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10 CFR Part 50
Policy Statement on Severe Reactor
Accidents Regarding Future Designs
and Existing Plants
AGENCY:

Nuclear Regulatory

Commission.
ACTION: Policy statement.
SUMMARY: This statement describes the
policy the Commission intends to use to
resolve safety issues related to reactor
accidents more severe than design basis
accidents. Its main focus is on the
criteria and procedures the Commission
intends to use to certify new designs for
nuclear power plants. This policy
statement is a revision of the "Proposed
Commission Policy Statement on Severe
Accidents and Related Views on
Nuclear Reactor Regulation" that was
published for comment on April 13, 1983
(48 FR 16014). An advance notice of
proposed rulemaking, "Severe Accident
Design Criteria," published on October
2, 1980 (45 FR 65474) is being withdrawn
by a notice published elsewhere in this
issue.
FOR FURTHER INFORMATION CONTACT:
Miller B. Spangler, Special Assistant for
Policy Development, Division of
Systems Integration, Office of Nuclear
Reactor Regulation, U.S. Nuclear
Regulatory Commission, Washington
D.C. 20555, Telephone: (301) 492-7305.
SUPPLEMENTARY INFORMATION:

This

policy statement sets forth the
Commission's intentions for rulemakings
and other regulatory actions for
resolving safety issues related to reactor
accidents more severe than design basis
accidents. The main focus of this
statement is on decision procedures
involving staff approval or, optionally,
Commission certification of new
standard designs for nuclear power
plants. It also provides guidance on
decision and analytical procedures for
the resolution of severe accident issues
for other classes of future plants and for
existing plants (operating reactors and
plants under construction for which an
operating license has been applied).
Severe nuclear accidents are those in
which substantial damage is done to the
reactor core whether or not there are
serious offsite consequences. On
October 2, 1980, the Commission issued
an advance notice of proposed
rulemaking, "Severe Accident Design
Criteria," that invited public comment
on long-term proposals for treating
severe accident issues, (45 FR 65474). By
another notice published elsewhere in
this issue the Commission is

withdrawing this advance notice of
proposed rulemaking.
This policy statement is a revision of
the "Proposed Commission Policy
Statement on Severe Accidents and
Related Views on Nuclear Reactor
Regulation" published for public
comment on April 13, 1983 (48 FR 16014).

Twenty-six letters of comment on the
proposed policy statement were
received. The nuclear industry generally
supported the proposed policy statement
and suggested several modifications.
Much of the criticism of the proposed
policy statement by environmental
groups and other interested persons
focused on a perception of over-reliance
on probabilistic risk assessment,
especially when coupled with the
Commission's "Safety Goal
Development Program" (48 FR 10772,.
March 14, 1983). The Policy Statement

was revised as a result of these
suggestions and criticisms as well as
comments by the Advisory Committee
on Reactor Safeguards.
Many changes have already been
implemented in existing plants as a
result of the TMI Action Plan (NUREG0660 and NUREG-0737),' information
resulting from NRC- and industrysponsored research, and data arising
from construction and operating
experience. On the basis of currently
available information, the Commission
concludes that existing plants pose no
undue risk to public health and safety
and sees no present basis for immediate
action on generic rulemaking or other
regulatory changes for these plants
because of severe accident risk. The
Commission has ongoing nuclear safety
programs that include: the resolution of
new and several other Unresolved
Safety Issues and Generic Safety Issues;
the Severe Accident Source Term
Program; the Severe Accident Research
Program; operating experience and data
evaluation regarding failure of certain
Engineered Safety Features and safetyrelated equipment, human errors, and
other sources of abnormal events; and
scrutiny by the Office of Inspection and
Enforcement to monitor the quality of
plant construction, operation, and
maintenance. Should significant new
safety information become available,
from whatever source, to question the
conclusion of "no undue risk," then the
technical issues thus identified would be
resolved by the NRC under its backfit
policy and other existing procedures,
including the possibility of generic
rulemaking where this is justifiable.
IDocuments referenced In this Policy Statement
are available for inspection at the NRC's Public
Document Room, 1717 H Street, NW, Washington.
D.C.

One important source of new
information is the experience of NRC
and the nuclear industry with plantspecific probabilistic risk assessments.
Each of these analyses, which provide a
detailed assessment of possible accident
scenarios, has exposed relatively unique
vulnerabilities to severe accidents.
Generally, the undesirable risk from
these unique features has been reduced
to an acceptable level by low-cost
changes in procedures or minor design
modifications. Accordingly, when NRC
and industry interactions on severe
accident issues have progressed
sufficiently to define the methods of
analysis, the Commission plans to
formulate an integrated systematic
approach to an examination of each
nuclear power plant now operating or
under construction for possibly
significant risk contributors that might
be plant specific and might be missed
absent a systematic search. Following
the development of such an approach,
an analysis will be made of any plant
that has not yet undergone an
appropriate examination and costeffective changes will be made, if
needed, to ensure that there is no undue
risk to public health and safety, In
Implementing such a systematic
approach, plants under construction that
have not yet received an Operating
License will be treated essentially the
same as the manner by which operating
reactors are dealt with. That is to say, a
plant-specific review of severe accident
vulnerabilities using this approach is not
considered to be necessary to determine
adequate safety or compliance with
NRC safety regulations under the
Atomic Energy Act, or to be a necessary
or routine part of an Operating License
review for this class of plants.
Regarding the decision process for
certifying a new standard plant designan approach the Commission strongly
encourages for future plants-the Policy
Statement affirms the Commission's
belief that a new design for a nuclear
power plant can be shown to be
acceptable for severe accident concerns
if it meets the following criteria and
procedural requirements:
. Demonstration of compliance with
the procedural requirements and criteria
of the current Commission regulations,
including the Three Mile Island
requirements for new plants at reflected
in the CP Rule [10 CFR 50.34(f); 47 FR
2286];
. Demonstration of technical
resolution of all applicable Unresolved
Safety Issues and the medium-, and highpriority Generic Safety Issues, including
a special focus on assuring the!
reliability of decay heat removal
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5.

ENVIRONMENTAL IMPACTS OF POSTULATED ACCIDENTS
severe accidents are reviewed. The
potential pathways for radiation release
examined are (1) direct release to the
atmosphere, (2) fallout on open bodies of
water, and (3) groundwater. Existing severe
accident analyses were reviewed and used
to predict consequences at all sites. The
potential economic impacts of accidents
during the renewal period were also
reviewed (Section 5.3.4). To maintain a
perspective on the results of this analysis, a
discussion of the uncertainties associated
with the types of consequence analyses
used in this evaluation is provided
(Section 5.3.5). Finally, a discussion is
given on the role of severe accident
mitigation design alt~rnatives (SAMDAs)
in the license renewal process
(Section 5.4).

5.1 INTRODUCTION
This section discusses each aspect of
postulated accidents that is normally
treated in the final environmental
statements (FESs) for the operation of
nuclear power plants. Methodologies that
estimate future risks at each existing
nuclear power plant site in the United
States are developed in Section 5.3.3,
considering an additional 20-year period of
operation beyond the current license term.
The characteristics of nuclear power plant
accidents are discussed (Section 5.2.1) to
acquaint the reader with (1) the sources of
radiation from postulated accidents', (2) the
potential pathways of radiation to the
environment, and (3) the possible health
effects of exposure to such accidental
releases. Historical experience and
observed impacts of nuclear power plant
accidents are discussed next (Section 5.2.2),
followed by a description of the various
measures taken in the design and
operation of a power plant to reduce the
likelihood or consequences of an accident
(Section 5.2.3).

5.2 PLANT ACCIDENTS
5.2.1 General Characteristics of Accidents
The term "accident" refers to any
unintentional event outside the normal
plant operational envelope that results in a
release or the potential for release of
radioactive materials into the environment.
Generally, the U.S. Nuclear Regulatory
Commission (NRC) categorizes accidents
as "design basis" (i.e., the plant is designed
specifically to accommodate these) or
"severe" (i.e., those involving multiple
failures of equipment or function and,
therefore, whose likelihood is generally
lower than design-basis accidents but where
consequences may be higher), for which
plants are analyzed to determine their
response. The predominant focus in
environmental assessments is on events
that can lead to releases substantially in

The impacts of accident risks during a
license renewal period are discussed in
Section 5.3. A brief discussion of the
primary concern arising from extending the
operational life of nuclear power plants is
provided (Section 5.3.1). This concern
centers on the effects that plant aging and
increasing population can have on the
probability and consequences of accidents.
Calculation of the estimated environmental
impacts and risks due to postulated
accidents during the license extension
period is discussed in Sections 5.3.2 and
5.3.3. Consequences of design-basis and
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normally present in the water that
circulates in the reactor coolant system and
in the systems used to process gaseous and
liquid radioactive wastes in the plant.

excess of permissible limits for normal
operation. Normal release limits are
specified in the NRC's regulations
(10 CFR Part 20 and 10 CFR Part 50,
Appendix I).

Radioactive materials in power plants exist
in a variety of physical and chemical forms.
Their potential for dispersal into the
environment depends not only on
mechanical forces that might physically
transport them, but also on their inherent
properties, particularly their volatility. The
majority of these materials exist as
nonvolatile solids over a wide range of
temperatures. Some, however, are
relatively volatile solids, and a few are
gaseous at normal temperatures and
pressures. These characteristics have a
significant bearing on the assessment of the
environmental radiological impacts of
accidents.

Many features combine to minimize the
risk of accidents at nuclear power plants.
These features include high-quality
reactivity control and reactor cooling
systems and containment and backup safety
systems to respond to equipment failure.
The incorporation of safety into design,
construction, and operation is to a very
large extent devoted to minimizing the
possibility of the release of radioactive
materials from their normal places of
confinement within the plant. Descriptions
of these safety features are provided in
each licensee's final safety analysis report
(FSAR) and in the NRC's safety
evaluation report.

The gaseous materials include radioactive
forms of the chemically inert noble gases
krypton and xenon. These two gases have
the highest potential for release into the
atmosphere. If a reactor accident involving
degradation of the fuel cladding were to
occur, the release of substantial quantities
of these radioactive gases from the fuel
into the reactor cooling system would be
virtually certain. Such accidents are
low-frequency, but credible, events. For
this reason, the safety analysis of each
nuclear power plant incorporates a
hypothetical design-basis accident that
postulates the release of the entire
contained inventory of radioactive noble
gases from the fuel in the reactor into the
containment structure. If the noble gases
were further released to the environment
as a result of failure to maintain the
containment boundary, the hazard to
individuals from these noble gases would
arise predominantly through the external
gamma radiation from the airborne plume.

The plant design, including the types and
number of safety systems, takes into
consideration the specific locations of
radioactive materials within the plant; their
amounts; their nuclear, physical, and
chemical properties; and their potential for
transport into the environment and for
creating health hazards.

5.21.1 Fission Product Characteristics
By far the largest inventory of radioactive
material in a nuclear power plant is
produced as a by-product of the fission
process and is located in the uranium oxide
fuel pellets in the reactor core in the form
of fission products. During periodic
refueling shutdowns, the assemblies
containing these fuel pellets are transferred
to a spent-fuel storage pool; the second
largest inventory of radioactive material is
located in this storage area. Much smaller
inventories of radioactive materials are also
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unless the temperature of the fuel becomes
very high. Such materials tend to condense
quite rapidly when they are transported to
a lower temperature region or to dissolve
in water when it is present. This
mechanism can result in production of very
small particles that can be carried some
distance by a moving stream of gas or air.
If such particulate materials are dispersed
into the atmosphere as a result of
containment failure, they tend to be
carried downwind and deposited on
surfaces by gravitational settling (fallout) or
by precipitation (washout or rainout),
where they will become "contamination"
hazards in the environment.

The reactor containment structure and
containment support systems are designed
to minimize the possibility of this type of
release.
Radioactive forms of iodine are produced
in substantial quantities in the fuel by the
fission process, and in some chemical forms
they may be quite volatile. For these
reasons, iodine has traditionally been
regarded as having a relatively high
potential for release from the fuel into the
containment during certain design-pasis
accidents. Because iodine concentrates in
the thyroid gland, the release of
radioiodines to the atmosphere is
controlled by containment and by the use
of special systems (i.e., filters) designed to
retain the iodine.

All of these radioactive materials exhibit
the property of radioactive decay with halflife periods ranging from fractions of a
second to many days or years. Many of the
radioactive materials decay through a
sequence of decay processes, and all
eventually become stable (nonradioactive).
The radiation emitted during these decay
processes renders the radioactive materials
hazardous.

The chemical forms in which the fission
product radioiodines are found are
generally solid materials at room
temperatures; hence, they have a strong
tendency to condense (or "plate out") on
cooler surfaces. In addition, most of the
iodine compounds are quite soluble in, or
are chemically reactive with, water.
Although these properties do not prevent
the release of radioiodines from degraded
fuel, they would act to inhibit release from
the containment structure that has large
internal surface areas and may contain
large quantities of water as a result of an
accident. The same properties affect the
behavior of radioiodines that may "escape"
into the atmosphere. Thus, if it rains
during a release, or if there is moisture on
exposed surfaces (for example, dew), the
radioiodines will show a strong tendency to
be absorbed by the moisture.

5.2.1.2 Meteorological Considerations
Two separate analyses of accident
sequences are performed during the
licensing process for a nuclear power plant.
The first analysis is the determination of
the consequences for design-basis accidents
and is performed for the NRC's safety
evaluation report. This analysis is
performed to ensure that the doses to any
individual at the exclusion area boundary
over a period of 2 hours, or at the outer
boundary of the low population zone
(LPZ) during the entire period of plume
passage, will not exceed the siting dose
guidelines of 25 rem to the whole body or
300 rem to the thyroid, pursuant to
10 CFR Part 100. This analysis is used to

Other radioactive materials formed during
the operation of a nuclear power plant are
less volatile and have a much smaller
tendency to escape from degraded fuel
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accidental as for "normal" releases. These
pathways are depicted in Figure 5.1. Two
additional possible pathways that could be
significant for accident releases are not
shown in Figure 5.1. One of these
pathways is the fallout of radioactivity onto
open water or onto land with runoff into
open water bodies. The second pathway
would be unique to an accident involving
temperatures high enough to cause melting
of the reactor core and subsequent
penetration of the reactor vessel and
underlying base mat by the molten core
debris. Such an occurrence would create
the potential for the release of radioactive
material into the hydrosphere via
groundwater beneath the plant. These
pathways may lead to external exposure to
radiation and also to internal exposure if
radioactive material is contacted, inhaled,
or ingested from contaminated food or
water.

examine site suitability (10 CFR Part 100)
and the mitigative capability of certain
plant safety features (10 CFR Part 50).
The atmospheric dispersion model for this
evaluation, as described in the NRC
Regulatory Guide 1.145, uses on-site
meteorological data (typically, a multiyear
record) considered representative of the
site and vicinity to calculate relative
dilutions that will be exceeded no more
than 0.5 percent of the time in anyone
sector (22.5 0 ) and no more than 5 percent
of the time for all sectors (360 0 ) at the
exclusion area boundary and LPZ. These
dilution factors, because they provide little
plume spread, ensure site-specific
calculated doses that could be exceeded
only 5 percent of the time.
The second analysis of accident
consequences is generally found in the
environmental documentation for the most
recently licensed nuclear plants and
considers a spectrum of releases, including
those for severe accidents. Actual
meteorological conditions from a
representative 1-year period of record of
on-site data are used in this environmental
analysis. A detailed description of the
atmospheric dispersion model used to
estimate the environmental impacts of such
accidents is contained in NUREG-75/014
(formerly WASH-14oo), Appendix VI.

It is characteristic of all these pathways
that during the transport of radioactive
material by wind or water, the material
tends to spread and disperse-like a plume
of smoke from a smokestack-becoming less
concentrated in larger volumes of air or
water. The result of these natural processes
is to lessen the intensity of exposure to
individuals downwind or downstream of the
point of release, but the processes also
tend to increase the number who may be
exposed. For a release into the
atmosphere, the degree to which dispersion
reduces the concentration in the plume at
any downwind point is governed by the
turbulence characteristics of the
atmosphere, which vary considerably with
time and from place to place. This fact,
taken in conjunction with the variability of
wind direction and the presence or absence
of precipitation, means that accident
consequences depend largely upon the

I

5.21.3 Exposure Pathways
The radiation exposure (hazard) to
individuals is determined by the individual's
proximity to the radioactive materials; the
duration, intensity, and type (external
versus internal) of exposure; and factors
that act to shield the individual from the
radiation. Many of the pathways for
radiation and the transport of radioactive
materials that lead to radiation exposure
hazards to humans are the same for
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Figure 5.1 Potential exposure pathways to individuals.

weather conditions existing at the time of
the accident.

received over a relatively short period of
time (hours to a few days), can be
expected to cause some fatalities. At the
severe (but extremely low probability) end
of the accident spectrum, very high
exposures of these magnitudes are
theoretically possible for persons in
proximity to the plant if measures are not
or cannot be taken to provide protection,
such as by sheltering or evacuation.

5.21.4 Adverse Health Effects
The cause-and-effect relationships between
radiation exposure and adverse health
effects are quite complex. Whole-body
radiation exposure resulting in a dose
greater than about 25 rem over a short
period of time (hours) is necessary before
any physiological effects to an individual
are clinically detectable! shortly thereafter.
Doses about 10 to 20 times larger, also

Lower levels of exposures may constitute a
longer-term health risk. The effects of such
exposures may include randomly occurring
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cancer in the exposed population and
genetic changes in future generations after
exposure of a prospective parent. Relating
a given health effect to a known exposure
to radiation is most often not possible
because of the many other possible causes
for such effects. For this reason, it is
necessary to assess radiation-induced
cancer effects on a statistical basis.

International Commission on Radiological
Protection. The risk estimates for fatal
cancers are considered to be nominally 500
per million person-rem, consistent with the
risk factors described earlier
(Section 3.8.1.3 and Appendix E.4). In
addition, approximately 100 genetic
disorders per million person-rem are
projected for the succeeding generations.

Occurrences of cancer in the exposed
population may begin to develop only after
a lapse of 2 to 15 years (latent period)
from the time of exposure and continue
over a period of over 40 years (plateau
period). However, in the case of exposure
of fetuses (in utero), occurrences of cancer
may begin to develop at birth (no latent
period) and end at age 10 (that is, the
plateau period is 10 years). The occurrence
of cancer itself is not necessarily indicative
of a fatality because the ratio of mortality
to incidence of cancer depends upon the
cancer type and advances in medical
treatment.

5.2.1.5 Avoiding Adverse Health Effects
Radiation hazards in the environment
disappear by the natural process of
radioactive decay. Where the decay process
is a slow one, however, and where the
material becomes relatively fixed in its
location as an environmental contaminant
(such as in soil), the hazard can continue
to exist for a long period of time-months,
years, or even decades. Thus, a possible
environmental societal reaction to severe
accidents is avoidance of the potential
health hazards by restrictions on the use of
the contaminated property or contaminated
foodstuffs, milk, and drinking water.

The estimates I of health consequences used
for latent fatalities in this document are
the same estimators used in the
development of the revised 10 CFR 20
regulations. A discussion is provided in
Sections 3.8 and 4.6, and a more detailed
discussion is provided in Section E.4, which
details the recent developments in
radiation risk estimation that lead to the
health-consequence risk estimates in this
section. The discussion in Section E.4
includes background information about
epidemiology as well as health-effects
information compiled by the United
Nations Scientific Committee on the
Effects of Atomic Radiation, by the
National Academy of Sciences (reports of
Advisory Committees on the Biological
Effects of Ionizing Radiation-BEIR-I,
BEIR-III, BEIR-V), and by the
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5.2.2 Accident Experience and Observed
.Impacts
A limited number of accidents have been
recorded in the experience data of the
world's nuclear programs. The United
States, Great Britain, and the Soviet Union
have all experienced accidents of varying
magnitudes and consequences. The
following paragraphs will discuss first the
United States experience, followed by the
British and then the Soviet accident
experience.
As of September 1990, 112 commercial
nuclear power reactor units were licensed
for operation in the United States
(Table 2.1) with power-generating
capacities ranging from 72 to 1270 MW(e).
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be in the range from about 1000 to 5000
person-rem. (This range is discussed on
page 2 of NUREG-0558.) This exposure
could statistically produce between zero
and one additional fatal cancer over the
lifetime of the exposed population of
approximately 2 million in the site area.
The same population receives about
240,000 person-rem each year from natural
background radiation, and approximately a
half million cancers are expected to
develop in this group over the lifetime of
the population (NUREG/CR-1250;
President's Commission 1979), primarily
from causes other than radiation. Trace
quantities (barely above the limit of
detect ability, below allowable limits, and
less than that from fallout due to nuclear
tests) of radioiodine were found in a few
samples of milk produced in the area. No
other food or water supplies were affected.

The combined experience with these
operating units represents approximately
1300 reactor-years (RYs) of operation over
an elapsed time of about 28 years.
[An additional 6 plants, with individual
generating capacities of up to
1314 MW(e), are expected to receive an
operating license within the next 10 years.]
Several of these facilities have experienced
accidents (ORNL 1980; NUREG-0651;
Thompson and Beckerley 1964), some of
which have resulted in small releases of
radioactive material to the environment.
None is known to have caused any
radiation injury or fatality to any member
of the public, nor any significant
contamination of the environment.
Although the experience base with lightwater reactors (LWRs) having
containments such as those licensed in the
United States is not large enough to
permit reliable statistical prediction of
accident probabilities, it does, however,
suggest that significant environmental
impacts caused by accidents are not at all
likely to occur over time periods of a few
decades.

Accidents at U.S. nuclear power plants
have also caused occupational injuries and
. a few occupational fatalities, but these
were not due to radiation exposure.
Individual worker exposures have ranged
up to about 4 rem as a direct consequence
of reactor accidents (although there have
been higher exposures to individual
workers as a result of other unusual
occurrences). However, the collective
worker exposure levels (person-rem) from
accidents are a small fraction of the
exposures experienced during routine
operation; during the 1982-1986 time
period, routine exposures ranged from 23
to 2880 person-remlyear in pressurizedwater reactors (PWR) and 84 to 4080
person-remlyear in boiling-water reactors
(BWR)' per RY (NUREG-0713).

Melting or severe degradation of reactor
fuel has occurred in only one U.S.-licensed
commercial LWR-during the accident at
Three Mile Island Unit 2 (TMI-2) on
March 28, 1979. It has been estimated that
about 2.5 million Ci of noble gases (about
0.9 percent of the core inventory) and
15 Ci of radioiodine (about
0.00003 percent of the core inventory)
were released to the environment at TMI-2
(NUREG/CR-1250).2 No other radioactive
fission products were released in
measurable quantities. It has been
estimated that the maximum cumulative
off-site radiation dose to an individual was
less than 100 mrem (NUREG/CR-1250;
President's Commission 1979). The total
population exposure has been estimated to

Accidents have also occurred at other
nuclear facilities in the United States and
in other countries (ORNL 1980; Bertini
1980). Reactor fuel melted in at least
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(1957) estimates that the releases may have
caused as many as 260 cases of thyroid
cancer, about 13 of them fatal, and as
many as 7 deaths from other cancers or
hereditary diseases. This kind of accident
cannot occur in a water-moderated and
-cooled reactor like those in the U.S.
nuclear power program.

seven of these accidents: Fermi 1 (Lagoona
Beach, Michigan), St. Laurent (France),
NRX Reactor (Chalk River, Canada),
Experimental Breeder Reactor 1 (Idaho),
Heat Transfer Reactor Experiment Facility
(Idaho), Westinghouse Reactor (Waltz
Mills, Pennsylvania), and Oak Ridge
Research Reactor (Tennessee). Because of
inherent differences in design,
construction, operation, and purpose of
these other facilities, their accident record
has only indirect relevance to current
nuclear power plants. The most relevant
accident was the one in 1966 at Enrico
Fermi Atomic Power Plant Unit 1. Fermi
Unit 1 was a sodium-cooled fast breeder
demonstration reactor designed to generate
61 MW(e). The damages were repaired
and the reactor reached full power 4 years
after the accident. It operated successfully
and completed its mission in 1973. The
Fermi accident did not release any
measurable radioactivity to the
environment.

On April 26, 1986, a major accident
occurred at reactor 4 of the Chernobyl
Nuclear Power Station in the Soviet
Union. This reactor differs substantially
from LWRs licensed to operate in the
United States. The initiating event, a
reactivity insertion, was recognized as a
potential problem early in U.S. power
reactor design; consequently, licensed U.S.
power reactors are designed to prevent or
accommodate occurrences of reactivity
insertions. A major difference in safety
. between the U.S. designs and Chernobyl is
that the Chernobyl reactor did not have a
containment similar to those found on U.S.
reactors. Also, the Chernobyl plant, which
used graphite as a neutron moderator
rather than water as with U.S. designs, had
a positive power coefficient for the offnormal plant conditions that were present
at the time of the accident. Thus, the
accident has only indirect relevance to
LWRs. The release of radioactive material
from the accident was initially reported by
the Soviets to be about 100 million Ci of
fission products, but (except for the noble
gases) that estimate included only material
deposited within the European part of the
Soviet Union. As a result of the accident,
radionuclides were deposited throughout
the Northern Hemisphere.

A reactor accident in 1957 at Windscale,
England (renamed Seascale), released a
significant quantity of radioiodine,
approximately 20,000 Ci, to the
environment and minor quantities of 137Cs,
89Sr, and 90Sr (Eisenbud 1987) and 240po
(Crick and Linsley 1983). This reactor,
which was not operated to generate
electricity, used a graphite core design and
circulated air rather than water to cool the
uranium fuel. During a special operation to
heat the large amount of graphite in this
reactor (an operation normal for this
graphite-moderated reactor), the fuel
overheated and radioiodine and noble
gases were released directly to the
atmosphere from a 123-m (405-ft) stack.
Milk produced in a 518-km2 (200-mile2)
area around the facility was impounded for
up to 44 days. The United Kingdom
National Radiological Protection Board
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Of the almost 3 billion people in the
Northern Hemisphere receiving Chernobyl
radiation, about 800 million people account
for 97 percent of the total risk increment.
The remaining 3 percent of the dose
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to withstand the internal pressure and
temperature associated with design-basis
accidents.

commitment in Asia and North America
represents a minuscule risk increment.
Outside of the 30-km (19-mile) zone
surrounding Chernobyl, the incremental
increase in fatal cancer risk is a fraction of
a percent and is not likely ever to be
detected epidemiologically (DOE/ER-0332;
Goldman 1987).

The fuel-handling structures also have
accident-mitigating systems. Spent fuel is
handled and stored under water, which
would tend to greatly reduce the amount
of radioactive material released to the
building environment in the event of fuel
failure. A safety-grade exhaust air
ventilation subsystem contains both
charcoal and high-efficiency particulate
filters. The ventilation systems are also
designed to keep the area around the
spent-fuel pool below the prevailing
barometric pressure during fuel-handling
operations to minimize the outleakage
through building openings. Upon detection
of high radiation, exhaust air is routed
through the filter units, and radioactive
iodine and particulate fission products
which escaped from the spent fuel pool
would be removed from the flow stream
before exhausting to the atmosphere.

5.23 Mitigation of Accident
Consequences
5.2.3.1 Design Features
All U.S. power reactors contain system
features designed to prevent accidental
release of radioactive fission products from
the fuel and to lessen the consequences
should such a release occur. Many of the
design and operating specifications of these
features are derived from the analysis of
postulated events known as design-basis
accidents. These accident-preventing and
-mitigating system features are collectively
referred to as "engineered safety
features." Safety injection systems are
incorporated to provide -cooling water to
the reactor core during a loss-of- coolant
accident to prevent or minimize fuel
damage. Heat-removal capability is
provided inside the containment to prevent
containment failure from overpressure.
Long-term decay heat removal systems are
also provided to remove decay heat from
the core. All the mechanical systems
mentioned above are supplied with
emergency power from on-site diesel
generators in the event that normal off-site
station power is interrupted.

Much more extensive discussions of the
safety features and characteristics of a
particular plant may be found in the FSAR
for that plant. In addition, the
implementation of the lessons learned from
the TMI-2 accident-in the form of
improvements in design, procedures, and
operator training-has significantly reduced
the likelihood of a degraded-core accident
that could result in large releases of fission
products to the containment. These TMI-2related requirements are specified in
NUREG-0737.

Containment structures are used as a
mitigating system to provide a nearly
leak tight barrier to minimize the escape of
fission products to the environment in the
event of a fission product release inside
containment. These structures are designed

5.2.3.2 Site Features
The NRC's site criteria, found in 10 CFR
Part 100, require that every power reactor
site have certain characteristics that tend to
reduce the risk and potential impact of
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of foodstuffs is planned) of about 80 km
(50 miles) in radius are required. Other
standards include appropriate ranges of
protective actions for each of these zones;
provisions for dissemination to the public
of basic emergency planning information;
provisions for rapid notification of the
public during a serious reactor emergency;
and methods, systems, and equipment for
assessing and monitoring actual or
potential off-site consequences in the event
of a radiological emergency condition.

accidents. First, the site must have an
exclusion area around the reactor. A
typical exclusion area radius is about
0.8 km (0.5 mile). No residents are allowed
in the exclusion area. Public transportation
routes and other public activities are
allowed within the exclusion area, but
these routes and activities must be
demonstrated to be controllable in the
event of an emergency. Second, beyond
and surrounding the exclusion area is an
LPZ. A typical LPZ radius is about 5 km
(3 miles). Within this zone, the licensee
must ensure that there is a reasonable
probability that appropriate protective
measures could be taken on behalf of the
residents and other members of the public
in the event of a serious accident. Third,
10 CFR Part 100 requires that the distance
from the reactor to the nearest boundary
of a densely populated area containing
more than 25,000 residents be at least one
and one-third times the distance from the
reactor to the outer bound of the LPZ.

5.3 ACCIDENT RISK AND IMPACf
ASSESSMENT FOR liCENSE
RENEWAL PERIOD
5.3.1 Regulatory Interface Between
License Renewal and Accident Impacts
In general, the safety and environmental
issues associated with license renewal fall
into two general categories: (1) effects of
aging on the physical plant itself and the
associated impact of these effects on
accident frequency and radiological
releases and (2) effects on accident
consequences due to the changing
environment in which the plant exists.

5.2.3.3 Emergency Preparedness
Each licensee is required to establish
emergency preparedness plans to be
implemented in the event of an accident,
including protective action measures for
the public. The NRC, as well as other
federal and state regulatory agencies,
review the subject plans to ensure that the
condition of on- and off-site emergency
preparedness provides reasonable
assurance that adequate protective
measures can and will be taken in the
event of a radiological emergency. Among
the standards that must be met by these
plans are provisions for two emergency
planning zones (EPZs). A plume exposure
pathway EPZ (requiring preplanned
evacuation procedures) of about 16 km
(10 miles) in radius and an ingestion
exposure pathway EPZ (where interdiction
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The potential effects of age on the physical
plant are addressed through engineering
and research programs. Potential
deterioration of plant components and
structures due to physical processes such as
corrosion, erosion, mechanical wear, and
embrittlement could result in the increased
likelihood of component or structure
failure. These increased failure rates, in
turn, could lead to a higher frequency of
accidents or more severe consequences.
Therefore, control of these effects is
necessary if the plant is to be assured of
continuing to operate in a safe manner. As
a result, NRC has developed the license
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controls, and could cause an increase in
public risk as the plant continues to
operate. These effects manifest themselves
primarily by increasing the consequences of
a given accident. For example, as the
general population in the vicinity of a
nuclear plant increases, the number of
persons that could be affected by an
accidental release also increases. Because
these impacts are "noncontrollable," their
potential for increasing risk as well as the
magnitude of any such increase in risk
must be specifically examined. Such an
examination is presented in the following
sections, which will discuss and assess the
potential adverse impacts to the
environment from postulated accidents
during the license renewal period.

renewal process within the context of the
aging issue. The process will provide
assurance that these age-related impacts
are controlled and adequate protection of
the health and safety of the public is
maintained during the 20-year license
renewal period. To supplement the control
that the normal regulatory process has over
the aging effects on the plant, the NRC
requires that the renewal applicant
specifically address the issue of age-related
degradation by identifying, in an integrated
plant assessment process, those structures
and components which are susceptible to
age-related degradation and whose
functions are necessary to ensure that the
facility's licensing basis' is maintained. The
licensee will further be required to
demonstrate that the effects of aging will
be adequately managed so that the
intended functions of these structures and
components will be maintained for the
period of extended operation. The
combined impact of these actions should
be to provide high confidence that
significant incremental increases in public
risk will not result from aging effects
related to the plant. A comprehensive
discussion of the NRC rule, programs, and
activities to provide this assurance is found
in 55 FR 29043, dated July 17, 1990.

5.3.2 Design-Basis Accidents
Two classes of accidents are evaluated. The
first class of accidents, design-basis
accidents, is discussed in this section. The
second, severe accidents, is discussed in
Section 5.3.3. As noted previously, designbasis accidents are those that both the
licensee and the NRC staff evaluate to
ensure that the plant meets acceptable
design and performance criteria. The
environmental impacts of design-basis
accidents are evaluated during the initial
license process, and the ability of the plant
to accommodate these accidents is
demonstrated to be acceptable before
issuance of the license. The results of these
evaluations are found in license
documentation such as FESs and FSARs.
The licensee is required to maintain these
acceptable design and performance criteria
throughout the life of the plant, including
any extended-life operation. The
consequences for these events are
evaluated for the hypothetical maximum
exposed individual; as such, changes in the
plant environment will not affect these

In assessing the impact on the environment
from postulated accidents during the
license renewal period, the assumption has
been made that the license renewal process
will ensure that aging effects on the plant
are controlled and that the probability of
any radioactive releases from accidents will
not increase over the license renewal
period.
The effects due to the changing
environment around the plant during the
license renewal period are less predictable,
are generally not subject to regulatory
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potential for dose because of reduction in
radioactivity due to retention in the ground
and greater flexibility and time to
implement interdiction measures. Separate
methodologies were developed for
quantifying the potential consequences
resulting from each pathway for each site.
Economic impacts from severe accidents
during the license renewal period are also
described in this chapter.

evaluations. Because of the requirements
that continuous acceptability of the
consequences and aging management
programs be in effect for license renewal,
the environmental impacts as calculated for
design-basis accidents should not differ
significantly from initial licensing
assessments over the life of the plant,
including the license renewal period. In
addition, any refurbishment necessary to
prepare for license renewal would be done
in a fashion consistent with the limits set
for design-basis accidents and would not
alter their consequences. Accordingly, the
design of the plant relative to design-basis
accidents during the extended license
period is considered to remain acceptable
and the environmental impacts of those
accidents will not be examined further in
this section.

Section 5.3.3.1 reviews the existing analyses
available for use in this Generic
Environmental Impact Statement (GElS)
study; Section 5.3.3.2 examines the effects
of atmospheric releases, including
vegetation pathways; Section 5.3.3.3
examines the effects from direct fallout
onto open bodies of water; Section 5.3.3.4
reviews effects from releases to
groundwater; and Section 5.3.3.5 examines
the economic impacts of severe accidents.
All analyses will adhere to a process that
uses the results of existing analyses and
site-specific information to conservatively
predict the environmental impacts of
severe accidents for each plant during the
license renewal period.

5.3.3 Probabilistic Assessment of Severe
Accidents
This section presents the staffs assessment
of impacts of severe accidents during the
license renewal period. Methodologies
were developed to evaluate each of the
dose pathways by which a severe accident
may result in adverse environmental
impacts and to estimate off-site costs of
severe accidents.

5.3.3.1 Review of Existing Impact
Assessments
The public risk due to nuclear power
accidents has a range of values. The staff
believes that current regulatory practices
ensure that the basic statutory
requirement, adequate protection of the
public, is met (51 FR 28044). These risk
estimates are representative of the
magnitude of risk associated with current
regulatory practices. Since the early 19708,
there have been increasing efforts to
determine severe accident risks more
precisely and on a plant-specific basis. The
first comprehensive plant-specific
examination of risk was the Reactor Safety

Three pathways for release of radioactive
material to the environment from severe
accidents are evaluated in this section for
each plant site for the license renewal
period. These pathways are (1) air, (2) air
to surface water, and (3) groundwater to
surface water. For most plants, the air
pathway represents the most likely pathway
for significant dose to the public. The air
to surface water pathway is significant for
only a few sites that are close to large but
confined bodies of water. The third
pathway represents a less significant
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provided in these FESs are based upon the
plant designs analyzed in WASH-1400. As
such, they do not represent plant-specific
analyses for the FES plants but are
sufficient to illustrate the general
magnitude and types of risks that may
occur from reactor accidents. There were
some exceptions in that several studies
included some further modification of the
rebaselined RSS frequency estimates to
better account for plant-specific design
differences from the RSS plants. When
available, other studies used plant-specific
information on severe accident risks [such
as probabilistic risk assessments (PRAs)].
Once the source-term data were
established, all plants used the Calculation
of Reactor Accident Consequences
(CRAC) code to determine environmental
consequences. Site-specific information
regarding meteorology, population, and
evacuation was used. Assumptions
regarding exposure pathway, exposure
limits, and plume behavior remained largely
unchanged for all analyses.

Study (RSS), published in 1975
(NUREG 75/014, formerly WASH-1400).
The risk values calculated in RSS were
later updated in NUREG-0773 and used in
NRC FESs published after 1980. Later,
more complex and more intensive plantspecific risk studies were developed, both
by NRC and the industry. The most recent
NRC studies of severe accident
consequences are found in the
NUREG-1150 analyses. To date, about
40 percent of the 118 operating plants and
plants under construction have had some
level of plant-specific risk analysis reviewed
by NRC. This body of knowledge was used
in the prediction of environmental impacts
of severe accidents for all plants. Further
details of these studies are provided in the
following paragraphs.
FES reports since 1980 (Table 5.1) have
provided assessments of impacts resulting
from postulated severe accidents. Both the
frequency and magnitude of the source
terms ("source term" is a descriptive name
for the releases of radioactive material to
the environment under various accident
conditions) for such assessments were
usually taken from the rebaselined RSS
(NUREG-0773). [These values are the
result of updating the original RSS
(NUREG-75/014, formerly WASH-1400)
results using improved methods relative to
the original WASH-1400
methodology.] Table 5.2 provides more
information on the source-term data used
in the FES analyses. These rebaselined
source terms were then used with sitespecific meteorological and demographic
data to calculate off-site risk. A separate
rebaselined set of source terms was
provided for each of the two types of
reactor designs, BWRs and PWRs. In most
FES assessments, these same sets of data,
without change, were used to evaluate offsite risks. Accordingly, the risk values

The NUREG-1150 study is an NRCsponsored risk examination of five U.S.
nuclear power plants. 3 These analyses used
state-of-the-art technology in evaluation of
source-term release
frequency, source-term characteristics, and
consequence evaluation. Efforts were made
to explore uncertainties in accident
frequency, containment behavior, and
radioactive material release and transport
so that from this distribution of results,
mean values of risk could be determined.
Source terms and frequencies specific to
the plant were determined. Advanced
computer codes were used. For example,
the MELCOR Accident Consequence
Code System (MACCS) computer code for
consequence evaluation was used instead
ofCRAC.
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Table 5.1 Available risk analyses associated with final environmental statements

Plant
Beaver Valley 2
Braidwood 1, 2
Byron 1,2
Callaway 1
Catawba 1,2
Clinton 1
Comanche Peak 1, 2
Fermi 2
Grand Gulf 1,2
Shearon Harris 1,2
Hope Creek
Indian Point 2, 3
Limerick 1, 2
Millstone 3
Nine Mile Point 2
Palo Verde 1,2,3
Perry 1,2
River Bend
San Onofre 2, 3
Seabrook 1, 2
South Texas 1, 2
St. Lucie 2
Summer 1
Susquehanna 1, 2
Vogde 1,2
Waterford 3
Wolf Creek 1
WNP-2c

Nsssa
vendor

Plant size
[MW(e)]

W
836
W
1120
W
1120
W
1171
W
1145
GE
933
W
1150
GE
1093
GE
1250
W
900
GE
1067
W
873/965
GE
1055
W
1154
GE
1091
CE
1270
GE
1191
GE
936
CE
1070/1080
W
1198
W
1250/1251
CE
830
W
900
GE
1050
W
1101
~.
CE
1104
W
1170
GE j
1100

r

Containment
type

NUREG
document
number

NUREG
date

Subatmospheric
Large dry
Large dry
Large dry
Ice condenser
Mark III
Large dry
Mark I
Mark III
Large dry
Mark I
Large dry
Mark II
Subatmospheric
Mark II
Large dry
Mark III
Mark III
Large dry
Large dry
Large dry
Large dry
Large dry
Mark II
Large dry
Large dry
Large dry
Mark II

1094
1026
0848
0813
0921
0854
0775
0769
0777
0972
1074
b
0974
1064
1085
0841
0884
1073
0490
0895
1171
0842
0719
0564
1087
0779
0878
0812

9-85
6-84
4-82
1-82
1-83
5-82
9-81
8-81
9-81
10-83
6-84
b
12-83
12-84
5-85
2-82
8-82
1-85
4-81
12-82
8-86
4-82
5-81
6-81
3-85
9-81
6-82
12-81

QNSSS = nuclear steam supply system, W =. Westinghouse, GE = General Electric, CE = Combustion Engineering.
blndian Point 2 and 3 consequence information was obtained from Atomic Safety and Licensing Board testimony.
cWNP-2 = Washington Nuclear Project 2.
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Table 5.2 Source term information used for final environmental statement severe accident analyses
Plant

-

Source term used

Comments

Beaver Valley 2

Rebaselined Reactor Safety Study (RSS)

Pressurized-water reactor (PWR) source terms and frequencies
from NUREG-0773 used

Braidwood 1,2

Rebaselined RSS modified

PWR source terms and frequencies from NUREG-0773
modified for specific Braidwood design features

Byron 1,2

Rebaselined RSS

Same as Beaver Valley

Callaway 1

Rebaselined RSS

Same as Beaver Valley

Catawba 1,2

Rebaselined RSS

Same as Beaver Valley

Clinton
1
--

Rebaselined RSS

Boiling-water reactor (BWR) source terms and frequencies
from NUREG-0773 used

Comanche Peak 1, 2

Rebaselined RSS

Same as Beaver Valley

Fermi 2

Rebaselined RSS

Same as Clinton

Grand Gulf 1, 2

Rebaselined RSS

Same as Clinton

Shearon Harris 1, 2

Rebaselined RSS

Same as Beaver Valley

Hope Creek

Rebaselined RSS

Same as Clinton

Indian Point 2, 3

Plant specific

Limerick 1,2

Rebaselined RSS (modified)

BWR source terms and frequencies from NUREG-0733
modified for specific Limerick design features. External events
also included

Millstone 3

Plant-specific probabilistic risk analysis (PRA)

Source terms and frequencies from plant specific PRA used

Nine Mile Point 2

Limerick PRA (modified)

Source terms and frequencies from Limerick PRA modified
for specific Nine Mile Point Unit 2 design features

Palo Verde 1,2,3

Rebaselined RSS

Same as Beaver Valley

Perry 1, 2
See footnote at end of
table.

Rebaselined RSS

Same as Clinton

VI
I

VI

Table 5.2 (oontinued)

Plant

Source term used

River Bend

Grand Gulf RSS Methodologies Applications
Program (MAP)

Source terms and frequencies from Grand Gulf RSS MAP
(NUREG/CR-1659) with no modification

San Onofre 2, 3

Rebaselined RSS

Same as Beaver Valley

Seabrook 1, 2

Rebaselined RSS

Same as Beaver Valley

South Texas 1, 2

Rebaselined RSS (modified)

PWR source terms and frequencies from NUREG-0773
modified for specific South Texas design features

St. Lucie 2

Rebaselined RSS

Same as Beaver Valley

Summer 1

Rebaselined RSS

Same as Beaver Valley

Susquehanna 1,2

Rebaselined RSS

Same as Clinton

Vogtle 1,2

Rebaselined RSS (modified)

PWR source terms and frequencies from NUREG-0773
modified for specific Vogtle design features

Waterford 3

Rebaselined RSS

Same as Beaver Valley

Wolf Creek 1, 2

Rebaselined RSS

Same as Beaver Valley

WNP_2G

Rebaselined RSS

Same as Clinton

VI

I
.......

0\

Comments

GWashington Nuclear Project 2.
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analysis of external events has been the
NUREG-1150 external events assessment
for Surry Unit 1 and Peach Bottom Unit 1.
This analysis examined a broad range of
external events and found that they could
range from negligible to significant
contributors to risk when compared with
internal initiators. It should be noted,
however, that in cases where ext,ernal
event risk was shown to be a significant
contributor to the overall risk, the majority
of the estimated risk arose from large
beyond design basis earthquakes; but in all
cases, the total risk (internal and external)
is still small.

The industry-sponsored risk assessments
(e.g., Oconee 3, Seabrook, and
Millstone 3) are similar in that efforts are
made to reduce the degree of conservatism
and to use the best information available.
For these studies, source-term levels and
frequencies specific to the plant are
calculated.
Finally, studies exist that provide a detailed
assessment of the risk due to specific types
of accidents. For example, two such studies
are NUREG-0440, which is a generic study
of the radiological risks that could result
from a severe accident that releases
significant contamination into the
groundwater, and NUREG-0769
(Addendum 1), which estimates the risks
from direct contamination of the Great
Lakes due to fallout from a severe accident
at the Enrico Fermi 2 power plant. These
two as well as other specific risk studies
are used in this GElS to provide a
projection of risk during the license
renewal period.

NRC's earthquake design standards have
been conservatively developed to ensure
protection of the public health and safety
from earthquakes whose magnitudes are
well above the most likely earthquake
magnitude when considering the collective
earthquakes history for specific plant sites
in the United States. Therefore,
earthquakes exceeding NRC seismic design
standards are extremely unlikely. However,
in the unlikely event of such an
earthquake, there would be substantial
damage to older residential structures,
commercial structures, and high-hazard
facilities such as dams whose seismic design
standards are below nuclear seismic design
standards. The societal impact due to the
non-nuclear losses alone from an
earthquake larger than the design basis of
a nuclear plant, including property damage,
injuries, and fatalities, would be major. The
technology for asses~ing losses from such
large earthquakes is a developing one, and
there are several ongoing studies of this
technology, including work at the United
States Geological Survey. Presently there is
no agreed-upon method for performing
such assessments, although a recent report
of the National Academy of Sciences
suggests some broad guidelines (NAS
1989). The NRC has not developed a

Severe accidents initiated by external
phenomena such as tornadoes, floods,
earthquakes, fires, and sabotage have not
traditionally been discussed in quantitative
terms in FESs. With the exception of
sabotage, the NRC staff has, however,
reviewed or performed detailed
probabilistic assessments of external events
for Zion Units 1 and 2, Indian Point
Units 2 and 3, Limerick Units 1 and 2,
Surry Unit 1, Peach Bottom Unit 2, and
Millstone Unit 3. In most cases, the
external event risks were determined to be
comparable to internal event risks.
However, for Zion and Limerick, the
licensee's PRAs indicated that external
events could be significant contributors to
risk. For the Indian Point units, NRC staff
evaluations also indicated that external
events could significantly contribute to
severe accident risk. The most recent NRC
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acts of sabotage are not reasonably
expected. Nonetheless, if such events were
to occur, the commission would expect that
resultant core damage and radiological
releases would be no worse than those
expected from internally initiated events.

method for assessing the societal losses
from large earthquakes such that the
reactor contribution to accident
consequences can be quantitatively
compared with the non-nuclear losses.
However, as supported by at least one
study (Lee et al. 1979), the commission
expects that the reactor accident
contribution to the losses from large
beyond design basis earthquakes would be
small relative to the non-nuclear losses.
While this in itself does not mean the
reactor consequences from such an
earthquake would be small, the commission
concludes that even with potentially high
consequences from a beyond design basis
earthquake, the extremely low probability
of such earthquake yields a small risk from
beyond design basis earthquakes at existing
nuclear power plants.

Based on the above, the commission
concludes that the risk from sabotage and
beyond design basis earthquakes at existing
nuclear power plants is small and
additionally, that the risks form other
external events, are adequately addressed
by a generic consideration of internally
initiated severe accidents.
Although external events are not discussed
in further detail in this chapter, it should
be noted that the NRC is continuing to
evaluate ways to reduce the risk from
nuclear power plants from external events.
For example, each licensee is performing
an individual plant examination to look for
plant vulnerabilities to internally and
externally initiated events and considering
potential improvements to reduce the
frequency or consequences of such events.
Additionally, as discussed in Section 5.4.1.2,
as part of the review of individual license
renewal applications, a site-specific
consideration of alternatives to mitigate
severe accidents will be performed in order
to determine if improvements to further
reduce severe accident risk or
consequences are warranted.

With regard to sabotage, quantitative
estimates of risk from sabotage are not
made in external event analyses because
such estimates are beyond the current state
of the art for performing risk assessments.
The commission has long used
deterministic criteria to establish a set of
regulatory requirements for the physical
protection of nuclear power plants from
the threat of sabotage, 10 CFR Part 73,
"Physical Protection of Plants and
Materials", delineates these regulatory
requirements. In addition, as a result of the
World Trade Center bombing, the'
Commission amended 10 CFR Part 73 to
provide protection against malevolent use
of vehicles, including land vehicle bombs.
This amendment requires licenses to
establish vehicle control measures,
including vehicle barrier systems to protect
against vehicular sabotage. The regulatory
requirements under 10 CFR part 73
provide reasonable assurance that the risk
from sabotage is small. Although the threat
of sabotage events cannot be accurately
quantified, the commission believes that
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individual plants for their license renewal
period were then estimated from the upper
confidence bound values based on MYR
population data converted to MYR EI. In
the prediction of risk using EI (discussed in
the preceding paragraph), the assumption
was made that future plant risk is primarily
a function of population and wind
direction. Secondary factors-such as
terrain, rainfall, and wind stability-also
have some effect on risk, but their impact
was judged to be much smaller than the
effects of population and wind direction.

5.3.3.2 Dose and Adverse Health Effects
from Atmospheric Releases
5.3.3.2.1 Methodology for Predicting
Future Risk
Summary of methodology
The assessment of environmental impacts
due to the atmospheric release pathway are
described in this section. This pathway
includes the exposure of individuals directly
from the passage of the cloud of
radioactive material released from an
accident and from material deposited on
the ground, as well as the longer-term
effects from other terrestrial pathways such
as the ingestion of crops. Doses and the
resulting health effects (early and latent
fatalities) will be estimated for the middle
year of relicense (MYR) population. The
MYR is the estimated midpoint of the
renewal period for a given plant rounded
upward to the next year of available
population data. Predictions of MYR risk
were generated by taking the results of
existing risk calculations (i.e., plant-specific
estimates of early fatalities, latent fatalities,
and dose) and regressing those values
against a composite site-specific variable
called the exposure index (EI). E( is a
function of population surrounding the
plant weighted by the site-specific wind
direction frequency and, thus, is a sitespecific parameter. Because meteorological
patterns, including wind direction
frequency, tend to remain constant over
time, EI changes as populations change or
become redistributed.

Selection of appropriate existing analyses
for use in regression
Currently, 118 nuclear plants are in
operation or under active construction in
the United States. These 118 plants
represent 72 sites for the evaluation of air
pathway consequences (74 sites are used
for the other two pathway evaluations).4 As
noted previously, only a portion of these
nuclear plants have severe accident
analyses available for review.
The data selected for use in this GElS
analysis were taken from the FESs
published since 1981. As discussed
previously, these FES analyses are based
upon source terms resulting from the RSS
(NUREG-75/014, formerly WASH-1400)
rebaselined in NUREG-0773. As such,
these source terms (and the resulting risk
and environmental impacts calculated using
them) reflect the plant designs used in
WASH-1400. However, this approach is
considered conservative because the source
terms developed in WASH-1400 generally
reflect an "as found" (late 1970s) and, as
such, do not reflect the improvements that
have been made in nuclear industry plant
design and operations since the early
1980s. Accordingly, the use of WASH-1400
source terms in the FESs may, in many

A straight-line regression of the total risk
values (taken from FES analyses) for each
plant listed in Table 5.1 versus the EI for
that plant (at the date assumed in the FES
analyses) was calculated. Average and
95 percent upper confidence bound values
of total risk were estimated. Risks for
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greater assurance that the GElS does not
underestimate potential future
environmental impacts.

cases, tend to overestimate the actual
environmental consequences and risks.
Since the RSS study was completed, the
NRC has implemented several industrywide risk-reduction programs. These
programs, such as station blackout
(10 CFR 50.63), anticipated transient
without scram (10 CFR 50.62), resolution
of other generic safety issues,
improvements resulting from the extensive
reviews of the accident at Three Mile
Island (NUREG-0737), and the individual
plant examination and containment
performance improvement programs, have
served to lower the overall average values
of nuclear plant risk relative to their values
prior to the changes. Because the programs
are implemented on an industry-wide basis,
risk values should be smaller at all plants.
No quantification of the overall risk
reduction has been performed, but it is
believed that the risk reduction is
significant. As a result of the changes, the
staff believes that the spectrum of risk for
the entire nuclear industry shifted
downward to lower overall risk values, and
the average total risk for all nucle'ar plants
is smaller than the risk estimated in the
original RSS analyses. Thus, RSS risk
estimates are more representative of the
upper end of the total nuclear plant risk
spectrum than the actual current risks.

As for use of detailed PRA analyses in the
GElS, particularly the NUREG-1150
studies, the plants represented in these
detailed PRAs have had the benefit of
considerable risk reduction feedback and
improvement; consequently, their predicted
risk values are not considered to be
representative of the absolute values of the
general plant population risk. However,
these studies do provide significant risk
information on the relative risks to the
public as a function of distance from the
plant. Because of the much more advanced
computational tools available during the
NUREG-1150 studies (which could better
model secondary effects such as rainfall
pattern), as well as more than 10 years of
additional knowledge about severe
accidents, the information on the
distribution of risk at a specific plant, as
estimated by the NUREG-1150 reports, is
considered more realistic and
representative of the actual environmental
impacts due to the air pathway for severe
accidents. The GElS uses this relative risk
information in its analysis process.
Enveloping of all plants with FES analyses
Many factors could potentially increase the
consequences to the general public
resulting from a severe-accident release. A
comprehensive listing and description of
factors that influence consequences are
provided in the PRA Procedures Guide
(NUREG/CR-2300). The purpose of this
section is to use, to the extent possible, the
available severe accident results
(Table 5.3), in conjunction with those
factors that are important to risk and that
change with time to estimate the
consequences of nuclear plant accidents for
all plants for a time period that exceeds

The preceding discussion shows that the
use of the FES risk values provides
reasonable estimates of the actual average
risk of the general nuclear plant population
and that the use of the FES values in this
analysis results in appropriate risk values in
the GElS. Where there were choices of
methodology and the best method was not
obvious, the staff chose the method that
would lead to higher predicted values. The
use of the 95 percent upper prediction
confidence bounds from the regression in
this analysis (discussed later) provides even
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Table 5.3 Comparison of general site characteristics. Italics indicate that the final
environmental statement contains severe accident evaluations

Plant
Arkansas 1
Arkansas 2
Beaver Valley 1
Beaver Valley 2
Bellefonte 1
Bellefonte 2
Big Rock Point
Braidwood 1
Braidwood 2
Browns Ferry 1
Browns Ferry 2
Browns Ferry 3
Brunswick 1
Brunswick 2
Byron 1
Byron 2
Callaway 1
Calvert Cliffs 1
Calvert Cliffs 2
Catawba 1
Catawba 2
Clinton 1
Comanche Peak 1
Comanche Peak 2
Cooper
Crystal River 3
D.C. Cook 1
D.C. Cook 2
Davis Besse
Diablo Canyon 1
Diablo Canyon 2
Dresden 2
Dresden 3
Duane Arnold 1
Farley 1
Farley 2

MYR
evaluation
datea
2030
2030
2030
2050
2050
2050
2030
2050
2050
2030
2030
2030
2030,
2030,
2050
2050
2030
2030
2030
2050
2050
2050
2030
2050
2030
2030
2030
2030
2030
2050
2050
2030
2030
2030
2030
2050

MYR
50-mile
populationb
245,476
245,476
4,039,282
4,169,673
1,473,597
1,473,597
228,199
5,092,832
5,092,832
926,918
926,918
926,918
304,703
304,703
1,141,541
1,141,541
463,360
3,481,008
3,481,008
2,337,775
2,337,775
869,226
1,654,378
1,875,643
217,516
655,382
1,440,998
1,440,998
2,169,925
419,046
419,046
7,453,539
7,453,539
754,825
488,464
542,746

MYR
50-mile
population
in highfrequency
wind
direction

Raine

20,471
20,471
1,177,194
1,202,284
60,836
60,836
61
1,534,979
1,534,979
27,791
27,791
27,791
7,703
7,703
29,618
29,618
17,712
256,881
256,881
139,401
139,401
27,294
54,431
61,419
19,745
0
15
15
20
4
4
143,593
143,593
26,445
21,412
25,242

51
51
36
36
56
56
31
30
30
47
47
47
51
51
18
18
37
41
41
42
42
35
31
31
28
42
36
36
32
32
32
33
33
33
54
54

Snow"
5
5
46
46
3
3
111
28
28
3
3
3
2
2
34
34
19
21
21
5
5
23
3
3
28
0
69
69
37
0
0
30
30
31
0
0

General
terraind
3
3
3
3
4
4
2
2
2
4
4
4
1
1
2
2
3
1
1
4
4
2
1
1
2
1
2
2
2
6
6
2
2
2
1
1

See footnotes at end of table.
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Table 5.3 (continued)

Plant

Fermi 2
FitzPatrick
Fort Calhoun 1
Ginna
Grand Gulf 1
Haddam Neck
(Connecticut Yankee)
Hatch 1
Hatch 2
Hope Creek
Indian Point ?
Indian Point 3'
Kewanee 1
La Salle 1
La Salle 2
Limerick 1
Limerick 2
Maine Yankee
McGuire 1
McGuire 2
Millstone 1
Millstone 2
Millstone 3
Monticello 1
Nine Mile Point 1
Nine Mile Point 2
North Anna 1
North Anna 2
Oconee 1
Oconee 2
Oconee 3
Oyster Creek 1
Palisades
Palo Verde 1
Palo Verde 2
Palo Verde 3
Peach Bottom 2
Peach Bottom 3

MYR
evaluation
datea

MYR
50-mile
populationb

2050
2030
2030
2030
2050
2030

6,647,763
804,876
887,478
1,112,686
504,930
4,136,066

2030
2030
2050
2030
2030
2030
2050
2050
2050
2050
2030
2050
2050
2030
2030
2050
2030
2030
2050
2030
2030
2030
2030
2030
2030
2030
2050
2050
2050
2030
2030

416,412
416,412
5,424,373
15,195,541
15,195,541
733,618
1,366,307
1,366,307
7,615,980
7,615,980
830,737
2,543,485
2,543,485
3,138,820
3,137,820
3,325,582
2,815,967
802,759
811,475
1,478,490
1,478,490
1,311,318
1,311,318
1,311,318
4,561,213
1,337,910
1,974,946
1,974,946
1,974,946
5,283,198
5,283,198

See footnotes at end of table.
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MYR
50-mile
population
in highfrequency
wind
direction

Raine

Snow

General
terraind

0
12,128
14,526
0
15,143
120,354

31
34
30
33
50
43

31
88
32
86
2
53

2
2
2
2
1
5

43,798
43,798
54,596
602,427
602,427
0
61,875
61,875
794,765
794,765
19,668
134,597
134,597
1,419
1,419
1,462
1,587,694
12,239
12,478
41,700
41,700
53,947
53,947
53,947
929
9,582
2,700
2,700
2,700
122,770
122,770

44
44
40
43
43
28
35
35
59
59
43
43
43
39
39
39
24
34
34
44
44
53
53
53
41
36
13
13
13
38
38

1
1
23
6
26
45
28
28
20
20
71
6
6
26
26
26
42
88
88
16
16
6
6
6
16
69
0
0
0
35
35

1
1
1
3
3
2
2
2
1
1
5
4
4
5
5
5
2
2
2
4
4
4
4
4
1
2
3
3
3
4
4
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Table 5.3 (continued)

Plant

Perry 1
Pilgrim 1
Point Beach 1
Point Beach 2
Prairie Island 1
Prairie Island 2
Quad Cities 1
Quad Cities 2
Rancho Seco 1
River Bend
Robinson 2
Salem 1
Salem 2
San Onofre 1
San Onofre 2
San Onofre 3
Seabrook 1
Sequoyah 1
Sequoyah 2
Shearon Harris 1
Shoreham
South Texas 1
South Texas 2
St. Lucie 1
St. Lucie 2
Summer 1
Surry 1
Surry 2
Susquehanna 1
Susquehanna 2
Three Mile Island 1
Trojan 1
Turkey Point 3
Turkey Point 4
Vermont Yankee
Vogtle 1
Vogtle 2
Waterford 3

MYR
evaluation
datea

MYR
50-mile
populationb

2050
2030
2030
2030
2030
2030
2030
2030
2030
2050
2030
2030
2050
2030
2050
2050
2050
2030
2050
2050
2050
2050
2050
2030
2050
2050
2030
2030
2050
2050
2030
2030
2030
2030
2030
2050
2050
2050

2,767,417
4,881,755
700,257
700,257
2,961,583
2,961,583
810,640
810,640
2,589,992
1,105,994
991,450
5,180,877
5,372,611
7,048,438
7,764,644
7,764,644
4,452,452
1,208,316
1,334,579
2,122,597
5,692,690
382,195
382,195
1,036,446
1,245,868
1,385,612
2,506,022
2,506,022
1,575,680
1,575,680
2,294,045
2,822,894
4,156,261
4,156,261
1,709,869
932,240
932,240
2,778,959

MYR
50-mile
population
in highfrequency
wind
direction
0
0
13,275
13,275
29,124
29,124
13,191
13,191
303,556
15,770
30,941
49,873
54,002
0
0
0
344
205,182
226,371
75,055
170,058
29,850
29,850
41,401
49,375
83,181
36,210
36,210
34,206
34,206
263,028
116,369
93,491
93,491
58,938
17,480
17,480
45,309

Raine

Snow

34
42
24
24
24
24
36
36
17
54
45
40
40
12
12
12
43
58
58
45
47
42
42
32
32
45
45
45
35
35
38
42
54
54
43
42
42
54

52
42
45
45
44
44
29
29
0
0
2
23
23
0
0
0
75
4
4
7
34
0
0
0
0
2
10
10

50
50
37
7
0
0
60
1
1
0

General
terraind
2
1
2
2
2
2
2
2
6
1
4
1
1
1
1
1
5
3
3
4
1
1
1
1
1
4
1
1
4
4
3
6
1
1
5
1
1
1

See footnotes at end of table.
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Table 5.3 (continued)

Plant
Watts Bar 1
Watts Bar 2

WNP-2'
WolfCreek 1
Yankee Rowe
Zion 1
Zion 2

MYR
evaluation
datea
20.50.
20.50.
20.50.
20.50
20.10
20.30.
20.30.

MYR
5o.-mile
populationb
1,367,537
1,367,537
40.5,235
273,225
1,796,823
8,199,956
8,199,956

MYR
5o.-mile
population
in highfrequency
wind
direction
56,133
56,133
23,692
26,641
471,262
0.
0.

Raine

Snow

General
terraind

53
53
5
31
37
32
32

9
9
18
15
66
58
58

3
3
3
2
5
2
2

aMYR = Middle year of license renewal period rounded up to the next year for which population forecasts were available.
bSO miles = 80 km.
eAnnual average in inches.
dTerrain categories: 1 = coastal plain, 2 = central lowlands, 3 = plateaus, 4 = parallel valleys and ridges, S = rolling hills to high
mountains, 6 = steep mountains.
'Severe accident information obtained from Atomic Safety and Licensing Board testimony and not from the final environmental
statement.
'WNP-2 = Washington Nuclear Project 2.

the time frame of existing analyses. This
estimation process was completed by
predicting increases or decreases in
consequences as the plant lifetime is
extended past the normal license period by
considering the projected changes in the
risk factors. The primary assumption in this
analysis is that regulatory controls will
ensure that the physical plant condition
(i.e., the predicted probability of and
radioactive releases from an accident) will
be maintained at a constant level during
the renewal period; therefore, the
frequency and magnitude of a release will
remain relatively constant. In other words,
significant changes in consequences will
result only from changes in the plant's
external environment. The most logical
approach, then, would be to incorporate
the most significant environmental factors
into calculations of consequences for
subsequent correlation with existing
analyses (which use the consequence

NUREG-1437, Vol. 1

computer codes). The two parameters
selected for this analysis are population
and wind direction, as discussed in the
following paragraphs.
Many factors can affect the amount of
radiation to which the public is exposed.
The magnitude of impact varies for any
individual factor and generally is very
specific to a particular plant or site. If the
PES risk results are to be used to predict
future risk values for all plants, it should
be demonstrated that the PES plants
provide a reasonable envelope of the more
significant risk factors for all plants. Such
factors include population density,
meteorology, evacuation, and interdiction.
Studies have shown that some factors have
a greater degree of influence than others;
for example, population has a very strong
influence over risk (NUREG/CR-2239,
NUREG-1150). Evacuation can have a
significant influence on early fatality risk
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• general terrain, and
• emergency planning.

but a much more limited impact on latent
fatality risk. Interdiction primarily reduces
latent fatality risk. While particular aspects
of meteorology, such as rainfall, can have a
significant impact on peak risk values,
mean health effect values are relatively
insensitive to meteorology. When the basic
reasons for the risk influence of each
factor are examined, these factor~ can
generally be reduced to three issues: (1)
the number of people exposed to the
severe accident release, (2) the likelihood
that any given individual receives an
exposure, and (3) the amount of radiation
the individual receives. Consequently, site
population (which reflects the number of
people potentially at risk to severe accident
exposure) and wind direction frequency
(which reflects the likelihood of exposure)
have been chosen as the primary factors
affecting risks.

Average annual precipitation. After an
atmospheric release caused by a severe
accident, the fallout rate of the released
radionuclides is generally the result of
gravitational settling and, consequently, is
not a rapid process. This slow fallout
allows a given release to be suspended for
sufficient time to allow for some
radioactive decay of the shorter-lived
radionuclides, resulting in lower individual
doses to the public. In addition, releases
are distributed over a wide area, resulting
in relatively low individual doses (although
the overall total population dose is not
greatly affected). However, precipitation
counteracts both of these effects by
washing the radio nuclides out of the
atmosphere and not allowing time for
extensive dispersion or decay. Thus, plant
sites with higher levels of annual
precipitation may indicate higher levels of
risk for those measures that are based on
individual doses.

Although there are other secondary factors
(e.g., source term and dose response
relationship) that can influence risk and
were not specifically analyzed on a plantspecific basis in this GElS, these factors
were not ignored as their impact is
included in the FES analyses whose results
are the basis for the GElS analyses.
Consequently, their effects are indirectly
considered in the prediction of future risks
and are reflected within the uncertainty
bounds generated by the regression of the
FES risk values. To ensure that the
existing FES analyses cover a range of
secondary factors representative of the
total population of plants, the more
significant secondary factors were examined
as discussed below. The secondary factors
examined are as follows:

Residential population within a 50-mile
radius of the plant. This factor is a rather
understandable selection in that plant sites
with larger resident populations will have a
larger number of persons at risk for a
given severe accident release. Population
projections were made based on the 1980
census data and projected growth (decline)
factors derived from the U.S. Bureau of
Census evaluations. A radius of 50 miles
was selected for comparison purposes
because existing analyses indicate a large
majority (although not all) of early health
effects fr9m a severe accident release
occur within 50 miles of the plant site.

• average annual precipitation,
• residential population within a 50-mile
(80-km( radius of the plant,
• population [50 miles (90 km)] in highest
frequency wind direction,

Population (50 miles) in highest-frequency
wind direction. This factor highlights a
"higher risk" sector of the overall
population around a specific plant site. The

5-25

NUREG-1437, Vol. 1

ENVIRONMENTAL IMPACTS OF ACCIDENTS

item (the time to carry out the protective
action) is mostly influenced by the size of
the population around the plant. Each FES
that addresses severe accidents considers
the effects of site-specific emergency
planning in calculating exposures and risks
to the public. Since the FES plants include
sites with populations that reasonably cover
the range of populations at all 74 sites, a
range of emergency planning is considered
in the data used for the predictions of
early and latent fatalities during the license
renewal period. Thus, this GElS analysis
should reasonably account for the effects
of emergency planning.

sector is 22.5° and the population is
o to 50 miles from the plant in that sector.
Higher populations combined with higher
frequency of wind in that direction may
indicate higher risks in that sector.
General terrain. This factor is chosen
because the dispersion behavior of the
plume may be influenced by the general
terrain surrounding the plant (e.g., plains
versus mountains). Six terrain classifications
were selected as described in footnote c
to Table 5.3.
Table 5.3 shows the values for these four
factors for all nuclear plant sites. As can be
seen, the existing severe accident analysis
as provided in those FESs containing a
severe accident evaluation provides a
reasonable envelope for precipitation
(rainfall and snowfall), 50-mile population,
and 50-mile population in the direction of
highest wind frequency. All six terrain
classifications are also covered by
referenced FES analyses. From review of
these data, it is concluded that the FES
plants sufficiently envelop these factors.
Likewise, any plant risk projections that
are developed from the FES severe
accident results will reasonably account for
secondary effects from these factors if the
upper confidence bounding values from the
projections are used to estimate the risk
from atmospheric releases for plants during
their license renewal period.

Projections of estimates of risk
Detailed severe accident consequence
(early and latent fatalities and total dose)
evaluations are not available for all plants.
Therefore, a predictor for these
consequences was developed using
correlations based upon the calculated
results from the existing FES severe
accident analyses. This predictor was then
used to infer the future consequence level
of all individual nuclear plants.
Correlations were developed using two
environmental parameters that are
available for all plants. This correlation
'process is described below.
Discussion of exposure index

Population, which changes over time,
defines the number of people within a
given distance from the plant. Wind
direction, which is assumed not to change
from year to year, helps determine what
proportion of the population is at risk in a
given direction, because radionuclides are
carried by the wind. Therefore, an EI
relationship was developed by mUltiplying
the wind direction frequency (fraction of
the time per year) for each of 16 (22.5°)
compass sectors times the population in

Emergency planning. Even in the event of
a release of radioactive material from a
plant, protective actions can be taken to
move or shelter members of the public in
the projected path of the radioactive cloud.
The success of these actions in preventing
exposure of members of the public to the
radioactive material is dependent upon the
warning time available prior to the release
and the time it takes to carry out the
protective actions. In general. this latter
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Regression of PES values

that sector for a given distance from the
plant and summing all products. ~
example calculation for an EI value for
1990 at 10 miles (16 km) is shown
in Table 5.4. The EI value, as calculated
in Table 5.4, can be considered to be the
expected population at risk for the year
1990 out to a distance of 10 miles from the
nuclear power plant. Population varies with
population growth and movement, and with
the distance from any given plant. As the
population changes for that plant, the EI
also changes (the larger the EI, the larger
the number of people at risk). Thus, EI is
proportional to risk and an EI for a site for
a future year can be used to predict the
risk to the population around that site in
that future year.

Several relationships of EI versus risk were
developed by regressing total early fatality,
normalized total latent fatality, and
normalized total dose values on various EI
values for the FES plants (see
Appendix G). The EI values at 10 miles
were found to best correlate with early
fatalities, which is to be expected because,
in the FES analyses, early fatalities tend to
be clustered close to the plant. The EI
values at 150 miles (241 km) were found to
best correlate with latent fatalities and
total dose. This finding is to be expected
because the magnitudes of these risk values
are largely influenced by the exposure of
large populations around the plant.

Table 5.4 Example calculation for exposure index (EI) value with 1990 population
at 10-mile radius from plant

Direction
segment
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
alO miles = 16 km.
Note: To calculate EI value: A x B

B
(1990 population
within 10 miles of

A
(wind frequency in
given direction)

PlantXt

0.06
0.06
0.02
0.10
0.08
0.08
0.09
0.10
0.06
0.05
0.07
0.06
0.06
0.06
0.02
0.03
1.00

100
105
55
20
25
24
75
125
400
275
100
78
72
40
80

~
1652

C
(product)
6.0
6.3
1.1
2.0
2.0
1.92
6.75
12.5
24.0
13.75
7.0
4.68
4.32
2.40
1.6
2.34
EI = 98.66

= C; EI = sum of C.
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used those early fatality values associated
with expected medical support levels. The
assumption there would be only minimal or
no medical support after an accident was
considered to be unrealistic. A detailed
discussion of the regression analyses and
UCB is provided in Appendix G.

Because the magnitude of the source term
is generally proportional to plant power for
a given accident sequence, the FES
estimates for total latent fatalities used in
the latent fatality regression were first
normalized to 1000 MW (t) to minimize the
regression variance due to the differing
plant sizes. A linear dose response function
is used in the PES analyses, and because of
the assumptions of downwind and
crosswind spread, radioactive material is
predicted to be widely dispersed. Thus, the
larger the amount of radioactive material
released, the larger the predicted latent
fatality level (slightly reduced from strict
linearity by the interdiction assumptions).
Similar logic is applicable to normalization
of total dose. Normalization was not used
for early fatalities because of the highly
nonlinear dose response function used in
the PES analyses and the use of a
threshold effect (that is, there is a dose
level below which no early fatality is
predicted). Nonetheless, early fatalities are
also highly influenced by the amount of
radioactive material released (i.e., plant
size), and to help ensure that early fatality
data from smaller plants do not distort the
regression results for the larger plants, only
the early fatality data for plants greater
than 3025 MW(t) were used in the
regression of early fatalities (Table 5.5,
footnote f). The inability, to correct fully
for the effects of plant size and the
dose-early fatality relationship leads to a
higher dispersion in the regression
estimates, which influences the upper
confidence bound (UCB) as will be seen in
subsequent sections.

5.3.3.2.2 Results
The data in Table 5.5 summarize the
information for 28 nuclear plant sites that
were used to develop the relationship
between EI and consequences of severe
accidents analysis for both PWRs and
BWRs. Because of fundamental design
differences between PWRs and BWRs,
separate regression analyses were
performed for each to better account for
the BWR-PWR differences in plant failure
modes and source terms. Accordingly, the
PWR regression was used to determine the
best fit relationship for PWR risk values
and the BWR regression was used to
determine the best fit relationship for FES
BWR risk values. As can be seen
in Figures 5.2-5.7, two lines (representing
average and UCB values) result from the
regression analyses for total early fatalities,
total latent fatalities, and total dose. The
95 percent UCB (dashed line) was
developed based on the scatter in the data.
Two points need to be made about the
UCB. First, two UCB values were
calculated: one value assuming that the
data points (i.e., early and latent fatalities
and population dose) had a normal
distribution about some mean and the
second value assuming that the data points
did not have a normal distribution about
the mean. The larger of the two UCB
values was then used in making plant risk
projections. The second point to be noted
is that because of the small number of data
used in the regressions (18 PWR data
points and 10 BWR data points), the
scatter in the data (expressed as residuals)

Also, in several of the FES documents, two
sets of early fatality values were provided,
one set which assumed minimal medical
support was available to aid the exposed
population and a second set which assumed
normal and expected levels of medical
support were available. The regression
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Table 5.5 Information used for regression anaIyses for expected early, latent, and tolal daie at 28 nuclear plant sites for the license renewal period
Normalized values are obtained by converting nonnormalized values to the equivalent of a l000-MW(t) plant

FES

Plant

VI
N•

\0

Z

c::

::c
tIi

9.....
~
(;.)

•-...1

~

Beaver Valley 2
BraIdwood 1, 2
Byron 1,2
Callaway 1
Catawba 1,2
Clinton 1
Comanche Peak 1, 2
Fermi 2
Grand Gulf 1, 2
Shearon lIarri~ 1, 2
Hope Creek
Indian Point 2, 3&
Limerick 1, 2
Millstone 3
Nine Mile Pomt 2
Palo Verde 1,2,3
Perry 1,2
River Bend
San Onofre 2, 3
Seabrook 1,2
South Texas 1,2
St. Lucie 2
Summer I
Susquehanna 1, 2
VogUe 1,2
Waterford 3
Wolf Creek 1
WNP-zk

analysis"
date of
population
2010
2000
2000
2000
2000
2000
2000
2000
2000
2010
2010
1990
2000
2010
2000
2000
2000
2000
2000
2000
2010
2000
2000
2000
2010
2000
2000
2000

EI valuesb
(10 mIles)
9,195
1,916
1,391
508
5,414
658
1,251
4,165
437
1,415
1,541
18,325
10,307
8,751
1,500
67
4,465
1,485
3,950
4,090
236
8,739
647
3,760
117
4,745
311
108

EI valuesb
(150
miles)
958,330
1,435,347
1,084,499
343,991
678,486
1,272,955
292,169
1,112,272
297,829
550,951
1,822,818
2,743,032
2,455,497
1,397,683
269,042
194,928
920,212
334,565
978,306
448,066
461,241
540,442
627,969
1,995,580
469,641
285,560
289,260
100,055

Expected eariy"d
fatalities
(persons/reactor year)
0.002/
0.00038
0.00026
0.0001
0.0011
O.()()()()()9 /
0.0001
0.00074
0.00006
0.00018/
0.0003
0.0115

h

0.00914
0.0008
0.0004
0.0000021
0.000016
0.0004/
0.001
0.0006
0.0000007
0.00007'
0.00017/
0.00077
0.00001
0.00057

oj

0.00032

Expected total dose
(person-rem/reactor year)

Expected latent fatalities
(persons!reactor year)
Nonnormalized"
0.022
0.0138
0.016
0.0077
0.0124
0.0191
0.0046
0.04
0.0055
0.0088
0.07
0.826'
0.0957
0.05
0.023
0.00456
0.0285
0.047
0.033
0.0075
0.0108
0.0064
0.0094
0.0227
0.024
0.0059
0.00559
0.00487

Normalized'

Nonnormalizedc

0.0083
0.004
0.0047
0.0022
0.0036
0.0066
0.0014
0.012
0.0014
0.0032
0.021
0.299
0.029
0.015
0.007
0.0012
0.008
0.016
0.0097
0.0022
0.0028
0.0024
0.0034
0.0069
0.007
0.0017
0.0016
0.0015

"The population estimates for the indicated year were used to evaluate the consequences to the public for the final environmental statement (FES).
bExposure index (El) values are given for FES analysis date of population (S<'e note a).
'Values obtained from FES for the respective plant with the exception of Indian Point (See note g).
dDue to threshold dose effects, these estimates cannol be normalized (i.e., effects are not linear until an exposure threshold is reaChed).
'Normalized to 1000 MW(t) (see Appendix G).
!Plant thermal power < 3025 MW(t) and was not used in the regression for expected early fatalities.
&Expected risk values obtained from Atomic Safety and Licensing Board testimony and not from FES.
hRisk values for Indian Point 3 are listed.
'Risk values for Indian Point 2 are listed.
'Because values of zero have no meaning on log scales, this data poinl was not used in the regression for early fatalities .
kWNP_2 = Washington Nuclear Project 2.
Note: Multiply person-rem by O.oI to find person-sievens; multiply miles by 1.609 to find kilometers.

230
180
218
126
170
320
58
520
100
114
1000
10,400 •
1360
1000
300
67
470
700
380

105
250
78
130
360
310
69
99
77

Normalized"
86.73
52.77
63.91
35.34
49.84
110.57
17.00
157.96
26.09
41.08
303.67
3770.85
413.00
293.17
90.28
17.63
131.32
241.88
11209
30.78
65.79
28.89
46.85
10932
90.88
2035
29.02
23.17
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ORNL-DWG 95-1757
EARLY FATALITY REGRESSION
Reactor Type = Boiling Water
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Dotted curve is 95% normal upper prediction confidence bound

Figure 5.2 Log plot of early fatalities (average deaths per reactor-year) for final
environmental statement boiling-water reactor plants, fitted regression line (solid
curve), and 95 percent normal-theory upper prediction confidence bounds (dotted
curve).
ORNL-DWG 95-1758
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Figure 5.3 Log plot of early fatalities (average deaths per reactor-year) for final
environmental statement pressurized-water reactor plants, fitted regression line
(solid curve), and 95 percent normal-theory upper prediction confidence
bounds (dotted curve).
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ORNL-DWG 95-1759

NORMALIZED LATENT FATALITY REGRESSION
1 OOE+OO

Reactor Type': BOiling Water
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Figure 5.4 Log plot of normalized latent fatalities (average deaths per 1000 MW reactoryear) for final environmental statement boiling-water reactor plants, fitted
regression line (solid curve), and 95 percent distnlmtion-free upper prediction
confidence boundo;; (dotted curve).
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Figure 5.5 Log plot of normalized latent fatalities (average deaths per 1000 MW reactoryear) for final environmental statement pressurized-water reactor plants, fitted
regression line (solid curve), and 95 percent distnbution-frec upper prediction
confidence bounds (dotted curve).
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ORNL·DWG 95·1761
NORMALIZED TOTAL DOSE REGRESSION
Reactor Type Boiling Water
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Figure 5.6 Log plot of normalized total dose (person-rem per 1000 MW reactor-year) for
final environmental statement boiling-water reactor plants, fitted regression
line (solid curve), and 95 percent distnbution-free upper prediction confidence
bounds (dotted curve).
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Figure 5.7 Log plot of normalized total dose (person-rem per 1000 MW reactor-year) for
final environmental statement pressurized-water reactor plants, fitted
regression line (solid curve), and 95 percent distnbution-free upper prediction
confidence bounds (dotted curve).

NUREG-1437, Vol. 1

5-32

ENVIRONMENTAL IMPACTS OF ACCIDENTS

for all 28 data points was used in
determining the UeB fo~ both the PWR
and BWR regressions.
Using the UeB results of the regression
analysis, the values for total early fatalities,
total latent fatalities, and total dose were
then predicted for each site at their MYRs,
rounded up to the nearest year for which
projected population data are available
(2010, 2030, 2050). The results of the UCB
projections for early fatalities, latent
fatalities, and total dose are shown
in Table 5.6. The EI values corresponding
to the MYR for each site, which were used
to make these predictions, are shown
in Tables 5.7 and 5.8. Data for the
Millstone plant provide a good example of
the process by which these projections
were made. The EI at 10 miles for
Millstone (an FES plant) is 9420 at its
MYR (2050) (Table 5.7). An EI of 9420
results in a projected early fatality UCB of
0.025 fatalities/RY. This value is higher
than that reported in the Millstone FES
for the year 2010 (0.0008 fatalities/RY, as
shown in Table 5.5) and represents a
conservative projection of the increase in
early fatalities that could occur as a result
of increased population around the
Millstone site. The effects on risk due to
factors such as emergency planning,
meteorology (other than the frequency of
wind direction--e.g., rainfall), and
topography were accounted for in the FES
analyses of severe accidents and are
consequently incorporated into the FES
risk values. Any variation in risk resulting
from variation of these secondary
parameters among FES plants will be
reflected in the UeB calculated by the
regressions. As discussed in
Section 5.3.3.2.1, the FES plants reasonably
envelop these secondary effects. If the
future risks for all plants are then
estimated using the appropriate (BWR or
PWR) regression and the MYR EI, the

resulting UCB values are estimated future
risks that are not expected to be exceeded.
It should be noted that the risk values for
latent fatalities provided in the FESs were
calculated using the CRAC computer code
which used a linear-quadratic cancer model
based on older, low-level radiation
exposure data (BEIR-III). Recent
evaluations of the EI methodology (see
Section 5.3.3.2.3) have been conducted
using MACCS, the current, state-of-the-art
computer code for assessing risks
associated with postulated severe reactor
accidents. Unlike CRAC, MACCS uses a
linear cancer model based on the newer
BEIR-V report. These evaluations suggest
that latent fatality values in the FESs are
an order of magnitude too low. Therefore,
to account for this, the latent fatality
results predicted from the FES values have
been multiplied by a factor of 10 to obtain
the final predicted latent fatality results in
this GElS.

Total population dose for an accident
during each plant's relicensing period was
also estimated by regression analysis. This
dose includes the contribution from direct
exposure to the radioactive cloud at the
time of release as well as the longer-term
effects from ground contamination. Table 5.9
shows the results of this (in personrem/RY) along with an estimate of the
respective average individual dose, in
rem/RY, for each plant. Average individual
doses were estimated by distributing the
UCB total dose estimates from the
regression analysis over the population
within 150 miles (240 km) of the plant.
Because it is virtually certain that people
beyond this 150-mile radius would receive
some incrementally small dose from an
accident, attributing the total dose to the
population within 150 miles will provide a
conservative average individual dose
estimate. For perspective, the annual
average background dose to an individual
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Table 5.6

Predicted early and latent fatalities and dose estimates per reactor-year (RY)
for all sites at their middle year of license renewal period, prior to
incorporation of benchmark data

Plant
Arkansas
Beaver Valley
Bellefonte
Big Rock Point
Braidwood
Browns Ferry
Brunswick
Byron
Callaway
Calvert Cliffs
Catawba
Clinton
Comanche Peak
Cooper
Crystal River
D. C. Cook
Davis Besse
Diablo Canyon
Dresden
Duane Arnold
Farley
Fermi 2
FitzPatrick
Fort Calhoun
Ginna
Grand Gulf
Haddam Neck
(Connecticut Yankee)
Hatch
Hope Creek
Indian Point
Kewanee
La Salle
Limerick
Maine Yankee
McGuire
Millstone
Monticello
Nine Mile Point
North Anna
Oconee
Oyster Creek
Palisades

NUREG-1437, Vol. 1

Predicted UCB total
early fatalities/RY
(95% UCB)a

Nonnormalized
predicted latent
total fatalities/RY
(95% UCB)

3.3
2.5
4.0
2.7
3.6
4.3
3.5
2.3
6.9
1.8
1.7
3.0
2.3
2.6
1.5
8.4
1.4
1.5
4.6
8.0
1.5
6.8
3.8
1.7
3.9
2.8
1.2

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

10-3
10-2
10-3
10-3
10-3
10-3
10-3
10-3
10- 4
10-3
10-2
10-3
10-3
10-3
10-3
10-3
10-3
10-3
10-3
10-3
10-3
10-3
10-3
10-3
10-3
10-3
10-2

1.7
1.3
1.0
3.2
3.3
9.7
4.7
2.2
3.6
2.3
1.4
1.8
3.3
6.3
5.0
1.8
1.5
2.5
1.4
3.7
2.4
1.9
5.0
8.0
1.5
9.7
2.0

2.6
4.1
6.5
8.9
3.6
1.1
1.8
1.0
2.5
4.1
3.8
9.4'
1.1
7.4
4.2

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

10-3
10-3
10-2
10-4
10-3
10-2
10-3
10-2
10-2
10-3
10-3
10- 4
10-2
10-3
10-3

5.7
2.5
7.7
2.2
2.0
3.1
3.0
1.4
3.1
5.0
6.7
1.1
1.0
1.5
1.3
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X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

Nonnormalized
predicted total dose
(person-rem/RY)
(95% UCB)

10-2
10-1
10- 1
10-3
10-1
10-2
10-2
10-1
10-2
10- 1
10- 1
10-1
10-2
10-2
10-2
10-1
10- 1
10-2
10-1
10-2
10-2
10- 1
10-2
10-3
10-2
10-2
10- 1

238
1720
1335
48
4418
1446
704
2867
509
2995
1880
2549
466
955
700
2311
2021
346
1991
561
334
2722
728
111
203
1441
2618

10-2
10-1
10-1
10-2
10- 1
10-1
10-2
10-1
10- 1
10-2
10-2
10-1
10-1
10-1
10- 1

855
3604
9727
303
2898
4461
414
1806
3988
730
996
1496
1311
2125
1691
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Table 5.6 (continued)

Plant
Palo Verde
Peach Bottom
Perry
Pilgrim
Point Beach
Prairie Island
Quad Cities
Rancho Seco
River Bend
Robinson
Salem
San Onofre
Seabrook
Sequoyah
Shearon Harris
South Texas
Saint Lucie
Shoreham
Summer
Surry
Susquehanna
Three Mile Island
Trojan
Turkey Point
Vermont Yankee
Vogtle
WNP_2b
Waterford
Watts Bar
Wolf Creek
Yankee Rowe
Zion

Predicted UCB total
early fatalities!RY
(95% UCBt
1.1
4.2
6.9
3.7
2.5
3.7
4.5
1.1
4.1
3.1
2.9
1.1
1.1
6.6
2.8
3.3
3.2
7.7
1.3
1.6
6.0
2.8
3.7
6.0
4.6
1.6
2.3
1.4
1.8
4.7
3.3
5.6

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

10- 4
10-5
10-3
10-3
10-3
10-3
10-3
10-3
10-3
10-3
10-3
10-2
10-2
10-3
10-3
10-4
10- 2
10-3
10-3
10-2
10-3
10-2
10-2
10-2
10-3
10-4
10-3
10-2
10-3
10- 4
10-3
10-2

Nonnormalized
predicted latent
total fatalities!RY
(95% UCB)
2.6
2.0
1.7
6.0
2.3
1.7
1.1
1.3
8.0
7.0
5.0
2.4
6.0
1.1
7.3
8.0
8.0
6.3
1.0
9.0
2.8
3.3
1.5
2.0
9.0
7.3
4.3
3.3
1.2
3.3
6.7
1.8

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

Nonnormalized
predicted total dose
(person-rem!RY)
(95% UCB)

10-2
10-1
10-1
10-2
10-2
10-2
10-1
10-1
10-2
10-2
10-1
10-1
10-2
10-1
10-2
10-2
10-2
10-2
10- 1
10-2
10- 1
10- 1
10- 1
10-2
10-2
10-2
10-2
10- 2
10-1
10-2
10-2
10- 1

369
2950
2544
873
309
237
1588
1723
1168
926
6059
3099
819
1474
1001
1065
1063
2724
1381
1200
4010
4381
1971
278
1314
983
649
477
1540
466
872
2379

aUCB = upper confidence bound. For description and explanation of these values, see Appendix G.
bWNP_2 = Washington Nuclear Project 2.
Note: Multiply person-rem by 0.01 to find person-sieverts.
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Table 5.7 Middle year of license renewal period (MYR)
evaluation date and to-mile exposure index: (EI)
for each licensed nuclear plant in the U.S.
Values are given in descending order

Plant
Indian Point
Turkey Point
Zion
Trojan
St. Lucie
Limerick
Three Mile Island
Beaver Valley
Millstone
Catawba
Surry
Duane Arnold
Waterford
Shoreham
Oyster Creek
Haddam Neck
(Connecticut
Yankee)
Seabrook
Oconee
San Onofre
Perry
Fermi 2
McGuire
D. C. Cook
Susquehanna
Sequoyah
Palisades
Vermont Yankee
Dresden
Bellefonte
Ginna
Quad Cities
Prairie Island
Braidwood
Browns Ferry
Yankee Rowe
Arkansas
Peach Bottom
River Bend
Salem

NUREG·1437, Vol. 1

MYR
evaluation
datea

EIb
(10 miles)

2030
2030
2030
2030
2030
2050
2030
2050
2050
2050
2030
2030
2050
2050
2030
2030

18,959
17,852
16,913
12,556
11,447
10,709
10,327
9,535
9,420
7,219
6,796
6,283
6,163
5,915
5,584
5,476

2050
2030
2050
2050
2050
2050
2030
2050
2050
2030
2030
2030
2050
2030
2030
2030
2050
2030
2010
2030
2030
2050
2050

5,234
5,184
5,179
5,020
4,919
4,919
4,163
3,976
3,471
2,421
2,408
2,345
2,317
2,291
2,228
2,188
2,126
2,019
1,998
1,993
1,972
1,857
1,808
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Table 5.7 (continued)

Plant
Robinson
Monticello
Hope Creek
Shearon Harris
Point Beach
Nine Mile Point
FitzPatrick
Comanche Peak
Byron
Pilgrim
La Salle
Maine Yankee
Watts Bar
calvert Cliffs
Brunswick
Fort calhoun
Crystal River
Farley
Diablo canyon
Davis-Besse
Summer
Rancho Seco
Clinton
North Anna
Kewanee
Grand Gulf
callaway
Big Rock Point
Cooper
Wolf Creek
Hatch
South Texas
Vogtle
WNP-2c
Palo Verde

MYR
evaluation
datea

(10 miles)

2030
2030
2050
2050
2030
2050
2030
2030
2050
2030
2050
2030
2050
2030
2030
2030
2030
2050
2050
2030
2050
2030
2050
2030
2030
2050
2030
2030
2030
2050
2030
2050
2050
2050
2050

1,889
1,832
1,807
1,773
1,612
1,568
1,532
1,518
1,468
1,435
1,307
1,246
1,241
1,232
1,195
1,155
1,064
1,021
1,020
979
902
835
760
704
671
562
541
476
411
381
372
278
141
134
96

EIb

aThe renewal period evaluation year is the estimated midpoint of the renewal
period for that plant conservatively rounded upward to the next year of available
population data (MYR). Dates of license expiration were obtained from
Table 2.1. The maximum renewal period of 20 years was assumed.
bValue obtained by multiplying wind frequency in each of 16 compass sectors by
population 0 to 10 miles (16 km) from plant in that compass sector, then
summing all products.
cWNP-2 = Washington Nuclear Project 2.
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Table 5.8 Middle year of license renewal period (MYR)
evaluation date and i50-mile exposure index (EI)
for each licensed nuclear plant in the U.S.
Values are given in descending order.

Plant

MYR
evaluation
date"

EIb
(150 miles)

2030
2050
2050
2050
2050
2030
2050
2030
2010
2030

2,863,844
2,647,224
2,279,528
2,014,947
1,979,840
1,970,098
1,955,878
1,928,285
1,739,663
1,722,399

2050
2050
2030
2030
2050
2050
2050
2030
2050
2050
2030
2030
2030
2030
2030
2050
2050
2030
2030
2050
2050
2030
2030
2030
2050
2030
2050
2050
2030
2030

1,615,088
1,510,698
1,459,323
1,453,860
1,418,383
1,396,350
1,287,935
1,286,085
1,284,282
1,214,624
1,193,394
1,107,448
1,104,797
1,051,654
1,041,961
1,021,547
1,021,049
992,605
944,628
914,688
890,305
876,587
867,675
854,803
852,405
846,246
798,733
769,140
738,770
727,763

Indian Point
Limerick
Susquehanna
Shoreham
Salem
Oyster Creek
Hope Creek
Three Mile Island
Yankee Rowe
Haddam Neck (Connecticut
Yankee)
Braidwood
Millstone
Calvert Cliffs
Peach Bottom
Clinton
La Salle
Fermi 2
Vermont Yankee
San Onofre
Byron
Dresden
Zion
Davis-Besse
D. C. Cook
Palisades
Beaver Valley
Perry
Rancho Seco
Trojan
Catawba
McGuire
North Anna
Oconee
Quad Cities
Summer
Surry
Watts Bar
Sequoyah
Robinson
Saint Lucie
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Table 5.8 (continued)

Plant

MYR
evaluation
date"

Shearon Harris
Bellefonte
Vogtle
South Texas
Crystal River
Seabrook
Browns Ferry
Monticello
Pilgrim
Point Beach
Kewanee
River Bend
Cooper
Maine Yankee
Grand Gulf
Prairie Island
Callaway
Waterford
Comanche Peak
Wolf Creek
Ginna
Hatch
Turkey Point
Farley
Duane Arnold
Diablo Canyon
Palo Verde
Nine Mile Point
FitzPatrick
Arkansas
Brunswick
Fort Calhoun
Big Rock Point
WNP-2c

2050
2050
2050
2050
2030
2050
2030
2030
2030
2030
2030
2050
2030
2030
2050
2030
2030
2050
2030
2050
2030
2030
2030
2050
2030
2050
2050
2050
2030
2030
2030
2030
2030
2050

EIb
(150 miles)
688,554
678,549
590,283
579,617
573,211
523,715
491,751
487,606
486,154
469,985
440,217
432,680
428,471
391,929
388,245
375,227
373,564
370,569
363,530
363,380
357,773
347,~73

345,115
344,405
329,426
302,887
290,395
273,322
270,532
265,479
256,923
242,370
136,942
132,195

"The renewal period evaluation year is the estimated midpoint of the renewal period for that
plant conservatively rounded up to the next year of available population data (MYR). Dates
of license expiration were obtained from Table 2.1. The maximum renewal period of 20 years
was assumed.
bValue obtained by multiplying wind frequency in each of 16 compass sectors by
population 0 to 150 miles (240 km) from plant in that compass sector, then summing all
products.
cWNP-2 = Washington Nuclear Project 2.
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Table 5.9

Predicted dose estimate (total and average individual) per reactoryear (RY) for all sites at their middle year of lif:ense renewal (MYR)

Plant
Arkansas
Beaver Valley
Bellefonte
Big Rock Point
Braidwood
Browns Ferry
Brunswick
Byron
Callaway
Calvert Cliffs
Catawba
Clinton
Comanche Peak
Cooper
Crystal River
D.C. Cook
Davis-Besse
Diablo Canyon
Dresden
Duane Arnold
Farley
Fermi 2
FitzPatrick
Fort Calhoun
Ginna
Grand Gulf
Haddam Neck
(Connecticut Yankee)
Hatch
Hope Creek
Indian Point
Kewanee
La Salle
Limerick
Maine Yankee
McGuire
Millstone

Predicted UCB total
dose 95% UCBa
(person-remlRY)
238
1720
1335
48
4418
1446
704
2867
509
2995
1880
2549
466
955
700
2311
2021
346
1991
561
334
2722
728
111
203
1441
2618

4.1
15.6
12.3
2.3
20.5
8.6
5.2
17.8
6.6
20.8
13.8
18.6
8.8
5.4
10.6
20.1
20.6
5.7
18.9
6.0
5.7
21.3
6.1
3.6
5.8
6.2
32.4

6 x 10-5
1 x 10-4
1 x 10-4
2 x 10-5
2 x 10-4
2 x 10-4
1 x 10-4
2 x 10-4
8 x 10-5
1 x 10-4
1 x 10-4
1 x 10-4
5 x 10-5
2 x 10-4
7 x 10-5
1 x 10-4
1 x 10-4
6 x 10-5
1 x 10-4
9 x 10-5
6 x 10-5
1 x 10-4
1 x 10-4
3 x 10-5
4 x 10-5
2 x 10-4
8 x 10-5

855
3604
9727
303
2898
4461
414
1806
3988

5.8
35.5
35.7
7.4
19.1
39.3
7.6
14.3
32.6

1
1
3
4
2
1
5
1
1

See footnotes at end of table.
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150-mile
Predicted UCB
average individual dose
MYR
95% UCBb
population
(in millions)
(person-remlRY)
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x
x
x
x
x
x
x
x
x

10-4
10-4
10-4
10-5
10-4
10-4
10-5
10-4
10-4
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Table 5.9 (continued)
150-mile

Plant
Monticello
Nine Mile Point
North Anna
Oconee
Oyster Creek
Palisades
Palo Verde
Peach Bottom
Perry
Pilgrim
Point Beach
Prairie Island
Quad Cities
Rancho Seco
River Bend
Robinson
Salem
San Onofre
Seabrook
Sequoyah
Shearon Harris
Shoreham
South Texas
Saint Lucie
Summer
Surry
Susquehanna
Three Mile Island
Trojan
Turkey Point
Vermont Yankee
Vogtle
WNP-2c
Waterford
Watts Bar
Wolf Creek

Predicted UCB total
dose 95% UCBa
(person-rem/RY)

MYR
population
(in millions)
5.9
6.2
14.7
14.1
34.0
20.4
4.9
33.1
19.7
13.9
7.4
6.5
15.0
16.5
7.9
11.9
36.1
23.6
14.7
12.9
11.8
36.0
10.2
12.0
12.6
12.9
36.0
29.3
9.4
6.9
20.9
9.4
2.5
1
6. 8
13.4
6.3

730
996
1496
1311
2125
1691
369
2950
2544
873
309
237
1588
1723
1168
926
6059
3099
819
1474
1001
2724
1065
1063
1381
1200
4010
4381
1971
278
1314
983
649
477
1540
466
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Predicted UCB
average individual
dose 95% UCBb
(person-rem/RY)
1
2
1
1
6
8
8
9
1
6
4
4
1
1
1
8
2
1
6
1
8
8
1
9
1
9
1
1
2
4
6
1
3
7
1
7

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

10-4
10-4
10-4
10-4
10-5
10-5
10-5
10-5
10-4
10-5
10-5
10-5
10-4
10-4
10-4
10-5
10-4
10-4
10-5
10-4
10-5
10-5
10-4
10-5
10-4
10-5
10-4
10-4
10-4
10-5
10-5
10-4
10-4
10-5
10-4
10-5
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Table 5.9 (continued)

Plant
Yankee Rowe
Zion

Predicted UCB total
dose 95% UCBa
(person-rem/RY)

872
2379

150-mile
MYR
population
(in millions)

Predicted UCB
average individual
dose 95% UCB b
(person-rem/RY)

25.0
18.1

3 x 10-5
1 X 10-4

aUCB = upper confidence bound. For description and explanation of these values see Appendix O.
bObtained by dividing total fatalities by ISO-mile population.
cWNP-2 = Washington Nuclear Project 2.
Note: Multiply person-rem by 0.01 to find person-sieverts; 150 miles = 240 km.

from all other causes, including radon, is
estimated as 3 x 10- 1 rem per year.

The most direct means to perform this
benchmarking would be to compare the
outputs from CRAC used in the PESs with
the output of the MACCS code, given
identical inputs, for each of the PES
plants. However, CRAC has undergone
numerous revisions and a working version
of the code used for the PES calculations
is not available. Also, because the original
CRAC input files for the PES plants were
no longer available, detailed MACCS input
files reflecting the PES plant inputs could
not be created. Consequently, a direct
comparison of the PES and MACCS
output could not be made.

5.3.3.2.3 Benchmark Evaluations of the EI
Methodology
Values for the consequences associated
with nuclear power plant severe accidents
have been taken from the PESs and used
to establish the regressions and
corresponding 95 percent UCBs presented
in this chapter. As described previously, the
PES values were calculated using the
. CRAC computer model. Using these
regressions and the site-specific EI, UCB
estimates for early and normalized latent
fatalities and normalized total dose were
obtained. As a means of assessing the
performance of the EI methodology, two
additional studies have been performed
(Yambert and Linn 1992 and Tingle 1993).
The primary goal of these studies was to
demonstrate the accuracy of the EI
methodology in predicting consequences
associated with severe nuclear power plant
accidents. In addition, insight gained from
these evaluations was used to adjust values
estimated using the EI regressions to
reflect current, state-of-the-art calculation
techniques.

NUREG·1437, Vol. 1

To bridge the gap between the FES values
upon which the GElS results were based
and the MACCS code, CRAC2S was used
to evaluate 72 hypothetical nuclear power
plants. The first effort was to determine if
CRAC2S would be an adequate surrogate
for CRAC. Then CRAC2S and MACCS
would be used to evaluate the 72
hypothetical sites and the results would be
compared.
Benchmarking the CRAC2S code
A benchmark run was made using
CRAC2S in order to verify its ability to
satisfactorily reproduce the CRAC results
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values were then compared to estimates
obtained by applying the EI methodology
to the 72 hypothetical sites.

found in the FESs. This was done by trying
to match the input data sets for Indian
Point Units 1 and 2 (Acharya and Blond
n.d.). The data used in the CRAC2S main
input file were identical to those used for
the Indian Point CRAC main input file.
However, the on-site meteorological data
file used in the original Indian Point
CRAC calculations was not available. In its
place, meteorological data from the nearest
monitoring station location, New York
City, were used. The results of the '
benchmark found the early fatalities at
Indian Point as calculated by the CRAC2S
code were almost five times lower than the
values calculated by CRAC. The values for
latent cancers and total dose were almost
identical. From these results, the staff
concluded that the CRAC2S code could be
used as a reasonable surrogate for CRAC
in benchmarking it against the MACCS
code.

Comparison of the two sets of estimates
showed that in all cases, the consequence
values calculated using CRAC2S fell below
the corresponding 95 percent UCB limit
predicted using the EI methodology. In the
case of early fatalities, CRAC2S calculated
values for PWRs averaged about 2 to 3
times lower than expected values predicted
using the fitted EI regression line. This
difference was greater for hypothetical
BWR sites where CRAC2S calculated
values averaged an order of magnitude less
than the corresponding expected values
from the EI regression. In addition, for a
hypothetical site with a very low EI value
(less than 100), the CRAC2S predictions
were 4 orders of magnitude lower than the
EI regression line. This large variability was
attributed to the sensitivity of the CRAC2S
code results to the number of persons
located near the site, particularly in the 0
to 2 mile radius from the facility. The
CRAC2S values for both normalized latent
fatalities and normalized total dose were
nearly identical to the EI fitted regression
line for BWRs and were slightly below the
regression line for PWRs.

Comparison of CRAC2S results to EI
results for the hypothetical sites
Yambert and Linn (1992) created 72
hypothetical reactor sites. These sites were
constructed by combining projected year
2030 population data for 9 existing reactor
sites (5 PWR and 4 BWR) with actual
meteorological data taken from 8 stations
located across the U.S. The meteorological
data were independent of the population
data sites. Reactor locations for which
population data were selected were chosen
such that areas with high, medium, and low
populations were represented. Similarly,
the meteorological data were selected to
represent a wide range of weather patterns
(i.e., wet site, dry site, calm site, windy site,
etc.). Values for early and, normalized
latent fatalities, and normalized total dose
were then calculated for each of these
hypothetical PWR and BWR sites using
the CRAC2S computer code. 5 These

The preceding paragraphs showed that the
CRAC code can be adequately represented
by the CRAC2S code and that the EI
methodology (which is derived from values
calculated by the CRAC code) predicts
higher or equal consequences for all
combinations of population and
meteorology compared with the CRAC2S
results. The final step was to compare the
CRAC2S computations with the latest
consequ~nce code to determine if the
CRAC2S values, and by inference, the EI
methodology values, conservatively
overpredict consequences when compared
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to the state-of-the-art consequence models
and computation techniques.

as an adequate predictor of population
total dose due to a severe accident release.

A study was conducted at Brookhaven
National Laboratory (Tingle 1993) which
compared predictions made by the
CRAC2S code to those of the MACCS
code. MACCS is the consequence code
currently supported by NRC for estimating
consequences associated with severe
reactor accidents. The Brookhaven study
used MACCS to analyze the
72 hypothetical reactor sites (Yambert and
Linn 1992).

For latent fatalities, the study showed some
significant differences between the values
predicted by the two codes. MACCS
estimates for latent fatalities were
consistently factors of 5-15 higher than
estimates from the CRAc2S code. Since
the CRAC2S values for latent fatalities
were very close to the expected EI
regression values, the EI regressions
underestimate the current best estimates
for latent fatalities by approximately a
factor of 10. In order to enable the EI
methodology to be an adequately
conservative predictor of latent fatalities,
this information was incorporated by taking
the 95 percent UCB values as estimated
from the EI regressions and increasing the
values by a factor of to. It is these
increased values which are used in the
GElS. The adjusted latent fatality
estimates are shown in Table 5.11.

Early fatality values calculated using
MACCS for PWR sites were about a
factor of 2 higher than those calculated by
'CRAC2S. For BWR sites the MACCS
values were about a factor of 10 to
20 higher. Consequently, CRAC2S
underpredicted MACCS early fatality
values by a factor of 2 for PWR sites and a
factor of 10 to 20 for BWR sites. However,
the EI regression values overpredict the
values for early fatality estimates from the
CRAC2S code (which are based on CRAC
analyses performed for the plants' FES) by
factors of 3 for PWRs and 10 for BWRs.
These results show that the early fatalities
values estimated using the most advanced
consequence computer code, MACCS, can
be adequately predicted using the fitted EI
regression methodology and are well within
the 95 percent UCB determined by the EI
regression. Consequently, the early fatality
regression values shown in Table 5.10 are
conservative estimates of this potential
impact.

5.3.3.2.4 Conclusion
As can be seen from the data
in Tables 5.10 and 5.11, the risk of early
and latent fatalities from individual nuclear
power plants is small. It represents only a
small fraction of the risk to which the
public is exposed from other sources. Even
if the predicted early and latent fatalities
from all 118 plants were considered (that
is, the risk to the population of the United
States from all 118 nuclear power plants),
this would only result in a predicted risk of
approximately one additional early fatality
per year and approximately 30 additional
latent fatalities per year, which is still a
small fraction of the approximately 100,000
early and 500,000 latent cancer fatalities
per year from other sources.

The values for total dose calculated by
MACCS and CRAC2S were nearly
identical, differing by no more than a
factor of 2. This was the same result in
comparing the CRAC2S and EI regression
values. Thus, the EI regression can be used
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Table 5.10 Predicted early fatality estimates per
reactor-year (RY) for all sites at
their middle year of license renewal
Predicted UCB total
early fatalities/RY
(95% UCBt

Plant

3.3
2.5
4.0
2.7
3.6
4.3
3.5
2.3
6.9
1.8
1.7
3.0
2.3
2.6
1.5

Arkansas
Beaver Valley
Bellefonte
Big Rock Point
Braidwood
Browns Ferry
Brunswick
Byron
Callaway
Calvert Cliffs
Catawba
Clinton
Comanche Peak
Cooper
Crystal River
D. C.Cook
Davis-Besse
Diablo Canyon
Dresden
Duane Arnold
Farley
Fermi 2
FitzPatrick
Fort Calhoun
Ginna
Grand Gulf
Haddam Neck
Hatch
Hope Creek
Indian Point
Kewanee
La Salle
Limerick
Maine Yankee
McGuire
Millstone
Monticello
Nine Mile Point

X
X

X
X

X
X
X
X
X
X
X

X
X
X
X

8.4

X

1.4
1.5
4.6
8.0
1.5
6.8
3.8
1.7
3.9
2.8
1.2
2.6
4.1
6.5
8.9
3.6
1.1
1.8
1.0

X

X
X

X
X

X
X

X
X
X

X
X

X
X

X
X

X

X
X

2.5

X

4.1

X

~.8

X

10-3
10-2
10-3
10-3
10-3
10-3
10-3
10-3
10- 4
10-3
10-2
10-3
10-3
10-3
10-3
10-3
10-3
10-3
10-3
10-3
10-3
10-3
10-3
10-3
10-3
10-3
10-2
10-3
10-3
10-2
10- 4
10-3
10-2
10-3
10-2
10- 2
10-3
10-3

See footnotes at end of table.
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Table 5.10 (continued)
Predicted VCB total
early fatalities/RY
(95% VCBt

Plant

9.4
1.1
7.4
4.2
1.1
4.2
6.9
3.7
2.5
3.7
4.5
1.1
4.1
3.1
2.9
1.1
1.1
6.6
2.8
3.3
3.2
7.7
1.3
1.6
6.0
2.8
3.7
6.0
4.6
1.6
2.3
1.4
1.8
4.7
3.3
5.6

North Anna
Oconee
Oyster Creek
Palisades
Palo Verde
Peach Bottom
Perry
Pilgrim
Point Beach
Prairie Island
Quad Cities
Rancho Seco
River Bend
Robinson
Salem
San Onofre
Seabrook
Sequoyah
Shearon Harris
Shoreham
South Texas
Saint Lucie
Summer
Surry
Susquehanna
Three Mile Island
Trojan
Turkey Point
Vermont Yankee
Vogtle
WNP-2b

Waterford
Watts Bar
Wolf Creek
Yankee Rowe
Zion

x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
X

x
x
x
x
x

10-4
10-2
10-3
10-3
10- 4
10-3
10-3
10-3
10-3
10-3
10-3
10-3
10-3
10-3
10-3
10-2
10-2
10-3
10-3
10-3
10-3
10-2
10- 4
10-2
10-3
10- 2
10-2
10-2
10-3
10-4
10-3
10- 2
10-3
10-4
10-3
10- 2

aVeB = upper confidence bound. For description and explanation of
these values, see Appendix G.
bWNP-2 = Washington Nuclear Project 2.

NUREG-1437, Vol. 1

5-46

ENVIRONMENTAL IMPACTS OF ACCIDENTS

Table 5.11 Predicted latent fatality estimates per
reactor-year (RY) for all sites at their middle
year of license renewal (MYR)
Nonnormalized predicted
UCB total latent
fatalities/RY
(95% UCBt

Plant

1.7 X 10- 1
1.3 x 10°
1.0 x 10°
3.2 X 10-2
3.3 x 10°
9.7 X 10- 1
4.7 X 10- 1
2.2 x 10°
3.6 X 10-1
2.3 x 10°
1.4 x 10°
1.8 x 10°
3.3 X 10-1
6.3 X 10- 1
5.0 X 10- 1
1.8 x 10°
1.5 x 10°
2.5 X 10- 1
1.4 x 10°
3.7 X 10- 1
2.4 X 10-1
1.9 x 10°
5.0 X 10- 1
8.0 X 10-2
1.5 X 10-1
9.7 X 10-1
2.0 x 10°

Arkansas
Beaver Valley
Bellefonte
Big Rock Point
Braidwood
. Browns Ferry
Brunswick
Byron
Callaway
Calvert Cliffs
Catawba
Clinton
Comanche Peak
Cooper
Crystal River
D. C. Cook
, Davis-Besse
Diablo Canyon
Dresden
Duane Arnold
Farley
Fermi 2
FitzPatrick
Fort Calhoun
Ginna
Grand Gulf
Haddam Neck (Connecticut
Yankee)
Hatch
Hope Creek
Indian Point
Kewanee
La Salle
Limerick
Maine Yankee
McGuire
Millstone

5.7
2.5
7.7
2.2
2.0
3.1
3.0
1.4
3.1

X

x

x
X

x
x
X

x
x

10- 1
10°
10°
10-1
10°
10°
10- 1
10°
10°

See footnotes at end of table.
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Table 5.11 (continued)
Nonnormalized predicted
UCB total latent
fatalities/RY
(95% UCBt

Plant

5.0
6.7
1.1
1.0
1.5
1.3
2.6
2.0
1.7
6.0
2.3

Monticello
Nine Mile Point
North Anna
Oconee
Oyster Creek
Palisades
Palo Verde
Peach Bottom
Perry
Pilgrim
Point Beach
Prairie Island
Quad Cities
Rancho Seco
River Bend
Robinson
Salem
San Onofre
Seabrook
Sequoyah
Shearon Harris
Shoreham
South Texas
St. Lucie
Summer
Surry
Susquehanna
Three Mile Island
Trojan
Turkey Point
Vermont Yankee
Vogtle
WNP-2b
Waterford
Watts Bar
Wolf Creek
Yankee Rowe
Zion

X

X

x
x

x
x
X

x
x
X
X

10-1
10-1
10°
10°
10°
10°
10- 1
10°
10°
10- 1
10-1

1.7 X 10-1
1.1 x 10°
1.3 x 10°
8.0 X 10- 1
7.0 X 10- 1
5.0 x 10°
2.4 x 10°
6.0 X 10- 1
1.1 x 10°
7.3 X 10- 1
8.0 X 10-1
8.0 X 10- 1
6.3 X 10- 1
1.0 x 10°
9.0 X 10- 1
2.8 x 10°
3.3 x 10°
1.5 x 10°
2.0 X 10- 1
9.0 X 10-1
7.3 X 10- 1
4.3 X 10- 1
3.3 X 10- 1
1.2 x 10°
3.3 X 10- 1
6.7 X 10- 1
1.8 x 10°

= upper confidence bound. For description and explanation of these
values, see Appendix G.
bWNP_2 = Washington Nuclear Project 2.
aUCB

NUREG-1437, Vol. 1

5-48

ENVIRONMENTAL IMPACTS OF ACCIDENTS

prediction technique. Although some of
the difference can be attributed to the fact
that the NUREG-1150 results incorporated
plant modifications discovered and
corrected as a result of the NUREG-1150
analyses, some can also be attributed to the
conservatism of the prediction technique
used versus the more recent detailed
analyses used for NUREG-1150.

In addition, the prediction technique used
was designed to overestimate the risk from
reactor accidents. Table 5.12 illustrates this
point by comparing-for the five
NUREG-1150 plants-the early and latent
risk values obtained from Tables 5.10 and
5.11 versus those from the NUREG-1150
analyses. In all cases the NUREG-1150
analyses predict lower risk values (one to
five orders of magnitude) than the GElS

Comparison of predicted early and latent fatality estimates to
NUREG-1150 findings

Table 5.12

Early fatalities
Plant
Grand Gulf
Peach Bottom
Sequoyah
Surry
Zion

Table 5.10
2.8
4.2
6.6
1.6
5.6

x 10-3/RY

x

10-3

/RY

x 10-3/RY
x 10-2/RY
x .to-2/RY

Latent fatalities

NUREG-1150
1 x to-8/RY
8

3 x to- /RY
3 x 10-5/RY
2 x to- 6/RY
3 x 1O-5/RY

Table 5.11
9.7
2.0
1.1
9.0
1.8

x 10-1/RY
x to°/RY
x to°/RY
x 10-1/RY
x to°/RY

NUREG-1150
9
4
1
5
8

x
x
x
x
x

10-4/RY
10-3/RY
10-2/RY
10-3/RY

to- 3/RY

Note: RY = reactor-year.

areal extent of contamination, and the
ability for interdiction to reduce the
exposure hazard. The risk from this
exposure at plants sited on all types of
water bodies is compared with that of the
Fermi plant, located on Lake Erie, for
which an analysis has been completed for
an un interdicted dose (NUREG-0769,
Addendum 1). The potential risk is also
discussed for a dose with interdiction.

5.3.3.3 Dose and Adverse Health Effects
from Fallout onto Open Bodies of Water
5.3.3.3.1 Methodology
Following a severe accident, a radiation
hazard may exist from the deposition of
airborne, radioactive fallout onto open
bodies of water. Depending on the type of
water body, this hazard may lead to
internal exposure from the ingestion of
contaminated water or from consuming
contaminated aquatic fauna. External
exposure may result from swimming in the
contaminated water or from recreational
activities on the shoreline. The extent of
the hazard is largely determined by the
proximity of individuals to the reactor, the

This section examines such radiation
exposure risk at nuclear power reactors in
the event of a severe reactor accident in
which radioactive contaminants are
released into the atmosphere and
subsequently deposited onto open bodies
of water. The drinking-water pathway is
treated separately from the aquatic food,
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facilities are only a small fraction of the
latent fatalities predicted from land
contamination. (Terrestrial pathways,
including ingestion of crops, are considered
in the atmospheric pathway in
Section 5.3.3.2.)

swimming, and shoreline pathways. The
latter three pathways are addressed
collectively, and the rationale for selecting
only the aquatic food pathway for analysis
is presented. In the case of the drinkingwater pathway, environmental parameters
at representative sites are compared with
such parameters at the Enrico Fermi
Atomic Power Plant, Unit 2, to arrive at
some indication of comparative,
un interdicted hazard.

Radioactive material released to the
atmosphere tends to spread and disperse in
air and dilute in water. The concentration
of the contaminated material is thus
related to the volume of contaminated air
and water and meteorological and
hydrological conditions at the time of
release. These dilution processes reduce
the intensity of the hazard downwind and
downstream from the point of release but
tend to increase the areal extent of the
exposure hazard.

For the aquatic food pathway, the
methodology in the Fermi analysis was
used with site-specific data to arrive at a
comparative population dose. The Fermi
analysis applied the completely mixed lake
model bottom sedimentation, so that
sedimentation processes are accounted for
in the residence times. Population dose
estimates for both the drinking-water and
aquatic food pathways are compared with
estimates from the atmospheric pathway.
Analysis of the drinking-water pathway
precedes that of the aquatic food pathway.

Several studies provide partial benchmarks
that can be used to comparatively evaluate
the surface water ingestion pathway at
reactors located adjacent to bodies of fresh
water. The Liquid Pathway Generic Study
(LPGS) (NUREG-0440) examines surface
water contamination via groundwater
transport following a severe accident at a
generic small river site, large river site,
Great Lakes site, estuary site, coastal site,
and dry site. Transport via groundwater to
surface water bodies, however, is not
directly applicable to the direct deposition
pathway examined here. Results of the
LPGS study indicate that the maximum
individual total body dose associated with a
severe core-melt accident for the small
river site was, one to two orders of
magnitude higher than for the large river
and Great Lakes site. The high values for
the small river site were related to lower
flow rates. Uninterdicted population
drinking-water dose estimates calculated in
the LPGS are as follows: large river site,
1.08 x 105 person-rem; small river site,

For the drinking-water pathway, sites
adjacent to bodies of fresh water that can
be used as a source of drinking water are
considered. One estuarine site, which is not
used as a source of drinking water, is
examined for comparison purposes only.
Direct deposition onto the surface water is
the only pathway evaluated. The
contamination of surface water bodies by
the land erosion of atmospherically
deposited radionuclides is not considered.
One study concludes that risk from such a
pathway is small compared with that of the
atmospheric and terrestrial pathways
(Helton et al. 1985). The study indicates
that the contribution to latent facility from
runoff to a great lake is less than 15
percent of what would be expected by
direct deposit onto the lake. For both a
great lake and a river, the expected latent
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8.87 X 106 person-rem; and Great Lakes
site, 2.34 x 106 person-rem.

reactor but the same order of magnitude as
the air and ground pathways. For the
Limerick plant (NUREG-0974), the small
surface area of the nearby receiving water
body (the Schuylkill River) relative to the
total area of fallout is cited as the basis for
concluding that the surface water pathway
would be of small importance compared
with the land pathway. The analysis for the
Vogtle plant (NUREG-1087) qualitatively
compares site-specific characteristics with
those from both the Fermi and Indian
Point studies and concludes that the
surface water pathway would be of little
importance compared with the results from
atmospheric fallout onto land.

Two analyses establish precedent for the
direct-deposition, surface-water ingestion
pathway. One (NUREG-0769,
Addendum 1) is an estimate of risk
performed for the Enrico Fermi Atomic
Power Plant Unit, 2. This assessment
indicates that estimated individual and
societal uninterdicted doses from the
surface water pathway are of the same
order of magnitude as interdicted doses
from the airborne pathway. A whole body
dose to an individual after a 3-year period
of exposure was estimated at 0.8 rem.
Interdiction comparable to that for the
terrestrial pathway could substantially
reduce this dose estimate and is equally
likely. A second study for the Indian Point
reactors (Codell 1985) developed empirical
models based on considerations of
radionuclide data associated with fallout
from atmospheric weapons tests. A
maximum 194 person-rem/RY whole-body
un interdicted dose via drinking water was
estimated and compared with a maximum
2610 person-rem/RY whole-body dose
from the direct airborne pathways.
Although both latent and early fatality risks
are associated with direct airborne
pathways, only latent risks were found to
be associated with the liquid (drinkingwater) pathway because doses were well
below the predicted rate and threshold for
early fatalities or radiation illness.

Environmental parameters important for
input in performing the above analyses,
and for use in analyses of additional sites,
are the surface area of the receiving body,
the volume of water in the body, and the
flow rate. In the absence of a rigorous sitespecific analyses, these data can provide
estimates of the extent of contamination in
the receiving water body and the residence
time of the contaminant in the affected
water body. Comparing these estimates and
site environmental parameters with those
for Fermi can provide some indication of
the comparative hazard associated with
drinking contaminated surface water
among sites and the need for site-specific
analyses. Accounting for population and
meteorological data in the comparison can
provide further indication of relative risk
among sites.

Analyses in environmental documents
prepared subsequent to the Fermi and
Indian Point studies and the LPGS used
results of these three studies as
benchmarks. Representative conclusions
from these documents are summarized
here. Using site-specific parameters for the
Perry plant (NUREG-0884), individual and
societal latent cancer fatality risks from
unrestricted use of Lake Erie were found
to be about twice the risks from the Fermi

The method used for evaluating the directdeposition surface water ingestion pathway
compares water body surface area, volume,
and flow rate data at plants for which
analyses have not been performed with
similar data used in the Fermi 2
analysis. Table 5.13 lists all plants by
adjacent water body category. Type of
plant site categories have been assigned
consistent with the LPGS analysis. Plants
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Table 5.13 Nuclear power plants by water body category
Estuary or coastal

Great lakes

Diablo Canyon
Crystal River
Maine Yankee
Seabrook
Salem
South Texas
San Onofre
St. Lucie
Calvert Cliffs
Hope Creek
Shoreham
Surry
Millstone
Turkey Point
Pilgrim
Oyster Creek
Brunswick
Indian Point
Shoreham

Zion
Fermi
Ginna
Perry
Big Rock Point
Palisades
Nine Mile Point
Kewaunee
Cook
FitzPatrick
Davis· Besse
Point Beach

Small river or impoundment
Bellefonte
Haddam Neck
Braidwood
Dresden
Duane Arnold
Waterford
Prairie Island
Fort Calhoun
McGuire
Peach Bottom
Browns Ferry
Arkansas
Hatch
Byron Station
La Salle
Wolf Creek
Yankee Rowe
Callaway
Beaver Valley
Susquehanna
Farley

Vogtle
Clinton
Quad Cities
Monticello
Cooper
Shearon Harris
Limerick
Three Mile
Island
Catawba
Summer
Oconee
Sequoyah
Vermont
Yankee
Connecticut
Yankee
Robinson
Watts Bar
North Anna

Large river
Grand Gulf
Trojan
WNP-2Q
River Bend

QWNP-2 = Washington Nuclear Project 2.

were selected for analysis to represent the
spectrum of environmental characteristics
found at all plants; those not evaluated are
considered to possess environmental
characteristics within the range of those
evaluated.

(NUREG-0440), a larger number of small
river sites have been evaluated. Small river
sites were selected to represent (1) a range
of flow rates, (2) proximity to small rivers
that are the only affected water body, and
(3) proximity to small rivers where other
water bodies are also affected. An estuary
site, in which the principal water body is
not used as a source of drinking water, is
included for comparison purposes only.

Nine Mile Point and Zion were selected to
include Great Lakes other than Lake Erie.
Zion was selected because, of those plants
located near Lake Michigan, Zion's
location near the southwestern shore of
the lake would enable a large portion of a
plume to be deposited onto the lake near a
highly populated area. Trojan and Grand
Gulf were selected to represent each of
the two large rivers adjacent to plants.
Because the LPGS analysis indicates higher
population dose estimates for small rivers

NUREG·1437, Vol. 1

Great Lakes data as presented in the
Fermi analysis are used in this evaluation.
The assumptions used for determining river
width, depth, and flow rate throughout the
affected river reach are as follows: (1)
large rivers and small rivers are uniformly
6- and 3-m (20- and lO-ft) deep,
respectively, (2) river width at the reactor
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compares surface areas and water volumes
of potentially affected areas. In addition to
illustrating the smaller surface area of
rivers available to receive fallout compared
with the Great Lakes, these data provide
some indication of relative dilution capacity
(water volume) of the bodies of
water. Figure 5.9 compares surface areas
and water volumes of likely affected areas.
These data further illustrate the smaller
affected surface area and dilution capacity
of rivers compared with the Great
Lakes. Figure 5.10 depicts the three-orderof-magnitude spread in water body flow
rate that contributes to additional dilution
over longer time periods. Figure 5.11
compares estimated contaminant residence
times in the likely affected water bodies
and the surface-area-to-volume ratios to
provide some indication of the relative
level of contamination per unit of water.
The data in this figure (obtained by simple
computation from data presented in
previous figures) are the principal basis for
comparison with the Fermi plant.

site is the same throughout the affected
area, and (3) reported flow rate at the site
is assumed throughout. Surface area and
volume data for small lakes and reservoirs
were obtained from federal and state
agencies. In those cases in which part of a
small lake is included in the affected area,
the entire surface area and volume of the
lake are included. As in the Fermi analysis,
contaminant is assumed to be thoroughly
mixed in the water body.
For the purposes of this analysis, it is
assumed that essentially all atmospheric
fallout occurs within 80 km (50 miles) of
the reactor. For river sites, the
"potentially" affected area includes all
surface water bodies within 80 km (50
miles) of the reactor while the "likely"
affected area assumes that only a limited
portion of the potentially affected area is
affected. (The likely affected area includes
water body surface areas and volumes
within 80 km of the reactor site and within
6 of the 22.5° compass sectors toward
which the wind blows the greatest
percentage of time.) All major surface
water bodies are assumed to be sources of
drinking water at the evaluation year
(MYR). For Great Lakes and the estuary
site, it is assumed that the adjacent water
body is both the potentially and likely
affected area. The potentially and likely
affected populations at the MYR are
obtained as above for the affected area.
Data are presented in Tables 5.14a and
5.14b.

In addition to examining the drinking-water
pathway, NUREG-0769 (1981) considers
the aquatic food, shoreline, and swimming
exposure pathways for the Fermi reactor.
Since the principal uninterdicted, wholebody population dose in the Fermi analysis
is derived from aquatic food (8 x 107
person-rem), as compared to drinking
water (4 x 106 person-rem), shoreline
(2 x 106 person-rem), and swimming (6 x
103 person-rem), the uninterdicted aquatic
food pathway is examined. Particularly in
the case of estuaries, aquatic food
consumption constitutes the principal
pathway of exposure.

To facilitate comparison of environmental
parameters and analysis of those
parameters among sites, selected data
in Tables 5.14a and 5.14b are presented in
histograms in Figures 5.8 through 5.11. The
data included in the figures and a brief
description of types of information
provided by the figures follow. Figure 5.8

The process for examining the aquatic food
pathway began with a comparison of edible
aquatic food harvest data from major
eastern U.S. and Gulf Coast estuaries,
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Table 5.14a Comparison of Fermi 2 site data with data from other representative nuclear plants

Z

c:::

Plant

Type of
sitea

:;c

Potentially affected
surface area
(m 2)

Potentially affected
water volume
(m3)

Likely affected
surface area
(m 2)b

Likely affected
water volume
(m 3

t

Average
flow rate
(m3/year)

.j::>.
....,

_-...l

~.....

Fermi

7

4.58 x 1011

lOS

2.57 x 1010
7

4.58 x 1011
8

1.75 x 1011
10

0
Z

a;::

Beaver Valley

Small river

9.44 x 10

2.83 x

6.74 x 10

2.02 x 10

3.31 x 10

Small river

2.27 x 107

6.82 x 107

1.28 x 107

3.58 x 107

3.47 x 109

Browns Ferry

Small river

8

5.19 x 10

9

2.45 x 10

2.38

x 108

109

Byron Station

Small river

2.12 x 107

6.36 x 107

4.85 x 106

1.46 x 107

4.42 x 109

.....
a;::

Callaway

Small river

1.24 x 108

3.73 x

lOS

6.41 x 106

1.92 x 107

1.17 x 1010

Small river

7

6.99 x 10

8

7

>
(")

Clinton

1.16 x

lOS

10

3.82 x 10

9

3.47 x 10

tr.I

Z

~

""d

....,

4.25 x 10

6.79 x 10

3.65 x

Small river

1.03 x

lOS

4.71 x 108

3.20 x 107

1.33 x 108

2.21 x 108

Dresden

Small river

2.27 x 107

6.82 x 107

6.41 x 106

1.92 x 107

3.78 x 109

Duane Arnold

Small river

4.27 x 107

1.18 x 108

4.27 x 107

1.18 x 108

Grand Gulf

Large river

1.19 x 108

7.15 x 108

1.19 x

lOS

7.15 x 108

2.68 x 109
6.02 x 1011

(")
.....

Z
....,

Hope Creek

Estuary

2.07 x

109

3.45 x 10

2.07 x 10

3.45 x 1010

3.71 x 1011

10

9

Small river

6.03 x 107

1.81 x 108

1.28 x 107

3.85 x 107

1.70 x 109

McGuire

Small river

3.80

x 108

9

2.15 x 10

2.72

x 108

9

1.48 x 10

9

2.37 x 10

Monticello

Small river

5.46 x 108

3.45 x 109

5.46 x 108

3.45 x 109

Lake

1.97 x 1010

1.64 x 1012

1.97 x 1010

1.64 x 1012

4.10 x 109
2.09 x 1011

Limerick

~

Lake

2.57 x 1010

Braidwood

Catawba

Vl
I
Vl

Z

<:
.....

:;c

tr.I

9
......

tr.I

Nine Mile Point
North Anna

Small river

7

6.59 x 10

Oconee

Small river

3.46 x

Prairie Island

Small river

5.70 x

lOS
lOS
7

8

6.81 x 10

9

7

6.08 x 10

lOS

lOS

3.15 x 108

9

5.86 x 10

9.46 x 108

6.66 x

5.86 x 10

3.46 x

3.53 x 109

5.70 x 108

3.53 x 109

1.34 x 1010

8

7

x 108

4.23 x 1010

Quad Cities

Small river

6.24 x 10

1.87 x 10

4.33 x 10

1.30

Robinson

Small river

9.40 x 107

5.08 x 108

1.51 x 107

5.63 x 107

1.58 x 108

Shearon Harris

Small river

8

1.17 x 10

9

1.11 x 10

7

8.64 x 10

9

1.01 x 10

2.78 x 109

Summer

Small river

3.33 x 108

3.35 x 109

6.79 x 107

4.19 x 108

5.36 x 109

Small river

7

8

7

1.41 x 10

8

3.04 x 1010

7

5.24 x 108

3.85 x 1011

7

x 108

7.73 x 109

8

Three Mile Island
Trojan
Vermont Yankee

4.71 x 10

Large river

8.73 x 107

5.24 x 108

Small river

7

8

6.20 x 10

8

Wolf Creek

Small river

1.50 x 10

Yankee Rowe

Small river

1.97 x

Zion

1.41 x 10

Lake

lOS
10

5.80 x 10

1.86 x 10

4.71 x 10
8.73 x 10
6.20 x 10

1.86

6.41 x 10

7.04 x 10

2.05 x 10

1.42 x 109

1.87 x 109

1.48 x 107
5.80 x 1010

4.43 x 107

6.62 x 108
1.58 x 1011

8

12

4.87 x 10

7

a As

designated in Liquid Pathway Generic Study analysis (NUREG-0440).
bIn the likely affected water body.

Note: Multiply square meters by 1.20 to find square yards; multiply cubic meters by 1.307 to find cubic yards.

12

4.87 x 10

rFl

0

"!j

f;

0

tr.I
rFl

Table 5_14b Olmparison of Fermi 2 site data with data from other representative nuclear plants

Plant

VI
I
VI
VI

Z

c:::

::0
tTl

9.....

~

!.>l

--...I

<

~

.....

Fermi
Beaver Valley
Braidwood
Browns Ferry
Byron Station
callaway
catawba
Clinton
Dresden
Duane Arnold
Grand Gulf
Hope Creek
Limerick
McGuire
Monticello
Nine Mile Point
North Anna
Oconee
Prairie Island
Robinson
Shearon Harris
Summer
Trojan
Vermont Yankee
WolfCreek
Yankee Rowe
Zion

Type of
sitea
Lake
Small river
Small river
Small river
Small river
Small river
Small river
Small river
Small river
Small river
Large river
Estuary
Small river
Small river
Small river
Lake
Small river
Small river
Small river
Small river
Small river
Small river
Large river
Small river
Small river
Small river
Lake

Residence
time
(yearst
2.6 x 10°
6.1 x 10-3
1.1 x 10-2
3.0 x 10-2
3.3 x 10-3
1.6 x 10-3
1.1 x 10-1
6.0 x 10-1
5.1 x 10-3
4.4 x 10-2
1.2 x 10-3
9.3 x 10-2
2.3 x 10-2
6.2 x 10-1
8.4 x 10-1
7.8 x 10°
21 x 10°
6.0 x 10°
2.6 x 10-1
3.6 x 10-1
3.6 x 10-1
7.8 x 10-2
1.4 x 10-3
24 x 10-2
1.4 x 10-1
6.7 x 10-2
3.1 x 101

Surface area
to
volume
ratid'
5.6 x
3.3 x
3.3 x
2.1 x
3.3 x
3.3 x
1.9 x
2.4 x
3.3 x
3.6 x
1.7 x
6.0 x
3.3 x
1.8 x
1.6 x
1.2 x
9.1 x
5.9 x
1.6 x
2.7 x
8.6 x
1.6 x
1.7 x
3.3 x
3.4 x
3.3 x
1.2 x

10-2
10-1
10-1
10-1
10-1
10-1
10-1
10-1
10-1
10-1
10-1
10-2
10-1
10-1
10-1
10-2
10-2
10-2
10-1
10-1
10-2
10-1
10-1
10-1
10-1
10-1
10-2

Potentially
affected
populationC
6,647,763
4,169,673
5,092,832
926,918
1,141,541
463,360
2,337,775
869,226
7,453,539
754,825
504,930
5,424,373
7,615,980
2,543,485
2,815,967
811,475
1,478,490
1,311,318
2,961,583
991,450
2,122,597
1,385,612
2,822,894
1,709,869
273,225
1,796,823
8,199,956

Percentage of
population
likely
to be affected
41
48
43
13
38

11
13
6
17
46
18
26
37
23
82
9
61
20
79
28
49
27
91
45
35
38
10

designated in Liquid Pathway Generic Study analysis (NUREG-0440).
bIn the likely affected water body.
"Population projected for the middle year of license renewal (fable 5.5); 8O-km (50-mile) radius from the site.
NA = Data not available.
Note: To convert mph to kph, multiply by 1.61; to convert inches to centimeters, multiply by 2.54.
a As

Average
annual
wind velocity
(mph)
8.9
9.3
10.3
8-12
9.9
10.3
6.9
11.4
9.7
8.0
7.7
8.9
9.1
6.9
NA
10.0
6.8
7.6
6.3
6.2
4.6
NA
8.2
7.8
10.3
NA
NA

Average annual
precipitation
(inches)
Rain

Snow

31
36
30
47
18
37
42
35
33
33
50
40
59
43
24
34
44
53
25
33
36
45
42
43
31
NA
32

31
46
24
3
34
19
56
23
37
31
2
23
20
6
42
88
16
NA
44
NA
NA
2
7
60
15
100
58
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three Great Lakes, and generic large and
small rivers. Sites were selected to include
major aquatic food producing water bodies
~djacent to plant sites. Data for East Coast
estuaries, the eastern Gulf Coast, and the
Great Lakes sites were obtained from the
U.S. Department of Commerce (1980) and
NUREG-0056. In the absence of sitespecific data for river sites, generic aquatic
harvest data from LPGS (NUREG-0440)
were applied to a representative large and
small river site. It is recognized that the
quantity of aquatic food harvested from a
water body varies temporally with the
environmental quality of the water body.
As in LPGS, it is assumed that 53 percent
of the round weight of marine fish,
26 percent of the crustacea, and 28 percent
of the freshwater fish are edible by
humans. Mollusc data are reported in
weight of edible meat. Recreational harvest
data for molluscs and crustacea are
unavailable and not included. While
aquacultural harvests may be large locally
[as much as about 3000 kg/ha in 1971
(2700 lbs/acre)], potential dose from this
aquatic food source, like commercial
harvests, is readily interdicted, and
aquaculture harvest data are not included.
Many commercially and recreationally
important marine fauna depend on the
estuarine waters of the eastern Atlantic
and Gulf Coasts for some portion of their
life cycle. These include summer and
winter flounder, striped bass, bluefish,
alewives, black and rock sea basses,
butterfish, croaker, weakfish, kingfish, shad,
spot, menhaden, blackfish, mackerel, and
shrimp. The presence of these fauna in an
affected estuary for a few months and their
subsequent migration from the estuary for
later harvest elsewhere is acknowledged,
although their contribution to the food
pathway cannot be reasonably quantified
and accommodated in the present analysis.
However, compared with those organisms

NUREG-1437, Vol. 1

that are harvested in the estuary, the
contribution of migratory fauna to
estimates of dose and population risk is
considered to be relatively small.
The modeling methodology in the Fermi
analysis accounts for changes in radioactive
nuclide concentrations in both sediment
and surface water. The sediment model
accounts for both the removal of
radionuclides through sedimentation, as
well as leaching back of the radionculides
from the sediment into the water column.
Surface water transport models are used to
determine dispersing waterborne
concentration functions, resulting in timedependent water concentrations. The
bioaccumulation approach is considered to
be appropriate when the organisms have
been in a reasonably constant
concentration field for a period of
sufficient duration for trophic and
biological exchange processes to approach
equilibrium. Since the time frame of
interest for aquatic food concentrations
extends up to 1 year, utilization of the
various time-dependent waterborne
radio nuclide concentrations, when divided
into periods of reasonably constant
concentration, will provide reliable
determinations of aquatic food
concentrations of radioactive nuclides. A
detailed discussion of the use of the
bioaccumulation factor is provided in
Appendix C of NUREG-0440, Liquid
Pathway Generic Study.
Annual aquatic harvest data are compared
with similar data used in the Fermi analysis
to arrive at comparative estimates of
whole-body population dose (assuming a
constant source term among sites). From
these data, estimates of population
exposure and individual latent cancer
fatality risk per RY are calculated as in the
Fermi analysis. It is assumed that all of the
edible aquatic harvest is consumed by
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h,umans, and a linear relationship between
edible aquatic food harvest and population
dose is assumed using data in the Fermi
analysis for comparison.
Population exposure values are computed
as the product of the projected population
dose (scaled using the Fermi analysis), an
assigned probability for an atmospheric
release (about 2 x 10-5; consistent with the
Fermi analysis), and the probability of the
wind blowing toward the water body.
Probability estimates of deposition onto
the water body are obtained from sitespecific meteorological data, which provide
the fraction of time the wind is blowing
toward the water body.
5.3.3.3.2 Results
Results for the aquatic food pathway
follow those for the drinking-water
pathway. In the case of the drinking-water
pathway, comparisons of each type of
environmental data with those at Fermi
and the implications of those comparisons
with respect to surface water
contamination are presented. Great Lakes
and the estuarine site comparisons precede
those for river sites.
For all sites evaluated, average annual
precipitation and wind data are similar to
those at Fermi, which suggests no
appreciably different effects from
meteorological conditions on fallout among
sites. The surface areas of the estuarine
and Great Lakes sites evaluated are the
same order of magnitude or less than those
of the Fermi plant, which indicates that
these sites would receive less than or
essentially the same proportion of
contaminant as Fermi. For the other Great
Lakes sites evaluated, water volume values
nearly one order of magnitude greater than
those of Fermi would result in significantly
greater dilution. Because water volume is

one order of magnitude lower for the
estuarine site, less dilution would occur.
Similar flow rates for the Great Lakes sites
would not alter the comparative dilution
capacity. A flow rate that is greater by an
apparent factor of two for the estuarine
site would suggest an increase in dilution.
While it is acknowledged that the
contribution of tidal flow to the overall
flow rate is large, tidal flow may
incompletely remove contaminants, and a
reasonable means of accommodating that
phenomenon in the analysis is not
available. Therefore, tidal flow is simply
included with other flow data. Nine Mile
Point exhibits a contaminant resident time
that is a factor of 3 longer than that of
Fermi; Zion has a residence time that is an
order of magnitude greater than that of
Fermi, and Hope Creek's is nearly 2 orders
of magnitude less. Surface-area-to-volume
ratios about a factor of 5 lower for Nine
Mile Point and Zion suggest lower
contaminant concentrations for these sites.
Essentially the same surface-area-tovolume ratio for Hope Creek indicates a
contaminant concentration similar to that
of Fermi.
Comparisons of the estuary and Great
Lakes site data with Fermi data indicate
that contamination of these sites is of the
same order of magnitude as Fermi. In the
case of the Great Lakes sites, effects from
longer comparative residence times are
countered by lower surface-area-to-volume
ratios (lower contaminant concentrations).
Comparisons of those parameters for the
estuarine site indicates much lower
residence times than for Fermi and
essentially the same contaminant
concentration.
In the case of the river sites, the data
corroborate the assumption that the
surface area of the water body available to
receive fallout is small compared with
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Fermi. Compared to Fermi, however, 2- to
3-orders-of-magnitude-Iower water volumes
for both small and large rivers result in a
significantly reduced capacity for dilution in
that portion of the river that receives
fallout. Factors of 2 to 3 higher
comparative flow rates for large rivers
increase dilution capacity, whereas
comparative 1- to 3-orders-of-magnitudelower flow rates for small rivers contribute
to further reduced dilution capacity. The
ability of many river sites to remove
contaminants rapidly is evident in the
residence time data, the values of which
are measured in days or weeks rather than
years, as for the Great Lakes sites. Longer
residence times for some small rivers are
attributed to low flow rates or proximity to
small lakes. Comparatively higher surfacearea-to-volume ratios for river sites
indicate higher concentrations of
contaminant in the affected portion of the
river.
In contrast to the estuarine and Great
Lakes sites evaluated-in which the data are
amenable to direct interpretative
comparison with the Fermi analysis-a
direct comparison between river and Great
Lakes systems does not yield viable results.
Therefore, combinations of characteristics
are utilized in arriving at data
interpretations for river sites. While
comparatively small portions of rivers may
receive fallout, the concentration of
contaminant in all river sites evaluated is
essentially the same as or exceeds that of
Fermi by as much as a factor of 6.
Residence times for large rivers are more
than 3 orders of magnitude less than for
Fermi, while small river values vary from
nearly 3 orders of magnitude less to more
than a factor of 2 greater than for Fermi.
Examination of the data in Table 5.14b
indicates that certain small river sites could
result in a combination of residence time
and concentration that would exceed Fermi
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by a factor of 2 to 3; however, the
potentially affected population is much
smaller than at Fermi.
River sites that may receive relatively high
concentrations of contaminant but which
exhibit flow rates sufficient to enable the
removal of contaminants within short
periods of time (hours to several days)
would reduce potential contaminant
exposure time such that risk at these sites
is likely to be bound by the Fermi analysis.
However, such is not the case at all river
sites, and they may not be bound by the
Fermi analysis. These small river sites
include the 13 (Table 5.15) with the
following combined characteristics: (1) low
on-site average annual flow rates,
(2) comparatively long residence times, and
(3) comparatively large surface-area-tovolume ratios.
However, particularly for these 13 sites, an
estimate of the uninterdicted population
dose per RY from drinking water may be
made by considering the Fermi value (4 x
106 person-rem). Using an estimated value
of 2 x 10-5/RY for the likelihood of release
and a 0.445 probability of the wind blowing
over the lake results in an estimated
36 person-rem/RY for Fermi. Assuming a
25 percent MYR increase in population,
the uninterdicted person-rem per RY value
would be approximately 45, which is less
than 2 percent of the value from the
atmospheric pathway (Table 5.6). Because
combined residence time and surface-areato-volume ratios for the 13 small river sites
in Table 5.15 exceed values at Fermi by
less than a factor of 3, and these sites have
populations lower than Fermi by at least a
factor of 2, the population dose at these
sites would be expected to remain a small
fraction of the value estimated for the
atmospheric pathway. In addition, these
sites are considered to be at least as
amenable to interdictive measures as
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Table 5.15 Reactor sites that may not be bound
by the Fermi 2 surface water analysis
Catawba
McGuire
Oconee
Shearon Harris
Yankee Rowe

Clinton
Monticello
Prairie Island
Summer
Duane Arnold

North Anna
Robinson
Wolf Creek

Fermi, which would further reduce
population dose.

essentially the same as or significantly less
than values from the atmospheric pathway.

Results of the uninterdicted aquatic food
pathway analysis are presented
in Table 5.16, which compares estimated
annual aquatic food harvest, population
dose, and population exposure among sites.
Because of conservative assumptions in
several steps in the analysis, these values
are considered to constitute upper bound
value estimates. It is also assumed that the
entire harvest is consumed by humans,
which results in maximum population dose
to those sites with the greatest harvest,
independent of population. This
assumption implies a linear relationship
between harvest and population dose.

Interdiction could consist of preventing use
of the water or making contaminated food
difficult to obtain. Thus, limiting people's
contact with contamination through such
measures as preventing or confiscating
catches of recreational and commercial fish
and shellfish, prohibiting water..based
recreation, and eliminating surface water as
a drinking-water source would have to be
employed.

It can be seen in Table 5.16 that those
sites with the greatest aquatic harvest
result in the highest values of population
exposure per RY. For most sites,
population exposure estimates are well
below those estimated for the atmospheric
pathway (Table 5.6). For those with values
that exceed the atmospheric pathway value,
it is reasonable to expect that dose
reduction would occur as a result of
interdiction. Interdiction has the potential
to reduce the dose by factors of from 2 to
10 (NUREG-0769, Addendum I; NUREG0440, Table 7.3.2); accordingly, values of
population exposure for all sites would be

This type of interdiction might have to be
long term because the residence times
could be long in certain situations. The
food pathway of ocean and estuarine sites
would be the hardest in which to effect
interdiction. Not only are the physical
transport mechanisms of these systems
complex, but many of the important
recreational and commercial organisms are
highly mobile. Thus, the ability of humans
to obtain these organisms would need to
be controlled.
5.3.3.3.3 Conclusion

Analyses for both the drinking water and
aquatic food pathways have been
performed with and without considering
interdiction. In the case of the drinkingwater pathway, the Great Lakes and the
estuarine sites are bound by the Fermi
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Table 5.16 Comparison of aquatic food halVest, uninterdicted population dose and
exposure among representative sites
Annual
Population
edible
Estimated
population
exposure
aquatic
food
dose-whole
per
body
reactor-year
halVest
(person-rem )b
(person-rem y
Water body
Plant
(kgt
Calvert Cliffs
Crystal River
Fermi
Hope Creek
Millstone

Chesapeake Bay
Gulf Coast
Lake Erie
Delaware Bay
Long Island
Sound
Nine Mile Point Lake Ontario
Gulf of Maine
Seabrook
Zion
Lake Michigan
Small river
Generic
Generic
Large river

108
108
108
108
108

3.0
6.4
6.7
8.1
5.8

x
x
x
x
x

108
107
107
107
107

7.1 X
1.5 X
1.6 X
2.0 X
1.4 x

1.8
7.4
2.7
2.2
2.0

x
x
x
x
x

107
107
107
104
104

4.2 x 107
1.7 x 108
6.4 X 107
5.2 X 104
4.7 x 104

5500
1400
1400
270
500
300
2100
650
0.4
0.4

QIncludes combined commercial and recreational harvest estimates.
linear relationship between aquatic harvest and population dose using data in Fermi analysis
(NUREG.0769) as basis for comparison.
cDerived as in the Fermi analysis (NUREG-0769) using site-specific data to obtain wind probability values. For the
river sites, meteorological data from those sites in the drinking-water pathway analysis with the highest
likely/potentially affected surface area ratios were used.
Note: Multiply by 2.2 to convert kilograms to pounds; multiply by 0.01 to convert person-rem to person-sieverts.
bAssumes

analysis while small river sites with
relatively low annual flow rates, long
residence times, and large surface-area-tovolume ratios may potentially not be bound
by the Fermi analysis. In all cases, however,
interdiction can reduce relative risk to
levels at or below that of Fermi and
significantly below that for the atmospheric
pathway. River sites that may have
relatively high concentrations of
contaminants but which remove
contaminants within short periods of time
(hours to several days) are amenable to
short-term interdiction. A similar level of
reduced risk can be achieved at those sites
with longer residence l times (months) by
more extensive interdictive measures.

NUREG-14:17, Vol. 1

For the aquatic food pathway, population
dose and population exposure per R Yare
directly related to aquatic food halVest. For
river sites, uninterdicted population
exposure is orders of magnitude lower than
that for the atmospheric pathway. For
Great Lakes sites, the uninterdicted
population exposure is a substantial
fraction of that predicted for the
atmospheric pathway but is reduced
significantly by interdiction. For estuarine
sites with large annual aquatic food
halVests, dose reduction of a factor of 2 to
10 through interdiction provides essentially
the same population exposure estimates as
the atmospheric pathway.
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10-4 probability of occurrence of basemat
melt-through per reactor-year for this
analysis.

For these reasons, population dose for the
drinking-water pathway is found to be a
small fraction of that for the atmospheric
pathway. Risk associated with the aquatic
food pathway is found to be small relative
to the atmospheric pathway for most sites
and essentially the same as the atmospheric
pathway for the few sites with large annual
aquatic food harvests.

In this analysis, site-specific information on
groundwater travel time; retentionadsorption coefficients; distance to surface
water; and soil, sediment, and rock
characteristics is compared with previous
groundwater contamination analyses.
Previous analyses are contained in LPGS
and FESs.

5.3.3.4 Possible Releases to Groundwater
5.3.3.4.1 Methodology

First, uninterdicted doses received through
the groundwater pathway are compared;
however, the effects of interdiction are
discussed later in this section.

This section discusses the potential for
radiation exposure from the groundwater
pathway as the result of postulated severe
accidents at a nuclear reactor during the
license-renewal period. Severe accidents
are the only accidents capable of producing
significant groundwater contamination.

Groundwater contamination due to severe
accidents has been evaluated generically in
LPGS (NUREG-0440). LPGS assumes
that core melt and subsequent basemat
melt-through occur and evaluates the
consequences. LPGS examines six generic
sites using typical or comparative
assumptions on geology, adsorption factors,
etc. Twenty-seven sites (hereafter called
current sites) of the 74 nuclear power
plant sites performed groundwater
pathways analyses for FES and compared
the results with the conclusions in LPGS.
These comparisons indicate whether the
current plant sites present significantly
larger population doses than those
calculated in LPGS. For the other 47 sites
(hereafter called earlier sites) for which no
groundwater pathway analyses were
performed, this study compares the
physical characteristics of each site with
both the generic sites used in the LPGS
study and the current sites.

For this pathway, the core is postulated to
"melt down," breach the reactor vessel,
and fall onto the reactor building floor. As
a result of chemical energy and decay heat,
the melted fuel reacts with the concrete
floor. The basemat of the containment
building is eventually breached, and molten
core debris and radioactive water penetrate
strata beneath the plant. The soluble
radionuclides in the debris can be leached
and transported with groundwater and
contaminated reactor water to
downgradient domestic wells used for
drinking water or to surface water bodies
used for drinking water, aquatic food, and
recreation. In reality, the probability of
such an accident is small. In general, the
probable frequency of core melt is less
than 10-4/RY; however, some plants may
have core damage frequencies that slightly
exceed this value. From NUREG-1150, the
conditional probability of basemat meltthrough ranges from 0.05 to 0.24
occurrences per core melt. Therefore, it is
reasonable and conservative to assume a

The LPGS results are believed to provide
generally conservative un interdicted
population dose estimates in the six generic
plant-site categories. Five of these
categories are site groupings in common
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(retardation coefficients) for 90Sr and 137Cs
are 28 and 253, respectively. All LPGS
parameters were taken from the WASH1400 study (NUREG-75/014).

locations adjacent to small rivers, large
rivers, the Great Lakes, oceans, and
estuaries. In a severe accident,
contaminated groundwater could reach
nearby surface water bodies and the
population could be exposed to this source
of contamination through drinking of
surface water, ingestion of finfish and
shellfish, and shoreline contact. Exposure
by drinking contaminated groundwater is
considered to be minor or nonexistent in
these five categories because of a limited
number of drinking-water wells. The sixth
category is a "dry" site located either at a
considerable distance from surface water
bodies or where groundwater flow is away
from a nearby surface water body. In this
case, the only population exposure results
from drinking contaminated groundwater.
In each LPGS category, the generic site is
a PWR that produces 1150 MW(e) and is
located 457 m (1500 ft) from the nearest
surface water (or from the boundary of the
exclusion area in the dry site case).

A summary of un interdicted population
doses for LPGS generic wet sites is
provided in Table 5.17. The largest LPGS
drinking-water dose to the population is
attributed to the small river site (8.9 x 106
person-rem). The largest total population
dose is attributed to the estuarine site
(1.8 x 108 person-rem), which is more than
an order of magnitude greater than the
next largest total population dose
(9.9 x 106 person-rem) for the small river
site.
In the following comparisons, current FES
results are tabulated separately and by
generic category for ease of comparison. A
major objective of these comparisons is to
establish whether the generic LPGS or
current FES severe accident liquid pathway
analyses provide conservative uninterdicted
population dose estimates in each site
category. According to LPGS
(NUREG-0440), the generic liquid
pathway uninterdicted dose estimates are
one or more orders of magnitude lower
than those attributed to the atmospheric
pathway. Therefore, if the 27 current site
FES dose estimates do not significantly
exceed those of LPGS, the liquid pathway
may also be considered an insignificant
contributor to the population dose that
could result from a severe accident for the
plants. The remaining 47 earlier sites are
then placed into the appropriate categories
and their physical characteristics are
compared with those of the selected largest
dose estimate site to determine if they also
represent comparatively insignificant
contributors to population dose.

In LPGS, five of the site categories (the
dry site is the one exception) have the
same generic groundwater characteristics.
The groundwater velocity is 2.04 m/day
(6.7 ft/day) and travel time to the nearest
surface water is 0.61 year. The adsorptionretention factors (the products of these
factors and the groundwater travel time are
travel times of each isotope) for 90Sr and
137Cs are 9.2 and 83, respectively, and the
corresponding amounts of each isotope
reaching surface water (taking into account
their radioactive decay rates) are
88 percent and 31 percent of the core-melt
inventory, respectively. The groundwater
velocity and travel time to the exclusion
boundary of the dry site are 1.32 m/day
(4.35 ft/day) and 0.95 year, respectively. In
this case, the adsorption-retention factors
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Table 5.17 Summary of surrogate uninterdicted population doses for Liquid
Pathway Generic Study base cases
Generic
siteG

Drinking·water
dose
(person·remt

Seafood
ingestion qose
(person-rem)
103

Shoreline
exposure
(person-rem)

Total
(person·rem)

7.457

X

103

1.228

105

3.577

X

105

9.88

105

4.066

X

105

3.540

X

106

0

1.463 x 107

1.626

X

108

1.772

X

108

0

5.348 x 105

2.36

Large river

1.08 x 105

6.83

Small river

8.865 x 106

6.563

X

Great Lakes

2.34 x 106

6.369

X

Estuary
Coastal

X

X

103

X

X

105

106

5.372 x105

GData for the dry site are not provided.
bMultiply person-rem by 0.01 to find person-sieverts.
Source: NUREG-1054.
Note: These doses should not be accepted at face value, but should be used only for comparison with other
sites.

5.3.3.4.2 Small River Sites

Population dose-estimate ratios
(plant/LPGS) for drinking water, ingestion,
and shoreline exposures are presented in
the right-hand column of Table 5.18. These
dose-estimate ratios are also based on the
assumption of no interdiction. At face
value, the majority of these dose-estimate
ratios are several orders of magnitude less
than 1. However, these dose-estimate
ratios are sometimes based on parameters
that may be nonconservative. There was
also a lack of population dose information
in FESS. Therefore, dose estimate ratios
must be inferred from the percentage of
radio nuclides reaching surface water. At
several sites, these ratios are near unity
(i.e., the site and LPGS dose estimates are
the same order of magnitude); at two sites
(Byron Station and Clinton), ingestion dose
ratios are significantly larger than unity
(i.e., the site seafood ingestion dose is
more than an order of magnitude greater
than the corresponding LPGS dose).

Table 5.18 compares results of current
small-river plant sites (Le., those with
groundwater pathway analyses in their
FESs) with the LPGS results. Beneath the
name of each plant is its location, a brief
description of the groundwater pathway,
surface water bodies affected, and average
stream flow rates past each plant site.
Numerical tabulations, include the
estimated percentages of radionuclides 90Sr
and 137CS reaching the nearest
downgradient surface water body as well as
groundwater travel times and radio nuclide
adsorption-retention factors,
which-together with radio nuclide decay
rates-were used to calculate these
percentages. Also included are estimates of
the magnitude of three potential
uninterdicted population dose sources:
drinking-water, finfish- and shellfishingestion, and shoreline-swimming
exposure.
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OD-5ite now rale of river is
380 m3/secoDcl.

NP

NP

9.2

35/500

O.1J-O

NP

NP

NP

« I
(combined)

42 kID SE o( Augusta.

850

0.15

15.3

21.51165

0.05/-0

0.06

< 12

NP

10-5• 10"'.0

Ga.-consttuctiOD. backfill

to shallow limestoae,
elischarge to springs
(eeding Mathes Pond.
the. to the SavaDnah
River ..el Ada.tie OceaD.

Aven.ge on-site Dow rate
of river is
340 m3/secoDcl.

See footnotes at eDd or table.

~

0

~
m

'0

Vogde

s:::
'"d

....

marshes and estuaries to
the Atlantic Ocean.
Aven.ge on-site flow rate
of river is 170 m3/second.

0

....~

(")
(")

and Moultrie., then

SusquehanDa

Z

;I>

then to the Coagaree
River and Lakes Marion

Vl
I
......:J

m

"l:j

igneous and metamorphic

rocks

Z

s:::

Table 5.18 (continued)
DlStance from

Planl
WolfCreek

reactor to

Groundwater
travel bme (rom

LocalIon and ground-

nearest
downgradicn(
surface water

waler pathway
6 kID NE of Burlington,

Kans.-&hallow limestone
to cooling water reservoir,
then 10 Neosho River
(presum.bly~ then
through. series of Lakes
to the AdaDsas and
Mississippi rivers.. Average
oD.-site now rate is 4S
m3/seoond

VI
I

-...l
......

·Multiply by 3.28 10 convert 10 ft or Itld.
bMultiply by 220 10 convert 10 pounds.
'Multiply by 35.3 10 convert 10 fr3/seoond.
dMultiply by 0.625 10 convert 10 miles.
eAssumed same value as used in the LPGS.
fNP ~ nol provided.
&Highly comervative estimate (no adsorption).

hCoaservativc estimate.
iRealistic estimate.

....

retention factor
(SrlCs)

% radlonuclide IUcbmg
surface water
(SrlCs)

Dnnklng- water
population

9.2,';3'

.{J/.{J

NP

Groundwater

reactor 10

Adsorption-

velocity
(mid) •

surface water

(m)·

(ye.,,)

790

0.006

356

(x

106)

Annual aquabc
lood calcb
(x 106 tg) b

NP

Anoual

Dose-esllmate

shorehne user

ratios. dnnbng

IiIle
(user·b x

NP

water, Ingestion.,

106)

direct contact

« 1
(combined)
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However, the seafood ingestion dose at the
generic small river site is only about
6 percent of the total generic population
dose as shown in Table 5.17, and Byron
Station's total population dose is about
three times that of the LPGS generic site
for small rivers. The dose-estimate ratios
in Table 5.18 suggest that the Byron
Station PES severe accident liquid pathway
analysis provides the highest population
dose groundwater pathway for sites located
along small rivers. However, Byron
Station's groundwater pathway population
dose is less than an order of magnitude
greater than the LPGS dose. Therefore,
the PES groundwater !pathway population
dose for the small river category does not
exceed that of the atmospheric pathway.

In NUREG-l054, Codell recommends
caution in using adsorption data to
characterize the groundwater pathway
through fractured rock. In cases involving
groundwater pathways in open fractures
that were not accounted for, the
adsorption-retention factors and
groundwater velocity may have been
significantly overestimated and
underestimated, respectively, leading to
nonconservative (low) population dose
estimates. Current PESs for Callaway,
Harris, Limerick, Summer, Vogtle, and
Wolf Creek all cite low groundwater
velocities (site-specific data) or large
adsorption-retention factors (literature
values as cited previously) as well as
groundwater pathways in fractured rock.
Therefore, because it was not clear
whether these sites were bound by the
Byron Station population dose estimates,
they were investigated further. However,
the Summer and Vogtle sites have much
smaller drinking-water populations and
seafood catches than Byron Station. So,
even if no adsorption were assumed for
these two sites, their dose estimates would
not be likely to exceed those of Byron
Station.

At 11 of the 27 current sites, the
population doses were found to be
essentially zero. In these cases, percentages
of 90Sr and 137Cs reaching surface water are
generally low, based on long groundwater
travel times, large adsorption-retention
factors, or both. In some cases, the liquid
pathway analysis was terminated without
calculating population dose estimates. Most
current PESs refer to Isherwood (1977),
NUREG/CR-1596, or Parsons (1962) for
r~presentative adsorption data instead of
acquiring site-specific data.

The Callaway, Harris, Limerick, Summer,
Vogtle, and Wolf Creek FSARs contain
liquid pathway analyses for a postulated
rupture of a liquid radioactive waste tank.
Each of these plants is discussed further in
the following paragraphs.

In contrast, the Byron Station liquid
pathway analysis (citing a lack of sitespecific adsorption data) used the highly
conservative assumption that neither 90Sr
nor 137Cs was adsorbed and that these
isotopes would be transported at the same
velocity as groundwater. As a result, the
analysis shows that more than half the
Byron Station severe accident inventory of
90Sr and 137Cs would reach surface water.
Consequently, dose sources and estimates
were found to be high.

NUREG-1437, Vol. 1

In four cases (Callaway, Harris, Limerick,
and Vogtle), the FSAR findings are
compatible with those of corresponding
FESs. Furthermore, it is clear from the
Limerick FSAR that the fracture pathway
is not a significant liquid conduit (runoff
water from Hurricane Agnes had to be
pumped from the Limerick open
excavation because it did not drain through
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In one case (Wolf Creek), the FSAR
analysis is not sufficiently detailed to
permit a direct comparison with FES. The
Wolf Creek FES groundwater velocity
estimate is extremely low compared with
those of other small river sites [0.006 m/day
(0.0065 yd/day) compared with 0.01 to
0.6 m/day (0.012 to 0.65 yd/day) for other
sites]. All but one site reported
groundwater velocities at least an order of
magnitude greater than that at Wolf Creek.
Therefore, Wolf Creek's estimated
groundwater velocity may be unreasonably
low. Based on this low groundwater
velocity, FES concludes that less than
1 percent of the radionuclide inventory in
a core-melt accident would reach surface
water.

the fractured rock). It is assumed in the
Vogtle FSAR that fractured limestone
drains freely, but it has been adequately
demonstrated that radionuclides are
sufficiently retained by an extensive
construction fill between the radioactive
waste tank and the limestone. Fractured
volcanic rocks have been identified as
groundwater conduits in the Harris FSAR,
but the groundwater velocity and
radionuclide retardation values for these
rocks are not significantly different from
those listed in the FE~; and in the
Callaway FSAR, unfractured sandstone,
rather than a fractured limestone, has been
identified as the primary groundwater
pathway.
In one case (Summer), the FSAR analysis
is inconsistent with that of FES. The
Summer FSAR identifies the groundwater
pathway as weathered rock without clay
minerals and gives no credit for cation
exchange (adsorption-retention
factor = 1); however, in FES, adsorptionretention factors are 8.6 and 154 for
strontium and cesium, respectively. Based
on FSAR's conservative adsorption
estimate, 77 percent of the strontium and
cesium would reach surface water (about
50 percent more radionuclides than at
Byron Station), rather than 19 percent
strontium and < 1 percent cesium as
estimated in the FES. Based on FSAR
data, Summer's plant-LPGS drinking-water
dose ratio would be between 3 and 4,
rather than 0.9 as listed in Table 5.18.
However, the drinking water population
and aquatic catch estimates are less th~n
those of Byron Station by about a factor of
3. Therefore, the conservative analysis for
Summer and LPGS result in roughly
similar population doses that are less than
that at Byron Station.

The Wolf Creek liquid pathway dose
estimates have been recalculated, based on
a higher groundwater velocity. It was
assumed that the groundwater velocity at
Wolf Creek may be similar to that at South
Texas [0.21 m/day (0.23 yd/day)] where the
terrain is similarly flat. If one assumes no
retardation of radionuclides at Wolf Creek,
80 percent of the radioactive strontium
would reach surface water before
decaying-about 1.5 times more than at
Byron Station. However, Byron Station has
a larger downstream population dose
(St. Louis and Memphis for Byron Station
compared with Fort Smith and Little Rock,
Arkansas, for Wolf Creek). The Mississippi
River between St. Louis and its confluence
with the Arkansas River has a greater fish
catch. Therefore, for this Wolf Creek
analysis, population dose is considered to
be comparable to that at Byron Station
(the largest groundwater pathway
population dose estimate for small rivers).
In general, sites that are located on a
floodplain or on glacial till may be
expected to produce dose estimates that
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coastal plains are expected to have low
groundwater velocities (because of low
groundwater gradients) or relatively high
adsorption-retention factors (because of
high clay content), or both.

are lower than those for the LPGS case,
assuming that the melted reactor core does
not reach bedrock beneath the site
(resulting in a groundwater pathway
through fractured rock). Low groundwater
gradients on floodplains and low hydraulic
conductivity in glacial till (with the
exception of glacial outwash deposits)
generally result in low groundwater
velocities. FurthermOl:e, significant
percentages of clay minerals are generally
available for radionuclide adsorption in
both floodplain deposits and glacial till.
Beaver Valley, Braidwood, Clinton, South
Texas, and possibly Susquehanna are
representative of sites on floodplains or
glacial till.

The other sites in Table 5.19 have large
populations downstream at risk and are
located on either fractured rock or a
Pleistocene aquifer (suggesting the
presenye of outwash deposits) or have a
groundwater pathway that is not well
known. Groundwater velocities may be
higher than those at Byron Station, and
adsorption cannot be relied upon to delay
entry of 90Sr and 137Cs into nearby surface
water. Therefore, uninterdicted doses at
some of these sites may significantly exceed
those at Byron Station. It is uncertain
whether all small river site groundwater
pathway population doses without
interdiction would be less than that of the
atmospheric pathway.

Table 5.19 compares earlier small river
sites (i.e., sites without FES groundwater
pathway analyses) with the Byron Station
and LPGS generic small river sites.
Because no severe accident pathway
analyses were provided for the earlier sites,
reactor size, distance from the reactor to
the nearest downgradient surface water,
and river flow rates are the only
parameters directly comparable to the
current site analysis. The total downstream
population at risk (all municipalities along
the river from the plant-site to the sea) is
an indicator of potential drinking-water,
ingestion, and shoreline exposures for
these sites. No groundwater travel times or
adsorption-retention factors are available
for these sites.

5.3.3.4.3 Large River Sites
Table 5.20 compares current large river
plant sites with the LPGS generic large
river site. The format for this table is the
same as that for Table 5.18. The Grand
Gulf and River Bend plants are located far
from the Mississippi River shoreline but on
its floodplain where the groundwater
velocity is expected to be low and
floodplain sediments would be expected to
adsorb radio nuclides to some extent. The
River Bend site analysis was based on
conservative estimates of adsorptionretention factors, and the resulting
plant-LPGS population dose ratio is 0.39.
The adsorption-retention factors for Grand
Gulf are higher; however, using the same
adsorption-retention factors for Grand
Gulf as for River Bend would not have
produced significantly higher doses.
Therefore, the dose-estimate ratios

Cooper, Farley, Fort Calhoun, Hatch, and
Quad cities are sites listed in Table 5.19
that most likely would not exceed the
Byron Station or LPGS dose estimates
because of'their locations on thick
floodplain or coastal plain sediments.
Groundwater pathways through fractured
rock or Pleistocene outwash deposits are
unlikely at these sites. Floodplains and
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Table 5_19

Earlier small river sites without severe accident liquid pathway analyses oompared with Byron Station and Liquid Pathway Generic Study (LPGS) results
Average on-site flow rates are less than 2830 m3/second (100,000 ft 3/second)

Plant

3.7d

457

50

Byron Station

27 km SW of Rockford, Ill.-through limestone to springs
discharging to tributaries of Rock River, then to the
Mississippi River.

1120

1100

140

6.1

Arkansas
Nuclear

112 km E of Fort Smith, Ark.--weathered rock and soil to
Lake Dardanelle on Arkansas River, then to Mississippi
River.

908

-150

1020

2.5

Arnold

13 km NW of Cedar Rapids, Iowa-Pleistocene-Holocene
aquifers toward Cedar River, then to Iowa and Mississippi
rivers. Also, toward Cedar Rapids groundwater resources.

538

300-600

85

5.8

Bellefonte

11 km ENE of Scottsboro, Ala.-residual soil and shallow
fractures in limestone to Town Creek Embayment of
Guntersville Reservoir on the Tennessee River, then to
downstream reservoirs and the Ohio and Mississippi rivers.

1314

-610

1090

3.2

Browns Ferry

48 km W of Huntsville, Ala.--weathered limestone and soil
to Wheeler Reservoir on the Tennessee River, then to
downstream reservoirs and the Ohio and Mississippi rivers.

1065

-150

1210

3.1

16 km SE of Middletown, Conn.-presumably Pleistocene

582

-150

470

0
Z

<0.1

~

sediments and Holocene soil to Connecticut River, then to
Long Island Sound.

tn
Z

778

-60

880

7.2

Dresden

80 km SW of downtown Chicago, I11.-Pleistocene aqUifer to

794

-610

120

6.0

Farley

\;l

Fort Calhoun

<:

Hatch

'i::l

:>

...,n
CIl

26 km east of Dothan, Ala.-{X)astai plain sediments to the
Chattahoochee River.

829

30 km N of Omaha, Nebr._lluvial sediments to the
Missouri River, then to the Mississippi River.

482

-110 km W of Savannah, Ga._ few wells; coastal plain
sediments to streams and ponds, eventually to the Altamaha
River and Atlantic Ocean.

780

See footnotes at end of table.

-~
~

Illinois River, then to Mississippi River. At low flow the
Illinois River is mostly sewage effluent.

9

:;:0

SE comer of Nebr._lluvial sands to Missouri River, then to
Mississippi River.

tn

tn
Z

<:

Cooper

c:::

~

(1988)

1150

Z

""""
.-..1

Downstream
population
at risk x l(f

20 kmc SW of Oak Ridge, Tenn.-roil and weathered
iimestone and shale to Clinch River; then to Tennessee,
Ohio, and Mississippi rivers.

Connecticut
Yankee
(Haddem Neck)

-

(mt

Average
on-site
river
flow rate
(m 3/second)b

LPGS

VI
I
-.....l
VI

:;:0

Location and groundwater pathway

Reactor
size
[MW(e)]

Distance from reactor
to nearest
downgradient
surface water

<300

300

0

<0.1

'!j

:>

-150
-300

765
370

7.9
<0.1

nn

tj

tn
Z
...,
CIl

trl

Z

c:::

z

Table 19 (oootinued)

::c

~

::c

trl

9

.j::o
\;l

_--.I

~

-

Plant
La Salle

Location and groundwater pathway

120 kID SW of downtown Chicago-glacial deposits to South
Kickapoo Creek, to Illinois River (8 kID N), then to

Reactor
size
[MW(e)]

Distance from reactor
to nearest
downgradient
surface water
(mt

Average
on-site
river
flow rate
(m3tsecond)b

0

Downstream
population
at risk x 106

1988

1081

150 to 300

310

6.0

1180

-600

75

1.7

Mississippi River.
McGuire

27 kID NW of Charlotte, N.C._eathered rock and soil to
Catawba River, then to a series of lakes in S.C., then
Wateree and Congaree rivers, more lakes and wetlands to
Atlantic Ocean.

Monticello

-150

8.7

North Anna

64 kID NW of Richmond, Va~il and weathered rock to
Lake Anna, to North Anna River, then to York Estuary and
Chesapeake Bay.

907

150 to 300

10

<0.1

Oconee

48 kID W of Greenville, S.C.-residual soil and fractured
shallow bedrock to Lake Keowee, Keowee River to Seneca
River (11 kID downstream), then to Hartwell Lake on the
Savannah River.

886

<300

30

<0.1

Peach Bottom

30 kID S of Lancaster, Pa._eathered rock to Conowingo

130

s::
"'0

@
0

1065

-90

1020

<0.1

tJ

trl

Z

~

Pond, a reservoir on the Susquehanna River, then to
Delaware Bay and the Atlantic Ocean.
Prairie Island

64 kID SE of Minneapolis, Minn.~me groundwater
resources; alluvial soils to Sturgeon Lake on Vermillion River, adjacent to Mississippi River.

530

-150

425

6.3

Quad Cities

48 kID NE of Moline, III.-alluvial soils to Mississippi River.

789

-180

1340

6.1

Robinson

48 kID NW of Florence, S.C.-alluvium, coastal plain
sediments and Tuscaloosa sand to Lake Robinson on Black
Creek, a tributary of Lynches River, then to Pee Wee
Estuary on Atlantic Ocean; also groundwater users.

700

-180

5

0.2

See footnotes at end of table.

~

.....

n~

545

I

.....J
0\

Z

'Tl

48 kID NW of Minneapolis, Minn.-ruluvium to headwaters
of the Mississippi River; groundwater resources in alluvium.

U\

Z

s::
trl

Table 19 (continued)

Plant

Location and groundwater pathway

Reactor
size
[MW(e)]

Distance from reactor
to nearest
downgradient
surface water
(mt

Average
on-site
river
flow rate
(m3/second)b

Downstream
population
at risk x 106
(1988)
3.7

Sequoyah

29 km NE of downtown Chattanooga, Tenn.--terrace
alluvium and weathered rock to Chicamauga Reservoir on
the Tennessee River, then through a series of reservoirs to
Ohio and Mississippi rivers.

1148

Unknown

930

Three Mile
Island

16 km SE of Harrisburg, Pa.-Susquehanna alluvium to
Susquehanna River (the facility is on an island in the river),
then to Delaware Bay and the Atlantic Ocean.

819

-180

965

Vermont
Yankee

8 km SE of Brattleboro, Vt. and 72 km N of Springfield,
Mass.-Pleistocene glacial deposits to Vernon Pond on the
Connecticut River, then to Long Island Sound; some
groundwater users.

514

-60

245

1.7

Watts Bar

11 km SE of Spring City, Tenn. and 4 km downstream from
Watts Bar Dam-l.imestone and river alluvium to
Chickamauga Reservoir on the Tennessee River, then
through a series of reservoirs to the Ohio and Mississippi
rivers.

1170

-300

750

3.7

Yankee Rowe

34 km NE of Pittsfield, Mass.-groundwater pathway
unknown, but Deerfield River (the receiving surface water
body) is a tributaIY of the Connecticut River, then to Long
Island Sound and the Atlantic Ocean.

175

90

21

GMultiply by 3.28 to convert to ft.
bMultiply by 35.3 to convert to n3/second.
<'Multiply by 0.625 to convert to miles.
dSimilar to Watts Bar.

<0.1

1.7

Z

Table S.20 Cum:nt large riw:£ site severe acx:ident liquid ~ anaIyses rompan:d with Liquid Pathway Generic
Average on-site flow rates greater than 2830 m lsecond (100,000 ft3tseeond)

c::
::0

sum (UGS) results

tTl

9

DIstance from

.".

reactor to

--.I

nearest
downgradienl
surface water
(m)"

Groundwater
velocuy

457

~

-~

Plant
LPGS

Grand Gulf

Localion and
groundwater pathway
On the lower Mississippi
RIVer. On-sile flow rate
is 13,900 m 3tsecond.<
40 kmd S of Vicksburg,

tTl

(Sr/Cs)

water
(Sr/Cs)

Drinkmgwater
population
(x 10")

Annual
aqualic
food catch
(x 10"kgf

Annual
shoreline
user rate
(user-h x 1O")

Dose-estimate
ratios
drinking
water.
ingestion.
dlrecl contacI
(plantILPGS)

9.~3

88/31

010

0.07

6

1,1,1

Groundwater
lravelume
from reactor
to surface

Adsorplionfaclor

(mid)"

water
(year)

2.04

0.61

retention

%
radionuclide
reaching
surface

0.46

13.3

29!99Q

0.3/-0

1.35

4.41

Nrc

0.007,0.013,
0

~

(')

tJ

tTl

Z
1.04

8.06

15/144

4.4/-0

1.20

NP

NP

0.39,0,0

WNP-i-&

19 km NW of Richland,
Wash.-flow in
unconfined glacio-fluvial
aquifer to Columbia
River, tben to Pacific
Ocean (many nearby

4880

2.13

6.26

140018400

0,(1

NP

NP

NP

0,0,0

4880

2.13

6.26

15/144

11/< 1

1.20

4.41

6

1.1, 3.1, 0.03,
(1.5i

water wells, but none

are used for public
water consumplion).
Average flow rate is
3250 m3/second.
WNP-i'

"Multiply by 3.28 10 convert to ft or ft/d.
bMultiply by 2.20 to convert to pounds.
~u1liply by 35.3 to convert to fl3tsecond.
dMulliply by 0.625 to convert 10 miles.
"NP
not provided.
IFinal environmental statement of the nonconservative liquid palhway analysis (NUREG-0440).
&WNP-2
Washington Nuclear Project 2hStafrs conservative analysis replacing the final environmental slalement adsorption-retenlion eslimales wilh more conservative values and WNPs population doses assumed to be similar 10
Grand Gulf and River Bend.
iTotal populalion dose.

=

=

a
"%j

3050

I

-~
0

38 km NNW of Baton
Rouge, La.4errace and
alluvial aquifers to
Mississippi River.
Average flow rale is
12,700 m3tsecond.

.....,J

~
tTl

Z

~

2230

River Bend

00

0

Z

~

M\SS.-{ractures in
Catahoula Formation 10
Pleistocene terrace
alluvium, then to oxbow
lakes which f1usb into
Ihe Mississippi River
during floods. Average
flow rate is 19,100
m3tsecond.

VI

~

::0

~
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from River Bend and aquatic catch from
Grand Gulf) yields a total population dose
of 1.5 times that of the LPGS for large
rivers. The difference in the conservative
WNP-2 and LPGS groundwater pathway
population doses is small in comparison
with the order of magnitude greater
atmospheric pathway population dose.

in Table 5.20 suggest that the LPGS
generic site analysis provides the largest
uninterdicted population dose estimate for
large rivers, at least for sites with locations
similar to those of Grand Gulf and River
Bend.
TPe Washington Nuclear Project 2
(WNP-2) site in Table 5.20 differs from the
other two sites in that the assumed
groundwater velocity is higher than that
used in LPGS. However, the adsorptionretention factors for WNP-2 appear to be
nonconservative. If conservative
adsorption-retention factors similar to
those of Grand Gulf and River Bend are
used for WNP-2, an estimate of the
pqpulation dose can be made (Portland,
Oregon, is downstream of the WNP-2 :site).
The staffs conservative analysis for WNP-2
(using adsorption and drinking-water dose

Table 5.21 compares the only earlier large
river plant site (Trojan) with the LPGS
generic large river site. This site is located
much closer to the nearest downgradient
surface water (the Columbia River) than is
the generic site, and fractured rock
underlies the site, suggesting that the
groundwater travel time may be less than
that of the LPGS. Therefore, the
un interdicted dose from the Trojan Plant
would probably be less than that of the
LPGS study.

Table 5.21 Earlier large river sites without severe accident liquid pathway analyses compared
to the Liquid Pathway Generic Study (LPGS) results
Average on-site flow rates greater than 2830 m3/second (100,000 ft3/second)

Plant

Location and
ground.water
pathway

Reactor
size
[MW(e)]

Distance
from reactor
to nearest
downgradient
surface water
(mt

Average
on·site/river
flow rate
(m 3/secondt

Downstream
population
at risk

x 106
(1988)

LPGS

On the lower
Mississippi River.

1150

457

13,900

1.9

Trojan

48 kme NWof
Portland, Oreg.~oil
and shallow fractured
rock to the Columbia
River, then to the
Pacific Ocean.

1130

-90

12,200

0.1

aMultiply by 3.28 to convert to ft.
bMultiply by 35.3 to convert to ft3jsecond.
<Multiply by 0.625 to convert to miles.
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those of the current plant sites described in
Table 5.22. Although some of these sites
have groundwater pathways through
Pleistocene outwash and fractured rock,
groundwater must also pass through lakebed sediments before reaching the lake.
The Zion site is comparable to Fermi in
size, distance from shoreline, and
population within 80 km. Therefore, Zion's
population doses would probably be similar
to those of Fermi. All other sites would
have population doses lower than those of
Fermi, based on smaller reactor sizes,
greater distances to shoreline, and lower
populations within 80 km. Therefore,
groundwater pathway population doses at
all Great Lakes sites are expected to be
less than or equal to that of the Fermi site.

5.3.3.4.4 Great Lakes Sites
Table 5.22 compares current Great Lakes
plant sites with the LPGS generic Great
Lakes site. These sites are all located on or
adjacent to flat Pleistocene lake bed
sediments which underlie modern lake
sediments and shorelines. These sediments
generally have a high clay and silt content.
Groundwater passing through fractured
rock must also pass through these lake-bed
sediments before reaching the lake.
Therefore, groundwater gradients and
groundwater velocities are expected to be
low, and adsorption-retention factors are
expected to be high relative to those of the
generic site. However, the current sites
have larger populations at risk (the generic
site is on Lake Ontario, the farthest
downstream of the string of Great Lakes)
and are closer to the shoreline than the
Great Lakes generic site. Taking all these
factors into account yields dose-estimate
ratios between 0 for Nine Mile Point and
1.4 for Fermi (the latter site has, by far,
the largest drinking water population).
Therefore, the severe accident liquid
pathway analysis for the Fermi site
provides the largest uninterdicted
population doses for current PES sites
adjacent to the Great Lakes. The
differences between groundwater
population doses for the Fermi and LPGS
sites are small in comparison with
differences in atmospheric pathway doses
for the sites.

5.3.3.4.5 Ocean Sites
Table 5.24 compares current ocean plant
sites with the LPGS generic ocean site.
The Seabrook severe accident liquid
pathway analysis has the largest estimated
uninterdicted population doses for sites
adjacent to the ocean. Based on short
groundwater travel time and low
adsorption-retention factors, nearly all the
strontium inventory (94 percent) and more
than half the cesium inventory (58 percent)
reaches the Gulf of Maine, compared with
LPGS generic estimates of 88 percent and
31 percent, respectively. These percentage
comparisons suggest that a severe accident
at Seabrook has the potential for
producing a larger maximum individual
dose than that of the LPGS generic ocean
site. In consideration of the large annual
seafood catch and shoreline user rates, the
uninterdicted total population dose
estimate for Seabrook is 6 times that of the
LPGS generic ocean site. Seabrook's
estimated groundwater pathway, population
dose is still below that of the atmospheric

Table 5.23 compares earlier Great Lakes
sites with the Fermi and LPGS generic
Great Lakes sites. Populations at risk at
sites near standing bodies of water (lakes,
estuaries, and oceans) are defined as all
people living within 80 km (50 miles) of
the site, rather than as all people living
downstream from a river site. Geologic
conditions at these sites are similar to
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Plant

ttl

0

..I

t..l
"""

~-...J

~
..-

Adsorption
retention
factor
(SriCs)

radionuclide
reaching
lake (SriCs)

.%

population
(x 10")

Annual
aquatic
food catch
(x 10'

Annual
shorehne
user rate
(user·h x 10")

Dose-estimate
ratios drinking
water, ingestion,
direct contact
(plant/LPGS)

Dnnking·
water

kgf

451

204

0.6

9.2183

88131

2.0

121

560

1,1,1

Fermi

48 kmC SW of
Detroit, Mich.shallow fractures
in wgular
dolomite to Lake
Erie, then to Lake
Ontario.

140

0.19

20

231219

30iU

14.0

NP

Nrc

1.4, NP,-o

Nine
Mile
Point

10km NEof
Oswego, N.Y.
(coUocated with
FitzPatrick)"Pulaski/Wbet·
stone-' conf"med
aquifer to Lake
Ontario.

183

0.08

6.3

245}9065

OiU

NP

NP

NP

-0,-0,-0

Perry

(11 km NEof
Painesville, OhioMan-made underdrain to Lake Erie,
then to Lake
Ontario. Realistic
and conservative
dose eslintalcs are
for water table by
natural flow and
artificially
depressed pumping
down, respectively.

-366

NP

NP

NP/NP

61/69

4.12

18.2

218

0.1
(realislic)
1.2
(conservative)
both
combined

I

Z

Groundwater
traveltime
from reactor to
surface water
(years)

On Lake Ontario,
the far
downstream lake.

VI

c:::

Ground·
water
velocity
(mid)'

LPGS

00
..-

:;c

Location and
groundwater
pathway

DisIaoce (rom
reactor to nearest
downgradient
swface water
(m)'

"Multiply by 3.28 to convert to ft or ft/d.
~ultiply by 220 to convert to pounds.
'NP = not provided.
4Multiply by 0.625 to convert to miles.
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Table 5.23 Earlier Great Lakes sites without severe accident liquid pathway anaIyses compared to the
Fermi and Liquid Pathway Generic Study (LPGS) Great Lakes sites

"'"

:;c
0
b

~

;-l

Location and groundwater pathway

Reactor size
[MW(e)]

Distance to nearest
downgradient
surface water
(m)"

LPGS

On Lake Ontario, the far downstream lake.

1150

457

Fermi

48 km SW of Detroit, Mich.-shallow
fractures in vugular dolomite to Lake Erie,
then to Lake Ontario.

1093

140

Near Charlevoix, Mich. (northern lower
Michigan)--unknown groundwater pathway
to Lake Michigan.

69

~
,....

....

Plant

Big Rock Point

Population within 80 km
x

1990

106
2030

5.4

6.2

Unknown

Low

Low

Z

906

-915

1.9

2.2

Ginna

24 km NE of Rochester, N.Y.-poorly
described, but probably through shallow
fractures in bedrock and Pleistocene
sediments to Lake Ontario.

470

-150

1.1

1.1

FitzPatrick

Co-located with Nine Mile Point nuclear
power station, 10 km NE of Oswego, N.Y.
and 58 km NE of Syracuse, N.Y.~swego
Sandstone, Pleistocene till, and lacustrine
deposits to Lake Ontario; a few wells in the
vicinity.

816

-300

0.8

0.8

See footnotes at end of table.

~

n

0
tI1

34 km E of Toledo, Ohio-fractured and
cavitose dolomite to Lake Erie (site located
in the wetland).

Davis-Besse

@
"tj

1.4

tv

~

0

1.3

00

-~
'"CI

<150

SW comer of Mich.-Pleistocene sands to
Grand Marais Embayment of Lake
Michigan.

I

~

tI1

Z

1100

Cook
VI

z

c;l

Table 523 (continued)

Plant

Location and groundwater pathway

Population within 80 kmb
x 106

1990

2030

0.6

0.7

Kewaunee

43 km SE of Green Bay, Wise.Pleistocene glacial outwash and fractured
dolomite to Lake Michigan.

545

Palisades

56 km W of Kalamazoo, Mich.-,iake
sediments and glacial till to Lake Michigan.

805

-90

1.2

1.3

Point Beach

48 km SE of Green Bay and 80 miles N of
Milwaukee, Wise.-Pleistocene glacial
outwash and fractured dolomite to Lake
Michigan.

497

-150

0.6

0.7

Zion

10 km N of Wau~egan, Illinois and
5 km S of the Wise. state linehydraulically connected glacial drift and
fractured limestone aquifers to Lake
Michigan.

1040

-200

7.5

8.2

QMultiply by 3.28 to convert to ft.
bMultiply by 0.625 to convert to miles.

....

Reactor size
[MW(e)]

Distance to nearest
downgradient
surface water
(mt

z

c:::

Table 5.24 Current ocean site severe accident liquid pathway analyses compared with Liquid Pathway Generic Study (LPGS) results

:;c

Groundwater
velocity
(m/df

457

2.04

5 kme SSW of New
London, Conn.through pipeline
backfiU to Niantic
Bay, then to Long
Island Sound and the
Atlantic Ocean.

305

0.15

8 km SE of San
Clemente, Calif.-&IO
Mateo Sandstone to
Gulf of Santa
Catalina and the
Pacific Ocean.

-150

Seabrook

21 kID SSW of
Portsmouth,
N.H.-fractured
quartzite and granite
and soil to a nearby
marsh and Browns
River Estuary, then
to Hampton Harbor
and the Gulf of
Maine on the Atlantic
Ocean.

110

0.61

0.49

5150

94/58

104

40.5

6 (combined)

St. Lucie

11 km SE of Fort
Pierce, Aa.-4x:llch
sand to Big Mud
Creelc/Indian River to
the Atlantic Ocean.

213

0.02

27.4

9.5/86

0.13/0

34.6

NP

0.008, -Q

9

"""
<:

\»

;-l

~

Distance from
reactor to
nearest
downgradient
surface water
(mf

Groundwater
travel time
from reactor
to surface
water
(years)

t'Ii

Plant

Location and
groundwater pathway

LPGS
Millstone

San Onofre

VI
I

00

-"'"

DMultiply by 3.ZB to convert to ft or ft/d.
bMultiply by 2.20 to convert to pounds.
~ultiply by 0.625 to convert to miles.
dNP = not provided.

Adsorptionretention
factor
(Sr/Cs)

% radionuclide
reaching
ocean
(Sr/Cs)

Annual
aquatic
catch
(x lit kgt

Annual
shoreline
user rate
(user-h x 11f)

Dose-estimate
ratios
ingestion,
direct contact
(plant/LPGS)

0.61

9.2/83

88/31

24.7

15.0

1,1

5.5

ZB/268

3/0

86.5

10.8

0.03, ...()

t'Ii

-~
:;c
0

Z

~
t'Ii

Z

~

~

'"d

r:;

Cil
0

"l'l

>n

n

0.76

0.55

31/2200

70/0

56.8

Npd

<I, ...()
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Z
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5.3.3.4.6 Estuarine Sites

pathway but at a reduced level of
confidence.

Table 5.26 compares current FESs for
which groundwater pathway analysis is
available with the LPGS generic estuarine
site. There is only one estuarine site (Hope
Creek) for which a current FES is
available. However, a detailed severe
accident liquid pathway analysis is also
available for the Indian Point site (ConEd
1982).

Table 5.25 compares earlier ocean plant
sites with both the LPGS generic and
Seabrook ocean sites. The Seabrook
reactor is the largest in Table 5.25. This
reactor is also closest to the shoreline and
has a large nearby population comparable
to that of the Pilgrim site. However, the
Pilgrim reactor is little more than half the
size of Seabrook and, thus, may have a
population dose roughly half that of
Seabrook. The Diablo Canyon reactor is
roughly comparable to Seabrook in size
and distance from shore but has only onetenth the population within 80 km.
Furthermore, the sandstones and volcanic
rocks at Diablo Canyon may have higher
adsorption-retention factors than the
quartzite and granite at Seabrook.
Therefore, Diablo Canyon's potential
population dose is expected to be at least 1
order of magnitude less than that of
Seabrook and also less than that of the
LPGS generic ocean site. Turkey Point is
located on a flat coastal plain where the
groundwater gradient is expected to be
low; hence, groundwater velocity and travel
time are expected to be correspondingly
low and high, respectively, with respect to
Seabrook. The Turkey Point reactor is
located about the same distance from the
shoreline as is the LPGS generic site and
four times farther inland than Seabrook.
However, a barge canal is less than 50 m
(164 ft) from Unit 3. Interdiction at
Turkey Point could be accomplished by
closing off or filling in the barge canal.
Thus, based on the above site-specific
assumptions, it can be concluded that
Seabrook represents the largest
uninterdicted population dose at ocean
sites other than Turkey Point.

Hope Creek's estimated uninterdicted total
population dose is less than 1 percent of
the LPGS generic dose for estuaries. The
LPGS annual aquatic catch and shoreline
use are 3 and 83 times, respectively, as
large as Hope Creek's. Even if 100 percent
of Hope Creek's strontium inventory
reaches surface water, the LPGS
population dose would not be exceeded.
Indian Point's estimated uninterdicted
population doses vary from insignificant to
0.44 times that of the LPGS, depending
upon the magnitude of the assumed
strontium and cesium adsorption-retention
estimates. The first Indian Poirtt estimates
in Table 5.26 are from Consolidated
Edison (ConEd) (1982). These dose 5
estimate§ are very low (from 1.5 x 10 to
4.9 x 10) compared with the LPGS
8
generic estuarine dose estimate (1.8 x 10 )
in Table 5.26. ConEd's adsorptionretention factors for strontium and cesium
are 270 and 1626, respectively, compared
with 9.2 and 83 for the LPGS case. The
very large adsorption-retention factors at
Indian Point are based on the assumption
that groundwater flow is through
intergranular pore spaces in rock with very
low porosity (0.5 percent). ConEd's
groundwater flow assumption may be
nonconservative because flow is more likely
to occur through open fractures rather
than intergranular pore spaces. Other
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Table 525 Earlier ocean sites without severe accident liquid pathway analyses compared to Seabrook

~
Plant

Location and groundwater pathway

Reactor size
[MW(e)]

Distance from reactor to
nearest downgradient
surface water

~

Population within 80 kmb
x 106

~

.....

(mt

1990

2030

110

3.8

4.2

21 km SSW of Portsmouth,
N.H.-fractured quartzite and granite
and soil to a nearby marsh and
Brown's River Estuary, then to
Hampton Harbor and the Gulf of
Maine on the Atlantic Ocean.

1150

Diablo Canyon

19 km W of San Luis Obispo,
Calif.-not well documented,
presumably Miocene Monteray
Formation (interbedded sandstones
and volcanics) and soils to Diablo
Cove and the Pacific Ocean.

1100

-150

0.3

0.4

Pilgrim

56 km SE of Boston, Mass.~acial
outwash to Cape Cod Bay and the
Atlantic Ocean.

655

-150

4.4

4.8

Turkey Point

40 km S of Miami, Aa.-permeable
limestone to a barge canal, then to
Biscayne Bay and the Atlantic Ocean.

693

-50

2.7

_ 4.2

Seabrook
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aMultiply by 3.28 to convert to ft.
bMultiply by 0.625 to convert to miles.
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Table 5.26 Current estuary site SC\'ere accident liquid pathway analyses compared with liquid Pathway Generic Study (LPGS) results

Plant

Groundwater
velocIty
(m/d)"

Groundwater
travel time
from reactor
to surface
water
(years)

Adsorptionretention
factor
(Sr/Cs)

nuchde
reaching
estuaty
(Sr/Cs)

457

2.04

0.61

9.2/83

88/31

Co-Iocated with the Salem
nuclear power station on an
artificial island, about 13 kine
SW of Salem, NJ.-fine 10
coarse-grained sand and
gravel (Vincentown
Formation) to Delaware
Estuary, then to Delaware
13ay and the Atlantic Ocean.

290

0.40

2.03

12/127

56/< 1

40 kin N of New York
City-fractured limestone to
Hudson estuary.

145

Location and groundwater
pathway

LPGS
Hope Creek

Vt

DIstance
from reactor
to nearest
downgradlent
surface water
(m)"

Annual
shorehne
user-rate
(user-h x 106 )

Dose-estlmate
ratios
ingestion,
direct contact
(plant/LPGS)

15.7

330

1,1

4.7

4

% radlo-

Annua!
aquatic
catch
(x 10· kg)b

0.007

(combined)

I

00
-....J

Indian Pointi-'

Indian PointdJ

0.76

0.52

270/1626

10.5

324

1 x 10-3

(combined)
145

0.076

5.2

13.5182

17/< 1

10.5

324

0, 1.1,0.4,
0.44'

"Multiply by 3.28 to convert to ft or ft/d.
bMultiply by 2.20 to convert to pounds.
<Multiply by 0.625 to convert to miles.
dlbe largest reactor at Indllln Point produces 965 MW(e).
'ConEd, nonconservative analysis; assumes flow through porous media, porosity = 0.005, hmestone density = 27 g/cml , distribution coefficients for Sr and Cs
are 0.5 and 3.0 cml/g, respectively, hydraulic conductivity = 0.061 mid, hydraulic gradient = 0.062
'Staff's conservative analysis; assumes flow through fractured media, porosity = 0.10, hydraulic conductivity = 0.122 mid, al\ other parameters are the same as those presented by
ConEd.

&fotal population dose-the sum of drinking water, aquatic ingestion, and shoreline exposure doses.
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5.3.3.4.7 Dry Sites

parameters (reactor size, groundwater
travel time, aquatic catch, and shoreline
user-hours) are roughly comparable for
Indian Point and the LPGS.

Table 5.28 compares current dry plant sites
with the LPGS generic dry site. Only one
site (Palo Verde) provides significant
information on which a comparison could
be based. Palo Verde is located in a desert
valley where the groundwater gradient and
velocity are expected to be low. Alluvium
in the groundwater pathway should have
adsorption-retention factors comparable to
those of the LPGS (if not greater, as
indicated in Table 5.28). In contrast, the
LPGS generic site is on the Snake River
plain above the Snake River Canyon.
Fractured volcanic rocks and Pleistocene
glacial and alluvial sediments underlie the
LPGS generic site. Accordingly, the
groundwater gradient and velocity at the
LPGS site are extraordinarily high, and the
groundwater travel time is low. Even
without adsorption, strontium would
require five times as long to reach the Palo
Verde site boundary as in the LPGS
generic case. Because of its location on the
Snake River plain, the LPGS site's
uninterdicted population dose is believed
to represent the largest dose for dry sites.
Therefore, all dry sites are expected to
have significantly lower groundwater '
pathway population doses than those of
the atmospheric pathway.

The second set of Indian Point estimates
in Table 5.26 is based on a conservative
assumption used in this analysis. Indian
Point's reactor foundations are located on
highly fractured (brecciated) limestone, and
some of these fractures are open (ConEd).
If the primary groundwater flow is through
open fractures, the effective porosity of the
fractured rock may range between
o percent and 20 percent. Assuming that
the effective porosity is 10 percent,
adsorption-retention factors for strontium
and cesium are about 13.5 and 82,
respectively. These Indian Point
adsorption-retention factors are
comparable to those for the LPGS case
and those for Seabrook (Table 5.25), which
is also located on fractured rock. The staff
analysis also uses ConEd's most
conservative value of the hydraulic
conductivity (0.122 m/day). Indian Point's
aquatic, shoreline, and total population
doses are 1.1,0.38, and 0.44 times the
respective LPGS generic estuary doses
based on this second analysis.
Table 5.27 compares earlier FESs with the
LPGS generic site for estuaries. The Salem
reactor adjoins Hope Creek, and its
estimated population dose is expected to
be similar. All other sites have smaller
reactors, have smaller nearby populations,
or are located farther from surface water.
All but Maine Yankee and Indian Point
are located on coastal plains or alluvial
sediments having at least some clay
minerals in them, and coastal plain sites
have low groundwater velocities and
relatively high adsorption-retention factors.
None of these sites spould exceed the
LPGS population dose for estuaries.

NUREG-1437, Vol. 1

Table 5.29 compares the only earlier dry
site (Rancho Seco) with the Palo Verde
and LPGS generic dry sites. As seen in the
table, the Rancho Seco and Palo Verde
sites are strikingly similar. The only
significant difference is that the Rancho
Seco reactor is only three-fourths as large
as those of Palo Verde. Therefore, a
severe accident at Rancho Seco is expected
to produce a population dose similar to or
less than that at Palo Verde.
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Table SZl Earlier estuary sites without severe accident: liquid pathway aoaIyses oompared with liquid Pathway Generic Study (LPGS) results

Plant

Location and groundwater pathway

LPGS

Reactor
size
[MW(e)]

Distance from reactor to
nearest downgradient
surface water
(mt

1150

457

Population within 80 kmb
6
x 10
1990

2030

Brunswick.

30 km S of Wilmington, N.C.-<:oastal plain
sediments to Walden Creek, then to Cape Fear
River and the Atlantic Ocean.

790

< 150 to Walden Creek
-2300 to Cape Fear River

0.2

0.3

Calvert Cliffs

64 km S of Annapolis, Md.-<:oastal plain
sediments to Chesapeake Bay and the Atlantic
Ocean.

845

< 150

3.0

3.5

Crystal River

11 km NW of Crystal River, and 120 km N of
Clearwater, Fia.-<:avitose limestone and coastal
plain sediments to surrounding wetlands and Salt
Creek, then to the Gulf of Mexico.

825

< 90 wetlands
-1500 Gulf of Mexico

0.4

0.7

Maine Yankee

61 km NE of Portland, Maine-glacial till and
shallow fractured granite to Back River, then to
Montsweag Bay and the Atlantic Ocean.

840

< 150

0.6

0.8

13 km S of Tom's River, NJ.-<:oastal plain
sediments to wetland; then to Oyster Creek, South
Branch of Forked River, Barnegat Bay, and the
Atlantic Ocean.

660

Adjoining Hope Creek nuclear reactor, 13 km SW
of Salem, NJ.-ilrtificial island construction fill and
coastal plain sediments (sand and gravel of the
Vincentown Formation) to Delaware Estuary, then
to Delaware Bay and the Atlantic Ocean.

918

13 km S of Williamsburg, Va.-<:oastal plain
sediments to the James River, then to Chesapeake
Bay and the Atlantic Ocean.

789
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Table 5.28 Curreot dry lite seyen: aa:ideot liquid pathway aoaIyses oompared with Uquid Patbway Generic Study (LPGS) results

.....
Plant

Location and groundwater
pathway

Distance
from
reactor to
exclUSIon
boundary
(m)
457

Adsorpuonretention
factor
(Sr/Cs)

% radionuclide
reaching
exclusion
boundary
(Sr/Cs)

Dnnking
water
population
(per km2t

0.95

28/253

Unknown

3.9

NP

NP

NP

NP

NP

o

89/NP

..()/NP

4.2

..()

NP

80

10-2 to 10-3

Groundwater
velocity
(m/d)

Groundwater
travel time to
exclusion
boundary
(years)

1.32

LPGS

Snake River Plain of SE Idahofractured and brecciated
volcanic rock and Pleistocene
glacial and alluvial deposits to
groundwater resources.

Comanche Pea.rt

64 kme SW of Fort Worth,
Tex.-groundwater is contained
on-site; groundwater mound
beneath cooling water reservoir
prevents backflow to river; no
downgradient wells identified.

Palo Verde

54 km W of Phoenix, Ariz.Lateral along water table in
upper alluvial unit.

790

0.016

140

Waterford8

32 km W of New Orleans,
La.-eway from Mississippi
River toward surrounding
wetlands (the river channel is
confined by natural levees and
under normal flow conditions
the elevation of the river's
surface is above that of the
surrounding wetlands).

NP

NP

17

»

II»

1

Doseestimate ratio
drinking
water
(plant/LPGS)

DMllltiply by 3.28 to COIIYert to ft or ftld.
bMultiply by 256 to coavert to population per square mile.
CJ>rovided by NUREG-0841.
dNo credible groundwater pathway identified; no furtber infonaation provided.
'MUltiply by 0.625 10 convert to miles.
/NP,nolpnwided.
. &Altbougll Watetford is nol located at a -,hy site.· for the purpose of this groundwaler pathway analysis its grolllldwater tnvel characteristics behave lite a dl)' site since

Mississippi River. Accordingly, for analysis purposes it was classified as a dry site.

flow is away from the

Table 529 Earlier dry sites with no saere accident liquid pathway analyses oompared with Palo Verde and Liquid Pathway Generic Study (LPGS)
sites

Plant

Location and groundwater pathway

Reactor size
[MW(e)]

Distance from reactor
to exclusion boundary
(mt

Groundwater
velocity
(m/dayt

Groundwater travel time
to exclusion boundary
(years)

LPGS

Southeastern Idaho Snake River Plaingroundwater flow is in highly permeable
fractured volcanic rock, Pleistocene
gravel, and sand.

1150

457

1.32

Palo Verde

54 kmb W of Phoenix, Ariz.-,lateral along
the water table in an upper alluvial unit.

1270

790

0.016

140

Rancho Seco

40 km SE of Sacramento, Californiasand and gravel zones in the Mehrten
Formation (presumably alluvium); flow is
west toward the. Sacramento Basin, and
the nearest public water supply wells are
22 km to the west.

918

800

0.019"

115

GMultiply by 3.28 to convert to ft or ft/day.
bMultiply by 0.625 to convert to miles.
"Calculated by Oak Ridge National Laboratory staff from data provided in Rancho Seco environmental impact statement.
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several parameters that are needed to
perform a liquid pathway analysis (i.e.,
porosity, hydraulic conductivity, and
adsorption coefficient) are not known with
sufficient precision to provide better than
order-of-magnitude estimates of population
doses.

5.3.3.4.8 Results
Table 5.30 summarizes sites having
uncertain groundwater pathway population
doses compared with the LPGS study or
other PES groundwater analyses. All but
two of these sites are along small rivers.
Uncertain groundwater pathways were the
greatest concern.

The LPGS and PES liquid pathway
analyses (described above) provide
uninterdicted population dose estimates
based on the assumptions that core
meltdown and penetration of the basemat
have taken place. Such analyses are
deterministic (i.e., they assume that the
worst-case accident has occurred).
However, the probability of occurrence of
such an event is low (estimated to be no
more than 10-4/RY). Contamination of
groundwater is not likely to occur in the
event of a core meltdown unless the
basemat is penetrated. Therefore, the
deterministic population doses given
in Table 5.17 should be multiplied by a
factor of about 10-4 to obtain the risk
(probability estimates times consequences)
of annual uninterdicted population doses
for an 1150-MW reactor.

Fractured rock, solution cavities in
limestone, weathered rock, incompletely
described geologic conditions, and the
uncertain character of glacial or
Pleistocene deposits are important geologic
concerns. Several sites have large nearby
populations, one is unusually close to
surface water, and another is close to a
stream with very low average flow rate.
The above liquid pathway analyses can be
considered representative of uninterdicted
population doses from a severe accident
during the initial 40-year operating term.
Liquid pathway population dose estimates
at MYR would be smaller for a few plants,
10 to 30 percent higher for the majority of
plants, and perhaps 50 percent higher for a
few plants because of the general increase
in population over a 50-year time interval
beyond the PES analysis. Assuming such
increases in populatidn are representative
of liquid dose increases, their effect on the
results would be insignificant in relation to
other uncertainties in the liquid pathway
analysis.

The population doses provided by these
analyses are also based on the assumption
that contaminated surface water and
grounqwater are not interdicted.
Interdiction would lower the population
doses significantly and could consist of
preventing the contaminants from reaching
the surface water, preventing use of the
water, or making it difficult to obtain
contaminated food. It is assumed, however,
that interdicting the source of
contamination once it enters the
groundwater is not by itself sufficient
because it may be impractical to completely
isolate a contaminated aquifer from its
surroundings. At best, containment
measures such as grout curtains slow the

However, it should be recognized that the
uncertainty factor for liquid pathway
uninterdicted population dose estimates
in Tables 5.17 through 5.28 may be 10 or
more. Codell (1985) does not recommend
that these values be accepted at face-value;
rather, they should be used for
comparative purposes only
(NUREG-I054). As stated previously,
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Table 5.30
Sites having uncertain groundwater pathway population doses with respect to
the liquid Pathway Generic Study and other final environmental statement analyses

Major concern

Category site

-Downstream
population x 103

Small river
Arkansas Nuclear

Weathered rock

2506

Arnold

Pleistocene-holocene aquifer

5780

Bellefonte

Fractured limestone

3243

Browns Ferry

Limestone

3078

Connecticut Yankee

Uncertain pathway

<10

Dresden

Pleistocene aquifer

6037

La Salle

Uncertain characteristics of glacial deposits

6012

McGuire

Weathered rock

1683

Monticello

Large nearby population

8690

North Anna

Weathered rock

<10

Oconee

Fractured rock

752

Peach Bottom

Weathered rock

< 10

Prairie Island

Large nearby population

6302

Robinson

Low stream flow

Sequoyah

Weathered limestone

Three Mile Island

Surrounded by Holocene all,uvium

Vermont Yankee

Uncertain characteristics of glacial deposits

1724

Watts Bar

Limestone

3681

Yankee Row

Uncertain pathway

1724

231
3681
20

Large river
Trojan

Fractured rock

WNP_2a,b

Fractured rock

= Washington Nuclear Project 2,
bThis site has an existing severe accident liquid pathway analysis, Analytical results for this site may be non·conservative.

aWNP-2
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WNP-2 exceeds the LPGS by
50 percent (Table 5.20) for a risk of
approximately 18 person-rem/RY.
Pathway interdiction can reduce this
dose by an order of magnitude; thus,
the predicted annual population dose
for large river sites is only a small
fraction of that from the atmospheric
pathway.

groundwater movement but do not prevent
it. However, the increased travel time
reduces the rate of groundwater discharge
to surface water bodies and reduces the
concentration of radionuclides through
prolonged radioactive decay. In any event,
limiting people's contact with
contamination through such measures as
preventing or confiscating catches of
recreational and commercial fish and
shellfish, prohibiting water-based
recreation, and eliminating surface water as
a drinking-water source may have to be
employed.

• For small river sites, the risk to the
population can be estimated from the
LPGS analyses as approximately 1000
person-rem/RY with drinking-water risk
contributing 890 person-rem/RY,
ingestion contributing 70
person-rem/RY, and shoreline exposure
contributing
40 person-rem/RY. Table 5.18 shows
that the Byron Station FES-predicted
population doses are higher than the
LPGS small river site and would result
in an annual population risk of
approximately 3000 person-rem/RY at
MYR. However, pathway interdiction
could reduce this figure by a factor of
10, thus making the risk from
groundwater releases only a small
fraction of that from the atmospheric
pathway for Byron Station. All other
plants listed in Table 5.18 have much
lower risk from groundwater releases
than Byron Station.

Ocean and estuarine sites would be the
hardest in which to effect interdiction
because of the food pathway. Not only are
the physical transport mechanisms of these
systems complex, but many of the
important recreational and commercial
organisms are highly mobile. Thus, total
confinement of the contamination would
not be likely and controlling the taking of
these organisms by man would need to be
relied upon. However), it is reasonable to
expect that dose reduCtion would occur as
a result of interdiction of the pathways. It
is estimated that the dose could be reduced
by an order of magnitude
(NUREG-0440, Table 7.3.2).
The risk to the population from releases to
groundwater can be estimated by
considering the information in Tables 5.17
through 5.29.
•

From Table 5.19, there may be as many
as 19 small river sites that could exceed
the Byron Station dose estimate.
However, conservatively assuming that
all of the radio nuclides would reach the
river and considering the potentially
greater population that could be
exposed, it is estimated that in several
cases the Byron Station population
doses could be exceeded by up to a
factor of 10; but in most cases the
population doses would be similar to or

For large river sites, risk to the
population can be estimated from the
LPGS analyses as approximately 12
person-rem/RY (assuming the annual
probability is 1 x 10-4 for a core melt
with penetration of the basemat). For
the large river site that has a larger
population dose estimate than the
LPGS (WNP-2) it is estimated that
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person-rem!RY. From review of the
Seabrook PES, it is estimated that the
risk to the population may be as much
as six times higher for Seabrook
(Table 5.24), or approximately 330
person-rem!RY. Since pathway
interdiction can reduce this by a factor
of to, it is a small fraction of the
predicted risk from atmospheric releases
from Seabrook. For other ocean sites,
as discussed in Section 5.3.3.4.5, the
Seabrook analysis provides a larger
groundwater pathway population dose
than all but Turkey Point. However,
from the data in Table 5.25, assuming
all the radionuclides from the reactor
reach the groundwater, the population
dose from Turkey Point at MYR would
not be expected to exceed Seabrook
(considering the differences in reactor
size and surrounding population).
Therefore, it can be concluded that the
risk from groundwater releases at ocean
sites would be a small fraction of that
from atmospheric releases.

less than those of Byron Station.
Accordingly, the risk from groundwater
releases at small river sites is, in most
cases, a small fraction of that from
atmospheric releases and in several
cases may be similar to that from
atmospheric releases.
•

•

•

For Great Lakes sites, the risk to the
population can be estimated from the
LPGS analyses as approximately 350
person-rem!RY. However, the Fermi-2
PES analyses estimate a risk to the
population of approximately 40 percent
higher than the LPGS (Table 5.22), or
approximately 500 person-rem!RY,
uninterdicted. Pathway interdiction
could reduce this by a factor of 10,
thus making the a~nual population risk
from groundwater releases only a small
fraction of that from atmospheric
releases. Since Section 5.3.3.4.4
concludes that the Fermi analysis
provides the largest estimated
groundwater pathway population dose
of all Great Lake sites, the risk from
groundwater releases at these sites is
only a small fraction of that from
atmospheric releases.

• For dry sites, all predicted releases are
orders of magnitude lower than the
LPGS. From the LPGS
(NUREG-0440, Table 6.2.21), the
uninterdicted population risk from
drinking water could be as high as 104
person-rem, which would be one
person-rem!RY on an annual risk basis:
This is much less than the risk from
atmospheric releases.

For estuarine sites, the LPGS analyses
predict a high population risk without
interdiction (17,700 person-rem!RY).
Pathway interdiction could reduce this
by a factor of to. Section 5.3.3.4.6
indicates that the LPGS analyses
provide the largest estimated
population risk for all estuarine sites.
Therefore, the risk from groundwater
releases at estuarine sites is lower than
or comparable to that from
atmospheric releases.

5.3.3.4.9 Conclusion
Based on the above discussion, it is
concluded that groundwater generally
contributes only a small fraction of that
risk attributable to the atmospheric
pathway but in a few cases may contribute
a comparable risk.

For ocean sites, the risk to the
population can be estimated from the
LPGS analysis as approximately 55
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values. The off-site consequence code then
computes the off-site mitigation costs
described above. For the FES plants that
have severe accident analyses, estimated
off-site accident costs could reach as high
as $6 billion to $8 billion, but the
probability of an accident with such high
consequences would only be once in one
million operating years. Higher costs are
estimated for accidents with much lower
probabilities. Projected costs of adverse
health effects from deaths and illnesses
would average about 10-20 percent of offsite mitigation costs. These costs are not
considered in the economic cost
calculations. One addition to these off-site
costs was made in NRC risk analyses
beginning in 1984. Recognizing that
termination of economic activities in a
contaminated area would create adverse
economic impacts in wider regional
markets and sources of supplies outside the
contaminated area, NRC began estimating
these additional economic costs in FESs.
These costs are calculated only for a 1-year
period after an accident and can reach into
the billions of dollars.

5.3.3.5 Economic Impacts
The purpose of this section is to determine
if the economic costs of the severe
accidents that have been estimated in the
27 FESs that contain severe accident
analyses can be used to predict the future
costs of such accidents at all sites. Similar
to Section 5.3.3.2, the EI is used as a
predictor of cost because the cost should
be dependent upon the economic impact in
the same way and for the same reason as
population dose estimates are dependent.
CRAC was used to calculate off-site severe
accident costs for the :area contaminated by
the accident. The off-site costs that were
considered relate to avoidance of adverse
health effects and are categorized as
follows:
•
•
•
•
•

evacuation costs,
value of crops contaminated and
condemned,
value of milk contaminated and
condemned,
costs of decontamination of property
where practical, and
indirect costs resulting from the loss of
use of property and incomes derived
therefrom (including interdiction to
prevent human injury).

Because some key variables affecting cost
are strongly related to population density,
it may be possible to predict mitigation
costs for contaminated areas off-site using
the EI developed in Section 5.3.3.2.1. To
test this possibility, the expected cost of an
accident calculated in 27 FESs having
severe accident analyses was normalized for
a plant size of 1000 MW(t) (Table 5.31)
and then regressed against the EI value at
150 miles for that plant (Table 5.4).

The severe accident analysis for the 27
FES plants uses these five cost category
models to estimate an average (annual)
expected cost due to a severe accident.
These costs are a sum of the costs for a
range of accidents multiplied by the
probability that each of the accidents will
occur. Costs in this section are stated in
1980 dollars to facilitate comparisons
among plants. Key cost variables include
projected population distributions,
habitable land fraction, and statewide landuse statistics that identify land and crop
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accidents during the MYR period for all
plants were then predicted using this
regression and the EI for populations for
the MYR period. The estimates were then

5-96

ENVIRONMENTAL IMPACTS OF ACCIDENTS

Table 5.31

Average expected costs during the current license period and predicted
expected costs during the middle year of license renewal (MYR)
resulting from a severe accident

Plant
Arkansas
Beaver Valley
Bellefonte
Big Rock Point
Braidwood
Browns Ferry
Brunswick
Byron
Callaway
Calvert Cliffs
Catawba
Clinton
Comanche Peak
Cooper
Crystal River
D.C. Cook
Davis-Besse
Diablo Canyon
Dresden
Duane Arnold
farley
Fermi 2
FitzPatrick
Fort Calhoun
Ginna
Grand Gulf
Haddam Neck
Hatch
Hope Creek
Indian Point

Average expected
cost/Rya
(dollars)

lO-mile MYR
population
33,992
155,141
35,846
11,037
32,652
36,400
15,348
23,900
6,877
24,564
130,735
16,543
19,400
6,768
20,368
63,680
19,714
29,591
48,248
94,461
16,421
93,010
34,403
17,978
39,649
10,943
91,760
6,607
32,844
247,253
12,966
20,204
178,626
41,435
72,117
130,000
28,091
35,208
11,668

29,000

14,000

8,400
4,300
7,100
6,700
3,900

23,000

3,060

40,000

~ewanee

La Salle
Limerick
Maine Yankee
McGuire
Millstone 3
Monticello
Nine Mile'Point
North AnIta

62,200

80,000
8,000

MYR95%
projected cost/Ryb
(1994 dollars)
477,750
1,565,550
2,278,500
73,500
6,357,750
1,984,500
992,250
4,226,250
1,528,800
4,336,500
1,764,000
3,344,250
882,000
2,116,800
1,249,500
2,094,750
3,013,500
661,500
2,609,250
463,050
624,750
2,138,850
1,029,000
220,500
404,250
1,984,500
2,249,lOO
1,881,600
4,704,000
8,246,700
551,250
3,785,250
3,505,950
771,750
1,697,850
3,461,850
992,250
1,396,500
2,352,000

See footnotes at end of table.
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Table 5.31 (continued)

Plant
Oconee
Oyster Creek
Palisades
Palo Verde
Peach Bottom
Perry
Pilgrim
Point Beach
Prairie Island
Quad Cities
Rancho Seco
River Bend
Robinson
Salem
San Onofre
Seabrook
Sequoyah
Shearon Harris
Shoreham
South Texas
St. Lucie
Summer
Surry
Susquehanna
Three Mile Island
Trojan
Turkey Point
Vermont Yankee
Vogtle
Waterford
Watts Bar
WNP-2c
Wolf Creek
Yankee Row
Zion

Average expected
cost/Rya
(dollars)

10-mile MYR
population
77,790
96,364
39,720
1,378

2,260

~4,894

7,300

89,247
45,921
26,447
28,450
42,521
12,489
33,120
37,681
32,868
91,940
130,574
66,110
26,423
113,644
4,149
166,860
14,997
103,830
54,887
170,142
21,958
11,136
2,354
2,648
1,930
95,237
22,878
7,239
27,263
293,491

50,000

19,000
5,800
3,770
2,600
4,250
4,800
9,000

16,000
4,500
2,600
3,600

MYR 95%
projected cost/Ryb
(1994 dollars)
1,234,800
1,675,800
2,572,500
1,176,000
3,858,750
2,028,600
1,176,000
588,000
441,000
2,131,500
2,646,000
1,580,250
1,543,500
8,636,250
2,734,200
882,000
1,433,250
1,690,500
2,138,850
2,998,800
1,058,400
2,205,000
1,146,600
3,153,150
3,748,500
3,050,250
551,250
2,763,600
2,763,600
3,998,400
573,300
918,750
1,411,200
1,249,500
2,138,850

aRY = reactpr year; estimates presented in the final environmental statements for operation license.
bDistribution: free values (nonparametric~ee Appendix G). Includes MELCOR Accident Consequence Code
System-implied correction factors as well as an inflation multiplier derived from the Implicit Gross Domestic Price
Inflator Index = 125.9/85.7 = 1.47 (from 1980 to 2nd quarter 1994).
cWNP-2 = Washington Nuclear Project 2.
Note: 10 miles == 16 km.
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nonnormalized to convert to expected costs
(MYR).

term interdiction as a result of a severe
accident.

Economic consequences were also
benchmarked to the MACCS computer
code to ensure the calculated values were
based on the most current models and
data. The benchmark computations
indicated that the CRAC calculations used
to estimate the economic impacts for the
FES plants did not have a continuous
linear relationship with population. The
MACCS code predicted higher costs than
did the CRAC code; low population sites
were under predicted by substantial
margins. The differences were primarily
due to the difference in the handling of
decontamination costs in the two codes.
Results from Tingle (1993) indicate that in
order to be comparable to results
calculated from MACCS, the regression
values should be adjusted though the use
of population-dependent correction
factors. Table 5.31 reflects average
expected cost values that were derived
from the regression and then corrected
with the following factors:

These plants and their predicted
conditional mean values of land
contamination are listed below:

•
I

•
•

•

Hope Creek

•

Limerick 1 and 2

•

Millstone 3

•

Nine Mile Point 2

•

River Bend

•

South Texas 1 and 2

7000 m2/year
(8400 yd2/year)
1500 m2/year
(1800 yd2/year)
4000 m2/year
(4800 yd2/year)
20,000 m2/year
(24,000 yd2/year)
40,000 m2/year
(48,000 yd2/year)
600 m2/year
(720 yd2/year)

These predicted values would not be
expected to change for the license renewal
period since they are not affected by
increases in population.
As can be seen by the values listed above,
the predicted conditional land
contamination is small (10 acres/year at
most). This is also consistent with
WASH-1400 (NUREG-75/014) and a 1982
study on siting criteria (NUREG/CR-2239)
which predicts small conditional land
contamination values. The land
contamination values for these six plants
can be considered representative of all
plants since they cover the major vendor
and containment types and include sites at
the upper end of annual rainfall. However,
even considering that land contamination
values can vary at other sites, it is not
expected that predicted land contamination
from plants at other sites would vary more
than 1 or 2 orders of magnitude from the
values listed above and would, therefore,
still be a small impact.

Sites with MYR 10-mile (16-km)
populations ~ 10,000 multiply cost data
by 40.
Sites with MYR 10-mile populations >
10,000 and ~ 50,000 multiply cost data
by 25.
Sites with MYR 10-mile populations>
50,000 'multiply cost data by 15.
I

Also, the FES values were in 1980 dollars.
To correct f9r this the average expected
cost values were adjusted to 1994 dollars.
In addition to assessing the economic
impact of severe accidents, six of the
27 FESs that analyze severe accidents also
assess the amount of off-site land that
could be contaminated and subject to long-
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effects on plant systems, structures, and
components that are used to calculate the
probabilities. However, since the
publication of RSS, substantial NRC
programs to improve nuclear plant safety
have been implemented such as resolution
of generic safety issues (NUREG-0933),
Station Blackout and Anticipated Transient
Without Scram Rulemakings, and
improvements resulting from reviews of the
TMI accident (NUREG-0737). These
programs, as well as others, all served to
reduce the average risk of the overall
nuclear industry such that in this GElS, the
use of RSS risk values and their associated
frequencies of an accident (because they
are embodied within the risk calculation)
are reasonable upper estimates of risk for'
the industry. This is true for even those
plants that have not had the benefit of a
PRA analysis.

5.3.4 Uncertainties
FESs referred to in this section have been
based mostly upon the methodology
presented in RSS, which was published in
1975 (NUREG-751014).

Although substantial improvements have
been made in various facets of the RSS
methodology since its publication, large
uncertainties in the results of these
analyses remain, including uncertainties
associated with the likelihood of the
accident sequences and containment failure
modes leading to the release categories,
the source terms for the release categories,
and the estimates of environmental
consequences. A comprehensive discussion
of the uncertainties associated with risk
assessments is provided in NUREG-1150.
The relatively more important contributors
to uncertainties in the results presented in
this environmental statement are as
follows.

5.3.4.2 Quantity and Chemical Form of
Radioactivity Released

5.3.4.1 Probability of Occurrence of
ACcident

There are also significant uncertainties
associated with the timing, quantity, and
chemical form of each radionuclide species
that would be released from a reactor unit
during a particular accident sequence.
Radioactive material originates in the fuel
and would be released from any damaged
fuel during an accident. Some would be
attenuated by physical and chemical
processes en route to being released to the
environment. Depending on the accident
sequence, such factors as attenuation in
the reactor vessel, the rest of the cooling
system, the containment, and adjacent
buildings would influence both the
magnitude and chemical form of
radioactive releases. Additional
radio nuclide releases may originate from
on-site dry cask storage facilities for those
sites which develop the capability, although
the radionuclide inventory is much less

If the probability of a release category
were to change by some percentage, the
probabilities of various types of
consequences from that release category
would alsq change by the same percentage.
Thus, an order of magnitude uncertainty in
the probability of a release category would
result in a corresponding order of
magnitude uncertainty in both societal and
individual risks stemming from the release
category. In RSS, there are substantial
uncertainties in the probabilities of the
release categories. This uncertainty is due,
in part, to difficulties associated with the
quantification of human error and to
limitations in the database on failure rates
of individual plant components and in the
database on external events and their
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•

than that in the reactor core. Information
available in NUREG-0956, in NUREG1150, and from the latest research activities
sponsored by NRC and the industry
indicates that the uncertainty in
radio nuclide source terms is large and
represents a significant contribution to the
uncertainty in the absolute value of risk. In
comparison with the RSS source terms
(which are used in the FES analyses),
source terms in recent studies were in
some instances higher and in other
instances lower. However, for the early
containment failure sequences, which have
the greatest impact on risk, the RSS source
terms appear to be larger than the mean
values estimated from the recent work and
are typically at the upper bound of the
uncertainty range of estimates for
NUREG-1150.

Duration, energy release, and in-plant
radionuclide decay time. These areas
relate to the differences between
assumed release duration, energy of
release, and the in-plant radioactivity
decay times compared with those that
would actually occur during a real
accident.
For an atmospheric release of relatively
long duration (greater than a halfhour), the actual cross-wind spread
(Le., the width) of the radioactive
plume would likely be larger than the
width calculated by the dispersion
model in the staff code (CRAC).
However, the effective width of the
plume is calculated in the code using a
plume expansion factor that is
determined by the release duration.
For a given quantity of radio nuclides in
a release, the plume and, therefore, the
area that would come under its cover
would become wider if the release
duration were longer. In effect, this
would result in lower air and ground
concentrations of radioactivity but a
greater area of contamination.

5.3.4.3 Atmospheric Dispersion Modeling
for the Radioactive Plume Transport
I

Uncertainties are involved in modeling the
atmospheric transport of radioactivity in
gaseous and particulate states and the
actual transport, diffusion, and deposition
or fallout that would occur during an
accident (including the effects of
condensation and precipitation). The
phenomenon of plume rise from heat
associated with the atmospheric release,
effects of precipitation on the plume, and
fallout of particulate matter from the
plume all have considerable impact on the
magnitudes of early health consequences
along with the distances from the reactors
where these consequences would occur.
These factors can result in overestimates or
underestimates of both early and later
effects (health and economic).

The thermal energy associated with the
release affects the plume rise
phenomenon; a plume that rises
quickly or to a high altitude (as in the
Chernobyl accident) results in relatively
lower air and ground concentrations in
the closer-in regions and relatively
higher concentrations in the farther-out
regions (because of fallout) than would
be predicted for plumes that do not
rise. Therefore, if large thermal energy
were associated with a release
containing a large fraction of coreinventory radionuclides, it could
increase the distance from the reactor
over which early health effects may
occur. If, on the other hand, the

Other areas that have effects on
uncertainty are as follows:
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release behavior were dominated by
the presence of large amounts of
condensing steam, very much the
reverse could occur because of close-in
deposition of radionuclides induced by
the falling water condensed from the
steam.

assumptions regarding the emergency
response of the people residing near
nuclear facilities compared with what
would happen during an actual severe
reactor accident. Included in these
considerations are such subjects as
evacuation effectiveness under
different circumstances, possible
sheltering and its effectiveness, the
effectiveness of population relocation,
and the fraction of people assumed not
to relocate. The warning time is the '
interval between the time the plant
operating staff recognize plant
conditions which would indicate that
protective actions should be taken for
the general population and the time of
the release of radioactive material from
the plant. In calculations with CRAC,
it is assumed that the protective action
taken would always be evacuation.
Therefore, in the calculation, the
evacuating public could be caught by a
radioactive plume and exposed or could
evacuate into a passing plume. In
reality, there are other protective
actions that might be called for by
public officials-for instance, sheltering
to avoid such a situation. This can
affect the simplified assumptions about
protective actions in the calculated
results and would most likely be in the
direction of larger calculated early
effects. Longer warning times are
always more favorable in reality
because they would allow time for
consideration of several protective
action options. The uncertainties
associated with emergency response
effectiveness and warning time could
cause large uncertainties in early health
consequences. The uncertainties in
latent health consequences and costs
are considered smaller than those for
early health consequences.

The time from reactor shutdown until
the beginning of the release to the
environment (atmosphere), known as
the time of release, is used to calculate
the depletion of radio nuclides by
radioactive decay within the plant
before release. The depletion factor for
each radionuclide (determined by the
radioactive decay constant and the time
of release) multiplied by the release
fraction of the radio nuclide and its core
inventory determines the actual
quantity of the radio nuclide released to
the environment. Later releases would
result in the release of fewer curies to
the environment for given values of
release fractions.
These' parameters can all have
significant impacts on accident
consequences, particularly early
consequences.
•

Meteorological sampling scheme used.
There is a possibility that the
meteorological sequences used with the
selected start times (sampling) in
CRAC may not adequately represent
all meteorological variations during the
year, or that the year of meteorological
data may not represent all possible
conditions. This factor is judged to
produce greater uncertainties for early
effects and less for latent effects.

•

Emergency response effectiveness and
warning time. This relates to the
differences between modeling
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•

•

Dose-conversion factors and doseresponse relationships for early health
consequences. There are uncertainties
associated with the conversion of
contamination levels to doses,
relationships of doses to health effects,
and considerations of the availability of
what was described in RSS as
supportive medical treatment (a
specialized medical treatment program,
of limited availability in the local area
but with additional availability outside
the area, that would minimize the early
health effect consequences of high
levels of radiation exposure following a
severe reactor accident). Although all
health impacts have not been
enumerated in this evaluation, the
primary ones have been, and references
to other documents such as RSS
provide additional insights into the
subject.

most current consequence assessment
codes.

Dose-conversion factors and doseresponse relationships for latent health
conseq~ences. Estimates of dose and
latent (delayed and long-term) health
effects on individuals and on their
succeeding generations involve
uncertainties associated with conversion
of contamination levels to doses and of
doses to health effects. The staff judges
that this category has a large
uncertainty. The uncertainty could
result in relatively small underestimates
of consequences, but also in substantial
overestimates of consequences.
Previous FES analyses have been based
on results that utilized dose-response
relationships provided in BEIR-III (or
earlier reports). Consequently the
results presented in this GElS have
been corrected to account for the more
recent dose-response relationships
provided in BEIR-V and to reflect
models and relationships found in the

•

Chronic exposure pathways.
Uncertainty arises from the possibility
that different protective action guide
levels may be used for interdiction or
decontamination of the exposure
pathways (both the atmospheric
pathway and the groundwater pathway)
than those assumed in the staff
analysis. Furthermore, uncertainty
arises because there is a lack of precise
knowledge about the fate of the
radionuclides in the environment as
influenced by natural processes such as
runoff and weathering. The staffs
qualitative judgment is that the
uncertainty from these considerations is
substantial.

•

Economic data and modeling. This
relates to uncertainties in the economic
parameters and economic modeling
such as costs of evacuation, relocation,
medical treatment, and
decontamination of properties and
other costs of property damage.
Uncertainty in this area could be
subs tan tial.

NUREG-1150 contains a state-of-the-art
quantification of the uncertainties in coremelt frequency, containment behavior, and
source term evaluation. Also included are
discussions of the major factors affecting
the uncertainty. For further detail on the
topics discussed in Sections 5.3.4.1 through
5.3.4.3, refer to the appropriate topics in
NUREG-1150.
5.3.4.4 Assumption of Normality for
Random Error Components
The predictions of risk values (early and
latent fatalities and total dose)- were

==
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significantly impact the conclusions of
this evaluation.

developed statistically by regressing
consequence values calculated in recent
nuclear plant PESs. A "standard"
assumption in the calculation of confidence
bounds for these predictions is that the
regression errors have a normal
distribution. However, without specific
evidence of normality, normal-theory
confidence bounds for the risk may be too
high or low, possibly by a significant
margin. Therefore, alternative confidence
bounds were considered, which do not rely
on the errors having a specified
distribution such as the normal, but depend
instead on a large-sample approximation.
When the normal-theory and alternative
bounds differed, the ones leading to higher
calculated values were used. (This subject
is discussed in Appendix G.)

The wind data were obtained from
plant license documentation such as
environmental reports or final safety
analysis reports; site-specific data are
used in this analysis.
However, other parameters such as
exclusion area distance, rainfall,
evacuation speed, and terrain can also
affect the consequence calculations.
The NUREG-1150 study found that for
the five plants studied, the fatality
magnitudes (early and latent) were
driven primarily by the core-damage
frequency, the source term releases,
site meteorology, population
distribution, and the effectiveness of
emergency response measures. All
these factors were considered in the
CRAC analyses done for the PES
plants, using site-specific information
for meteorology, population, and
emergency response actions. The PES
plant analyses enveloped a broad range
of such site-specific values.
Consequently, it is likely that the use
of the UCB limit to estimate future
environmental impacts would envelop
the effects of these parameters for all
plants. The PES analyses were usually
performed assuming populations
representative of the middle year of
the normal 40-year license period.
Populations would continue to increase
as operation continued into a renewal
period. Thus, renewal period risks were
predicted using population
representative of the middle year of
the renewal period. Wind direction
frequency is very plant-specific and was
not considered to be adequately
enveloped for the non-PES plants by
the PES plant's wind direction

5.3.4.5 Exposure Index
The concept of using a parameter such as
EI to predict future risks is also subject to
uncertainty. Such issues are discussed
below.
•

Selection of EI parameters. EI is a
calculated parameter based on plantspecific information: population
surrounding the plant and wind
direction frequency data for the plant.
The data on population projections
used in the calculation of EI values are
based on the 1980 census. EI estimates
were made for years 1990,2000,2010,
2030, and 2050 and for populations at
10 and 150 miles from the plant.
Population estimates for these years
were obtained from data provided by
the Bureau of Economic Analysis. It is
estimated that the uncertainty in these
population projections is relatively
small, certainly less than a factor of
two, and, consequently, would not
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frequencies, especially when these
frequencies are weighted by the plantspecific population. However, by
selection of population and wind
direction frequency for the EI and
using UCB values to envelop the
effects of other parameters, the
uncertainty introduced by the selection
of EI parameters should be minimized.
,

•

•

for the early fatality regression process
was not considered appropriate; rather,
early fatalities were predicted based
only on the data for large plants. This
approach should generally provide
overpredictions for plants less than
3025 MW(t) resulting in most of the
uncertainty being in the direction of
smaller predicted effects. For plants
equal to or greater than 3025 MW(t),
small uncertainty in the calculated
values may be present. However, the
use of UCBs for predicting risk values
should minimize the possibility of
underprediction.

Selection of distances. Although the
selection of 10 miles and 150 miles for
computing EI values produces rather
strong correlations between the EI
values and the reported effects in PESs
(App~ndix G), other distances could
exist whose selection would result in
stronger correlations. Indeed, as shown
in Table 5.5, the PES plants showed a
range of 7 to 50 miles for occurrence
of total acute fatalities whereas the
GElS analysis used only one distance,
10 miles. However, the effect of
stronger correlations would serve
primarily to reduce the uncertainty of
the regression, thus resulting in a
general reduction in the UCB values.
Consequently, because the correlations
that are used in the study are relatively
strong and GElS uses the UCB values
to estimate risk, the possibility of under
prediction should be small.

•

Regressing early fatalities for only large
plants. As described in
Section 5.3.3.2.1, the regressions for
early fatality estimates were performed
using data for PES plants having
thermal power levels greater than
about 3025 MW(t). Although there is
some relationship between plant size
and predicted early fatalities (all other
factors being held constant), the
relationship is not linear because of the
threshold effects for early fatalities.
Therefore, normalization for plant size

Normalization of plants for latent
fatalities, costs, and dose. As described
in Section 5.3.3.2.1, the regression for
latent fatality and dose curves were
performed using PES data that had
been normalized to 1000 MW(t) in
order to reduce the influence of plant
size on the fitted parameters. Actual
plant size was used for making the
predictions and, therefore, the final
results reflect nonnormalized values.
The regression of latent fatalities, dose,
and costs using normalized PES values
assumes a linear relationship between
power level and source term released.
The use of UCBs to predict risk values
should minimize the possibility of
underprediction.

5.3.4.6 Summary

The state of the art for the quantitative
evaluation of the uncertainties for PRA
analyses is presented in the NUREG-1150
studies. The NUREG-1150 results indicate
that reduction of uncertainty considerations
or previously unanalyzed phenomena and
sequences and consideration of plant
changes have resulted in individual risk
components that are both higher and lower
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undue risk to public health and safety and
that there was no present basis for
immediate action on generic rulemaking or
other regulatory changes for those plants
because of severe accident risk.
Nevertheless, it called for each licensee to
perform an analysis designed to discover
instances of particular vulnerability to core
melt or unusually poor containment
performance given a core-melt accident.
NRC believed that this policy statement
was a sufficient basis for not requiring a
consideration of SAMDAs at the operating
license review stage for previously
constructed plants. However, a 1989 court
decision ruled that such a policy statement
was not sufficient to preclude a
consideration of SAMDAs and that such a
consideration is required for plant
operation, Limerick Ecology Action v. NRC,
869 F.d 719 (3rd Cir. 1989). In order to
assess whether SAMDAs can be
adequately addressed generically for all
plants in this GElS, it is necessary to
consider the level of experience the
commission has regarding SAMDAs and
the extent to which this experience can
reasonably address the SAMDA issue for
all plants.

than originally provided in RSS. However,
NUREG-1150 shows that the cumulative
effect is a reduction in risk for those plants
studied, and it is also likely to be the case
for the industry as a whole. The GElS
results, when reviewed against current data
and methodology, have large uncertainties
associated with them. The bounds on this
uncertainty could be between a factor of
10 and 1000 and could result in the values
used being higher or lower.

5.4 SEVERE ACCIDENT MITIGATION
DESIGN' ALTERNATIVES (SAMDAs)
In 1980 NRC issued an interim policy
statement on the consideration of severe
accidents in environmental impact
statements (EISs) (45 FR 40101) applicable
to Construction Permit and Operating
License applications submitted on or after
July 1, 1980. That policy statement states
that it is "the intent of the Commission
that the staff take steps to identify
additional cases that might warrant early
consideration of either additional features
or other actions which would prevent or
mitigate the consequences of serious
accidents." Recently, these features have
become commonly referred to as
SAMDAs. The policy statement goes on to
say, "cases for such consideration are those
for which a Final Environmental Statement
has already been issued at the Construction
Permit stage but for which the Operating
License review stage has not yet been
reached." This statement was made in
recognition of the fact that changes in
plant design features may be more easily
incorporated in plants when construction
has not yet progressed very far.

5.4.1 Commission Experience Regarding
Severe Accident Mitigation
NRC has gained considerable experience
regarding severe accident mitigation during
the pas t several years through
implementation of its severe accident
policy statement. Specific major actions
that have been initiated and, in some cases,
completed are (1) evaluation of
containment performance and various
alternatives for improvement, (2) initiation
of individual plant examination, and
(3) initiation of an accident management
program. Additionally, NRC has performed
three site-specific evaluations of SAMDAs
pursuant to the 1989 court decision. These

In August 1985, NRC issued its policy
statement on severe reactor accidents. That
policy statement presented NRC's
conclusion that existing plants pose no
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plant-specific basis. In effect, IPE could be
considered equivalent to a monitoring
program that looks at the severe accident
performance of each licensed plant.
Detailed guidance has been issued to each
licensee regarding the scope and conduct
of IPE and the reporting requirements.
NRC staff intends to review each submittal
and, if plant modifications not proposed by
the licensee appear warranted, to pursue
the incorporation of such modifications via
NRC's backfit rule (10 CFR Part 50.109).
To date, 22 IPEs have been reviewed by
NRC. These IPEs have resulted in plant
procedural and programmatic
improvements (i.e., accident management)
and, in only a few cases, minor plant
modifications, to further reduce the risk
and consequences of severe accidents.

SAMDA analyses were included in the
final environmental impact statements for
Limerick 1 and 2 and Comanche Peak 1
and 2 operating license reviews, and the
Watts Bar supplemental final
environmental statement for operation.
These actions are addressed below.
5.4.1.1 Containment Performance
NRC has,examined each of five U.S.
reactor containment types (BWR Mark I,
II and III; PWR Ice Condenser; and PWR
Dry) with the purpose of examining the
potential failure modes, potential fixes, and
the cost benefit of such fixes. This
examination has been called the
containment performance improvement
(CPI) program and has been documented
in a series of reports (NUREG/CR-5225;
NUREG/CR-5278; NUREG/CR-5528;
NUREG/ CR-5529; NUREG/CR-5565;
NUREG/CR-5567; NUREG/CR-5575;
NUREG/CR-5586; NUREG/CR-5589;
NUREG/CR-5602; NUREG/CR-5623;
NUREG/ CR-5630). Tables 5.32 through
5.34 summarize the results of this program.
As can be seen from these tables, many
potential changes were evaluated but only
a few containment improvements were
identified for site-specific review. The
items evaluated in the CPI program were
also included in the list of plant-specific
SAMDAs examined in the Limerick,
Comanche Peak, and Watts Bar FES
supplements, discussed later.

5.4.1.3 Accident Management
Accident management involves the
development of procedures that promote
the most effective use of available plant
equipment and staff in the event of an
accident. NRC has indicated its intent
(Generic Letter 88-20, Supplement 2) to
request that licensees develop an accident
management framework that will include
implementation of accident management
procedures, training, and technical
guidance. It is expected that insights gained
as a result of IPE will be factored into the
accident management program. As
discussed earlier, the majority of
improvements identified from the
completed IPEs to date have been in the
area of accident management or other
procedural and programmatic
improvemen ts.

5.4.1.2 Individual Plant Examinations
In accordance with NRC's policy statement
on severe accidents, each licensee has been
requested to perform an individual plant
examination (IPE) to look for
vulnerabilities to both internal and external
initiating events (Generic Letter 88-20,
Supplements 1-4). This examination will
consider potential improvements on a

5.4.1.4 SAMDA Analyses
Site specific SAMDA analyses were
performed for Limerick, Comanche Peak.
and Watts Bar. A listing of the specific
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Potential boiling-water reactor containment
improvements considered in the containment performance
improveme~t program

Table 5.32

Number

Potential improvement

Resolution

Comments

1

Enhanced ADS, low
pressure water supply,
and backup power

Include in IPE

a

2

Hardened vent

Implemented for
Mark-Is, included in
IPE for Mark-II and
Ills

b

3

ATWS sized-hardened
vent

Drop

c

4

External filter

Drop

c

5

Dedicated suppression
pool cooling

Drop

c

6

Alternate decay heat
removal

Drop

c

7

Core debris control

Drop

c

8

Enhanced drywell spray

Drop

c

9

Drywell head flood

Drop

c

10

Enhanced reactor
building DF

Drop

11

Backup power for
hydrogen ignitors
(Mark Ills)

Included in IPE

Acronyms: ADS

=

=
=

d

automatic depressurization system, IPE individual plant
examination, ATWS anticipated transit without scram, DF decontamination factor.
a Analysis showed that potential improvement may be cost beneficial.
bCost beneficial for Mark·Is.
eNot cost effective-potential improvement will be too expensive with too little benefit.
dMay be cost beneficial.
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Table 5.33 Potential pressurized-water reactor ice condenser improvements considered in
the containment performance improvement program
Potential improvement

Resolution

Comments

Reactor cavity flooding

Drop

Not cost beneficial. Might cause exvessel steam explosion.

Backup water to the
containment spray system

Drop

Not cost beneficial

Backup power to the air
return fan system

Drop

Not cost beneficial. May increase
containment pressurization

Reactor depressurization

Include in
accident
management

Currently being pursued as a viable
accident management strategy

Improved hydrogen ignitor
system (backup power)

Include in
individual plant
examination
(IPE)

Most cost beneficial of all alternatives
considered (although it still does not
meet the backfit test). To be looked at
within the IPE program

Containment inerting

Drop

Not cost beneficial, may reduce
accessibility for maintenance

Filtered vent

Drop

Not cost beneficial

Ex-vessel core debris curb

Drop

Large uncertainty as to effectiveness

Steam generator tube
rupture improvementsincreased testing

Further research
needed

Being examined in separate Nuclear
Regulatory Commission program by the
Materials Engineering Branch, RES

Containment bypass
improvements

Included in
generic issues
program

Being examined as part of a separate
interfacing system loss of coolant
accident generic issue (GSI 105)
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Table 5.34

Potential pressurized-water reactor (PWR) large, dry containment
improvements considered in the containment performance improvement
program
Comments

Potential improvement

Resolution

Operator depressurization
using power-operated relief
valve

Drop

No conclusive findings on its benefit to risk
reduction

Addition of a cavity flooding
system

Drop

Not cost beneficial. The effect of a flooded
cavity on the direct containment heating
threats may be beneficial or detrimental,
depending on each plant

Addition of hydrogen
control system

Assess in
individual
plant
examination
(IPE)

Recommend all dry PWR containments
assess the likelihood of local hydrogen
detonation in the IPE

SAMDAs reviewed for applicability to
Limerick is provided in Table 5.35. The
staff examined each SAMDA (individually
and, in some cases, in combination) to
determine its individual risk reduction
potential. This risk reduction was then
compared with the cost of implementing
the SAMDA to provide cost-benefit
evidence of its value. Considering that the
estimates of risk at Limerick used by the
staff in these evaluations were considered
to be high and that the uncertainties
associated with the costs, effectiveness,
and/or operational disadvantages of some
SAMDAs were large, the staff concluded
that there was no clear evidence that
modifications to Limerick were justified for
the purpose of further mitigating severe
accident risks.

Peak were justified for the purpose of
further mitigating environmental concerns
as they relate to severe accidents. Recently,
the staff evaluated SAMDAs for the Watts
Bar Nuclear Plant. As in the Limerick and
Comanche Peak analyses, no plant
modifications were justified for the purpose
of further mitigating severe accident risk
and consequences.
Several important items from these
analyses should be noted.

The staff made a similar assessment of
SAMDAs for the Comanche Peak Steam
Electric Station. A list of the SAMDAs
reviewed in this evaluation is provided
in Table 5.36. A., with the Limerick
evaluation, the staff had no basis for
concluding that modifications to Comanche
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•

First, the SAMDAs considered at
Limerick, Comanche Peak, and Watts
Bar covered a broad range of
accident prevention and mitigation
features. These features included the
items that were evaluated for all
containment types as part of the CPI
Program.

•

Second, the Limerick analyses were
for a plant at a high population site.
Since risk to the public is generally
proportional to the population
surrounding the plant, one would
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Table 5.35 Severe accident mitigation design alternatives (SAMDAs) considered for the
Limerick Generating Station
1. Installation of alternative means to maintain suppression pool subcooling to improve

plant's capability to remove decay heat and prevent containment overpressure challenge
2. Provision of an alternative means of decay heat removal
3a. Installation of containment vent of sufficient size to prevent containment overpressure due
to an anticipated transient without scram event
3b. Installation of containment vent and filter of sufficient size to prevent containment
overpressure due to an inability to remove decay heat
3c. Installation of containment vent (no filter) of sufficient size to prevent containment
overpressure due to an inability to remove decay heat"
4. Installation of core debris control devices to prevent core/concrete interaction and remove
decay heat from the core debris
5a. Provide enhanced drywell spray capability to increase the reliability for removal of heat
from the drywell atmosphere and the core debris, thereby minimizing the threat of
containment failure due to overpressure
5b. Provide modification for flooding of the drywell head to help mitigate accidents that result
in leakage through the drywell head seal
6. Provide the capability for diesel-driven, low-pressure makeup to the reactor to help in
mitigation of core damage resulting from accident sequences in which the reactor vessel is
depressurized and all other means of injecting water to the vessel have been lost
7. Improve the reliability of the automatic depressurization system to reduce the probability
of vessel failure at high pressure during a severe accident
8. Establish an improved decontamination factor for secondary containment through
enhancement to the fire protection system and/or the standby gas treatment system
hardware and procedures to improve fission product removal
QThis SAMDA has been implemented for plants having Mark I containments.
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Table 5.36 Listing of severe accident mitigation design alternatives considered for the
Comanche Peak Steam Electric Station

1.

Additional Instrumentation for Bypass Sequences: Install pressure-monitoring or leakmonitoring instruments (permanent pressure sensors) between the first two pressure
isolation valves on low-pressure injection lines, residual heat removal (RHR) suction
lines, and high-pressure injection lines. The additional instrumentation would improve the
ability to detect valve leakage or open valves, and would decrease the frequency of
interfacing system loss-of-coolant accidents (LOCAs).

2.

Deliberate Ignition System: Provide a system to promote ignition of combustible gases
(hydrogen and carbon monoxide) at low concentrations. The ignition system would
prevent large-scale deflagrations or detonations in events involving gradual releases of
combustibles (such as from cladding oxidation or core-concrete interactions) but may be
ineffective for rapid releases of hydrogen that could occur coincident with reactor vessel
failure at high pressure.

3.

Reactor Coolant System Depressurization: Provide a capability to rapidly depressurize
the reactor coolant system. Reactor depressurization would allow injection using lowpressure systems and would reduce the threat of direct containment heating and induced
failures of steam generator tubes and primary coolant piping in the event low-pressure
injection systems are not available. Depressurization could be achieved by a system
specially designed to manually depressurize the reactor vessel or by actuation of existing
pressurizer power-operated relief valves, reactor vessel heat vent valves, and secondary
system valves.

4.

Independent Containment Spray System: Provide an independent containment spray
system, using the existing spray headers if appropriate. The spray system would cool the
containment and the core debris, thereby reducing the challenge to containment from
overtemperature and long-term overpressure by steam. However, unless the sprays
terminate core-concrete interactions, the noncondensable gases released from the
concrete are expected to cause the containment to eventually fail by overpressure.

5.

Reactor Cavity Flooding System: Provide a capability to flood the reactor cavity before
and after reactor vessel breach. Cavity flooding would promote debris coolability, reduce
core-concrete interactions and noncondensable gas production, and provide fission
product scrubbing.

6.

Filtered Containment Venting: Provide a capability to vent the containment through a
vent path routed to an external filter. The filtered vent would mitigate challenges to
containment from long-term overpressure and hydrogen burn (by reducing the baseline
containment pressure) but may not be effective for mitigating energetic events such as
hydrogen burns coincident with reactor vessel failure.
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Table 5.36 (continued)
7.

Additional Diesel Generator: Provide an additional diesel generator with cross-ties to
both Class lE buses. This modification would increase the availability of the AC power
system and reduce the frequency of station blackout sequences.

8.

Additional DC Battery Capability: Provide additional DC battery capability to ensure
eight hours of instrumentation and control power, as opposed to four in the event of a
station blackout. This would extend the time available for recovery and reduce the
frequency of long-term station blackout sequences.

9.

Alternative Means of Core Injection: Provide a capability for makeup water to the
reactor using a low-pressure, diesel-driven pump of sufficient capacity and associated
piping hardware and procedures. The diesel-driven pump would serve as a backup to the
front-line, low-pressure injection systems and could also be used to maintain core cooling
in the event of a LOCA.

10. Improved Availability of Recirculation Mode: Provide a system to automatically switch
the suction of the safety injection and centrifugal charging pumps to the RHR pump
discharge when the refueling water storage tank is depleted. Automatic switchover would
reduce the potential for operator error and improve the availability of core cooling in the
recirculation mode.
11. Additional Service Water Pump: Add a third 100 percent service water pump to improve
the availability of the station service water system. This would reduce the frequency of
sequences involving failure of vital plant equipment due to loss of cooling.

generally expect SAMDAs for plants
at high population sites to have the
most favorable cost-benefit ratio.
Since SAMDAs were found not to be
justified at Limerick, it is unlikely that
they would be justified for plants at
other sites.

5.4.1.5 Conclusion

mitigation improvements, the ongoing
regulCltory programs related to severe
accident mitigation (Le., individual plant
examination/individual plant examination of
external events and Accident Management)
have not been completed for all plants.
Since these programs have identified plant
programmatic and procedural
improvements (and in a few cases, minor
plant modification) as cost effective in
reducing severe accident consequence and
risk, it would be premature to generically
conclude that a consideration of severe
accident mitigation is not required for
license renewal.

Although NRC has gained considerable
experience regarding severe accident

However, based on the experiences
discussed above, the NRC expects that a

•

Third, plant procedural and
programmatic improvements (rather
than plant modifications) were the
only cost-beneficial improvements
identified from n~ese analyses.
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5.5.1 Impacts from Design-Basis Accidents

site-specific consideration of severe
accident mitigation for license renewal will
only identify procedural and programmatic
improvements (and perhaps minor
hardware changes) as being cost-beneficial
in reducing severe accident risk or
consequence. Therefore, a site-specific
consideration of alternatives to mitigate
severe accidents shall be performed for
license renewal unless such a consideration
has already been included in a previous
EIS or related supplement. Staff
evaluations of alternatives to mitigate
severe accidents have already been
completed and included in an EIS or
supplement for Limerick, Comanche Peak,
and Watts Bar; therefore, severe accident
mitigation need not be reassessed for these
plants for license renewal.

The environmental impacts of postulated
accidents were evaluated for the license
renewal period in GElS Chapter 5. All
plants have had a previous evaluation of
the environmental impacts of design-basis
accidents. In addition, the licensee will be
required to maintain acceptable design and
performance criteria throughout the
renewal period. Therefore, the calculated
releases from design-basis accidents would
not be expected to change. Since the
consequences of these events are evaluated
for the hypothetical maximally exposed
individual at the time of licensing, changes
in the plant environment will not affect
these evaluations. Therefore, the staff
concludes that the environmental impacts
of design-basis accidents are of small
significance for all plants. Because the
environmental impacts of design basis
accidents are of small significance and
because additional measures to reduce such
impacts would be costly, the staff concludes
that no mitigation measures beyond those
implemented during the current term
license would be warranted. This is a
Category 1 issue.

5.5 SUMMARY AND CONCLUSIONS
The foregoing discussions have dealt with
the environmental impacts of accidents
during operation after license renewal. The
primary assumption for this evaluation is
that the frequency (or likelihood of
occurrence) of an accident at a given plant
would not increase during the plant
lifetime (inclusive of the license renewal
period) because regulatory controls ensure
the plant's licensing basis is maintained and
improved, where warranted. However, it
was recognized that the changing
environment around the plant is not
subject to regulatory controls and
introduces the potential for changing risk.
Estimation of future severe accident
consequences and risk was based upon
existing risk and consequence analyses
found in FES for recently licensed plants
because these include severe accident
analyses and constitute a representative set
of plants and sites for the United States.

NUREG-1437, Vol. 1

5.5.2 Impacts from Severe Accidents
5.5.2.1 Atmospheric Releases
The evaluation of health and dose effects
caused by atmospheric releases used a
prediction process to identify those plant
sites that are bounded by existing analyses.
Existing analyses represent only a subset of
operati,ng plants. A particular portion of
this subset, specifically those plants having
severe accident analyses in their respective
FESs, was used in this evaluation. EI
(which is a function of population and
wind direction), in conjunction with the
FES severe accident analyses, was then
used to develop a means to predict
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six general categories as called out in the
NRC LPGS (NUREG-0440) and then
estimating if the risk consequences
calculated in existing analyses (including
the LPGS) bounds the risks for all other
plants within each category.

consequences for all plants. Average values
and 95 percent UCB values were
estimated. Table 5.6 provides the results of
this prediction process.
Results indicate that the predicted effects
of a severe accident during MYR at the
74 sites of nuclear power plants in the
United States are not expected to exceed a
small fraction of that risk to which the
population is already exposed. In addition,
the dose to individuals was also predicted.
Results indicate that the highest average
individual dose would be 3 x 10-4 remlRY.
This dose compares to an average of 3 x
10-1 rem/person/year for all other causes,
including radon. Therefore, the probabilityweighted consequences from atmospheric
releases associated with severe accidents is
judged to be of small significance for all
plants.

Of the six categories, three are judged to
be bound by existing analyses. These
categories are Great Lake sites, estuaries,
and dry sites.
For the other categories, estimates were
made of the degree to which groundwater
releases could exceed existing analyses. For
all six categories, the staff concluded that
the risk to the population was either a
small fraction of that for atmospheric
releases or, in a few cases, comparable to
that from atmospheric releases. Therefore,
the probability-weighted consequences
from groundwater releases due to severe
accidents is judged to be of small
significance for all plants.

5.5.2.2 Fallout onto Open Bodies of
Water

5.5.2.4 Societal and Economic Risks

The results of comparative analyses for the
drinking-water pathway concluded that
Great Lakes sites have the same order-ofmagnitude risk that was calculated in the
Fermi 2 FES, which is only a small fraction
of the risk from atmospheric pathway
releases. River sites with potentially greater
risk than in the Fermi FES are amenable
to interdiction, which can significantly
reduce risk. In the ca~e of the aquatic food
pathway, interdicted population exposures
are less than or essentially the same as
atmospheric pathway releases. For both the
drinking water and aquatic food pathways,
the probability-weighted consequences
from fallout due to severe accidents is of
small significance.

The expected costs resulting from a severe
accident at nuclear power plants during
their renewal periods have been predicted
from evaluations presented in 27 FESs.
Estimates of the extent of land
contamination have also been presented. In
both cases, the conditional impacts are
judged to be of small significance for all
plants.
5.5.2.5 SAMDAs
The staff concluded that the generic
analysis summarized above applies to all
plants and that the probability-weighted
consequences of atmospheric releases,
fallout onto open bodies of water, releases
to ground water, and societal and economic
impacts of severe accidents are of small
significance for all plants. However, not all

5.5.2.3 Releases from Groundwater
The comparative analyses for this pathway
were done by first segregating all sites into
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Sciences, Washington, D.C., 1980.
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Levels of Ionizing Radiation, National
Research Council, Advisory
Committee on the Biological Effects
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Academy of Sciences, Washington,
D.C., 1990.
Bertini, H. W., Descriptions of Selected
Accidents That Have OCCUlTed at
Nuclear Reactor Facilities,
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Laboratory, Oak Ridge, Tennessee,
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Surface Water Supplies by
Atmospheric Releases from Nuclear
Plants," Health Physics 49(5), 713-30,
November 1985.
ConEd (Consolidated Edison Company),
Indian Point Nuclear Power Plant, Unit
2 Final Safety Analysis Report, June
1982.
Crick, M. J., and G. S. Linsley, An
Assessment of the Radiological Impact
of the Windscale Reactor Fire, National
Radiological Protection Board,
Chilton, United Kingdom, 1983.
DOE/ER-0332, M. Goldman et aI., Health
and Environmental Consequences of
the Chernobyl Nuclear Power Accident,
U.S. Department of Energy,
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plants have performed a site-specific
analysis of measures that could mitigate
severe accidents. Consequently, severe
accidents are a Category 2 issue for plants
that have not performed a site-specific
consideration of severe accident mitigation
and submitted that analysis for Commission
review.

5.6 ENDNOTES
1.

2.
3.
4.

5.

While a dose as low as 10 rem may
cause such observable physiological
changes as chromosomal aberrations,
these changes are not classified as
clinical injury.
Also referred to as the Rogovin
report.
Grand Gulf, Sequoyah, Surry, Peach
Bottom, and Zion.
The FitzPatrick and Nine Mile Point
units are located closely enough to
assume that they are located on the
same site. A similar observation can be
made for the Hope Creek and Salem
units.
Because the hypothetical sites were to
be modeled as either PWRs or BWRs,
those using population data of actual
PWR sites utilized updated
WASH-1400 source terms taken from
the Byron FES (NUREG-0848), while
those using population data for BWRs
utilized updated WASH-14oo source
terms taken from the Clinton FES
(NUREG-0854).
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NUCLEAR REGULATORY
COMMISSION
10 CFR Part 51
RIN 3150–AD63

Environmental Review for Renewal of
Nuclear Power Plant Operating
Licenses
Nuclear Regulatory
Commission.
ACTION: Final rule.
AGENCY:

SUMMARY: The Nuclear Regulatory
Commission (NRC) is amending its
regulations regarding environmental
protection regulations for domestic
licensing and related regulatory
functions to establish new requirements
for the environmental review of
applications to renew the operating
licenses of nuclear power plants. The
amendment defines those
environmental impacts for which a
generic analysis has been performed
that will be adopted in plant-specific
reviews for license renewal and those
environmental impacts for which plantspecific analyses are to be performed.
The amendment improves regulatory
efficiency in environmental reviews for
license renewal by drawing on the
considerable experience of operating
nuclear power reactors to generically
assess many of the environmental
impacts that are likely to be associated
with license renewal. The amendment
also eliminates consideration of the
need for generating capacity and of
utility economics from the
environmental reviews because these
matters are under the regulatory
jurisdiction of the States and are not
necessary for the NRC’s understanding
of the environmental consequences of a
license renewal decision.
The increased regulatory efficiency
will result in lower costs to both the
applicant in preparing a renewal
application and to the NRC for

reviewing plant-specific applications
and better focus of review resources on
significant case specific concerns. The
results should be a more focused and
therefore a more effective NEPA review
for each license renewal. The
amendment will also provide the NRC
with the flexibility to address
unreviewed impacts at the site-specific
stage of review and allow full
consideration of the environmental
impacts of license renewal.
The NRC is soliciting public comment
on this rule for a period of 30 days. In
developing any comment specific
attention should be given to the
treatment of low-level waste storage and
disposal impacts, the cumulative
radiological effects from the uranium
fuel cycle, and the effects from the
disposal of high-level waste and spent
fuel.
DATES: Absent a determination by the
NRC that the rule should be modified,
based on comments received, the final
rule shall be effective on August 5,
1996. The comment period expires on
July 5, 1996.
ADDRESSES: Send comments to: The
Secretary of the Commission, U.S.
Nuclear Regulatory Commission,
Washington, DC 20555–0001, Attention:
Docketing and Services Branch, or hand
deliver comments to the Office of the
Secretary, One White Flint North, 11555
Rockville Pike, Rockville, Maryland
between 7:30 a.m. and 4:15 p.m. on
Federal workdays. Copies of comments
received and all documents cited in the
supplementary information may be
examined at the NRC Public Document
Room, 2120 L Street NW. (Lower Level),
Washington, DC between the hours of
7:45 a.m. and 4:15 p.m. on Federal
workdays.
FOR FURTHER INFORMATION CONTACT:
Donald P. Cleary, Office of Nuclear
Regulatory Research, U.S. Nuclear
Regulatory Commission, Washington,
DC 20555–0001, telephone: (301) 415–
6263; e-mail DPC@nrc.gov.
SUPPLEMENTARY INFORMATION:

I. Introduction
II. Rulemaking History
III. Analysis of Public Comments
A. Commenters
B. Procedural Concerns
1. Public Participation and the Periodic
Assessment of the Rule and GEIS
2. Economic Costs and Cost-Benefit
Balancing

3. Need for Generating Capacity and
Alternative Energy Sources
C. Technical Concerns
1. Category and Impact Magnitude
Definitions
2. Surface Water Quality
3. Aquatic Ecology
4. Groundwater Use and Quality
5. Terrestrial Ecology
6. Human Health
7. Socioeconomics
8. The Uranium Fuel Cycle and Solid
Waste Management
9. Accidents
10. Decommissioning
11. Need for Generating Capacity
12. Alternatives to License Renewal
13. License Renewal Scenario
14. Environmental Justice
IV. Discussion of Regulatory Requirements
A. General Requirements
B. The Environmental Report
1. Environmental Impacts of License
Renewal
2. Consideration of Alternatives
C. Supplemental Environmental Impact
Statement
1. Public Scoping and Public Comments on
the SEIS
2. Commission’s Analysis and Preliminary
Recommendation
3. Final Supplemental Environmental
Impact Statement
D. NEPA Review for Activities Outside
NRC License Renewal Approved Scope
V. Availability of Documents
VI. Submittal of Comments in an Electronic
Format
VII. Finding of No Significant Environmental
Impact Availability
VIII. Paperwork Reduction Act Statement
IX. Regulatory Analysis
X. Regulatory Flexibility Act Certification
XI. Small Business Regulatory Enforcement
Fairness Act
XII. Backfit Analysis

I. Introduction
The Commission has amended its
environmental protection regulations in
10 CFR part 51 to improve the efficiency
of the process of environmental review
for applicants seeking to renew an
operating license for up to an additional
20 years. The amendments are based on
the analyses conducted for and reported
in NUREG–1437, ‘‘Generic
Environmental Impact Statement for
License Renewal of Nuclear Plants’’
(May 1996). The Commission’s initial
decision to undertake a generic
assessment of the environmental
impacts associated with the renewal of
a nuclear power plant operating license
was motivated by its beliefs that:
(1) License renewal will involve
nuclear power plants for which the
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assessed in an EA and found to be
insignificant. Further, the Commission
has conducted EAs for seven specific
licensed ISFSIs and has reached a
finding of no significant environmental
impact for each site. Each EA addressed
the impacts of construction, use, and
decommissioning. Potential impacts
that were assessed include radiological
impacts, land use, terrestrial resources,
water use, aquatic resources, noise, air
quality, socioeconomics, radiological
impacts during construction and routine
operation, and radiological impacts of
off-normal events and accidents. Trends
in onsite spent fuel storage capacity and
the volume of spent fuel that will be
generated during an additional 20 years
of operation are considered in the GEIS.
Spent fuel storage capacity requirements
can be adequately met by ISFSIs
without significant environmental
impacts. The environmental impacts of
onsite storage of spent fuel at all plants
have been adequately assessed in the
GEIS for the purposes of an
environmental review and agency
decision on renewal of an operating
license; thus, no further review within
the license renewal proceeding is
required. This provision is relative to
the license renewal decision and does
not alter existing Commission licensing
requirements specific to on-site storage
of spent fuel.
The environmental impacts from the
transportation of fuel and waste
attributable to license renewal are found
to be small when they are within the
range of impacts of parameters
identified in Table S–4. The estimated
radiological effects are within regulatory
standards. The nonradiological impacts
are those from periodic shipments of
fuel and waste by individual trucks or
rail cars and thus would result in
infrequent and localized minor
contributions to traffic density.
Programs designed to further reduce
risk, which are already in place, provide
for adequate mitigation. Recent, ongoing
efforts by the Department of Energy to
study the impacts of waste
transportation in the context of the
multi-purpose canister (see, 60 FR
45147, August 30, 1995) suggest that
there may be unresolved issues
regarding the magnitude of cumulative
impacts from the use of a single rail line
or truck route in the vicinity of the
repository to carry all spent fuel from all
plants. Accordingly, NRC declines to
reach a Category 1 conclusion on this
issue at this time. Table S–4 should
continue to be the basis for case-by-case
evaluation of transportation impacts of
fuel and waste until such time as a
detailed analysis of the environmental

impacts of transportation to the
proposed repository at Yucca Mountain
becomes available.
9. Accidents
Concern. Several commenters
expressed concerns regarding the
appropriateness of the severe accident
determination in the GEIS and with the
treatment of severe accident mitigation
design alternatives (SAMDAs) for
license renewal. A group of commenters
identified areas of concern that they
believe justify severe accidents being
classified as a Category 3 issue. The
areas included seismic risks to nuclear
power plants and site-specific
evacuation risks. Several commenters
questioned whether the analyses of the
environmental impacts of accidents
were adequate to make a Category 1
determination for the issue of severe
accidents. The contention is that a
bounding analysis would be established
only if plant-specific analyses were
performed for every plant, which was
not the case. Instead, the GEIS analysis
made use of a single generic source term
for each of the two plant types.
Response. The Commission believes
that its analysis of the impacts of severe
accidents is appropriate. The GEIS
provides an analysis of the
consequences of severe accidents for
each site in the country. The analysis
adopts standard assumptions about each
site for parameters such as evacuation
speeds and distances traveled, and uses
site-specific estimates for parameters
such as population distribution and
meteorological conditions. These latter
two factors were used to evaluate the
exposure indices for these analyses. The
methods used result in predictions of
risk that are adequate to illustrate the
general magnitude and types of risks
that may occur from reactor accidents.
Regarding site-evacuation risk, the
radiological risk to persons as they
evacuate is taken into account within
the individual plant risk assessments
that form the basis for the GEIS. In
addition, 10 CFR Part 50 requires that
licensees maintain up-to-date
emergency plans. This requirement will
apply in the license renewal term as
well as in the current licensing term.
As was done in the GEIS analysis, the
use of generic source terms (one set for
PWRs and another for BWRs) is
consistent with the past practice that
has been used and accepted by the NRC
for individual plant Final
Environmental Impact Statements
(FEISs). The purpose of the source term
discussion in the GEIS is to describe
whether or not new information on
source terms developed after the
completion of the most recent FEISs

indicates that the source terms used in
the past under-predict environmental
consequences. The NRC has concluded
that analysis of the new source term
information developed over the past 10
years indicates that the expected
frequency and amounts of radioactive
release under severe accident conditions
are less than that predicted using the
generic source terms. A summary of the
evolution of this research is provided in
NUREG–1150, ‘‘Severe Accident Risks:
An Assessment for Five U.S. Nuclear
Power Plants’’ (December 1990), and its
supporting documentation. Thus, the
analyses performed for the GEIS
represent adequate, plant-specific
estimates of the impacts from severe
accidents that would generally overpredict, rather than under-predict,
environmental consequences. Therefore,
the GEIS analysis of the impacts of
severe accidents for license renewal is
retained and is considered applicable to
all plants.
Based on an evaluation of the
comments, the Commission has
reconsidered its previous conclusion in
the draft GEIS concerning site-specific
consideration of severe accident
mitigation. The Commission has
determined that a site-specific
consideration of alternatives to mitigate
severe accidents will be required at the
time of license renewal unless a
previous consideration of such
alternatives regarding plant operation
has been included in a final
environmental impact statement or a
related supplement. Because the third
criterion required to make a Category 1
designation for an issue requires a
generic consideration of mitigation, the
issue of severe accidents must be
reclassified as a Category 2 issue that
requires a consideration of severe
accident mitigation alternatives,
provided this consideration has not
already been completed. The
Commission’s reconsideration of the
issue of severe accident mitigation for
license renewal is based on the
Commission’s NEPA regulations that
require a consideration of mitigation
alternatives in its environmental impact
statements (EISs) and supplements to
EISs, as well as a previous court
decision that required a review of severe
mitigation alternatives (referred to as
SAMDAs) at the operating license stage.
See, Limerick Ecology Action v. NRC,
869 F.2d 719 (3d Cir. 1989).
Although the Commission has
considered containment improvements
for all plants pursuant to its
Containment Performance Improvement
(CPI) program, which identified
potential containment improvements for
site-specific consideration by licensees,
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and the Commission has additional
ongoing regulatory programs whereby
licensees search for individual plant
vulnerabilities to severe accidents and
consider cost-beneficial improvements,
these programs have not yet been
completed. Therefore, a conclusion that
severe accident mitigation has been
generically considered for license
renewal is premature.
The Commission believes it unlikely
that any site-specific consideration of
severe accident mitigation alternatives
for license renewal will identify major
plant design changes or modifications
that will prove to be cost-beneficial for
reducing severe accident frequency or
consequences. This Commission
expectation regarding severe accident
mitigation improvements is based on
the analyses performed to date that are
discussed below.
The Commission’s CPI program
examined each of the five U.S.
containment types to determine
potential failure modes, potential plant
improvements, and the costeffectivenesses of such improvements.
As a result of this program, only a few
containment improvements were found
to be potentially beneficial and were
either identified for further NRC
research or for individual licensee
evaluation.
In response to the Limerick decision,
an NRC staff consideration of SAMDAs
was specifically included in the Final
Environmental Impact Statement for the
Limerick 1 and 2 and Comanche Peak 1
and 2 operating license reviews, and in
the Watts Bar Supplemental Final
Environmental Statement for an
operating license. The alternatives
evaluated in these analyses included the
items previously evaluated as part of the
CPI Program, as well as improvements
identified through other risk studies and
analyses. No physical plant
modifications were found to be costbeneficial in any of these severe
accident mitigation considerations.
Only plant procedural changes were
identified as being cost-beneficial.
Furthermore, the Limerick analysis was
for a high-population site. Because risk
is generally proportional to the
population around a plant, this analysis
suggests that other sites are unlikely to
identify significant plant modifications
that are cost-beneficial.
Additionally, each licensee is
performing an individual plant
examination (IPE) to look for plant
vulnerabilities to internally initiated
events and a separate IPE for externally
initiated events (IPEEE). The licensees
were requested to report their results to
the Commission. Seventy-eight IPE
submittals were received and seventy-

five IPEEE submittals will be received,
covering all operating plants in the
United States. These examinations
consider potential improvements to
reduce the frequency or consequences of
severe accidents on a plant-specific
basis and essentially constitute a broad
search for severe accident mitigation
alternatives. The NRC staff is
conducting a process review of each
plant-specific IPE submittal and IPEEE
submittal. To date, all IPE submittals
have received a preliminary review by
the NRC with 46 out of 78 completed;
for the IPEEE submittals, 24 of the 75
are under review. These IPEs have
resulted in a number of plant procedural
or programmatic improvements and
some plant modifications that will
further reduce the risk of severe
accidents.
In conclusion, the GEIS analysis of
severe accident consequences and risk
is adequate, and additional plantspecific analysis of these impacts is not
required. However, because the ongoing
regulatory program related to severe
accident mitigation (i.e., IPE and IPEEE)
has not been completed for all plants
and consideration of severe accident
mitigation alternatives has not been
included in an EIS or supplemental EIS
related to plant operations for all plants,
a site-specific consideration of severe
accident mitigation alternatives is
required at license renewal for those
plants for which this consideration has
not been performed. The Commission
expects that if these reviews identify
any changes as being cost beneficial,
such changes generally would be
procedural and programmatic fixes,
with any hardware changes being only
minor in nature and few in number.
NRC staff considerations of severe
accident mitigation alternatives have
already been completed and included in
an EIS or supplemental EIS for
Limerick, Comanche Peak, and Watts
Bar. Therefore, severe accident
mitigation alternatives need not be
reconsidered for these plants for license
renewal.
Based on the fact that a generic
consideration of mitigation is not
performed in the GEIS, a Category 1
designation for severe accidents cannot
be made. Therefore, the Commission has
reclassified severe accidents as a
Category 2 issue, requiring only that
alternatives to mitigate severe accidents
be considered for those plants that have
not included such a consideration in a
previous EIS or supplemental EIS. The
Commission notes that upon completion
of its IPE/IPEEE program, it may review
the issue of severe accident mitigation
for license renewal and consider, by
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separate rulemaking, reclassifying
severe accidents as a Category 1 issue.
The Commission does not intend to
prescribe by rule the scope of an
acceptable consideration of severe
accident mitigation alternatives for
license renewal nor does it intend to
mandate consideration of alternatives
identical to those evaluated previously.
In general, the Commission expects that
significant efficiency can be gained by
using site-specific IPE and IPEEE results
in the consideration of severe accident
mitigation alternatives. The IPEs and
IPEEEs are essentially site-specific PRAs
that identify probabilities of core
damage (Level 1 PRA) and include
assessments of containment
performance under severe accident
conditions that identify probabilities of
fission product releases (Level 2 ). As
discussed in Generic Letter 88–20,
‘‘Individual Plant Examination for
Severe Accident Vulnerabilities’’
(November 23, 1988), one of the
important goals of the IPE and IPEEE
was to reduce the overall probabilities
of core damage and fission product
releases as necessary by modifying
hardware and procedures to help
prevent or mitigate severe accidents.
Although Level 3 PRAs have been
used in SAMDA analyses to generate
site-specific offsite dose estimates so
that the cost-benefit of mitigation
alternatives could be determined, the
Commission does not believe that sitespecific Level 3 PRAs are required to
determine whether an alternative under
consideration will provide sufficient
benefit to justify its cost. Licensees can
use other quantitative approaches for
assigning site-specific risk significance
to IPE results and judging whether a
mitigation alternative provides a
sufficient reduction in core damage
frequency (CDF) or release frequency to
warrant implementation. For example, a
licensee could use information provided
in the GEIS analysis (exposure indices,
wind frequencies, and demographics) to
translate the dominant contributors to
CDF and the large release frequencies
from the IPE/IPEEE results into dose
estimates so that a cost-benefit
determination can be performed. In
some instances, a consideration of the
magnitude of reduction in the sitespecific CDF and release frequencies
alone (i.e., no conversion to a dose
estimate) may be sufficient to conclude
that no significant reduction in off-site
risk will be provided and, therefore,
implementation of a mitigation
alternative is not warranted. The
Commission will review each severe
accident mitigation consideration
provided by a license renewal applicant
on its merits and determine whether it

28482

Federal Register / Vol. 61, No. 109 / Wednesday, June 5, 1996 / Rules and Regulations

constitutes a reasonable consideration of
severe accident mitigation alternatives.
10. Decommissioning
Concern. Several commenters
requested further clarification of the
NRC’s position regarding
decommissioning requirements,
especially whether the total impacts
address returning the site to green field
conditions.
Response. The decommissioning
chapter of the GEIS analyzes the impact
that an additional 20 years of plant
operation would have on ultimate plant
decommissioning; it neither serves as
the generic analysis of the
environmental impacts associated with
decommissioning nor establishes
decommissioning requirements. An
analysis of the expected impacts from
plant decommissioning was previously
provided in NUREG–0586, ‘‘Final
Generic Environmental Impact
Statement on Decommissioning of
Nuclear Facilities’’ (August 1988). The
analysis in the GEIS for license renewal
examines the physical requirements and
attendant effects of decommissioning
after a 20-year license renewal
compared with decommissioning at the
end of 40 years of operation and finds
little difference in effects.
With respect to returning a site to
green field condition, the Commission
defines decommissioning as the safe
removal of a nuclear facility from
service, the reduction of residual
contamination to a level that permits
release of the property for unrestricted
use, and termination of the license.
Therefore, the question of restoring the
land to a green field condition, which
would require additional demolition
and site restoration beyond addressing
residual contamination and radiological
effects, is outside the current scope of
the decommissioning requirements.
Moreover, consistent with the
Commission’s conclusion that license
renewal is not expected to affect future
decommissioning, any requirement
relative to returning a site to a green
field and the attendant effects of such a
requirement would also not be affected
by an additional 20 years of operation.
Therefore, the issue of returning a site
to pre-construction conditions is beyond
the scope of license renewal review.
Concern. Several commenters
expressed concern that, because a
residual radioactivity rule is still not in
place, the LLW estimates should be
reexamined.
Response. The NRC does have criteria
in place for the release of reactor
facilities to unrestricted access
following decommissioning. These
include the guidance in Regulatory

Guide 1.86, ‘‘Termination of Operating
Licenses for Nuclear Reactors’’ (which
provides guidance for surface
contamination), dose rate limits from
gamma-emitting radionuclides included
in plant technical specifications, and
requirements for keeping residual
contamination as low as reasonably
achievable (ALARA) as included in 10
CFR part 20. These criteria were used in
developing NUREG–0586, the final GEIS
on decommissioning of nuclear
facilities, which was published in
August of 1988. One conclusion from
the analysis conducted for NUREG–
0586 was that waste volumes from
decommissioning of reactors are not
highly sensitive to the radiological
criteria. A proposed rule dated August
22, 1994, would codify radiological
criteria for unrestricted release of
reactors and other nuclear facilities and
for termination of a facility license
following decommissioning. NUREG–
1496, the draft GEIS for the proposed
rule on radiological criteria, included
analyses of a range of radiological
release criteria and confirmed the earlier
conclusions that waste volumes from
decommissioning of reactors are not
sensitive to the residual radiological
criteria within the range likely to be
selected. This range included residual
dose levels comparable to the
radiological criteria currently being
used for reactor decommissioning.
Based on the insensitivity of the waste
volume from reactor decommissioning
to the radiological criteria, the
Commission continues to believe, as
concluded in the decommissioning
section of the GEIS, that the
contribution to environmental impacts
of decommissioning from license
renewal are small. The Commission
further concludes that these impacts are
not expected to change significantly as
a result of the ongoing rulemaking.
Therefore, the determinations in the
GEIS remain appropriate.
11. Need for Generating Capacity
Concern. In addition to the major
procedural concern discussed earlier
about the treatment of need for
generating capacity, several commenters
raised concerns about the power
demand projections used in the GEIS.
Some commenters noted that any
determination of need quickly becomes
dated and, therefore, the demand for
and the source of electrical power at the
time of license renewal cannot be
accurately predicted at this time.
Moreover, they believe that the NRC’s
analysis is not definitive enough to
remain unchallenged for 40 years.
Another commenter criticized the
analysis because it focused only on

energy requirements without making
appropriate distinctions between energy
and peak capacity requirements, plant
availability, and capacity factors.
Response. The NRC has determined
that a detailed consideration of the need
for generating capacity is inappropriate
in the context of consideration of the
environmental impacts of license
renewal. Thus, the NRC will limit its
NEPA review of license renewal
applications to the consideration of the
environmental impacts of license
renewal compared with those of other
available generating sources. Hence, the
concerns regarding demand projections
used in the draft GEIS are no longer an
issue and they have been removed from
the GEIS.
12. Alternatives to License Renewal
Concern. In addition to the procedural
concern discussed earlier about the
treatment of alternative energy sources
as a Category 1 issue, several
commenters expressed concerns about
the comparison and analysis of
alternative energy sources, as well as the
economic analysis approach used in the
draft GEIS. Consistent with their
arguments against the Category 1
designation of alternatives, the
commenters questioned the approach
adopted in the GEIS of comparing only
single alternative energy sources to
license renewal. They believe that the
NRC’s failure to consider a mix of
alternatives ignores the potential for
other alternative sources of power that
are available to different regions of the
nation, such as demand-side
management, cogeneration, purchased
power from Canada, biomass, natural
gas, solar energy, and wind power. They
also indicated that this approach
neglects a utility’s ability to serve its
customers with a portfolio of supply
that is based on load characteristics,
cost, geography, and other
considerations, and fails to consider the
collective impact of the alternatives.
Furthermore, the possible technological
advances in renewable energy sources
over the next 40 years are not addressed.
One commenter argued that
designating the issue of alternative
energy sources as Category 1 allows a
license renewal applicant not to
consider the additional requirement of
economic threshold analysis. Relative to
the economic analysis of the alternatives
to license renewal, another commenter
questioned the proposed requirement
for the license renewal applicant to
demonstrate that the ‘‘replacement of
equivalent generating capacity by a coalfired plant has no demonstrated cost
advantage over the individual nuclear
power plant license renewal.’’
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EXECUTIVE SUMMARY
This document provides a template for completing the severe accident mitigation alternatives
(SAMA) analysis in support of license renewal. Its purpose is to identify the information that
should be included in the SAMA portion of a license renewal application environmental report to
reduce the necessity for Nuclear Regulatory Commission (NRC) requests for additional
information (RAIs). The method described relies upon NUREG/BR-0184 regulatory analysis
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insights gained from review of NRC evaluations of SAMA analyses and associated RAIs.
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SEVERE ACCIDENT MITIGATION ALTERNATIVES
(SAMAL) ANALYSIS
GUIDANCE DOCUMENT
1 INTRODUCTION
This document provides a template for completing the severe accident mitigation alternatives
(SAMA) analysis in support of license renewal. Its purpose is to identify the information that
should be included in the SAMA portion of a license renewal application environmental report to
reduce the necessity for Nuclear Regulatory Commission (NRC) requests for additional
information (RAIs). The method described relies upon NUREG/BR-0184 regulatory analysis
techniques, is a result of experience gained through past SAMA analyses, and incorporates
insights gained from review of NRC evaluations of SAMA analyses and associated RAIs.
1.1

PURPOSE

The purpose of the analysis is to identify SAMA candidates that have the potential to reduce
severe accident risk and to determine if implementation of each SAMA candidate is costbeneficial.
1.2

REQUIREMENTS
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2

METHOD

The SAMA analysis consists of the following steps.
* Determine Severe Accident Risk
Level 1 and 2 Probabilistic Safety Assessment (PSA) Model
Use the plant-specific PSA model (Section 3.1 through Section 3.3) as input to a Level 3
PSA analysis. Incorporate external event contributions as described in Section 3.1.2.
Level 3 PSA Analysis
Use Level 1 and 2 PSA output and site-specific meteorology, demographic, land use, and
emergency response data as input for a Level 3 PSA (Section 3.4). Estimate the severe
accident risk i.e., off-site dose and economic impacts of a severe accident.
* Determine Cost of Severe Accident Risk / Maximum Benefit - Use NRC regulatory
analysis techniques to estimate the cost of severe accident risk. Estimate the maximum
benefit that a SAMA could achieve if it eliminated all risk i.e., the maximum benefit (Section
4).
* SAMA Identification - Identify potential SAMA candidates (that prevent core damage and
that prevent significant releases from containment) from the PSA model, Individual Plant
Examination (IPE) and IPE - External Events (IPEEE) recommendations, and industry
documentation (Section 5). As has been demonstrated by past SAMA analyses, SAMA
candidates are not likely to prove cost-beneficial if they only mitigate the consequences of
events that present a low risk to the plant. Therefore, PSA importance analyses play a key
role in the SAMA identification process.
* Preliminary Screening (Phase I SAMA Analysis) - Screen out SAMA candidates that are
not applicable to the plant design, candidates that have already been implemented or whose
benefits have been achieved at the plant using other means, and candidates whose roughlyestimated cost exceeds the maximum benefit. PSA insights may be used to screen SAMA
candidates that do not address significant contributors to risk in this phase (Section 6).
* Final Screening (Phase II SAMA Analysis) - Estimate the benefit of severe accident risk
reduction to each remaining SAMA candidate and compare to an implementation cost
estimate to determine net cost-benefit (Section 7). In an implementation cost estimate, all
costs associated with the SAMA should be considered including design, engineering, safety
analysis, installation, and long-term maintenance, calibrations, training, etc. that will be
required as a result of the change. As has been demonstrated by past SAMA analyses, costbeneficial SAMAs are most likely limited to procedure changes and minimal hardware
changes.
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Sensitivity Analysis - Evaluate how changes in SAMA analysis assumptions and
uncertainties would affect the cost-benefit analysis (Section 8).
* Identify Conclusions - Summarize results and identify conclusions (Section 9).
potentially cost-beneficial SAMA candidates.

List

The remainder of this document describes these steps in more detail and indicates associated
information that should be included in the SAMA portion of the license renewal environmental
report. Figure 1 provides a graphical representation of the SAMA analysis process.
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SEVERE ACCIDENT RISK

Describe the PSA models used to calculate severe accident risk. Describe the Level 1 PSA
model (internal and external), the Level 2 PSA model, PSA model review history, and the Level
3 PSA model, as shown in Section 3.1 through Section 3.4. Include results of the severe accident
risk calculation as shown in Section 3.5.
For multi-unit sites, provide either separate results for each unit or results for a single unit with
rationale for why the single analysis is representative or bounding for the other unit(s).
3.1

LEVEL 1 PSA MODEL

Level I PSA models determine CDF based on initiating event analysis, scenario development,
system analyses, and human-factor evaluations.
3.1.1

INTERNAL EVENTS

3.1.1.1

Description of Level 1 Internal Events PSA Model

Identify and describe the Level 1 internal events PSA model used for the SAMA analysis,
including the model freeze date. If different PSA versions are used for identifying SAMAs
(Section 5.1) and for the benefit analysis (Section 7.1), the impact of using a later version should
be described.
For example,
The Level I Internal Events PSA Model usedfor the SAMA analysis was the most recent
internal events risk model (Revision xxx) that contains modeling of all plant changes
implemented up to [date], uses failure and unavailability data to the same date, and
resolves industrypeer review comments on a previous revision of the model.
Provide a breakdown of the internal events CDF by major contributors, initiators, or accident
classes. Include contributions to core damage frequency from station blackout (single unit and
dual unit) and anticipated transient without SCRAM events. Candidate SAMAs should
concentrate on these events. Table 1 shows a typical accident class distribution.
Provide Level 1 internal events importance measures. This list may be combined with an
evaluation of applicable SAMA candidates as shown in Table 9.
If applicable, identify changes to the Level 1 internal events PSA model made to accommodate
the SAMA analysis.
3.1.1.2

Level 1 PSA Model Changes since IPE Submittal

Describe major changes to the Level 1 internal events PSA model since the IPE submittal and the
impact these changes have had on CDF.
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Discuss changes to the plant, such as power uprate or steam generator replacement that are
planned or have occurred since the model freeze date. Indicate if the model used for the SAMA
analysis addresses these changes. If the model used for the SAMA analysis does not address
these changes, include a qualitative discussion of the impact of the changes on the SAMA
analysis. If desired, sensitivity analyses may be performed to support the discussion (Section 8).
3.1.2

EXTERNAL EVENTS

The IPEEE identified the highest risk externally initiated accident sequences and potential means
of reducing the risk posed by those sequences. Typically, the following external events were
evaluated.
*

Internal fires

*

Seismic events

* Other external events such as high wind events, external flooding, transportation and nearby
facility accidents
The type of information available for these initiators varies by the type of risk analysis
performed for the IPEEE. For instance, a fire or seismic analysis performed using PSA
modeling techniques produces quantitative results. However, due to differences in assumptions,
model techniques, uncertainties (e.g., related to initiating event frequencies and human actions),
care should be taken when comparing quantified external events with the results of the bestestimate internal events analysis. Furthermore, seismic margins analysis (SMA) does not
produce a CDF (i.e., is a qualitative analysis) and is predicated on the ability to evaluate the
seismic durability of equipment required to safely shut the plant down. The results of this kind
of analysis do not directly lend themselves to the frequency-based SAMA analysis. Also, a fire
analysis using the Electric Power Research Institute (EPRI) Fire-Induced Vulnerability
Evaluation (FIVE) method produces fire zone CDF values that are conservatively high and not
suitable for comparison with best-estimate internal events CDF values. As a result, each of the
external event contributors must be considered in a manner suiting the type of risk analysis
performed.
For each external event, summarize the risk analysis method and subsequent revisions as shown
in Section 3.1.2.1 through Section 3.1.2.3. Discuss recommendations to reduce risk due to each
external event, and indicate whether or not they have been implemented.
Potential
improvements from the IPEEE and improvements to address USI A-46 outliers that have not
been implemented should be included in the list of Phase I SAMA candidates (Section 5.3).
Describe the method used to quantitatively incorporate external event severe accident risk in the
SAMA analysis, as shown in Section 3.1.2.4.
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3.1.2.1

Internal Fires

3.1.2.1.1

Risk Analysis

Provide a brief discussion of the risk analysis method used for the IPEEE. Indicate if a fire PSA
model was created, or if the EPRI FIVE method was used. If the EPRI FIVE method was used,
identify first-pass assumptions and screening criteria (e.g., L.OE-06) and discuss methods used to
evaluate zones that did not screen on the first pass.
Indicate if the fire risk analysis has been updated since the IPEEE. If so, provide revised fire
zone CDF values.
If the EPRI FIVE method was used, the results are conservative and not comparable to internal
events core damage frequencies. If a fire PSA model was created, the results should be less
conservative than if the FIVE method had been used, but caution must be exercised when
making comparisons to best-estimate values. Discussion of specific conservatisms may be
provided, as in the following examples.
InitiatingEvents:

Thefrequency offires and their severity are generally conservatively
overestimated. A revisedNRC fire events databaseindicates a trend
toward lowerfrequency and less severefires. This trend reflects
improved housekeeping, reduction in transientfire hazards, and other
improvedfireprotection steps at utilities.

System Response:

Fireprotection measuressuch as sprinklers, CO2 , andfire brigades
may be given minimal (conservative) credit in their ability to limit the
spread of afire.
Cable routingsare typically characterizedconservatively because of
lack of data regardingthe routing of cables or lack of analytic
modeling to represent the different routings. This leads to limited
creditfor balance ofplant systems that are important in core damage
mitigation.

Sequences:

Sequences may subsume a number offire scenariosto reduce the
analyticalburden. Subsuming initiators and sequences is done to
envelope those sequences included. This results in additional
conservatism.

Fire Modeling:

Fire damage andfire spreadare conservatively characterized. Fire
modelingpresents bounding approachesregardingthe immediate
effects of afire andfirepropagation(e.g., all components in afirezone
arefailed by afire in the zone, or all cables in a tray arefailedfor a
cable trayfire).

HRA:

There is little industry experience with crew actionsfollowingfires.
This has led to conservative characterizationof crew actions in fire
analyses. Because CDF is strongly correlatedwith crew actions, this
conservatism has a profound effect onfire results.

Level of Detail:

Fire analyses may have a reduced level of detail in mitigation of the
initiatingevent and subsequent system damage.
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Quality of Model:

The peer reviewprocessfor fire analyses is less well developed thanfor
internalevents PSAs. For example, no industryprocess, such as NEI
00-02, existsfor the structuredpeer review of a fire PSA.

Recommended Improvements
Discuss existing fire prevention and mitigation features and recommended hardware or
procedure changes (including those from the IPEEE and subsequent fire evaluations) to reduce
risk in the dominant fire zones.
For example, the dominant fire zones may be monitored by a detection system that alarms in the
control room, and they may be equipped with automatic suppression systems. Electrical cabinets
in the zones may use rated cables that are difficult to ignite and slow to propagate. Radiant
energy shields may be used to prevent a fire on one component from disabling redundant
components. Also, hot work permit and transient combustible loading programs reduce possible
ignition sources and the fire protection program maximizes the availability of fire protection
equipment. If this discussion duplicates information provided to NRC for the IPEEE, reference
to docketed correspondence may be substituted.
Potential improvements to reduce risk in the dominant fire zones (including those from the
internal fire portion of the IPEEE and subsequent fire evaluations) should be included in the list
of Phase I SAMA candidates (Section 5.3).
3.1.2.2

Seismic Events

3.1.2.2.1

Risk Analysis

Provide a brief discussion of the risk analysis method used for the IPEEE. Indicate if a seismic
PSA model was created, or if the EPRI SMA method was used.
Indicate if the seismic risk analysis has been updated since the IPEEE. If so, provide revised
results.
If a seismic PSA model was created, discuss whether the seismic CDF value is conservative or
best-estimate. Discussion of specific conservatisms may be provided as in the examples for
internal fires.
Recommended Improvements
Discuss enhancements (including those recommended in the IPEEE) to ensure equipment on the
safe shutdown list is capable of withstanding a review level earthquake. Discuss USI A-46
resolution and whether all identified outliers have been addressed. If this discussion duplicates
information provided to NRC for the IPEEE, reference to docketed correspondence may be
substituted.
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Potential improvements to minimize seismic risk (including those from the seismic events
portion of the IPEEE, subsequent seismic evaluations, and improvements to address unresolved
USI A-46 outliers) should be included in the list of Phase I SAMA candidates (Section 5.3).
3.1.2.3

Other External Events

3.1.2.3.1

Risk Analysis

Provide a brief discussion of the risk analysis method used for the IPEEE and indicate if the
analysis has been updated since the IPEEE. If so, provide revised results.
Discussion of specific conservatisms may be provided as in the examples for internal fires.
Recommended Improvements
Describe existing prevention and mitigation features and recommended hardware or procedure
changes from the IPEEE to reduce risk from external events caused by high winds, external
flooding and transportation accidents, as applicable. If this discussion duplicates information
provided to NRC for the IPEEE, reference to docketed correspondence may be substituted.
Potential improvements to reduce risk from other external events (including those from the other
events portion of the IPEEE) should be included in the list of Phase I SAMA candidates (Section
5.3).
3.1.2.4

External Event Severe Accident Risk

Discuss the method used to address external event risk. As discussed previously, the preferred
method is dependent on the risk analysis methods available for the plant.
IPEEE reports
typically concluded that the risk from other external events (i.e., not fire and seismic events) is
less than lE-06/rx-yr. Therefore, these events are typically not the dominant contributors to
external event risk and quantitative analysis of these events is not practical. Thus, the various
combinations of internal fire and seismic risk: analysis are discussed below.
FIVE and SMA Methods
The SMA method does not provide a quantitative result, but resolution of outliers assures that the
seismic risk is low and further cost-beneficial seismic improvements are not expected.
Therefore, the FIVE results may be used as a measure of total external events risk.
Estimate the degree of conservatism for the external events risk. Since a FIVE method fire
analysis contains numerous conservatisms, as discussed previously, a more realistic assessment
could result in a substantially lower fire CDF. NRC staff has accepted that a more realistic fire
CDF may be a factor of three less than the screening value obtained from a FIVE analysis
(Reference 1). Technical justification should be provided for selection of a reduction factor.
Reduce the fire CDF by an appropriate factor and compare to the internal events CDF to estimate
an external events multiplier.
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For example,
Assume that the total of the unscreenedfire zone CDFsfrom the FIVE analysis is 2. 7E-05/1rx-yr.
Also, assume that the internalevent CDF'is 8E-06/rx-yr.
Given afactor of three reduction, the resultingfire CDF would be about 9E-06/rx-year, which is
the same order of magnitude as the internal events CDF. This would justify use of an external
events multiplier of two.

Use the external events multiplier on the maximum benefit (Section 4.5) and on the upper bound
estimated benefits for individual SAMA candidates during the Phase II screening (Section 7).
Fire PSA and SMA Method
The SMA method does not provide a quantitative result, but resolution of outliers assures that the
seismic risk is low and further cost-beneficial seismic improvements are not expected.
Therefore, the fire PSA results may be used as a measure of total external events risk.
Estimate the degree of conservatism for the external events risk. If the fire PSA analysis
contains numerous conservatisms, as discussed previously, a more realistic assessment could
result in a substantially lower fire CDF. Technical justification should be provided supporting
determination of a reduction factor to obtain a more realistic fire CDF.
Use the reduction factor on the baseline fire PSA results and compare to the internal events CDF
to obtain an external events multiplier as described for the FIVE method. Use the external
events multiplier on the maximum benefit (Section 4.5) and on the upper bound estimated
benefits for individual SAMA candidates during the Phase II screening (Section 7).
FIVE Method and Seismic PSA
Since the FIVE method and seismic PSA provide quantitative results, the results may be
combined to represent the total external events risk.
Estimate the degree of conservatism for the external events risk. Since a FIVE method fire
analysis contains numerous conservatisms, as discussed previously, a more realistic assessment
could result in a substantially lower fire CDF. NRC staff has accepted that a more realistic fire
CDF may be a factor of three less than the screening value obtained from a FIVE analysis
(Reference 1). Also, if the seismic PSA analysis contains numerous conservatisms, as discussed
previously, a more realistic assessment could result in a substantially lower seismic CDF.
Technical justification should be provided supporting determination of reduction factors to
obtain more realistic fire and seismic CDF.values
Reduce the fire and seismic CDF values by their factors, combine to obtain a total external
events CDF, and compare to the internal events CDF to estimate an external events multiplier.
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For example,
Assume that the total of the unscreenedfire zone CDFsfrom the FIVE analysis is 2. 7E-05/rx-yr.

Assume that the seismic PSA resulted in a CDFof 3E-6/rx-yr; which was estimated to be a factor
offour higher than a best-estimate of seismic CDF. Also, assume that the internalevent CDF is
8E-06/rx-yr.
Given afactor of three reduction, the resultingfire CDFwould be about 9E-06/rx-year.
Given afactor offour reduction, the resulting seismic CDFwould be about 8E-7/rx-yr.
Thus, the total external events risk would be 9.8E-6, which is the same order of magnitude as the
internalevents CDF. This wouldjust4fy use of an external events multiplierof two.

Use the external events multiplier on the maximum benefit (Section 4.5) and on the upper bound
estimated benefits for individual SAMA candidates during the Phase II screening (Section 7).
Fire PSA and Seismic PSA
Since fire PSA and seismic PSA provide quantitative results, the results may be combined to
represent the total external events risk.
Estimate the degree of conservatism for the external events risk. If the fire PSA analysis
contains numerous conservatisms, as discussed previously, a more realistic assessment could
result in a substantially lower fire CDF. Technical justification should be provided supporting
determination of a reduction factor to obtain a more realistic fire CDF. Also, if the seismic PSA
analysis contains numerous conservatisms, as discussed previously, a more realistic assessment
could result in a substantially lower seismic CDF. Technical justification should be provided
supporting determination of a reduction factor to obtain a more realistic seismic CDF.
Reduce the fire and seismic CDF values by their factors, combine to obtain a total external
events CDF, and compare to the internal events CDF to estimate an external events multiplier (as
in the above example). Use the external events multiplier on the maximum benefit (Section 4.5)
and on the upper bound estimated benefits for individual SAMA candidates during the Phase II
screening (Section 7).
3.2

LEVEL 2 PSA MODEL

Level 2 PSA models determine release frequency, severity, and timing based on Level 1 PSA,
containment performance, and accident progression analyses.
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3.2.1

DESCRIPTION OF LEVEL 2 PSA MODEL

Identify and describe the Level 2 PSA model used for the SAMA analysis, including the model
freeze date.
For example,
The Level 2 PSA model usedfor the SAMA analysis was the most recent model (Revision xxx) that
contains modeling of all plant changes implemented up to [date], usesfailure and unavailability
data to the same date and resolves industrypeer review comments on a previous revision of the
model.

Provide a description of the release severity and timing scheme. This may be in paragraph form
or like the example shown in Table 2.
Provide a table or matrix describing the mapping of Level 1 accident sequences into Level 2
release categories and a description of the representative release sequences.
Provide the release category frequencies and fission product release characteristics (release
fractions, timing, and energy). If the sum of release frequencies does not equal the total CDF, an
explanation should be provided. Table 3 displays sample release category frequencies and
release fractions.
Provide Level 2 importance measures. These measures should not only be based on
consideration of large early release frequency contributors, but should consider other release
categories that are major contributors to population dose. This list may be combined with an
evaluation of applicable SAMA candidates as shown in Table 9.
If applicable, identify changes to the Level 2 PSA model made to accommodate the SAMA
analysis.
3.2.2

LEVEL 2 PSA MODEL CHANGES SINCE IPE SUBMITTAL

Describe changes to major modeling assumptions, containment event tree structure, accident
progression / source term calculations, or binning of endstates in the Level 2 PSA model since
the IPE submittal and the impact these changes have had on large, early release frequency
(LERF).
Discuss changes to the plant, such as power uprate or steam generator replacement that are
planned or have occurred since the model freeze date. Indicate if the model used for the SAMA
analysis addresses these changes. If the model used for the SAMA analysis does not address
these changes, include a qualitative discussion of the impact of the changes on the SAMA
analysis. If desired, sensitivity analyses may be performed to support the discussion (Section 8).
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3.3

MODEL REVIEW SUMMARY

Provide a brief description of in-house and peer reviews of the Level I and 2 PSA models that
have been performed since the IPE. For example,
The model has been updated several times since completion of the IPE to maintain it consistent
with the as-built plant, to incorporate improved thermal hydraulic results, and to incorporate
PSA improvements. The updates have involved a cooperative effort including both licensee
personnel and PSA consultant support In each of the updates, an independent review of
revisions to the PSA model is performed. The PSA model and results have been maintainedas
plant calculations or engineering reports. As part of each major update, in order to ensure
adequacy of the updated model, an expert panel reviews the PSA model results. The panel is
typically composed of experienced personnel from various plant organizations, including
Operations, System Engineering, Design Engineering,Safety Analysis, andPSA.
An Owner's Grouppeer review of the model was conducted in [date]. The results of this review
aredescribed below.
In addition, NuclearRegulatory Commission (NRC) Staff reviewed results of the prior version of
the model as part of the benchmarking of the Significance Determination Program Notebook.
The Staff and its contractors conducted the review at the site during [date]. The Stafffurther
reviewed the model, primarily the human reliabilityanalysis andfire risk analysis, as partof its
review of the risk impact of extendedpower uprate. This review included a site visit in [date].
Provide a brief description of the overall findings of the owner's group peer review. Discuss
significant findings or observations and indicate if resolution was included in the model used for
the SAMA analysis. If the model used for the SAMA analysis does not address significant
findings or observations, include at least a qualitative discussion of the impact of the findings or
observations on the SAMA analysis. Sensitivity analyses may be performed to support the
discussion (Section 8).
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3.4

LEVEL 3 PSA MODEL

Level 3 PSA models determine off-site dose and economic impacts of severe accidents based on
Level I PSA results, Level 2 PSA results, atmospheric transport, mitigating actions, dose
accumulation, early and latent health effects, and economic analyses.
Provide a description of the Level 3 analysis method and input data. In many SAMA analyses,
the MELCOR Accident Consequence Code System (MACCS2) (Reference 2) is used to
calculate the off-site consequences of a severe accident. Some SAMA analyses have used
previous Level 3 analyses such as those included in NUREG/CR-4551. Description of the
method may be no more than a reference to the document describing the method. However, the
various input parameters and associated assumptions must still be described.
The following sections describe input data if MACCS2 (Reference 2) is the analysis tool. If
another code is used, similar description of the input parameters must be documented.
3.4.1

POPULATION DISTRIBUTION

Provide a predicted population within a 50-mile radius of the site. The predicted population
distribution may be obtained by extrapolating publicly available census data. Transient
population included in the site emergency plan should be added to the census data before
extrapolation. Explain why the population distribution used in the analysis is appropriate and
justify the method used for population extrapolation. Typically, with increasing population, the
predicted population is estimated for a year within the second half of the period of extended
operation. Extrapolation to a later date, and therefore a larger population, adds conservatism to
the analysis. Of course, if a population reduction is projected, extrapolation to an earlier date
would be more reasonable.
The population distribution should be by location in a grid consisting of sixteen directional
sectors, the first of which is centered on due north, the second on 22.5 degrees east of north, and
so on. The direction sectors should be divided into a number of radial intervals extending out to
at least 50 miles. A sample population distribution is provided in Table 4.
3.4.2

ECONOMIC DATA

Provide economic data from publicly available information (e.g., from the U.S. Census Bureau,
U.S. Department of Agriculture, or state tax office) on a region-wide basis. Economic data
should be expressed in today's dollars (dollars for the year in which the SAMA analysis is being
performed), not extrapolated to the end of the period of extended operation. Economic data from
a past census can be converted to today's dollars using the ratio of current to past consumer price
indices.
Describe the values and bases for the following economic estimates.
* Cost of evacuation
* Cost for temporary relocation (food, lodging, lost income)
* Cost of decontaminating land and buildings
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Lost return on investments from properties that are temporarily interdicted to allow
contamination to be decreased by decay of nuclides
* Cost of repairing temporarily interdicted property
* Value of crops destroyed or not grown because they were contaminated by direct
deposition or would be contaminated by root uptake
* Value of farmland and of individual, public, and non-farm commercial property that is
condemned
.

Sample MACCS2 economic data is provided in Table 5.
3.4.3

NUCLIDE RELEASE

Provide a discussion of the source of core inventory values and a list of those values. Table 6
shows sample core inventory values. The actual list of radioisotopes may differ from the list in
Table 6.
MACCS2 default core inventory values are for a reference plant with a power level of 3,412
megawatts-thermal. Since actual core inventory is usually fuel vendor proprietary information,
plant-specific core inventory values may be obtained by scaling the MACCS2 default values by
the ratio of power level to reference plant power level. Additional adjustment of the core
inventory values may be necessary to account for differences between fuel cycles expected
during the period of extended operation and the fuel cycle upon which the MACCS2 default core
inventory values are based.
Also provide a description of the characteristics associated with the release (i.e., elevation of
release, thermal content of release). Use of a release height equal to half the height of the
containment is acceptable, because it provides adequate dispersion of the plume to the
surrounding area. Table 7 shows example release characteristics.
3.4.4

EMERGENCY RESPONSE

Discuss emergency response and evacuation parameter assumptions.
Provide an evacuation start time delay and a radial evacuation speed based on site-specific
information. Since population dose is highly dependent on radial evacuation speed, and
uncertainties may be introduced during derivation of a single evacuation speed from emergency
plan information, sensitivity analyses should be documented to show that the radial evacuation
speed used in the SAMA analysis is reasonable (Section 8.4).
Best-estimate values for groundshine and cloudshine shielding factors are acceptable (e.g., Grand
Gulf values found in Table 3.28 of Reference 3).
MACCS2 default values are acceptable for other parameter inputs, such as inhalation and skin
protection factors, acute and chronic exposure effects, and long-term protective data.
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3.4.5

METEOROLOGICAL DATA

Describe the meteorological data used in the analysis, including wind speed, wind direction,
stability class, seasonal mixing heights, and precipitation. Indicate the sources of the data (e.g.,
site meteorological tower, National Climatic Data Center).
Also indicate the span of the data. Examples include, "afill year (2003) of consecutive hourly
values," or "an average offive years (1995-2003) of consecutive hourly values."
Explain why the data set and data period are representative and typical.
For example,
Annual meteorology data sets from 1998 through 2000 were investigatedfor use in MACCS2.

The 1998 data set was found to result in the largest doses and was subsequently used to create
the one-year sequential hourly data set used in AMCCS2. The conditionaldose from each of the
otheryearswas within l Opercent of the chosen year.
If data is not from the plant meteorological tower, discuss why the data is acceptable.
3.5

SEVERE ACCIDENT RISK RESULTS

Provide the mean annual off-site dose and economic impact due to a severe accident for each of
the release categories analyzed. Report results for all release categories, including those with
normal containment leakage (intact containment). Provide total off-site dose and total economic
impact, which are the baseline risk measures from which the maximum benefit is calculated
(Section 4). Table 8 provides a sample summary of severe accident risk results.
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4

COST OF SEVERE ACCIDENT RISK/ MAXIMUM BENEFIT

Using the baseline risk measures from Section 3.5, calculate severe accident impacts in four
areas: off-site exposure cost, off-site economic cost, on-site exposure cost, and on-site economic
cost (Section 4.1 through Section 4.4). The following descriptions of the severe accident impact
calculations are based on the NRC-accepted methods found in NUREG/BR-0184 (Reference 4).
Calculation of severe accident impacts involves an analysis period term, tf, which can be defined
as either the period of extended operation (20 years), or the years remaining until the end of
facility life (from the time of the SAMA analysis to the end of the period of extended operation)
(25 years or more). The value typically used for this term is the period of extended operation (20
years). Since this is a license renewal application, if the analysis determines that an agingrelated SAMA is potentially cost-beneficial, the plant is under no obligation to implement the
SAMA immediately. Thus, the plant will commit to implementing the SAMA by the beginning
of the period of extended operation. Therefore, the benefits of the SAMA are only assured for
20 years. However, NRC has asked several plants to perform a sensitivity analysis using the
period from the time of the SAMA analysis to the end of the period of extended operation to
determine if SAMAs are potentially cost-beneficial if performed immediately. This sensitivity
analysis should be performed to provide the information wanted by the regulator (Section 8.6).
Alternatively, the analysis could use the period from the time of the SAMA analysis to the end of
the period of extended operation (25 years or more), and a sensitivity analysis would not be
needed. This method adds conservatism to the analysis.
Calculation of severe accident impacts also involves a real discount rate, r, which is typically
assumed to be 7% (0.07/year) as recommended in NUREG/BR-0184. A value of 7% is
conservative because cost estimates are usually performed by utilities using values between 11
and 15%. Use of both a 7% and 3% real discount rate in regulatory analysis is specified in
Office of Management Budget (OMB) guidance (Reference 5) and in NUREG/BR-0058
(Reference 6). The two discount rates represent the difference in whether a decision to undertake
a project requiring investment is viewed as displacing either private investment or private
consumption. A rate of 7% should be used as a baseline for regulatory analyses and represents
an estimate of the average before-tax rate of return on an average investment in the private sector
in recent years. A rate of 3% should also be used and represents an estimate of the "consumption
rate of interest," i.e., the real, after-tax rate of return on widely available savings instruments or
investment opportunities. To address this concern, perform a sensitivity analysis using a 3% real
discount rate (Section 8.5).
Combine the severe accident impacts with the external events multiplier to estimate the total cost
of severe accident risk. Since this is the maximum benefit that a SAMA could achieve if it
eliminated all risk, it is the maximum benefit (Section 4.5).
4.1

OFF-SITE EXPOSURE COST

Convert the baseline off-site dose to dollars using the conversion factor of $2,000 per personrem, and discount to present value using the following equation.
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C * Zpha

Wpha

Where:

Zpha

= off-site exposure cost ($)
= [1 -exp(-rtf)]/r (years)
= analysis period (years) (see Section 4)
= real discount rate (7% = 0.07/year) (see Section 4)
=
value of public health (accident) risk per year before discounting ($/year)

Zpha

=

Wpha

C
tf
r

$2,000/person-rem * mean annual off-site dose impact due to a severe
accident from Section 3.5

For example,
Assume the baseline off-site dosefrom Section 3.5 is 9 person-rem/year.
Then,

Zpha =

9 person-rem/year * $2, 000/person-rem = $18,000/year.

Assume a 20-year analysisperiodand a 7% real discount rate.
Then, C is approximately 10.76 years.
Therefore, off-site exposure cost is 10.76 years * $18,000/year = $193,680.
4.2

OFF-SITE ECONOMIC COST

Discount the off-site economic cost to present value using the same equation as in Section 4. 1,
with
Zpha

=

mean annual economic impact due to a severe accident from Section 3.5.

For example,
Assume the baseline off-site economic impact from Section 3.5 is $21,000/year, then
$21,000/year.

Zpha =

Assume the same analysisperiodand realdiscount rate.
Then, off-site economic cost = 10.76 years * $21,000/year = $225,960.
4.3

ON-SITE EXPOSURE COST

The values for on-site (occupational) exposure consist of "immediate dose" and "long-term
dose." The best estimate value provided in NUREG/BR-0184 for immediate occupational dose
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is 3,300 person-rem/event, and long-term occupational dose is 20,000 person-rem (over a
ten-year clean-up period). The following equations are used to calculate monetary equivalents.
Immediate Dose
WTo

=

R*F*Djo*C

Wio
R
F
Dlo
C
r
tf

=
=
=
=
=
=
=

Where:
immediate on-site exposure cost ($)
monetary equivalent of unit dose ($/person-rem)
Level 1 internal events core damage frequency (events/year)
immediate on-site (occupational) dose (person-rem/event)
[1 -exp(-rtf)]/r (years)
real discount rate (7% = 0.07/year) (see Section 4)
analysis period (years) (see Section 4)

For example,
Using thefollowing values from above,
R =
r =
DIo =
Tf =

$2,000/person-rem
0.07/year
3,300 person-rem/event
20years

And assuming the Level I internalevents core damagefrequency,
F =

JE-6events/year

Then, the immediate on-site exposure cost is:
W=

$2,000/person-rem t JE-6 events/year * 3,300person-rem/event * 10. 76
years

=

$71

Long-Term Dose
R * F * DLTO * C * {[I - exp(-rm)]/rm}

WLTO

Where:
WLTO

R
F
DLTO

C

=
=
=
=
=

long-term on-site exposure cost ($)
monetary equivalent of unit dose ($/person-rem)
Level I internal events core damage frequency (events/year)
long-term on-site (occupational) dose (person-rem/event)
[1 -exp(-rtf)]/r (years)
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r
tf
m

= real discount rate (7% = 0.07/year) (see Section 4)
= analysis period (years) (see Section 4)
= years over which long-term doses accrue

For example,
Using the following values from above,
R
r

=
=

$2,000/person-rem
0.07/year

DLTO

=

20,000 person-rem/event

m

=
=
=

10years

tf
F

20years
IE-6 events/year

Then, the long-term exposure cost is:
WLTO

=

$2,000/person-rem * JE-6 events/year * 20,000 person-rem/event *10. 76 years
* ([1 -exp(-0.07*1 0)]/0.07*1 0]

=

$310

Total On-site Exposure - Combining immediate and long-term on-site exposure costs results in a
total on-site exposure cost, Wo, of
Wo

=

W1O+ WLTO

For the example,
Wo

4.4

= ($71 + $310) = $381

ON-SITE ECONOMIC COST

On-site economic cost includes cleanup and decontamination cost, and either replacement power
cost or repair and refurbishment cost.
Cleanup and Decontamination
Integrate the net present value of the total cost of clean-up and decontamination of a power
reactor facility subsequent to a severe accident over the analysis period. The total cost of
cleanup and decontamination of a power reactor facility subsequent to a severe accident is
estimated in NUREG/BR-0184 to be $1.5E+9.
Calculate the present value of this cost as follows.
PVCD = [CcD/m] * {[I - exp(-rm)]/r}
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Where:
PVCD
CCD
m
r

=
=
=
=

net present value of a single event ($)
total cost of cleanup and decontamination effort ($)
cleanup period (years)
real discount rate (7% = 0.07/year) (see Section 4)

For example,
Using thefollowing values from above,
CCD

=

m
r

= IOyears
= 0.07/year

$1.5E+9

Then, PVCD = $1.5E+9/ 10 years * ([1 -exp(-0.07*10)]/0.0 7/year) = $1.08E+9
Integrate this cost over the analysis period as follows.
PVCD * C

UCD
Where:

= total cost of cleanup and decontamination over the analysis period ($-years)
PVCD = net present value of a single event ($)
UCD

C

=

r
tf

= real discount rate (7% = 0.07/year) (see Section 4)
= analysis period (years) (see Section 4)

[1 -exp(-rtf)]/r

For example,
Using thefollowing values from above,
PVCD

r
t

=
=

$1.08E+9
0.07/year
20 years

Then, the cleanup and decontaminationcost is,
UCD

=

$1.08E+9 *10.76 years = 1.16E+I0$-years

Replacement Power Cost
Determine the net present value of replacement power for a single event, PVRP, using the
following equation.
PVRP

=

[B/r] * [I - exp(-rtf)] 2
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Where:
PVRP = net present value of replacement power for a single event, ($)
r
tf

B

=
=

real discount rate (7% = 0.07/year) (see Section 4)
analysis period (years) (see Section 4)

= a constant representing a string of replacement power costs that occur over the
lifetime of a reactor after an event (for a 91 0MWe "generic" reactor,
NUREG/BR-0184 uses a value of $1.2E+8) ($/yr)

For example,
Assuming a 1023 MWe plant, andscaling Bfor power level,
B = 1.2E+8$/yr * 1023/910 = 1.35E+8$/yr

Using the following valuesfrom above,
r
tf

= 0.07/year
= 20 years

Then, PVRp = [f.35E+8$/yr/.07/yrj * [1 - exp(-.07*20)f2

= $1.09E+9

Sum the single-event costs over the entire analysis period, using the following equation.
URP

=

[PVRP /r] * [1 - exp(-rtf)] 2

URp
r
tf

=
=
=

Where:
net present value of replacement power over life of facility ($-year)
real discount rate (7% = 0.07/year) (see Section 4)
analysis period (years) (see Section 4)

For example,
Using the following valuesfrom above,
PVRP
r
t

=
=
=

$1.09E+9
0.07/year
20 years

Then, the replacementpower cost is,
URP

=

[$1.09E+9/0.07/year]* [1 - exp(-0.07*20)12 = 8.84E+9 $-years

Repair and Refurbishment Cost
Repair and refurbishment costs may be estimated in accordance with NUREG/BR-0 184 as 20%
of the cost of replacement power previously discussed. Assuming that replacement power will
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be required for the remaining life of the plant results in higher benefit estimates and is, therefore,
more conservative than assuming the plant will be repaired.
Thus, repair and refurbishment costs need not be estimated.
Total On-Site Economic Cost
Calculate total on-site economic costs by summing cleanup/decontamination
replacement power costs, and multiplying this value by the internal events CDF.

costs and

For example,
Using the values from above and assuming an internalevents CDF of IE-6/year,
Total onsite economic cost = (1.16E+10 $-years + 8.84E+9 $-years) * IE-6/year = $20,440.
4.5

TOTAL COST OF SEVERE ACCIDENT RISK / MAXIMUM BENEFIT

Calculate the severe accident impact by summing the off-site exposure cost, off-site economic
cost, on-site exposure cost, and on-site economic cost.
For the example, the sum of the baseline costs is as follows.
Off-site exposure cost

=

$193,680

Off-site economic cost

=

$225,960

On-site exposure cost

=

$381

On-site economic cost

=

$20,440

Severe accident impact

=

$440,461

Combine the severe accident impact with the external events multiplier (Section 3.1.2.4) to
calculate the total cost of severe accident risk. Since this is the maximum benefit that a SAMA
could achieve if it eliminated all risk, it is the maximum benefit.
For example,
If the external events multiplier in Section 3.1.2.4 is two,
Maximum benefit = $440,461 * 2 = $880,922

The maximum benefit is used in the Phase I screening process (Section 6) to eliminate SAMAs
that are not cost-beneficial. If the estimated cost of implementing a SAMA exceeds this value, it
is excluded from further analysis.
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5

SAMA IDENTIFICATION

Develop a list of SAMA candidates by reviewing the major contributors to CDF and population
dose based on the plant-specific risk assessment and the standard BWR or PWR list of
enhancements (Table 13 or 14). The following sections provide a more detailed description of
the identification process and the necessary documentation.
5.1

PSA IMPORTANCE

Identify plant-specific SAMA candidates by reviewing dominant risk contributors (to both CDF
and population dose) in the Level 1 and Level 2 PSA models. Describe how dominant risk
contributors, including dominant sequences, equipment failures, and operator actions identified
through importance analyses, were used to identify plant-specific SAMA candidates. This
should include a review of dominant sequences or cutsets for failures that could be addressed
through an enhancement to the plant. It should also include a similar review of dominant
equipment and human failures based on importance measures. Past SAMA analyses have shown
that SAMA candidates are not likely to prove cost-beneficial if they only mitigate the
consequences of events that present a low risk to the plant.
The definition of "dominant sequences or cutsets" is open to interpretation. The SAMA portion
of the license renewal environmental report should indicate how the dominant sequences were
defined and the rationale for the cutoff value. For example, "The top 100 Level I cutsets,
representing62% of the total CDF, were reviewed. Individualcutsets below this point have little
influence on CDF and are therefore not likely contributorsfor identification of cost beneficial
enhancements."
Similarly, the definition of dominant equipment and human failures is open to interpretation.
The SAMA portion of the license renewal environmental report should indicate how the
dominant failures were defined and the rationale for the cutoff value. For example, "Failures
with risk reduction worth > 1.005 were identified as the most importantfailures. Events below
this point influence CDF by less than 0.5% and are therefore not likely contributors for
identifcation of cost beneficial enhancements."
Provide a list of equipment failures and human actions that have the greatest potential for
reducing risk based on importance analysis. For each dominant contributor describe relevant
Phase I SAMAs and list the Phase II SAMA(s) that address that contributor. SAMAs may be
hardware changes, procedure changes, or enhancements to programs, including training and
surveillance programs. Hardware changes should not be limited to permanent changes involving
addition of new, safety-grade equipment, but should also include lower cost alternatives, such as
temporary connections using commercial grade equipment (e.g., portable generators and
temporary cross-ties). Previous SAMA analyses for similar plants are a prime source for
identifying potential low-cost alternatives to address similar risk contributors. If a SAMA was
not evaluated for a dominant risk contributor, justify why SAMAs to further reduce the
contributor would not be cost-beneficial.
A sample partial PSA importance review is provided in Table 9.
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5.2

PLANT IPE

Plant IPE submittals included a list of risk-based insights and potential plant improvements.
Identify if potential improvements have not been implemented.
Include potential improvements that have not been implemented in the list of Phase I SAMA
candidates.
5.3

PLANT IPEEE

Potential improvements to reduce the risk in dominant fire zones and to reduce seismic risk and
risk from other external events (including those from the IPEEE, subsequent fire and seismic
evaluations, and improvements to address USI A-46 outliers) should be included in the list of
Phase I SAMA candidates.
5.4

INDUSTRY SAMA CANDIDATES

Include the generic BWR or PWR enhancements (Table 13 or 14) in the list of Phase I SAMA
candidates.
5.5

LIST OF PHASE I SAMA CANDIDATES

The combined list of potential improvements from Section 5.1 through Section 5.4 is the list of
Phase I SAMA candidates. Maintain this comprehensive list of SAMA candidates, with the
source of each candidate indicated, in on-site documentation. Due to its size and limited value to
NRC reviewers, this list need not be included in the SAMA portion of the license renewal
environmental report.
A sample partial list of Phase I SAMA candidates is presented in Table 10. The last two
columns in this table are part of the Phase I analysis and are discussed in Section 6.

24

NEI 05-01 (Rev A)
November 2005

6

PHASE I ANALYSIS

Perform a preliminary screening of SAMA candidates to eliminate SAMAs from further
consideration. This step is taken to limit the number of SAMAs for which detailed analysis in
Phase II is necessary. Describe the screening criteria used in the Phase I analysis. The following
are examples of screening criteria that may be applied.
*

Not Applicable: If a SAMA candidate does not apply to the plant design, it is not retained.
For example, installation of accumulators for turbine-driven feedwater pump flow control
valves would not require further analysis at a plant with motor operated turbine-driven
feedwater pump flow control valves.

* Already Implemented: If a SAMA candidate has already been implemented at the plant, it is
not retained. For example, installation of motor generator set trip breakers in the control
room to reduce the frequency of core damage due to an ATWS would not require further
analysis at a plant with a control room actuated diverse scram system.
*

Combined: If a SAMA candidate is similar in nature and can be combined with another
SAMA candidate to develop a more comprehensive or plant-specific SAMA candidate, only
the combined SAMA candidate is retained. For example, addition of an independent reactor
coolant pump seal injection system and use of an existing hydro test pump for reactor coolant
pump seal injection provide similar risk-reduction benefits. If the lower-cost alternative is
not cost-beneficial, the higher-cost alternative also will not be cost-beneficial. Therefore, the
higher-cost alternative would not require further analysis.
y

* Excessive Implementation Cost: If a SAMA requires extensive changes that will obviously
exceed the maximum benefit (Section 4.5), even without an implementation cost estimate, it
is not retained. For example, the cost of installing an additional, buried off-site power source
would exceed the maximum benefit from Section 4.5 and would not require further analysis.
Consideration should be given to lower cost alternatives, such as temporary connections
using commercial grade equipment (e.g., portable generators and temporary cross-ties),
procedure enhancements, and training enhancements that could offer much of the potential
risk reduction at a fraction of the cost of safety-related modifications.
*

Very Low Benefit: If a SAMA from an industry document is related to a non-risk significant
system for which change in reliability is known to have negligible impact on the risk profile,
it is not retained. For example, if the instrument air system is not a risk-significant system at
the plant, and failure of the air compressors is not on the PSA importance list (Section 5.1),
the plant risk profile would be unchanged if the air compressors were made perfectly reliable.
Therefore, an improvement to replace the current air compressors with a more reliable model
would not require further analysis.
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Provide a description of the screening process and its results, in sufficient detail that a reader can
understand how the initial set of Phase I SAMAs was reduced to the more limited set of Phase II
SAMAs (e.g., an accounting of the SAMAs eliminated by each criterion.)
Table 10 provides sample Phase I dispositions for individual SAMA candidates. Those SAMAs
that require detailed cost-benefit analysis are retained for Phase II analysis (Section 7).
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PHASE 11 SAMA ANALYSIS

7

Perform a cost-benefit analysis on each of the remaining SAMA candidates.
The benefit is the difference in the baseline cost of severe accident risk (maximum benefit from
Section 4.5) and the cost of severe accident risk with the SAMA implemented (Section 7.1). The

cost is the estimated cost to implement the SAMA (Section 7.2). If the estimated cost of
implementation exceeds the benefit of implementation, the SAMA is not cost-beneficial.
For multi-unit sites, assure that the benefits and implementation costs are provided on a
consistent basis, e.g., all benefit and all cost estimates are on a per-site basis. If benefit and cost
estimates are provided on a per-unit basis, the impact (and efficiencies) associated with
implementation of the SAMA at multiple units should be reflected in the estimated

implementation costs.
7.1

SAMA BENEFIT

7.1.1

SEVERE ACCIDENT RISK WITH SAMA IMPLEMENTED

Perform bounding analyses to determine the change in risk following implementation of SAMA
candidates or groups of similar SAMA candidates.
For each analysis case, alter the Level 1 internal events or Level 2 PSA model to conservatively
consider implementation of the SAMA candidate(s). Then, calculate the severe accident risk
measures using the same procedure used for the baseline case described in Section 3.
For SAMAs specifically related to external events, estimate the approximate benefits through use
of the external events PRA, if available, or bounding-type analysis, (e.g., estimating the benefit
of completely or partially eliminating the external event risk).
Describe the changes made to the PSA models for each analysis case.
For example,
LBLOCA
This analysis case was used to evaluate the change in plant risk profile that would be achieved if a
digital large break LOCA protection system was installed. Although the proposed change would not
completely eliminate the potentialfor a large break LOCA, a bounding benefit was estimated by
removing the large break LOCA initiatingevent. This analysis case was used to model the benefit of
SAMA 7.
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DCPWR
This analysis case was used to evaluate plant modifications that would increase the availability of
Class JE DCpower (e.g., increasedbattery capacity or the installationof a diesel-poweredgenerator
that would effectively increase battery capacity). Although the proposed SAMAs would not
completely eliminate the potentialfailure, a bounding benefit was estimated by removing the battery
discharge events and battery failure events. This analysis case was used to model the benefit of
SAMAs 4, 5, 10, 12, and 24.

7.1.2

COST OF SEVERE ACCIDENT RISK WITH SAMA IMPLEMENTED

Using the risk measures from Section 7.1.1, calculate severe accident impacts in four areas: offsite exposure cost, off-site economic cost, on-site exposure cost, and on-site economic cost using
the same procedure used for the baseline case described in Section 4.
As in Section 4.5, sum the severe accident impacts and combine with the external events
multiplier (Section 3.1.2.4) to estimate the total cost of severe accident risk with the SAMA
implemented. Use of the external events multiplier is inappropriate for some SAMAs. For
example, SAMAs specifically related to external events that would not impact internal events
(e.g., enhanced fire detections) and SAMA.s related to specific internal event initiators (e.g.,
guard pipes for main steam line break events). Provide a discussion of SAMAs on which the
external events multiplier was not applied.
7.1.3

SAMA BENEFIT

Subtract the total cost of severe accident risk with the SAMA implemented from the baseline
cost of severe accident risk (maximum benefit from Section 4;5) to obtain the benefit.
List the estimated benefit for each SAMA candidate.
Table 11 provides a sample portion of a Phase II SAMA candidate list with estimated benefits
listed.
7.2

COST OF SAMA IMPLEMENTATION

Perform a cost estimate for each of the Phase II SAMA candidates. Describe the cost estimating
process and list the cost estimate for each SAMA candidate.
As SAMA analysis focuses on establishing the economic viability of potential plant
enhancement when compared to attainable benefit, often detailed cost estimates are not required
to make informed decisions regarding the economic viability of a particular modification.
SAMA implementation costs may be clearly in excess of the attainable benefit estimated from a
particular analysis case. For less clear cases, engineering judgment may be applied to determine
if a more detailed cost estimate is necessary to formulate a conclusion regarding the economic
viability of a particular SAMA. Nonetheless, the cost of each SAMA candidate should be
conceptually estimated to the point where economic viability of the proposed modification can
be adequately gauged.
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For hardware modifications, the cost of implementation may be established from existing
estimates of similar modifications from previously performed SAMA and SAMDA analyses.
Costs associated with implementation of a SAMA including procurement, installation, long-term
maintenance, surveillance, calibration, and training should be considered.
Discuss conservatisms in the cost estimates. For example, cost estimates may not include the
cost of replacement power during extended outages required to implement the modifications.
They also may not include contingency costs associated with unforeseen implementation
obstacles. Estimates based on modifications that were implemented or estimated in the past may
be presented in terms of dollar values at the time of implementation (or estimation), and not
adjusted to present-day dollars. In addition, implementation costs originally developed for
SAMDA analyses (i.e., during the design phase of the plant) do not capture the additional costs
associated with performing design modifications to existing plants (i.e., reduced efficiency,
minimizing dose, disposal of contaminated material, etc.).
Table 11 provides a sample portion of a Phase II SAMA candidate list with cost estimates.
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8

SENSITIVITY ANALYSES

Evaluate how changes in SAMA analysis assumptions would affect the cost-benefit analysis.
Perform the following sensitivity analyses, as applicable.
Table 12 contains sample sensitivity analysis results.
8.1

PLANT MODIFICATIONS

Major changes to the plant, such as power uprate or steam generator replacement, may be
planned or may have occurred since the model freeze date, as described in Section 3.1 and
Section 3.2. If the Level 1 or Level 2 PSA model used for the SAMA analysis does not address a
major plant change, a sensitivity analysis may be performed to support discussion of the impact
of the change on the SAMA analysis results.
In this sensitivity analysis, modify the PSA model (or its results) to simulate incorporation of the
plant modification and perform the Phase II analysis with the revised severe accident risk results.
Sufficient margin exists in the maximum benefit estimation that the Phase I screening should not
have to be repeated in the sensitivity analysis.
Discuss the plant modification and how its effects were simulated in the PSA model. Provide
pertinent results and discuss how they affect the conclusions of the SAMA analysis. If SAMAs
appear cost-beneficial in the sensitivity results, discussion of conservatisms in the analysis, (e.g.,
conservatisms in cost estimates discussed in Section 7.2), and their impact on the results may be
appropriate.
8.2

UNCERTAINTY

A discussion of CDF uncertainty, and conservatisms in the SAMA analysis that off-set
uncertainty, should be included. For example, use of conservative risk modeling to represent a
particular plant change may be used to offset uncertainty in risk modeling; use of conservative
implementation cost estimates may be used to offset uncertainty in cost estimates; and use of an
uncertainty factor derived from the ratio of the 9 5 th percentile to the mean point estimate for
internal events CDF may be used to account for CDF uncertainties. Estimate an uncertainty
factor based on this discussion and perform a sensitivity analysis using the uncertainty factor on
the results. [Based on analysis to date the ratio of the 95th percentile to the mean point estimate
for typical internal events CDF values is 2 to 5 (Reference 1).]
Provide pertinent results and discuss how they affect the conclusions of the SAMA analysis. If
SAMAs appear cost-beneficial in the sensitivity results, discussion of conservatisms in the
analysis, (e.g., conservatisms in cost estimates discussed in Section 7.2), and their impact on the
results may be appropriate.
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8.3

PEER REVIEW FINDINGS OR OBSERVATIONS

If the model used for the SAMA analysis does not address significant findings or observations
from the PSA peer review discussed in Section 3.3, sensitivity analyses may be performed to
support discussion of the impact of the findings or observations on the SAMA analysis results.
In these sensitivity analyses, modify the PSA model (or its results) to simulate incorporation of
the finding or observation and perform the Phase II analysis with the revised severe accident risk
results. Sufficient margin exists in the maximum benefit estimation that the Phase I screening
should not have to be repeated in the sensitivity analysis.
Discuss the finding or observation and how its effects were simulated in the PSA model.
Provide pertinent results and discuss how they affect the conclusions of the SAMA analysis. If
SAMAs appear cost-beneficial in the sensitivity results, discussion of conservatisms in the
analysis, (e.g., conservatisms in cost estimates discussed in Section 7.2), and their impact on the
results may be appropriate.
8.4

EVACUATION SPEED

Population dose may be significantly affected by radial evacuation speed, and uncertainties may
be introduced during derivation of a single evacuation speed from emergency plan information,
as discussed in Section 3.4.4. Therefore, perform sensitivity analyses to show that variations in
this parameter would not impact the results of the analysis.
This sensitivity analysis should modify the evacuation speed assumed in the Level 3 PSA model
and recalculate the baseline severe accident risk results. Multiple speeds may be evaluated as
necessary.
Discuss uncertainty in the evacuation speed and how the modified speed was selected. Provide
pertinent results and discuss how they affect the conclusions of the SAMA analysis.
8.5

REAL DISCOUNT RATE

Calculation of severe accident impacts also involves a real discount rate, r, which is typically
assumed to be 7% (0.07/year) as recommended in NUREG/BR-0184. A value of 7% is
conservative because cost estimates are usually performed by utilities using values between II
and 15%. Use of both a 7% and 3% real discount rate in regulatory analysis is specified in
Office of Management Budget (OMB) guidance (Reference 5) and in NUREG/BR-0058
(Reference 6). The two discount rates represent the difference in whether a decision to undertake
a project requiring investment is viewed as displacing either private investment or private
consumption. A rate of 7% should be used as a baseline for regulatory analyses and represents
an estimate of the average before-tax rate of return on an average investment in the private sector
in recent years. A rate of 3% should also be used and represents an estimate of the "consumption
rate of interest," i.e., the real, after-tax rate of return on widely available savings instruments or
investment opportunities. To address this concern, perform a sensitivity analysis using a 3% real
discount rate.
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In this sensitivity analysis, modify the real discount rate in the Level 3 PSA model and perform
the Phase II analysis with the revised severe accident risk results. Sufficient margin exists in the
maximum benefit estimation that the Phase I screening should not have to be repeated in the
sensitivity analysis.
Provide pertinent results and discuss how they affect the conclusions of the SAMA analysis. If
SAMAs appear cost-beneficial in the sensitivity results, discussion of conservatisms in the
analysis, (e.g., conservatisms in cost estimates discussed in Section 7.2), and their impact on the
results may be appropriate.

8.6

ANALYSIS PERIOD

As described in Section 4, calculation of severe accident impacts involves an analysis period
term, tf, which can be defined as either the period of extended operation (20 years), or the years
remaining until the end of facility life (from the time of the SAMA analysis to the end of the
period of extended operation) (25 years or more).
The value that is typically used for this term is the period of extended operation (20 years).
However, NRC has asked several plants to perform a sensitivity analysis using the period from
the time of the SAMA analysis to the end of the period of extended operation to determine if
SAMAs are potentially cost-beneficial if performed immediately. This sensitivity analysis
should be performed to provide the information wanted by the regulator.
In this sensitivity analysis, modify the analysis period in the calculation of severe accident risk
and perform the Phase II analysis with the revised analysis period. The cost of additional years
of maintenance, surveillance, calibrations, and training should be included in the cost estimates
for SAMAs in this Phase II analysis. Sufficient margin exists in the maximum benefit estimation
that the Phase I screening should not have to be repeated in the sensitivity analysis.
Provide pertinent results and discuss how they affect the conclusions of the SAMA analysis. If
SAMAs appear cost-beneficial in the sensitivity results, discussion of conservatisms in the
analysis, (e.g., conservatisms in cost estimates discussed in Section 7.2), and their impact on the
results may be appropriate.
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9

CONCLUSIONS

Discuss SAMAs that are cost-beneficial after the Phase II and sensitivity analyses. It may also
be useful to discuss the combination of selected SAMAs and their impact on the overall plant
risk. In some instances, addressing certain SAMAs may reduce the importance of the remaining
candidates.
This analysis may not estimate all of the benefits or all of the costs of a SAMA. For instance, it
may not consider increases or decreases in maintenance or operation costs following SAMA
implementation. Also, it may not consider the possible adverse consequences of procedure
changes, such as additional personnel dose. Since the SAMA analysis is not a complete
engineering project cost-benefit analysis, the SAMAs that are cost-beneficial after the Phase II
analysis and sensitivity analyses are only potentially cost-beneficial.
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TABLES AND FIGURES

10

TABLE 1
SAMPLE Accident Class Distribution
Frequency
(per year)

Description

Class

Transient leading to core damage with reactor at high pressure
SBO leading to core damage
ATWS leading to core damage in an intact containment
Transient leading to core damage with reactor at low pressure
Loss of containment heat removal leading to core damage
RPV rupture leading to core damage at low pressure
LOCA leading to core damage with the reactor at high pressure
LOCA leading to core damage with the reactor at low pressure
LOCA with vapor suppression failure
ATWS leading to core damage and containment overpressure failure
LOCA bypassing containment leading to core damage

IA
I1B
IC
ID
2
3A
3B
3C
3D
4
5
Total

|

Percent of
Total

4.00 x 10-5
1.52 x 10-6
1.05 x 10-8
2.72 x 10-7
1.65 x 10-6
5.51 x 10-7
3.16 x 10-8
3.14 x 10-7
6.63 x 10-10
7.19 x 10-8
8.97 x 10-10
_4.44
x 10-5_ii

90.0%
3.4%
0.0%
0.6%
3.7%
1.2%
0.1%
0.7%
0.0%
0.2%
0.0%

TABLE 2
and Timing Classification Scheme
Release
Severity
SAMPLE
Release Timing

Release Severity Source
Term Release Fraction
Classification
Category
Extreme (E)
Large (L)
Medium (M)
Small (S)

(1)

Cesium Iodide
Release

l

Classification
Category

0/)

Time of Release'1 '
greater than 6 hours
less than 6 hours

Late (L)
Early (E)

greater than 50
10 to 50
I to 10
less than 1

l

Relative to declaration of a General Emergency.
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TABLE 3
SAMPLE Release Category Frequency and Release Fractions
(Source Term)
Release Category"'"

L-L

4.20E-06

7.19E-06

M-E
8.99E-08

I
M-L
I 1.09E-06

Case 2

Case 3

Case 4

Case 5

30mn

2 hrs

2 hrs

18 hrs

I
Bin Frequency
MMP Run
[ome after Scram when General Emergency is
reclared

I
25min

I

S-'

1

Case 6

1

3.97E-05
Case 7

I

lIhr

2hr

_

I

|

Fission Product Group:

I
S-E
I 1.81E-07

1) Noble|
Total Release Fraction at 40 Hou

9.9E-01

Start of Release (hr
End of Release (hr

0.255
2.00

I

)Csl

Total Release Fraction at 40 Hours|
Start of Release (hr)
End of Release (hr)|
Total Release Fraction at 40 Hours|

8.SE-01

6.2E-01

1.OE+00

1.0E+00

0.80

900

4.40

34.00

1.00

16.00

40C_

1000

600

3600

400

18.00

2.8E-01

8.9E-02

2.7E-02

5.OE-03

2.7E-03

900
4000

4.40
14.00

36.00
4000

1.00
6.00

16.00
18.00

9.9E-02

1 .2E-01

7.5E-03

2.4E-03

9.00

4.40

34.00

1.00

16.00

8.00

40.00

4.00

40.00

4.6E-01

I

0.25

0.8C

2.00

4.40.0

I

I

|

1.OE+00

_

_

I

_

6.8E-01

I

2.4EO01

Start of Release (hr)|

0.25

1

0.8C

End of Release (hr)|

2.00

1

12.04)

_

|

22.00

|

|

9.6E-04

1.5E-02

I

4.7E-()3

2.0E-05

f

7.4E-06

1.5E-04

5.2E-06

Start of Release (hr)|

0.25

|

0.80

9.00

|

4.40

34.00

2.00

End of Release (hr)|

6.00

|

6.00

9.00

|

6.00

40.00

6.00

16.00
26.00

_

I

14)SrO

I

I
Total Release Fraction at 40 Hoursf

|

8.3E-01

I

3) TeO2

I

I

7.4EO1

I

|) MoO2

I

2.3E-02

|

|

8.4E-08

2.4E-02

I

3.7EO)3

4.1E47

4.4E-06

6.1E-06

2.7E-04

0.25

|

0.80

9.00

4.40

34.00

1.00

16.00

2.00

|

2.00

16.00

6.00

34.00

4.00

16.00

6.9E-01

|

3.1E-01

1.9E-1

1.4E-01

5.7E-03

3.4E-03

8.7E-04

Start of Release (hr)|

0.25

|

0.80

9.00

4.40

34.00

1.00

16.00

End of Release (hr)|

2.00

|

30.00

18.00

8.00

40.00

6.00

18.00

Total Release Fraction at 40 Hours|
Start of Release (hr)|
End of Release (hr)t

II

I

6) CsOH

Total Release Fraction at 40 Hoursj

I

_

|
|

||i

17BaOi
2.8E-02

6.1E-03

1.6E-05

1.OE-02

6.4E-06

3.7E-04

2.8E-06

Start of Release (hr)

0.25

0.80

9.00

4.40

34.00

1.00

16.00

End of Release (hr)

2.00

6.00

9.00

6.00

40.00

4.00

16.00

Total Release Fraction at40 Hours

)La2O3

I

|

5.6E-07

1.7E-03

1.3E-07

9.7E-06

0.25

|

0.80

|

9.00

4.40

|

34.00

1.00

|

16.00

End of Release (hr)|

6.00

|

6.00

6.00

|

36.00

|

8.00

|

16.00

|

3.8E-07

|

5.9E-0L5

|

9.4E-07

6.5E-04

4.6E 03

Total Release Fraction at 40 Houns
Start of Release (hr)|

4.00

End of Release (hr)|

6.00

|

I

2.0E7-03

88E0

1 .5E-02

!

3.00

9.00

4.40

34.00

4.00

16.00

6.00

9.00

6.00

3600

6.00

24.00

2.OE-04

3.2E-02

3.4E-03

34.00

1.00

|

I

I

|0) Sb

9.00

I

I

j)CeO2

5.9E-01

I

3.8E-01

1.6E-01

4.4E-01

Start of Release (hr)j

0.25

|

0.80

9.00

4.40

of Release (hr)l

2.00

Total Release Fraction at 40 Hours|

LEnd

8.9E-08

4.8Et4

Start of Release (hr)|

Total Release Fraction at 40 Hours|

|

_

_

_

|

40.00

4.0

|

40.00

|

36.0

|

14.0

16.00
|

00

I

I

t 1) Te2

!

|

1.2E-03

2.3E-03

I

2.4E-C2

1.2E-02

2.4E-02

7.8E-06

3.3E-04

Start of Release (hr)|

4.00

|

3.00

9.00

4.40

36.00

5.00

16.00

End of Release (hr)|

6.00

|

40.001

20.00

40.00

40.00

8.00

40.00

Total Release Fraction at 40 Hours|

I

I

12) U0

|

2.OE-05

1.1E-C

1.8E-07

7.7E-05

1 .3E-10

3.2E-07

8.OE-09

Start of Release (hr)|

4.00

3.00

9.00

4.40

36.00

5.00

16.00

End of Release (hr)|

6.00

6.00

20.00

6.00

40.00

.00

40.00

Total Release Fraction at 40 Hours|

|

(1) Puff releases are denoted in the table by those entries with equivalent start and end times.

(2) All cases run for 40 hrs;
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TABLE 4
SAMPLE Estimated Population Distribution Within
a 50-Mile Radius
Sector
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
Total

0-10 miles
1752
2029
2357
7797
8436
6243
9976
3114
5132
1995
2432
1372
1879
1671
739
4610
61534

10-20
miles
3211
1530
10080
9726
25584
22217
26461
12878
17275
6219
5053
8140
4061
6540
10546
4129
173650

20-30
miles
6617
5073
12428
9548
36954
224818
188697
45896
17036
9689
9951
3616
5821
14434
130402
4398
725378

36

-

30-40
miles
3250
9080
4616
23262
30706
322317
788711
179943
24134
8202
11975
13662
6432
15309
9655
6235
1457489

40-50
50-mile
miles
total
1666
16496
3560
21272
15346
44827
23199
73532
50569
152249
372411
948006
785680
1799525
150702
392533
12217
75794
39729
13624
16255
45666
6280
33070
8220
26413
7830
45784
6890
158232
30115
10743
1485192J 3903243
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TABLE 5
SAMPLE MACCS2 Economic Parameters
*

*

Variable

Description

Value

*

*

DPRATE

*

Property depreciation rate (per yr)

*

0.2

*

DSRATE

*

Investment rate of return (per yr)

*

0.12

* EVACST

*

Daily cost for a person who has been
evacuated ($/person-day)

* POPCST

*

Population relocation cost ($/person)

* RELCST
*

*

*

CDFRMO

Daily cost for a person who is
relocated ($/person-day)

Cost ofnon-farm decontamination
per resident person for various levels
of decontamination ($/person)

*

43
7967

*
*

Cost of farm decontamination for
various levels of decontamination
($/hectare)

*

CDNFRM

*

43

* 897
*

1992

* 4781
*

12754

* DLBCST

*

Average cost of decontamination
labor ($/person-year)

*

55793

* VALWFO

*

Value of farm wealth ($/hectare)

*

4547

*

VALWNF

*

Value of non-farm wealth ($/person)

37
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TABLE 6
SAMPLE Core Inventory Values

Nuclide
Cobalt-58

Core inventory
(becquerels)

Nuclide

Core inventory
(becquerels)

3.22E+16

Tellurium-131M

4.67E+17
4.66E+18

2.47E+16

Tellurium-132

Krypton-85

2.47E+16

Iodine-131

3.20E+18

Krypton-85M

1.16E+18

Iodine-132

4.72E+18

Krypton-87

2.1IE+18

Iodine-133

6.76E+18

2.86E+18

Iodine-134

7.43E+18
6.38E+18

Cobalt-60

Krypton-88

1.88E+15

Iodine-135

Strontium-89

3.58E+18

Xenon-133

6.78E+18

Strontium-90

1.94E+17

Xenon-135

1.27E+18

Strontium-91

4.62E+1 8

Cesium-134

4.32E+17

Strontium-92

4.80E+1 8

Cesium-136

1.31E+17
2.41E+17

Rubidium-86

2.08E+17

Cesium-137

Yttrium-91

4.36E+18

Barium-139

6.27E+18

Yttrium-92

4.81E+18

Barium-140

6.21E+18

Yttrium-93
Zirconium-95

5.45E+18
5.52E+18

Lanthanum-140

6.34E+18

Lanthanum-141

5.82E+18

5.76E+1 8

Lanthanum-142

5.61E+18
5.65E+18

Yttrium-90

Zirconium-97

5.21E+18

Cerium-141

Molybdium-99

6.09E+1 8

Cerium-143

5.49E+18

Technetium-99M

5.25E+18

Cerium-144

3.40E+18

Ruthenium-103

4.54E+18

Praseodymium- 143

5.38E+18

Ruthenium-I 05

2.94E+ 18

Neodymium- 147

2.41E+18

Ruthenium- 106
Rhodium- 105

1.03E+18
2.04E+18

Neptunium-239
Plutonium-238

6.46E+19
3.66E+15

Antimony-127
Antimony- 129

2.79E+17

Plutonium-239

8.25E+14

9.85E+17

Plutonium-240

1.04E+15

2.69E+17

Plutonium-241

1.75E+17
1.16E+14

Niobium-95

Tellurium-127

3.55E+16

Americium-241

Tellurium-129

9.26E+17

Curium-242

4.43E+16

Tellurium-129M

2.44E+17

Curium-244

2.59E+15

Tellurium-127M
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TABLE 7
SAMPLE Release Characteristics
Parameter
Heat of Release

Early-

Early-

Rupture

Leaks

Bypass

Late

2.1 E+06

1.8E+06

I.OE+06

9.2E+05

30

30

30

30

(W)_
Height of
Release (m)

_

TABLE 8
SAMPLE Summary of Severe Accident Risk Results
Off-Site
Dose
Economic
(personImpact
($/year)
rem/year)
1.39E-02 |6.05E+01
1.73E+01
1.31E+05
1.58E+01
1.17E+05
1.79E+03
2.57E-01
4.43E-01
4.63E+02
7.OOE-02
5.85E+0l
3.24E+03
4.13E+00
O.OE+00
O.OE+00

Release
Category
E-E
L-E
L-L
M-E
M-L
S-E
S-L
None
(intact)

Totals

_

3.80E+01

3)

2.54E+05
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TABLE 9
SAMPLE PSA Importance Review
Risk Significant Terms

RRW

LINER-MELT

9.362

HPCI

1.4966

ECCS Low Pressure Interlock

1.3472

Depressurization (SRVs and ADS Logic)

1.2724

Loss of feedwater - Initiating event

1.1794

Operator Action:
Operator fails to open SRVs for vessel
depressurization during transients and
small LOCA
EXV-STM-EX

1.1109

I.009

Disposition
This term represents the probability of sufficient corium leaving the vessel to melt the containment liner. Phase 11
SAMAs 004 and 009 to increase injection systems and provide a dedicated drywell spray system were examined
to reduce the risk of containment liner melt
This term represents random failure of the HPCI system. Phase I SAMAs to improve availability and reliability
of the HPCI system include raising backpressure trip set points and proceduralizing intermittent operation.
Additional improvements were evaluated in Phase H SAMAs 049,050,051,052, and 053.
This term represents random failures of the reactor low-pressure transmitters during transients with stuck open
SRVs or LOCAs in which random failures prevent all low-pressure injection valves from opening. Phase
II SAMAs 065 and 066 were examined to reduce the risk due to the failure of the ECCS low-pressure
interlock.
This term represents random failures of the SRVs to open on demand to depressurize during transients and small
LOCAs. Phase I SAMAs to enhance reliability of the SRVs include adopting symptom based EOPs and SAGs,
modifying ADS logic, and upgrading SRV pnompone~ts Additional im.prove.mentsc ,we.-e e
nefin
Phase II SAMAs 059 and 060.
This term represents the initiating event for loss of feedwater. Modifications to significantly reduce or eliminate
the potential for loss of feedwater have already been implemented, such as installing a digital feedwater control
system, providing a backup water supply, and adding a third feedwater pump. Many of the Phase II SAMAs (e.g.
035, 051,052,053, and 054) explored potential benefits for mitigation of this event. No additional SAMAs were
recommended for this broad subject.
This term represents the operator failing to manually open the SRVs to depressurize during transients and small
LOCAs. Improvement of plant procedures and instrumentation to enhance the likelihood of success of
operator action in response to accident conditions were examined in Phase I SAMAs during preliminary
screening. No additional SAMAs were recommended for this subject.
This term represents a steam explosion which fails containment. Phase II SAMAs 014 and 006 to strengthen the
drywell and add a diverse injection system were examined to reduce the risk of a steam explosion in containment.

40

NEI 05-01 (Rev A)
November 2005

TABLE 10
SAMPLE List of Phase I SAMA Candidates
PHASE I
SAMA
ID
NUMBE
R

SAMA TITLE

SAMARETAINED
SAMA DISCUSSION

SOURCE

PHASE 1 DISPOSITION

Level I
Importance List
and standard
list of BWR
SAMA
candidates

The cost of installing an additional
EDG has been estimated to be greater
than $20 million in the Calvert Cliffs
Application for License Renewal. As
this is greater than the Maximum
Benefit, it has been screened from
further analysis.

FOR PHASE HI
ANALYSIS?

1

Provide an
additional diesel
generator

2

Add additional
Improved availability of DC power system.
battery charger or
portable, dieseldriven battery
charger to
existing DC
system.

Level I and 2 Retain for Phase IT analysis.
Importance
Lists and
standard list of
BWR SAMA
candidates

Yes

3

Provide a
Improved availability of DC power system:
portable generator
to support SRVs
and hard pipe
vent

Level I and 2
Importance
Lists

Retain for Phase II analysis.

Yes

4

Contingency
plans during
switchyard work

Level I
Retain for Phase II analysis.
Importance List

Yes

This SAMA would help mitigate LOOP events
and would reduce the risk of on-line EDG
maintenance. Benefit would be increased if
the additional diesel generator could 1) be
substituted for any current diesel that is in
maintenance, and 2) if the diesel was of a
diverse design such that common cause failure
dependence was minimized.

Assessing likely failures of the off-site AC
power supply due to switchyard work and
providing plans for power restoration in the
event that such a loss occurs could reduce the
time required to recover off-site power.
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TABLE 11
SAMPLE Phase II SAMA List
PHASE
II SAMA
ID

SAMA
TITLE

SAMA DISCUSSION

UPPER BOUND
ESTIMATED
BENEFIT

NUMBE

ESTIMATED
COST OF
IMPLEMENTATI

CONCLUSION

BASIS FOR CONCLUSION

ON

010

Use the fire Improved containment spray
water system capability.
as a backup
source for
the
containment
spraysystewI

$178,000

$1,500,000

011

Make
containment
sump
recirculation
outlet valve
motoroperated
valves
diverse from
one another

$520,440

$424,783

Replace one of the two containment
sump valves with an air-operated
valve. This would reduce the
potential for common cause failure
of these valves.

42

Not Cost-Beneficial

Elimination of all off-site releases
results in a benefit of $178,000
(analysis case OFFSITE). In 1993,
the cost of implementing a similar
SAMA in the Westinghouse-CE
System 80+ was estimated to be
$1,500,000. Since the cost of
implementing this SAMA exceeds
the attainable benefit, this SAMA
is not cost-beneficial.

Potentially CostBeneficial

Elimination of all core damage due
to containment sump valve failures
results in a benefit of $520,440
(analysis case SUMPMOV). The
cost of implementing this SAMA is
judged to be $424,783. Therefore,
this SAMA is potentially costbeneficial.
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TABLE 12
SAMPLE Sensitivity Analysis Results
Upper Bound
Phase H
SAMA ID
SAMA Title
1
Add a service water pump.

Upper Bound

Upper Bound

Estimate Benefit
Base line
$120,000

Estimated Cost
$5,900,000

Estimate Benefit
Sensitivity Case 1
$140,000

Estimate Benefit
Sensitivity Case 2
$160,000

2

Provide a redundant train or means of EDG
room ventilation.

$470,000

$1,000,000

$550,000

$640,000

3

Add a diesel building high temperature alarm
or redundant louver and thermostat.

$160,000

$2500,000

$180,000

$220,000

4

Install an independent method of suppression
pool cooling.

$530,000

$5,800,000

$620,000

$720,000

5

Install a filtered containment vent to remove
decay heat.
Install an ATWS sized filtered containment
vent to remove decay heat.

$0

$3,000,000

$0

$0

$0

>$2,00,000

$0

$0

6
7

Create a large concrete crucible with heat
removal potential to contain molten core
debris

$640,000

>$100 million

$720,000

$890,000

8

Provide a reactor vessel exterior cooling
svstem.
Enable flooding of the drywell head seal.

$640,000

$19,000,000

$720,000

$890,000

$20,000

>$1,000,000

$20,000

$30,000

$1,410,000

>2,500,000

$1,610,000

$1,980,000

$640,000

9
10

II

Enhance fire protection system and standby
gas treatment system hardware and
rocedures
Create a core melt source reduction system

>$ 1,000,000

$720,000

$890,000

12

Install a passive drywell spray system

$530,000

$5,800,000

$620,000

$720,000

13

Strengthen primary/secondary containment
(e.g., add ribbing to containment shell).
Increase depth of the concrete base mat or
use an alternative concrete material to ensure
melt-through does not occur.

$530,000

$12,000,000

$620,000

$720,000

$640,000

>$ I,000,000

$720,000

$890,000

Provide a reactor vessel exterior cooling

$640,000

14

15

system.

$2,500,000
_

43

_

_

_ _

_

_ _

$720,000
_

_

_ _

_

_ _

_

_

$890,000
_ _

_

_ _

_ _

_ _

_ _

_
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TABLE 13
STANDARD List of BWR SAMA Candidates

SAMA ID
001

Potential Enhancement (SAMA
Title)
Result of Potential Enhancement
Improvements Related to AC and DC Power

Source
Reference

Provide additional DC battery capacity.

Extended DC power availability during an SBO.

1, 3, 6, 10, 11,
12, 17

002

Replace lead-acid batteries with fuel cells.

Extended DC power availability during an SBO.

6, 10

003

Add additional battery charger or portable,
diesel-driven battery charger to existing DC
system.

Improved availability of DC power system.

004

Improve DC bus load shedding.

Extended DC power availability during an SBO.

005

Provide DC bus cross-ties.

Improved availability of DC power system.

6

006

Provide additional DC power to the 120/240V
vital AC system.

Increased availability of the 120 V vital AC bus.

3

007

Add an automatic feature to transfer the 120V
vital AC bus from normal to standby power.

Increased availability of the 120 V vital AC bus.

5

008

Increase training on response to loss of two
120V AC buses which causes inadvertent
actuation signals.

Improved chances of successful response to loss of two 120V AC buses.

5

009

Reduce DC dependence between high-pressure Improved containment depressurization and high-pressure injection following DC failure.
injection system and ADS.

010

Provide an additional diesel generator.

Increased availability of on-site emergency AC power.

011

Revise procedure to allow bypass of diesel
generator trips.

Extended diesel generator operation.

012

Improve 4.16-kV bus cross-tie ability.

Increased availability of on-site AC power.

013

Create AC power cross-tie capability with other Increased availability of on-site AC power.
unit (multi-unit site).

014

Install an additional, buried off-site power
source.

Reduced probability of loss of off-site power.

015

Install a gas turbine generator.

Increased availability of on-site AC power.

44

5

1, 7

1
1, 6, 10, 11, 12
15
1, 6, 11, 12
1, 7, 13

.

1, 6
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Potential Enhancement (SAMA
Title)
SAMA ID

Result of Potential Enhancement

Source
Reference

016

Install tornado protection on gas turbine
generator.

Increased availability of on-site AC power.

18

017

Install a steam-driven turbine generator that
uses reactor steam and exhausts to the
suppression pool.

Increased availability of on-site AC power.

6

018

Improve uninterruptible power supplies.

Increased availability of power supplies supporting front-line equipment.

6

019

Create a cross-tie for diesel fuel oil (multi-unit
site).

Increased diesel generator availability.

1

020

Develop procedures for replenishing diesel fuel Increased diesel generator availability.
oil.

I

021

Use fire water system as a backup source for
diesel cooling.

Increased diesel generator availability.

022

Add a new backup source of diesel cooling.

Increased diesel generator availability.

023

Deveulop procedures to repair or repiace faiied 4 increased probability of recovery from failure of breakers that transfer 4.16 kV nonemergency buses from unit station service transformers.
KV breakers.

024

In training, emphasize steps in recovery of off- Reduced human error probability during off-site power recovery.
site power after an SBO.

025

Develop a severe weather conditions procedure. Improved off-site power recovery following external weather-related events.

026

Bury off-site power lines.

I

1, 3, 17

Improved off-site power reliability during severe weather.

Improvements Related to Core Cooling Systems
027

Install an independent active or passive high
pressure injection system.

Improved prevention of core melt sequences.

028

Provide an additional high pressure injection
pump with independent diesel.

Reduced frequency of core melt from small LOCA and SBO sequences.

029

Raise HPCI/RCIC backpressure trip set points. Increased HPCI and RCIC availability when high suppression pool temperature exists.

030

Revise procedure to allow bypass of RCIC
turbine exhaust pressure trip.

Extended RCIC operation.

031

Revise procedure to allow intermittent
operation of HPCI and RCIC.

Extended HPCI and RCIC operation.

45

5, 6
5
15
15
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SAMA ID

Potential Enhancement (SAMA
Title)

Result of Potential Enhancement

Source
Reference

032

Revise procedure to control torus temperature,
torus level, and primary containment pressure
to increase available net positive suction head
(NPSH) for injection pumps.

Increased probability that injection pumps will be available to inject coolant into the vessel.

I

033

Revise procedure to manually initiate HPCI
and RCIC given auto initiation failure.

Increased availability of HPCI and RCIC given auto initiation signal failure.

I

034

Modify automatic depressurization system
components to improve reliability.

Reduced frequency of high pressure core damage sequences.

035

Add signals to open safety relief valves
automatically in an MSIV closure transient.

Reduced likelihood of SRV failure to open in an MSIV closure transient reduces the
probability of a medium LOCA.

036

Revise procedure to allow manual initiation of Improved prevention of core damage during transients, small and medium LOCAs, and
emergency depressurization.
ATWS.

037

Revise procedure to allow operators to inhibit
automatic vessel depressurization in nonATWS scenanos.

Extended HPCI and RCIC operation.

038

Add a diverse low pressure injection system.

Improved injection capability.

039

Increase flow rate of suppression pool cooling.

Improved suppression pool cooling.

6

040

Provide capability for alternate injection via
diesel-driven fire pump.

Improved injection capability.

5

041

Provide capability for alternate injection via
reactor water cleanup (RWCU).

Improved injection capability.

I

042

Revise procedure to align EDG and allow use
of essential CRD for vessel injection.

Improved injection capability.

15

043

Revise procedure to allow use of condensate
pumps for injection.

Improved injection capability.

15

044

Revise procedure to allow use of suppression
pool jockey pump for injection.

Improved injection capability.

6

045

Revise procedure to re-open MSIVs.

Regains the main condenser as a heat sink.

15

046

Improve ECCS suction strainers.

Enhanced reliability of ECCS suction.

22

047

Revise procedure to align LPCI or core spray to Improved injection in loss of suppression pool cooling scenarios.
CST on loss of suppression pool cooling.

15

048

Remove LPCI loop select logic.

18

Enables use of LPCI A loop for injection in the event of a B injection path failure.

46

3, 21
3
21
5

5, 6
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SAMA ID

Potential Enhancement (SAMA
Title)

Source
Reference

Result of Potential Enhancement

049

Replace two of the four electric safety injection Reduced common cause failure of the safety injection system. This SAMA was originally
pumps with diesel-powered pumps.
intended for the Westinghouse-CE System 80+, which has four trains of safety injection.
However, the intent of this SAMA is to provide diversity within the high- and low-pressure
safety injection systems.

050

Change procedures to allow cross connection of Continued operation of both RHRSW pumps on failure of one train of SW.
motor cooling for RHRSW pumps.

3

051

Add redundant DC control power for SW
pumps.

Increased availability of SW.

3

052

Replace ECCS pump motors with air-cooled
motors.

Elimination of ECCS dependency on component cooling system.

I

053

Provide self-cooled ECCS seals.

054

Enhance procedural guidance for use of crosstied component cooling or service water
pumps.

Elimination of ECCS dependency on component cooling system.
Reduced frequency of loss of component cooling water and service water.

I

055

Implement modifications to allow manual
Improved ability to cool RHR heat exchangers.
alignment of the fire water system to RHR heat
exchangers.

056

Add a service water pump.

Increased availability of cooling water.

6

057

Enhance the screen wash system.

Reduced potential for loss of SW due to clogging of screens.

23

5, 10

Improvements Related to Cooling Water

I

I

Improvements Related to Feedwater and Condensate
058

Install a digital feedwater upgrade.

059

Create ability for emergency connection of
Increased availability of feedwater.
existing or new water sources to feedwater and
condensate systems.

5

060

Install an independent diesel for the condensate Extended inventory in CST during an SBO.
storage tank makeup pumps.

5

061

Add a motor-driven feedwater pump.

Reduced chance of loss of main feedwater following a plant trip.

Increased availability of feedwater.

_

1,3

Improvements Related to Heating, Ventilation, and Air Conditioning
062

Provide reliable power to control building fans. Increased availability of control room ventilation.

2

063

Provide a redundant train or means of
ventilation.

I

Increased availability of components dependent on room cooling.
|
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SAMA ID

Potential Enhancement (SAMA
Title)

Result of Potential Enhancement

064

Enhance procedures for actions on loss of
HVAC.

Increased availability of components dependent on room cooling.

065

Add a diesel building high temperature alarm
or redundant louver and thermostat.

Improved diagnosis of a loss of diesel building HVAC.

066

Create ability to switch HPCI and RCIC room
fan power supply to DC in an SBO event.

Increased availability of HPCI and RCIC in an SBO event.

067

Enhance procedure to trip unneeded RHR or
CS pumps on loss of room ventilation.

Extended availability of required RHR or CS pumps due to reduction in room heat load.

068
069

Stage backup fans in switchgear rooms.
Increased availability of ventilation in the event of a loss of switchgear ventilation.
Add a switchgear room high temperature alarm. Improved diagnosis of a loss of switchgear HVAC.

Improvements Related to Instrument Air and Nitrogen Supply
070

Provide cross-unit connection of
uninterruptible compressed air supply.

Increased ability to vent containment using the hardened vent.

071

Modify procedure to provide ability to align
diesel power to more air compressors.

Increased availability of instrument air after a LOOP.

072

Replace service and instrument air compressors Elimination of instrument air system dependence on TBCCW and service water cooling.
with more reliable compressors which have
self-contained air cooling by shaft driven fans.

073

Install nitrogen bottles as backup gas supply for Extended SRV operation time.
safety relief valves.

074

Improve SRV and MSIV pneumatic
components.

075

Install an independent method of suppression
pool cooling.

Increased availability of containment heat removal.

6, 8, 9

076

Revise procedure to initiate suppression pool
cooling during transients, LOCAs and ATWS.

Improved containment pressure control and containment heat removal capability.

6, 8, 9

077

Cross-tie open cycle cooling system to enhance Increased availability of containment heat removal.
drywell spray system.

078

Enable flooding of the drywell head seal.

079

Create a reactor cavity flooding system.

Improved availability of SRVs and MSIVs.

Improvements Related to Containment Phenomena

Reduced probability of leakage through the drywell head seal.
Enhanced debris cool ability, reduced core concrete interaction, and increased fission product
scrubbing.

48
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1, 7, 11, 12
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Potential Enhancement (SAMA
SAMA ID
Title)

Result of Potential Enhancement

Source
Reference

080

Install a passive drywell spray system.

Improved drywell spray capability.

6, 14

081

Use the fire water system as a backup source
for the drywell spray system.

Improved drywell spray capability.

4, 6

082

Enhance procedures to refill CST from
demineralized water or service water system.

Reduced risk of core damage during station blackouts or LOCAs that render the suppression
pool unavailable as an injection source.

15

083

Enhance procedure to maintain ECCS suction
on CST as long as possible.

Reduced chance of pump failure due to high suppression pool temperature.

15

084

Modify containment flooding procedure to
Reduced forced containment venting.
restrict flooding to below the top of active fuel.

085

Install an unfiltered, hardened containment
vent.

Increased decay heat removal capability for non-ATWS events, without scrubbing released
fission products.

6, 8, 9

086

Install a filtered containment vent to remove
decay heat.

Increased decay heat removal capability for non-ATWS events, with scrubbing of released
fission products.

6, 8, 9, 14

16

Opfion 1: Gravel Bed Filter
Option 2: Multiple Venturi Scrubber
087

Enhance fire protection system and standby gas Improved fission product scrubbing in severe accidents.
treatment system hardware and procedures.

9

088

Modify plant to permit suppression pool
scrubbing.

6

089

Enhance containment venting procedures with Improved likelihood of successful venting.
respect to timing, path selection, and technique.

16

090

Control containment venting within a narrow
band of pressure.

Reduced probability of rapid containment depressurization thus avoiding adverse impact on
low pressure injection systems that take suction from the torus.

18

091

Improve vacuum breaker reliability by
installing redundant valves in each line.

Decreased consequences of a vacuum breaker failure to reseat.

6

092

Enhance air return fans (ice condenser plants).

Reduced probability of containment failure in SBO sequences.

I

093

Provide post-accident containment inerting
capability.

Reduced likelihood of hydrogen and carbon monoxide gas combustion.

094

Create a large concrete crucible with heat
Increased cooling and containment of molten core debris. Molten core debris escaping from
removal potential to contain molten core debris. the vessel is contained within the crucible and a water cooling mechanism cools the molten
core in the crucible, preventing melt-through of the base mat.

Increased scrubbing of fission products by directing vent path through water in the
suppression pool.
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Potential Enhancement (SAMA
SAMA ID
Title)

Result of Potential Enhancement

Source
Reference

095

Create a core melt source reduction system.

Increased cooling and containment of molten core debris. Refractory material would be
placed underneath the reactor vessel such that a molten core falling on the material would
melt and combine with the material. Subsequent spreading and heat removal from the
vitrified compound would be facilitated, and concrete attack would not occur.

096

Strengthen primary/secondary containment
(e.g., add ribbing to containment shell).

Reduced probability of containment over-pressurization.

097

Increase depth of the concrete base mat or use
an alternate concrete material to ensure meltthrough does not occur.

Reduced probability of base mat melt-through.

10

098

Provide a reactor vessel exterior cooling
system.

Increased potential to cool a molten core before it causes vessel failure, by submerging the
lower head in water.

10

099

Construct a building to be connected to
Reduced probability of containment over-pressurization.
primary/secondary containment and maintained
at a vacuum.

i00

Institute simulator training for severe accident
scenarios.

Improved arrest of core melt progress and prevention of containment failure.

6

101

Improve leak detection procedures.

6

102

Increased piping surveillance to identify leaks prior to complete failure. Improved leak
detection would reduce LOCA frequency.
Reduced hydrogen detonation potential.

Install an independent power supply to the
hydrogen control system using either new
batteries, a non-safety grade portable generator,
existing station batteries, or existing AC/DC
independent power supplies, such as the
security system diesel.
Install a passive hydrogen control system.
Reduced hydrogen detonation potential.
Erect a barrier that would provide enhanced
Reduced probability of containment failure.
protection of the containment walls (shell) from
ejected core debris following a core melt
scenario at high pressure.

103
104

13

5, 6, 10, 14

6, 10

5, 10

5, 10
5

Improvements Related to Containment Bypass
105

Install additional pressure or leak monitoring
instruments for detection of ISLOCAs.

Reduced ISLOCA frequency.

106

Add redundant and diverse limit switches to
each containment isolation valve.

Reduced frequency of containment isolation failure and ISLOCAs.

50

4, 7, 11, 12, 15

NEI 05-01 (Rev A)
November 2005
Potential Enhancement (SAMA
SAMA ID
Title)

Result of Potential Enhancement

Source
Reference

107

Increase leak testing of valves in ISLOCA
paths.

Reduced ISLOCA frequency.

1

108

Improve MSIV design.

Decreased likelihood of containment bypass scenarios.

6

109

Install self-actuating containment isolation
valves.

Reduced frequency of isolation failure.

5

110

Locate residual heat removal (RHR) inside
containment

Reduced frequency of ISLOCA outside containment.

14

lIl

Ensure ISLOCA releases are scrubbed. One
method is to plug drains in potential break
areas so that break point will be covered with
water.

Scrubbed ISLOCA releases.

1

112

Revise EOPs to improve ISLOCA
identification.

Increased likelihood that LOCAs outside containment are identified as such. A plant had a
scenario in which an RHR ISLOCA could direct initial leakage back to the pressurizer relief
tank, giving indication that the LOCA was inside containment.

1

113

1Improve

operator training on ISLOCA coping. ]Decreased ISLOCA consequences.

I

Improvements Related to ATWS
114

Create cross-connect ability for standby liquid
control (SLC) trains.

Improved availability of boron injection during ATWS.

18

115

Revise procedures to control vessel injection to Improved availability of boron injection during ATWS.
prevent boron loss or dilution following SLC
injection.

15

116

Provide an alternate means of opening a
pathway to the RPV for SLC injection.

Improved probability of reactor shutdown.

18

117

Increase boron concentration in the SLC
system.

Reduced time required to achieve shutdown concentration provides increased margin in the
accident timeline for successful initiation of SLC.

18

118

Add an independent boron injection system.

Improved availability of boron injection during ATWS.

18

119

Provide ability to use control rod drive (CRD)
or RWCU for alternate boron injection.

Improved availability of boron injection during ATWS.

1

120

Add a system of relief valves to prevent
Improved equipment availability after an ATWS.
equipment damage from pressure spikes during
an ATWS.

121

Increase safety relief valve (SRV) reseat

reliability.

Reduced risk of dilution of boron due to SRV failure to reseat after standby liquid control
(SLC) injection.
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SAMA ID

Potential Enhancement (SAMA
Title)

Result of Potential Enhancement

Source
Reference

122

Provide an additional control system for rod
insertion (e.g., AMSAC).

Improved redundancy and reduced ATWS frequency.

18

123

Install an ATWS sized filtered containment
vent to remove decay heat.

Increased ability to remove reactor heat from ATWS events.

6

124

Revise procedure to bypass MSIV isolation in
turbine trip ATWS scenarios.

Affords operators more time to perform actions. Discharge of a substantial fraction of steam
to the main condenser (i.e., as opposed to into the primary containment) affords the operator
more time to perform actions (e.g., SLC injection, lower water level, depressurize RPV) than
if the main condenser was unavailable, resulting in lower human error probabilities.

125

Allows immediate control of low pressure core injection. On failure of high pressure core
Revise procedure to allow override of low
pressure core injection during an ATWS event. injection and condensate, some plants direct reactor depressurization followed by five
minutes of automatic low pressure core injection.

1, 20

16

Improvements Related to Internal Flooding
126
127
128

|Seal penetrations between turbine building
basement and switchgear rooms.
Improve inspection of rubber expansion joints
on main condenser.
Modify swing direction of doors separating
turbine building basement from areas
containing safeguards equipment.

[Increased flood propagation prevention.
Reduced frequency of internal flooding due to failure of circulating water system expansion
joints.
Prevents flood propagation.

Improvements to Reduce Seismic Risk
129

Increase seismic ruggedness of plant
components.

Increased availability of necessary plant equipment during and after seismic events.

130

Provide additional restraints for C0 2 tanks.

Increased availability of fire protection given a seismic event.

131

Modify safety related condensate storage tank. Improved availability of CST following a seismic event.

132

Replace anchor bolts on diesel generator oil
cooler.

3, 10
17
6

Improved availability of diesel generators following a seismic event.

Improvements to Reduce Fire Risk
7

133

Replace mercury switches in fire protection
system.

Decreased probability of spurious fire suppression system actuation.

134

Upgrade fire compartment barriers.

Decreased consequences of a fire.

7

Install additional transfer and isolation
switches.

Reduced number of spurious actuations during a fire.

18

135
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SAMA ID
Title)

Result of Potential Enhancement

Source
Reference

136

Enhance procedures to use alternate shutdown
methods if the control room becomes
uninhabitable.

Increased probability of shutdown if the control room becomes uninhabitable.

137

Enhance fire brigade awareness.

Decreased consequences of a fire.

7

138

Enhance control of combustibles and ignition
sources.

Decreased fire frequency and consequences.

7

139

Install digital large break LOCA protection
system.

Reduced probability of a large break LOCA (a leak before break).

140

Enhance procedures to mitigate large break
LOCA.

Reduced consequences of a large break LOCA

141

Install computer aided instrumentation system Improved prevention of core melt sequences by making operator actions more reliable.
to assist the operator in assessing post-accident
plant status.

142

Improve maintenance procedures.

Improved prevention of core melt sequences by increasing reliability of important
equipment.

143

Increase training and operating experience
feedback to improve operator response.

Improved likelihood of success of operator actions taken in response to abnormal conditions.

Develop procedures for transportation and
facility accidents.

Reduced consequences of transportation and nearby facility accidents.

Other Improvements

144

_nearby
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TABLE 14
STANDARD List of PWR.SAMA Candidates

SAMA ID

Potential Enhancement (SAMA
Title)

Result of Potential Enhancement
Improvements Related to AC and DC Power

Source
Reference

001

Provide additional DC battery capacity.

Extended DC power availability during an SBO.

1, 3, 6, 10, 11,
12, 17

002

Replace lead-acid batteries with fuel cells.

Extended DC power availability during an SBO.

6, 10

003

Add additional battery charger or portable,
diesel-driven battery charger to existing DC
system.

Improved availability of DC power system.

004

Improve DC bus load shedding.

Extended DC power availability during an SBO.

005

Provide DC bus cross-ties.

Improved availability of DC power system.

6

006

Provide additional DC power to the 120/240V
vital AC system.

Increased availability of the 120 V vital AC bus.

3

007

Add an automatic feature to transfer the 120V
vital AC bus from normal to standby power.

Increased availability of the 120 V vital AC bus.

5

008

Increase training on response to loss of two
120V AC buses which causes inadvertent
actuation signals.

Improved chances of successful response to loss of two 120V AC buses.

5

009

Provide an additional diesel generator.

Increased availability of on-site emergency AC power.

010

Revise procedure to allow bypass of diesel
generator trips.

Extended diesel generator operation.

011

Improve 4.16-kV bus cross-tie ability.

Increased availability of on-site AC power.

012

Create AC power cross-tie capability with other Increased availability of on-site AC power.
unit (multi-unit site)

013

Install an additional, buried off-site power
source.

Reduced probability of loss of off-site power.

014

Install a gas turbine generator.

Increased availability of on-site AC power.

1, 6

015

Install tornado protection on gas turbine
generator.

Increased availability of on-site AC power.

18

016

Improve uninterruptible power supplies.

Increased availability of power supplies supporting front-line equipment.

6
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SAMA ID

Potential Enhancement (SAMA
Title)

Result of Potential Enhancement

017

Create a cross-tie for diesel fuel oil (multi-unit
site).

018

Develop procedures for replenishing diesel fuel Increased diesel generator availability.
oil.

019

Use fire water system as a backup source for
diesel cooling.

Increased diesel generator availability.

020

Add a new backup source of diesel cooling.

Increased diesel generator availability.

021

Develop procedures to repair or replace failed 4 Increased probability of recovery from failure of breakers that transfer 4.16 kV nonKV breakers.
emergency buses from unit station service transformers.

022

In training, emphasize steps in recovery of off- Reduced human error probability during off-site power recovery.
site power after an SBO.

023

Develop a severe weather conditions procedure. Improved off-site power recovery following external weather-related events.

024

Bury off-site power lines.

Increased diesel generator availability.

Improved off-site power reliability during severe weather.

Improvements Related to Core Cooling Systems
025

Install an independent active or passive high
pressure injection system.

Improved prevention of core melt sequences.

026

Provide an additional high pressure injection
pump with independent diesel.

Reduced frequency of core melt from small LOCA and SBO sequences.

5

027

Revise procedure to allow operators to inhibit
automatic vessel depressurization in nonATWS scenarios.

Extended HPCI and RCIC operation.

5

028

Add a diverse low pressure injection system.

Improved injection capability.

5, 6

029

Provide capability for alternate injection via
diesel-driven fire pump.

Improved injection capability.

5

030
031

Improve ECCS suction strainers.
Add the ability to manually align emergency
core cooling system recirculation.

Enhanced reliability of ECCS suction.
Enhanced reliability of ECCS suction.

22
5

032

Add the ability to automatically align
Enhanced reliability of ECCS suction.
emergency core cooling system to recirculation
mode upon refueling water storage tank
depletion.
Provide hardware and procedure to refill the
Extended reactor water storage tank capacity in the event of a steam generator tube rupture.
reactor water storage tank once it reaches a
specified low level.

033
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Potential Enhancement (SAMA
SAMA ID
Title)
034

035

036
037
038

039

040

041
042

Result of Potential Enhancement

Provide an in-containment reactor water
storage tank.

Continuous source of water to the safety injection pumps during a LOCA event, since water
released from a breach of the primary system collects in the in-containment reactor water
storage tank, and thereby eliminates the need to realign the safety injection pumps for longterm post-LOCA recirculation.
Throttle low pressure injection pumps earlier in Extended reactor water storage tank capacity.
medium or large-break LOCAs to maintain
reactor water storage tank inventory.
Emphasize timely recirculation alignment in
Reduced human error probability associated with recirculation failure.
operator training.
Upgrade the chemical and volume control
For a plant like the Westinghouse AP600, where the chemical and volume control system
system to mitigate small LOCAs.
cannot mitigate a small LOCA, an upgrade would decrease the frequency of core damage.
Change the in-containment reactor water
Reduced common mode failure of injection paths.
storage tank suction from four check valves to
two check and two air-operated valves.
l
Replace two of the four electric safety injection Reduced common cause failure of the safety injection system. This SAMA was originally
pumps with diesel-powered pumps.
intended for the Westinghouse-CE System 80+, which has four trains of safety injection.
However, the intent of this SAMA is to provide diversity within the high- and low-pressure
safety injection systems.
Provide capability for remote, manual operation Improved chance of successful operation during station blackout events in which high area
of secondary side pilot-operated relief valves in temperatures may be encountered (no ventilation to main steam areas).
a station blackout.
Create a reactor coolant depressurization
Allows low pressure emergency core cooling system injection in the event of small LOCA
system.
and high-pressure safety injection failure.
Make procedure changes for reactor coolant
Allows low pressure emergency core cooling system injection in the event of small LOCA
system depressurization.
and high-pressure safety injection failure.

Source
Reference
10

5

5
5
5

5, 10

S

5, 10
5

Improvements Related to Cooling Water
043

Add redundant DC control power for SW
pumps.

Increased availability of SW.

044

Replace ECCS pump motors with air-cooled
motors.

Elimination of ECCS dependency on component cooling system.

045

Enhance procedural guidance for use of crosstied component cooling or service water
pumps.

Reduced frequency of loss of component cooling water and service water.

I

046

Add a service water pump.

Increased availability of cooling water.

6

047
048

Enhance the screen wash system.
Reduced potential for loss of SW due to clogging of screens.
Cap downstream piping of normally closed
Reduced frequency of loss of component cooling water initiating events, some of which can
component cooling water drain and vent valves. be attributed to catastrophic failure of one of the many single isolation valves.
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SAMA ID
049

050

051
052

053

054
055
056
057
058
059
060

061

062

063

Potential Enhancement (SAMA
Title)
Enhance loss of component cooling water (or
loss of service water) procedures to facilitate
stopping the reactor coolant pumps.
Enhance loss of component cooling water
procedure to underscore the desirability of
cooling down the reactor coolant system prior
to seal LOCA.
Additional training on loss of component
cooling water.
Provide hardware connections to allow another
essential raw cooling water system to cool
charging pump seals.
On loss of essential raw cooling water,
proceduralize shedding component cooling
water loads to extend the component cooling
water heat-up time.
Increase charging pump lube oil capacity.

Result of Potential Enhancement

Source
Reference

Reduced potential for reactor coolant pump seal damage due to pump bearing failure.

5

Reduced probability of reactor coolant pump seal failure.

5

Improved success of operator actions after a loss of component cooling water.

5

Reduced effect of loss of component cooling water by providing a means to maintain the
charging pump seal injection following a loss of normal cooling water.

5

Increased time before loss of component cooling water (and reactor coolant pump seal
failure) during loss of essential raw cooling water sequences.

5

Increased time before charging pump failure due to lube oil overheating in loss of cooling
wat..r sc-ucncs.
Install an independent reactor coolant pump
Reduced frequency of core damage from loss of component cooling water, service water, or
seal injection system, with dedicated diesel.
station blackout.
Install an independent reactor coolant pump
Reduced frequency of core damage from loss of component cooling water or service water,
seal injection system, without dedicated diesel. but not a station blackout.
Use existing hydro test pump for reactor
Reduced frequency of core damage from loss of component cooling water or service water,
coolant pump seal injection.
but not a station blackout.
Install improved reactor coolant pump seals.
Reduced likelihood of reactor coolant pump seal LOCA.
Install an additional component cooling water Reduced likelihood of loss of component cooling water leading to a reactor coolant pump
pump.
seal LOCA.
Prevent makeup pump flow diversion through Reduced frequency of loss of reactor coolant pump seal cooling if spurious high pressure
the relief valves.
injection relief valve opening creates a flow diversion large enough to prevent reactor
coolant pump seal injection.
Change procedures to isolate reactor coolant
Reduced frequency of core damage due to loss of seal cooling.
pump seal return flow on loss of component
cooling water, and provide (or enhance)
guidance on loss of injection during seal
LOCA.
Implement procedures to stagger high pressure Extended high pressure injection prior to overheating following a loss of service water.
safety injection pump use after a loss of service
water.
Use fire prevention system pumps as a backup Reduced frequency of reactor coolant pump seal LOCA.
seal injection and high pressure makeup source.
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Potential Enhancement (SAMA
SAMA ID
Title)
064

Result of Potential Enhancement

Implement procedure and hardware
Improved ability to cool residual heat removal heat exchangers.
modifications to allow manual alignment of the
fire water system to the component cooling
water system, or install a component cooling
water header cross-tie.

Source
Reference
5

Improvements Related to Feedwater and Condensate
065

Install a digital feed water upgrade.

066

Create ability for emergency connection of
Increased availability of feedwater.
existing or new water sources to feedwater and
condensate systems.

5

067

Install an independent diesel for the condensate Extended inventory in CST during an SBO.
storage tank makeup pumps.

5

068
069

Add a motor-driven feedwater pump.
Install manual isolation valves around auxiliary
feedwater turbine-driven steam admission
valves.
Install accumulators for turbine-driven
auxiliary feedwater pump flow control valves.
Install a new condensate storage tank (auxiliary
feedwater storage tank).
Modify the turbine-driven auxiliary feedwater
pump to be self-cooled.
Proceduralize local manual operation of
auxiliary feedwater system when control power
is lost.
Provide hookup for portable generators to
power the turbine-driven auxiliary feedwater
pump after station batteries are depleted.
Use fire water system as a backup for steam

070
071
072
073

074

075

Reduced chance of loss of main feed water following a plant trip.

Increased availability of feedwater.
Reduced dual turbine-driven pump maintenance unavailability.
Eliminates the need for local manual action to align nitrogen bottles for control air following
a loss of off-site power.
Increased availability of the auxiliary feedwater system.

1,3
5

5
5, 10

Improved success probability during a station blackout.

5

Extended auxiliary feedwater availability during a station blackout. Also provides a success
path should auxiliary feedwater control power be lost in non-station blackout sequences.

5

Extended auxiliary-feedwater availability.

Increased availability of steam generator water supply.

5, 10

5

generator inventory.

076

077

Change failure position of condenser makeup Allows greater inventory for the auxiliary feedwater pumps by preventing condensate storage
valve if the condenser makeup valve fails open tank flow diversion to the condenser.
on loss of air or power.
Provide a passive, secondary-side heatReduced potential for core damage due to loss-of-feedwater events.
rejection loop consisting of a condenser and
'heat sink.
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SAMA ID
078

079

Potential Enhancement (SAMA
Title)

Result of Potential Enhancement

Modify the startup feedwater pump so that it
Increased reliability of decay heat removal.
can be used as a backup to the emergency
feedwater system, including during a station
blackout scenario.
Replace existing pilot-operated relief valves
Increased probability of successful feed and bleed.
with larger ones, such that only one is required
for successful feed and bleed.

Source
Reference
0

5

Improvements Related to Heating, Ventilation, and Air Conditioning
080

Provide a redundant train or means of
ventilation.

Increased availability of components dependent on room cooling.

081

Add a diesel building high temperature alarm
or redundant louver and thermostat.

Improved diagnosis of a loss of diesel building HVAC.

082
083
084

Stage backup fans in switchgear rooms.
Increased availability of ventilation in the event of a loss of switchgear ventilation.
Add a switchgear room high temperature alarm. Improved diagnosis of a loss of switchgear HVAC.
Create ability to switch emergency fee-dwater
Continued fan operation in a station blackout.
room fan power supply to station batteries in a
Jstation blackout.

085

Provide cross-unit connection of
uninterruptible compressed air supply.

Increased ability to vent containment using the hardened vent.

3

086

Modify procedure to provide ability to align
diesel power to more air compressors.

Increased availability of instrument air after a LOOP.

18

087

Replace service and instrument air compressors Elimination of instrument air system dependence on service water cooling.
with more reliable compressors which have
self-contained air cooling by shaft driven fans.

5

088

Install nitrogen bottles as backup gas supply for Extended SRV operation time.
safety relief valves.

18

089

Improve SRV and MSIV pneumatic
components.

6

090

Create a reactor cavity flooding system.

Enhanced debris cool ability, reduced core concrete interaction, and increased fission product
|scrubbing.

091

Install a passive containment spray system.

Improved containment spray capability.

5
5

5

Improvements Related to Instrument Air and Nitrogen Supply

Improved availability of SRVs and MSIVs.

Improvements Related to Containment Phenomena

61

1, 7, 11, 12
6, 14

NEI 05-01 (Rev A)
November 2005

SAMA ID

Potential Enhancement (SAMA
Title)

092

Use the fire water system as a backup source
for the containment spray system.

Improved containment spray capability.

093

Install an unfiltered, hardened containment
vent.

Increased decay heat removal capability for non-ATWS events, without scrubbing released
fission products.

Install a filtered containment vent to remove
decay heat

Increased decay heat removal capability for non-ATWS events, with scrubbing of released
fission products.

094

Source
Reference

Result of Potential Enhancement

4, 6
6, 8, 9
_

_

_

_

6, 8, 9, 14

Option 1: Gravel Bed Filter
Option 2: Multiple Venturi Scrubber
095
096

Enhance fire protection system and standby gas Improved fission product scrubbing in severe accidents.
treatment system hardware and procedures.
.
Provide post-accident containment inerting
Reduced likelihood of hydrogen and carbon monoxide gas combustion.
capability.

9
6, 7, 12

097

Create a large concrete crucible with heat
Increased cooling and containment of molten core debris. Molten core debris escaping from
removal potential to contain molten core debris. the vessel is contained within the crucible and a water cooling mechanism cools the molten
o
the crucible preventing mr.elt-through, of te.bas mat.

098

Create a core melt source reduction system.

Increased cooling and containment of molten core debris. Refractory material would be
placed underneath the reactor vessel such that a molten core falling on the material would
melt and combine with the material. Subsequent spreading and heat removal from the
vitrified compound would be facilitated, and concrete attack would not occur.

099

Strengthen primary/secondary containment
(e.g., add ribbing to containment shell).

Reduced probability of containment over-pressurization.

100

Increase depth of the concrete base mat or use
an alternate concrete material to ensure meltthrough does not occur.

Reduced probability of base mat melt-through.

10

101

Provide a reactor vessel exterior cooling
system.

Increased potential to cool a molten core before it causes vessel failure, by submerging the
lower head in water.

10

102

Construct a building to be connected to
Reduced probability of containment over-pressurization.
primary/secondary containment and maintained
at a vacuum.

103

Institute simulator training for severe accident
scenarios.

104

Improve leak detection procedures.

105

Improved arrest of core melt progress and prevention of containment failure.

Increased piping surveillance to identify leaks prior to complete failure. Improved leak
detection would reduce LOCA frequency.
Delay containment spray actuation after a large Extended reactor water storage tank availability.
LOCA.
II
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6
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SAMA ID
106
107
108

109
110

Potential Enhancement (SAMA
Title)
Install automatic containment spray pump
header throttle valves.
Install a redundant containment spray system.
Install an independent power supply to the
hydrogen control system using either new
batteries, a non-safety grade portable generator,
existing station batteries, or existing AC/DC
independent power supplies, such as the
security system diesel.
Install a passive hydrogen control system.
Erect a barrier that would provide enhanced
protection of the containment walls (shell) from
ejected core debris following a core melt
scenario at high pressure.

Result of Potential Enhancement
Extended time over which water remains in the reactor water storage tank, when full
containment spray flow is not needed.
Increased containment heat removal ability.
Reduced hydrogen detonation potential.

Reduced hydrogen detonation potential.
Reduced probability of containment failure.

improvements Related to Containment Bypass
111

Install additional pressure or leak monitoring
instruments for detection nf TRITnrA

Reduced ISLOCA frequency.

112

Add redundant and diverse limit switches to
each containment isolation valve.

Reduced frequency of containment isolation failure and ISLOCAs.

113

Increase leak testing of valves in ISLOCA
paths.

Reduced ISLOCA frequency.

114

Install self-actuating containment isolation
valves.

Reduced frequency of isolation failure.

115

Locate residual heat removal (RHR) inside
containment

Reduced frequency of ISLOCA outside containment.

116

Ensure ISLOCA releases are scrubbed. One
method is to plug drains in potential break
areas so that break point will be covered with

Scrubbed ISLOCA releases.

water.
117

Revise EOPs to improve ISLOCA
identification.

Increased likelihood that LOCAs outside containment are identified as such. A plant had a
scenario in which an RHR ISLOCA could direct initial leakage back to the pressurizer relief
tank, giving indication that the LOCA was inside containment.

118
119

Improve operator training on ISLOCA coping.
Institute a maintenance practice to perform a
100% inspection of steam generator tubes
during each refueling outage.
Replace steam generators with a new design.

Decreased ISLOCA consequences.
Reduced frequency of steam generator tube ruptures.

120

Reduced frequency of steam generator tube ruptures.
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Potential Enhancement (SAMA
SAMA ID
Title)
121

122

123
124

125

126

127
128
129

Increase the pressure capacity of the secondary
side so that a steam generator tube rupture
would not cause the relief valves to lift.
Install a redundant spray system to depressurize
the primary system during a steam generator
tube rupture
Proceduralize use of pressurizer vent valves
during steam generator tube rupture sequences.
Provide improved instrumentation to detect
steam generator tube ruptures, such as
Nitrogen- 16 monitors).
Route the discharge from the main steam safety
valves through a structure where a water spray
would condense the steam and remove most of
the fission products.
Install a highly reliable (closed loop) steam
generator shell-side heat removal system that
rclics on natural circulation and stored water
sources
Revise emergency operating procedures to
direct isolation of a faulted steam generator.
Direct steam generator flooding after a steam
generator tube rupture, prior to core damage.
Vent main steam safety valves in containment.

Result of Potential Enhancement

Source
Reference

Eliminates release pathway to the environment following a steam generator tube rupture.

5, 10

Enhanced depressurization capabilities during steam generator tube rupture.

5, 10

Backup method to using pressurizer sprays to reduce primary system pressure following a
steam generator tube rupture.
Improved mitigation of steam generator tube ruptures.

5
5, 10

Reduced consequences of a steam generator tube rupture.

10

Reduced consequences of a steam generator tube rupture.

5

Reduced consequences of a steam generator tube rupture.

5

Improved scrubbing of steam generator tube rupture releases.
d
Reduced consequences of a steam generator tube rupture.

5
5, 10

Improvements Related to ATWS
130

Add an independent boron injection system.

Improved availability of boron injection during ATWS.
Add a system of relief valves to prevent
Improved equipment availability after an ATWS.
equipment damage from pressure spikes during
an ATWS.

18

132

Provide an additional control system for rod
insertion (e.g., AMSAC).

Improved redundancy and reduced ATWS frequency.

18

133

Install an ATWS sized filtered containment
vent to remove decay heat.

Increased ability to remove reactor heat from ATWS events.

6

134

Revise procedure to bypass MSIV isolation in
turbine trip ATWS scenarios.

Affords operators more time to perform actions. Discharge of a substantial fraction of steam
to the main condenser (i.e., as opposed to into the primary containment) affords the operator
more time to perform actions (e.g., SLC injection, lower water level, depressurize RPV) than
if the main condenser was unavailable, resulting in lower human error probabilities.

131

64
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Potential Enhancement (SAMA
SAMA ID
Title)
135

136

Result of Potential Enhancement

Revise procedure to allow override of low
Allows immediate control of low pressure core injection. On failure of high pressure core
pressure core injection during an ATWS event. injection and condensate, some plants direct reactor depressurization followed by five
minutes of automatic low pressure core injection.
Install motor generator set trip breakers in
Reduced frequency of core damage due to an ATWS.

Source
Reference
16

5

control room.

137

Provide capability to remove power from the

Decreased time required to insert control rods if the reactor trip breakers fail (during a loss of

bus powering the control rods.

feedwater ATWS which has rapid pressure excursion).

5

Improvements Related to Internal Flooding
138
139

Improve inspection of rubber expansion joints
on main condenser.
Modify swing direction of doors separating
turbine building basement from areas
containing safeguards equipment.

Reduced frequency of internal flooding due to failure of circulating water system expansion
joints.
Prevents flood propagation.

5

Improvements to Reduce Seismic Risk
140

Increase seismic ruggedness of plant

Increased availability of necessary plant equipment during and after seismic events.

3, 10

components.

141

Provide additional restraints for CO2 tanks.

Increased availability of fire protection given a seismic event.

17

Improvements to Reduce Fire Risk
142

Replace mercury switches in fire protection

Decreased probability of spurious fire suppression system actuation.

7

system.

143

Upgrade fire compartment barriers.

Decreased consequences of a fire.

7

144

Install additional transfer and isolation
switches.

Reduced number of spurious actuations during a fire.

18

145

Enhance fire brigade awareness.

Decreased consequences of a fire.

7

146

Enhance control of combustibles and ignition
sources.

Decreased fire frequency and consequences.

7

147

Install digital large break LOCA protection

Reduced probability of a large break LOCA (a leak before break).

Other Improvements
system.

148

Enhance procedures to mitigate large break
LOCA.

149

Install computer aided instrumentation system Improved prevention of core melt sequences by making operator actions more reliable.
to assist the operator in assessing post-accident
plant status.

Reduced consequences of a large break LOCA.
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SAMA ID

Potential Enhancement (SAMA
Title)

Result of Potential Enhancement

Source
Reference

150

Improve maintenance procedures.

Improved prevention of core melt sequences by increasing reliability of important
equipment.

6

151

Increase training and operating experience
feedback to improve operator response.

Improved likelihood of success of operator actions taken in response to abnormal conditions.

6

152

Develop procedures for transportation and
nearby facility accidents.
Install secondary side guard pipes up to the
main steam isolation valves.

Reduced consequences of transportation and nearby facility accidents.

7

153

Prevents secondary side depressurization should a steam line break occur upstream of the
main steam isolation valves. Also guards against or prevents consequential multiple steam
generator tube ruptures following a main steam line break event.

66
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clarified the application, did not expand
the scope of the application as originally
noticed, and did not change the staff’s
original proposed no significant hazards
consideration determination as
published in the Federal Register.
The Commission’s related evaluation
of the amendments is contained in a
Safety Evaluation dated July 20, 2007.
No significant hazards consideration
comments received: No.
Dated at Rockville, Maryland, this 2nd day
of August 2007.
For the Nuclear Regulatory Commission.
Catherine Haney,
Director, Division of Operating Reactor
Licensing, Office of Nuclear Reactor
Regulation.
[FR Doc. E7–15459 Filed 8–13–07; 8:45 am]
BILLING CODE 7590–01–P

NUCLEAR REGULATORY
COMMISSION
Notice of Availability of the Final
License Renewal Interim Staff
Guidance LR–ISG–2006–03: Staff
Guidance for Preparing Severe
Accident Mitigation Alternatives
Analyses
Nuclear Regulatory
Commission (NRC).
ACTION: Notice of Availability.
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AGENCY:

SUMMARY: NRC is issuing its Final
License Renewal Interim Staff Guidance
LR–ISG–2006–03 for preparing severe
accident mitigation alternatives (SAMA)
analyses. This LR–ISG recommends that
applicants for license renewal use the
Guidance Document Nuclear Energy
Institute 05–01, Revision A, (ADAMS
Accession No. ML060530203) when
preparing their SAMA analyses. The
NRC staff issues LR–ISGs to facilitate
timely implementation of the license
renewal rule and to review activities
associated with a license renewal
application. The NRC staff will also
incorporate the approved LR–ISG into
the next revision of Supplement 1 to
Regulatory Guide 4.2, ‘‘Preparation of
Supplemental Environmental Reports
for Applications to Renew Nuclear
Power Plant Operating Licenses.’’
ADDRESSES: The NRC maintains an
Agencywide Documents Access and
Management System (ADAMS), which
provides text and image files of NRC’s
public documents. These documents
may be accessed through the NRC’s
Public Electronic Reading Room on the
Internet at http://www.nrc.gov/readingrm/adams.html. Persons who do not
have access to ADAMS or who
encounter problems in accessing the
documents located in ADAMS should
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contact the NRC Public Document Room
(PDR) reference staff at 1–800–397–
4209, 301–415–4737, or by e-mail at
pdr@nrc.gov.
FOR FURTHER INFORMATION CONTACT: Mr.
Richard L. Emch, Jr., Senior Project
Manager, Office of Nuclear Reactor
Regulation, U.S. Nuclear Regulatory
Commission, Washington, DC 20555–
0001; telephone 301–415–1590 or by email at rle@nrc.gov.
SUPPLEMENTARY INFORMATION:
Attachment 1 to this Federal Register
notice, entitled Staff Position and
Rationale for the Final License Renewal
Interim Staff Guidance LR–ISG–2006–
03: Staff Guidance for Preparing Severe
Accident Mitigation Alternatives
(SAMA) Analyses contains the NRC
staff’s rationale for publishing the Final
LR–ISG–2006–03. Attachment 2 to this
Federal Register notice, entitled
Proposed License Renewal Interim Staff
Guidance LR–ISG–2006–03: Staff
Guidance for Preparing Severe Accident
Mitigation Alternatives (SAMA)
Analyses, contains the guidance for
preparing SAMA analyses related to
license renewal applications. The NRC
staff approves this LR–ISG for NRC and
industry use. The NRC staff will also
incorporate the approved LR–ISG into
the next revision of Supplement 1 to
Regulatory Guide 4.2, ‘‘Preparation of
Supplemental Environmental Reports
for Applications to Renew Nuclear
Power Plant Operating Licenses.’’
Dated at Rockville, Maryland, this 2nd day
of August 2007.
For the Nuclear Regulatory Commission.
Pao-Tsin Kuo,
Director, Division of License Renewal, Office
of Nuclear Reactor Regulation.

Attachment 1—Staff Position and
Rationale for the Final License Renewal
Interim Staff Guidance LR–ISG–2006–
03: Staff Guidance for Preparing Severe
Accident Mitigation Alternatives
Analyses
Staff Position: The NRC staff
recommends that applicants for license
renewal follow the guidance provided
in Nuclear Energy Institute (NEI) 05–01,
‘‘Severe Accident Mitigation
Alternatives (SAMA) Analysis—
Guidance Document,’’ Revision A, when
preparing their SAMA analyses.
Rationale: The NEI developed a
generic Guidance Document NEI 05–01,
Revision A, to help clarify the NRC
staff’s expectations regarding the
information that needs to be included in
SAMA analyses. The NRC staff
reviewed and concluded that NEI 05–
01, Revision A, describes existing NRC
regulations and facilitates complete
preparation of SAMA analysis
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submittals. The staff finds that
utilization of the guidance provided in
NEI 05–01, Revision A, will result in
improved quality in SAMA analyses
and a reduction in the number of
requests for additional information.
Attachment 2—Final License Renewal
Interim Staff Guidance LR–ISG–2006–
03: Staff Guidance for Preparing Severe
Accident Mitigation Alternatives
Analyses
Introduction
A severe accident mitigation
alternatives (SAMA) analyses is
required as part of a license renewal
application, if a SAMA analysis has not
already been performed for the plant
and reviewed by the NRC staff. SAMA
analyses have been performed and
submitted to the NRC for all
applications for license renewal
received by the staff thus far. Therefore,
this LR–ISG is being recommended as
guidance consistent with our goal to
more effectively and efficiently resolve
license renewal issues identified by the
staff or the industry.
Background and Discussion
After receiving extensive requests for
additional information regarding the
SAMA analyses, several applicants for
license renewal concluded that they did
not fully understand the kind of
information that the NRC staff was
expecting to see in SAMA analyses.
The Nuclear Energy Institute (NEI)
developed a generic guidance document
to help clarify the NRC staff’s
expectations regarding the information
that should be submitted in SAMA
analyses. On April 8, 2005, NEI
submitted NEI 05–01, ‘‘Severe Accident
Mitigation Alternatives (SAMA)
Analysis—Guidance Document.’’ The
NRC staff reviewed this guidance
document, and by letter, dated July 12,
2005, provided comments on NEI 05–
01. The NRC staff’s comments were
discussed during a public meeting
between NEI and NRC on July 21, 2005.
On February 17, 2006, NEI submitted
its NEI 05–01, Revision A, dated
November 2005. The NRC staff reviewed
and concluded that this version fully
resolved the NRC staff’s comments. In
addition, the NRC staff concluded that
NEI 05–01, Revision A, describes
existing NRC regulations, and facilitates
complete preparation of SAMA analysis
submittals.
Some applicants for license renewal
have submitted SAMA analyses using
the guidance provided in NEI 05–01,
Revision A. The NRC staff found
improved quality in the submitted
SAMA analyses and a reduction in the
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number of requests for additional
information for those applications that
followed the guidance provided in NEI
05–01, Revision A.
Recommended Action
The staff is recommending that
applicants for license renewal follow
the guidance provided in NEI 05–01,
Revision A, when preparing their
SAMA analyses. The staff finds that NEI
05–01, Revision A, describes existing
NRC regulations, and facilitates
complete preparation of SAMA analysis
submittals.
Although this proposed LR–ISG does
not convey a change in the NRC’s
regulations or how they are interpreted,
it is being provided to facilitate
complete preparation of future SAMA
analysis submittals in support of
applications for license renewal. The
NRC staff plans to incorporate the
guidance provided in NEI 05–01,
Revision A, into a future update of
Supplement 1 to Regulatory Guide 4.2,
‘‘Preparation of Supplemental
Environmental Reports for Applications
to Renew Nuclear Power Plant
Operating Licenses.’’ This LR–ISG
provides a clarification of existing
guidance with no additional
requirements. For those that are
interested in reviewing NEI 05–01,
Revision A, the Agencywide Documents
Access and Management System
(ADAMS) Accession Number is
ML060530203.
[FR Doc. E7–15926 Filed 8–13–07; 8:45 am]
BILLING CODE 7590–01–P

POSTAL REGULATORY COMMISSION
[Docket No. MC2007–4; Order No. 23]

Negotiated Service Agreement
Postal Regulatory Commission.
Notice and order.

AGENCY:
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ACTION:

SUMMARY: This document establishes a
docket for consideration of the Postal
Service’s request for approval of
contract rates with The Bradford Group.
It identifies key elements of the
proposed agreement, which involves
Standard Mail letters and flats rates, and
addresses preliminary procedural
matters.
DATES: 1. August 24, 2007: Deadline for
intervention and responses to limitation
of issues. 2. August 28, 2007: Prehearing
conference, 11 a.m. in the Commission’s
hearing room.
ADDRESSES: Submit comments
electronically via the Commission’s
Filing Online system at http://
www.prc.gov.
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FOR FURTHER INFORMATION CONTACT:

Stephen L. Sharfman, General Counsel,
202–789–6820 and
stephen.sharfman@prc.gov.
SUPPLEMENTARY INFORMATION: On August
3, 2007, the United States Postal Service
filed a request seeking a recommended
decision from the Postal Regulatory
Commission approving a Negotiated
Service Agreement (NSA) with The
Bradford Group.1 The NSA is proffered
as functionally equivalent to the
Bookspan NSA recommended by the
Commission in Docket No. MC2005–3
(baseline agreement). [70 FR 42602.]
The Request, which includes six
attachments, was filed pursuant to
chapter 36 of title 39, United States
Code.2
The Postal Service has identified The
Bradford Group, along with itself, as
parties to the NSA. This identification
serves as notice of intervention by The
Bradford Group. It also indicates that
The Bradford Group shall be considered
a co-proponent, procedurally and
substantially, of the Postal Service’s
Request during the Commission’s
review of the NSA. Rule 191(b) [39 CFR
3001.191(b).] An appropriate Notice of
The Bradford Group of Appearance and
Filing of Testimony as Co-Proponent,
August 3, 2007, has been filed.
In support of the direct case, the
Postal Service has filed Direct
Testimony of Broderick A. Parr on
Behalf of the United States Postal
Service, August 3, 2007 (USPS–T–1)
and library reference USPS–LR–L–1,
MC2004–3 Opinion and Further
Recommended Decision Analysis for
The Bradford Group NSA. The Bradford
Group has separately filed direct
testimonies of Steve Gustafson (BG–T–
1) and Wendy Ring (BG–T–2) both on
behalf of The Bradford Group, August 3,
2007. The Postal Service has reviewed
The Bradford Group testimony and, in
accordance with rule 192(b) [39 CFR
3001.192(b)], states that such testimony
may be relied upon in presentation of
the Postal Service’s direct case. USPS–
T–1 at 3.
1 Request of the United States Postal Service for
a Recommended Decision on Classifications and
Rates to Implement a Functionally Equivalent
Negotiated Service Agreement with Bradford
Group, August 3, 2007 (Request).
2 Attachments A and B to the Request contain
proposed changes to the Domestic Mail
Classification Schedule and associated rate
schedules; Attachment C is a certification required
by Commission rule 193(i) specifying that the cost
statements and supporting data submitted by the
Postal Service, which purport to reflect the books
of the Postal Service, accurately set forth the results
shown by such books; Attachment D is an index of
testimony and exhibits; Attachment E is a
compliance statement addressing satisfaction of
various filing requirements; and Attachment F is a
copy of the Negotiated Service Agreement.
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The Request relies on record
testimony entered in the baseline
docket. This material is identified in the
Postal Service’s Compliance Statement,
Request Attachment E.
Requests that are proffered as
functionally equivalent to baseline
NSAs are handled expeditiously, until a
final determination has been made as to
their proper status. The Postal Service’s
Compliance Statement, Request
Attachment E, is noteworthy in that it
provides valuable information to
facilitate rapid review of the Request to
aid participants in evaluating whether
or not the procedural path suggested by
the Postal Service is appropriate.
The Postal Service submitted several
contemporaneous related filings with its
Request. The Postal Service has filed a
proposal for limitation of issues in this
docket.3 Rule 196(a)(6) [39 CFR
3001.196(a)(6)]. The proposal identifies
issues that were previously decided in
the baseline docket, and key issues that
are unique to the instant Request.
Rule 196(b) [39 CFR 3001.196(b)]
requires the Postal Service to provide
written notice of its Request, either by
hand delivery or by First Class Mail, to
all participants of the baseline docket.
This requirement provides additional
time, due to an abbreviated intervention
period, for the most likely participants
to decide whether or not to intervene. A
copy of the Postal Service’s notice was
filed with the Commission on August 3,
2007.4
The Request, accompanying
testimonies of witnesses Parr (USPS–T–
1), Gustafson (BG–T–1), and Ring (BG–
T–2), the baseline agreement, and other
related material can be accessed
electronically, via the Internet, on the
Commission’s Web site (http://
www.prc.gov).
I. Background: Baseline Bookspan
Negotiated Service Agreement, Docket
No. MC2005–3
If a request predicated on a NSA is
found to be functionally equivalent to a
previously recommended, and currently
in effect, NSA, it may be afforded
accelerated review. Rule 196 [39 CFR
3001.196]. The Postal Service asserts
that the NSA in the instant Request is
functionally equivalent to the now in
effect Bookspan NSA recommended by
the Commission in Docket No. MC2005–
3 United States Postal Service Proposal for
Limitation of Issues, August 3, 2007.
4 Notice of the United States Postal Service
Concerning the Filing of a Request for a
Recommended Decision on a Functionally
Equivalent Negotiated Service Agreement, August
3, 2007.
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