other1
relevant information to determine whether renewal would result in adverse environmental2
impacts.  This information and other sources relevant to EFH issues were consulted during the3
development of this document.  This EFH assessment has been developed to fulfill the NRC4
requirement under the MSFCMA for the VYNPS license renewal review.5

6

2.0  PROPOSED FEDERAL ACTION7
8

The proposed Federal action is renewal of the OL for VYNPS, a nuclear power plant that is9
located in southeastern Vermont in the town of Vernon, Windham County, on the western shore10
of the Connecticut River at River Mile (RM) 142.  VYNPS is a single-unit plant with a boiling11
water reactor manufactured by General Electric.  The unit was originally licensed for a reactor12
core power of 1593 megawatts-thermal (MW[t]), with a net electrical capacity of 540 megawatts-13
electric (MW[e]).  VYNPS submitted, and the NRC approved, a power uprate to increase the14
maximum core power level to 1912 MW(t) on March 2, 2006.  The gross electrical output at this15
core power level would be approximately 650 MW(e).  The Connecticut River is the source for16
cooling water for the main condensers at the VYNPS.  Cooling river water can be circulated17
through the system in one of three modes of operation:  closed-cycle, open-cycle (also referred18
to as once-through cooling), or hybrid-cycle.  Cooling towers are used when the plant operates19
in closed- or hybrid-cycle modes.  The current OL for VYNPS expires on March 21, 2012.  On20
January 25, 2006, Entergy submitted an application (Entergy 2006a) to the NRC to renew the21
OL for an additional 20 years of operation (i.e., until March 21, 2032). 22

23

3.0  ENVIRONMENTAL SETTING24
25

VYNPS is located in southeastern Vermont, approximately 5 mi southeast of Brattleboro,26
Vermont and 28 mi north of Amherst, Massachusetts (Figure 1).  The plant site is located on the27
western shore of the Connecticut River (Figure 2).  VYNPS is located 0.75 mi upstream of the28
Vernon Dam, which is located at RM 142 (Figure 3).  Two other dams, Turners Falls (RM 123)29
and Holyoke (RM 86) are also downstream of VYNPS on the main stem of the Connecticut30
River.  The area upstream of Vernon Dam is known as Vernon Pool.  Vernon Pool covers 225031
acres (at full-pond elevation of 220.13 ft behind the Vernon Dam) and extends upstream to32
Bellows Falls Dam at RM 174. Maximum water depth at Vernon Dam is 40 ft (Entergy 2006b). 33
The Connecticut River near Vernon Dam is about 0.5 mi wide (AEC 1972).  The minimum34
sustained flow from the Vernon Dam is 1250 cfs, or the inflow, if river flow is less than this. 35
Average daily flow is about 10,500 cfs with an average annual flow of 3.3 x 1011 ft3 (Entergy36
2006b).  During 2004, the lowest daily river discharge at Vernon Dam was 1757 cfs and the37
highest was 50,618 cfs.  Monthly flow rate averages from 6347 cfs in August to 23,570 cfs in38
April (Normandeau 2005).39

40
41
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Figure 1.  Location of Vermont Yankee Nuclear Power Station, 50-mi Region
(Source:  Entergy 2006b)
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Figure 2.  Location of Vermont Yankee Nuclear Power Station, 
6-mi Region (Source:  Entergy 2006b)
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1

Figure 3.  Location of Vernon Dam and River Monitoring Stations 3 and 7
Relevant to VYNPS (Source: Entergy 2006b)
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Yearly ambient water temperatures in the vicinity of VYNPS vary from 32 to 84EF with daily1
variations rarely exceeding 2EF (Entergy 2006b).  During 2004, the monthly average daily river2
temperature upstream of VYNPS ranged from a low of 32.5EF in February to 72.7EF in July.3
The lowest daily river temperature was 32.4EF on February 22, 2004 while the highest daily4
river temperature was 76.4EF on August 5, 2004 (Normandeau 2005).5

6
A number of physical and chemical stresses have caused major changes and modifications to7
the aquatic resources within the Connecticut River.  The major industrial use of the river is the8
12 hydroelectric dams (9 are upstream of VYNPS) and 4 storage dams (3 are upstream of9
VYNPS) located on the mainstream of the river.  Vernon Dam creates a lentic (lake-like)10
condition above the dam and a lotic (flowing) condition below the dam.  A fishway was11
constructed at Vernon Dam in 1981.  Prior to that time, the dam was a barrier to fish movement. 12
The fishway is a concrete structure that consists of a vertical slot ladder from the tailrace to a13
fish trap and viewing gallery.  An Ice Harbor-style ladder provides passage from there to Vernon14
Pool.  The fishway is supplied with a flow of 65 cfs while it operates.  An attraction flow of 40 cfs15
is also discharged near the foot of the ladder (Normandeau 2004a).  A downstream fish conduit16
was first operated in 1991 (Normandeau 2004a).  The primary downstream conduit, located in17
the center of the powerhouse, has a 350-cfs bypass flow through a 9-ft by 6-ft gate and tube18
that narrows to a 4-ft by 5-ft opening at its discharge end.  An alternative or supplemental pipe19
that supplies the 40 cfs attraction flow at the foot of the fishway was converted to a “fish pipe” in20
1994 for additional downstream passage of fish (Normandeau 2004a).  Both warmwater and21
coolwater fish exist upstream and downstream of Vernon Dam.  Fish are routinely sampled22
upstream and downstream of Vernon Dam as part of the National Pollutant Discharge23
Elimination System (NPDES) permit monitoring requirements (VANR 2006).24

25

4.0  PLANT COOLING WATER SYSTEM DESCRIPTION26
27

The Connecticut River is the source for cooling water for the main condensers at the VYNPS. 28
Cooling river water can be circulated through the system in one of three modes of operation:29
closed-cycle, open-cycle (also referred to as once-through cooling), or hybrid-cycle.  Cooling30
towers are used when the plant operates in closed- or hybrid-cycle modes.  Unless otherwise31
noted, the discussion of the circulating-water system was obtained from the Final Environmental32
Statement for VYNPS operations (AEC 1972) and the applicant’s ER (Entergy 2006b,c).33

34
In all three modes, the circulating water exits the condenser and flows into the discharge35
structure.  In the open-cycle mode, after entering the discharge structure the water returns to36
the river through an aerating structure.  The cooling towers are not used in the open-cycle mode37
of operation.  In both the closed-cycle and hybrid cycle, after entering the discharge structure,38
the circulating water is pumped up to the cooling towers.  After being cooled, the water returns39
to a weir collection chamber in the discharge structure.  A gate inside this chamber allows all or40
a portion of the water to return to the intake structure.  In the closed-cycle mode all of the tower41
cooled water is returned to the intake structure for re-use in the condenser.  In the hybrid cycle42
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mode of operation a portion of the water returns to the intake structure while the remainder is1
returned to the river through the aerating structure.  The exact amount of water returned to both2
the intake structure and the river in hybrid mode depends on seasonal variation in3
environmental parameters, particularly the temperature in the Connecticut River.  Blowdown4
from the circulating water system is discharged to the river through piping near the discharge5
structure.  Make-up water lost from blowdown and evaporation from the cooling towers is6
withdrawn from the river.  VYNPS has two mechanical draft cooling towers, one of which has a7
deep basin holding 1.4 million gal of water for emergency cooling (VDEC 2003, VDEC 2006a,8
Entergy 2004). 9

10
The concrete intake structure has three pump bays for three circulating pumps and two service11
water bays for four service water pumps and two fire water pumps.  All bays are provided with12
trash racks and traveling water screens to remove debris in the intake water.  Water treatment13
equipment at the intake structure delivers biocides to both the circulating water and service14
water pump bays to minimize biofouling of the system.  Corrosive control agents and chemicals15
to adjust pH are also added (Entergy 2004).16

17
Cooling water for the main condensers is drawn from the Connecticut River using three vertical18
circulating water pumps, which provide a total maximum flow capacity of 360,000 gpm (802 cfs)19
(during once-through operation) and a minimum of 10,000 gpm (22 cfs) (during closed-cycle20
operation).  Approach velocities at the intake trash racks are about 1.2 ft/s at a low water level21
of 215 ft mean sea level (MSL) and 1.0 ft/s for the normal water level of 220 ft MSL, while intake22
velocities at the traveling screens are 1.96 ft/s for an extreme low water level of 212 ft MSL,23
1.73 ft/s for a low water level of 215 ft MSL, and 1.57 ft/s for a normal water level of 220 ft MSL. 24

25
Water is also drawn from the river for the plant’s service water system, which provides water for26
turbine and reactor auxiliary equipment cooling, reactor shutdown cooling, and miscellaneous27
services.  Four vertical, two-stage, turbine-like pumps, located at the north end of the intake28
structure, supply water to the service water system, providing a total flow capacity of 13,40029
gpm.  Additionally, two pumps with a total flow capacity of 5000 gpm, which are operated30
infrequently, are located at the north end of the intake structure to withdraw water from the river31
for fire protection (Entergy 2006b).32

33
Cooling water discharge to the Connecticut River flows through an aerating discharge structure34
located near the riverbank. The structure is about 199 ft long by 108 ft wide by 46 ft deep.  An35
aerating spillway, consisting of three rows of dissipating concrete blocks with approximately36
nine blocks per row, is adjacent to and downstream of the discharge structure. It provides air37
entrainment, energy dissipation, and warm water dispersion of the discharged cooling water. 38
Sheet piling is used to prevent scouring of the aerating apron (Entergy 2004).  NPDES-permit39
established limitations for circulating water discharges are 543 million gpd for open- and hybrid-40
cycle modes and 12.1 million gpd for the closed-cycle mode (NRC 2006c).41

42
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5.0  POTENTIAL IMPACTS OF PLANT OPERATION1

ON BIOTA AND HABITAT2
3

The cooling water system associated with VYNPS utilizes water from the Connecticut River and4
may potentially affect EFH in the following ways:5

6
C Impingement of juvenile and adults life stages and/or their larger prey items;7

8
C Entrainment of eggs and larvae and/or planktonic prey items;9

10
C Withdrawal of water from the water column; and11

12
C Discharge of heated cooling water.13

14
These impacts are discussed in this section.15

16
5.1  IMPINGEMENT17

18
As part of its NPDES permit requirements, Entergy is required to monitor fish impingement at19
VYNPS.  Routine impingement sampling is conducted from April 1 through June 15 and from20
August 1 through October 31.  Limits are established for the number of Atlantic salmon (Salmo21
salar) and American shad (Alosa sapidissima) that can be impinged.  The impingement limit for22
Atlantic salmon is set at 0.1 percent of the estimated smolt-equivalents (estimated number of23
smolts from a population that successfully emigrate from a specified area) migrating past24
VYNPS.  If the limit is exceeded, the plant must run in a closed-cycle mode until June 15.25
American shad impingement limit is set at one impinged shad for each adult shad that passes26
the Vernon Dam fishway and/or is transported by State or Federal fisheries personnel upstream27
of Vernon Dam (Aquatec 1990).  Impingement numbers below those established for the two28
anadromous fish species are considered by the Environmental Advisory Committee(a)29
(comprised of representatives from the Vermont Department of Environmental Conservation,30
Vermont Department of Fish and Wildlife, New Hampshire Department of Environmental31
Services, New Hampshire Department of Fish and Game, Massachusetts Department of32
Environmental Protection, Massachusetts Division of Fish and Wildlife, and the U.S. Fish and33
Wildlife Service (FWS) Coordinator of the Connecticut River Anadromous Fish Program) to be34
impingement losses that are not adverse to the populations of these species (Entergy 2006a). 35
To date, the NPDES permit limits established for these species have not been exceeded.36

37
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During the initial FWPCA Section 316 Demonstration (Aquatec 1978), an average of 23 fish per1
day was impinged during 685 days of once-through operation.  The Turners Falls and Vernon2
Dam fishways were not in place until the early 1980s therefore, no Atlantic salmon or American3
shad were impinged prior to this period (Aquatec 1990).  During the impingement sampling4
periods of the 1980s, an average of 26 fish were impinged per day (Aquatec 1990).  Over 805
percent were small sunfish, rock bass (Ambloplites rupestris), minnows, and yellow perch6
(Perca  flavescens).  During the 1980s, 59 juvenile Atlantic salmon and one American shad7
were impinged (Aquatec 1990).8

9
Table 1 presents some results of impingement collections that have been made at VYNPS since10
1988.  Impingement collections at VYNPS are generally made from April 1 through June 15 and11
August 1 through October 31 each year, as dictated by NPDES permit stipulations.  In general,12
the common warmwater residents within Vernon Pool were predominant in impingement13
collections.  These included sunfish, rock bass, and yellow perch.  The numbers of American14
shad and Atlantic salmon impinged at VYNPS were lower than the yearly NPDES permit limits15
set for these species.  For example, the permit limits were set at 1666 American shad and 23116
Atlantic salmon, but only 25 American shad and 9 Atlantic salmon were impinged in 200117
(VYNPS and Normandeau 2002).  In 2003, 13 American shad and 28 Atlantic salmon were18
impinged, while the permit limits for that year were set at 1140 and 364, respectively (Entergy19
and Normandeau 2004).  In 2004, 73 American shad and no Atlantic salmon were impinged; the20
NPDES permit impingement limits for 2004 were set at 1005 American shad and 252 Atlantic21
salmon (Normandeau 2005).22

23
Based on riverine and impingement collections of resident and anadromous fish that have been24
ongoing since VYNPS began withdrawing water from Vernon Pool, no observable adverse25
impacts to any fish species or to the overall fish community due to the operation of VYNPS has26
been demonstrated (Aquatec 1978, 1990; Normandeau 2004a, 2005; Entergy 2006b). 27

28
5.2  ENTRAINMENT29

30
Entrained fish eggs and larvae experience thermal stress and mechanical and hydraulic forces31
during transport through a plant’s cooling system.  In a study of the Haddam Neck Plant, a32
nuclear plant with once-through cooling that formerly operated on the lower Connecticut River,33
Marcy (2004c (1976c) and references cited therein) found mechanical damage to be the main34
cause of entrainment mortality, while thermal shock was responsible for only about 20 percent35
of the mortality.  While some entrainment survival occurs, 100 percent mortality is normally36
assumed as a conservative estimate of entrainment losses for all operational modes.  When37
ichthyoplankton are at their peak in the Connecticut River (e.g., late spring through early38
summer), VYNPS is generally operating in an open-cycle or hybrid mode.  The NPDES permit39
requires larval fish sampling to be done weekly during this period (Normandeau 2005).40

41
42
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Table 1.  Percentages (and Numbers) of Fish Species1
Impinged at VYNPS(a)2

3 Collection Period

4
Species5

1988 and
1990-1997 2001 2003 2004

Sea lamprey6
(Petromyzon marinus)7

0.9 (130)(b) 34.4 (241) 0.2 (2) 0.0 (0)

American shad8
(Alosa sapidissima)9

2.6 (387) 3.6 (25) 1.1 (13) 30.8 (73)

Atlantic salmon10
(Salmo salar)11

1.4 (202) 1.3 (9) 2.5 (28) 0.0 (0)

Chain pickerel12
(Esox niger)13

0.2 (31) 0.4 (3) 1.0 (11) 0.8 (2)

Golden shiner14
(Notemigonus crysoleucas)15

1.1 (161) 2.1 (15) 0.6 (7) 0.4 (1)

Spottail shiner16
(Notropis hudsonius)17

7.7 (1139) 0.3 (2) 0.8 (9) 2.1 (5)

Yellow bullhead18
(Ameiurus natalis)19

1.5 (227) 0.0 (0) 3.4 (39) 0.4 (1)

Rock bass20
(Ambloplites rupestris)21

10.8 (1599) 4.7 (33) 9.5 (108) 9.7 (23)

Pumpkinseed22
(Lepomis gibbosus)23

5.8 (853) 1.7 (12) 14.2 (162) 2.5 (6)

Bluegill24
(Lepomis macrochirus)25

19.9 (2937) 28.7 (201) 32.6 (372) 28.3 (67)

Unidentified sunfish26
(Lepomis spp.)27

20.1 (2967) 0.0 (0) 0.0 (0) 0.0 (0)

Smallmouth bass28
(Micropterus dolomieu)29

1.9 (279) 1.0 (7) 2.4 (27) 3.8 (9)

Largemouth bass30
(Micropterus salmoides)31

0.9 (134) 0.6 (4) 5.1 (58) 1.3 (3)

Black crappie32
(Pomoxis nigromaculatus)33

0.01 (1) 1.7 (12) 11.0 (126) 4.2 (10)

Yellow perch34
(Perca flavescens)35

15.2 (2247) 18.3 (128) 15.0 (171) 8.4 (20)

Other species36
(including unidentifiable fishes)37

28.3 (4184) 1.1 (8) 0.8 (9) 7.2 (17)

Totals38 100 (14,778) 100 (700) 100 (1142) 100 (237)

(a) Data presented represent a portion of the impingement data collected at this facility.39
(b) The percent of the total number of fish followed by the total number of fish impinged in parantheses 40
     for each species during the collection period. 41
Sources: Normandeau 1999; VYNPS and Normandeau 2002; Entergy and Normandeau 2004;42
Normandeau 2005.43
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The portion of Vernon Pool near VYNPS was found not to be a good fish spawning area due to1
daily water level fluctuations, a steep shoreline, and a silty sand substrate.  Therefore, the2
amount of ichthyoplankton entrained in the area would be expected to be limited.  Overall,3
densities of ichthyoplankton near the VYNPS intake were <1 fish/m3, which were much lower4
than densities in littoral areas estimated by Aquatec (1990).  For example, minnow densities5
near the VYNPS intake were <0.6 larvae/m3, whereas densities in shallow, slow-moving6
nearshore areas were as high as 3000/m3 (Aquatec 1990).  Monitoring results indicate that7
larval fish densities are low in the VYNPS area and the impact of entrainment has been minimal8
(Entergy 2006a).9

10
Table 2 presents some of the results of entrainment collections that have been made in the11
Connecticut River in the vicinity of the VYNPS intake since 1988.  Entrainment collections at12
VYNPS are generally made from early May through early to mid July each year, as dictated by13
the NPDES permit.  In general, the common warmwater species that are resident within Vernon14
Pool were predominant in entrainment collections.  These included the spottail shiner (Notropis15
hudsonius), white perch (Morone americana), and centrarchids. No Atlantic salmon has been16
collected in entrainment samples, and one American shad has been collected in entrainment17
samples. 18

19
5.3  THERMAL RELEASES20

21
The discharge of heated water from VYNPS creates elevated temperatures in the Connecticut22
River and produces a thermal plume that varies in extent and magnitude based on operational23
characteristics of the plant, ambient air and water temperatures, and hydrodynamic24
characteristics of the river.  The maximum discharge flow temperature for VYNPS is 100EF,25
although this seldom occurs (Normadeau 2004a).  Thermal discharges have the potential to26
affect food web dynamics, alter fish behavior, or produce acute or chronic impacts on27
temperature-sensitive species.28

29
5.3.1  Temperature Requirements under the Current NPDES Permit 30

31
The current NPDES permit (VDEC 2003) defines two seasonal periods (winter, from October 1532
through May 15; and summer, from May 16 through October 14) and sets limits for the increase33
in temperatures at River Monitoring Station 3, less than a mile downstream of Vernon Dam34
(Figure 3). These are presented in detail in Table 3.35

36
NPDES permits are issued for five years at a time.  On July 11, 2001, VDEC issued a renewed37
permit for VYNPS with an expiration date of March 31, 2006, and the permit was amended on38
June 9, 2003 (VDEC 2003).  On February 20, 2003, Entergy applied to the VDEC to amend the39
permit for VYNPS to increase the temperature of the Connecticut River by 1EF as determined at40
River Monitoring Station 3 (downstream monitoring station) during the NPDES summer period41

42



Appendix E

Draft NUREG-1437, Supplement 30 E-38 December 2006

Table 2.  Percentages (and Numbers) of Fish Eggs and Larvae by Species 1
                               Entrained at VYNPS2

3

Species4

Collection Period

1988 and
1990-1997 2001 2003 2004

Common carp5
(Cyprinus carpio)6

0.3(a) (18) 0.2 (3) 2.2 (27) 0.5 (5)

Spottail shiner7
(Notropis hudsonius)8

0.03 (2) 57.9 (978) 71.6 (875) 25.4 (269)

Notropis spp.9 49.6(b) (2850) 0.0 (0) 0.0 (0) 0.0 (0)

Cyprinidae10 13.7(b) (788) 0.0 (0) 0.0 (0) 0.0 (0)

White sucker11
(Catostomus commersoni)12

0.02 (1) 37.9 (640) 0.2 (2) 1.0 (11)

White perch13
(Morone americana)14

20.7 (1191) 1.8 (31) 14.6 (178) 3.4 (36)

Sunfish15
(Lepomis spp.)16

10.9 (628) 1.8(c) (31) 8.2(c) (100) 68.7 (726)

Largemouth bass17
(Micropterus salmoides)18

0.07 (4) 0.0(d) (0) 0.0(d) (0) 0.0 (0)

Yellow perch19
(Perca flavescens)20

4.2 (244) 0.1 (2) 3.2 (39) 0.5 (5)

Walleye21
(Sander vitreus)22

0.14 (8) 0.1 (2) 0.1 (1) 0.2 (2)

Other species23
(including unidentifiable fishes)24

0.1(e) (2) 0.0 (0) 0.3(e) (3)

25

Total26 100 (5747) 100 (1690) 100 (1222) 100 (1057)
(a)   The percent of the total number collected followed by the total number of entrained in 27
        parentheses for each species during the collection period. 28
(b) Based on entrainment sample identifications done in the subsequent years and fish species 29

known from lower Vernon Pool, most individuals identified as only Notropis spp. or Cyprinidae 30
were probably spottail shiners.31

(c) Listed as Centrarchidae and therefore may also include some largemouth bass.32
(d)   See footnote (c) - likely that some largemouth bass eggs and larvae were entrained.33
(e) The Other species category is almost entirely the tessellated darter (Etheostoma olmstedi).34

35
Sources: Normandeau 1999; VYNPS and Normandeau 2002; Entergy and Normandeau 2004;36
Normandeau 200537

38
39
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(May 16 through October 14).  On March 30, 2006, VDEC issued an amendment to the permit1
for VYNPS; however, the amended permit only authorized the requested temperature increase2
for the period from June 16 through October 14 (VDEC 2006a).  VDEC concluded that3
additional information was needed to evaluate the impacts of the temperature increase on4
migrating salmon smolt during the May 16 through June 15 portion of the NPDES summer5
period, since it marks the end of the smolt outmigration period.  The permit would have expired6
on March 31, 2006; however, Entergy submitted an application for a renewed permit on7
September 29, 2005 (Entergy 2005e).  By letter dated September 30, 2005, VDEC informed8
Entergy that the renewal application was timely and that the permit would remain valid under an9
administrative extension until VDEC completes the review of the permit renewal application10
(VDEC 2005a).11

12
In May 2006, the New England Coalition (NEC) appealed the NPDES permit amendment that13
was issued on March 30, 2006.  The amendment was stayed by the State of Vermont14
Environmental Court on August 28, 2006.  At the time this SEIS was published, VYNPS was15
operating under the NPDES permit as issued on June 9, 2003 (VDEC 2003).  The future status16
of the permit depends on the outcome of the NEC appeal.  If the appeal is upheld, an increase17
in thermal discharge will not be granted and the discharge requirements in the current permit18
(issued June 9, 2003) will continue until a new permit is issued.  If the appeal is denied, the19
NPDES permit as amended March 30, 2006, will be reinstated and remain in effect until a new20
permit is issued by VDEC (NRC 2006d).  The temperature requirements of the current and21
amended NPDES permits are presented in Table 3.22

23
The NRC staff’s evaluation of the environmental impact in the SEIS and this assessment of24
essential fish habitat considered the 1EF increase for the time period May 16 through October25
14.  This evaluation would be bounding if the VDEC grants Entergy the 1EF increase in the May26
16 through June 14 time period or the NEC appeal is denied or the NEC appeal is upheld.27

28
5.3.2  Methods of Demonstrating Compliance29

30
The NPDES permit requirements, as of the date of this SEIS, are described below.  The permit31
requires that during the winter period (October 15 through May 15), the plant-induced32
temperature at downstream River Monitoring Station 3 shall not exceed 65EF (Table 3).  The33
plant-induced temperature increase is calculated using the equation published in the executive34
summary of the 1978 demonstration report (Aquatec 1978). The equation is based on the35
principle of energy conservation and takes into account the heat content of the plant’s36
circulating water system and cooling towers, the heat content of the plant’s cooling water37
discharge to the river, and the average discharge (flow) of the Connecticut River as measured 38
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(a) The heat content of the circulating water system and cooling towers is calculated on the basis of the
change in condenser inlet temperatures over a specified time interval.  The heat content of the cooling
water discharge is calculated on the basis of the number and pumping capacity of circulating water
intake pumps, the difference between condenser inlet and outlet temperatures, the number of
circulating intake and cooling tower booster pumps, and the cooling tower outlet temperatures all over
a specified time interval (Normandeau 2005).

December 2006 E-41 Draft NUREG-1437, Supplement 30

at Vernon Dam.(a)  Measurement and cooling system data are linked to a process computer that1
allows plant personnel to adjust operations on the basis of continual real-time data to meet the2
thermal requirements of the permit (Normandeau 2005).3

4
The Vernon Dam regulates the river discharge to maintain a minimum sustained flow of5
1250 cfs.  At 1250 cfs, the permitted theoretical maximum increase in temperature at River6
Monitoring Station 3 due to the plant’s thermal discharge is 12.9EF.  In effect, the plant can7
operate in an open-cycle cooling mode (without cooling tower operation) when ambient river8
temperatures as measured at the upstream River Monitoring Station 7 are less than 52.1EF (i.e.,9
65EF minus 12.9EF) during the winter period.  At ambient temperatures equal to or greater than10
52.1EF, the plant’s heat discharge can be reduced by using the cooling towers to dissipate heat11
to the atmosphere (especially during periods of low river flow) (Normandeau 2005).  The12
NPDES permit requires that the plant-induced increase in temperature never exceeds 13.4EF13
and that the rate of increase never exceeds 5EF per hour.  14

15
Table 4 summarizes the maximum simulated river temperature increases at River Monitoring16
Station 3 and the flows at which they occurred during the winter period (October 15 through17
May 15) for the years 2000 through August 2006. 18

19
Table 5 summarizes the maximum simulated river temperature increases at the station and the20
flows at which they occurred during the summer period for the years 2000 through 2006. 21

22
Exceedences occurred in each of the years between 2000 and 2004, but in each case were23
less than 1 hr in duration:24

25
C On July 16 and 21, 2000, two 59-minute exceedences occurred (2.74EF and 0.03EF,26

respectively) when Vernon Dam went to minimum flow as a result of a loss of offsite27
power caused by a lightning strike (Normandeau 2001).  28

29
C On July 5, 2001, a 59-minute exceedence of 0.12EF occurred because plant30

operators did not shift to closed-cycle mode quickly enough to respond to changing31
river conditions.32

33
 C On October 5, 2002, a 60-minute exceedence of 0.05EF occurred because of34

unreliable automated input associated with new equipment (Normandeau 2003).35
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    Table 4.  Maximum Simulated River Temperature Increase at River1
Monitoring Station 3 during the NPDES Winter Period (October 152
through May 15)3

4

5
Year6 Day

Maximum
Temperature Increase

Permit
Limit

River Flow
(cfs)

Exceeded
5EF/hour?

2006(a)7 March 12   6.03EF 13.4EF 2958 No

20058 February 10 12.91EF 13.4EF 1285 No

20049 February 2 12.90EF 13.4EF 1331 No

200310 January 25 13.16EF 13.4EF 1308 No

200211 January 23 12.70EF 13.4EF 1367 No

200112 December 21 12.67EF 13.4EF 1250 No

200013 November 26 12.60EF 13.4EF 1275 No
(a)   Data through August 2006.14
Source:  Normandeau 2001, 2002, 2003, 2004b, 2005; DeWald 2005a, 2006b15

16
17

Table 5.  Maximum Simulated River Temperature Increase at River18
Monitoring Station 3 during the NPDES Summer Period (May 1619
through October 14)20

21

Year22 Day

Maximum
Temperature Increase

(Permit Limit)
Permit
limit

River Flow
(cfs)

Exceeded
5EF/hour?

2006(a)23 August 15 2.94EF 3.0EF 3168 No

200524 July 1 1.97EF 2.0EF 6760 No

200425 July 6 2.06EF 2.0EF 3483 No

200326 September 19 2.16EF 2.0EF 2802 No

200227 October 5 2.05EF 2.0EF 1697 No

200128 July 5 2.12EF 2.0EF 3923 No

200029 July 16 2.74EF 2.0EF 6571 No
(a)   Data through August 2006.30
(b)   There was an exceedence on July 21, 2000, but it was not the maximum for the year 2000.31
Source:  Normandeau 2001, 2002, 2003, 2004b, 2005; DeWald 2005b, 2006c32

33
34
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C On September 19, 2003, an 11-minute exceedence of 0.16EF occurred because1
plant operators shifted operating parameters in anticipation of an increase in river2
flow (reported by the Wilder Hydroelectric Dam).  The increase in river flow3
occurred, but not to the degree anticipated (Normandeau 2004b).4

5
C On July 6, 2004, a 45-minute exceedence of 0.06EF occurred when the plant6

was brought back on-line after an outage caused by a transformer fire7
(Normandeau 2005).8

9
There were no exceedences in 2005 or 2006 through August.10

11
5.3.3  Temperatures in the Connecticut River12

13
The monthly variation in river temperatures as measured at River Monitoring Stations 314
(downstream) and 7 (upstream) over a 5-year period (2000 to 2004) are shown in Figures 4 and15
5, respectively.  Over this period, monthly averages ranged from 34.5EF in January to 75.5EF in16
July at River Monitoring Station 3 and from 33.4EF in February to 73.3EF in August at River17
Monitoring Station 7.18

19
Figure 6 is a plot of the difference in average monthly temperatures between River Monitoring20
Stations 3 and 7 (i.e., Station 3 temperature minus Station 7 temperature) in 2000 through 2004. 21
There is an increasing trend throughout the spring, peaking in May, with Station 3 having an22
average temperature that was 5.9EF higher than that at Station 7, with a decreasing trend23
throughout the summer.  In most months during this summer period, the average monthly24
temperatures at the downstream station were greater than those at the upstream station.  25
However, in September and December, the average monthly temperatures at River Monitoring 26
Station 7 were higher than River Monitoring Station 3 (1.4EF and 0.4EF, respectively).  The27
average temperature difference between the stations was less than 1EF in January and March28
(Normandeau 2001, 2002, 2003, 2004b, 2005).29

30
In June, July, and August of 2002, temperature measurements were taken from thermistor31
stations along three bank-to-bank transects across Vernon Pool perpendicular to the river flow,32
as part of a study to characterize the circulation and distribution of heated water in the area33
between the VYNPS discharge structure and Vernon Dam (Figure 7; ASA 2004). Temperatures34
were measured at three depths at each of the three stations along each transect (Figure 7;35
Table 6). The June-July sampling period was chosen to represent expected conditions; August36
was chosen to represent low-flow, high-temperature conditions, usually considered the worst-37
case for potential impacts to aquatic biota. 38

39
The June-July measurements showed that temperature ranges were fairly similar along each40
transect between the VYNPS discharge structure and Vernon Dam:  67.1EF to 81.5EF at C 41
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Figure 4.  Seasonal Variation in Temperature at River Monitoring Station 3,   
Located about 0.65 miles Downstream of Vernon Dam (2000-2004)
(Source: Normandeau 2001, 2002, 2003, 2004b, 2005)

Figure 5.  Seasonal Variation in Temperature at River Monitoring Station 7,
Located 4 Miles Upstream of VYNPS (2000-2004) (Source:
Normandeau 2001, 2002, 2003, 2004b, 2005)
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Figure 6.  Difference in Average Monthly Temperatures     
between River Monitoring Stations 3 (downstream) and 7 (upstream)
(Source: Normandeau 2001, 2002, 2003, 2004b, 2005)
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Table 6.  Total Water Depth and Temperature Sampling Depths21
          in Vernon Pool22

23

Station Total 24
Water Depth

(ft)
Surface

Depth (ft)
Middle Depth

(ft)
Bottom Depth

(ft)
C1/C225 17 1 8.5 16

C3/C426 17 1 8.5 16

C5/C627 14 1 7 13

D1/D228 20 1 10 19

D3/D429 14.1 1 7 13

D5/D630 23 1 11.5 22

E1/E231 39 1 19.5 38

E3/E432 13 1 6.5 12

E5/E633 5 1 2.5 4

F1/F234 13 1 6.5 12

F3/F435 21 1 10.5 20
Source:  ASA 200436

37
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Figure 7.  Locations of Thermistor Stations at Vernon Pool (Source:  ASA 2004)
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stations, 67.3EF to 82.9EF at D stations, and 66.7EF to 81.9EF at E stations (Figure 7).1
Temperatures were generally lower at the F stations (67.1EF to 77.0EF), located upgradient of2
the VYNPS intake structure, during the same sampling period (Figure 7).3

4
In the June-July sampling period, thermal stratification of the water column was greatest (up to a5
6.3EF difference across the thermocline) near the VYNPS intake structure and had a decreasing6
trend toward the dam.  Measurements at the E stations near Vernon Dam showed  little7
stratification of the water column; however, the diurnal variation in surface temperature, due to8
fluctuations in river flow and the effects of solar heating, was as high as 1.8EF. 9

10
Significant spatial gradients in the surface water temperature of Vernon Pool were also detected11
in the June-July sampling period. Temperatures across the transects varied as much as 5.4EF12
to 7.2EF, with the higher temperatures recorded near the west bank.  Temperature variations13
were least pronounced during periods of high river flow.  The average temperature difference14
between the upstream River Monitoring Station 7 and the downstream River Monitoring Station15
3 during the June-July sampling period was 4.3EF.16

17
The August temperature measurements also showed similarities along each transect between18
the VYNPS discharge structure and Vernon Dam:  75.2EF to 85.1EF at C stations, 75.2EF to19
84.7EF at D stations, and 75.9EF to 86.6EF at E stations.  Temperatures were generally lower at20
the F station (74.8EF to 83.8EF), located upgradient of the VYNPS intake structure, during the21
same sampling period.22

23
The August diurnal variation in temperature due to fluctuations in river flow and the effects of24
solar heating was most pronounced at the surface (upper 1 ft) in Vernon Pool, with the highest 25
variation (3.6EF) occurring near the VYNPS discharge structure (Station C1/C2); diurnal26
variation was less pronounced at the upstream location (Transect F), with a variation of about27
1.5EF at the surface.28

29
There was little spatial variation in temperature across the bank-to-bank transects in Vernon30
Pool during the August sampling period.  Although temperatures were slightly higher near the31
VYNPS discharge structure, thermistor temperatures were within about 1.8EF of each other32
across a single transect at any given time.  The average temperature difference between the33
upstream River Monitoring Station 7 and the downstream River Monitoring Station 3 during the34
August sampling period was 2.9EF (ASA 2004).35

36
No fish mortalities or delays in fish migration have been observed due to the VYNPS thermal37
discharge.  VYNPS operations have not been observed to have caused fish mortality or been a 38
barrier to fish migration due to thermal releases or delays in the movement of migratory fish39
species due to the thermal plume (Aquatec 1990; Normandeau 2004b).40

41

42
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6.0  POTENTIAL EFFECTS OF THE PROPOSED ACTION1

ON DESIGNATED ESSENTIAL FISH HABITAT2
3

6.1  EVALUATION OF SPECIES REQUIRING EFH CONSULTATION4
5

During the development of this EFH assessment, NMFS websites (NMFS 2006a,b) were6
consulted to develop an initial list of candidate fish species that would be considered for EFH7
consultation.  On May 5, 2006, the NRC contacted the NMFS and requested information on8
EFH under the MSFCMA (NRC 2006d).  In NMFS’s response on September 15, 2006, NMFS9
stated that the Connecticut River and tributaries are designated EFH for Atlantic salmon and10
that the potential impacts from VYNPS operation on Atlantic salmon and their habitat should be11
fully evaluated in the SEIS (NMFS 2006c).  This EFH Assessment is in support of the NRC’s12
initiation of an EFH consultation with NMFS regarding the potential license renewal of VYNPS. 13

14
6.2  ATLANTIC SALMON15

16
6.2.1  Life History of Atlantic Salmon17

18
Atlantic salmon are anadromous and have a complex life history that includes spawning in19
freshwater rivers and feeding migrations in the Atlantic Ocean.  Most Atlantic salmon of United20
States origin spend two years (ranging from one to three or more years) in the ocean before21
returning to their natal rivers to spawn.  Spawning of Atlantic salmon in New England typically22
occurs in late October and November.  Eggs are deposited by the females in nests constructed23
out of river rocks; the nests are referred to as redds.  A typical female lays about 7000 eggs,24
which are then fertilized by the males.  Although some adults survive to spawn in subsequent25
years, most die following spawning.  Those that do return to sea, do so either immediately after26
spawning or during the following spring (FWS 2002).  Few Atlantic salmon live to be more than27
eight or nine years old (Bigelow and Schroeder 2002).  The eggs overwinter in the gravel and28
hatch the following spring, usually in March and April.  Newly hatched sac fry (alevins, the29
beginning of larval stage) remain in the gravel and use the energy reserves in their yolk sacs to30
continue development.  Once the yolk sacs become depleted the fry emerge from the gravel31
and begin feeding on plankton and small invertebrates.  Fry emergence generally occurs from32
March through June (FWS 2002).  They inhabit shallow riffles with moderate currents33
(McCormick et al. 1998)34

35
About early December, the fry disperse into riffles with faster currents and coarse substrates36
(McCormick et al. 1998).  The fry develop markings along their sides; at this point, the young37
Atlantic salmon are called parr (beginning of juvenile stage).  Parr inhabit cool, swift-flowing38
streams with riffles and gravel-cobble substrates.  As they mature, they will also inhabit slower-39
moving waters with pools and vegetation (Kart et al. 2004; NHFGD 2005).  They may also move40
into small tributaries during their first summer as parr and remain there until they leave as41
smolts (McCormick et al. 1998).  Parr are opportunistic feeders, feeding mostly on aquatic42
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insects; they in turn fall prey to fish and bird species (FWS 2002).  The parr stage lasts for one1
to three years.  During this period, they reach a length of about 4 in. (10 cm).  After reaching this2
size, most parr undergo a developmental change during the spring (smoltification) to become3
smolts; however, some parr will become sexually mature before smoltification and are capable4
of fertilizing the eggs of returning females (Henry and Cragg-Hine 2003).  Some of these mature5
parr can undergo smoltification in the following spring (McCormick et al. 1998).  As smolts, the6
juvenile Atlantic salmon begin migrating toward the ocean.  During their migration, they begin7
schooling and develop a tolerance to salt water necessary before they enter the ocean. 8

9
Once in the ocean, they eventually migrate toward their major feeding grounds in the North10
Atlantic near Greenland and Iceland.  While in the ocean, Atlantic salmon prey upon various fish11
species and large zooplankton and are preyed upon by seals, sharks, tuna, striped bass12
(Morone saxatilis), bluefish (Pomatomus saltatrix), and other predators (FWS 2002).  After13
spending one to three or more years at sea, adult salmon migrate back to their natal streams to14
spawn.  In New England, the migration generally occurs from May through October with May15
through July being the primary time period.  Spawning normally occurs from late October16
through November in New England (FWS 2002).  Once they enter freshwater, adult Atlantic17
salmon cease feeding and will not feed again until they re-enter the ocean some six months to a18
year later (FWS 2002).  Adults that do not die after spawning will overwinter in the river before19
migrating back to sea. 20

21
6.2.2  EFH for Atlantic Salmon22

23
EFH for Atlantic salmon is described as all waters currently or historically accessible to Atlantic24
salmon within Maine, New Hampshire, Vermont, Massachusetts, Rhode Island, and Connecticut25
(NMFS 1998).  The Connecticut River and its tributaries are considered EFH for all life stages of26
the Atlantic salmon (eggs, larvae, juveniles, adults [those that are in-migrating to spawning27
sites, overwintering, or out-migrating to the sea], and spawning adults).  The following EFH28
requirements are applicable for the specific life stages of the Atlantic salmon (NMFS 1998):29

30
C Eggs.  Substrates within a gravel or cobble riffle above or below a pool in rivers and31

streams.  Generally, the water temperature in the excavations that Atlantic salmon32
construct for egg-laying (i.e., redds) is below 50EF and consists of clean, well-33
oxygenated freshwater.  Atlantic salmon eggs are most frequently present in redds34
between October and April.35

36
C Larvae.  Substrates within a gravel or cobble riffle above or below a pool in rivers and37

streams.  Generally, Atlantic salmon larvae ( i.e., alevins and fry) occur in locations with38
clean, well-oxygenated freshwater and water temperatures below 50EF.  Atlantic salmon39
alevins and fry occur most frequently observed between March and June.40

41
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C Juveniles.  Shallow gravel or cobble riffles interspersed with deeper riffles and pools of1
rivers and estuaries.  Generally, Atlantic salmon juveniles (e.g., parr) are found in areas2
with clean, well-oxygenated freshwater; water temperatures below 77EF, water depths of3
4 to 24 in.; and water flows of 12 to 36 in./s.  As they grow, parr transform into smolts. 4
Atlantic salmon smolts require downstream access to make their way to the ocean. 5
Upon entering the sea, “post-smolts” become pelagic and range from Long Island Sound6
north to the Labrador Sea.7

8
C Adults.  For adult Atlantic salmon returning to spawn, EFH includes habitats with resting9

and holding pools in rivers and estuaries.  Returning Atlantic salmon require access to10
their natal streams and access to the spawning grounds.  Generally, conditions where11
returning Atlantic salmon adults are found migrating to the spawning grounds include12
water temperatures below 73EF and dissolved oxygen levels above 5 parts per million13
(ppm).  Oceanic adult Atlantic salmon are primarily pelagic and range from the waters of14
the continental shelf off southern New England north throughout the Gulf of Maine.15

16
C Spawning adults.  EFH for spawning adults includes gravel or cobble substrates of riffles17

above or below a pool of specific rivers and streams that currently support or historically18
supported Atlantic salmon spawning.  Generally, conditions where spawning Atlantic19
salmon are found include water temperatures below 50EF; water depths of 12 to 24 in.;20
water flows around 24 in./s; and clean, well-oxygenated freshwater.  Spawning Atlantic21
salmon adults are most frequently observed during October and November.22

23
EFH regulations also direct the fishery management councils to consider a second, more limited24
habitat designation for each species in addition to EFH.  Habitat areas of particular concern25
(HAPCs) are described in the regulations as subsets of EFH that are rare, particularly26
susceptible to human-induced degradation, especially ecologically important, or located in an27
environmentally stressed area.  Designated HAPCs are not afforded any additional regulatory28
protection under the MSFCMA.  However, Federal projects with potential adverse impacts on29
HAPCs are more carefully scrutinized.  In addition to identifying general EFH for Atlantic30
salmon, the New England Fishery Management Council also identified HAPC for adult Atlantic31
salmon in 11 coastal watersheds in Maine that support unique and important populations of32
Atlantic salmon.  Thus, those HAPCs would not be affected by VYNPS operations.33

34
6.2.3  Atlantic Salmon in the Connecticut River35

36
Prior to damming of the Connecticut River watershed, Atlantic salmon spawning runs occurred37
as far upstream as Beecher Falls (near the Vermont-Canadian border, about RM 370) (NHFGD38
2005).  Spawning runs mostly occurred in the spring, but a small number of Atlantic salmon also39
migrate upriver in the early fall.  Those that return in the spring spend the summer in deep, cold40
pools of their natural streams before spawning in fall (Connecticut River Atlantic Salmon41
Commission 1998).  The optimal temperature range for migratory adults is 57.2 to 68EF42
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(Krisweb.com undated).  Since the installation of fishways on the Connecticut River, Atlantic1
salmon have reached as far upstream as the Ammonoosuc River, downstream of the Ryegate2
Dam (RM 273) (FWS undated).  Historically, little of the mainstem of the Connecticut River3
downstream of the present-day site of the Ryegate Dam supported Atlantic salmon rearing4
habitat (Gephard and McMenemy 2004).  Spawning habitat primarily occurs in the Connecticut5
River tributaries (Gephard and McMenemy 2004).  Artificial barriers (e.g., dams and faulty6
culverts) and natural barriers (e.g., waterfalls > 10 ft high) pose problems for adults migrating to7
their spawning areas (Kart et al. 2004).  Most returning Atlantic salmon are captured for8
broodstock, although about 10 percent are released upstream of Holyoke Dam to spawn9
naturally (Connecticut River Atlantic Salmon Commission 1998).  In 2004, nearly 7.8 million fry,10
parr, and smolts were stocked in the Connecticut River watershed (U.S. Atlantic Salmon11
Assessment Committee 2005).12

13
In 2004, it was estimated that 183,000 smolts were produced above Holyoke Dam (RM 87)14
(U.S. Atlantic Salmon Assessment Committee 2005).  Smolt passage efficiency at Bellows15
Falls, Vernon, Turners Falls, and Holyoke Dams has been estimated at 80 percent at each dam16
(Boubee and Haro 2003).17

18
Optimal spawning temperature is 41 to 46.4EF (Krisweb.com undated).  Spawning habitat19
consists of coarse, clean gravel stretches that are at least 3 to 10 ft long and 3 ft wide with20
water depths 1 to 2 ft.  Self-sustaining populations of Atlantic salmon do not currently occur21
within the Connecticut River watershed are therefore, dependent on a multi-state stocking effort22
(Kart et al. 2004).  Juvenile Atlantic salmon have been stocked in streams as far north as the23
Nulhegan River, Vermont, about 350 mi upstream on the Connecticut River (FWS undated).24

25
Annual spawning runs in the Connecticut River have numbered in the hundreds but more26
recently have declined to less than one hundred.  For example, in 2004 there were only 6927
documented Atlantic salmon returns to the river, and only 1635 to all rivers in the United States28
(U.S. Atlantic Salmon Assessment Committee 2005).  Spawning run declines have been29
occurring throughout the range during the last 30 years (Gephard and McMenemy 2004).  There30
is a no-take policy for Atlantic salmon in the Connecticut River (NHFGD 2005).  The Connecticut31
River Atlantic Salmon Commission establishes annual schedules for the passage of migratory32
fish species for a number of dams on the Connecticut River (FWS 2006).  The 2006 schedule33
for upstream passage operations at Vernon Dam was May 15 through July 15 and September34
15 through November 15 for Atlantic salmon; the 2006 schedule for downstream Atlantic salmon35
passage was April 1 through June 15 for smolts and October 15 through December 31 for36
adults (FWS 2006).  The number of Atlantic salmon that have annually passed upstream of37
Vernon Dam from 1981 to 2006 has ranged from 0 to 13.  Four passed the dam in 2006 (FWS38
2006).39

40
A variety of factors, including stream hydrology, water temperatures, pH, dissolved oxygen,41
streambed characteristics, availability of food, competition, predation, pollution, and recreational42
and commercial fishing, interact to affect the survival of the various life stages of Atlantic salmon43
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in rivers and streams (Maine Atlantic Salmon Task Force 1997).  In addition to turbine mortality1
and other passage issues at dams, dams and their impoundments can delay migration of2
Atlantic salmon smolts and increase water temperature, which can lead to a loss of smolt3
characteristics.  This can have a negative impact on the capacity of smolts to survive in4
seawater and return as adults (McCormick et al. 1999).  Extended residency in impoundments5
can also increase predatory pressure to smolts.  Low pH due to acid deposition appears to be6
detrimental to outmigrating smolts.  Water temperature fluctuations in the Atlantic Ocean over7
the past ten years may be contributing to reduced adult salmon returns throughout much of their8
range (Kart et al. 2004).  Atlantic salmon recovery is also hindered by degraded water quality9
parameters, siltation in tributary streams, and predation of early life history stages by a variety of10
species including the striped bass.11

12
The results of studies conducted at VYNPS suggest that no eggs and larvae or any life stage of13
Atlantic salmon are entrained. There are no records of adults being impinged.  Each year low14
numbers of smolts are impinged at VYNPS.  These losses are inconsequential when compared15
to the total number of smolts in the river. The number of smolts impinged has been a small 16
portion of the applicant’s NPDES permit limit for Atlantic salmon (Aquatec 1978, 1990; Entergy17
2006a; Entergy and Normandeau 2004; Normandeau 1999, 2004a, 2005; VYNPS and18
Normandeau 2002). 19

20
The only life stages of the Atlantic salmon exposed to the VYNPS thermal plume are smolts21
(during spring) and migrating adults (during spring and fall).  The schedule for upstream fish22
passage operations at Vernon Dam is from mid May to mid July and from mid September to mid23
November for adult salmon.  The downstream fish passage operations are from about April 124
through mid June for smolts and mid October to the end of December for adults (FWS 2006).  25

26
Few adults pass by VYNPS as adult spawning runs in the Connecticut River are small and 9027
percent of the adults that reach Holyoke Dam are captured for broodstock.  Adult Atlantic28
salmon passage at Vernon Dam occurs during mid June (VFWD 2006).  29

30
The optimum temperature range for adult Atlantic salmon migration is 57.2 to 68EF with the31
highest temperature for normal upstream migration being about 80.6EF, depending upon32
acclimation and duration of exposure (Fay et al. 2006).  The optimum temperature range for33
smolt migration is 44.6 to 57.7EF with the highest temperature being about 66.2EF (Fay et al.34
2006). 35

36
In 2004, river temperatures of VYNPS averaged about 42.9EF in April, 57.3EF in May, and37
65.7EF in June, while at the downstream monitoring Station 3 they averaged about 43.3EF in38
April, 59.5EF in May, and 67.5EF in June.  Average daily temperatures at the Vernon Dam39
fishway from mid May through the end of June ranged from 55.5EF(May 27) to 70.6EF (June 15)40
(Normandeau 2005).  Thus, river temperatures near the VYNPS are within the tolerance limits41
of migrating adult Atlantic salmon and, most often, for migrating smolts.  June appears to be the42
only month during which water temperatures exceed tolerance limits for outmigrating smolts;43
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therefore smolt migration could potentially be affected during June.  No blockages of adult1
Atlantic salmon past Vernon Dam due to VYNPS operations were observed during Project2
SAVE (Save Available Vermont Energy) (Aquatec 1990).  Seventy-five percent of the adult3
Atlantic salmon that passed Turners Falls Dam passed the Vernon Dam fishway, while4
radiotelemetry studies of smolts revealed that downstream movement into and through the5
VYNPS thermal plume occurred without any observed delays (Aquatec 1990).  Most Atlantic6
salmon smolt migrate past VYNPS before the upper limit for survival of 82EF is exceeded7
(Normandeau 2004a).  Atlantic salmon smolts migrating past VYNPS would not be subjected to8
elevated temperatures for more than 12 hr, and could avoid the warmest waters by swimming9
around or under the plume (Normandeau 2004a).  Therefore, there may be a slight habitat10
squeeze in the migration corridor in the vicinity of VYNPS, but studies indicate that most smolts11
successfully complete their downstream migration. 12

13
Although prey items for Atlantic salmon are entrained or impinged in the VYNPS cooling14
system, there is no indication that prey populations have been measurably affected and that15
prey populations near VYNPS are not limited by station operation.  The NRC staff concludes 16
VYNPS operations would likely have a minimal adverse effect on Atlantic salmon EFH (See17
Table 7 for a summary of potential adverse effects).18

19

7.0  MITIGATION MEASURES20
21

Four categories of impacts related to VYNPS operations that could influence EFH for the22
Atlantic salmon are: (1) entrainment of Atlantic salmon early life stages; (2) impingement of23
juvenile or adult Atlantic salmon; (3) discharge of heated cooling water; and (4) mortality of24
Atlantic salmon prey species due to impingement, entrainment, or thermal effects.   The25
applicant’s NPDES permit contains operational and temperature limits to protect water quality26
and minimize impacts to aquatic biota.  The State of Vermont has established limits on the27
increase in water temperature above ambient in the Connecticut River due to station operations. 28
These limits were established, in part, to minimize impacts to Atlantic salmon during the29
spawning migration and outmigration of smolts.  Additionally, the VYNPS intake is located in an30
area devoid of unique spawning habitat for Atlantic salmon so entrainment of eggs and larvae31
are not a concern.  Should impingement of smolts prove to be a problem in the future,32
particularly if the Connecticut River salmon population increases substantially, the licensee33
could install a fish return system or operate the station in the closed-cycle cooling mode during34
the period of time the smolts are outmigrating.35

36

8.0  CONCLUSION37
38

For each life stage, VYNPS operations were evaluated to determine whether they resulted in39
(1) no adverse impact, (2) minimal adverse impacts, or (3) substantial adverse impact on40
Atlantic salmon EFH.  These impact categories follow the standards used by the Northeast41
Regional Office of the NMFS.  The expected impacts of VYNPS operations on EFH for the42
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Atlantic salmon are summarized in Table 7.  Because VYNPS operates for a portion of the year1
in a once-through mode, it has the potential to have an adverse impact on EFH for the Atlantic2
salmon due to withdrawal from the Connecticut River.  However, the low level of interactions3
between the Atlantic salmon and the facility, as well as current mitigation measures in place at4
VYNPS, reduce the potential adverse effect on the various life stages of the Atlantic salmon and5
their respective EFHs.  The 316(a) and (b) Demonstration that has been conducted at VYNPS,6
coupled with results of annual impingement, entrainment, and riverine sampling of fish required7
by NPDES permit stipulations, have demonstrated that VYNPS operations do not have an8
adverse effect on the aquatic biota in the Connecticut River, including the movement of9
migrating Atlantic salmon smolts and adults (Aquatec 1978, 1990; Entergy 2006a; Entergy and10
Normandeau 2004; Normandeau 1999, 2004a, 2005; VYNPS and Normandeau 2002).  The11
affected area from VYNPS operations would not affect any habitats in or near bays, estuaries,12
or offshore areas. Accordingly, there would be no adverse effects on EFH or Federally 13
managed species in such areas.  The NRC staff concludes that license renewal of VYNPS for14
an additional 20 years of operation would result in a minimal adverse effect on EFH of the15
Atlantic salmon.16
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Table 7.  Impacts of VYNPS Operations on EFH of the Atlantic Salmon1
Life2

Stage3 EFH Description
Expected Effect

of VYNPS Operations on EFH

Eggs4 Bottom habitats with gravel or cobble
riffles above or below a pool in rivers;
clean, well-oxygenated water with
water temperatures <50EF and water
depths of 30 to 61 cm (1 to 2 ft); occur
most frequently between October and
April.

No Adverse Effect.  No spawning habitat near
plant.  Additionally, eggs incubate in gravel and are,
therefore, not subject to entrainment.  Spawning
areas not affected by thermal discharges.

Larvae5 Bottom habitats with gravel or cobble
riffles above or below a pool in rivers;
clean, well-oxygenated water with
water temperatures <50EF; occur most
frequently between March and June for
alevins/fry.

No Adverse Effect.  No spawning habitat near the
plant so no thermal effects.  Additionally, alevins
remain buried in gravel and once fry emerge from
the redd they tend to remain in their natal stream.
Therefore, larvae are not subject to entrainment.

Juveniles6 Shallow gravel/cobble habitats
interspersed with deeper riffles and
pools in rivers and estuaries; clean,
well-oxygenated water with water
temperatures 77EF; prefers water
depths of 10 to 61 cm (0.3 to 2 ft) and
water velocities of 30 to 92 cm/s (1 to 3
ft/s).

Minimal Adverse Effect.  Parr habitat no present in
immediate area of VYNPS therefore no thermal
effects.  Smolts not commonly impinged;
impingement numbers well below yearly NPDES
permit limits.  Prey items are entrained or impinged
at VYNPS, but prey population size not affected.
Smolts move into and through the VYNPS thermal
plume without observed delays. 

Adults7 Areas with resting and holding pools in
rivers and estuaries for adults returning
to spawn; water temperatures <73EF
and with dissolved oxygen levels >5
ppm; oceanic adults are mainly pelagic
and range from the continental shelf off
southern New England north
throughout the Gulf of Maine.

Minimal Adverse Effect.  Very few returning
Atlantic salmon allowed to continue upstream
spawning migrations past Holyoke Dam.  Generally,
those that pass Turners Falls Dam also pass Vernon
Dam, and most of those subsequently pass Bellows
Falls Dam. Few post-spawning adults expected to
pass the VYNPS area. Generally, impingement of
adults would be unlikely.  Adults do not feed while in
freshwater; thus, other fish species impinged at
VYNPS do not comprise a loss of prey items for
adult Atlantic salmon.  Thermal effects on adults not
observed and unlikely.

Spawning8
Adults9

Bottom habitats with gravel or cobble
riffles above or below a pool in rivers;
clean, well-oxygenated water with
temperatures <50EF, depths of 30 to
61 cm (1 to 2 ft), and velocities about
61 cm/s (2 ft/s); spawning most
frequently occurs in October and
November.

No Adverse Effect. No spawning habitat near the
plant so no adverse effect due to thermal discharges
or impingement. 

Sources:  Maine Atlantic Salmon Task Force 1997; NMFS 1998, 2006a; Scott and Crossman 197310
11
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(a) The GEIS was originally issued in 1996.  Addendum 1 to the GEIS was issued in 1999.  Hereafter, all
references to the “GEIS” include the GEIS and its Addendum 1.
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Appendix F1

2

Generic Environmental Impact Statement3

Environmental Issues Not Applicable to4

Vermont Yankee Nuclear Power Station5
6
7

Table F-1 lists those environmental issues listed in the Generic Environmental Impact8
Statement for License Renewal of Nuclear Plants (GEIS) (NRC 1996, 1999)(a) and Title 10,9
Part 51, of the Code of Federal Regulations (10 CFR Part 51), Subpart A, Appendix B,10
Table B-1, that are not applicable to Vermont Yankee Nuclear Power Station (VYNPS) because11
of plant or site characteristics.12

13
Table F-1.  GEIS Environmental Issues Not Applicable to VYNPS14

15
ISSUE–10 CFR Part 51, Subpart A,16

Appendix B, Table B-117 Category
GEIS

Sections Comment

SURFACE-WATER QUALITY, HYDROLOGY, AND USE (FOR ALL PLANTS)18

Altered salinity gradients19 1 4.2.1.2.2;
4.4.2.2

VYNPS does not discharge to
an estuary.

Altered thermal stratification of lakes20
21

1 4.2.1.2.2;
4.4.2.2

VYNPS does not use surface
water from lakes.

GROUNDWATER USE AND QUALITY22

Groundwater-use conflicts (potable and23
service water, and dewatering; plants that24
use >100 gpm)25

2 4.8.1.1;
4.8.2.1

VYNPS does not use
>100 gpm of groundwater. 

Groundwater-use conflicts (Ranney wells)26 2 4.8.1.4 VYNPS does not use Ranney
wells.

Groundwater-quality degradation (Ranney27
wells)28

1 4.8.2.2 VYNPS does not use Ranney
wells.

Groundwater-quality degradation29
(saltwater intrusion)30

1 4.8.2.1 VYNPS uses <100 gpm of
groundwater and  is not
located near a saltwater
body.

Groundwater-quality degradation (cooling31
ponds in salt marshes)32

1 4.8.3 VYNPS does not use a
cooling pond.
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Table F-1.  (contd)1
2

ISSUE–10 CFR Part 51, Subpart A,3
Appendix B, Table B-14 Category

GEIS
Sections Comment

Groundwater-quality degradation (cooling5
ponds at inland sites)6

2 4.8.3 VYNPS does not use a
cooling pond.

TERRESTRIAL RESOURCES7

Bird collisions with cooling towers8 1 4.3.5.2 VYNPS does not use natural
draft towers.

Cooling pond impacts on terrestrial9
resources10

1 4.4.4 VYNPS does not use a
cooling pond.

11

F.1  References12
13

10 CFR Part 51.  Code of Federal Regulations, Title 10, Energy, Part 51, “Environmental14
Protection Regulations for Domestic Licensing and Related Regulatory Functions.”15

16
U.S. Nuclear Regulatory Commission (NRC).  1996.  Generic Environmental Impact Statement17
for License Renewal of Nuclear Plants.  NUREG-1437, Vols. 1 and 2, Washington, D.C.18

19
U.S. Nuclear Regulatory Commission (NRC).  1999.  Generic Environmental Impact Statement20
for License Renewal of Nuclear Plants:  Main Report, ?Section 6.3 – Transportation, Table 9.1,21
Summary of Findings on NEPA Issues for License Renewal of Nuclear Power Plants, Final22
Report.”  NUREG-1437, Vol. 1, Addendum 1, Washington, D.C.23
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1
Appendix G2

3
4

NRC Staff Evaluation of Severe Accident Mitigation Alternatives5
(SAMAs) for Vermont Yankee Nuclear Power Station, in Support of the6

License Renewal Application Review7
8
9

G.1 Introduction10
11

Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear Operations, Inc. (Entergy)12
submitted an assessment of severe accident mitigation alternatives (SAMAs) for Vermont13
Yankee Nuclear Power Station (VYNPS) as part of the environmental report (ER) (Entergy14
2006a).  This assessment was based on the most recent VYNPS probabilistic safety15
assessment (PSA) available at that time (Model VY04R1), a plant-specific offsite consequence16
analysis performed using the MELCOR Accident Consequence Code System 2 (MACCS2)17
computer code, and insights from the VYNPS individual plant examination (IPE) (VYNPC 1993)18
and individual plant examination of external events (IPEEE) (VYNPC 1998).  In identifying and19
evaluating potential SAMAs, Entergy considered SAMAs that addressed the major contributors20
to core damage frequency (CDF) and population dose at VYNPS, as well as SAMA candidates21
for other operating plants which have submitted license renewal applications.  Entergy identified22
302 potential SAMA candidates.  This list was reduced to 66 unique SAMA candidates by23
eliminating SAMAs that:  are not applicable to VYNPS due to design differences, have already24
been implemented at VYNPS, or are similar in nature and could be combined with another25
SAMA candidate.   Entergy assessed the costs and benefits associated with each of the26
potential SAMAs and concluded in the ER that several of the candidate SAMAs evaluated are27
potentially cost-beneficial.28

29
Based on a review of the SAMA assessment, the U.S. Nuclear Regulatory Commission (NRC)30
issued a request for additional information (RAI) to Entergy by letter dated June 1, 200631
(NRC 2006a).  Key questions concerned:  findings of the Boiling Water Reactor Owners Group32
(BWROG) and the independent assessment team reviews of the VYNPS PSA; the approach33
used to assign source terms for each release category as a part of the Level 2 analysis;34
justification for the multiplier used for external events; further information on several specific35
candidate SAMAs and low cost alternatives; and details for several of the cost estimates36
provided.  Entergy submitted additional information by letters dated August 1, 2006,37
September 19, 2006, October 20, 2006 and November 6, 2006 (Entergy 2006b, Entergy 2006c,38
Entergy 2006d, Entergy 2006e).  In response to the RAIs, Entergy provided:  information39
regarding the findings of the BWROG peer review; a discussion of the process for assigning40
severe accident source terms for the Level 2 analysis; additional information regarding several41
specific SAMAs; and additional information pertaining to the cost estimates.  Additionally,42
Entergy provided two attachments to the RAI responses, containing information on a later43
version of the PSA (version VY05R0) and a revised assessment of the SAMA benefits based on44
this later version of the PSA.  This revised assessment utilizes a modified multiplier to45
account for external events exclusive of uncertainties, and a modified core inventory to account46
for plant-specific burn-up and enrichment.  Entergy’s responses addressed the NRC staff’s47
concerns.48
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(1) In the ER, Entergy bounded the combined impact of external events and uncertainties by applying
a multiplier of 10 to the estimated SAMA benefits for internal events.  In response to an RAI,
Entergy revised the analysis to include a multiplier of 3.33 to account for potential SAMA benefits
in both internal and external events, and provided a separate accounting of uncertainties. 
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An assessment of SAMAs for VYNPS is presented below.1
2

G.2 Estimate of Risk for Vermont Yankee Nuclear Power Station3
4

Entergy's estimates of offsite risk at the VYNPS are summarized in Section G.2.1.  The5
summary is followed by the NRC staff's review of Entergy's risk estimates in Section G.2.2.6

7
G.2.1 Entergy’s Risk Estimates8

9
Two distinct analyses are combined to form the basis for the risk estimates used in the SAMA10
analysis:  (1) the VYNPS Level 1 and 2 PSA model, which is an updated version of the IPE11
(VYNPC 1993) that accounts for the Extended Power Uprate (EPU) conditions, and (2) a12
supplemental analysis of offsite consequences and economic impacts (essentially a Level 313
PSA model) developed specifically for the SAMA analysis.  The ER (Entergy 2006a) included a14
SAMA analysis based on PSA version VY04R1.  Subsequently, the SAMA analysis was revised15
based on PSA version VY05R0, and submitted as part of Entergy’s RAI response (Entergy16
2006c).  The scope of the VYNPS PSA does not include external events.17

18
The baseline CDF for the purpose of the SAMA evaluation is approximately 8.0 x 10-6 per year. 19
The CDF is based on version VY05R0 of the PSA for internally-initiated events.  Entergy did not20
include the contribution from external events within the VYNPS risk estimates; however, it did21
account for the potential risk reduction benefits associated with external events by effectively22
multiplying the estimated benefits for internal events by a factor of 3.33 (1).  This is discussed23
further in Sections G.2.2 and G.6.2.24

25
The breakdown of CDF by initiating event is provided in Table G-1.  The results from the earlier26
PSA model (VY04R1) are also provided for information.  As shown in this table, events initiated27
by loss of offsite power, internal flooding, transients without the power conversion system, and28
loss of an AC bus are the dominant contributors to CDF.  Although not separately reported,29
station blackout (SBO) sequences contribute 2.3 x 10-6 per year (about 29 percent of the total 30
internal events CDF) (Entergy 2006c), while anticipated transient without scram (ATWS)31
sequences contribute 1.5 x 10-7 per year to CDF (about 2 percent of the total internal events32
CDF).  With the Loss of Offsite Power (LOOP) initiating event contributing 2.8 x 10-6 per year to33
the CDF, the percentage of LOOP events resulting in SBO is high.  This is because the34
dominant LOOP initiator involves a regional blackout due to severe weather conditions (Entergy35
2006d).36
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Table G-1.  VYNPS Core Damage Frequency1

PSA Model2 VY04R1 VY05R0

Initiating Event3
CDF*

(Per Year)

%
Contribution

to CDF

CDF*
(Per
Year

%
Contribution

to CDF

Loss of offsite power4 7.2 x 10-7 14 2.8 x 10-6 35

Internal Flooding5 1.5 X 10-6 29 1.4 x 10-6 17

Transients without power6
conversion system7

8.2 x 10-7 16 8.4 x 10-7 11

Loss of AC Bus 38 4.0 x 10-7 8 7.9 x 10-7 10

Loss of AC Bus 49 3.5 x 10-7 7 7.3 x 10-7 9

Loss of DC Bus 210 2.5 x 10-7 5 2.8 x 10-7 4

Loss of DC Bus 111 2.6 x 10-7 5 2.8 x 10-7 3

Inadvertently opened12
relief valve13

2.7 x 10-7 5 2.7 x 10-7 3

Reactor trip14 1.4 x 10-7 3 1.7 x 10-7 2

Anticipated Transient15
Without Scram16

1.4 x 10-7 3 1.5 x 10-7 2

Loss of Coolant17
Accidents18

3.7 x 10-8 1 7.3 x 10-8 1

Stuck-open relief valve19 6.9 x 10-8 1 6.5 x 10-8 1

Total loss of service20
water21

5.0 x 10-8 1 5.2 x 10-8 1

Interfacing System22
LOCA23

1.6 x 10-8 <1 3.9 x 10-8 <1

LOCA outside24
containment25

3.7 x 10-8 1 3.4 x 10-8 <1

Total CDF26 5.0 x 10-6 100 8.0 x 10-6 100
* Point Estimate27

28
29
30
31
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The Level 2 VYNPS PSA model that forms the basis for the SAMA evaluation represents an1
updated version of the original IPE Level 2 model.  The current Level 2 model utilizes a single2
containment event tree (CET), containing both phenomenological and systemic events, that is3
directly linked with the Level 1 models.  CET nodes are evaluated using supporting fault trees4
and logic rules.  Plant Damage States (also called core damage sequence functional classes)5
were defined for the purposes of summarizing and reporting the results of the Level 1 and Level6
2 analyses.7

8
The result of the Level 2 PSA is a set of 14 release categories with their respective frequency9
and release characteristics.  The results of this analysis for VYNPS are provided in Table10
RAI.2.b of the RAI responses (Entergy 2006c).  The frequency of each release category was11
obtained from the quantification of the linked Level 1 - Level 2 models and is the sum of the12
frequency of the individual accident progression CET endpoints binned into the release13
category.  The release characteristics for each release category were obtained by14
frequency-weighting the release characteristics for each CET endpoint contributing to the15
release category (Entergy 2006c).16

17
The offsite consequences and economic impact analyses use the MACCS2 code to determine18
the offsite risk impacts on the surrounding environment and public.  Inputs for these analyses19
include plant-specific and site-specific input values for core radionuclide inventory, source term20
and release characteristics, site meteorological data, projected population distribution (within an21
80-kilometer (50-mile) radius) for the year 2032, emergency response evacuation modeling, and22
economic data.  The core radionuclide inventory is derived from an ORIGEN calculation23
assuming a 4.65 percent enrichment and average burn-up (Entergy 2006b).  The magnitude of24
the onsite impacts (in terms of clean-up and decontamination costs and occupational dose) is25
based on information provided in NUREG/BR-0184 (NRC 1997b).26

27
In the revised SAMA analysis (Entergy 2006c), Entergy estimated the dose to the population28
within 80 kilometers (50 miles) of the VYNPS site to be approximately 0.151 person-sievert (Sv)29
(15.1 person-rem) per year.  The breakdown of the total population dose by containment30
release mode is summarized in Table G-2.  Containment failures within the early time frame31
(less than 6 hours following accident initiation) dominate the contributions to the population32
dose risk at VYNPS.33

34
G.2.2 Review of Entergy’s Risk Estimates35

36
Entergy’s determination of offsite risk at VYNPS is based on the following three major elements37
of analysis:38

39
C The Level 1 and Level 2 risk models of the 1993 IPE submittal (VYNPC 1993), and the40

external events analyses of the 1998 IPEEE submittal (VYNPC 1998),41
42

C The major modifications to the IPE model that have been incorporated in the VYNPS43
PSA, and44

45
46
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Table G-2.  Breakdown of Population Dose by Containment Release Mode1
2
3

Containment Release Mode4
Population Dose

(Person-Rem1 Per Year) % Contribution

Early Containment Failure5 12.8 85
Late Containment Failure6 2.1 14
Containment Bypass7 0.2 1
Intermediate Containment Failure8 < 0.1 < 1
Intact Containment9 negligible negligible
Total10 15.1 100

  1One person-Rem = 0.01 person-Sv11
12

C The MACCS2 analyses performed to translate fission product source terms and release13
frequencies from the Level 2 PSA model into offsite consequence measures.14

15
Each of these analyses was reviewed to determine the acceptability of Entergy’s risk estimates16
for the SAMA analysis, as summarized below. 17

18
The NRC staff's review of the VYNPS IPE is described in an NRC report dated19
February 9, 1996 (NRC 1996).  Based on a review of the IPE submittal, the NRC staff20
concluded that the IPE submittal met the intent of Generic Letter (GL) 88-20; that is, the21
licensee’s IPE process is capable of identifying the most likely severe accidents and severe22
accident vulnerabilities.  It was noted, however, that internal flooding and weather related LOOP23
initiators were to be included in the IPEEE, but not in the IPE.  The current internal-event PSA,24
however, includes both internal flooding and weather-related LOOP initiators.  No severe25
accident vulnerabilities associated with either core damage or poor containment performance26
were identified in the IPE. 27

28
While no vulnerabilities were identified in the IPE and no hardware modifications were proposed29
as a result of the IPE, several plant improvements were identified and implemented prior to and30
in conjunction with the IPE.  These improvements included:  replacement of uninterrupted power31
supply for the low pressure coolant injection system injection valves, improvement of the safety32
relief valve and main steam isolation valve (MSIV) pneumatic components, replacement of33
instrument air compressors and upgrade of the residual heat removal service water (RHRSW)34
system (NRC 1996).35

36
The VYNPS IPEEE analysis of internal flooding yielded a CDF of 9.0 x 10-6 per year.  The NRC37
staff IPEEE SER (NRC 2001) concluded, with respect to the internal flooding, that while the38
analysis process is capable of identifying the most likely severe accidents, insufficient39
information was provided and that this weakness may inhibit its use in other regulatory40
applications.  The internal flooding analysis has been subsequently updated, and the current41
CDF is 1.4 x 10-6 per year.  The model has also been incorporated within the scope of the42
internal-events PSA.  The internal flooding model is discussed further in Section G.3.2.43

44
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The VYNPS IPEEE listed 14 opportunities for improvements with respect to internal flooding.  In1
response to an RAI, Entergy provided the status of these 14 improvements.  Eleven have been2
implemented and credited in the current flooding risk analysis or were shown by analysis not to3
be required.  The remaining three were judged to mitigate non-credible events or not have a4
significant impact on risk.  In response to a staff RAI, Entergy described a review of the revised5
flooding risk analysis performed in 2002 to identify modifications that would further reduce the6
flooding risk (Entergy 2006e).  A modification to provide spray shielding in two areas was7
identified and included in the current analysis as a candidate SAMA.  No other modifications,8
short of major structural or relocation changes were identified.  The NRC staff concludes that9
the opportunity for internal flood-related SAMAs has been adequately explored and that it is10
unlikely that there are any additional potentially cost-beneficial, internal flood-related SAMA11
candidates.12

13
There have been numerous revisions to the IPE model since the 1993 IPE submittal.  A14
comparison of internal events CDF between the 1993 IPE and the current PSA model (version15
VY05R0) indicates an increase of approximately 3.7 x 10-6 per year (from 4.3 x 10-6 per year to16
8.0 x 10-6 per year).  However, as indicated above, the 1993 IPE did not include internal17
flooding, which originally had an estimated CDF of 9.0 x 10-6 per year.  If this is added to the18
1993 IPE value for internal events, the resulting CDF is 1.3 x 10-5 per year.  This indicates a19
reduction in the CDF between the 1993 IPE and the current PSA model of 5 x 10-6 per year20
(from 1.3 x 10-5 per year to 8.0 x 10-6 per year). 21

22
A comparison of the contributors to the total CDF indicates that some have increased while23
others have decreased from the IPE.  The most notable changes are in the LOOP, which has24
increased from approximately 8.6 x 10-7 per year to 2.8 x 10-6 per year, internal flooding, which25
decreased from approximately 9.0 x 10-6 per year (from the IPEEE) to 1.4 x 10-6 per year and26
ATWS, which decreased from approximately 8 x 10-7 per year to 1.5 x 10-7 per year.  A summary27
listing of those changes that resulted in the greatest impact on the internal events CDF made in28
the various revisions of the PSA was provided in response to a staff request for additional29
information and is summarized in Table G-3. 30

31
The CDF value from the 1993 IPE (1.3 x 10-5 per year, including the contribution from internal32
flooding events) is near the average of the CDF values reported in the IPEs for boiling-water33
reactor (BWR) 3/4 plants.  Figure 11.2 of NUREG-1560 shows that the IPE-based total internal34
events CDF for BWR 3/4 plants ranges from 9 x 10-8 to 8 x 10-5 per year, with an average CDF35
for the group of 2 x 10-5 per year (NRC 1997a).  It is recognized that other plants have updated36
the values for CDF subsequent to the IPE submittals to reflect modeling and hardware changes. 37
The current internal events CDF results for VYNPS (8.0 x 10-6 per year) are comparable to or38
somewhat lower than that for other plants of similar vintage and characteristics.39

40
The NRC staff considered the peer reviews performed for the VYNPS PSA, and the potential41
impact of the review findings on the SAMA evaluation.  In the ER and in a response to a staff42
RAI (Entergy 2006a, 2006b), Entergy described the peer review by the BWROG of the 199843
model (Model VY118) conducted in September of 2000.  Entergy also provided a list of44

45
46
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Table G-3.  VYNPS PSA Historical Summary1
PSA2

Version3
Summary of Changes from Prior model1 CDF

per year

19934 IPE Submittal - no internal flooding
(With 1998 IPEEE internal flooding of 9.0 x 10-6 added)

4.3 x 10-6

(1.3 x 10-5)

19985
Model6
Update7
(VY118)8

Reviewed by BWROG in 2000 
(With 1998 IPEEE internal flooding of 9.0 x 10-6 added)
- corrected modeling limitations found in IPE
- incorporated impact of three design changes (ATWS rule instrumentation, normal
position of LPCI/RHR minimum flow valve, and standby position of torus vent valve)

4.9 x 10-6

(1.4 x 10-5)

VY00R09 - Integrated individual models (transients, LOCAs, internal flooding, ISLOCA, LOCA
outside containment and Level 2) into single model
- updated component failure database

1.8 x 10-5

VY02R010 - Incorporated major design changes (addition of fourth battery charger, replacement
of 24VDC batteries  with 125VDC to 24VDC converter, and containment nitrogen
system model revised to reflect new piping and nitrogen supply)
- Updated failure rate and unavailability data
- Updated initiating event frequencies
- Updated internal flooding model to include:  two separate initiators for SW line break
in torus room, revised human error probabilities, and additional credit for CRD system

4.2 x 10-6

VY02R6 11 - Revised non-recovery factors for loss of service water and loss of offsite power
- Revised model to have separate initiators for SORV and IORV
- Removed credit for use of CRD for injection early in event sequences

7.8 x 10-6

VY04R112 - Revised model to account for effects associated with Extended Power Uprate2

- Revised treatment of SW recovery to be based on system failure modes
- Revised flooding analysis of SW line break at elevation 280'
- Updated loss of vital DC bus initiating event frequency
- Updated reactor protection system fault tree model

5.0 x 10-6

VY05R013 - Increased mission time for emergency diesel generators from 8 to 24 hours
- Updated frequency of loss of offsite power (LOOP) initiating event
- Added LOOP due to severe weather
- Revised model to include credit for use of John Deere diesel generator as an
alternate power supply for the station battery chargers
- Reevaluated human error associated with use of diesel driven fire pump 
- Added operator action to model the potential that the operator fails to adequately
control the torus vent, leading to a net positive suction head (NPSH) loss and ECCS
pump failure

8.0 x 10-6

1 Summary of changes includes the key changes made to previous model revisions not specifically listed in this table.14
2 A sensitivity study associated with the EPU application indicated that the EPU increased the CDF by 3.3 x10-7 per15
year (Entergy 2003)16

17
strengths and weaknesses identified by the peer review, and a list of ten areas for improvement18
along with their resolution.  The BWROG review concluded that the VYNPS PSA can be19
effectively used to support applications involving risk significance determinations supported by20
deterministic analysis, once the significant Facts and Observations (F&Os) are addressed.  In21
response to the NRC staff’s request for additional information concerning the application for22
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extended power uprate (Entergy 2004), Entergy indicated that a total of 104 F&Os were1
identified during the BWROG peer review, and provided a listing of the single “Category A” and2
the 51 “Category B” F&Os, along with their resolutions.  The NRC staff reviewed this material3
and concluded that the VYNPS PSA has sufficient scope, level of detail and technical adequacy4
to support the risk evaluation of the proposed EPU (NRC 2005).  In the context of the SAMA5
application, Entergy stated that all significant F&Os (i.e., A and B priority) have been resolved6
and that appropriate modeling changes have been implemented in the PSA version used to7
support SAMA analysis.8

9
The internal flooding analysis performed for the IPEEE was included within the BWROG peer10
review.  Entergy indicated that internal flooding was cited in the review as a strength and that11
there were no recommended areas for improvement associated with internal flooding.  In12
response to an RAI (Entergy 2006b), Entergy described the significant changes subsequently13
made in the internal flooding analysis to support the significant reduction in CDF due to internal14
flooding.15

16
Given that the VYNPS internal events PSA model has been peer-reviewed and the peer review17
findings were either addressed or judged to have no adverse impact on the SAMA evaluation,18
and that Entergy has satisfactorily addressed NRC staff questions regarding the PSA, the NRC19
staff concludes that the internal events Level 1 PSA model is of sufficient quality to support the20
SAMA evaluation.21

22
As indicated above, the current VYNPS PSA does not include external events.  In the absence23
of such an analysis, Entergy used the VYNPS IPEEE to identify the highest risk accident24
sequences and the potential means of reducing the risk posed by those sequences, as25
discussed below.26

27
The VYNPS IPEEE was submitted in June 1998 (VYNPC 1998), in response to Supplement 428
of GL 88-20.  This submittal included internal flooding, as well as the usual external events29
(seismic, fire and other external events).  While no fundamental weaknesses or vulnerabilities to30
severe accident risk in regard to the external events were identified, a listing of improvement31
opportunities was developed.  Improvements related to internal flooding were discussed above. 32
Additional improvements for seismic, fire, high winds and other external events are discussed33
below.  In a letter dated March 22, 2001, the NRC staff concluded that the submittals met the34
intent of Supplement 4 to GL 88-20, and that the licensee’s IPEEE process is capable of35
identifying the most likely severe accidents and severe accident vulnerabilities (NRC 2001).36

37
The VYNPS IPEEE uses a focused scope Electric Power Research Institute (EPRI) seismic38
margins analysis.  This method is qualitative and does not provide numerical estimates of the39
CDF contributions from seismic initiators (EPRI 1991).  The seismic IPEEE identified a number40
of outliers of items within the scope of the Unresolved Safety Issue (USI) A-46 program. 41
Resolution of these outliers was to be accomplished in the context of USI A-46.  Given the42
satisfactory resolution of these outliers, VYNPS found that, based on the EPRI assessment43
methodology, all high confidence low probability of failure values were greater than the 0.3g44
review level earthquake used in the IPEEE except for the condensate storage tank (CST) with a45
high confidence in low probability of failure (HCLPF) value of 0.25 and the Diesel Fuel Oil46
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Storage Tank with a HCLPF of 0.29.  The NRC review and closure of USI A-46 for VYNPS is1
documented in a letter dated March 20, 2000 (NRC 2000).  2

3
The IPEEE identifies seven opportunities for improvement related to seismic events, including4
the improvements related to the CST and Diesel Fuel Oil Storage Tank.  In response to an RAI,5
Entergy confirmed that, with the exception of improvements related to the CST, all the6
improvements identified in the IPEEE and in Tables 2.7 and 2.12 of NUREG-1742 (NRC 2002)7
have been implemented or otherwise shown not to be required (Entergy 2006b).  In response to8
an RAI, Entergy evaluated a modification to raise the CST HCLPF value.  This is discussed9
further in Section G.3.2.  Based on the information provided by the applicant, the NRC staff10
finds the treatment of seismic events to be reasonable for the purposes of the SAMA analysis.11

12
The VYNPS IPEEE fire analysis employed EPRI’s fire-induced vulnerability evaluation13
methodology to perform a qualitative and quantitative screening review and then a probabilistic14
risk analysis to estimate the CDF contribution for the areas that did not screen.  After qualitative15
screening, fire event initiation frequencies were determined for the unscreened areas for use in16
quantitative screening along with the assumption that all equipment in a compartment was17
damaged by the fire.  Using results from the IPE, a conservative CDF for the compartment was18
determined and areas with a CDF of less than 1 x 10-6 per year were screened out.  Fire19
propagation and suppression analysis was then conducted on the unscreened compartments. 20
Fire induced CDFs were determined by propagating the fire initiating events and associated21
equipment failures determined by the fire propagation and suppression analysis through event22
trees similar to those in the IPE.  The potential impact on containment performance and23
isolation was evaluated following the core damage evaluation.  The VYNPS fire CDF results,24
after updating in response to IPEEE RAIs, are presented in Table E.1-11 of the ER.  The total25
fire CDF, found by summing the values for all compartments is 5.6 x 10-5 per year.26

27
In the IPEEE, four opportunities for improvements with respect to fire events were identified. 28
These improvements were all credited in the IPEEE fire CDF.  Three of the four improvements29
involved improvements in the fire prevention inspection and barrier inspection and maintenance30
programs.  The fourth improvement involved relocating or protecting certain control cables for31
offsite power breakers.  In the ER, Entergy indicates that these improvements have been32
implemented. 33

34
The NRC staff inquired about additional steps taken to reduce fire risk and the possibility of35
additional SAMAs that might be feasible to reduce the fire risk.  Entergy provided a listing of fire36
related Phase I SAMAs that have been implemented.  Most of these SAMAs are improvements37
in the fire protection program, that while they would decrease the fire risk, are not explicitly38
credited in the fire risk analysis.  Entergy further argued that a number of the SAMAs, identified39
based on internal events analysis, would also mitigate the fire risk and identified these SAMAs40
and the affected fire zones (Entergy 2006c).  In addition, all of the dominant fire zones are41
equipped with fire detection systems and all but two of the zones have fire suppression systems42
(Entergy 2006e).  Each of the dominant contributors to the total fire CDF and the associated fire43
detection and suppression system for those fire zones are shown below.44

45
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The feasibility of adding fire suppression to the two remaining fire zones was examined and it1
was concluded that this was inappropriate to do so because of inherent complexity and2
competing risks associated with possible fire suppression designs.  Based on the above,3
Entergy concluded that no additional cost effective fire related SAMAs would be expected4
(Entergy 2006e).  The NRC staff concludes that the opportunity for fire-related SAMAs has been5
adequately explored and that it is unlikely that there are any potentially cost-beneficial, fire-6
related SAMA candidates.7

8
In the ER, Entergy states that the above CDF values are screening values and that a more9
realistic fire CDF may be about a factor of three lower (or 1.86 x 10-5 per year) based on the10
 11

Fire12
Compartment 13

Description CDF (per
year)

Fire
Detection

Fire Suppression
Type

CV14 Cable Vault, El. 262' 1.5 x 10-5 Yes CO2

SGW15 West Switchgear Room, El. 248' 9.0 x 10-6 Yes CO2

SGE16 East Switchgear Room, El. 248' 7.0 x 10-6 Yes CO2

CR17 Control Room, El. 272' 5.7 x 10-6 Yes None

RB318 Reactor Building, El. 252', Zone
RB3 (north)

5.1 x 10-6 Yes Pre-action water

RB419 Reactor Building, El. 252', Zone
RB4 (south)

3.3 x 10-6 Yes None

CVBT20 Cable Vault Battery Room, El.
262'

3.2 x 10-6 Yes CO2

TURB21 Turbine Building, All General
Areas

1.1 x 10-6 Yes Pre-action water

22
NRC staff estimate for another license renewal application.  In response to an NRC staff RAI to23
justify the factor of three reduction for VYNPS, Entergy identified seven general conservative24
assumptions applied to the fire analysis and eight conservatisms specific to fires scenarios in25
the control room or cable vault that are significant contributors to fire risk (Entergy 2006b).  Of26
the fire scenario-specific conservatisms, most can be characterized by:  (1) use of conservative27
fire frequency and severity factors, (2) no credit taken for certain plant operating procedures28
during fire events, and (3) use of a simple fire suppression analysis.  Based on the existence of29
numerous conservatisms, the NRC staff finds the use of a fire CDF of 1.86 x 10-5 per year to be30
reasonable for the purposes of the SAMA analysis.31

32
The IPEEE analysis of high winds, external floods and other external events followed the33
screening and evaluation approaches specified in Supplement 4 to GL 88-20 (NRC 1991) and34
did not identify any significant sequences or vulnerabilities (VYNPC 1998).  Based on this result,35
Entergy concluded that these other external hazards would not be expected to impact the36
conclusions of the SAMA analysis and did not consider them further.37
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Based on the aforementioned results, the external events CDF is approximately 2.33 times the1
internal events CDF (based on a negligible seismic CDF, a fire CDF of 1.86 x 10-5 per year, and2
an internal events CDF of 8.0 x 10-6 per year).  Accordingly, the total CDF from internal and3
external events would be approximately 3.33 times the internal events CDF.  In the revised4
SAMA analyses submitted in response to an RAI, Entergy multiplied the benefit that was5
derived from the internal events model by a factor of 3.33 to account for the combined6
contribution from internal and external events.  The NRC staff agrees with the applicant’s overall7
conclusion concerning the multiplier used to represent the impact of external events and8
concludes that the applicant’s use of a multiplier of 3.33 to account for external events is9
reasonable for the purposes of the SAMA evaluation.10

11
The NRC staff reviewed the general process used by Entergy to translate the results of the12
Level 1 PSA into containment releases, as well as the results of the Level 2 analysis, as13
described in the ER and in response to NRC staff requests for additional information (Entergy14
2006a, 2006b, and 2006c).  The current Level 2 model utilizes a single CET, containing both15
phenomenological and systemic events, which is linked directly to the Level 1 event trees.16

17
Entergy characterized the releases for the spectrum of possible radionuclide release scenarios18
using a set of 14 release categories, defined based on the timing and magnitude of the release19
and whether the containment remains intact or is bypassed.  The frequency of each release20
category was obtained from the quantification of a linked Level 1 - Level 2 model which21
effectively evaluates a CET for each Level 1 accident sequence.  Each CET accident22
progression end state was assigned to one of the 14 release categories.  The release23
characteristics for each release category were obtained by frequency weighting the release24
characteristics for each CET end state contributing to the release category.  The source term25
release fractions for the CET endstates were estimated based on the results of plant-specific26
analyses of the dominant CET scenarios using the Modular Accident Analysis Program (MAAP,27
Version 4.04) computer program.  The release categories, their frequencies and release28
characteristics are presented in Table RAI.2.b of Entergy’s RAI responses (Entergy 2006c).29

30
The NRC staff’s review of the Level 2 IPE concluded that it addressed the most important31
severe accident phenomena normally associated with the Mark I containment type, and32
identified no significant problems or errors (NRC 1996).  Based on the NRC staff’s review of the33
Level 2 methodology, and the fact that the Level 2 model was reviewed in more detail as part of34
the BWROG peer review, the NRC staff concludes that the Level 2 PSA provides an acceptable35
basis for evaluating the benefits associated with various SAMAs.36

37
Even though Entergy used the MACCS2 code and scaled the reference BWR core inventory for38
VYNPS plant-specific power level (1912 MWt), the NRC staff requested that Entergy evaluate39
the impact on population dose if the core inventory were based on the plant-specific burn-up40
and enrichment (NRC 2006a).  In response to the NRC staff’s request, Entergy derived a best41
estimate inventory of long-lived isotopes (such as Sr-90, Cs-134 and Cs-137) from an ORIGEN42
calculation assuming 4.65 percent enrichment and average burn-up based on expected fuel43
management practices.  This resulted in an increase of approximately 25 percent in the44
inventories of the aforementioned radionuclides relative to those considered in the ER (Entergy45
2006b).  The increase in the inventories, combined with the increase in CDF in version VY05R046
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of the PSA, resulted in an increase in total population dose from 9.2 to 15.1 person-rem per1
year, and an increase in the annual offsite economic risk monetary equivalent (discussed later)2
from $21,000 to $36,600 (Entergy 2006c).  As part of their response, Entergy provided revised3
benefit estimates for each SAMA based on the revised core inventory values and the revised4
PSA model.  The revised benefit estimates are presented and discussed in Section G.6.5

6
The NRC staff reviewed the process used by Entergy to extend the containment performance7
(Level 2) portion of the PSA to an assessment of offsite consequences (essentially a Level 38
PSA).  This included consideration of the source terms used to characterize fission product9
releases for the applicable containment release categories and the major input assumptions10
used in the offsite consequence analyses.  The MACCS2 code was utilized to estimate offsite11
consequences.  Plant-specific input to the code includes the source terms for each release12
category and the reactor core radionuclide inventory (both discussed above), site-specific13
meteorological data, projected population distribution within an 80-kilometer (50-mile) radius for14
the year 2032, emergency evacuation modeling, and economic data.  This information is15
provided in Attachment E of the ER (Entergy 2006a) and Attachment B of the RAI responses16
(Entergy 2006c).17

18
Entergy used site-specific meteorological data for the 2002 calendar year as input to the19
MACCS2 code.  The hourly data were collected from the onsite meteorological tower.  In20
response to an RAI, Entergy stated that it considered the year 2002 data to be the most current21
and complete set of data at the time of the SAMA analysis (Entergy 2006b).  Missing data was22
obtained from a backup meteorological system located on the VYNPS site.  The NRC staff23
notes that previous SAMA analyses results have shown little sensitivity to year-to-year24
differences in meteorological data and concludes that the use of the 2002 meteorological data25
in the SAMA analysis is reasonable. 26

27
The population distribution the applicant used as input to the MACCS2 analysis was estimated28
for the year 2032, based on the U.S. Census population data for 2000 (Entergy 2006a).  The29
2000 population was adjusted to account for transient population.  These data were used to30
project county-level resident populations to the year 2032 using a least squares fit method.  The31
NRC staff considers the methods and assumptions for estimating population reasonable and32
acceptable for purposes of the SAMA evaluation.33

34
The emergency evacuation model was modeled as a single evacuation zone extending out 1635
kilometers (10 miles) from the plant.  Entergy assumed that 100 percent of the population would36
move at an average speed of approximately 1.8 meters per second (4 miles per hour) with a37
delayed start time of 1 hour and 20 minutes (Entergy 2006a).  This assumption is similar to the38
NUREG-1150 study (NRC 1990), which assumed evacuation of 99.5 percent of the population39
within the emergency planning zone.  Sensitivity analyses were performed in which the40
evacuation delay time was set to 2 hours, and the evacuation speed was decreased to 1 meter41
per second (2.2 miles per hour).  The results of both sensitivity analyses showed that delayed42
evacuation and lower evacuation speed have a small impact on the population dose.  The NRC43
staff concludes that the evacuation assumptions and analysis are reasonable and acceptable44
for the purposes of the SAMA evaluation.45

46
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Site-specific economic data requiring spatial distributions as input to MACCS2 were prepared by1
specifying the data for each of the 17 counties within 80 kilometers (50 miles) of the plant.  The2
values used in each of the 240 sectors surrounding the plant corresponded to the county that3
made up a majority of the land in that sector.  Generic economic data that are applied to the4
region as a whole were revised from the MACCS2 sample problem input when better5
information was unavailable.  These included fraction of farm and non-farm wealth from6
improvements (e.g., buildings, equipment).  The agricultural economic data were extrapolated to7
2002 using average values for the 50-mile radius area from the 1987, 1992, and 1997 Census8
of Agriculture (USDA 1998).  The recommended MACCS2 growing seasons duration was9
assumed.10

11
The NRC staff concludes that the methodology used by Entergy to estimate the offsite12
consequences for VYNPS provides an acceptable basis from which to proceed with an13
assessment of risk reduction potential for candidate SAMAs.  Accordingly, the NRC staff based14
its assessment of offsite risk on the CDF and offsite doses reported by Entergy.15

16
G.3 Potential Plant Improvements17

18
The process for identifying potential plant improvements, an evaluation of that process, and the19
improvements evaluated in detail by Entergy are discussed in this section.20

21
G.3.1 Process for Identifying Potential Plant Improvements22

23
Entergy's process for identifying potential plant improvements (SAMAs) consisted of the24
following elements:  25

26
C Review of the most significant basic events from the plant-specific PSA,27

28
C Review of potential plant improvements identified in the VYNPS IPE and IPEEE,29

30
C Review of Phase II SAMAs from license renewal applications for six other U.S. nuclear31

sites, and32
33

C Review of other NRC and industry documentation discussing potential plant34
improvements.35

36
Based on this process, an initial set of 302 candidate SAMAs, referred to as Phase I SAMAs,37
was identified.  In Phase I of the evaluation, Entergy performed a qualitative screening of the38
initial list of SAMAs and eliminated SAMAs from further consideration using the following39
criteria:  40

41
C The SAMA is not applicable at VYNPS due to design differences,42

43
C The SAMA has already been implemented at VYNPS, or44

45
C The SAMA is similar in nature and could be combined with another SAMA candidate.46
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Based on this screening, 236 SAMAs were eliminated, leaving 66 for further evaluation.  The1
remaining SAMAs, referred to as Phase II SAMAs, are listed in Table E.2-1 of the ER (Entergy2
2006a) and Revised Table E.2-1 of the RAI responses (Entergy 2006c).  In Phase II, a detailed3
evaluation was performed for each of the 66 remaining SAMA candidates, as discussed in4
Sections G.4 and G.6 below.  To account for the potential impact of external events, the5
estimated benefits based on internal events were multiplied by a factor of 3.33, as previously6
discussed.  7

8
G.3.2 Review of Entergy’s Process9

10
Entergy’s efforts to identify potential SAMAs focused primarily on areas associated with internal11
initiating events.  The initial list of SAMAs generally addressed the accident sequences12
considered to be important to CDF from functional, initiating event, and risk reduction worth13
perspectives at VYNPS, and included selected SAMAs from prior SAMA analyses for other14
plants.15

16
In Table E.1-3 of the ER, Entergy provided a tabular listing of the risk significant terms or17
functions in the PSA sorted according to their risk reduction worth (RRW) in PSA version18
VY04R1 (Entergy 2006a).  A revision to this table based on PSA version VY05R0 was provided19
in response to an RAI (Entergy 2006d).  SAMAs impacting the risk significant terms would have20
the greatest potential for reducing risk.  Entergy used a RRW cutoff of 1.005, which corresponds21
to about a one-half percent change in CDF given 100-percent reliability of the SAMA.  This22
equates to a benefit (using PSA version VY05R0) of approximately $15,000 (after the benefits23
have been multiplied to account for external events).  Entergy correlated the terms with highest24
risk importance in the Level 1 PSA with the SAMAs evaluated in Phase I or Phase II, and25
showed that, with a few exceptions, all of the significant terms are addressed by one or more26
SAMAs (Entergy 2006a).27

28
The exceptions (for which Entergy did not identify any SAMAs to address risk significant terms)29
are all operator action terms, in which procedure enhancements have already been30
implemented and further procedural changes would be of little benefit.  Consequently, the only31
potential for reducing the risk would be to automate the operator action, if it has not already32
been automated.  For most of these operator actions, automating the operator actions raises33
the potential for adverse risk impacts.  For example, the operator action with the highest RRW34
involves aligning the John Deere diesel generator and the firewater system to provide alternate35
injection into the reactor for station blackout sequences.  In response to NRC staff inquiries,36
Entergy stated that if these actions were automated and spurious operation occurred, potential37
serious adverse electrical and/or fluid system interaction would be possible.  While it is possible38
to design around these interactions, this would complicate the modification and increase its cost39
(Entergy 2006e).  Entergy concluded for this operator action that no Phase II SAMAs need be40
considered.  With one exception, the same conclusion is reached for the other significant41
operator actions.  The exception is automating the starting of turbine building closed cooling42
water (TBCCW) pumps after a loss of offsite power.  For this case, the cost-benefit of43
automating this function was evaluated at the NRC staff’s request and it was found not to be44
cost-beneficial (Entergy 2006c).45

46
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For a number of the Phase II SAMAs listed in the ER, the information provided did not1
sufficiently describe the proposed modification.  Therefore, the NRC staff asked the applicant to2
provide more detailed descriptions of the modifications for several of the Phase II SAMAs3
candidates (NRC 2006a).  In response to the RAI, Entergy provided the requested information4
(Entergy 2006b).5

6
The NRC staff questioned the ability of some of the candidate SAMAs to accomplish their7
intended objectives (NRC 2006a).  In response to the RAIs, Entergy addressed the NRC staff’s8
concerns by either re-evaluating the existing SAMA using revised modeling assumptions, or by9
evaluating an alternative (additional) SAMA (Entergy 2006c).  This is discussed further in10
Section G.6.2.11

12
The NRC staff also questioned Entergy about lower cost alternatives to some of the SAMAs13
evaluated, including revising operator procedures to provide additional space cooling to the14
emergency diesel generator (EDG) room via the use of portable equipment, the use of a15
portable generator to power the battery chargers, and providing an auto-start feature to start a16
TBCCW pump automatically during a LOOP event (NRC 2006a).  In response to the RAIs,17
Entergy addressed the suggested lower cost alternatives, some of which are covered by an18
existing procedure, or are addressed by a new SAMA (Entergy 2006b, 2006c, 2006d).  This is19
discussed further in Section G.6.2.20

21
Internal flooding initiators contributes more than 17 percent of the internal events CDF (Entergy22
2006c).  In the ER, Entergy only evaluated one SAMA candidate, SAMA 47, which would23
uniquely reduce the internal flooding contribution.  In response to an RAI, Entergy indicated that24
a number of the SAMAs identified to mitigate non-flooding sequences would also mitigate25
flooding events.  Fourteen opportunities were identified in the IPEEE for improvements for26
internal flooding.  In response to the RAI, Entergy described each of the 14 improvements and27
confirmed that they were either implemented and credited in the PSA (10 of the 14) or were not28
warranted for various reasons (4 of the 14) (Entergy 2006b).  In response to further NRC staff29
inquiry, Entergy stated that an internal flooding assessment was conducted by Entergy in 2002,30
subsequent to the IPEEE assessment.  The assessment indicated SAMA 47 as a potential31
improvement and concluded that all other identified improvements to further reduce the internal32
flooding impact were either not feasible or excessively costly (Entergy 2006e).  SAMA 47 is33
discussed further is Section G.6.2.  Additionally, Entergy provided a revised Table E.1-3 of risk34
significant terms, which had changed based on the use of PSA version VY05R0.  It indicated35
that the number of internal flooding risk significant terms had dropped as a result of the PSA36
revision, from 17 to nine (Entergy 2006d). 37

38
Based on this information, the NRC staff concludes that the set of SAMAs evaluated in the ER,39
together with those identified in response to NRC staff RAIs, addresses the major internal event40
contributors to CDF (including internal flooding).41

42
Entergy did not identify VYNPS-specific candidate SAMAs for seismic events.  In the VYNPS43
IPEEE seismic analysis, all high confidence low probability of failure (HCLPF) values were44
greater than the 0.3g review level earthquake except for the CST, which had a HCLPF value of45
0.25g.  NRC requested that Entergy evaluate modifications that would raise the CST HCLPF to46
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0.3g (NRC 2006a).  Entergy indicated that the combination of strengthening the lower portion of1
the shell and additional anchorage would accomplish this goal.  To assess the benefit, operator2
failure to switch over from CST suction for high-pressure coolant injection (HPCI)/reactor core3
isolation coolant (RCIC) to torus suction was eliminated.  This resulted in a benefit (including the4
impact of uncertainties) of $17,000.  Entergy estimated the cost of implementing this SAMA to5
be $1M (Entergy 2006c).  This new SAMA would not be cost-beneficial at VYNPS.  Therefore,6
no cost-effective hardware changes were identified to address the CST.  Furthermore, Entergy7
states in the ER that several seismic-related enhancements beyond those identified in the8
IPEEE were evaluated, and that these enhancements were included in the comprehensive list9
of Phase I SAMA candidates.  Entergy identified and described these SAMAs in response to an10
RAI (Phase I SAMAs 205 through 224) and confirmed that all of these SAMAs have been11
implemented (Entergy 2006b).  Based on the licensee’s IPEEE, the A-46 efforts to identify and12
address seismic outliers, the modifications that have already been implemented, and the13
expected cost associated with further seismic risk analysis and potential plant modifications, the14
NRC staff concludes that the opportunity for seismic-related SAMAs has been adequately15
explored and that it is unlikely that there are any cost-beneficial, seismic-related SAMA16
candidates.17

18
Entergy also did not identify VYNPS-specific candidate SAMAs for fire events.  The fire risk at19
VYNPS is dominated by eight fire areas, the largest contributor being the cable vault.  The NRC20
staff asked the applicant to explain what measures were taken to further reduce risk and why21
the fire risk cannot be further reduced in a cost effective manner (NRC 2006a).  In response to22
this request, Entergy stated that most of the fire scenarios are mitigated by SAMAs responding23
to internal risk contributors.  Entergy also provided a list of fire-related Phase I SAMAs (28224
through 284) that were previously implemented.  In response to an RAI concerning the25
possibility of SAMAs to address fire events, Entergy pointed out that many of the Phase II26
SAMAs identified based on internal events risk also mitigate the fire risk.  Entergy also stated27
that all eight dominant risk significant fire areas are equipped with a fire detection system that28
alarms in the control room, and that six of the eight areas are equipped with a fire suppression29
system.  Of the two areas not equipped with fire suppression systems, Entergy indicated that30
installation of these systems is either not feasible or would entail excessive costs (Entergy31
2006e).  Therefore, no hardware changes or other modifications to further reduce the fire CDF32
were found to be cost-effective (Entergy 2006b).  33

34
In the IPEEE, five opportunities for improvements related to external flooding were identified. 35
These improvements were all related to procedural enhancements to address site flooding or36
the sealing of conduits or walls to prevent external flood penetration (NRC 2001).  In the ER,37
Entergy stated that all have been implemented and qualitatively discussed the residual risks38
from high winds, external flooding, ice, hazardous chemical transportation and nearby facility39
incidents.  These external hazards are below the threshold screening frequency and are not40
expected to impact the conclusions of the SAMA analysis.  Accordingly, Entergy considered the41
potential for SAMAs to further reduce these risks, but concluded that further modifications would42
not be cost-beneficial (Entergy 2006a).  The NRC staff concludes that the applicant’s rationale43
for eliminating these enhancements from further consideration is reasonable.44

45
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The NRC staff notes that the set of SAMAs submitted is not all inclusive, since additional,1
possibly even less expensive, design alternatives can always be postulated.  However, the NRC2
staff concludes that the benefits of any additional modifications are unlikely to exceed the3
benefits of the modifications evaluated and that the alternative improvements would not likely4
cost less than the least expensive alternatives evaluated, when the subsidiary costs associated5
with maintenance, procedures, and training are considered. 6

7
The NRC staff concludes that Entergy used a systematic and comprehensive process for8
identifying potential plant improvements for VYNPS, and that the set of potential plant9
improvements identified by Entergy is reasonably comprehensive and therefore acceptable. 10
This search included reviewing insights from the plant-specific risk studies, reviewing plant11
improvements considered in previous SAMA analyses.  While explicit treatment of external12
events in the SAMA identification process was limited, it is recognized that the prior13
implementation of plant modifications for seismic and fire events and the absence of external14
event vulnerabilities reasonably justifies examining primarily the internal events risk results for15
this purpose.16

17
G.4 Risk Reduction Potential of Plant Improvements18

19
Entergy evaluated the risk-reduction potential of the 66 remaining SAMAs that were applicable20
to VYNPS.  The majority of the SAMA evaluations were performed in a bounding fashion in that21
the SAMA was assumed to completely eliminate the risk associated with the proposed22
enhancement.  Such bounding calculations over-estimate the benefit and are conservative.23

24
Entergy used model re-quantification to determine the potential benefits.  The CDF and25
population dose reductions were estimated using the VYNPS PSA model.  The changes made26
to the model to quantify the impact of the SAMAs are detailed in Section E.2.3 of Attachment E27
to the ER (Entergy 2006a) and in Attachment B of the September 19, 2006 RAI responses28
(Entergy 2006c).  Table G-4 lists the assumptions that were considered to estimate the risk29
reduction for each of the evaluated SAMAs, the estimated risk reduction in terms of percent30
reduction in CDF and population dose, and the estimated total benefit (present value) of the31
averted risk.  The estimated benefits reported in Table G-4 reflect the combined benefit from32
both internal and external events, as well as a number of changes to the analysis methodology33
and revised VYNPS PSA subsequent to the ER.  The determination of the benefits for the34
various SAMAs is further discussed in Section G.6.35

36
The NRC staff questioned the assumptions used in evaluating the benefits or risk reduction37
estimates of certain SAMAs provided in the ER (NRC 2006a, 2006b).  For SAMA 59, increase38
the reliability of safety relief valves by adding signals to open them automatically, the NRC staff39
questioned Entergy’s modeling assumption that only medium LOCAs would be impacted by this40
modification (NRC 2006a, 2006b).  In response, Entergy re-evaluated the SAMA by eliminating41
the occurrence of all RCS overpressure events.  This revision resulted in a negligible CDF42
reduction (Entergy 2006d).  The NRC staff considers the revised assumptions for this SAMA to43
be reasonable and acceptable for purposes of the SAMA evaluation. 44

45
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Table G-4.  SAMA Cost/Benefit Screening Analysis for VYNPS (a)2

SAMA3 Assumptions
 % Risk Reduction (b) Total Benefit

Using 7%
Discount Rate

 ($) (c)

Total Benefit
Using 3%

Discount Rate
 ($) (c)

Cost ($)

CDF
Population

Dose

Additional Service Water Pump4
5

1 - Add a service water pump.6

Eliminate CDF contribution due
to loss of service water.

1 1 24,000 34,000 5,900,000

Redundant Train to EDG Building HVAC7
8

2 - Provide a redundant train/means of EDG9
Room ventilation.10

Eliminate CDF contribution from
EDG failures.

24 26 750,000 1,000,000 2,200,000 (d)

Improvements Related to Diagnosis of EDG11
Building HVAC12

13
3 - Add a diesel building high temperature14
alarm, or redundant louver and thermostat.15

Reduce probability of EDG run
failures by a factor of three.

18 19 560,000 760,000 1,300,000 (d)

Decay Heat Removal Capability16 Completely eliminate loss of
torus cooling mode of the RHR
and RHRSW system events.

6 8 230,000 310,000

4 - Install and independent method of17
suppression pool cooling.18

5,800,000

12 - Install a passive containment spray system19 5,800,000

17 - Add dedicated suppression pool cooling.20 5,800,000

Filtered Vent21 Bin successful torus venting
sequences into the Low-Low
release category

0 ~0 400 500

5 - Install a filtered containment vent to provide22
fission product scrubbing. Option 1: Gravel Bed23
Filter. Option 2: Multiple Venturi Scrubber.24

3,000,000

22 - Install a filtered vent.25 3,000,000



D
ecem

ber  2006
G

-19
D

raft N
U

R
E

G
-1437, S

upplem
ent 30

A
ppendix G

1

Table G-4.  Continued2

SAMA3 Assumptions
 % Risk Reduction (b) Total Benefit

Using 7%
Discount Rate

 ($) (c)

Total Benefit
Using 3%

Discount Rate
 ($) (c)

Cost ($)

CDF
Population

Dose

Containment Vent for ATWS Decay Heat4
Removal5

Eliminate CDF contribution from
loss of torus cooling mode of
RHR and RHRSW in ATWS
event sequences.

~0 0 0 0

6 - Install a containment vent large enough to6
remove ATWS decay heat.7

>2,000,000

56 - Install an ATWS sized vent.8 >2,000,000

Molten Core Debris Removal9 Completely eliminate
containment failures due to
core-concrete interaction (not
including liner failure).

0 11 280,000 390,000

7 - Create a large concrete crucible with heat10
removal potential under the base mate to11
contain molten core debris.12

>100,000,000

8 - Create a water-cooled rubble bed on the13
pedestal.14

19,000,000

11 - Create a core melt source reduction system15 >1,000,000

14 - Increase the depth of the concrete base16
mat or use an alternative concrete material to17
ensure melt-through does not occur.18

>5,000,000

15 - Provide a reactor vessel exterior19
cooling system.20

2,500,000

25 - Provide a means of flooding the rubble bed.21 2,500,000

22
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Table G-4.  Continued1

SAMA2 Assumptions
 % Risk Reduction (b) Total Benefit

Using 7%
Discount Rate

 ($) (c)

Total Benefit
Using 3%

Discount Rate
 ($) (c)

Cost ($)

CDF
Population

Dose

26 - Install a reactor cavity flooding system.3 8,750,000

Drywell Head Flooding4 Completely eliminate drywell
head failures due to high
temperature.

0 0 0 0

9 - Provide modification for flooding the drywell5
head.6

>1,000,000

23 - Provide a method of drywell head flooding.7 >1,000,000

Reactor Building Effectiveness8 Bin sequences with releases
into reactor building into the
Low-Low release category.

0 39 940,000 1,300,000

10 - Enhance fire protection system and9
standby gas treatment system hardware and10
procedures.11

>2,500,000

16 - Construct a building connected to primary12
containment that is maintained at a vacuum.13

>2,100,000 (d)

24 - Use alternate method of reactor building14
spray.15

>>2,500,000 (f)

Strengthen Containment16 Eliminate CDF contribution due
to ATWS and loss of
containment heat removal.

6 9 240,000 330,000

13 - Strengthen primary and secondary17
containment.18

12,000,000

18 - Create a larger volume in containment.19 8,000,000

19 - Increase containment pressure capability20
(sufficient pressure to withstand severe21
accidents).22

12,000,000
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Table G-4.  Continued2

SAMA3 Assumptions
 % Risk Reduction (b) Total Benefit

Using 7%
Discount Rate

 ($) (c)

Total Benefit
Using 3%

Discount Rate
 ($) (c)

Cost ($)

CDF
Population

Dose

27 - Add ribbing to the containment shell.4 12,000,000

Vacuum Breakers5
6

20 - Install improved vacuum breakers7
(redundant valves in each line)8

Eliminate vacuum breaker
failures and suppression pool
scrubbing failures.

~0 0 4,000 5,000 >1,000,000

Temperature Margin for Seals9
10

21 - Increase the temperature margin for seals. 11

Eliminate containment failure
due to high temperature drywell
seal failure.

0 0 0 0 12,000,000

DC Power12 Increase time available to
recover offsite power before
HPCI and RCIC are lost from 4
to 24 hours during SBO
scenarios

11 11 340,000 450,000

28 - Provide additional DC battery capacity.13 1,730,000 (d)

29 - Use fuel cells instead of lead-acid batteries.14 >1,000,000 (e)

33 - Provide 16 hour station blackout injection.15 1,730,000 (d)

40 - Install fuel cells.16 >1,000,000 (e)

41 - Extended station blackout provisions.17 1,730,000 (d)

Improved DC System18
19

30 - Provide auto-transfer of AC bus control20
power to a standby DC power source upon loss21
of the normal DC source22

Completely eliminate failures of
DC bus 1.

3 3 100,000 140,000 >500,000

23
24
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Table G-4.  Continued1
2

SAMA3 Assumptions
 % Risk Reduction (b) Total Benefit

Using 7%
Discount Rate

 ($) (c)

Total Benefit
Using 3%

Discount Rate
 ($) (c)

Cost ($)

CDF
Population

Dose

Dedicated DC Power and Additional Batteries4
and Divisions5

Completely eliminate loss of DC
bus 1 and one division of DC
power events (battery and bus).

6 6 180,000 240,000

38 - Add a dedicated DC power supply.6 3,000,000

39 - Install additional batteries or divisions.7 3,000,000

Turbine Generator8 Eliminate CDF contribution due
to failure of the Vernon Tie.

29 32 920,000 1,240,000

31 - Install a gas turbine generator.9 >>2,000,000 (f)

34 - Install a steam driven turbine generator.10 >>2,000,000 (f)

35 - Provide an alternate pump power source.11 >5,000,000 (e)

36 - Install a gas turbine.12 >2,000,000

37 - Install a dedicated RHR (bunkered) power13
supply.14

>2,000,000

Bypass Diesel Generator Trips15
16

32 - Change procedure to bypass diesel17
generator trips, or change trip set-points.18

Reduce probability of EDG
failing to run by a factor of three.

18 19 560,000 760,000 >1,200,000 (d)

Locate RHR Inside Containment19
20

42 - Locate residual heat removal (RHR) inside21
containment.22

Bin ISLOCA accident
sequences into the same end
states as medium LOCA
accident sequences.

<1 <1 20,000 28,000 >500,000

ISLOCA23
24

43 - Increase frequency of valve leak testing.25

Eliminate CDF contribution due
to ISLOCA.

<1 <1 20,000 28,000 100,000
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Table G-4.  Continued2

SAMA3 Assumptions
 % Risk Reduction (b) Total Benefit

Using 7%
Discount Rate

 ($) (c)

Total Benefit
Using 3%

Discount Rate
 ($) (c)

Cost ($)

CDF
Population

Dose

ISLOCA Release4
5

44 - Ensure all ISLOCA releases are scrubbed.6

Bin ISLOCA sequences into the
Low-Low release category.

0 1 32,000 45,000 >2,500,000

Containment Isolation Valve Position Indication7
8

45 - Add redundant and diverse limit switches to9
each containment isolation valve.10

Eliminate CDF contribution due
to ISLOCA and make
containment isolation successful
in the level 2 model.

<1 <1 20,000 28,000 >1,000,000

MSIV Design11
12

46 - Improve MSIV design.13

Eliminate CDF contribution due
to main steam line LOCA
outside containment.

~0 0 0 0 >1,000,000 (e)

Shield Electrical System fro Water Spray14
15

47 - Shield injection system electrical equipment16
from potential water spray.17

Eliminate CDF contribution due
to internal flooding initiators that
could impact injection system
electrical equipment.

3 2 68,000 90,000 250,000

Diesel to CST Makeup Pumps18
19

48 - Install an independent diesel for the20
condensate storage tank makeup pumps.21

Eliminate operator failure to
switch over from CST to torus.

2 0 8,000 9,000 135,000

High Pressure Injection System22 Eliminate CDF contribution due
to failure of the HPCI system.

28 25 740,000 1,000,000

49 - Provide an additional high pressure23
injection pump with independent diesel.24

5,000,000 (e)

50 - Install independent AC high pressure25
injection system.26

5,000,000 (e)

51 - Install a passive high pressure system.27 28,000,000 (e)

28
29
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Table G-4.  Continued1

SAMA2 Assumptions
 % Risk Reduction (b) Total Benefit

Using 7%
Discount Rate

 ($) (c)

Total Benefit
Using 3%

Discount Rate
 ($) (c)

Cost ($)

CDF
Population

Dose

53 - Install an additional active high pressure3
system.4

4,400,000 (e)

54 - Add a diverse injection system.5 4,000,000 (e)

Improve the Reliability of High Pressure6
Injection System7

8
52 - Improved high pressure systems.9

Reduce the HPCI system failure
probability by a factor of three.

19 17 500,000 670,000 4,000,000 (e)

SRV Reseat10
11

55 - Increase safety relief valve (SRV) reseat12
reliability.13

Eliminate CDF contribution due
to stuck open relief valves.

1 37 910,000 1,280,000 4,600,000 (e)

ATWS14
15

57 - Improve ATWS coping capability.16

Eliminate CDF contribution from
ATWS sequences.

2 1 28,000 36,000 >500,000

Diversity of Explosive Valves17
18

58 - Diversify explosive valve operation.19

Eliminate common cause failure
of SLC explosive valves.

0 0 0 0 >200,000

Reliability of SRVs (g)20
21

59 - Increase the reliability of safety relief valves22
by adding signals to open them automatically.23

Eliminate the occurrence of all
RCS overpressure events.

~ 0 0 1,400 1,900 >1,500,000

Improve SRV Design24
25

60 - Improve SRV design.26

Eliminate probability of SRV
failure to open for vessel
depressurization.

13 8 260,000 350,000 2,800,000 (e)

Self-Cooled ECCS Pump Seals27
28

61 - Provide self-cooled ECCS pump seals.29

Eliminate CDF contribution from
sequences involving RHR pump
failures.

<1 0 9,000 12,000 >200,000

30
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Table G-4.  Continued1

SAMA2 Assumptions
 % Risk Reduction (b) Total Benefit

Using 7%
Discount Rate

 ($) (c)

Total Benefit
Using 3%

Discount Rate
 ($) (c)

Cost ($)

CDF
Population

Dose

Large Break LOCA3
4

62 - Provide digital large break LOCA5
protection.6

Eliminate CDF contribution due
to large break LOCA.

<1 0 9,000 12,000 >100,000

Controlled Containment Venting (g)7
8

63 - Control containment venting within a9
narrow band of pressure.10

Reduce probability of
operator failing to  vent by a
factor of 3 and remover
guaranteed failure of core
spray and LPCI.

3 4 120,000 150,000 250,000

Cross-Tie of RHRSW System to RHR Loop B11
12

64 - Provide a crosstie from the RHRSW13
system to RHR loop B.14

Eliminate CDF contribution from
failure of firewater crosstie to
RHRSW loop A.

<1 0 10,000 13,000 >500,000

ECCS Low Pressure Interlock - Procedure15
Change16

17
65 - Improve operator action: Defeat low18
reactor pressure interlocks to open LPCI or19
core spray injection valves during transients20
with stuck open SRVs or LOCAs in which21
random failures prevent all low pressure22
injection valves from opening.23

Eliminate probability of ECCS
low pressure permissives
failing.

16 17 500,000 670,000 50,000

ECCS Low Pressure Interlock - Hardware24
Modification25

26
66 - Install a bypass switch to bypass the27
low reactor pressure interlocks of LPCI or28
core spray injection valves.29

Eliminate probability of ECCS
low pressure permissives
failing.

16 17 500,000 670,000 1,000,000

30
31
32
33
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Table G-4.  Continued1
2
3

(a) SAMAs in bold are potentially cost-beneficial4
(b) CDF and population dose reductions taken from a revised assessment provided in Attachment B of the RAI responses (Entergy 2006c) based on a5

revised internal events PSA, model VY05R06
(c) Estimated benefits taken from a revised assessment provided in Attachment B of the RAI responses (Entergy 2006c).  This assessment is based on: (1)7

internal events PSA version VY05R0, (2) a multiplier of 3.33 to account for potential risk reduction in both internal and external events, and (3) revised8
core inventories to reflect expected fuel management practices at VYNPS.9

(d) Estimated costs reflect revised values provided in Attachment B of the RAI responses (Entergy 2006c)10
(e) Estimated costs reflect revised values provided in response to RAI 6.b (Entergy 2006c)11
(f) Estimated costs reflect revised values provided in response to RAI IV.d (Entergy 2006d)12
(g) The assumptions, estimated benefits, CDF and population dose reductions reflect a revised analysis provided in the RAI clarifications (Entergy 2006d)13

14
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For Phase II SAMA 63, control containment venting within a narrow pressure band, Entergy1
estimated the benefit by reducing the probability of operator failure to vent by a factor of three2
(Entergy 2006a).  The NRC staff noted that the benefit of controlled venting occurs for3
sequences involving successful venting, and that these sequences are not affected by reducing4
the operator failure to vent (NRC 2006a).  In response to an RAI and a subsequent request for5
clarification, Entergy revised the PSA model binning rule to remove guaranteed failure of core6
spray and LPCI based upon successful venting of containment.  This revision resulted in a CDF7
reduction of approximately 3.2 percent, which is slightly more than the 2.8 percent CDF8
reduction previously estimated, and an increase in the estimated benefit (Entergy 2006d).  The9
NRC staff considers the revised assumptions for this SAMA to be reasonable and acceptable10
for purposes of the SAMA evaluation.11

12
The NRC staff has reviewed Entergy’s bases for calculating the risk reduction for the various13
plant improvements and concludes that the rationale and assumptions for estimating risk14
reduction are reasonable and generally conservative (i.e., the estimated risk reduction is higher15
than what would actually be realized).  Accordingly, the NRC staff based its estimates of averted16
risk for the various SAMAs on Entergy’s risk reduction estimates.17

18
G.5 Cost Impacts of Candidate Plant Improvements19

20
Entergy estimated the costs of implementing the 66 candidate SAMAs through the application of21
engineering judgement and use of other licensees’ estimates for similar improvements.  The22
cost estimates conservatively did not include the cost of replacement power during extended23
outages required to implement the modifications, nor did they include contingency costs24
associated with unforeseen implementation obstacles.  The cost estimates provided in the ER25
also did not account for inflation, which is considered another conservatism.  For those SAMAs26
whose implementation costs were originally developed for severe accident mitigation design27
alternative analyses (i.e., during the design phase of the plant), additional costs associated with28
performing design modifications to the existing plant were not included (Entergy 2006a).29

30
The NRC staff reviewed the bases for the applicant’s cost estimates (presented in Section E.2.331
of Attachment E to the ER).  For certain improvements, the NRC staff also compared the cost32
estimates to estimates developed elsewhere for similar improvements, including estimates33
developed as part of other licensees’ analyses of SAMAs for operating reactors and advanced34
light-water reactors.  The NRC staff noted that several of the cost estimates provided by the35
applicant were drawn from previous SAMA analyses for a dual-unit site.  As such, the cost36
estimates reflect implementation for two units.  Also, some of the cost estimates provided (as37
taken from other SAMA analyses) are specific to a plant’s design, such as the number of valves38
or batteries that would need to be replaced.  Therefore, the NRC staff asked the applicant to39
provide appropriate cost estimates that are specific to VYNPS (NRC 2006a).  In response to the40
NRC staff’s request, Entergy provided revised cost estimates for several SAMAs (Entergy41
2006c).  For those cost estimates that were taken from a dual-unit SAMA analysis, Entergy42
reduced the estimated costs by half.  For those SAMAs that required a more plant-specific cost43
estimate, Entergy provided new cost estimates along with a brief explanation of what the cost44
estimates include.  Additionally, Entergy provided more refined cost estimates for other SAMAs,45
as a part of the revised benefit assessment.  Refined cost estimates were used for SAMAs in46
which the revised benefits (using PSA version VY05R0) significantly changed from that provided47
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in the ER.  Revision of these cost estimates had no impact on the original conclusions that1
these SAMAs were not cost-beneficial (Entergy 2006c).  The NRC staff reviewed the costs and2
subsequent cost revisions and found them to be reasonable, and generally consistent with3
estimates provided in support of other plants’ analyses.4

5
The NRC staff concludes that the cost estimates provided by Entergy are sufficient and6
appropriate for use in the SAMA evaluation.7

8
G.6 Cost-Benefit Comparison9

10
Entergy's cost-benefit analysis and the NRC staff’s review are described in the following11
sections.12

13
G.6.1 Entergy’s Evaluation14

15
The methodology used by Entergy was based primarily on NRC’s guidance for performing 16
cost-benefit analysis, i.e., NUREG/BR-0184, Regulatory Analysis Technical Evaluation17
Handbook (NRC 1997b).  The guidance involves determining the net value for each SAMA18
according to the following formula:19

20
Net Value = (APE + AOC + AOE + AOSC) - COE where, 21
APE =   present value of averted public exposure ($)22
AOC =   present value of averted offsite property damage costs ($)23
AOE =   present value of averted occupational exposure costs ($)24
AOSC =   present value of averted onsite costs ($)25
COE =   cost of enhancement ($).26

27
If the net value of a SAMA is negative, the cost of implementing the SAMA is larger than the28
benefit associated with the SAMA and it is not considered cost-beneficial.  Entergy’s derivation29
of each of the associated costs is summarized below.30
NUREG/BR-0058 has recently been revised to reflect the agency’s policy on discount rates. 31
Revision 4 of NUREG/BR-0058 states that two sets of estimates should be developed:  one at32
three percent and one at seven percent (NRC 2004).  Entergy provided both sets of estimates 33
(Entergy 2006a).34

35
Averted Public Exposure (APE) Costs36

37
The APE costs were calculated using the following formula:38

39
APE = Annual reduction in public exposure (Δperson-rem/year)40

x monetary equivalent of unit dose ($2000 per person-rem)41
x present value conversion factor (10.76 based on a 20-year period with a 42
   7-percent discount rate).43

44
As stated in NUREG/BR-0184 (NRC 1997b), it is important to note that the monetary value of45
the public health risk after discounting does not represent the expected reduction in public46
health risk due to a single accident.  Rather, it is the present value of a stream of potential47
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losses extending over the remaining lifetime (in this case, the renewal period) of the facility. 1
Thus, it reflects the expected annual loss due to a single accident, the possibility that such an2
accident could occur at any time over the renewal period, and the effect of discounting these3
potential future losses to present value.  For the purposes of initial screening, which assumes4
elimination of all severe accidents due to internal events, Entergy calculated an APE of5
approximately $325,000 for the 20-year license renewal period.6

7
Averted Offsite Property Damage Costs (AOC)8

9
The AOCs were calculated using the following formula:10

11
AOC = Annual CDF reduction12

x offsite economic costs associated with a severe accident (on a per-event basis)13
x present value conversion factor.14

15
For the purposes of initial screening which assumes all severe accidents due to internal events16
are eliminated, Entergy calculated an annual offsite economic risk of about $36,600 based on17
the Level 3 risk analysis.  This results in a discounted value of approximately $393,000 for the18
20-year license renewal period.19

20
Averted Occupational Exposure (AOE) Costs21

22
The AOE costs were calculated using the following formula:23

24
AOE = Annual CDF reduction25

x occupational exposure per core damage event26
x monetary equivalent of unit dose27
x present value conversion factor.28

29
Entergy derived the values for averted occupational exposure from information provided in30
Section 5.7.3 of the regulatory analysis handbook (NRC 1997b).  Best estimate values provided31
for immediate occupational dose (3300 person-rem) and long-term occupational dose (20,00032
person-rem over a 10-year cleanup period) were used.  The present value of these doses was33
calculated using the equations provided in the handbook in conjunction with a monetary34
equivalent of unit dose of $2,000 per person-rem, a real discount rate of seven percent, and a35
time period of 20 years to represent the license renewal period.  For the purposes of initial36
screening, which assumes all severe accidents due to internal events are eliminated, Entergy37
calculated an AOE of approximately $3,000 for the 20-year license renewal period.38

39
Averted Onsite Costs40

41
Averted onsite costs (AOSC) include averted cleanup and decontamination costs and averted42
power replacement costs.  Repair and refurbishment costs are considered for recoverable43
accidents only and not for severe accidents.  Entergy derived the values for AOSC based on44
information provided in Section 5.7.6 of NUREG/BR-0184, the regulatory analysis handbook45
(NRC 1997b).46

47
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Entergy divided this cost element into two parts – the onsite cleanup and decontamination cost,1
also commonly referred to as averted cleanup and decontamination costs, and the replacement2
power cost.3

4
Averted cleanup and decontamination costs (ACC) were calculated using the following formula:5

6
ACC = Annual CDF reduction7

x present value of cleanup costs per core damage event8
x present value conversion factor.9

10
The total cost of cleanup and decontamination subsequent to a severe accident is estimated in11
NUREG/BR-0184 to be $1.1 x 109 (discounted over a 10-year cleanup period).  This value is12
integrated over the term of the proposed license extension.  For the purposes of initial13
screening, which assumes all severe accidents due to internal events are eliminated, Entergy14
calculated an ACC of approximately $92,600 for the 20-year license renewal period.15

16
Long-term replacement power costs (RPC) were calculated using the following formula: 17
  18

RPC = Annual CDF reduction19
x present value of replacement power for a single event20
x factor to account for remaining service years for which replacement power is21
required22
x reactor power scaling factor23

24
For the purposes of initial screening, which assumes all severe accidents due to internal events25
are eliminated, Entergy calculated an RPC of approximately $63,000 for the 20-yr license26
renewal period.27

28
Entergy based its calculations on the value of 910 megawatt electrics, which is greater than the29
current electrical output for VYNPS (after the extended power uprate).  Therefore, Entergy30
conservatively did not apply power scaling factors to determine the replacement power costs. 31
For the purposes of initial screening, which assumes all severe accidents are eliminated,32
Entergy calculated the AOSC to be approximately $156,000 for the 20-year license renewal33
period.34

35
Using the above equations, Entergy estimated the total present dollar value equivalent36
associated with completely eliminating severe accidents due to internal events at VYNPS to be 37
about $878,000.  Use of a multiplier of 3.33 to account for external events increases the value38
to $2.9M and represents the dollar value associated with completely eliminating all internal and39
external event severe accident risk at VYNPS.40

41
Entergy’s Results42

43
If the implementation costs for a candidate SAMA exceeded the calculated benefit, the SAMA44
was considered not to be cost-beneficial.  In the baseline analysis contained in the ER (using45
the PSA version VY04R1, a 7-percent discount rate, and considering the combined impact of46
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both external events and uncertainties), Entergy identified three potentially cost-beneficial1
SAMAs:2

3
C SAMA 47 – shield injection system electrical equipment from potential water spray.  This4

SAMA involves installing shields in two locations to address the impacts of breaks in5
either of the two locations.  At the 303' elevation, the shields would protect the6
emergency core cooling system (ECCS) 24V DC distribution panel.  At the 290'7
elevation, the shields would protect the ECCS instrument panel 6B (S2), channels A and8
C. 9

10
C SAMA 65 – modify procedures to allow operators to defeat the low reactor pressure11

interlock circuitry that inhibits opening the low-pressure coolant injection (LPCI) or core12
spray injection valves following sensor or logic failures that prevent all low pressure13
injection valves from opening.14

15
C SAMA 66 – install a bypass switch to allow operators to bypass the low reactor pressure16

interlock circuitry that inhibits opening the LPCI or core spray injection valves following17
sensor or logic failures that prevent all low pressure injection valves from opening.18

19
Entergy performed an additional analysis to evaluate the impact of alternative discount rates on20
the results of the SAMA assessment.  No additional SAMA candidates were determined to be21
potentially cost-beneficial (Entergy 2006a).22

23
In response to an RAI, Entergy provided a revised assessment based on a separate accounting24
of the impacts of external events and uncertainties and the use of PSA version VY05R025
(Entergy 2006c).  The revised baseline assessment resulted in identification of only one26
potentially cost-beneficial SAMA (SAMA 65).  However, when accounting for uncertainties,27
SAMA 66 was also potentially cost-beneficial.  (SAMA 47, which was marginally cost-beneficial28
in Entergy’s original SAMA assessment, is not cost-beneficial in the revised assessment.  This29
shift is due to a reduction in the multipliers used in the revised assessment for external events30
and uncertainties, which had multiple conservatisms in the ER.)  However, in response to NRC31
staff inquiries regarding estimated benefits for certain SAMAs and lower cost alternatives, four32
additional potentially cost-beneficial SAMAs were identified.  The potentially cost-beneficial33
SAMAs, and Entergy’s plans for further evaluation of these SAMAs are discussed in more detail34
in Section G.6.2.35

36
37

G.6.2 Review of Entergy’s Cost-Benefit Evaluation38
39

The cost-benefit analysis performed by Entergy was based primarily on NUREG/BR-0184 40
(NRC 1997b) and was executed consistent with this guidance. 41

42
In the ER, Entergy evaluated the reduction in risk for each SAMA in the context of an upper43
bound analysis which combined the impact of external events with the impact of uncertainties. 44
Entergy bounded the combined impact of external events and uncertainties in the ER by45
applying a multiplier of 10 to the estimated SAMA benefits in internal events.46

47
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The NRC staff requested that the baseline evaluation be revised to include only the impact of1
internal and external events (without uncertainties), and that the impact of analysis uncertainties2
on the SAMA evaluation results be considered separately (NRC 2006a).  Given that a revised3
CDF was provided in the RAI response (using PSA version VY05R0), Entergy applied the NRC4
staff request to a revised set of CDF values.  The impact of external events was considered by5
applying a multiplier of 3.33 to the estimated SAMA benefits in internal events (1+ [negligible6
seismic CDF + fire CDF of 1.86 x 10-5 per year] / [internal events CDF of 7.98 x 10-6 per year]). 7
Additionally, Entergy revised the consequence analyses on which the benefit estimates are8
based to account for fuel enrichment and burn-up expected during the period of extended9
operation.10

11
As a result of the revised baseline analysis (using PSA version VY05R0, a multiplier of 3.33 and12
a 7 percent real discount rate), Entergy found that only one SAMA candidate remained13
potentially cost-beneficial.  SAMA 65 remained cost-beneficial, while SAMAs 47 and 66 were no14
longer cost-beneficial.  When benefits were evaluated using a 3 percent discount rate, as15
recommended in NUREG/BR-0058, Revision 4 (NRC 2004), no additional SAMAs were16
determined to be potentially cost-beneficial.17

18
Entergy considered the impact that possible increases in benefits from analysis uncertainties19
would have on the results of the SAMA assessment.  In the revised ER, Entergy presents the20
results of an uncertainty analysis of the internal events CDF which indicates that the 9521
percentile value is a factor of 2.15 times the mean CDF.  Information regarding the uncertainty22
distribution of the internal events CDF of the revised analysis (using PSA version VY05R0) is23
summarized in Table G-5 (Entergy 2006c).  Entergy re-examined the Phase II SAMAs in the24
revised assessment to determine if any would be potentially cost-beneficial if the revised25
baseline benefits were increased by an additional factor of 2.15.  One additional potentially cost-26
beneficial SAMA was identified (SAMA 66).  SAMA 47, which was marginally cost-beneficial in27
Entergy’s original SAMA assessment, is not cost-beneficial in the revised assessment.  This28
shift is due to a reduction in the multipliers used in the revised assessment for external events29
and uncertainties, which had multiple conservatisms in the ER. 30

31
Table G-5. Uncertainty in the Calculated CDF for VYNPS32

Percentile33 CDF (per year)

5th34 3.81 x 10-6

50th35 6.78 x 10-6

mean36 8.42 x 10-6

95th37 1.81 x 10-5

38
Entergy has submitted the potentially cost-beneficial SAMAs 65 and 66 for engineering project39
cost-benefit analysis.  Given that SAMA 47 was no longer found to be potentially cost-beneficial40
using PSA version VY05R0, Entergy does not plan to evaluate this SAMA for implementation41
(Entergy 2006d).42

43
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The NRC staff questioned the ability of some of the candidate SAMAs identified in the ER to1
accomplish their intended objectives (NRC 2006a).  This included Phase II SAMA 46, improved2
MSIV design, Phase II SAMA 47, shield injection system electrical equipment from potential3
water spray, and Phase II SAMA 63, control containment venting within a narrow pressure4
band.  In response, Entergy provided further clarification or revised evaluations (Entergy 2006b,5
2006c, 2006d).  Of particular note is the revised evaluation of Phase II SAMA 63.6

7
Phase II SAMA 63, control containment venting within a narrow pressure band, was identified8
as a potential SAMA to prevent rapid containment depressurization when venting, thus avoiding9
adverse impacts on the ability of low pressure injection systems to take suction from the torus. 10
As described in Section G.4, Entergy revised the PSA model binning rule to remove guaranteed11
failure of core spray and LPCI based upon successful venting of containment to address the12
NRC staff’s concerns with the benefit assessment.  This revision resulted in a CDF reduction of13
approximately 3.2 percent and Entergy estimated the benefit (not including the impact of14
uncertainty) to be approximately $116,000 (Entergy 2006d).  The estimated cost of15
implementing this SAMA is approximately $250,000 (Entergy 2006c).  The NRC staff notes that16
when the impact of uncertainties is included, the benefit of SAMA 63 becomes approximately17
$250,000.  Therefore, SAMA 63 is potentially cost-beneficial.18

19
The NRC staff also requested that the applicant provide an evaluation of the costs and benefits20
of converting the vent system to a passive design or adding redundant components.  In21
response, Entergy evaluated three new SAMAs.  The benefit associated with conversion of the22
existing torus to a passive torus vent was estimated to result in a CDF reduction of 4.5 percent,23
and a benefit (including the impact of uncertainties) of $370,000.  However, Entergy estimated24
the cost of implementing this SAMA to be approximately $980,000 (Entergy 2006c). 25
Additionally, Entergy evaluated two new SAMAs associated with adding redundant components. 26
The first SAMA proposed providing an alternate power source to torus vent valve V-16-19-86. 27
The second SAMA proposed providing a redundant vent path.  The cost of these modifications28
were estimated at $720,000 and $1.5M, respectively.  In an RAI clarification, Entergy stated that29
the benefit associated with converting the existing torus vent to a passive design can be used30
as a bounding (conservative) estimate for the two new SAMAs.  While the two new SAMAs31
mitigate the failure of specific components, operator failure to implement torus venting remains32
the dominant contributor to CDF.  As such, implementation of either of these alternative SAMAs33
would provide a benefit less than $370,000 (Entergy 2006d), and would not be cost-beneficial at34
VYNPS.35

36
The NRC staff noted that for certain SAMAs considered in the ER, there may be alternatives37
that could achieve much of the risk reduction at a lower cost.  The NRC staff asked the38
applicant to evaluate several lower cost alternatives to the SAMAs considered in the ER,39
including SAMAs that had been found to be potentially cost-beneficial at other BWR plants. 40
These alternatives included:  (1) revising operator procedures to provide additional space41
cooling to the EDG room via the use of portable equipment, (2) using a portable generator to42
power the battery chargers, (3) providing an auto-start feature to start a TBCCW pump43
automatically during a LOOP event, (4) providing alternate direct current (DC) feeds to panels44
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supplied only by DC bus, and several additional alternatives (NRC 2006a).  Entergy provided a1
further evaluation of these alternatives, as summarized below.2

3
• Operator procedure revisions to provide additional space cooling to the EDG room via4

the use of portable equipment (in lieu of a redundant train of EDG room ventilation5
considered in Phase II SAMA 2) – Based on a bounding analysis in which EDG failures 6
were set to zero, Entergy estimated that this SAMA would result in a CDF reduction of7
about 24 percent, a population dose reduction of 26 percent and a benefit (including the8
impact of uncertainties) of $1,610,000.  Entergy estimated the cost of implementing this9
SAMA to be approximately $50,000 (Entergy 2006c).  Therefore, Entergy concluded that10
this low-cost alternative is potentially cost-beneficial for VYNPS.11

12
• Use a portable generator to power the battery chargers -- in response to the NRC staff’s13

inquiry regarding use of a portable generator, Entergy stated that upon a complete SBO,14
a portable generator could be used to extend the life of both 125 VDC batteries.  To15
assess the benefit, the time available for recovery of offsite power was increased from16
4 hours to 24 hours for SBO scenarios.  This resulted in a benefit (with uncertainties) of17
approximately $723,000 (Entergy 2006c).  Entergy estimated the cost of implementing18
this SAMA to be $712,000.  Therefore, Entergy concluded that this low-cost alternative is19
potentially cost-beneficial for VYNPS.20

21
• Provide an auto-start feature to start a TBCCW pump automatically during a LOOP22

event – to assess the benefit, Entergy created a model with the operator action to start a23
TBCCW pump set to guaranteed success.  This resulted in a CDF reduction of 1.424
percent and a benefit (including the impact of uncertainties) of $49,000.  (Entergy25
2006c).  Entergy estimated the cost of implementing this SAMA to be greater than26
$100,000.  Therefore, this new SAMA would not be cost-beneficial at VYNPS.27

28
• Use a portable generator to provide power to individual 125VDC motor control centers29

(MCCs) upon loss of a DC bus  - To conservatively assess the benefit, Entergy set the30
failure of the HPCI system to zero.  This is equivalent to the benefit assessment for31
SAMA 49, or approximately $1.6M (including the impact of uncertainties).  Entergy32
estimated the cost of implementing and using the portable generator to be $712,00033
(Entergy 2006d).  Therefore, Entergy concluded that this low-cost alternative is34
potentially cost-beneficial for VYNPS.35

36
• Entergy indicated that the remaining low cost alternatives identified by the NRC staff are37

either already addressed by existing plant procedures, or by a Phase II SAMA.38
39

The NRC staff notes that Entergy has submitted SAMAs 65 and 66 for engineering project cost-40
benefit analysis.  However, four additional potentially cost-beneficial SAMA were identified as a41
result of the NRC staff review, i.e., (1) control containment venting within a narrow pressure42
band (SAMA 63), (2) operator procedure revisions to provide additional space cooling to the43
EDG room via the use of portable equipment, (3) use a portable diesel generator to extend the44
life of the 125 VDC batteries, and (4) use a portable generator to provide power to individual45
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125VDC MCCs upon loss of a DC bus.  These SAMAs should also be included in the set of1
SAMAs to be further evaluated by Entergy.2

3
The NRC staff concludes that, with the exception of the potentially cost-beneficial SAMAs4
discussed above, the costs of the SAMAs evaluated would be higher than the associated5
benefits.6

7
G.7 Conclusions8

9
Entergy compiled a list of 302 SAMAs based on a review of:  the most significant basic events10
from the plant-specific PSA, insights from the plant-specific IPE and IPEEE, Phase II SAMAs11
from license renewal applications for other plants, and review of other NRC and industry12
documentation concerning potential plant improvements.  A qualitative screening removed13
SAMA candidates that (1) were not applicable at VYNPS due to design differences, (2) had14
already been implemented at VYNPS, or (3) were similar and could be combined with another15
SAMA.  Based on this screening, 236 SAMAs were eliminated leaving 66 candidate SAMAs for16
evaluation. 17

18
For the remaining SAMA candidates, a more detailed design and cost estimate were developed19
as shown in Table G-4.  The cost-benefit analyses in the original ER showed that three SAMA20
candidates were potentially cost-beneficial in the baseline analysis (Phase II SAMAs 47, 65 and21
66).  In a revised analysis, Entergy evaluated the same SAMA candidates using a later version22
of the PSA, new multipliers to account for external events and uncertainties, and core inventory23
values that better reflect plant-specific fuel management practices.  This showed that one SAMA24
was potentially cost-beneficial in the baseline analysis (Phase II SAMA 65), and one additional25
SAMA was potentially-cost beneficial when analysis uncertainties are considered (SAMA 66). 26
(SAMA 47, which was marginally cost-beneficial in Entergy’s original assessment, is not cost-27
beneficial in the revised analysis.)  Entergy has indicated that Phase II SAMAs 65 and 66 have28
been submitted for engineering project cost-benefit analysis.  The NRC staff concurs that these29
two SAMAs are potentially cost-beneficial.  In addition, as a result of the NRC staff review, four30
additional SAMAs were also found to be potentially cost-beneficial, i.e., (1) control containment31
venting within a narrow pressure band (SAMA 63), (2) operator procedure revisions to provide32
additional space cooling to the EDG room via the use of portable equipment, (3) use a portable33
diesel generator to extend the life of the 125 VDC batteries, and (4) use a portable generator to34
provide power to individual 125VDC MCCs upon loss of a DC bus.  These SAMAs should also35
be included in the set of SAMAs to be further evaluated by Entergy.36

37
The NRC staff reviewed the Entergy analysis and concludes that the methods used and the38
implementation of those methods was sound.  The treatment of SAMA benefits and costs39
support the general conclusion that the SAMA evaluations performed by Entergy are reasonable40
and sufficient for the license renewal submittal.  Although the treatment of SAMAs for external41
events was somewhat limited, the likelihood of there being cost-beneficial enhancements in this42
area was minimized by improvements that have been realized as a result of the IPEEE process,43
and inclusion of a multiplier to account for external events.44

45
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The NRC staff concurs with Entergy’s identification of areas in which risk can be further reduced1
in a cost-beneficial manner through the implementation of all the identified, potentially cost-2
beneficial SAMAs.  Given the potential for cost-beneficial risk reduction, the NRC staff agrees3
that further evaluation of these SAMAs by Entergy is warranted.  However, these SAMAs do not4
relate to adequately managing the effects of aging during the period of extended operation. 5
Therefore, they need not be implemented as part of license renewal pursuant to Title 10 of the6
Code of Federal Regulations, Part 54.7

8
G.8 References9

10
Electric Power Research Institute. 1991.  A Methodology for Assessment of Nuclear Power11
Plant Seismic Margins, Revision 1.  EPRI Report NP-6041-SL.12

13
Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear Operations, Inc. (Entergy).  2003. 14
Vermont Yankee Nuclear Power Station License No. DPR-28 (Docket No. 50-271) Technical15
Specification Proposed Change No. 263 Extended Power Uprate.  Brattleboro, Vermont. 16
(September 10, 2003).17

18
Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear Operations, Inc. (Entergy).  2004. 19
Vermont Yankee Nuclear Power Station License No. DPR-28 (Docket No. 50-271) Technical20
Specification Proposed Change No. 263, Supplement No. 5 Extended Power Uprate -21
Response to Request for Additional Information. Brattleboro, Vermont.  (January 31, 2004).22

23
Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear Operations, Inc. (Entergy).  2006a. 24
Applicant’s Environmental Report – Operating License Renewal Stage, Vermont Yankee25
Nuclear Power Station.  Docket No. 50-271.  Brattleboro, Vermont.  (January 25, 2006).26

27
Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear Operations, Inc. (Entergy).  2006b. 28
Vermont Yankee Nuclear Power Station License No. DPR-28 (Docket No. 50-271) License29
Renewal Application, Amendment 7. Entergy Nuclear Operations, Inc., Brattleboro, Vermont. 30
(August 1, 2006).31

32
Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear Operations, Inc. (Entergy).  2006c. 33
Vermont Yankee Nuclear Power Station License No. DPR-28 (Docket No. 50-271) License34
Renewal Application, Amendment 13. Entergy Nuclear Operations, Inc., Brattleboro, Vermont. 35
(September 19, 2006).36

37
Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear Operations, Inc. (Entergy).  2006d. 38
Vermont Yankee Nuclear Power Station License No. DPR-28 (Docket No. 50-271) License39
Renewal Application, Amendment 18. Entergy Nuclear Operations, Inc., Brattleboro, Vermont. 40
(October 20, 2006).41

42
43
44



Appendix G

December 2006 G-37 Draft NUREG-1437, Supplement 30

Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear Operations, Inc. (Entergy).  2006e. 1
Vermont Yankee Nuclear Power Station License No. DPR-28 (Docket No. 50-271) License2
Renewal Application, Amendment 21. Entergy Nuclear Operations, Inc., Brattleboro, Vermont. 3
(November 6, 2006).4

5
U.S. Department of Agriculture.  1998.  1997 Census of Agriculture, National Agriculture6
Statistics Service, 1998.  Available URL:  7
http://www.nass.usda.gov/census/census97/volume1/vol1pubs.htm  (Accessed September 1,8
2006)9

10
U.S. Nuclear Regulatory Commission (NRC).  1990.  Severe Accident Risks:  An Assessment11
for Five U.S. Nuclear Power Plants.  NUREG-1150, Washington, D.C.12

13
U.S. Nuclear Regulatory Commission (NRC).  1991.  Procedural and Submittal Guidance for the14
Individual Plant Examination of External Events for Severe Accident Vulnerabilities.  15
NUREG-1407, Washington, D.C.16

17
U.S. Nuclear Regulatory Commission (NRC).  1996.  Letter from Daniel H. Dorman, U.S. NRC,18
to Donald A. Reid, VYNPS.  Vermont Yankee Nuclear Power Station Individual Plant19
Examination (IPE) - Internal Events (TAC No. M74484). (February 9, 1996).20

21
U.S. Nuclear Regulatory Commission (NRC).  1997a.  Individual Plant Examination Program:22
Perspectives on Reactor Safety and Plant Performance.  NUREG-1560, Washington, D.C.23

24
U.S. Nuclear Regulatory Commission (NRC).  1997b.  Regulatory Analysis Technical Evaluation25
Handbook.  NUREG/BR-0184, Washington, D.C.26

27
U.S. Nuclear Regulatory Commission (NRC).  2000.  Letter from Richard P. Croteau, U.S. NRC28
to Samuel L. Newton, VYNPS.  Vermont Yankee Nuclear Power Station - Safety Evaluation29
Report for Unresolved Safety Issue (USI) A-46 Program Implementation (TAC No. M69490).30
(March 20, 2000). 31

32
U.S. Nuclear Regulatory Commission (NRC).  2001.  Letter from Robert M. Pulsifer, U.S. NRC33
to Michael A. Balduzzi, VYNPS.  Vermont Yankee Nuclear Power Station - Individual Plant34
Examination of External Events (IPEEE) Submittal (TAC No. M83689). (March 22, 2001).35

36
U.S. Nuclear Regulatory Commission (NRC).  2002.  Perspectives Gained From the IPEEE37
Program, Final Report, Vols. 1 and 2, NUREG-1742, Washington, D.C.38

39
U.S. Nuclear Regulatory Commission (NRC).  2003.  Letter from Mark F. Reinhart, U.S. NRC, to40
Stuart Richards and Patrick D. O’Reilly, U.S. NRC.  Results of the Vermont Yankee Nuclear41
Power Station Phase 2 Notebook Benchmarking Visit. (September 29, 2003).42

43
U.S. Nuclear Regulatory Commission (NRC).  2004.  Regulatory Analysis Guidelines of the U.S.44
Nuclear Regulatory Commission.  NUREG/BR-0058, Washington, D.C.45



Appendix G

Draft NUREG-1437, Supplement 30 G-38 December 2006

U.S. Nuclear Regulatory Commission (NRC).  2005.  Letter from Mark P. Rubin, U.S. NRC to 1
Darrell J. Roberts, U.S. NRC.  Safety Evaluation Report Input Concerning the Risk Evaluation of2
the Vermont Yankee Nuclear Power Station Extended Power Uprate Application (TAC No.3
MC0761). (October 3, 2005). 4

5
U.S. Nuclear Regulatory Commission (NRC).  2006a.  Letter from Richard L. Emch, U.S. NRC,6
to Michael Kansler, Entergy.  Request for Additional Information Regarding Severe Accident7
Mitigation Alternatives for the Vermont Yankee Nuclear Power Station (TAC No. MC9670).8
(June 1, 2006).9

10
U.S. Nuclear Regulatory Commission (NRC).  2006b.  Email from Richard L. Emch, U.S. NRC,11
to Michael Hamer, Entergy.  Request for Clarification Regarding Responses to RAIs for Severe12
Accident Mitigation Alternatives for the Vermont Yankee Nuclear Power Station (TAC No.13
MC9670). (September 27, 2006).14

15
Vermont Yankee Nuclear Power Corporation (VYNPC).  1993.  Letter from James P. Pelletier,16
VYNPS to U.S. Nuclear Regulatory Commission Document Control Desk.  Vermont Yankee17
Response to Generic Letter 88-20: Report on the Individual Plant Examination for Severe18
Accident Vulnerabilities - 10CFR 50-54 (f).  (December 21, 1993).19

20
Vermont Yankee Nuclear Power Corporation (VYNPC).  1998.  Letter from Don M. Leach,21
VYNPS to NRC Document Control Desk.  Vermont Yankee Nuclear Power Station License No.22
DPR-28 (Docket No. 50-271) Submittal of the Vermont Yankee Individual Plant Examination for23
External Events (IPEEE) Report - Response to Generic Letter 88-20, Supplement 4.  (June 30,24
1998).25

26
Vermont Yankee Nuclear Power Corporation (VYNPC).  2000.  Letter from Don M. Leach,27
VYNPS to NRC Document Control Desk.  Vermont Yankee Nuclear Power Station License No.28
DPR-28 (Docket No. 50-271) Closeout for Resolution of USI A-46 Outliers.  (January 28, 2000.)29

30



BIBLIOGRAPHIC DATA SHEET
(See instructions on the reverse)

NRC FORM 335
(9-2004)
NRCMD 3.7

U.S. NUCLEAR REGULATORY COMMISSION 1. REPORT NUMBER
(Assigned by NRC,  Add Vol., Supp., Rev.,

     and Addendum Numbers, if any.)

NUREG-1437, Supplement 30

3.  DATE REPORT PUBLISHED

MONTH

December

YEAR

2006
4. FIN OR GRANT NUMBER

2. TITLE AND SUBTITLE

Generic Environmental Impact Statement for License Renewal of Nuclear Plants
Supplement 30
Regarding Vermont Yankee Nuclear Power Station
Draft Report

5. AUTHOR(S)

See Appendix B of report

6. TYPE OF REPORT

Draft, Technical
7. PERIOD COVERED (Inclusive Dates)

8. PERFORMING ORGANIZATION  - NAME AND ADDRESS (If NRC, provide Division, Office or Region, U.S.  Nuclear Regulatory Commission, and mailing address; if contractor,

Division of License Renewal

9. SPONSORING ORGANIZATION - NAME AND ADDRESS (If NRC, type "Same as above"; if contractor, provide NRC Division, Office or Region, U.S. Nuclear Regulatory Commission, 

Same as Block 8.

provide name and mailing address.)

and mailing address.)

10. SUPPLEMENTARY NOTES

Docket No. 50-271
11. ABSTRACT (200 words or less)

This draft supplemental environmental impact statement (SEIS) has been prepared in response to an application submitted to
the NRC by Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear Operations, Inc. (Entergy) to renew the operating
licenses for Vermont Yankee Nuclear Power Station (VYNPS) for an additional 20 years under 10 CFR Part 54.  This draft SEIS
includes the NRC staff's analysis that considers and weighs the environmental impacts of the proposed action, the
environmental impacts of alternatives to the proposed action, and mitigation measures available for reducing or avoiding adverse
impacts.  It also includes the staff's preliminary recommendation regarding the proposed action.

The NRC staff's preliminary recommendation is that the Commission determine that the adverse environmental impacts of
license renewal for VYNPS are not so great that preserving the option of license renewal for energy-planning decision makers
would be unreasonable.  This recommendation is based on (1) the analysis and findings in the GEIS; (2) the Environmental
Report submitted by Entergy; (3) consultation with Federal, State, and local agencies; (4) the staff's own independent review;
and (5) the staff's consideration of public comments received during the scoping process.

12. KEY WORDS/DESCRIPTORS (List words or phrases that will assist researchers in locating the report.)

Vermont Yankee Nuclear Power Station
VYNPS
Vermont Yankee
DSEIS
Draft Supplement to the Generic Environmental Impact Statement
GEIS
NEPA
Environmental
License Renewal

14. SECURITY CLASSIFICATION

13. AVAILABILITY STATEMENT

unlimited

(This Page)

unclassified
(This Report)

unclassified
15. NUMBER OF PAGES

16. PRICE

NRC FORM 335 (9-2004) PRINTED ON RECYCLED PAPER

Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001



Printed 
on recycled 

paper

Federal Recycling Program 


	Cover.pdf
	VY_Front Matter-2.pdf
	VY_Chapter 1.pdf
	VY_Chapter 2.pdf
	VY_Chapter 3.pdf
	VY_Chapter 4-2.pdf
	VY_Chapter 5.pdf
	VY_Chapter 6.pdf
	VY_Chapter 7.pdf
	VY_Chapter 8-2.pdf
	VY_Chapter_9.pdf
	VY_Appendix_A.pdf
	VY_Appendix_B.pdf
	VY_Appendix_C.pdf
	VY_Appendix_D.pdf
	VY_Appendix_E.pdf
	VY_Appendix_E-EFH.pdf
	VY_Appendix_F.pdf
	VY_Appendix _G-2.pdf
	Form 335.pdf
	1smallrecycle.pdf
	Page 1



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 450
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for compliance with 10CFR1, Appendix A.  Created PDF documents can be opened with Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 450
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for compliance with 10CFR1, Appendix A.  Created PDF documents can be opened with Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 450
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for compliance with 10CFR1, Appendix A.  Created PDF documents can be opened with Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 450
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for compliance with 10CFR1, Appendix A.  Created PDF documents can be opened with Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 450
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for compliance with 10CFR1, Appendix A.  Created PDF documents can be opened with Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 450
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for compliance with 10CFR1, Appendix A.  Created PDF documents can be opened with Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 450
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for compliance with 10CFR1, Appendix A.  Created PDF documents can be opened with Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 450
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for compliance with 10CFR1, Appendix A.  Created PDF documents can be opened with Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 450
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for compliance with 10CFR1, Appendix A.  Created PDF documents can be opened with Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 450
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for compliance with 10CFR1, Appendix A.  Created PDF documents can be opened with Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 450
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for compliance with 10CFR1, Appendix A.  Created PDF documents can be opened with Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 450
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for compliance with 10CFR1, Appendix A.  Created PDF documents can be opened with Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 450
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for compliance with 10CFR1, Appendix A.  Created PDF documents can be opened with Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 450
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for compliance with 10CFR1, Appendix A.  Created PDF documents can be opened with Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 450
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for compliance with 10CFR1, Appendix A.  Created PDF documents can be opened with Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


