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Summary and Conclusions

This Supplement to the Draft Environmental Statement Related to Operation of
| Virgil C. Summer Nuclear Station Unit No. 1, issued in June 1979, was prepared
| by the U.S. Nuclear Regulatory Commission, Of fice of Nuclear Reactor Regula-
i tion (the staff) in accordance with 10 CFR 51.23. The purpose of this

supplement is to evaluate the site-specific environmental impacts attributable
to plant-specific accident sequences that lead to releases of radiation and/or

j radioactive materials, including sequences that can result in inadequate
cooling of reactor fuel and melting of the reactor core.

1. This action is administrative.

2. The proposed action is the issuance of an Operating License to the South
Carolina Electric and Gas Company (the applicant) for the Virgil C.
Summer Station Unit 1, located in Fairfield County, South Carolina, 42 km'

(26 miles) northwest of Columbia, South Carolina, and 1.6 km (1 mile)
east of the Broad River, near Parr, South Carolina. The South Carolina
Public Service Authority owns a one-third interest in this generating
unit.'

! Unit 1 employs a pressurized-water reactor (PWR) to produce up to
2775 MWt. A steam turbine generator will use this heat to provide 900 MW
(net) of electric power capacity.

.
'

The plant site is adjacent to Monticello Reservoir, a 2750-ha (6800-acre)
reservoir created by the applicant as part of a pumped storage
hydroelectric station.i

1 3. Summary of environmental impact and adverse effects:

The environmental impacts that have been considered include potential'

radiation exposures to individuals and to the population as a whole, the
risk of health effects that such exposures could entail, and the poten-
tial economic and societal consequences of accidental contamination ofi

the environment. These impacts could be severe for specific accidents
| postulated, but the likelihood of their occurrence is judged to be

acceptably remote.

( 4. The following Federal, State, and local agencies are being asked to
comment on this Supplement to the Draf t Environmental Statement:

Advisory Council on Historic Preservation
: Department of Agriculture
| Department of the Army, Corps of Engineers
j Department of Commerce

Department of Education
Department of Energy
Department of Health and Human Services
Department Housing and Urban Development
Department of the Interior
Department of Transportation
Environmental Protection Agency

i
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Federal Emergency Management Agency
Rural Electrification Administration
South Carolina Department of Health and Environmental Control
South Carolina Water Resource Commission |
South Carolina Public Service Commission
South Carolina Wildlife and Marine Resources Department
Fairfield County Administrator, Winnsboro, South Carolina

5. This Supplement is being made available to the public, to the Council on
Environmental Quality, and to other specified agencies in November 1980.

6. On the basis of the analysis set forth in this supplement, the conclusions
reached in the Draft Environmental Statement remain unchanged.
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FORWARD

This Supplement to the Draft Environmental Statement was prepared by the U. S.:

Nuclear Regulatory Commission (NRC), Office of Nuclear Reactor Regulation
(staff), in accordance with the Commission's regulation,10 CFR Part 51, which
implements the requirements of the National Environmental Policy Act (NEPA) of
1969.

1

The purpose of this supplement is to identify and evaluate the site-specific'

environmental impacts attributable to accident sequences that lead to releases
of radiation and/or radioactive materials, including sequences that can result"

in inadequate cooling of reactor fuel and to melting of the reactor core.
,

Copies of this supplement are being sent to Federal, State, and local agenciesI
i for onnent. Interested persons are invited to comment. The period provided

for eceipt of such comments will conclude 45 days after publication in the
Federal Register of a notice of the supplement's availability. The comments
received will be considered by the NRC in the preparation of the Final Environ-
mental Statement.

Comments should be addressed to the Office of Nuclear Reactor Regulation, U. S.
Nuclear Regulatory Commission, Washington, D.C. 20555, Attention: Director,
Division of Licensing. If there are any questions regarding the contents of
this statement, the NRC Project Manager, Mr. William Kane, may be contacted
on 301-492-8969.

Single copies of this Supplement to the Draft Environmental Statement related
to the operation of Virgil C. Summer Nuclear Station Unit No. 1 (NUREG-0534)
can be obtained, free of charge, by written request to the Division of, Technical
Information and Document Control, U. S. Nuclear Regulatory Commission,
Washington, D. C. 20555. Single copies of the Draft Environmental Statement
will also be supplied on request.

:
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1. INTRODUCTION

A Draft Environmental Statement related to the operation of Virgil C. Summer
Nuclear Station Unit No. I was published by the U.S. Nuclear Regulatory Com-
mission in June 1979. 6n June 13,1980, the Conunission published, in the
Federal Register, a statement of interim policy regarding accident considerations.
This statement withdrew the proposed Annex to Appendix 0 of 10 CFR Part 50
and suspended the rulemaking proceedings associated with it. It also put forth

the Commission's interim policy that: ...its Environmental Impact Statements"

shall include considerations of the site-specific accident sequences that lead
to releases of radiation and/or radioactive materials, including sequences
that can result in inadequate cooling of reactor fuel and to melting of the
reactor core. In this regard, attention shall be given both to the probability
of occurrence of such releases and to the environmental consequences of such
releases." This supplement presents an analysis of accidents, including those
commonly referred to as Class 9 accidents.

| 1-1
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6. ENVIRONMLNTAL INPACT OF POSTULATED ACCIDENTS

6.1 PLANT ACCIDENTS

The staff has considered the potential radiological impacts on
the environment of possible accidents at the Sunmer Nuclear
Station in accordance with a Statement of Interim Policy published
by the Nuclear Regulatory Commission on June 13, 1980. The follow- .

'

ing discussion reflects these considerations and conclusions.

The first section deals with general characteristics of nuclear
power plant accidents including a brief summary of safety n.casures
to minimize the probability of their occurrence and to mitigate
their consequences if they should occur. Also described are the
important properties of radioactive materials and the pathways by
which they could be transported to become environmental hazards.
Potential adverse health effects and impacts on society associated
with actions to avoid such health effects are also identified. '

Next, actual experience with nuclear power plant accidents and their
observed health effects and other societal impacts are then described.
This is followed by a sunmary review of safety features of the Summer
facility and of the site that act to mitigate the consequences of
accidents.

The results of calculations of the potential consequences of accidents
that have been postulated in the design basis are then given. Also
described are the results of calculations for the Summer site using
probabilistic methods to estimate the possible impacts and the risks
associated with severe accident sequences of exceedingly low probability
of occurrence.

6.1.1 General Characteristics of Accidents

The term accident, as used in this section, refers to any unintentional
event not addressed in Section 4.5 that results in a release of radio-
active materials into the environment. The predominant focus therefore,
is on events that can lead to releases substantially in excess of
permissible limits for normal operation. Such limits are specified
in the Commission's regulations at 10 CFR Part 20.

There are several features which combine to reduce the risk associated
with accidents at nuclear power plants. Safety features in the design,
construction, and operation comprising the first line of defense are
to a very large extent devoted to the prevention of the release of
these radioactive materials from their normal places of confinement
within the plant. There are also a number of additional lines of
defense that are designed to mitigate the consequences of failures
in the first line. Descriptions of these features for the Summer
plant ~may be found in the applicant's Final Safety Analysjg Report,and in the staff's forthcoming Safety Evaluation Report.l / The
nest important mitigative features are described in Section 6.1.3.1
below.

6-1
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These safety features are designed taking into consideration the
specific locations of radioactive materials within the plant, their
amounts, their nuclear, physical, and chemical properties, and
their relative tendency to be transported into and for creating
biological hazards in the environment.

6.1.1.1 Fission Product Characteristics

By far the largest inventory of radioactive material in a nuclear
power plant ic 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 so that the second largest inventory of
radioactive material is located in this storage area. Much smaller
inventories of radioactive materials are also normally present in
the water that circulates in the primary coolant system, and in the
systems used to process gaseous and liquid radioactive wastes in the
plant.

These radioactive materials exist in a variety of physical and
chemical forms. Their potential for dispersion into the environment
is dependent not only on mechanical forces that might physically
transport them, but also upon their inherent properties, particularly
their voiatility. The majority of these materials exist as non-volatile
solids over a wide range af temperatures. Some, however, are relatively
volatile solids and a few are gaseous in nature. These characteristics
have a significant bearing upon the assessment of the environmental
radiological impact of accidents.

The gaseous materials include radioactive forms of the chemically
inert noble gases Krypton and Xenon. These have the highest potential
for release into the atmosphere. If a reactor accident were to occur
involving degradation of the fuel cladding, the release of substantial
quantities of these radioactive gases from the fuel is a virtual
certainty. Such accidents are very low frequency but credible events
(cf Section 6.1.2). It is for this reason that the safety analysis
of each nuclear power plant incorporates a hypothetical design basis
accident that postulates the release of the entira containcd inventory
of radioactive noble gases from the fuel into the containment structure.

iIf further released to the environment as a possible result of failure
of safety features, the hazard to individuals fro;a these noble gases
would arise predominantly through the external gamma radiation from
the airborne p' 7. The reactor containment structure is designed
to minimize tl ! vpe of release.

Radioactive forms of iodine are : 'rmed in sebstantial quantities in the
fuel by the fission process and n some chemical forms may be quite
volatile. For this reason, they have traditionally been regarded
as having 'a relatively high pot (ntiC for release from the fuel. The
chemical forms in which the fit. en product radiciodines are found are
generally solid materials at room temperatures, however, so that they

6-2
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have a strong tendency to condense (or " plate out") upon cooler sur-
faces. In addition, most of the iodine compounds are quite soluble in,
or chemically reactive with water. Although these proprties do not
inhibit the release of radiciodines from degraded fuel, they do act to
mitinate the release from containment structures that have large
internal surface areas and that 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
rainf all occurs ouring a release, or if there is moisture on exposed
surfaces, e.g., dew, the radiciodines will show a strong tendency to be
absorbed by the moisture. Because of radioiodine's relatively high
solubility and distinct radiological hazard, its potential for release
to the atnosphere has also been reduced, as a result of special consid-
eration in the safety analysis of postulated accidents, by the use of
special filter systems and/or containment spray systems. If released
to the environment, the principal radiological hazard associated with
the radiciodines is ingestion into the human body and subsequent
concentration in the thyroid gland.

Other radioactive materials formed during the operation of a nuclear
power plant have lower volatilities and therefore, by comparison
w*th the noble gases and iodine, a much smaller tendency to escape
from degraded fuel unless the temperature of the fuel becomes quite
high. By the same token, such materials, if they escape by volatil-
ization from the fuel, tend to condense quite rapidly to solid form
again when transported to a lower temperature region and/or dissolve
in water when present. The former mechanism can have the result of
produdng some solid particles of sufficiently small size to be
carried some distance by a moving stream of gas or air. If such partic-

ulate materials are dispersed into the atmosphere as a result of
failure of the containment barrier, they will tend to be carried down-
wind and deposit on surface features by gravitational settling or by
precipitation (fallout), where they will become " contamination"
hazards in the environment.

All of these radioactive materials exhibit the property of radioactive
decay with characteristic half-lives ranging from fractions of a second
to many days or years (cf. Table 6.1.4-3). Many of them decay through
a sequence or chain of decay processes and all eventually become stable
(non-radioactive) materials. The radiation emitted during these
decay processes is the reason that they are hazardous materials.

6.1.1.2 Exposure Pathways

The radiation exposure (hazard) to individuals is determined by
their proximity to the radioactive material, the duration of exposure,
and factors that act to shield the individual f rom the radiation.
Pathways for the transport of radiation and radioactive materials
that lead to radiation exposure hazards to humans are generally the.

same for accidental as for " normal" releases. These are depicted in
Section 4, Figure 4.3. There are two additional possible pathways
that could be significant for accident releases that are not shown
in Fig. 4.3. One of these is the fallout onto open bodies of water

6-3
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of radioactivity initially carried in the air. The second would be
unique to an accident that results in temperatures inside the
reactor core sufficiently high to cause melting and subsequent
penetration of the basemat underlying the reactor by the molten
core debris. This creates the potential for the release of radioactive
material into the hydrosphere through contact with ground water.
These pathways may lead to external expoure to radiation, and to
internal exposures if radioactivity is inhaled, or ingested from
contaminated food or water.

It is characteristic of these pathways that, during the transport
of radioactive material by wind or by 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 they 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 conse-
quences are very much dependent upon the weather conditions existing
at the time.

6.1.1.3 Health Effects

The cause and effect relationships between radiation exposure and
adverse health effects is quite complex,(4a) but they have been more
exhaustively studied than any other environmental contaminant. ;

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.
Doses about ten to twenty times larger, also received over a relatively
short period of time (hours to a few days), can be expected to cause
some fatal injuries. At the severe, but extremely low probability
end of the cccident spectrum, exposures of these magnitudes are
theoretically possible for persons in the close proximity of such
accidents if measures are not or cannot be taken to provide protection,
e.g., by sheltering or evacuation.

Lower levels of exposures may also constitute a health risk but I
the ability to define a direct cause and effect relationship I
between any given health effect and a known exposure to radiation l

is difficult given the backdrop of the many other possible reasons
why a particular effect is observed in a specific individual. For
this reason, it is necessary to assess such effects on a statistical
basis. Such effects include cancer, which may not develop for many

,

years (up to 3 for leukemia and 10-20 for other forms of cancer)
af ter an exposure, and genetic changes, which may occur over several
generations following exposure of a prospective parent.

6-4
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| Most authorities arc in agreement that a reasonable, and probably
j conservative estimate of the statistical relationship between low

levels of radiation exposure to a large number of people and thei

; subsequent health effects is within the range of about 80 to 230
| potential premature deaths due to cancer per million man-rem, with
|

a mean value of about 140 and approximately twice as many genetic
j changes appearing over a span of about five generations.
,

!

! 6.1.1.4 Health Effects Av.oi. dance
1 - - - - ~ . -
' Radiation hazards in the environment tend to 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 (e.g. , in soil),
the hazard can continue to exist for a relatively long period of

:

j time - months, years or even decades. Thus, a possible consequential
environmental societal impact of severe accidents is the avoidance

I of the health hazard rather than the health hazard itself, by restrictions
on the use of the contaminated property or contaminated foodstuffs,

i

i milk, and drinking water. The potential social and economic impacts
that this can cause are discussed below.,

!

] 6.l.2 Accident Experience and Observed Impacts
I

! The evidence of accident frequency and impacts in the past is a
i useful indicator of future probabilities and impacts. As of mid-1980,
! there were 69 commercial nuclear power reactor units licensed for
i operation in the United States at 48 sites with power generating

capacities ranging from 50 to 1130 megawatts electric (MWe). (The
i Sumer plant is designed for 900 MWe.) The combined experience with
: these units represents approximately 500 reactor years of operation

Accidents have occurredover an elapsed time of about- 2] ears.,

at several of these facilities. Some of these have resultedI

j in releases of radioactive material to the environment, ranging from
' very small fractions of a curie to a few million curies. None is

known to have caused any radiation injury or fatality to any member
4

of the public, nor any significant individual or collective public
radiation exposure, nor any significant contamination of the environ-;

; ment. This experience base is not large enough to permit a reliable
quantitative statistical inference. It does, however, suggest that
significant environmental impacts due to accidents are very unlikely1

j to occur over time periods of a few decades.
!

Melting or severe degradation of reactor fuel has occurred in only
; one of these units, during the . Scident at Three Mile Island- Unit 2;

! (TMI-2) on March 28, 1979. In addition to the release of a few
million curies of Xenon-133, it has been estimated that approximately4

THI-2. g of radiciodine was also released to the environment at15 cur
This amount represents an extremely minute fraction of the 1i

) total radiciodine inventory present in the reactor at the time of |
' the accident. No other radioactive fission products were released

in measurable quantity.
6-5 ;
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It has been estimated that the maximum cumulativedose to an individual was less than 100 millirem. g* ite radiation .

The total !
population exposure has been estimated to be in the range from
about 1000 to 3000 man-rem. This exposure could produce between none
and one additional fatal cancer over the lifetime of the population.
The same population receives each year from natural background radia-
tion about 240,000 man-rem and approximately a half-millipp ancers
are expected to develop in this group over its lifetime. to' Trace - t

quantities (barely above the limit of detectability) of radiciodine
were found in a few samples of milk produced in the area. No other
food nor water supplies were impacted.

"The niajor health effect of the accident appears to have been on the
mental health of the people living in the region of Three Mile Island
and of the workers at TMI. There was inmediate, short-lived mental
distress produced by the accident among certain groups of the general
population living within 20 miles of TMI. The highest levels of
distress were found among adults a) living within 5 miles of TMI, ;

1

or b) with preschool children; and among teenagers a) living within |

5 miles of THI, b) with preschool siblings, or c) whose families
left the area. Workers at TMI experienced more distress than workers

Iat another plant studied for comparison purposes. This distress was
higher among the nonsuper(gsory employees and continued in the monthsfollowing the accident."

Accidents at nuclear power plants have also caused occupational ;injuries and a few fatalities but none attributable to radiation
exposure. Individual worker exposures have ranged up to about '

i

4 rem as a direct consequence of accidents but the collective worker
exposure levels (man-rem) are a small fraction of the exposures '

experienced during normal routine operations that average about 500
man-rem per reactor year. )

i

Accidents have also occurred at other nucji > Due to inherentqr reactor facilities in
the United States and in other countries.
differences in design, construction, operation, and purpose of most
of these other facilities, their accident record has only indirect
relevance to current nuclear power plants. Melting of reactor fuel
occurred in at least seven of these accidents, including the one in
1966 at the Enrico Fermi Mtomic Power Plant, Unit 1. This was a
solium-cooled fast breeder demonstration reactor designed to generate
61 MWe. The damages were repaired and the reactor reached full
power fcur years following the accident. It operated successfullyand' completed its mission in 1973. This accident did not releaseany radioactivity to the environment.

A reactor accident in 1957 at Windscale, England released a signifi-
cant quantity of radiciodine, approximately 20,000 curies, to the
environment. This reactor, which was not operated to generate

6-6
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? electricity, used air rather than water to cool the uranium
fuel. During a special operation to heat the large amount of
graphite in this reactor, the fuel overheated and radiciodine and
noble gases were released directly to the atmosphere from a 405-foot
stack. hilk produced in a 200-square mile area around the facility
was impounded for up to 44 days. This kind of accident cannot occur
in a water-cooled reactor like Summer, however.

6.1.3 Mitigation of Accident Consequences

Pursuant to the Atomic Energy Act of 1954, the Nuclear Regulatory
Corm;ission is conducting a safety evaluation of the application
to operate the Summer Nuclear Station. Although this evaluation
will contain more oetailed information on plant design, the principal
design teatures are presented in the following section.

6.1.3.1 Design Features

The Virgil Summer Nuclear Station contains features designed to
prevent the 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 preventive and miti-
gative features are collectively referred to as engineered safety
features (E5F).'

The steel-lined concrete containment building is a passive
mitigating system which is designed to mininiize accidental radio-

, activity releases to the environment. Safety injection systems are
incorporated to provide cooling water to the reactor core during an
accident to prevent or minimize fuel damage. Cooling fans provide
heat removal capability inside the containment following steam
release accidents and help to prevent containment failure due to
overpressure. Similarly, the containment spray system is designed
to spray cool water into the containment atmosphere. The spray water
also contains an additive (sodium hydroxide) which will chemically
react with any airborne radiciodine to remove it from the containment
atmosphere and prevent its release to the environment.

|
All the mechanical systems mentioned above are supplied with emergency
power from onsite diesel generators in the event that normal offsite
station power is interrupted.i

The Virgil Summer containment ventilation system also contains
high efficiency filters to remove radioactive particulate fission
products f rom the containment atmosphere to minimize their release.

The fuel handling area located in the auxiliary building also has
accident mitigating systems. The safety-grade ventilation system
contains both charcoal and high efficiency particulate filters.
This ventilation system is also designed to keep the area around the
spent fuel pool below the prevailing barometric pressure during

i
6-7
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fuel nandling operations so that out-leakage won't occur through
building cpenings. If radioactivity were to be released into the
building, it would be drawn through the ventilation system and
radioactive iodine and particulate fission products would be removed
from the flow stream before exhausting to the outdoor atmosphere. ,

There are features of the plant that are necessary for its power {generation function that can also play a role in mitigating certain
accident consequences. For example, the main condenser, although
not classified as an ESF, can act to mitigate the consequences of
accidents involving leakage from the primary to the secondary side
of the steam generators (such as steam generator-tube ruptures).

If normal offsite power is maintained, the ability of the plant
to send contaminated steam to the condenser instead of releasing
it through the safety valves or atmospheric dump valves can signif-
icantly reduce the amount of radioactivity released to the environment.
In this case, the fission product removal capability of the normally
operating off-gas treatment system would come into play.

Much more extensive discussions of the safety features and character-
istics of the Summer Station may be found in the applicant's Final
Safety Analysis Report. The staf f evaluation of these featureq s

will be addressed in a forthcoming Safety Evaluation Pseport. U1 In
{addition, the implementation of the lessons learnea from the TM1-2 ;

accident, in the form of improvements in design, and proceoures and
|operator training, will significantly reduce the likelihood of a

degraded core accident which could result in large releases of fission
products to the containment. Specifically, the applicant will be re-
quired to meet those TMI-related requirements specified in NUREG-0737.
As noted in Section 6.1.4.7, no credit has been taken for these actions

.

I

and impruvements in establishing the radiological risk of accidents in
this supplement.

6.1.3.2 Site Features

In the process of considering the suitability of the site of the
Summer Nuclear Station, pursuant to NRC's Reactor Site Criteria in
10 CFR Part 100, consideration was given to certain factors that tend
to n.inimize the risk and the potential impact of accidents. First,
the site has an exclusion area as provided in 10 CFR Part 100. The
purpose of the exclusion area is twofold, to assure that activities
that might be hazardous to the plant cannot be located too close
to it, and to excluoe residential or transient use of the close-in
property that might involve an unnecessarily large number of people.
This area comprises approximately 2200 acres of property. The
reactor building is so situated that the closest boundary of this
drea is approximately one mile distant. Thus, this is the minimum

!

,

distance at which any pernianent residents could live. A part of j
Monticello Reservoir is also within the exclusion area. Under South |

Carolina law, the surface water of this reservoir is in the public '

domain and there 15 expected to be some recreational use within the
exclusion area. Provisions for the warning and evacuation of such
persons have been made in the event of an emergency. There are
no public highways or railroads traversing the exclusion area.

;
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Second, beyond and surrounding the exclusion area is a low popula-
tion zone (LPZ), also required by Part 100. This is a circular area
of 3 miles outer radius, also centered on the reactor building.
The purpose of this zone is also twofold, to assure that the total
number 'and density of residents are such that there is a reasonable
probability that appropriate protective measures could be taken in
their behalf in the event of a serious accident, and to assu- that
the nearest pcpulation center containing more than about 25,w0
persons is outside this zone. Current and projected population
densities in the LPZ are substantially lower than current regulatory
guidelines which are intended to minimize accident risk. Out to
30 miles distant, the population density is not expected to exceed
250 persons per square mile at any time during the operating life of
the facility. The nearest population center, Columbia, South Carolina,
is approximately 23 miles southeast of the site. More complete
descriptions of the site, its population and land use characteristics
are given in Section 2.

The safety evaluation of the Summer site has also included a
review of potential external hazards, i.e., activities offsite
that might adversely affect the operation of the plant and cause
an accident. This review encompassed nearby industrial, trans-
portation, and military facilities that might create explosive,
missile, toxic gas or similar hazards. The risk to the Surmier
plant from such hazards has been found to be negligibly small.
More detailed discussion of the compliance with the Commission's
siting criteria and the consideration of external hazards a(r
given in the staff's forthcoming Safety Evaluation Report.

'

6.1.3.3 Emergency Preparedness

Emergency prepareoness plans including protective action measures
for the Summer facility and environs are in an advanced, but not yet
fully completed stage. In accordance with the provisions of 10 CFR
Section 50.47, effective November 3, 1980, no operating license will be
issued to the applicant unless a finding is made by the NRC that the
state of onsite and offsite emergency preparedness provides reason-
able 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 (EPZ). A plume exposure pathway EPZ of about 10 miles
in radius and an ingestion exposure pathway EPZ of about 50 miles in
radius are required. Other standards include appropriate ranges of
protective actions for each of these zones, provisions for dissemin-
ation to the public of basic emerger . olanning information, pro-
visions for ranid notification of the pblic during a serious reactor
emergency, and methods, systems, and equipment for assessing and mon-
itoring actual or potential offsite consequences in the EPZ s of a
radiological emergency condition.

NRC findings will be based upon a review of the Federal Emergency
Management Agency (FEMA) findings and determinations as to whether
state and local government emergency plans are adequate and capable
of being implemented, and on the NRC assessment as to whether the
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applicant's onsite plans are adaquate and capable of being imple-
mented. NRC staff
Evaluation Report. (gjndings are reported in the staff's forthcoming Safety

'

Although the presence of adequate and tested {emergency plans cannot prevent the occurrence of an accident, it is
the judgment of the staff that they can and will substantially ;
mitigate the consequences to the public if one should occur.

6.1.4 Accident Risk and Impact Assessaent

6.1.4.1 Design Basis Accident ,s
- - _ - - . ._ -_-_-___

As a means of assuring that certain features of the Summer plant
meet acceptable design and performance criteria, both the applicant
and the staff have analyzed the potential consequences of a number
of postulated accidents. Some of these could lead to significant
releases of radioactive materials to the environment and calculations
have been performed to estimate the potential radiological conse- !
quences to persons offsite. For each postulated initiating event, !
the potential radiological consequences cover a considerable range !
of values depending upon the particular course taken by the l

accident and the conditions, including wind direction and weather,
prevalent during the accident.

In the safety analysis and evaluation of the Summer plant, three
categories of accidents have been considered. These categories
are based upon their probability of occurrence and include (a)
incidents of moderate frequency, i.e., events that can reasonably
be expectedito occur during any year of operation, (b) infrequent
accidents, i.e., events that might occur once during the lifetime
of the plant, and (c). limiting faults, i.e., accidents not expected
to occur but that have the potential for significant releases of
radioactivity. The radiological consequences of incidents in the
first category, also called anticipated operational occurences,
are discussed in Section 4. Initiating events postulated in the
second and third categories for the Sunmer plant are shown in Table
6.1.4-1. These are collectively designated design basis accidents
in that specific design and operating features as described above
in section 6.1.3.1 are provided to limit their potential radiological
consequences. Approximate radiation doses that might be received
by a -person at one mile distant from the plant are also shown in
the table,-along with a characterization of the time duration of
the releases. The results shown in the table reflect the expectation
that engineered safety and operating features would function as
intended.

.
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An important consequence of this expectation is that the releases
considered are limited to noble gases and radioiodines and that
any other radioactive materials, e.g. in particulate form, are not
expected to be released. The results are also quasi-probabilistic
in nature in the sense that the meteorological dispersion conditions
are taken to be neither the best nor the worst for the site, but
rather at an average value determined by actual site measurements.
In order to contrast the results of these calculations with those
using more pessimistic, or conservative, assumptions described
below, the doses shown in Table 6.1.4-1 are sometimes referred
to as " realistic" doses.

Calculated population exposures for these events range from a
small fraction of a man-rem to about 200 man-rem for the population
within 50 miles of the Summer plant. These calculations for both
individual and population exposures indicate that the risk of incurr-
ing any adverse health effects as a consequence of design basis
accidents is exceedingly small. By comparison with the estimates
of radiological impact for normal operations shown in Chapter 4,
he also conclude that radiation exposures from design basis accidents
are roughly comparable to the exposures to individuals and the
population frcm normal station operations over the expected lifetime
of the plant.

'The staff has also carried out calculations to estimate the potential
upper bounds for individual exposures from the same initiating
accidents in Table 6.1.4-1 for the purpose of implementing the
provisions of 10 CFR Pari.100, " Reactor Site Criteria." For these
calculations, much more pessimistic (conservative or worst case)
assumptions are made as to the course taken by the accident and
the prevailing conditions. These assumptions include much larger
amounts of radioactive material released by the initiating events,
additional single failures in equipment, operation of ESF's in
a degraded mode *, and very poor meteorological dispersion conditions.
The results of these calculations show that, for these events,
the limiting whole body exposures are not expected to exceed 4
rem and most would not exceed 1 rem to any individual at the site
boundary. (3) They also show that radiciodine releases have the
potential for offsite exposures ranging up to about 200 rem to
the thyroid. For such an exposure to occur, an individual would
have to be located at a point on the site boundary where the radio-
iodine concentration in the plume has its highest value and inhale
at a breathing rate characteristic of a person jogging, for a period
of two hours. The health risk to an individual receiving such
an exposure is the potential appearance of benign or malignant
thyroid nodules in about 7 out of 100 cases, and the development
of a fatal cancer in about 3 out of 1000 cases.

.O

The containment structure, however, is assumed to prevent leakage in excess of
that which can be demonstrated by testing, as provided in 10 CFR Section 100.ll(a).
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! None of the caculations of the impacts of design basis accidents
j described in this section take into consideration possible
; reductions in individual or population exposures as a result of taking

a't protective actions.

j 6.1.4.2 Probabilistic Assessment of Severe Accidents
!

In this and the following three sections, there is a discussion of the
; probabilities and consequences of accidents of greater severity than

the design basis accidents discussed in the previous section. As a'

: class, they are considered less likely to occur, but their consequences
; could be more severe, both for the plant itself and for the environ-

ment. These severe accidents, herctofore frequently called Class 9
accidents, can be distinguished from design basis accidents in two

j primary respects; they involve substantial physical deterioration of
j the fuel in the reactor core, including overheating to the point of
; melting, and they involve deterioration of the capability of the
! containment structure to perform its intended function of limiting
i the release of radioactive materials to the environment.
!

The assessment methodology employed is that descri
Safety Study (RSS) which was published in 1975. (8) bed in the Reactor"The Summer plant is

4

4

a Westinghouse-designed pressurized water reactor (PWR) very similar,

i to the Surry Unit i facility used in the RSS as a prototype for PWR's.
| This assessment has used as its starting point, therefore, the same set
{ of accident sequences that.were found in the RSS to be dominant con-
i tributors to risk in the prototype PWR. The same set of nine release
! categories, designated PWR 1 through 9, have also been used to repre-
j sent the spectrum of severe accident releases that are hypothesized
j for the Summer facility. Characteristics of these categories are
! shown in Table 6.1.4-2.
i
' A calculated probability per reactor year associated with each

release ~ category is also shown in the second column in Table 6.1.4-2.
These probabilities are the result of a detailed engineering analysis
of the prototype PWR in the Reactor Safety Study. There are sub-
stantial uncertainties in these probabilities. This is due, in part,,

to difficulties associated with the quantifications of human error and
to inadequacies in the data base on failure rates of indiy
components that were _used to calculate the probabilities.\gual plant(See

: Section 6.1.4.7 below.) Except as indicated in the footnotes in
Table 6.1.4-2, the staff has no present basis for judging whether
the probabilities may be too high or too low. The error band for,

; some of the event sequences could be as much as a factor of ten
j but is very unlikely to be as great as a factor of 100. The event
| sequences in categories PWR l-7 lead to partial or complete melting
i
i

,

i *
'

' Because this repori. iias been the subject of considerable controversy, a discussion
j of the uncertainties surrounding it is provided in Section 6.1.4.7.
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i
:
'
;

i of the- reactor core while those in the last two categories do not
j involve melting of the core. In release categories 1 to 3, the

event sequences include containment failure by steam explosion,'

hydrogen burning, or overpressure. In release categories 6 and
7, the dominant containment failure mode is by melt-through of the
containment base mat. The other release categories contain event

i

i sequences in which the systems intended to isolate the containment -;

fail to act properly.
p
4

The magnitudes (curies) of radioactivity releases for each category
| are obtained by multiplying the release fractions shown in Table

6.1.4-2 by the amounts that would be present in the core at the*

time of the _ hypothetical accident. These are shown in Table 6.1.4-3
i for the Summer plant at the core thermal power level of 2775 megawatts.
1

been ' calculated by the consequence model used in the RSSgve
The potential radiolc2 cal consequences of these release! i

i

adapted to apply to a specific site. The essential elements are,

shown in schematic form in Figure 6.1.4-1. As noted therein, the'

atmospheric dispersion and health effects parts of this model are
treated probabilistically and are based upon observed statistical
distributions. Environmental parameters specific to the site of

,

the Summer facility have been used and include the following:'

(1) Meteorological data for the site representing a full year of
consecutive hourly measurements and seasonal variations,

1

! (2) Projected population for the year 2000 extending throughout
regions of-50'and 500 miles radius from the site,

,

| (3) The habitable land fraction within the 500 mile radius, and

I (4) Land use statistics, on a state-wide basis, including farm
'

land values, farm product values including dairy production,
and growing season information, for the State of South Carolina
and each surrounding state within the 500 mile region.

The RSS consequence model also contains a provision for incorporating
the consequence reduction benefits of evacuation. Except as other-

: wise indicated below, the results shown for the Summer facility do
not include this provision. With respect to this aspect of the cal-
culations, therefore, the results are " worst case" estimates.'

There are also uncertainties in the estimates of consequences and
7

j the error bounds may be as'large as they are for the probabilities.
It is the judgment of the staff, however, that it is more likely that

: the calculated results are overestimates of consequences rather thani

| underestimates.

The results of the calculations using this consequence model are
radiological doses to individuals and to populations, health effects
that might result ~from these exposures, costs of implementing pro-

; tective actions, and costs associated with property _ damage by.

radioactive contamination.:
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6.1.4.3 Dose and Health Impacts of Atmospheric Releases
_ ,

The results of the calculations of dose effects and health impacts
performed for the Suncer facility and site are presented in the
form of probability distributions in Figures 6.1.4-2 through 5 and
are included in the impact Summary Table 6.1.4-4. All of the nine
release categories shown in Table 6.1.4-2 contribute to the results,
the consequences from each being weighted by its associated
probability.

Figure 6.1.4-2 shows the probability distribution for the number
of persons who might receive whole body doses equal to or greater
than 200 rem and 25 rem, respectively, and thyroid doses equal to
or greater than 300 rem, all on a per-year basis. The 200 rem
whole body dose figure corresponds approximately to a threshold
value for which hospitalization would be indicated for the treatment
of radiation injury. The 25 rem whole body (which has been identified
earlier as the lower limit for a clinically observable physiological
ef fect) and 300 rem thyroid figures correspond to the Conmission's
guideline values for reactor siting in IP CFR Part 100.

Thefigureshowsintheleft-handportiog)thatthereisapproximatelyone chance in 100,000 per year (i.e. l(T that one or more persons
may receive doses equal to or greater than any of the doses specified.
The fact that the three curves merge together in a horizontal line
shows that if one person were to receive such doses the chances
are about the same that several hundreds would be so exposed. The
chances of larger numbers of persons being exposed at these levels
are seen to be considerably smaller. For example, the chances are
2 in 100,000,000 (2 x 10-8 ) that 100,000 or more people might
receive doses of 200 rem or greater. A substantial majority of the
exposures reflected in this figure would be expected to occur to
persons within a 10 mile radius of the plant. Virtually all would
occur within a 50 mile radius.

Figure 6.1.4-3 shows the probability distribution for the total popu-
lation exposure in man-rem, i.e. , the probability per year that the
total population exposure will equal or exceed the values given.
Virtually all of the population exposure up to 10 million man-rem
would occur within 50 miles but the more severe release categories
(PWR l-6) would result in exposure to persons beyond the 50 mile
range as shown.

For perspective, population doses shown in Figure 6.1.4-3 may be
compared with the annual average dose to the population within
50 miles of the Summer site due to natural background radiation of
105,000 man-rem, and to the anticipated annual population dose to the
general public from normal station operation of about 30 man-rem

!(excluding plant workers) (Section 4, Tables 4.9 and 4.11).

6-14
1

I



Figures 6.1.4-4 and -5 show the probability distributions for
acute fatalities and for latent cancer fatalities, respectively.
The former represents radiation injuries that would produce fatal-
ities within about 60 days after exposure. The latter represents

the statistical relationship between population exposure and the
induction of fatal cancers that might appear over a period of many
years following exposure. All of the acute fatalities would be
expected to occur within a 50 mile radius and the majority within
a 10 mile radius.

6.1.4.4 Economic and Societal Impacts

As noted in Section 6.1.1, the various measures for avoidance of
adverse health effects including those due to residual radioactive
contamination in the environment are possible consequential impacts
of severe accidents. Calculations of the probabilities and magni-
tudes of such impacts for the Summer facility and environs have also
been made. Unlike the radiation exposure and health effect impacts
discussed above, impacts associated with adverse health effects
avoidance are more readily transformed into economic impacts.

The results are shown as the probability distribution for costs
of.offsite mitigating actions in Figure 6.1.4-6 and are included in
the impact Summary Table 6.1.4-4. The factors contributing to these

estimated costs include the following:

e Evacuation costs

Value of crops contaminated and condemnede

e Value of milk contaminated and condemned

Costs of decontamination of property where practicale

e Indirect costs due to loss of use of property and incomes
derived therefrom. .

The last named costs would derive from tne necessity for inter-
diction to prevent the use of property until it is either free of
contamination or can be economically decontaminated.

Figure 6.1.4-6 shows that at the extreme end of the accident
spectrum these costs could exceed several billion dollars but
that the probability that this would occur is exceedingly small,
less than one chance in a million per year.

Additional economic impacts that can be monetized include costs of
t

|
decontamination of the facility itself and the costs of replacement

| power. Probability distributions for these impacts have not been
calculated but they are included in the discussion of risk consider-
ations in Section 6.1.4.6 below.
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Psychologica! impacts that may or may not have economic consequences
are also possible as has been demonstrated at Three Mile Island.
These impacts are not readily quantifiable, however, and their con-
sideration is limited here to the recognition that they can accompany'

accidents.

6.1.4.5 Releases to Groundwater

A pathway for public radiation exposure and environmental contamin-
ation that would be unique for severe reactor accidents was identified
in Section 6.1.1.2 above. Consideration has been given to the poten-
tial environmental impact of this pathway for the Summer plant.
The principal contributors to the -isk are the core melt accidents
associated with the PWR-1 through 7 release categories. The pene-
tration of the basemat of the containment building can release molten
core debris to the strata beneath the plant. Soluble radio-nuclides
in this debris can be leached and transported with groundwater to
downgradient domestic wells used for drinking or to surface water
bodies used for drinking water, aquatic food and recreation. In
pressurized water reactors, such as the Summer unit, there is an
additional opportunity for groundwater contamination due to the
release of contaminated sump water to the ground through a breach
in the containment.

An analysis of the potential consequences of a liquid pathway release
ofradioactivityforgenericsjg1 was presented in the " LiquidPathway Generic Study" (LPGS).l The LPGS compared the risk of
accidents involving the liquid pathway (drinking water, irrigation,
aquatic food, swinming and shoreline usage) for four conventional,
generic land based nuclear plants and a floating nuclear plant,
for which the nuclear reactors would be mounted on a barge and
moored in a water body. Parameters for the land-based sites were
chosen to represent averages for a wide range of real sites and are
thus " typical," but represented no real site in particular.

The discussion in this section is an analysis to determine whether
or not the Sunmer site liquid pathway consequences would be unique
when compared to land-based sites considered in the LPGS. The
method consists of a direct scaling of the LPGS popuiation doses based
on the relative values of key parameters characterizing the LPGS
"small river" site and the Summer site. The parameters which were
evaluated included amounts of radioactive materials entering the
ground, groundwater travel time, sorption on geological media, surface
water transport, drinking water usage, aquatic food consumption, and
shoreline usage.

Doses to individuals and populations were calculated in the LPGS
without consideration of interdiction methods such as isolating the
contaminated groundwater or denying use of the water. In the event of
surface water contamination, alternative sources of water for drink-

ing, irrigation and industrial uses would be expected to be found,
if necessary. Commercial and sports fishing, as well as many other
water-related activities would be restricted. The consequences would
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therefore be largely economic or social, rather than radiological.i

In any event, the individual and population doses for the liquid
; pathway range from fractions to very small fractions of those that
i

can arise from the airborne pathways.

The Summer site is underlain by a complex series of soil, meta-
morphic rock and igneous intrusions. The basemat of the reactor
buildings is in a micaceous silty sand formation, approximately
30-40 feet above the underlying bedrock.

Groundwater at the site occurs in two types of formations:

; 1) jointed and fractured crystalline bedrock, and

2) the lower zones of the soil overburden.

Estimates of groundwater travel time from the reactor building to
the Broad River varied over a wide range from 1140 years in the
overburden soils to a conservatively estimated 7.4 years in the
fractured media. The latter value was used in the comparison
for conservatism.

i
For groundwater travel times of several years, the most important
radionuclide contributors to population dose are Sr-90 and Cs-137.

3' Conservative values of the retardation factors, which reflect the
effects of sorptig)on geologic materials similar to the fractured!

media at.th'e site of 8.6-for Sr-90 and 154 for Cs-137 were
used in the present analysis. The transport time from the reactor
building to the Broad River is, therefore, conservatively estimated
to be about 64 years for Sr-90 and 1140 years for Cs-137. When

; these times are compared to 5.7 years for Sr-90 and 51 years for
.

Cs-137 in the LPGS land-based river case, the relatively larger
travel times for the Summer site would allow a smaller portion of the'

radioactivity to enter the surface water. This reduction is about a
factor of 4 for Sr-90 over that predicted in the LPGS case. Virtually,

- all of the Cs-137 will have decayed before reaching t,he Broad River.,

The Broad River would be the receptor for radionuclides migrating
through the ground. No drinking water wells would be directly'

affected by the contaminated groundwater.

I

!

i.
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There would be two mejor municipal water users affected by contamin-
ation of the Broad River and other waterways downstream. The City
of Columbia, South Carolina draws most of its drinking water from
the Broad River. An estimated 230,000 people would be affected.
The City of Charleston, South Carolina presently draws about 10% of
its water from Lake Moultrie. By 1990, this portion is expected to
increase to about 50 percent. The estimated 1990 population of
Charleston affected would be 325,000 people. There are other Ismaller drinking water users that would be affected between Columbia i

and Charleston.

The hypothetical LPGS river site had a drinking water population i

of 620,000 people distributed at multiple points down the river.
Hence, the uninterdicted drinking water popuiation dose for the
Sunner site was calculated to be about 90% of that for the LPGS river
site by comparing the populations, groundwater travel times, and
dilutions for the two sites, assuming that the radioactive source terms
at the sites would be identical.

Population dose from the consumption of finfish, molluscs and crustaceans
was calculated in a manner similar to the drinking water population dose.
The annual harvest which could be affected by contamination downstream
from the Summer plant has been estimated to be about 3.5 x 106g,g
The LPGS small river site, by comparison, used an annual fish harvest

,,
'

of 1.2 x 106 Kg. The uninterdicted population dose from the Summer site
was calculated to be about 2 times greater than that of the LPGS site

,when consumption of the fisheries harvest, dilution and groundwater jtravel time was compared.
1

The Broad River and Monticello Reservoir are not heavily used for |swinming or other recreation which would subject people to direct
|radiation from contaminated water and sediments. There may be

heavier usage in waters downstream. The LPGS population dose !

,

assessment, however, showed that virtually all of the beach shore, jboating and swinming dose was due to Cs-137. Since virtually no
iCs-137 is predicted to escape in the Summer ase, the staff concludes I

that there will be an insignificant contribution to population |

dose from shoreline usage, boating, and swimming.

The Summer liquid pathway contribution to population dose has,
therefore, been demonstrated to be the same order of magnitude as
that predicted for the LPGS river site, which represents a " typical"
river site. Thus, the Sunner site is not unique in its liquid
pathway contribution to risk.

There are measures which could be taken to minimize the impact of
the liquid pathway. The staff estimated that the minimum ground-
water travel time from the Sunmer site to the Broad River would be
7.4 years, and that the toldup of radioactivity would be much
greater, which would allow ample time for engineering measures such
as slurry Walls and well-point dewatering to isolate the radioactive
contaminants at the source.
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6.1.4.6 Risk Considerations

The foregoing discussions have dealt with both the frequency
(or likelihood of occurrence) of accidents and their impacts
(orconsequences). Since the ranges of both factors are quite
broad, it is also useful to combine them to obtain average
measures of environmental risk. Such averages can be particularly
instructive as an aid to the comparison of radiological risks
associated with accident releases and with normal operational
releases.

A common way in which this combination of factors is used to
estimate risk is to multiply the probabilities by the conse-
quences. The resultant risk is then expressed as a number of
consequences expected per unit of time. Such a quantification
of risk does not at all mean that there is universal agreement
that peoples' attitudes about risk, or what constitutes an
acceptable risk, can or should be governed solely by such a
measure. At best, it can be a contributing factor to a risk
judgment, but not necessarily a decisive factor.

In Table 6.1.4-5 are shown average values of risk associated
with population dose, acute fatalities, latent fatalities, and
costs. These average values are obtained by suming the proba-
bilities multiplied by the consequences over the entire range of
distributions shown in Figures 6.1.4-3, -4, -5, and -6, respectively.
Since the probabilities are on a per-year basis, the averages shown
are also on a per-year basis.

.

The population exposure and latent cancer fatality risks may be
compared with those for normal operational releases shown in Section
4, Figures 4.9, 4.11 and Section 4.5.5. The comparison shows that
the accident risks are ten to twenty times larger when the possible
effectiveness of protective actions is discounted. Estimates of
risk reduction by evacuation of the public within the 10 mile emergency
planning zene show that the population exposure risks for accidents
can be reduced by a factor of ten to twenty so that the risks would
then be comparable to those for normal operational releases.

There are no acute fatality nor economic risks associated with
protective actions and decontamination for normal releases,
therefore, these risks are unique for accidents. For perspective
and understanding of the meaning of the acute fatality risk of
0.005 per-year, however, we note that to a good approximation the
population at risk is that within about 10 miles of the plant, about
9000 persons in the year 2000. Accidental fatalities per year for a
population of this size, based upon overall averages for the United
States, are approximately 2 from motor vehicle accidents, 0.7 fr(eg
falls, 0.3 from drowning, 0.3 from burns, and 0.1 from firearms.
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The economic risk associated with protective actions and decontam-
ination could be compared with property damage costs associated with
alternative energy generation technologies. The use of fossil fuels,
coal or oil, for example, would emit substantial quantities of sulfur
dioxide and nitrogen oxides into the atmosphere, and, among other
things, lead to envip mental and ecological damage through the phen-
omenon of acid rain.tpi This effect has not, however, been sufficiently
quantified to draw a useful comparison at this time.

There are other economic impacts and risks that can be monetized
that are r.ot included in the cost calculations discussed in Section 1

6.1.4.4. These are accident impacts on the facility itself that !

result in added costs to the public, i.e. , ratepayers, taxpayers, I

and/or shareholders. These are costs associated with decontamination
of the facility itself and costs for replacement power.

No detailed methodology has been developed for estimating the contribu-
tion to economic risk associated with cleanup and decontamination
of a nuclear power plant that has undergone a serious accident toward

i

either a decommissioning or a resumption of operation. Experience with !

such costs is currently being accumulated as a result of. the Three Mile |
Island accident. It is already clear however., that such costs can
approach or even exceed the original capital cost of such a facility.
As an illustration of the possible contribution to the economic
risk, if the probability of an accident serious enough to require
extensive cleanup and decontamination is taken as the sum of the -

nine categories in Table 6.1.4-2, i.e., about 5 chances in 10,000 ,

per year, and if the " average" decontamination cost for these nine |

categories is assumed to be one billion dollars, then the estimated i

economic risk would be about $500,000 per year. Currently most nuclear
plants are insured for $300 million.

1

!

The cost of replacement power is significantly affected by the point
in the lifetime of the plant at which a loss in electric generating
capability might occur. The cost is highest at the beginning of plant
operating life decreasing to zero at the end of life. For illustrative '

purposes, the costs and economic risk have been estimated for a
" worst case" situation for the 900 megawatt (electric) Sumer plant 1

by postulating a total loss ia the first year of a projected 30 year
operating life. Replacement power at 57 mils per KWh is assumed over
an eight year period before a new plant of like capacity can be put
into service. Using a 60% capacity factor, the annual cost of
replacement power would be $180 million per year for the eight year
period. Interest and depreciation charges for the new plant are
estimated at $77 million per year, representing the differential cost
of having to construct a new facility, and extending over the majority
of the lifetime of the original facility.

If the probability of sustaining a total loss of the original
facility is taken as the probability of occurrence of a core melt
accident (approximated by the sum of the probabilities for the
categories PWR-1 through 7 in Table 6.1.4-2), then the average
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contribution to economic risk that would result from an early life
loss of the Summer plant is about $10,000 per year during the eight
year replacement period and about $3000 per year for the balance of
the 30 year original lifetime.

6.1.4.7 Uncertainties

The foregoing probabilistic and risk assessment discussion has
been bosed pon the methodology presented in the Reactor Safety
Study (RS2) which was published in 1975.

In July 1977, the NRC organized an Independent Risk Assessment Review
Group to (1) clarify the achievements and limitations of the Reactor
Safety Study, (2) assess the peer comments thereon and the responses
to the comments, (3) stuoy the current state of such risk assessment
methodology, and (4) reconmend to the Commission how and whether
such methodology can be used in the regulatory and ligggsing process.
The results of this study were issued September 1978.\ / This report,

called the Lewis Report, contains several findings and recommendations
concerning the RSS. Some of the more significant findings are summar-
ized below.

1. A number of sources of both conservatism and nonconservatism in
the probability calculations in RSS were found, which were very
difficult to balance. The Review Group was unable to determine
whether the overall probability of a core-melt given in the RSS
was high or low, but they did conclude that the error bands
were understated.

2. The methodology, which was an important advance over earlier
methodologies that had been applied to reactor risk, was sound.

3. It is very difficult to follow the detailed thread of calcula-
tions through the RSS. In particular, the Executive Summary
is a poor description of the contents of the report, should not
be used as such, and has lent itself to misuse in the discussion
of reactor risk.

On January 19, 1979, the Commission issued a st?tement of policy
concerning the RSS and the Review Group Report. ihe Commission
accepted the findings of the Review Group.

The accident at Three Mile Island occurred in March 1979 at a time
when the accumulated experience record was about 400 reactor years.
It is of interest to note that this was within the rang g{ frequenciesIt shouldestimated by the RSS for an accident of this severity.
also be noted that the Three Mile Island accident has resulted in a
very comprehensive evaluation of reactor accidents like that one,
by a significant number of investigative groups both within NRC and
outside of it. Actions to improve the safety of nuclear power plants
have come out of these investigations, including those from the
President's Comnission on the Accident at Three Mile Island, and NRC
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staff investigations and task forces. A comprehensive "NRC Action
Plan Developed as a Result of the TMI-2 Accident," NUREG-0660,
Vol. I, hay 1980 collects the various reconmendations of these groups
and describes them under the subject areas of: Operational Safety;
Siting and Design; Emergency Preparedness and Radiation Effects;
Practices and Procedures; and NRC Policy, Organization and Management.
The action plan presents a sequence of actions, some already taken,
that will result in a gradually increasing improvement in safety as
individual actions are completed. The Summer plant is receiving and
will receive the benefit of these actions on the schedule indicated
in NUREG-0660. The improvement in safety from these actions has
not been quantified, however, and the radiological risk of accidents
discussed in this chapter does not reflect these improvements.

6.1.5 Conclusions

The foregoing sections consider the potential environmental impacts
from accidents at the Summer facility. These have covered a broad
spectrum of possible accidental releases of radioactive n.aterials
into the environment by atmospheric and groundwater pathways. Included
in the considerations are postulated design basis accidents and
more severe accident sequences that lead to a severely damaged reactor
core or core melt.

The environmental impacts that have been considered include potential
radiation exposures to individuals and to the population as a whole, >

the risk of near- and long-term adverse health effects that such
exposures could entail, and the potential economic and societal
conseque'nces of accidental contamination of the environment. These
impacts could be severe but the likelihood of their occurrence is
judged to be small. This conclusion is based on (a) the fact that
considerable experience has been gained with the operation of similar
facilities without significant degradation of the environment, (b) that,
in order to obtain a license to operate the Summer facility, it must
comply with the applicable Commission regulations and requirements
and be found capable of operation without undue risk to the public
health and safety, and (c) a probabilistic assessment of the risk
based upon the methodology developed in the Reactor Safety Study.
The overall assessment of environmental risk of accidents, assuming
protective action, shows that it is roughly comparable to the. risk
from normal operational releases although accidents have a potential
for acute fatalities and economic costs that cannot arise from
normal operations.

We have concluded that there are no special or unique circumstances
about the Sunmer site and environs that would result in different
or substantially greater environmental impacts than those from other
presently operating pressurized water nuclear power plants.
Therefore, on the basis of this analysis, no special or additional
engineered safety features are recommended for the Summer plant.
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TABLE 6.1.4-1

Approximate Radiation Doses from
Design Basis Accidents

Dose (rem) at 1 Mile
Duration

Infrequent Accidents of Release Whole Body Thyroid

Waste Gas Tank Failure <2hr. 0.04 nil

(1)
Small-Break LOCA hrs-days 0.02 < 0.001

(2)
Steam Generator Tube

Rupture <2hr. 0.04 < 0.001

Fuel Handling Accident <2hr. 0.10 < 0.005

Limiting Faults

Main Steam Line Bieak < 2 hr. 0.0005 < 0.001

Control Rod Ejection hrs-days 0.06 0.1

Large-Break LOCA hrs-days 0.60 < l .0

(1)
LOCA-Loss of Coolant Accident; the TMI-2 accident was one kind of a

small-break LOCA.

(2)
See flVREG-0651 (Reference 5) for descriptions of three steam generator

tube rupture accidents that have occurred in the United States.

< means "less than"

J
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TABLE 6.1.4 -2

SUMt4ARY Of ATMOSPHERIC RELEASE CATEGORIES REPRESENTING HYPOTHETICAL ACCIDENTS IN A PWR

(a)
f raction of Core Inventory Released

Release Probaliility (b) (c)Category ( rea c t o r-y r 'I) Xe-Kr I Cs-Rb Te-Sb Ba-Sr Ru La
(d)

-8 -3
PWR 1 5.1 x 10 0.9 0.7 0.4 0.4 0.05 0.4 3 x 10

-6 -3
PWR 2 7 x 10 0.9 0.7 0.5 0.3 0.06 0.02 4 x 10

-6 -3
PWR 3 2.3 x 10 0.8 0.2 0.2 0.3 0.02 0.03 3 x 10

-11 -3 -3 -4
PWR 4 2.1 x 10 0.6 0.09 0.04 0.03 5 x 10 3 x 10 4 x 10

m -8 -3 -3 -3 -4 -5
g PWR 5 5 x 10 0.3 0.03 9 x 10 5 x 10 1 x 10 6 x 10 7 x 10

-7 -3 -4 -3 -5 -5 -5
PWR 6 6 x 10 0.3 3 x 10 8 x 10 1 x 10 9 x 10 7 x 10 1 x 10

-5 -3 -5 -5 -5 -6 -6 -7PWR / 4 x 10 6 x 10 4 x 10 1 x 10 2/x 10 1 x 10 1 x 10 2 x 10

-5 -3 -4 -4 -6 -8
PWR 8 4 x 10 2 x 10 1 x 10 5 x 10 1 x 10 1 x 10 0 0

-4 -6 -7 -7 -9 -11 0 0
PWR 9 4 x 10 3 x 10 1 x 10 6 x 10 1 x 10 1 x 10

(a) Background on the isotope groups and release mechanisms is presented in Appendix VII, WASH-1400 (Ref.8 J.

(b) Includes Ru, Rh, Co, Mo, Tc.

(c) Includes Y, La, Zr, Nb, Ce, Pr, Nd, Np, Pu, Am, Cm.

(d) Current understanding of the phenomenon of containment failure by steam explosion
enbodied in this release category indicates that this probability should be lower
than stated.

NOTE: Please refer to Section 6.1.4.6 for a discussion of uncertainties in risk estimates.

_ . - - - - - - - - - - - -. - - -- -- .- -



_ _ _

TABLE 6.1.4-3

, Activity of Radionuclides in the Summer Reactor Core at 2775 MW2

Group Radioactive Inventory

Radionuclide in Millions of Curies Half-Life (days)

A. NOBLE GASES

4-
Krypton-85 0.49 3,950
Krypton-85m 21 0.183
Krypton-87 41 0.0528
Krypton-88 59 0.117
Xenon-133 150 5.28
Xenon-135 29 0.384

8. 10 DINES

Iodine-131 74 8.05
Iodine-132 100 0.0958
Iodine-133 150 0.875
Iodine-134 160 0.0366
Icdine-135 130 0.280

C. ALKALI METALS

Rubidium-86 0.023 18.7
Cesium-134 6.5 750
Cesium-136 2.6 13.0
Cesium-137 4.1 11,000

D. TELLURIUM-ANTIMONY

Tellurium-127 5.1 0.391
Tellurium-127m 0.95 109
Tellurium-129 27 0.048
Tellurium-i29m 4.6 34.0
Tellurium-131m 11 1.25
Tellurium-132 100 3.25
Antimony-127 5.3 3.88
Antimony-129 29 0.179

E. ALKALINE EARTHS

Strontium-89 82 52.1
Strontium-90 3.2 11,030
Strontium-91 95 0.403
Barium-140 140 12.8

F. f;05LE METALS

Cobalt-58 0.68 71.0
Cobalt-60 0.25 1,920
Molybdenum-99 140 2.8
Technetium-99m 120 0.25
Ruthenium-103 95 39.5
Ruthenium-105 62 0.185
Ruthenium-106 22 366
Rhodium-105 42 1.50
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Table 6.1.4 3 (Cont.) ;

Activity of Radionuclides in the Summer Reactor i
Core at 2775 MWt i

Group Radioactive Inventory
Radionuclide in Millions of Curies Half-Life (days)

G. RARE EARTHS, REFRACTORY
,

OX1 DES AND TRANSURANICS l

Yttrium-90 3.4 2.67
Y ttrium-91 100 59.0
Zirconium-95 130 65.2
Zirconium-97 130 0.71 i
Niobium-95 130 35.0 |

Lanthanum-140 140 1.67 ;
Cerium-141 130 32.3

|Cerium-143 110 1.38 -

Ce rium-144 74 284
Praseodymium-143 110 13.7 i

Neodymium-147 52 11.1
Neptunium-239 1420 2.35
Plutonium-238 0.049 32,500
Plu tonium-239 0.018 8.9 x 106
Plutonium-240 0.018 2.4 x 106
Plutonium-241 2.9 5,350
Americium-241 0.0015 1.5 x 105
Curium-242 0.43 163
Curium-244 0.020 6,630

NOTE:.The above grouping of radionuclides corresponds to that in Table 6.1 4-1

.

6-26



TABLE 6.1.4-4

SUMMARY OF ENVIRONMENTAL IMPACTS AND PR0bABILITIES

Probability Persons Persons Acute Population Latent * *
of Impact Exposed Exposed Fatalities Exposure Cancers Cost of Offsite
Per Year over 200 rem over 25 rem Millions of man-rem 50 mij Mitigating Actions

50/mi/ Total Total Millions nf On11are

10-4 <1 <1 <1 4 0.001 <30 <.001

-5
10 <l <l <l 0.3 <30 80

-65 x 10 750 8,000 20 70/100 7,500/15,000 200,

$$

-6
10 5,000 60,000 700 150/200 15,000/22,500 1,000

10-7 20,000 150,000 8,000 200/300 27,000/33,000 2,000

-8 200,000 60,000 3,00010 --- ------

Rel ated
Figure 6.1.4-2 6.1.4-2 6.1.4-4 6.1.4-3 6.1.4-5 6.1.4-6

il i l
exposures and acute fatalities to small fractions of the numbonable 0n.tective actions would reduce the rad o og caNo protective actions are assumed except for cost impacts. Kea ro*

ers sho
Thirty times the values shown in the* * Genetic effects would be approximately twice the number of latent cancers.

Figure 6.1.4-b are shown in this column retlecting tne tnirty year period over which they might occur.
NOTE: Please refer to Section 6.1.4.6 for a discussion of uncertainties in risk estiniates.



,

4

)
TABLE 6.1.4-5

ANNUAL AVERAGE VALUES OF ENVIRONMENTAL RISKS-

DUE TO ACCIDENTS

Population exposure

man-rem within 50 miles 700

man-rem total 1300

Acute Fatalities 0.005
;

] Latent cancer fatalities 0.1

!

Cost of protective actions

and decontamination $4700

,

1

|>

1

l
,

|

NOTE: Please see Section 6.1.4.6 tor discussion of uncertainties in risk estimates.
<
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Weather Data
($)

u

9elease Cateoories Atmescheric
Dispersion (P )

Dosimetry--*
--* Healtn Effects

(P)
Cloud Depletion *

Population-+

(Si
4Ground

Contamination

Ev tion

Figure 6.1.4-1 schematic outune of Con =quene. Moder

(P) Indicates elements treated probabilistically.

(S) Indicates elements using site-specific data.
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9. CONCLUSIONS AND RE-EVALUATED BENEFIT-COST BALANCE

The staff has re-evaluated the environmental costs of the Virgil C. Summer
Nuclear Station Unit No.1 in light of the potential environmental impacts
from accidents at the facility, including severe accident sequences that lead
to a severely damaged reactor core or core melt. The annualized risks of such
accidents (the product of the consequences of associated releases and the
probability of their occurrence) were compared to the risks associated with
routine operation, which were considered in the Draft Environmental Statement.
Based on its consideration of all the material set forth in Section 6.1,
giving due consideration to both the consequences of releases that may be
associated with accidents and to the probability of occurrence of such
releases, the staff concludes that the environmental risks considered in this
supplement do not change the results of the cost-benefit balance contained
in the Draf t Environmental Statement (Section 9).
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