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EXECUTIVE SUMMARY

The term "“severe accident" refers to those events which are
"beyond the substantial coverage of design basis events" and
includes those for which there is substantial damage to the reactor
core whether or not there are serious offsite consequences'.

The Nuclear Regulatory Commission (NRC), in satisfaction of its
severe accident safety requirements and guidance, is reguiring for
new reactor designs, such as the System 80+ Standard Design, among
other things, the evaluation of Design Alternatives (DAs) to reduce
the radiological risk from a severe accident by preventing
substantial core damage (i.e., preventing a severe accident) or by
limiting releases from the containment in the event that
substantial core damage occurs (i.e., mitigating the impacts of a
severe accident).

The National Environmental Policy Act (NEPA) requires the
consideration of reasonable alternatives to proposed major Federal
actions signiricantly affecting the quality of the human
environment, including alternatives to mitigate the impacts of the
proposed action. In 1989, a Federal Court of Appeals determined
that NEPA required consideration of certain Design Alternatives;
namely, Severe Accident Mitigation Design Alternatives (SAMDAs).
(Limerick Ecology Action v. NRC, 869 F.2d 719, 3rd Cir. 1989). The
court indicated that "[SAMDAs)] are, as the name suggests, possible
plant design modifications that are intended not to prevent an
accident, but to lessen the severity of the impact of an accident
should one occur." Id. at 731. The court rejected the use of a
policy statement as an acceptable basis for closing out NEPA
consideration of SAMDAs in a licensing proceeding, because, among
other things, it was not a rulemaking. Id. at 739.

Recently, the NRC staff expanded the concept of SAMDAs to encompass
Design Alternatives to prevent severe accidents, as well as
mitigate them™. By doing so, the staff makes the set of SAMDAs
considered under NEPA the same as the set of alternatives to
prevent or mitigate severe accidents considered in satisfaction of
the Commission’s severe accident requirements and policy.

This document provides the technical basis for determining the
status of severe accident closure under NEPA for the System 80+
design. The report concludes that there is an adequate technical
basis for closure of severe accidents under NEPA for the System 80+
design. The basis and conclusions are expected to be codified in
the form of proposed amendments to 10 CFR Part 51. The amendments
would privide that:

(1) For the System 80+ design, all reasonable steps have been
taken to reduce the occurrence of a severe accident invelving
substantial damage to the core and to mitigate the
consequerces of such an accident should one uccur,
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(2)

(3)

No cost-effective SAMDAs to the System 80+ design have been
identified to prevent or mitigate the consequences of a severe
accident involving substantial damage to the core, and

No further evaluation of severe accidents for the System 80+
design, including SAMDAs to the design, is required in any
envireonmental report, environmental assessment, environmental
impact statement or other environmental analysis prepared in
connection with issuance of a combined license for a nuclear
power plant referencing the System 80+ design.



1.0 INTRODUCTION
1.1 Background

The term "severe accident" refers to those events that are "beyond
the substantial coverage of design basis events" and includes those
for which there is substantial damage to the reactor core whether
or not there are serious offsite consequences”. The Nuclear
Regulatory Commission (NRC), in satisfaction of its severe accident
safety requirements, is requiring for new reactor designs, such as
the System 80+, among other things, the evaluation of Design
Alternatives (DAs) to reduce the radiological risk from a severe
accident by preventing substantial core damage (i.e., preventing a
severe accident) or by limiting releases from the containment in
the event that substantial core damage occurs (i.e., mitigating the
impacts of a severe accident).

The Commission’s severe accident safety requirements for new
reactor designs are set forth in 10 CFR Part 52, §52.47(a) (1) (ii),
(iv) and (v). Paragraph 52.47(a) (1) (ii) references the Commission’s
Three Mile Island safety requirements in §50.34(¢). Paragraph
52.47(a) (1) (iv) concerns the treatment of unresolved safety issues
and generic safety issues. Paragraph 52.47(a)(l)(v) requires the
performance of a design~specific Frobabilistic Risk Assessment
(PRA) . The Commission’s Severe Accident Policy Statement elaborates
what the Commission is requiring for new designs. The Commission’s
Safety Goal Polizy Statement” sets goals and objectives for
determining an acceptable level of radiological risk.

As part of its application for certification of the System 80+
design, ABB-CE has prepared a Standard Safety Analysis Report -
Design Certification (System 80+ CESSAR-DC"). Chapter 19 of the
System 80+ CESSAR~-DC, "Probabilistic Risk Assessment", demonstrates
how the System 80+ design meets the Commission’s severe accident
safety requirements and policies. 1In particular, Chapter 19
includes:

(1) Identification of the dominant severe accident sequences
and associated source terms for the System 80+ design,

(2) Descriptions of modifications that have been made to the
System 80+ design, based on the results of the
Probabilistic Risk Assessment (PRA), to prevent or
mitigate severe accidents and reduce the risk of a severe
accident,

(3) Bases for concluding that "all reasonable steps [have
been taken] to reduce the chances of occurrence of a
severe accident involving substantial damage to the
reactor core and to mitigate the consequences of such an
accident should one occur," (Severe Accident Policy
Statement, 50 Fed. Reg. 32,139), and



(4) Bases for concluding that System 80+ meets the Commission’s
safety goals and objectives as set forth in the Safety Goal
Policy Statement.

Consequently, the conclusions are drawn in Chapter 19 that further
modifications to the System 80+ design to reduce severe accident
risk are not warranted. The National Environmental Policy Act
(NEPA) requires the consideration of reasonable alternatives to
proposed major Federal actions significantly affecting the guality
of the human environment, including alternatives to mitigate the
impacts of the proposed action. In 1989, a Federal Court of Appeals
determined that NEPA required consideration of certain Design
Alternatives; namely, Severe Accident Mitigation Design
Alternatives (SAMDAs).(Limerick Ecclogy Action v. NRC, 869 F.2d
719, 3rd Cir. 1989). The court indicated that "[SAMDAs) are, as the
name suggests, possible plant design modifications that are
intended not to prevent an accident, but to lessen the severity of
the impact of an accident should one occur" (Id. at 731). The court
rejected the use of a policy statement as an acceptable basis for
closing out NEPA consideration of SAMDAs in a licensing proceeding,
because, among other things, it was not a rulemaking (Id. at 739).

Subsequent to the Limerick decision, the NRC issued Supplemental
Final Environmental Impact Statements for the Limerick and Comanche
Peak facilities that considered whether there were any cost-
effective SAMDAs that should be added to these facilities
("NEPA/SAMDA FES Supplements"). On the basis of the evaluations in
the supplements (called "NEPA/SAMDA evaluations"), the NRC
determined that further modifications would not be cost-effective
and were not necessary in order to satisfy the mandates of NEPA.

In recognition of the Limerick decision, the Commission is
requiring NEPA consideration in 10 CFR Part 52 licensing of whether
there are cost-effective SAMDAs that should be added to a new
reactor design to reduce severe accident risk. While this
consideration could be done later on a facility-specific basis for
each combined license application under Subpart C to 10 CFR Part
52, the Commission has decided that maintenance of design
standardization will be enhanced if this is done on a generic basis
for each standard design in conjunction with design certification
(SECY-91~-229") . That is, the Commission has decided to resolve the
NEPA/SAMDA question through rulemaking at the time of certification
in a so-called unitary proceeding, rather than in the context of
later licensing proceedings.

Recently, the NRC Staff expanded the definition of SAMDAs to
encompass Design Alternatives to prevent severe accidents, as well
as mitigate them™. By doing so, the Staff makes the set of SAMDAs
considered under NEPA the same as the set of DAs to prevent or
mitigate severe accidents considerea in satisfaction

of the Commission’s severe accident requirements and policies.



1.2 Purpose

The purpose of this technical support document is to provide a
basis for determining the status of severe accident closure under
NEPA for the System 80+ design. The document supports a
determination, which could be codified in a manner similar to the
format of the Waste Confidence Rule (10 CFR § 51.23), as proposed
amendments to 10 CFR Part 51. These amendments would provide that:

(1) For the System 80+ design all reasonable steps have been
taken to reduce the occurrence of a severe accident
involving substantial damage to the core and to mitigate
the consequences of such an accident should one occur.
Additionally, all reasonable steps were taken to reduce
the radiological environmental impacts from normal
reactor operations, including expected operational
occurrences, to As Low As Reasonably Achievable (ALARA).
(See Appendix 19A of the System 80+ CESSAR-DC),

(2) No further cost-effective SAMDAs to the System 80+ design
have been identified to mitigate the consequences of or
prevent a severe accident involving substantial damage to
the core, and

(3) No further evaluation of severe accidents for the System
80+ design, including SAMDAs to the design, is required
in any environmental report, environmental assessment,
environmental impact statement or other environmental
analysis prepared in connection with issuance of a
combined license for a nuclear power plant referencing
the System 80+ design.

The evaluation presented in this document is modeled after that
found in the NEPA/SAMDA Final Environmental Statement (FES)
Supplements for the Limerick™ and Comanche Peak” facilities.
Additional information concerning the radiological risk from severe
accidents for the System 80+ design presented in this document is
based on Chapter 19 of the System 80+ CESSAR-DC and Appendix 19A to
CESSAR-DC.

1.3 Description of Technical Support Document

Section 2.0 of this report provides an overview of the radiological
risks from nuclear power plants and evaluations of SAMDAs under
NEPA. Section 3.0 provides a NEPA/SAMDA evaluation of the
radiological risks from normal operations and severe accidents for
the System 80+ design. Chapter 4.0 presents the discussion and
results of the cost-effectiveness evaluation of the potential SAMDA
modifications. Section 5.0 presents the summary and conclusions,
and references are included in Section 6.0.
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2.0 EVALUATIONS OF RADIOLOGIC RISK _FR CLE T8
2.1 Evaluation of SAMDAs under NEPA and Limerick Ecology Action
Limerick Ecology Action stands for two propositions., First, NEPA

requires explicit consideration of SAMDAs unless the Commission
makes a finding that the severe accidents being mitigated are
remote and speculative. Second, the Commission may not make this
finding and dispose of NEPA consideration of SAMDAs by means of a
pelicy statement. The purpose of evaluating SAMDAs under NEPA is to
assure that all reasonable means have been considered to mitigate
the impacts of severe accidents that are not remote and
speculative. As discussed above, the Commission has indicated that
it will resolve the NEPA/SAMDA issue for a new reactor design in
the same proceeding, called a unitary proceeding, in which it
certifies that design.

The Commission’s Severe Accident and Safety Goal policy statements
require the Commission to make certain findings about each new
reactor design. For evolutionary designs, of which the System 80+
is one, this must be done by the Staff in conjunction with issuance
of Final Design Approval (FDA) and by the Commission in conjunction
with design certification. First, the Commission must find that an
evolutionary plant meets the safety goals and objectives; i.e.,
that the radiological risk from operating an evolutionary plant
will be acceptable, meaning that any further reduction in risk will
not be substantial.

Second, the Commission mus* find that all reasonable means have
been taken to reduce severe :ccident risk in the evolutionary plant
design. As part of the basi. for making this finding, the cost-
effectiveness of risk reduction alternatives of a preventive or
mitigative nature must be evaluated.

Chapter 19 of the S5ystem 80+ CESSAR~-DC demonstrates that these
findings can be made for the System 80+ design. Given the nature
and findings of these severe accident and safety goal evaluations,
ABB-CE believes that a sufficient basis exists for finding by rule
that further consideration of severe accidents, including
evaluation of SAMDAs pursuant to NEPA, is neither necessary nor
reasocnable.

2.2 Cost/benefit Standard for NEPA Evaluation of SAMDAs

The Limerick decision interpreted NEPA to require evaluation of
SAMDAs for their risk reduction potential. In implementing the
court’s decision, the NRC considered the cost-effectiveness of each
candidate SAMDA in mitigating the impact of a severe accident,
using the $1,000 per person-rem averted standard., This standard is
a surrogate for all offsite consequences.

The basic approach in this study is to rank the SAMDAs in terms of
their cost-effectiveness in mitigating the impact of a severe



accident. The criterion applied is the $1,000 per person-rem
averted standard, which is what the Commission has historically
used in distinguishing among, and ranking, Design Alternatives,
including SAMDAs.

The Commission has used this standard in the context of both safety
and NEPA analyses. For example, in the context of safety analysis,
the standard has been used to perform evaluations associated with
implementation of 10 CFR Part 50, Appendix I; the Safety Goal
Policy Statement; the Severe Accident Policy Statement; and §
50.34(f) requirements. In the context of environmental analysis, it
has been used in the Limerick and Comanche Peak NEPA/SAMDA FES
Supplements®” and in NUREG-1437%,

As indicated above, the Commission is preparing a Generic
Environmental Impact Statement for License Renewal of Nuclear
Plants. The draft statement, NUREG-1437, makes clear that the use
of this standard in the evaluation of severe accident risk
reduction alternatives, which include SAMDAs, is acceptable (see
NUREG-1437, p. 5-108). Additionally, Appendix I determinations are
used to satisfy NEPA requirements with respect to radiological
impacts from normal operations.

On the basis of these considerations, the cost/benefit ratio of
$1,000 per person-rem averted is viewed as an acceptable standard
for the purposes of evaluating SAMDAs under NEPA,

2.3 Bocio~kEconomic Risks for Severe Accidents

As discussed above in Section 2.2, the Commission uses the
$1,000/person-rem averted standard as a surrogate for all offsite
consequencesm. However, Environmental Impact Statements (EIS) for
nuclear power plants provide separate, general discussions of the
socio-economic risks from severe accidents. In keeping with this
precedent, ABB-CE is providing a general discussion of socio-
economic risks for the System 80+ design, based in large measure on
the discussion of such risks in NUREG~1437.

The term "socio-economic risk from a severe accident" means the
probabilitv of a severe accident multiplied by the socio-economic
impacts of a severe accident. "Socio-economic impacts," in turn,
relate to offsite costs. The offsite costs considered in
NUREG-1437 are:

- Evacuation costs

w Value of crops or milk contaminated and condemned

- Costs of decontaminating property where practical

- Indirect costs due to the loss of the use of property or
incomes derived therefrom (including interdiction to
prevent human injury), and

- Impacts in wider regional markets and on sources of
supply outside the contaminated area.

- G -
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NUREG-1437 estimated the socio-economic risks from severe
accidents. The estimates were based on 27 FESs for nuclear power
plants that contain analyses considering the probabilities and
consequences of severe accidents. For these plants, the offsite
costs were estimated to be as high as $6 billion to $8 billion
dollars for severe accidents with a probability of once in one
million operating years of occurring. Higher costs were estimated
for severe accidents with much lower probabilities. The projected
cost of adverse health effects from deaths and illnesses were
estimated to average about 10-20% of offsite mitigation costs and
were not included in the $6-%8 billion dollar estimate.

Another source of costs, which NUREG-1437 indicated could reach
into the billions of dollars, was costs associated with the
termination of economic activities in a contaminated area, which
would create adverse economic impacts in wider regional markets and
sources of supplies outside the contaminated area. The predicted
conditional land contamination was estimated to be small

(10 acres/year at most).

NUREG-1437 provides the bases for concluding that the socio~-
economic risks from severe accidents are predicted to be small and
the residual impacts of severe accidents so minor that detailed
consideration of mitigation alternatives is not warranted (56 Fed.
Reg. 47,016, 47,019, 47,034-35, September 17, 1991).



3.0 RADIOLOGICAL RISK FROM NORMAL OPERATIONS AND SEVERE ACCIDENTS
IN PLANTS OF SYSTEM 80+ DESIGN

3.1 Radiological Risk from Normal Operations of a System 80+ Plant

Sections 50.34a and 50.36a of 10 CFR Part 50 require, in effect,
that nuclear power reactors be designed and operated to keep levels
of radioactive materials in gaseous and liguid effluents during
normal operations, including expected operational occurrences, "As
Low As Reasonably Achievable (ALARA)". Compliance with the
guidelines in Appendix I to 10 CFR Part 50 is deemed a conclusive
showing of compliance with these ALARA requirements.

In addition to specifying numerical 1limits, Appendix I also
requires an applicant to include in the radwaste system "all items
of reasonably demonstrated technology that, when added to the
system sequentially and in order of diminishing cost/benefit
return, can, for a favorable cost/benefit ratio, affect reductions
in dose to the population reasonably expected to be within 50 miles
of the reactor." The standard to be used in making this assessment
is the cost/benefit ratio of $1,000 per person-rem averted.

The System 80+ design complies with the guidance of Appendix I, as
documented in Chapter 12 of the System 80+ CESSAR-DC. Consequently,
further consideration of alternatives to reduce the radiological
risks from normal operation of a plant of System 80+ design is not
warranted in order to satisfy NEPA. Moreover, the radiological
impacts from normal operation of a System 80+ standard plant are
environmentally insignificant.

Non-radiological impacts from operation of a System 80+ plant
include those from the site-specific circulating system that
removes heat from the reactor (e.g., cooling towers, cooling lakes,
etc.), intake systems for the water in the circulating systems,
discharge systems for the water in the circulating system, biocide
treatment in circulating water to prevent fouling by organisms,
chemical waste treatment and disposal, sanitarv waste treatment
system, and electrical transmission facilities. Each of these
systems is part of that portion of the System 80+ design that is
not being certified because it is site-specific, although it may
interface with the certified portion. It may be appropriate to
consider DAs for non-radiological systems under NEPA. However, the
choice of alternative will not have an effect on that portion of
the System 80+ design that is being certified.

3.2 8evere Accidents in Plants of System 80+ Design

Chapter 19 of the System 80+ CESSAR-DC, "Probabilistic Risk
Assessment ,™ establishes that the Commission’s severe accident
safety requirements have been met for the System 80+ design,
including treatment of internal and external events, uncertainties,
performance of sensitivity studies, and support of conclusions by
appropriate deterministic analyses and the evaluations required by
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10 CFR §50.34(f). It also establishes that the Commission’s safety
goals have been met.

Specifically, the following topics were addressed in Chapter 19:

(1) Consideration of the contributions of internal events (Section
19.4), Shutdown events (Section 19.8) and external events
(Section 19.7) to severe accident risks, including a seismic
rigk analysis based on the application of the seismic margins
methodelogy (Section 19.7.5),

(2) 1Identification of the System 80+ dominant accident sequences,

(3) Identification of severe accident risk reduction features
which were included in the System 80+ design to achieve
accident prevention and mitigation (Section 19.15.1), and

(4) Consideration of additional modifications, evaluated in
accordance with §50.34(f) (1) (Appendix 19A).

Appendix 19A of CESSAR-DC presents the bases for concluding that
further modifications to the System 80+ design are not warranted in
order to reduce the risk of a severe accident through the addition
of design features to prevent or mitigate a severe accident.

Chapter 19 of CESSAR-DC addresses how the goals of the Severe
Accident Policy Statement have been met for plants of System 80+
design. These goals include:

Prevention of core damage,

’ Frevention of early containment failure for dominant
accident sequences,
Evaluation of the effects of hydrogen generation,
Heat removal to reduce the probability of containment
failure,
Prevention of hydrogen deflagratior. and detonation
Offsite dose, and
Containment conditional failure probability.

Specific conclusions concerning severe accidents for the System 80+
design based on the Chapter 19 evaluations are as follows:

(1) Core Damage Fregquency. The System 80+ total core damage
frequency, including the scoping values for fire and flood,

was determined to be 2.8E-6 per reactor year (Table
19.15.4~2 ).

(2) Conditional Containment Failure Probability. The conditional

containment failure probability was shown to be 0.02 (Section
19.12.2.3). This is significantly below the goal of 0.1,

(3) Probability of Large Offsite Dose. The probability of

exceeding a whole body dose of 25 rem at a distance of one-




half mile from the System 80+ design site boundary was
determined to be less than 5.3E-8 per reactor year (Section
19.13), and

(4) Residual Radiological Risk. Residual radiological risk from
severe accidents in plants of System 80+ design is summarized
in Table 19A.4-3 of Appendix 19A of CESSAR-DC. The cumulative
exposure risk to the population within 50 miles of the plant
of System 80+ design site boundary is approximately 16.9
person-rem for an assumed plant life of 60 years.

3.3 DPominarc Severe Accident Sequences for Plants of System
80+ Drsign

In perfcrming the Probabilistic Risk Assessment (PRA) for the
System 80+ design, many severe accident sequences were identified
and evaluated . For each sequence, the analysis identified an
initiating event and traced the accident’s progression to its end.
For sequences involving core damage, conditional containment
failure probabilities and offsite consequences were estimated. The
accident scenarios were binned according to radiological release
(source term) parameters, and twenty-three release classes were
defined and guantified. The dominant cases in terms of offsite
risk are containment Lypass sequences. Table 19A.4-1 of Appendix
19A of CESSAR-DC defines the release classes. The complete
radiological consequence analysis of the dominant sequences can be
found in Section 19.1% of CESSAR-DC,

ABB-CE believes that the severe accident analysis in Chapter 19 of
CESSAR-DC provides a sufficient basis for the Commission to find
that System B0+ core damage sequences that are not dominant can be
deemed remote and speculative.

3.4 Overall Conclusions from Chapter 19 of CESSAR-DC

The specific conclusions about severe accident risk discussed above
support the overall conclusion that the environmental impacts of
severe accidents for plants of System 80+ design represent a low
risk to the population and to the environment. For the System 80+
design, all reascnable steps have been taken to reduce the
occurrence of a severe accident involving substantial damage to the
core and to mitigate the consequences of such an accident should
one occur. No further cost-effective modifications to the System
80+ design have been identified to reduce the risk from a severe
accident involving substantial damage to the core. No further
evaluation of severe accidents for the System 80+ design is
required to demonstrate compliance with the Commission’s severe
accident requirements or its policy or safety goals.
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4.0 COST/BENEFIT EVALUATION OF SAMDAS FOR PLANTS OF SYSTEM 80+
DESIGN

Appendix 19A of the System 80+ CESSAR-DC considered whether the
System 80+ design should be modified in order to prevent or
mitigate the consequences of a severe accident in satisfaction of
the NRC’s severe accident requirements in 10 CFR Parts 50 & 52 and
the Severe Accident Policy Statement. The cost/benefit evaluation
of SAMDAs to plants of System 80+ design used the expanded
definition of SAMDAs set forth in NUREG-1437, i.e., DAs that could
prevent and/or mitigate the consequences ~f a severe accident.

4.1 Cost/Benefit Standard for Evaluation of System 80+ SAMDAs

As discussed in Section 2.2 above, the cost/benefit ratio of $1,000
per person-rem averted is viewed by the NRC and the nuclear
industry as an acceptable standard for the purposes of evaluating
SAMDAs under NEPA. This standard was used as a surrogate for all
offsite costs in the cost/benefit evaluation of SAMDAs to plants of
System 80+ design. Averted Onsite Costs (AOCs) were incorporated
for SAMDAs that were at least partially preventive in nature.
Onsite costs resulting from a severe accident include replacement
power, onsite cleanup costs, and economic loss of the facility. The
equation used to determine the cost/benefit ratio is:

Cost/Benefit = [cost - * e
Ratio ($/per.-rem) 60y * reduction in person-rem/y

A plant lifetime of 60 years was assumed to maximize the reduction
in residual risk. This equation neglects any additional costs
assocliated with the maintenance and testing of the additional DAs.
It also neglects the time effect on the cost of capital.
Assessments of AOCs are provided for information only. It is ABB-
CE’s position that the NRC is not required to account for these
costs,

The Design Alternative evaluation followed the format and procedure
used by the NRC in evaluating DAs for Limerick™. The DAs were
evaluated in terms of cost/benefit where the cost of the additional
equipment is compared with the savings in terms of a reduced
exposure risk to the general population in person-rems per year.
The risk of the base System 80+ design is described in Section
19.15 of CESSAR~DC.

4.2 Risk Reduction
Risk (person-rem/year) in this analysis is the product of the
frequency of core damage for each type of accident (events/y) times

the consequence of the accident (person-rem/event). The total risk
is the sum of the risks from all types of accidents. For each DA,

w A0 -
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the reduction in total risk is the difference between the risk of
the base System 80+ design and the risk with the DA added.

Risk is defined as the product of frequency and consequence. The
frequency of core damage for various accident sequences are
calculated. These sequences are then grouped ("binned") into
release classes depending on the timing of the accident and the
conditions of the core, vessel, containment, and release
characteristics for the sequence. Each DA is evaluated in terms of
how it might affect each release class. For this analysis it is
assumed that each DA is perfect, that is, if ins*alled it
eliminates all failures associated with the systems for which it is
designed to be an alternative or addition. This implies that each
DA is also tied to perfect support systems. This is a conservative
upper limit approach since it overestimates the benefits associated
with any design addition. If a DA is cost beneficial using this
screening approach, then a more detailed analysis could be
performed.

The DAs can be divided into two groups. One group prevents core
damage and the other group protects the containment or reduces the
releases. For the DAs that prevent core damage, the freguency of
affected release classes was decreased based on the sequences that
were binned and the risk reduction was calculated. For example, an
Alternative Pressurizer Auxiliary Spray (DA B3) is assumed to
eliminate all core melt risk of a Steam Generator Tube Rupture
(SGTR) by always getting the plant depressurized and into shutdown
cooling. Therefore, the frequency of core damage for the Plant
Damage States (PDSs) with failure to cooldown aggressively was
reduced to zero and a risk reduction was calculated.

Some DAs protect the containment or reduce the amount of
radicactive mate-ial that is released in an accident. These DAs
reduce the consequences of the accident and, therefore, reduce the
risk (risk = frequency x conseguence). Using the S80SOR, a
modified version of the ZISOR Code, the consequence in terms of
dose to the general population is calculated for the ALWR site.
The ALWR site was described in the May 1989 version of the KAG™ and
was to represent 80% of the potential sites. The site was an
existing site in South Carolina with the population increased to
represent most potential sites'”. For DAs that prevent containment
failure, the releases were assumed to be reduced to zero, and the
risk was reevaluated,

4.3 Cost Estimates

In order to evaluate the =2ffectiveness of the DAs, the benefits
were compared to the costs of the DAs. Conservatively low cost
estimates were made for each potential modification. These costs
represent the incremental costs that would be incurred in
incorporating the alternative in a new plant. The cost estimate for
each of the modifications is given where the modification is
discussed.
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The cost estimates were intentionally biased on the low side, but
all known or reasonably expected costs were accounted for in order
that a reasonable assessment of the minimum cost would be obtained.
Actual plant costs are expected to be higher than indicated in this
evaluation. All costs for the DAs are in 1993 U.S. dollars.

The analysis presented here conservatively neglects any annual
costs associated with the operation of the DAs. These DAs would
have to be tested and maintained at regular intervals. Regular
training would also be required. In a more detailed analysis, such
costs would be converted to an annual ceost and be used to reduce
the annual benefits.

4.4 Averted Onsite Cost

For the plant modifications that reduced the Core Damage Freguency
(CDF), the annual benefit was increased by an amount proportioned
to the present worth of the reduction in risk of Averted Onsite
Costs (AOCs) and dose reduction to the general public.
Modifications that reduced the probability of containment failure,
or reduced the amount of fission products leaving the site, were
assumed to have no significant AOC reduction.

AOC included replacement power costs, direct accident costs
(including cleanup), and the economic loss of the plant. Credit is
given for property anl replacement-power insurance. Evaluation of
the AOC includes the iollowing considerations:

1) The replacement power costs used ($386,000/day) is a
replacement power cost for the Palo Verde Reactor (a
System 80 plant) averaged cor 1993 as predicted by ANL%,
This cost is applied for a three-year period because it
is assumed that the utility will contract with another
producer prior to expiration of that period for power at
a comparable cost as that incurred for the nuclear plant.
Currently, Independent Power Producers (IPPs) can build
new facilities in approx‘matelly 12 months and IPP
capacity and energy rates are competitive relative to
nuclear plant rates. Therefore, a three~-year replacement
power period is a reasonable assumption. Replacement
power costs are estimated at $423 Million (M) per year
but will be partially offset by total replacement power
insurance of $365M%Y,

2) Direct accident costs, including cleanup costs, were
assumed to be $2 Billion (B). This is partially offset
by the primary and excess nuclear-property insurance of
$1.625B""",  Most new, large plants and publicly owned
plants carry the maximum amount of coverage. The NRC
requires the plant owners to carry over $1B of private
coverage.
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3) The economic value of the facility at the time of the
accident was calculated assuming that the initial plant
invested cost was $1.4B based on DOE cost guidelines. It
is also assumed that a straight line depreciation value
is used over a twenty-year period and the accident is
equally probable during any year in the plant’s sixty
year life. The economic value of the plant averages
$233M and is assumed lost The inclusion of both the
value of the plant and its output (replacement power) is
conservatively exaggerate the size of the AOC,

The total AOC is estimated at $666M. This figure neglects the
credits for premature decommissioning insurance and/or elimination
of annual capital expenditures. Such credits would further reduce
the AOC.

4.5 Cost Benefit Comparison

As described in Section 4.2, the benefit of a DA is a risk
reduction, which was evaluated in terms of reduced exposure of the
general population (in units of person-rem/y). The cost of
additional equipment is in dollars, a one-time initial capital
cost. To compare these two numbers, a common measure must be used.
In this analysis, the risk reduction was converted to a single
capital benefit which can be directly compared with the capital
cost.

The benefits of a particular DA were defined as the risk reduction
to the general public. Offsite factors evaluated were limited to
whole body dose to the general public. Consistent with the
standard used by the NRC to evaluate radiological impacts, health
and economic effects costs were evaluated based on a value of
$1,000 per offsite person-rem averted'” due to the design
modification.

The offsite costs for other items, such as relocation of local
residents, elimination of land use and decontamination of
contaminated land are considered as part of the $1000/person-rem
figure. Economic losses, replacement power costs and direct
accident costs incurred by the plant owner are not considered in
this evaluation.

4.6 PRA Release Classes

In assessing the risk reduction of each DA, the potential for each
DA to reduce the frequency of occurrence or the consequence of each
Release Class (RC) is assessed. To do this, an understanding of
each RC is required.

In Section 19.12 of CESSAR-DC, the containment event analysis
describes the possible accident pathways in a Containment Event
Tree (CET). This CET was developed so that each end point of an
accident seguence uniquely specified the mode of containment
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failure and the status of the various phenomens which have the
pctential to affect the source term characteristics. Therefore,
each of the accident end points is a distinct release class,

A release class (RC) can be fully characterized by the following
parameters:

A) Its frequency of occurrence,

B) the isotopic content and magnitude of the release,
C) the energy of the release,

D) the time of the release,

E) the duration of the release, and

F) the location of the release.

The RC frequency is determined directly from the cumulative
frequency for its ' spective Containment Event Tree end point. The
location of the re¢ case was assigned as follows:

1) For overpressure containment failure RCs, the release was
assumed to occur at the top of the containment building. This
is at an elevation of 52.8 meters above grade,

2) For containment bypass RCs initi 'ed by an interfacing systems
LOCA and for containment melt-tarough RCs, the release from
containment occurs in the region of the auxiliary building
located below the containment sphere. The actual release to
the environment occurs at grade level, and

3) For all other RCs, the releases are assumed to occur at grade
level.

580SOR analyses were used to determine the isotopic content and
magnitude of the source term and the time of the release. In
general, releases were calculated for a period of 24 hours from the
time of containment failure or from the time of vessel failure for
containment bypass and containment isolation failure RCs.

Table 4-1 presents a brief description for each release class with
a frequency greater than or equal to 1.0E-10. This table is used
to identify the effect of mitigation equipment (more details of
each RC is given in Section 19.12.3). Table 4-2 gives the mapping
of each PDS into each release class. Also given in this table are
the mapping of the Core Damage Frequency (CDF) seguences into the
PDSs. In addition, the description of each sequence and the
sequence CDF is also presented. This table is used to reduce each
RC frequency (column 2 of Table 4-2) for preventative DAs.

The sequence CDF (last column of Table 4-2) was used to calculate
the risk reduction associated with DAs that prevent core damage.
It was assumed that any preventive DA would completely eliminate
the sequence that the DA would address. For example, a Safety
Injection DA would reduce the RC1.1E by 55%. Safety Injection
System (815) failure appears in five of the sequences with a total
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sequence frequency of 6,63E-7. The sum of all the sequences
contributing to RC1.1E is 1.21E~6 and, therefore, the DA is assumed
to reduce this RC by 55% (6.63E=~7/1.21E-6). Each release class is
evaluated in this manner for each preventive DA.

Table 4~3 gives the ranking of the release classes in terms of risk
to the general population (mr/y). It also gives the base
frequency, and population dose for each RC that is used in the risk
reduction analysis. The first three sequences are associated with
Steam Generator Tube Ruptures (SGTRs). This table, in conjuction
with the previous two tables, was used in selecting the DAs because
it highlights the importance of the failure modes. Table 4-4 gives
the ranking of the Level I sequences in terms of CDF. This table
is useful for selecting DAs for preventing core damage.

Each release class was evaluated for total person-rem exposure
using MACCS"?., Table 4-3 gave the initiating frequency, and total
person-rem dose for the twenty-three release classes with
initiating freguencies greater than 1.0E-10. The lifetime doses
were calculated for people within 50 miles of the site and assumes
the evacuation strategy used in NUREG-1150"Y, The risk for each
release class is the product of frequency (events/year) times the
total person-rem exposure per event. This product gives person rem
per year and is a measure of risk. The total risk of the dominant
release classes is 0.135 person-rem/y. These results are for the
ALWR ﬁite which is representative of most of the current U.S.
sites"".

Table 4-1 summarizes the accident characteristics for each release
class. These are the dominant sequences of the binned accidents.
For each DA, the release class was reviewed assuming that the DA
worked perfectly (failure rate = 0.0). This means that each DA had
perfect suppert systems, power supplies and heat sinks. In
addition, for each DA, no other failure modes were considered when
the DA was employed. For example, when the Pressurizer Auxiliary
Spray DA is employed to ensure that the primary coolant pressure
can be decreased to enter SCS operation, the Shutdown Cooling
System (SCS) is assumed always to work. This represents an upper
limit scoping analysis and maximizes the benefit of each DA. If a
DA is cost beneficial in this analysis, then a more detailed
analysis addressing the actual failure rate of the DA can be
undertaken.

4.7 Design Alternatives

Potential modifications to the System 80+ design were derived from
a survey of the dominant failure modes shown in Table 4-1 through
Table 4-4. Others were suggested by the PRA or the design
engineering staff. Some of the DAs were suggested by a foreign
utility interested in System 80+ design. Table 4-5 gives the DAs
considered and shows how they were treated.
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The risk reduction values of twenty-seven DAs were quantified.
These were selected based on the SAMDAs for the Limerick plant®,
Comanche Peak SAMDA™, NUREG/CR-4920"Y, GI-1639, and a review of the
dominant failure modes for the System 80+ plant. In addition,
suggestions from ABB-CE personnel with technical expertise in
containment response were employed. Design Alternatives from
earlier plant studies were also considered.

The Design Alternatives can be divided into five groups (see Table
4-6). The first four groups prevent core damage by:

A) Increase primary and secondary boundary integrity,
B) Increase decay heat removal reliability,

C) Improved electrical power reliability, and

D) General reduction of CDF.

The fifth group protects the containment or reduces the releases:
E) Reduce Radioactive Releases.

For the DA that prevents core damage, the frequency of affected
release classes is reduced by the fraction that the sequence
contributes to the RC, and the total risk reduction is calculated.
This group includes the high capacity Safety Injection System
(818), improved DC Battery and Emergency Feedwater System (EFWS),
Anticipated Transients Without Scram (ATWS) Pressure Relief Valves,
improved Pressurizer Auxiliary Spray, improved Primary
Depressurization System, and alternative RCP Seal Cooling System.

At the beginning of the design process, it was recognized that
steam generator integrity was important to safety and plant
economics. The risk of a SGTR in the System 80+ design is two
orders of magnitude below current plants, but SGTR nevertheless
represents over half the offsite risk. System 80+ is designed to
prevent Main Steam Safety Valve (MSSV) actuation following SGTR, as
described below, and also includes new or enhanced features for the
prevention of SGTRs.

Features to prevent SGTRs include:

- Steam generator tubes made of thermally treated Inconel 690,
which has favorable corrosion resistance properties including
superior resistance to primary and secondary stress corrosion
cracking,

- A deaerator in the condensate/feedwater system for removal of
oxygen,

- Condensate system with full flow condensate polisher to remove
dissolved and suspended impurities,
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- Main condenser with provisions for early detection of tube
leaks, and segmented design permitting repair of leaks while
operating at reduced power,

- Steam, feedwater and condensate generator blowdown system and
steam generator secondary side recirculation system for
chemistry control during wet layup, and

- N-16 monitors to provide early detection and an opportunity to
shutdown prior to SGTR.

The response to Unresolved Safety Issue A-4 (Chapter 20 of CESSAR-
DC) further describes design features to assure steam generator
(SG) tube integrity. New or enhanced System 80+ features which
help to mitigate SGTRs include:

- Larger steam generator secondary volume,
- Larger pressurizer,

- Four train Safety Injection Systenm,

- Four train Emergency Feedwater System,

- Electrical system upgrades including alternate AC combustion
turbine and 8~hour batteries,

- Safety Depressurization and Vent System,

- Component Cooling Water System upgrade to four 100% capacity
pumps and heat exchangers,

- Highly reliable Turbine Bypass System, discharging all steam
to condenser, not partially to atmosphere as in earlier
designs,

- Radiation monitors on the steam lines, and
- N-16 monitors for the steam generators.

The System 80+ design meets the Electric Power Research Institute’s
(EPRI’s) ALWR requirement of preventing MSSV actuation following a
SGTR. A reactor trip on high SG water level, actuation of the
Turbine Bypass System and controlled depressurization of the RCS
using the Reactor Coolant Gas Vent System (RCGVS) limit secondary
side pressure below the MSSV setpoint. The turbine bypass valves
discharge steam to the main condenser, which minimizes the
radioactive release to the environment. The intent of the EPRI
Advanced Light Water Reactor Utility Requirement Document (ALWR
URD™) was to meet the above requirement on a best-estimate basis
(i.e., credit for operator action and use of control-grade
equipment is acceptable) to provide an effective and economical
design.
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The consequences of a SGTR with Loss of Offsite Power (LOOP) where
the containment is bypassed due to malfunction of an Atmospheric
Dump Valve (ADV) has been analyzed and presented in Section
19.15.6.3.3 of CESSAR-DC. The analysis simulated a double-ended
break of one SG tube and calculated the worst-case releases for an
SGTR event with LOOP and a stuck open ADV on the affected steam
generator. The analysis contained conservative assumptions
regarding atmospheric dispersion factors, initial RCS and SG
activity levels, and iodine spiking. Mitigating operator actions
based on the approved ABB-CE Emergency Procedure Guidelines (EPGs),
CEN-152, were siaulated. The analysis showed that no fuel failures
were expected for this event.

The ADV on the affected SG was assumed to stick open when the
operator tried to reseat the ADV to isolate the affected SG. After
30 minutes of steaming through the stuck-open ADV, the operator
isolated this path by closing the ADV block valve. However, the
leak of RCS 1liguid through the tube break continues for the
duration of the analysis (8 hours) due to the conservative nature
of the analysis models. In order to avoid overfilling the SG, the
operator periocdically steams from the affected SG per the EPGs.
This additional steaming increased the total radiation dose. The
total releases are well within regulatory limits.

An additional analysis was performed that looked at SGTRs that are
beyond de51gn bases"”. This analysis locks at failure of up to
five tubes in a SCG concurrent with a stuck open MSSV. The analysis
credits the Turbine Bypass Control System and shows that the
operator has thirty minutes to take action before the MSSVs lift.
This analysis also evaluated eleven design changes including;
automatic bypass of Main Steam Isolation Signal (MSIS) on high SG
level, automatic initiation of Auxiliary Pressurizer Spray, and
automatlc opening of the Reactor Coolant Gas Vent System (RCGVS)
valves. The referenced report contains a technical discussion of
the advantages and disadvantages of each modification and concluded
that none of them are worth including in the design.

It was recognized that the SGTR event represented a significant
fraction of the offsite risk and, therefore, DAs were selected
specifically to address these sequences. These DAs include the
Alternative Pressurizer Auxiliary Spray, Ideal 100% SG inspection,
MSSV and ADV Scrubbing, Alternative SIS, and Diesel SIS Pump. The
last two DAs address failure to inject for RC4.30E. DA B8
specifically addresses refilling the Refueling Water Storage Tank
(RWST) during a SGTR. Secondary side guard pipes (DA A6) are also
evaluated.

o I8 -



T e

A. INCREASE PRIMARY AND BECONDARY BOUNDARY INTEGRITY

This group of Design Alternatives were grouped because they address
primary or secondary coolant boundary integrity.

Al RCP SEAL COOLING

The System 80+ employs a type of Reactor Coclant Pump (RCP) seal
which can withstand a loss of cooling and not result in a LOCA.
This type of seal design has been employed in the operating ABB-CE
plants and experience has shown that the seals do not fail when
seal cooling is lost"". The reliability of the reactor coolant
pump seal cooling could be improved by adding a small dedicated
positive displacement pump for diverse seal injection. This design
addition will provide additional diversity for RCP seal cooling and
provide a seal cooling system that is not dependent on CCW. Such
a RCP seal cooling pump has been added to the System 80+ plant as
a result of NRC’s questions on testing of the RCP seals and,
therefore, a cost/benefit analysis is not needed.

Al 0% 3 N

Inspecticn of 100% of the tubes in a steam generator is not really
a DA but is a maintenance practice. Inspection was selected
because it has reasonable costs, and can be executed with a
management decision. This DA was introduced to specifically
address a 5CGTR, which is the initiating event for the largest three
RCs. The analysis assumes that all SGTRs are eliminated. This
reduces the risk due to a SGTR in the System 80+ design for six RCs
(Table 4-7). Using a $1,000 per averted person-rem and a levelized
cost rate of 16.6%, such a system would be cost beneficial if it
cost less than $941.

The increased cost of performing eddy current testing on 100% of
the steam generator tubes compared to a 20% random inspection of
the steam generator tubes is $1.5 million per refueling outage.
Assuming an eighteen month refueling, this would cost $1.0M/y, or
be egquivalent to a capital cost of $5.59M.

A3l N-16 MONITORS

N-16 monitors have been added to the System 80+ design. Their
purpose is to assist the operatore in identifying SGTR events. They
also helps prevent SGTR by offering an alternative method on
detecting a leaking tube before rupture occurs. This DA was not
guantified since it has been included in the design.

A4  INCREASE SECONDARY SIDE PRESSURE

Upgrading the design pressure of the secondary system, including
the MSSVs, to 1500 psia from the current 1200 psia was considered
early in the System 80+ design process. It was determined that an
increased design pressure would not significantly reduce the
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probability of containment bypass and release to the environment
during a SGTR event.

During a SGTR with loss of offsite power, the condenser is not
available for plant cooldown., The decay heat of the core and the
stored energy in components are released to the atmosphere via the
MSSVs, then via the ADVs. The steaming will continue until
reaching Shutdown Cooling System (SCS) entry conditions. The total
heat to be removed (or the total steam release) is only slightly
reduced by increasing the secondary design pressure and MSSV
setpoints. Hence, using conservative safety analysis assumptions
and methods, the overall radiation release would be essentially
unchanged.

During a SCGTR with offsite power available, the operator will act
to mitigate this event according to the Emergency Procedures
Guidelines, using both control grade and safety grade equipment, if
required. Therefore, for a "real-world" scenario, an increased
design pressure would not significantly decrease the likelihood of
lifting the MSSVs.

There are several technical disadvantages of increasing the
secondary system design pressure to 1500 psia:

y 1 Steam generator weight would increase by up to 100 tons each.
The added weight would increase containment heat sinks and
increase thermal stresses on the steam generatcr shell and
main steam piping. These factors would likely impact the
volume and arrangement of the containment. The additional
weight would also increase the handling difficulties during

fabrication;
2 The RCS support system would need to be redesigned and/or
reevaluated to accommodate the increased loads. Any

contribution to containment sizing must also be assessed;

. 8 For decreased heat removal events, RCS temperature and
pressure would rise to a higher value than in current plants.
Pressurizer safety valve actuation would be more likely;

4. Unless the entire steam system and turbine are upgraded to
1500 psia, a second set of secondary side relief valves would
be required dor'nstream of the Main Steam Isolation Valves
(MS1Vs) to protect the low pressure portion of the steam
system; and

B Feedwater systems would have to be compatible with the higher
design pressure. Increasing secondary design pressure would
require a major redesign effort and increase design
complexity,which are not consistent with the evolutionary ALWR
design goals.
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of the lengths of main steam lines are guarded. Table 4-8
gquantifies the risk reduction value of this DA. Using a $1000 per
averted person-rem and a levelized capital cost of 16.6%, such a
modification would e cost beneficial if it cost less than $4.40.

The cost for the guard pipes was taken from GI-163"" and adjusted
for the different number and size. The original estimate of $1.1M
was for a four loop plant. Since the System 80+ has four steam
lines leaving the two SGs, this estimate was used for the DA
analysis. The final cost of $1,100,000 was used in this analysis.
This cost neglects the increased inspection and maintenance cost of
the main steam lines because they are no longer accessible.

A7 AUTOMATIC OVERPRESSURE PROTECTION

ABB~CE conducted an extensive evaluation of the System 80+ standard
design to respond to Interfacing System LOCA (ISLOCA) challenges to
address the (NRC) Staff concerns raised in SECY-90~-016 and
SECY-93-087. ABB~CE and the Staff worked closely in the development
of an acceptance criteria and performance of a system-by-system
evaluation of ISLOCA challenges. The evaluation was documented in
an ABB-CE special report, which has been incorporated as
Appendix 5E in CESSAR-DC. Table 2-1 of Appendix 5E summarizes the
design changes made to achieve ISLOCA responses acceptable to the
Staff. Section 4 of Appendix S5E presents the evaluation of DAs and
rationale for the selected design approach for each potential
ISLOCA pathway. Section 5 of Appendix 5E presents the Nuplex 80+
indication and control availability requirements supporting ISLOCA
detection and diagnosis. Since this issue has been designated by
the Staff as technically resolved, no further evaluation or
reporting will be provided.

A8 G 0 ON

The likelihood of Plant Protection System (PPS) or Engineered
Safety Feature (ESF) component system failure has been made
extremely low through redundancy, hardware qualification, and a
rigorous gquality assurance program which has been reviewed by the
NRC (Section 7.2.1.1.2.5). Large Break LOCAs represent only 6.6%
of the CDF, and steam line breaks represent 0.5% of the CDF. These
events are not major contributors to offsite risk because they tend
to be inside the containment. Therefore, only minor benefits in
terms of public risk would he expected. The Large Break LOCA
(LBLOCA) and steam line break within containment events can be
assured through operator action in response to symptoms of
precursor leakage (Leak Before Break, LBB). The instrumentation
available to detect the leakage includes:

- Acoustic leak monitoring system alarm and trending,
- Containment Temperature Level,

- Containment Radiation, and
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offsite power from 0.081 to 0.031", a 38% improvement. In terms
of risk reduction benefits, this DA reduces the risk of two RCs
(Table 4-10) and would have an equivalent capital value of $4.

Increasing the current battery size to accommodate a 12-hour duty
cycle for station blackout loads rather than an 8-~hour duty cycle
would require more plates per cell (minimum of 25% increase).
Preliminary estimates show that the existing 8-hour duty cycle
requires a large number of plates per cell (assuming 60 cell
battery). Therefore, a 25% increase in plates per cell may exceed
the number of plates that can be placed in a typical cell and may
not be possible. However, if cells are a-railable in sufficient
size, they would be larger per cell and wou .! require an additional
mounting rack, which would require, at a minimum, 1.5 times
existing battery building space. The mor: likely scenario would
require another 60-cell battery or two 58-cell batteries connected
in parallel. Thus, the reguired space would be 2 times existing
space. The cost of this modification would be in excess of
$300,000.

B3 ALTERNATIVE PRESSURIZER AUXILIARY SPRAY

This DA was introduced to specifically address a SGTR, which is the
initiating event for the largest three RCs. The analysis assumes
that during a SGTR, the auxiliary spray will always depressurize
the primary system to the SCS operation mode with sufficient speed
and the SCS will always remove decay heat. This reduces the risk
due to a SGTR in the System 80+ design for six RCs (Table 4-11).
Using a $1,000 per averted person-rem and a levelized cost rate of
16.6%, such a system would be cost beneficial if it cost less than
$807.

Designing a perfect Pressurizer Auxiliary Spray System is not
possible. However, increased reliability and diversity can be
obtained by increasing the redundancy and diversity of the
pressurizer spray valves and providing a diverse positive
displacement charging pump that is powered from a diverse power
source. The reliability of the SCS can be improved by providing a
diverse shutdown cooling pump with a diverse power source and
providing a diverse heat sink. The cost for the additional
compor 'ts, piping, power supplies, instrumentation and building
volume is estimated to exceed $5 million.

B4  ALTERNATIVE HIGH PRESSURE SAFETY INJECTION

The System 80+ design has a very reliable four train Safety
Injection System to begin with. The high pressure Safety Injection
DA assumes that all sequences with SIS failures can be eliminated
(Table 4-12). This DA would have to cost less tharn $500 to be cost
beneficial. As shown in Table 19.6.3.6-5 of the PRA, the dominant
failure mode (80% of the total for small break LOCA) is common
cause failure of the four check valves or four motor operated
isolation valves. The Alternative SIS would have eight additional
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- Containment Humidity.

Nuplex 80+ makes possible tracking of leakage within containment
and correlation of multiple symptoms In addition to increased
costs aind complexity of additional trips and ESF actuation paths,
the additional trips could decrease plant availability and increase
the potential for equipment challenge (false actuation leading to
transients) for a negligible improvement in plant safety. Because
of the small public risk associated with the LBBLOCA and the
sophistication of the current protection system, this DA was ot
further considered.

B. INCREASE DECAY HEAT REMOVAL RELIABILITY

This group of Design Alternatives has been grouped together as
improved decay heat removal reliability. The SIS and Safety
Depressiurization System (SDS) were grouped here because of their
feed and bleed capability.

Bl ALTERNATIVE DC BATTERIES AND EFWS

This DA addresses the 1elease classes where emergency feedwater is
lost after battery depletion during a station blackout. The System
80+ design already has an improved battery system that will carry
the DC loads for 8 hours. However, there are still accident
sequences where the batteries are depleted and emergency feedwater
is lost leading to core damage. The improved DC batteries and EFWS
DA is assumed to have the capability to remove decay heat using
batteries and the turbine-driven feedwater pump for whatever time
period that is required (without any failures). This DA prevents
core damage and, therefore, removes two of the release ciacsis
(Table 4-9). Using a $1000 per averted person/rem and a levelized
cost rate of 16.6%, such a system would be cost beneficial if it
cost less than $11.

Design of a battery system with unlimited capacity is not possitrle.
However, to increase the existing battery capacity for the EFWS
pumps from the current System 80+ design capacity of 8 hours to
72 hours will require 9 times the number of current battery cells
and thuc approximately 9 times the space for building storage. The
increased building space will also increase the Heating,
Ventilation and Air Conditioning (HVAC) reguirements. The cost for
the extra battery cells, building volume and increased HVAC
requirements is estimated to exceed $2 million. In the Comanche
Peak SAMDA, additional batteries were estimated to cost between
$1.3M and $3M.

B2 12-HOUR BATTERIES
The DA described in Section 19A.B1 is for an ideal battery system.
This DA is for a specific and technically realistic DA of using a

battery system that would maintain load for twelve hours. Such an
improvement would decrease the probability of failure to restore
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valves, each one with piping to parallel the existing valves., The
estimated cost for this modification is $2.2M. It is assumed that
these valves are not subject to common cause failures. Testing and
maintenance has not been ccnsidered.

B5  ALTERNATIVE RCS DEPRESSURIZATION

The System 80+ design has motor-operated relief valves (MORVs) that
permit residual heat removal using the valves and SIS pumps in a
"feed and bleed" mode of operation. This DA models a perfect MORV
system that permits the primary coolant system to be quickly
depressurized so that the SIS pumps are effective in getting
cooclant into the core and removing decay heat. This DA eliminates
all sequences in Table 4-2 where the Safety Depressurization System
(SDS) or bleed fails. The risk reduction, shown in Table 4-13, is
worth $85 in capital to be cost beneficial.

Designing a perfect SDS is not possible. However, increased
reliability and diversity of the system can be obtained by
increasing the redundancy of the safety depressurization valves
and/or providing valves that are diverse. Providing the additional
valves, piping and instrumentation is estimated to exceed $500,000.
In the Comanche Peak SAMDA, an Alternate Depressurization System
was estimated to cost between $1.9M and $3.7M.

B6  DIESEL_SI Pumps (2)

The System 80+ design has a very reliable four train Safety
Injection System (SIS) to begin with. The high pressure Safety
Injection DA (DA B4, Table 4-12) assumes that all sequences with
SIS failures can be eliminated. This DA is more specific. It
assumes that two of the motor-driven SIS pumps are replaced with
diesel pumps. This reduces common cause failures of all four pumps
and also reduces the risk of station blackout. Using the failure
rates and common cause dependencies in Reference 9, the reliability
of the SIS would be increased by a factor of 60, Station blackout
was assumed to be eliminated. Table 4-14 shows that nineteen RCs
are reduced with a risk worth of $83.79/y. This DA would be cost
beneficial in terms of offsite risk reduction if it could be
installed for less than $502 in capital.

This modification would require replacing the electric motors on
two of the safety injection pumps with diesel engines. The diesel
engines will also require additional support systems and additional
building volume to house the diesel drives and support systems
compared to electric motor drives. The cost of this modification
would be in excess of $2 million.

B7  ALTERNATIVE STARTUP FEEDWATER SYSTEM

The Startup Feedwater System introduces the feedwater upstream of
the main feedwater control valves and is assumed to be unavailable
for transients such as loss of feedwater. The Alternative Startup



Feedwater System would be available as a backup to the EFWS. It is
assumed to eliminate the sequences in Takle 4-2 where the EFWS
fails. This reduces the risk of thirteen RCs (Table 4-15) and
would be cost peneficial if it could be installed for a cost under
$533. The System 80+ Startup Feedwater System has been modified
such that it can be utilized as a back up to the Emergency
Feedwater System. The System 80+ startup feedwater pumps are
povwered from the Combustion Turbine such that they are available on
a Loss of Offsite Power event. The Condensate Storage Tank provides
the water source for the startup feedwater pumps. Since the Startup
Feedwater System is a non-safety grade system, the water from the
startup feedwater pump is supplied upstream of the main feedwater
isolation valves. Should the transient cause the main feedwater
isolation valves to close on a Main Steam Isolation Signal (MSIS),
the signal can be bypassed and the valves reopened. The instrument
air compressors are also powered from the Combustion Turbine.
Therefore, they will be available to provide the air source for
reopening the main feedwater isolation valves. Since this DA is
included in the System 80+ design, no cost benefit analysis is
necessary.

B8 EXTENDED REFUELING WATER STORAGE TANK SOURCE

In the important SGTR sequences (RC4.36L), the Refueling Water
Storage Tank (RWST) source depletes as a makeup source. This DA
consists of a ground level tank of borated water, and a pump and
piping to pump the water to the RWST. It is assumed that the
supply of water is sufficient to permit corrective actions before
it also is exhausted. This DA is assumed to eliminate RC4.36L
(Table 4-~16). Using a $1,000 per averted person-rem and a
levelized cost rate of 16.6%, such a system would be cost
beneficial if it cost less than $198. A detailed design for the
extended RWST source has not been performed but it would require a
ground level tank of borated water and a pump and piping to pump
the water to the elevated RWST together with an instrumentation and
control system. This is estimated to cost in excess of $1 Million.

c. IMPROVED ELECTRICAL POWER RELIABILITY

This group of Design Alternatives addresses the station blackout
scenario. Battery depletion was considered under improved decay
heat removal because it was assumed to enable longer operation of
the steam-driven emergency feedwater trains.

Cl1  THIRD DIESEL GENERATOR

The System 80+ plant is designed to have two Diesel Generators
(DGs), a Combustion Turbine and two independent switchyards. Many
plants are using a third DG as a swing unit or during a refueling
when one DG is out for maintenance. This DA was selected to
address the risk reduction of installing an additional unit. It
was assumed that the unit was affected by common cause failure and
had a conditional failure rate™ (y) of 0.76/d given that the other
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DGs had failed. This reduced the risk of the two RCs for station
blackout by 24% (Table 4-17). Using a $1,000 per averted person-
rem and a levelized cost rate of 16.6%, such a system would be cost
beneficial if it cost less than $3.

Addition of a third diesel generator to lower the probability of
station blackout would require the addition of a 6.4 MW diesel
generator, its associated support systems, additional component
cooling water piping to and from the diesel generator cooling water
heat exchanger, an addition of a swing bus, additional cabling for
connecting the diesel generator to the Electrical Distribution
System, an additional diesel generator building to house the
diesel, an additional fuel o0il storage tank and storage tank
structure, and additicnal HVAC systems for the diesel generator
building and fuel o0il storage tank structure. A study conducted
for Duke Power Company’s McGuire Nuclear Station estimates the
cost of adding a similar swing diesel to be in excess of $25
Million. This McGuire study investigated the cost that other
utilities incurred in installing additional diesel generators.
Pennsylvania Power and Light installed a swing diesel at their
Susquehanna plant. This job was originally bid at $30 Million;
however, final installation ended up costing $130 Million. Northern
States Power added additional diesel generators at the Prairie
Island site. The initial bid for the project was $60 Million;
however, the final price was around $78 Million. The cost estimate
for an additional diesel was $18.4M to $19M in the Comanche Peak
SAMDA. For this analysis the additional diesel will be estimated
to cost $25 million.

c2 TORNADO-PROTECTION FOR COMBUSTION TURBINE

The PDSs in Table 4-2 with the designator "TRND" are for tornados
and it was assumed that offsite power was lost and the Combustion
Turbine was not available. For these segquences, it was assumed
that the DA completely protected the Combustion Turbine and it was
available to supply AC with a failure rate® of 0.025/d. This
reduced the risk of two RCs (Table 4-18) and would be cost
beneficial if it could be installed for less than $10.

The cost of this DA was estimated at over $3M and includes
protection of the Combustion Turbine, fuel tank, and tunneling for
cooling line. The cost could be as high as $4M depending on
tunneling distances.

€3  FUEL CELLS

In addition, alternative battery types to the traditional lead
battery were investigated. Alternative battery types such as
lithium or zinc are not commercially available in the necessary
sizes to provide the capacity required by System 80+. Fuel cells
are available in the size required for System 80+; however, they
are not proven technologies in nuclear station applications and are
not available as Class 1E equipment. In addition, the use of fuel
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cells presents the problem of heat generation since a typical fuel
cell will operate at a temperature of 300 to 1000 °C. HVAC systenms
would have to be capable of removing the heat. Also, a safety
related fuel delivery and exhaust system would be required for each
battery. Since fuel cells use combustible materials such as
hydrogen or methane, their presence would increase the risk of
fires in the plant. Design, development and installation of this
type of fuel cell system would cost well over $2 million more than
a conventional lead acid battery arrangement.

This DA addresses the release classes where emergency feedwater is
lost after battery depletion during a station blackout. This DA is
assumed to have the capability to remove decay heat using the
turbine-driven feedwater pump for whatever time pe