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FOREWORD

Probabilisiic Safety Assessment (PSA) is increasingly being used to complemeat the deierministic
approach to nuclear safety. From the traditional discipline of reliability engineering, PSA developed
as a structured method to identify potential accident sequences from a broad range of initiating events

and to quantify their frequency of occurrence,

PSAs use inductive (event tree) and deductive (fault tree) logic and plant specific as well as
generic component failure rates and frequencies of initiating events. Plant specific test and maintenance

schedules, human errors and common cause failures are also considered in the probabilistic models.

PSA is nowadays a fundamental tool ithat provides guidance to safety related decision-making.
By its very nature PSA recognizes the uncertainties associated with the logic models used to represent
reality and quantifics the variability in the data of the parameters in the models.
) :
The IAEA is promoting the conduct of PSA studies through standardization of the methodology,
co-ordination of research, assistance through its Technical Co-operation Programme, and development
of PSA software (PSAPACK). In addition it offers International Peer Review Services (IPERS) to

review PSAs at various stages of completeness,

Emphasis at present is concentrated on "level-1" PSAs which quantify accident sequences up (o
estimates of core-damage probability. Level-2 (releases of radioactivity) and level-3 (off-site impacts)

will be addressed at a later stage.

The work described above on the conduct of PSA is complemented by a programme on how
to use the results of PSA in nuclear safety. For this purpose a series of CASE STUDIES has been
prepared. The objective is to provide those who have performed PSAs with practical examples on how
PSA results have been used, Those authorities and utilities still reluctant 1o request or perform PSAS

will find convincing evidence on the benefits of such studies for nuclear safety.

With these objectives in mind, the IAEA requested a number of internationally recognized
experts to document, in a uniform and suitable format, actual experience with the use of PSA for safety

decisions. The documents were peer reviewed by an Oversight Committee for quality and completeness.

It is hoped that this series of CASE STUDIES will significantly contribute to the use of PSA

to improve nuclear safety.
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In preparing this material for the press, staff of the International Atomic Energy Agehcy have
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PREFACE

A series of CASE STUDIES has been prepared to summarize practical examples on how the
results of PSA studies have been used in nuclear safety. They draw from the experience of major
studies and, to the extent possible, use a similar format to guide the reader. The studies illustrate the
range of applications in a specific topical area, It is the objective to take examples which are using
level-1 PSAs rather than individual accident sequences or systems reliability. Emphasis is given to a
logical step-by-step description of the analysis and documentation of calculational procedures and data.
The interpretation of the results explicitly addresses the problem of uncertainties and limitations of

the studies, and includes the results of Peer Reviews.

This case study addresses the problem of assessing different options of increasing safety by
reducing the unavailability of safety systems. Using the example of a Low Pressure Injection System,
the study compares the impact of three alternative options to improve unavailability, Using PSA
techniques it is possible to quantify the reduction in unavailability in comparison to the original design.
This information and cost estimates for the different options allow a rational decision which option to

choose. Such a decision has to consider the uncertainties associated with the estimates.

The purpose of this CASE STUDY thus is to provide a practical example on how PSA can be

used to determine the best options to improve the unavailability of a safety system.

The following additional Case Study documcents are available:

{
IAEA-TECDOC-522 A Probabilistic Safety Assessment Peer Review: Case Study on the Use of

Probabilistic Safety Assessment for Safety Decisions (1989)

IAEA-TECDOC-543 Procedures for Conducting Independent Peer Reviews of Probabilistic Safety
Assessment (1990)

TAEA-TECDOC-547 The Use of Probabilistic Safety Assessment in the Relicensing of Nuclear
Power Plants for Extended Lifetimes (1990)

TAEA-TECDOC-590 Case Study on the Use of PSA Methods: Determining Safety Importance of

Systems and Components at Nuclear Power Plants (1991)

IAEA-TECDOC-592 Case Study on the Use of PSA Methods: Human Reliability Analysis (1991)

TAEA-TECDOC-593 Case Study on the Use of PSA Methods: Station Blackout Risk at the
Millstone Unit 3 (1991)
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1. PROBLEM DEFINITION

Proposed plant and system design backfitting generally emanate
from either of two distinct sources. Regqulatory bodies may propose design
backfits which are intended to enhance plant safety by improving equipment
operability. Backfits of this type are often proposed in response to safety
issues which have become newly recognized or which are believed to have
recently become better understood and can, thus, be addressed in a more
effective way. The second major source of proposed design backfits is the
utilities which own and operate nuclear power plants. Backfits proposed by
the operating utilities may be intended to address specific safety
concerns, to achieve greater economy or operating efficiency, or, in some
cases, may be developed as alternatives to more costly backfits proposed by
regulatory bodies.

Whether proposed by a regulatory agency or by operating
utilities, proposed design backfits can be, and freguently are, objectively
evaluatedusing PRA techniques. In using PRA techniques to evaluate
proposed backfits, one of three types of conclusions regarding the
necessity or advisability of the backfit may be reached. First,
applications of PRA techniques may indicate that the proposed backfit would
result in attaining the desired effect in terms of plant safety levels and
thus, should in fact be Implemented. Secondly, use of PRA techniques may
show that a proposed backfit would have no appreciable effect on plant
safety and, therefore, should not be implemented. Lastly, the use of PRA
technigques can, in some cases, be used to demonstrate that a similar level
of safety can be achieved by implementing an alternative backfit which is
less costly than the one which was originally proposed. Some examples of
situations in which PRA technigques have been used to address backfit issues
at operating nuclear power plants are summarized in Table 1.

When utilizing PRA results to determine the necessity or
desirability of a backfit, it is first necessary to determine which
quantitative measures of safety are appropriate to support the design
process. Many potential safety indices can be developed from application of
the set of PRA techniques to the assessment of plant and systém designs.
Selection of the appropriate measures should be linked Lo the initial
motivation for the backfit. However, additional measures may also be
appropriate to provide an improved view of the potential impact of the
backfit.

The potential measures of safety are as follows:

Level of Resolution Safety Measure(s)
a) System/Function v System
Unavailability
b) Accident Sequence(s) Sequenée
' Frequency
c) Plant Plant Damage

State Frequency
Core Damage

Frequency
Release Category

d) Site Population Dose
" Barly PFatalities

Latent Cancer

Fatalities
Property Damage
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TABLE 1. PRA RESULT UTILIZATION WITH RESPECT TO PLANT MODIFICATIONS

PRA Study Impetus for Utility Involvement Impact of PRA Findings on
(Proposed) Plant Modifications
Zion PRA Utility undertook study to verify Based on calculation of offsite consequences, the utility was

the adequacy of the plant design,
in response to NRC recommendations
for design changes.

Indian Point PRA Same as Zion

Big Rock Point PRA Sought relief from NRC directives.

able to show they did not need a filtered vented containment,
hydrogen recombiners, a core catcher, or core spray system
modifications. No design changes are documented to have
occurred as a result of the PRA.

Based on calculation of offsite consequences, the utility was
able to show they did not need a filtered vented containment,
hydrogen recombiners, or a core catcher. The utility did

change the power supplies of the diesel generator fuel

oil transfer pump, block 2 vent valve in the Diesel Generator
(DG) Service Water System (SWS), replace manual isclation
valves in the fan cooler SWS with Motor Operated Valves (MOVs),
and upgraded the control building walls at Unit 2.

4s a result of TMI and the Systematic Evaluation Programme (SEP)
NRC required Big Rock Point to make plant modifications that
would cost $49M; two times the estimated worth of the plant.
The PRA was used to identify the cost-~effectiveness of each
modification. The utility was able to get exemptions on
requirements totaling $46M based on the results of the PRA
study. The major exemptions were on plant shielding, in-vessel
instrumentation, and control room habitability. The utility
implemented changes totaling $2.9M. The major modificatien

was an alternate shutdown panel. Since the PRA was completed,
the utility has used it as an ongoing management activity to
request exemption from NRC directives; $2.4M of directives
have been exempted and only $63K have been installed.
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TAEBLE 1. {cont.)

-

PRA Study

Impetus for Utility Involvement

Impact of PRA Findings on
(Proposed) Plant Modificaticnms

Utility ATWS Study

Palisades PRA

Browns Ferry
Utility Study

Response to the NRC proposed
rulemaking for ATWS

Utility made commitment to have
PRA models on all plants.

Utility desired their own PRA

model to parallel the IREP model.

Utilities performed a detailed probabilistic
evaluation of ATWS and cost-benefit anzlysis of ATWS
rule options. Results showed that the propesed NRC
rule was not cost-effective aznd that the utilicy rule
was not only cest-effective, but provided adequate
safety. The study was very instrumental in getting
the NRC to compromise on its proposed rule.

Study is presently incomplete, bur partial findings
were adequate to gain deferment of MSIV backfit
medification imposed as result of SEP.

. ) ; P o

S Sl pat L £ =
Study is not complete yet, but partial findings were
adequatea to show that no modificaztions ware requirad
to the scram discharge volume.




Selection of the particular safety measure{s) will allow assessment
of the potential benefit or adverse impact of a proposed backfit from a
safety point of view. However, recognition of the level of uncertainty
associated with each measure listed previously is least uncertain at the
system level and becomes increasingly uncertain as the level of resolution
becomes more global. In addition, site level safety measures include many
factors not affected by plant design such as meteorology and demographics.,

As mentioned previously, the safety measure chosen should be related
to the backfit notification. If the backfit is to improve system
availability, then system unavailability should be chosen as the safety
measure,

However, when core damage frequency is the safety measure of
interest, simply improving the availability of a particular safety system
may not have the desired effect. This is because not all plant safety
systems are equally important relative to core damage fregquency. In
attempting to achieve reductions in the calculated core damagé freguency
through backfits, it is necessary to first determine the relative
importance of each safety system with respect to core damage frequency.
Only by determining the relative importance of plant systems with respect
to core damage frequency and, on that basis, proposing backfits which first
improve the availability of the most important systems, can the overall
core damage fequency be most effectively reduced,

A basic assumption of this backfit assessment process is that
existing design criteria provide valid limits of acceptable design
practices. Given that the analysis has not shown particular backfit
requirement to be unnecessary, each backfit alternative must at least meet
applicable functional and operability requirements and display features to
satisfy existing safety and reliability requirements to some degree.

It is helpful to have some initial screening criteria to begin the
process of selecting the optimum course of action in response to a specific
regulatory, licensing or other proposed backfit requirements. A search for
definitive safety criteria for either design or operation of LWR facilities
in the United States resulted in the following general findings:

{l1) So far, LWR technology has not been provided with firm
numerical safety criteria at plant, system or component levels
that could be used for design decisions. This is not critical,
since failure to have quantitative criteria does not obviate
the design optimization process.

(2) The existing qualitative safety criteria are scattered into
many different documents with more or less legal import
ranging from federal reguiations (10CFR-20, -30, -50, and
-100) to industry standards (ANSI, ASME, ASTM and ANS, etc.).

(3) The system level safety criteria found are subjective and
gualitative and are solution oriented rather than requirement
oriented. The guidance found is best illustrated by the
following set of solutions that attempt to dictate dsign
directions.

(a) suitable redundancy

(b) reasonable isolation

(c) sufficient diversity

(d) sufficient independence

(e) sufficient margin to assure

12




Any backfit solution must, of course, comply with the applicable
qualitative design criteria.

When quantitative plant safety criteria are established, the tools
used to quantitatively assess design safety in backfit decisions may also
be used to allocate these top requirements to lower and lower levels of
detail. These allocated requirements could then be used as the preliminary
screening criteria for competing backfit design solutions (or subcontracts
and vendors, as applicable). All alternatives that can be predicated to
meet the initial selection criteria can be compared by refined estimates of
safety (or reliability, depending on application) and cost impact.

2. OVERVIEW OF THE ANALYSIS

Many methods and techniques are utilized in the performance of PRAs.
Selection of the appropriate techniques for a particular backfit situation
depends on not only development of the safety measures desired but also
other factors.

The method that would best provide the desired safety measure(s)
would:

(a) Measure the specific design features that are intended to
[ provide safety in a particular backfit situation.

(b) Be proven form of analysis.

(c) Be able to analyze different types of designs (i.e.,
electrical, mechanical, structural, etc.) and provide
comparable results.

(d) Be able to analyze a plant or system design at the
appropriate level of resolution.

(e) Provide a permanent record of the reasons that particular
backfit decision was indicated.

The decision process [1] depicted in Figure 1 begins with a
determination that some type of backfit is required and the proposal of a
specific backfit design. In evaluating the proposed backfit, it must first
be positively determined that it meets the functional and operational
requirements established by the design. If these requirements are not met,
the backfit must be redesigned until they are. Once the functional and
operability requirements are met, the backfit becomes a candidate for
implementation and will be subject to the cost/benefit evaluation which is
the basis of the design decision methodology.

In performing the cost/benefit evaluation, parallel efforts are
initiated to thoroughly investigate both the real change in safety which
would result from the backfit, and the total costs associated with a
particular backfit. If the design being evaluated is considered to be the
baseline design, this cost and safety information is established as a point
of comparison against which alternative designs will be examined.

13
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FIG. 1. Backfit design decision methodology flow chart,

Each alternative design backfit is examined to determine whether or
not its associated level of safety is either an improvement over the
baseline safety level or is at least minimally acceptable. If the safety
level is not acceptable, the design is rejected and a new alternate design
may be developed. If the safety level is an improvement over the baseline,
or if it is at least minimally acceptable, the cost/safety relationship
will be formally defined. Out of this definition of the cost/safety
relationship comes a basis for cost/safety optimization. In addition, this
cost/safety definition may suggest design alternatives which will be
subjected to this design decision process.

When no quantitative statement of acceptable safety exists, three
decisions are possible in each potential backfit situation:

(1) Provide the best possible safety evel for the cost implied by
the initially required backfit design;

(2) Provide the level of safety implied by the initially required
backfit design at the least cost; or

(3) Argue that the required backfit design does not materially
improve the level of safety.

Each one of these decisions is addressed in the context of a
hypothetical system backfit situation in an example include in this
discussion.

14




The specific details of the decision flow can be tailored to the
needs of the user and the user's design process. The essential ingredients
of the process are:

(1) OQuantification of the level of safety for the existing design;

(2) OQuantification of the level of safety for the backfit design
alternatives;:

(3) Cost estimated of the backfit design alternatives;
(4) Optimization of cost and safety considerations, and

(5) Development of the above information in a timely fashion
concurrent with the design process to support decision making.

Although an acceptable level of safety for plant system designs does
not explicitly exist, a de facto safety requirement can be implied from an
assessment of either the existing design or the initially required backfit
design. This de facto quantitative safety reguirement is used in the design
process to assure that suggested alternatives meet the implied improvement
of the initially required backfit and do not degrade the level of safety
below the existing situation.

In some backfit situations, the potential exists for a given backfit
to successfully achieve its intended effect relative to a particular safety
consideration but in so doing, to degrade the level of safety in some
unintended way. This situation will likely arise only when intersystem
dependencies are effected by a proposed backfit. The design decision team
must, therefore, take particular care to investigate how design backfit
alternatives may effect these baseline intersystem dependencies.

The process of developing alternate designs is augmented by utilizing
probabilistic system analysis techniques. This is because the analytical
technique will identify which features of each design contribute the most
to system failure. By concentrating on design solution which "fix" these
problems, alternative designs are often "suggested” as a by-product of the
analysis process.

3. ANALYSIS PROCESS

3.1. Scope of analysis activity

The scope of analysis must be tailored to the decision and trade-offs
that are required. This is done in two ways, once at the beginning of
analysis, and periodically when sensitivities to analysis factors are
uncovered. The scope of the analysis depends on the level(s) of resolution
of the safety measure(s).

3.1.1. Scope definition for a system level analysis

The purpose of the system analysis is to identify and evaluvate
gignificant contributors to the potential failure of systems and provide a
gquantitative measure of system unavailability. Definition of the top event
to reflect the system's failure is the first step in fault tree analysis.

15




The top event definition includes consideration of the level of operating
equipment failure which constitutes loss of system function, the operating
mode of the system, the time frame of the failure and postulation of any
other considerations which would impact fault tree development. The system
operating modes to be included must be defined as operating within a
defined environment or set of environments, Two main environments that must
nearly always be considered are the normal environment (or ambient) and the
environment during the accident that the safety system is designed to
protect against. Other evironments may be included as dictated by special
needs of a particular backfit.

The system to be analyzed is defined at two levels for the fault tree
analysis. The first level of definition is a function one which is directly
related to the system role that must be accomplished to successfully
respond to an accident or transient condition (i.e. reactor protection,
safety, injection, post accident heat removal). The second level of
definition is a physical one which identifies the combination of hardware
which is designed to provide the required function. This hardware
definition provides the bounds for the system fault tree. It is important
to identify the system bounds for the fault tree, as they may be different
from system bounds as more traditionally described.

The system definition is such that all systems or functions which
interface with the system of interest and could impact its intended
operation are accounted for and described. Certain interfaces may be
complex (i.e., instrumentation and control) and require specific definition
of system limits as considered for a particular analysis. Some components
may be identified as being within the bounds more than one system.

Rationale associated with the selection of each top event should be
documented along with all basic considerations and assumptions made
regarding system boundaries, performance and timing constraints.

As each system is examined in detail, faults are postulated
consistent with the level of existing data and with providing visibility of
the potential interaction between systems. The analysis developed is with
iteration and reorganization as necessary to meet the demands of increased
system understanding by the analyst and integration in the overall design
decision process.

3.1.2. Special considerations for a system level analysis

The fault tree process allows the representation of common cause
failures within individual systems. In addition, as a part of the fault
tree process, elements common to more than one system and the various
system interfaces are identified. These elements and interfaces are
examined for common cause failures within each system fault tree.

When performing a system level analysis, it is important to note that
a particular system may perform more than one safety function, especially
under different postulated accident conditions, It is imperative that all
pertinent functions of the system of interest be identified and that the
system level analysis give due consideration to how the various system
design backfit alternatives will effect each of these functions. The
objective of this 'examination of various system functions is to verify that
in achieving a desired effect in terms of a chosen system function, a
proposed backfit is not unintentionally resulting in the degradation of
some other function which is alsc performed by the system. In the case
where multiple system functions are . important to safety, an integrated

16




measure of plant safety, such as core damage frequency, ghould be
considered.

The potential for human error must be considered as part of the
detailed Eault tree development process. Human errors should be considered
as they might impact individual components as well as their potential
impact on subsystem/system operation. Each individual should be evaluated
to determine the potential for a human error to result in component
failure. These errors include failure to take a reguired action or
commission of an erroneous act. Human errors are included in the fault tree
directly and are evaluated as part of the hardware contribution to system
unavailability. Operator actions and errors may also impact system
unavailability through test and maintenance activities.

Other potential human errors may result from a combination of
hardware related actions, and activities related to test, calibration or
improper procedural response which may affect an entire system as well as
interfacing systems. The potential for those types of human errors are
identified as part of the overall analysis process and are included in the
common cause contribution to system unavailability.

3.1.3. Cost model scope

Typical models which have beendeveloped to describe plant life cycle
costs contain many parameters and variables. In general, proposed plant
design backfits will significantly effect only a few of these parameters
and variables, thus making the task of estimating the total costs
associated with a particular backfit relatively straightforward. A rational
basis for comparing costs can be developed by examining the cost factors
related to only those variables which are determined to be significant. In
identifying significant cost variables associated with a particular design
backfit, it should be noted that the various plant life cycle phases imply
at least some differences in terms of which variables are likely to be of
concern, For example, a backfit which is proposed during the plant
construction phase may result in costs associated with plant construction
delays, while the same change congidered during plant operation may result
in lost revenues due to plant down time. For most plant design backfits,
significant cost variables are likely to include:

o Capital costs of hardware procurement, including spares.

o Labour costs associated with backfit implementation.

o Construction delays.

o Lost revenues due to plant shutdown or decreased power
production during backfit implementation.

0 Changes in maintenance costs.

e Engineering costs associated with backfit design. .

o Cost of financing backfits.

Although additional variables will also impact the total costs
associated with a particular backfit, these other variables will tend to be
insignificant compared with those listed above. In addition, other
variables such as operator training costs, system operational testing,
health physics costs, security costs, and the like will tend not to vary
significantly from one backfit alternative to another. For these reasons,
consideration of cost variables listed above generally ensures that a
reasonable basis for comparing the costs associated with various proposed
design backfit alternatives has been developed.

17




3.1.4. Level of design detail

The level of detail that must be included in 'the analysis depends on
what information is available and on what details is needed to make the
decision. This further depends upon whether a backfit or a new plant
requirement is under study. The backfit situation is explained herein and
the new system decision data requirements can be extrapolated from, the
tupes of data referred to.

When a regquirement for backfit is being analyzed, there may be many
ways to satisfy the requirement or there may be only two or three ways. If
there are many candidate solutions, the detail about each candidate should
include basic functional descriptions, simplified schematics, envelope
drawing, general application information, experience data and acquisition
cost. If there are only two or three candidates, more detail may be
eventually needed to distinguish between them. As distinctions are made
between closely competing alternatives, details, schematics and application
drawings, specific test requirements, and operating procedures may be
needed.

When the competition is close between the final alternatives, the
unavailability of data forces some level of estimating based on engineering
judgement and experience. It is important that, although this situation is
not desirable, those aras where judgement had to be used to make the f£inal
decision must be documented for later traceability. Bach place where
judgement had to be used contributes to the uncertainty of evaluations for
the decision being made and for any future modification proposals that are
affected by the present decision.

It is important that the data used is as accurate and current as
possible, In backfit evaluations, as—-built Piping and Instrumentation
Drawings (P & ID's) and schematics are needed, latest versions of operating
procedures and technical specifications are essential, and if possible,
some measure of the strictness with which Operating and Maintenance (0O & M)
procedures are implemented is helpful to assess any of the human factors
that may contribute to design optimization. It is also desirable that the
best possible component field experience and failure data be available.

3.2. Alternative system design generation

In actual practice, the credible options to satisfy a new regquirement
can come from many independent sources and can be categorized as follows:

(a) Do nothing, the proposed design change provides no improvement.
(b) 1Improve personnel training reguirements or discipline.
(c) Change the operational and/or maintenance procedures.

(d) Change the operational envelope of some systems or of the
whole plant.

{e) Change the operational envelope of some systems or the
whole plant.

(£) Change component suppliers.

(g) Modify the application of some components.
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(h) Modify some system design (added redundancy, monitors, etec.).

(i) Add a totally new system (including removal of an old system
as neeaded).

(j) Remove, replace, rearrange or redesign groups of systems,

The decision methodology can handle any or all of the option
categories in any combination and make distinction on safety versus cost of
any number of options within category or group of categories,

In applying the design decision process, it is important that the
process be recognized as an integral and essential part of the overall
design activities. The design decision process cannot be regarded as a more
peripheral element of the design task. It must be a central element,

As more is learned about the safety (functionally and
probabilistically) and the cost impact of the different options, this is
quickly fed back into the design process, whether on a new plant or on a
backfit development. From this feedback, new options can be created that
are expected to improve the cost or safety. When accompanied by appropriate
analysis results, these new modifications can often be adopted in the
design immediately depending on their impact on the overall modification.

Many options can result from the process itself, for example;

(a) add a redundant logic¢ train,
1
(b) reverse the unpowered state of a relay or valve from normally
open to normally closed, or vice versa, or

(c) use integrate solid state components in place of
electro-mechanical, or use a hydraulic actuator rather than
pneumatic.

3.3. Quantitative design criteria

Quantitative design criteria are a subject of considerable discussion
and debate. Assignment of quantitative criteria infers an acceptable level
of safety associated with the level at which the criteria are assigned.At
the present time, there are no commonly accepted numerical measures of
safety at any level plant, system, component, which can be used to guide
the design and development process. This is partly due to problems
associated with regulatory or other decision makers determining how safe is
safe enough and confirming that quantitative criteria have been met. The
concerns noted above are indicative of those generally associated with the
numerical safety measures when used inon absolute sense.

For the purposes of design decisions, particularly at the system
level, it is not necessary to utilize absoclute numerical values for safety.
The numerical values are to be used only in a relative sense. However, some
notion of existing or acceptable values is desirable when screening
alternative solutions. In that regard, for system level considerations it
is assumed that the existing designs of currently licensed operating
reactor safety system are acceptable.
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In accomplishing the demonstration phase of this study, fault tree
analyses were conducted of an existing system design and a measure of the
level of safety determined. The numerical input data was applied
consistently to the proposed alternative designs and the system level
safety measures are evaluated on a comparative basis.

3.4, Uncertainty evaluation

Both the probability and cost estimates for a set of alternatives are
defined over a range of possible values for each alternative due to
uncertainties in the analysis models and the supporting experience data.
When safety and cost estimates for each alternative are compared, it is
necessary to know if these estimates differ by more than the probable error
in each.

a

Four possible outcomes could occur when comparing an alternative
design to the existing or baseline design., The combinations are:

(a) The system point estimate unavailabilities differ by more
probable error, but the cost point estimates cannot be
distinguished.

(b) The unavailabilities cannot be distinguished, but the cost
estimates are very different.

(c) Both unavailability and cost are significantly different.

(d) Neither the unavailability nor costs are significantly changed
by the alternative.

: {
In the first combination, the most available design is chosen; in the
second situation, the least cost design alternative is chosen. In
combination (c), the correct decision. is based on the following groundrules:

(1) The backfit must improve system availability, so any
alternative displaying lower availability is rejected.

(2) If more than one candidate is compared to the baseline,
the most available at the least proportional cost increase
is selected.

(3) If only one backfit candidate is being compared to the
baseline, the cost must be commensurate with the amount of
improvement in system availability, and with the significance to
plant safety of losing the system in the event of the initiating
accident(s).

In the last combination (d), it would be usual to conclude that the
backfit would not be cost effective to implement. If the uncertainty limits
on the unavailability and cost point estimates are large compared to the
mean estimate, some effort may be worthwhile to identify the main
contributors to the uncertainty and attempt to make the input data more
accurate. By narrowing the bounds on the leading contributors the
statistical significance of the point unavailability and cost estimates can
be improved, perhaps to a degree that allows some distinction between
designs.
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Cost estimating data, such as component purchase cost ranges or labor
rates, can be treated as equally probable within maximum and minimum
estimates. Economic factors such as the potential cost of capital or
inflation need not be used (and therefore their uncertainties are avoided)
as long as constant dollars can be used for all of the design alternatives.
In some cases where trade-offs involve costs over widley differing time
periods, monetary and economic factors may be required. For example, one
option may incur a large cost in a very short imminent period and competing
option may use the same money but spread over a larger period. If interest
rates were not considered in this trade-off, a large error and uncertainty
could bhe inadvertently introduced. In so far as possible, the total cost of
backfit should be considered so that cost model uncertainties are kept to a
definable minimum.

Component failure data is traditionally thought to be normally,
lognormally, or binomially distributed. This is generally true if the
components have simple binary internal failure mechanisms. If there are
internal redundancies, the normal distribution of mean times between
failure may not be accurate. For trade-off purposes, the normal, log
normal, or Possion distributions well be accurate enough because the
existing small samples of failure data will usually introduced more
uncertainty than using the wrong distribution. There are several techniques
for tracing failure rate uncertainties though the fault tree (e.g., SMAPLE
was used for WASH-1400). There are thorough mathematical treatments of
uncertainty and error in many texts on statistics and the interpretation of
experimental data. These texts explain the principles and possible
applications of error estimation that are almost directly applicable to
fault tr?e analyses,

Ideally, of course, it would be most desirable to employ plant
specific data derived from actual operation of each of the components for
which failure rates are required. When the use of such data is feasible,
the uses of relatively narrow uncertainty bounds may be justified. Very
often, however, usually because of limited plant specific operating
histories, generic data must be used to characterize component failure
rates, thereby implying the use of somewhat wider uncertainty bounds.

In general, trade-off studies to optimize a series of choices in
selcting the best design do not require that error bounds be determined
very accurately. As a result, simplifying assumptions and approximations
can be used (i.e. adopting some general distribution as representative of
the component failure data). If the failure rates for the fault tree are
treated as random variables, themselves having upper and lower bounds, then
calculating the effects on the probability of the top event by varying the
input variable failure rates provides a reasonable estimate of the
uncertainty of the point estimate of safety system unavailability.

3.5. Optimization of factors

The engineering process of deciding on the "best" design relative to
a set of requirements involves comparison of different designs with each
other and comparison to predetermined criteria or measures of merit. In
this context, the term "measure of merit® refers to some predefined target
value for a selected measure of system operability or, in some cases, plant
gsafety. Perhaps the most freguently used parameter for expressing a measure
of merit in terms of system operability is system availability. The design
that most nearly satisfies all of its requirements is the best choice
(given that the requirements have been logically derived from overall
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objectives). Quantitative measures are essential to determine which option
"most nearly satisfies" the established criteria and requirements. Before
defining the best set of factors to use to optimize the design, it is
necessary to provide a brief rationale for the units selected.

Within the existing LWR design decision process there is a dichotomy
between the reactor (and its associated power controles) and the safety
systems such as containment, emergency core cooling, reactor protection and
auxiliary feedwater systems. The Nuclear Steam Supply System (NSSS) is
designed to minimize accident whereas the safety systems are designed to
mitigate the effects of an NSSS accident, should it occur. Within this
framework, the design optimization of a given system (or set of safety
systems) can be accomplished by measuring the probability that each safety
system will perform its functional reguirements, given that those
requirements are effective in containing (in a functional sense) the
effects of an NSSS accident. Therefore, a safety system measure of safety
merit can be its availability and dependability (which includes the
system's demand reliability). Within this framework of present approaches
to assuring system and LWR plant safety, the most available safety system
at the least cost, can be defined to be the "best" system.

Although cost and safety issues can be expected to be the major
factors in selecting a backfit alternative, it should be recognized that in
any particular situation, a number of other considerations may influence
the decision process. A requirement to satisfy deterministic design
criteria or a determination that a certain type of computer software must
be used in a system are both examples of additional constraints which may
effect the decisions which are made. Such peripheral constraints must be
recognized, and the safety/cost optimization process must be accomplished
within them.

4, SYSTEM LEVEL BACKFIT EXAMPLE

In order to illustrate the potential application of a quantitative
safety measure in the design process, a demonstration of the methods at the
system level was in the design process, a demonstration of the method at
the system level was performed. The system selected for this demonstration
was the Surry Low Pressure Injection System (LPIS). The LPIS is designed to
provide high flow, low pressure emergency coolant to the reactor core under
certain loss of coolant accident conditions. The Surry system was selected
because on analysis of its level of safety (unavailability) already exists
in WASH-1400 [2] albng with an appropriate data base for evaluation of
alternate designs.

Three possible "backfit" options were postulated for the Surry LPIS.
Each design alternative was reviewed for compliance with existing design
criteria. An assumption was made that the present LPIS design in WASH-1400
[2] represents an acceptable level of safety. The demonstration is designed
to simulate the following likely backfit scenario:

(a) A review by NRC of all emergency core coolant systems for
potential weaknesses identifies the LIPS (Figure 2) as regquiring
modification to provide redundant pump discharge paths with !
redundant block valves in each path (Figure 3). i
|
{
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(h) The utility or architect engineer estimates Lhe cost impact of
the proposed change.

(c) The level of safety (unavailability) of the existing system and
the required modification are derived.

(d) An alternate design (Figure 4) with redundant pump discharge and
partially redundant pump suction lines is developed by the
utility or architect engineer.

(e) The alternate design is assessed for its cost impact and level
of safety.

(f) Based upon the safety and cost assessments of the previous three
desings (baseline, required modification, and proposed
alternative) a cost effective alternate design (Figure 5) which
provides the same level of safety as the required modification
is proposed.

This demonstration is illustrative of the approach which can be
utilized in the backfit situation described above. The quantitative measure
of the safety level for each system is obtained using the fault tree
analysis technique considering only failure of the low pressure gystem to
perform its injection function on demand. The cost estimate for each
backfit alternative includes only material acquisition and installation
costs. In a more detailed investigation the other cost variables listed in
Section 3.1.3 would also be considered.

Each system design, including the baseline LPIS, is briefly described
along with the point estimate of this level of safety in Section 4.1. A
cost estimate is also described for each alternate backfit design. Section
4,2 summarizes the results of the safety and cost assessments for each
system. The selection of the optimum design is described in Section 5.

4.1. Design description

4.1.1. Baseline design description

Figure 2 is a flow diagram of the PWR of the Low Pressure injection
System as analyzed in WASH-1400. The purpose of the LPIS is to provide a
large volume of water to the reactor pressure vessel during the early
post-accident period following a large loss of coolant acecident (LOCA). The
LPIS pumps are automatically activated by a Safety Injection Control System
(SICS) signal whenever a combination of low pressure and low f£fluid level in
the Reactor Coolant System (RCS) ocecures, or if high pressure in the
containment is sensed. The following sections provide a brief 'description
of the LPIS and the results of the WASH-1400 fault tree analysis.

Major Component Operating Characteristics

The LPIS includes the 350,000 gallon Refueling Water Storage Tank
(RWST), two pumps in parallel redundancy and associated valves and piping.
All block valves between the RWST and the reactor coolant system are local
and/or remote controlled valves and are in the normally open position.
Check valves in the cold leq injection lines are installed to preclude
backflow from the high pressure (2000 psi) RCS to the pressure LPIS {600

psi). :
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FIG. 2. Baseline low pressure injection system.
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Operability

The LPIS is initiated automatically by the SICS following a large
LOCA. The pumps start upon receipt of the SICS and continue to supply fluid
to the RCS until the RWST water supply is depleted (approximately 30
minutes). The output of either pump to the cold of the RCS is sufficient to
provide adequate low pressure coolant injection.

Successful operation of the baseline LPIS design is defined based on
the following two criteria:

(1) Either pump path A or B must provide sufficient flow, and
(2) Emergency coolant injection into only one of the three cold
leg flow paths is required. '

Criterion (1) 1s met if emergency coolant is delivered through either
of the two redundant LPIS flow paths. Because the baseline design is
normally aligned for injection, that is to say, no valves are required to
change position prior to system operation, criterion (1) is met if one LPIS
pump starts as required, continues to run for the duration of the injection
phase, and if no faults exist in the non-redundant portions of the system,

Criterion (2) is satisfied if emergency coolant is delivered through
either of the two remaining cold leg flow paths assuming a LOCA has
occurred in one cold leg. The baseline design actually consists of three
cold leg injection flow paths. Flow path success includes losing fluid out
the broken cold leg.

A complete discussion of the LPIS failures which may render the
system incapable of satisfying the criteria for successful system operation

is presented in the Safety Level discussions.

Test and Inspection Specifications

{

The test and inspection frequency for major system components is
based on a monthly or yearly cycle. The pumps and their drivers are tested
monthly. In order to perform their test, no valve positions need to be
changed. The pumps are simply started and water from the RWST is pumped
back to the RWST via a two inch diameter test line on the pump discharge.
The flow through this two inch line is instrumented by an orifice-plate
type flow instrument. As can be seen from Figure 2, the pump will be
delivering its discharge pressure up to check valves 110, 210, and 320.
However, since the pump deadhead pressure is approximately 350 psi, no RWST
water will be injected into the RCS cold leg during normal operation
because the RCS normal operating pressure is 2000 psi. This pump test,
therefore, provides and indication that a pump will start upon demand and
provide reduced flow (through a two inch line),

The other major system components, the Motor Operated Valves (MOVs),
are tested on a yearly basis. These valves are in a normally open position
which provides the required flow path to the RCS without valve operation.
The test consists of cycling the valve to ensure its opening and closing.
The other MOVs (to HPIS, RCS hot leg, and Containment for Recirculation)
and normally closed valves and are tested yearly as well. It is assumed
that when the above major components are tested, their associated
instrumentation and power is verified by successful operation.
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Safety Level

The LPIS system chosen for the baseline design has been analyzed by
the WASH-1400 study to determine its unavailability on demand. This
unavailability is utilized in this demonstration as the measure of the
safety level of the LPIS design. The point estimate of the LPIS safety
level from WASH-1400 is:

. v ’“3
Ql:otal = 4,2 x 10

The following is a brief description of the major contributors to
this unavailability.

The fault tree model of the baseline design identified eleven
quantitatively significant single faults which would constitute system
failure, Of the total point estimate of 3.2 x 1073 unavailability due
to just LPIS hardware faults, these eleven single faults account for
3.2 x 1073, All of these singles are faults either of MOV 1890C or 1862
or erroneoulsy opening MOV 1890A or B fail the system and, collectively,
account for 2.2 x 1073, In addition, the operator error of erroneocusly
closing the manually operated RWST outlet valve, CS25, contributes
3.0 x 10°%. The remaining single faults are all hardware faults
associated with valves. Specifically, these include the internally failed
open condition of MOV 18902 or B, or the internally failed closed condition
of MOV 1890C, MOV 1862, manual RWST outlet valve CS525, or check valve
1890C. Collectively, these account for 6.0 x 1074,

Jointlyr test and maintenance activities contribute 9.6 x 1074 to
the total LPIS system unavailability. It was determined that maintenance
activities account for the entire test and maintenance contribution and
that the system testing contribution to unavailability is negligible. This
conclusion was reached by determining that during system testing, each pump
is manually started by the operator in the control room and a limited
amount of fluid is pumped through a test line. This test does not require
isolation of the pump. If the LPIS is required during a system test, the
pump 1s automatically returned to operating status. The motor operated
valves are tested annually during refueling shutdowns when the LPIS is not
required to be operable. Hence, pump and valve contributions to LPIS
unavailability are negligible and Q. = E.

Maintenance activites constitute a significant LPIS unavailability
contributor. Maintenance of pumps and valves comprise the entire test anad
maintenance contribution. Pump maintenance times may range from 0.5 hours
to 24.0 hours, with a log normal mean duration of 7.0 hours. The mean pump
maintenance interval is estimated to be 4.5 months, yielding a main
maintenance frequency of 0.22 maintenance/month. Utilizing the equation

Qqn = (duration){frequency},
interval

the unavailability of one pump path due to pump maintenance is:

(7.0)(0.22) = 2,14 x 10”3
720

In accordance with the procedures set forth in the WASH-~1400 study,
the same values were used to calculate the unavailability of one pump path
due to maintenance of the pump discharge motor operated valve. The total
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unavailability of one pump path due to maintenance is, thus,

{(2.14 x 10”3)(2) = 4.28 x 1073, The contribution of the two redundant

pump paths due to maintenance is obtained by multiplying the maintenance
unavallability of one path by the fault unavailability of the other path
and multiplying this project by two because two pathways exist. The LPIS
unavailability due to maintenance of the two redundant pump paths is, thus,
(4.28 x 1073)(9.6 x 1073)(2) = 8,2 x 1075,

In addition to the maintenance contribution of the redundant
pathways, four non—-redundant motor operated valves may be subject to
maintenance insofar as an operator may be required to verify the position
of one of these valves. The four non-redundant valves subject to this
verification are MOV 1862, MOV 1890A, MOV 1830B, and MOV 1890C. It was
estimated that the mean verification time for this act is 0.72 hours and
that the associated frequency is 0.22/month. Thus, the LPIS unavailability
due to maintenance of these four valves is given by:

\

(4.0)(0.22)(0.72) = 8.8 x 1074
720

The total LPIS unavailability due to test and maintenance, Qup, is
given by: :

Otm = Otest ' 9redundant * @non-redundant

i

E+ 8.2 x 1072 + 8.8 x 1074

9.6 x 10~4

In addition to the hardware and test and maintenance contributions,
the evaluation of the baseline LPIS identified a common mode type
contributor. The failure of both Safety Injection Control System (SICS)
signal trains would result in LPIS unavailability and is estimated to have
a probability of 4.5 x 1079, For the assessment of the design
alternatives, common cause failure of both trains of the SICS was combined
with the hardware failure of SICS for a total point estimate of 9.8 x
1077, and included in the hardware contribution to LPIS failure.

4.1.2., Option A design description

Figure 3 is a flow diagram of the hypothetical required modification
to the LPIS based upon correction of an apparent weakness in the existing
system. The Option A design is based upon the original Surry 1 FSAR LPIS
design. The original design was the same as Option A (FSAR design) except
that the LPIS was .tied into the RCS hot-leg. During the design phase, prior
to construction of Surry 1, it
was not acceptable and the design had to changed to reflect cold-leg
injection with the capability for hot-leq injection. However, because the
materials have been ordered based upon the "original" design, and the new
regquirements for both hot-leg and cold-leg injection, the decision was made
to proceed with the design known here as the baseline design. As can be
seen from Figure 3, the Cption A design is the same as the baseline design
except that (1) MOV 1890 C is removed, (2) Parallel MOVs are added to MOV
1864A and MOV 1864B, (3) a separate line from each pump train tie into the
RCS header inside containment, and (4) MOV 1864A & B and their new parallel
valves are changed to normally closed valves and open automatically upon
receipt of the SICS.
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Mzjor Component Operating Characteristics

The LPIS Option A will operate in the same manner as the baseline
design. The major system difference is that the RCS isolation valves, MOV
1864A, B, ¥ and Y are normally closed and open upon the receipt of SICS,
The Option A equipment configuration is very similar to the haseline
design. The addition of parallel valves for MOV 1864A & B and elimination
of MOV 1890C require that MOVs 1864A, B, X and Y ensure that the valves
will open when required. The new penetration through the containment
provides a separate path to the RCS for each pump train,

Operability

The Option A LPIS is initiated in the same manner as the baseline
design. The SICS automatically starts pumps A0l and B0l and at the game
time opens MOVs 1864A, B, X and Y. The Option A design meets the design
criteria of (1) either pump A0l or B0l providing sufficient flow and (2)
acceptable system performance will be achieved with only one of the three
cold-leg providing flow into the RCS.

Successful operation of the Option A LPIS design is defined based on
the same two criteria as for the baseline case.

Criterion (1) is met if emergency coolant is delivered through either
of the two redundant LPIS pump flow paths. The Option A design has
incorporated two normally c¢losed redundant motor operated valves in both
pump discharge lines, one of which wmust open upon receipt of an SICS sgignal
in order for operation of that pump path to be successful. These redundant
MOVs are 1864A, X, B and Y. Of course, successful operation of the pump
paths depénds on the successful start and continued operation of the LPIS
pumps for the duration of the injection phase.

Criterion (2) is met if emergency coolant is delivered through either
of the two remaining cold-leg flow paths in which a LOCA has not occured.
The Option A design actually consists of three cold~leg injection flow
paths. However, for the purposes of this analysis, a LOCA is assumed to
occur in one of the three paths, leaving only two cold—leg injection flow
paths intact.

A complete discussion of the LPIS failures which may render the
system incapable of satisfying the criteria for successful system operation
is presented in the safety level discussion.

Test and Inspection Specifications

The Test and Inspection procedures and frequency of Option A for the
pumps and their drivers remain the same as the baseline. The test
procedures also remain the same for the motor operated valves .but the
frequency is increased to once per month for the valves which are now
normally closed and must open for successful operation of the LPIS. The
test Erequency for the normally open valves is the same as considered in
the baseline design, i.e., once per year.

Safety Level

The safety level of Option A was determined by utilizing the same
analysis method and data that was used in WASH~1400. The fault tree
analysis of the Option A design results in a total unavailability point
estimate of:

Ototal = 2.9 x 1073
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Eleven guant!itatively significant single faults were identified in
the course of the fault tree analysis of the Option A design. Collectively,
these eleven single faults accounted for an unavailability contribution of
of 2.1 x %0"3 out of a total point estimate of hardware unavailability of
2.2 x 1077,

Nine of the eleven single faults are faults which are associated with
system valves. Four of the nine are operator errors, three are mechanical
failures of the valves in the closed position, and two are mechanical
failures of the valves in the open position.

Specifically, the operator errors of erroneously closing the manually
operated RWST outlet valve CS25, motor operated valve 1862, or erroneouly
opening MOVs 1890A or B accounts for 1.5 x 1073 of the system
unavailability. Mechanical failures of valves in the improper position
account for 5.0°'x 1074, Valves which are subject to this failure mode are
the manually operated RWST outlet valve, check valve 1890C, MOV 1862, and
motor operated valves 1890A or B. In addition, the common cause type
failure of both SICS signal trains was estimated to contribute 9.9 x 1073
and plugging of the RWST vent contributes 4.4 x 1077,

Test and maintenance activities contribute an unavailability factos
of 7.7 x 1074, Tt was assumed that monthly testing would be performed on
the two LPIS pumps and on the normally closed motor operated valves MOV
1864A, X, B and Y. However, because opening the valves and starting the
pumps for testing do not render the system unavailable, testing of these
components does not constitute an unavailability contributor. MOVs 1862,
1880A, and 1890B are tested annually and do not contribute to the
unavailability of the Option A design. Testing of the system components,
then, has no effect on system unavailability.

Maintenance activities, however, do constitute an unavailability
contributor. Pump maintenance times are estimated to have a log norq?l Mmeéan
duration of 7.0 hours. The mean pump maintenance interval is estimated to
be 4.5 months, yielding a mean maintenance frequency of 0.22
maintenance/month. The unavailability of one pump path due to pump
maintenance is, thus:

(7.0)(0.22) = 2.14 x 1073
720

Each of the two pump paths may also be unavailable due to maintenance
of the MOVs in that path. Specifically, path A includes MOVs 1884 and 1864X
and path B includes MOVs 1864B and 1864Y. The same maintenance durations
and frequencies which were used to calculate pump unavailability were used
to calculate the MOV unavailability due to maintenance. Thus, for each pump
path, the unavailability due to MOV maintenance is,

(4.0)(0.22)(0.72) = 8.8 x 1074
720

The total maintenance unavailability of each pump path is. the sum of
the pump maintenance unavailability and the MOV maintenance unavailability:

(2.14 x 1073)(4.28 x 1073) = 6.4 x 1073
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The total Option A LPIS unavailability which results from maintenance
of components in the redundant paths is obtained by multiplying the
maintenance unavailability of one path by the fault unavailability of the
other path and multiplying this product by two because two pathways exist.
The unavailability due to maintenance of the two redundant pump paths is,
thus,

(6.4 x 1073)(8.5 x 1073)(2) = 1.1 x 1074

In addition to the maintenance contribution of the redundant
pathways, three non-redundant valves may require maintenance in the form OF
operator verification of their position. These three valves are MOV 1862,
1890A;, and 1B890B. It was estimated that the mean verification time for this
act is 0.72 hours and that the associated frequency is 0.22 per month.
Thus, the Option A design unavailability due to maintenance of the three
non-redundant valves is given by:

(3.0)(0.72)(0.22) = 6.6 x 1074
720

The total Option A design unavailability due to test and maintenance,
Otme is given by:

Otm * Otest * 9redundant ¥ Onon-redundant

=B+ 1.1 x 1074 + 6.6 x 1074

7.7 x 1074

Hi

!

Estimated Costs

The estimated capital costs for Option A are based upon the general
costing, design guidelines and assumptions as identified in Section 3.1.3.
The actual implementation of this option would require the following {refer
to Figures 2 and 3):

(1) Remove MOV 1890C

(2) Re-use MOV 1890C for MOV 1864B

(3) Install (3) new 10 inch MOVs for MOVs 1864A, X, and Y

(4) Fabricate and install spool piece from MOV 1864A and X to
line 003

(5) Fabricate and install spool piece from MOV 1864 and Y to RCS
header through existing unused containment penetration

(6) Install new conduit, fittings, and cable to MOVs 1864A, B, X
and Y

The material and labor costs for modifying the LPIS to the Option A
configuration are detailed in Pable 4. The total cost is US $376,360.
Engineering, licensing, guality assurance and operating costs are not
included in this cost estimate.

4.1.3. Option B design description

The initially considered utility alternate to the required
modification is shown in Figure 4 and referred to as Option B. The Option B
design was selected for consideration because of its apparent caost
advantages over the Option A design and qualitative improvements in
unavailability over the baseline design.
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The design changes consist of eliminating MOV 189%0C, adding a .
separate penetration through containment so that each pump has a separate
path to the RCS header, changing MOVs 1864A and B to normally closed valves
and increasing their pressure rating, providing parallel pump suction lines
including new valves MOV 1862X and CVOX, adding a wmoto:r operator to manual
valve CS25, and adding SICS signals to all valves to snsure theix proper
position in the event the 3ICE ig initiated. :

Major Dperating Characteristcics

The Cpzn B design will operate in the same manner as the baseling
design. The major system difference is that the RCS isolaiion le ves, MOV
18644 and B are normally closed and open upon reczipt of the SICE. The
sguipmernit configuration for Option B is similar to the baseline design with
the major difference being the elimination of MOV 1890C. This charge
necessitates the upgrading of MOV 1864A and B to a higher pressure rating.
The addition of SICS to MOV 1864A and B ensure that the valves will opsan
when required. The new penebration through containment provides a separat
path to the RCS for each pump train.,

Operability

The Option B LPIS is initiated in the same manner as the baseline
design. The S51C85 antomatically stavis pumps A0l and B0l and at the same
time opens valwves MOV 1864A and B, gives MOVs C525%, 1862X, 1862 "stay open”
signals. y

Successful operation of the Option B LPIS design is based on the same
two criteria as the baseline case.

Criterion (1) is satisfied if emergency coolant is delivered through
either of the two LPIS pump flow paths. Normally closed motor operated
valves 1864A and 1864B are required to open upon receipt of an SICS signal
in order for the operation of their associated pump paths to be successful.
As in the case of the baseline design, once all valves are properly
aligned, the LPIS pumps are required to start on command and contlnue
operation for the duration of the injection phase.

Criterion (2) is satisfied if emergency coolant is delivered through
either of the two cold-leg injection flow paths which are not effected by
the postulated LOCA. No deviations from the baseline design inside
containment were incorporated into the Option B design.

A complete discussion of the LPIS failures which may render the

system incapable of performing its intended function is presented in the
safety level discussion.

Test and Inspection Specifications

The test and inspection procedures and frequency of Option B for the
pumps and their drivers remain the same as the baseline design. The test
procedures also remain the same for the motor operated valves but the
freguency is increased to once per month for the wvalves which are now
normally closed (MOVs 1864A and B) and must open for successful LPIS
operation. The test frequency for the normally open valves is the same as
considered in the baseline design, i.e., once per year.
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Safety Level

The safety level of Option B was determined by utilizing the same
analysis method and data that was used in WASH~1400. The Ffault tree
analysis of the Option B design vesults in a total vnavailability point
estimate of:

Ototal = 1.2 x 1073

=

The fault tree analysiz of the Option B LPIE design revesled that of
# toLal ] esign hardware unavai]zb:llty point estimate of 4.8 x 107%, five
single vlts account for 4.0 x 107*. Three of these five single faults
o

are th: nechanical failure of system valves in the improper position.
Specifically, the RWST outlet walve MOV C52Z5 in the closed position or MOV
18908 or B in the open position contribute 3.0 x 1074 collectively. The
remaining two single faults are the common mode failure of hoth SIC5 signal
trains which contributes 9.9 x 1072 and plugging of the RUWST tank vent
which contributes 4.4 x 1077.

The remainder of the Option B LPIS design point estimate of hardware
unavailability derives from 40 double cut sets.

Test and mainitenance activities constitute the largest unavailability
contributor for the Option B LPIS design, accounting for 7.3 x 1074, Pump
maintenance in each of the redundant pump paths is asgsumed to oceur with a
frequency of 0.22 per monith. The log normal mean ppump maintenance duration
is estimatd to be 7.0 hours. The option B unavailahility of one pump path
due to pump mainktenance is, thus,

7 (7.03(0,22y = 2,14 x 107

720

One motor operated valve in each pump path will also require
maintenance. This 1s MOV 1864A or B. The same frequency and duration values
were assumed for valve wmaintenance that were used in calculating pump
maintenance unavailability. Thus, the unavailability of each path due to
valve maintenance is 2.14 x 1073. The total system unavailability due to
maintenance of the redundant path by the fault unavailability of the other
path and multiplying this product by two to represent the two pathways. The
total system unavailability due to maintenance of the redundant pump paths
is:

(2){4.3 x 1073)(8.6 x 1073y = 7.4 x 1072

In addition to maintenance performed on components in the redundant
pump paths, maintenance is alsc performed on the three non-~redundant MOVs,
CS25, 1890A, and 1890B, in the form of verification of their positions.
This is assumed to occur 0.22 times per month with a log normal mean
duration time of 0.72 hours per occurrence. Unavailability due to
verification of the position of these three valves is given by:

{3)(0.22)(0.72) = 6.6 x 1074
720

Maintenance must also be performed on MOVs 1862 and 1862X.
Unavailability due to maintenance on these valves is obtained by
multiplying the maintenance unavailability of one valve by the fault
unavailability of the other and multiplying this product by two because
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there are two of these valves. This maintenance unavailability contributor
is given by: ‘

[(2)(1.0 x 10“4)] [g7);;gzzgj = 4,28 x 1077

The total Option B LPIS design unavailability due to maintenance is
given by:

On = Om redundant * ©non-redundant * 21862

i}

(7.4 x 1073) + (6.6 x 1074y + (4.3 x 1077

7.3 x 1074

it

It was determined that testing activities do not contribute to the
Option B desidn unavailability. The entire test and maintenance
contribution is there¢fore due to maintenance activities.

Estimated Costs

The estimated capital costs for Option B are base dupon the following
tasks:

(1) Add SICS signals to seven valves, (MOV 1864A, B; 1890A, B;
1862, X; CS825) including the additional conduit, fittings,
and cable.

(2) Remove MOV 1890C

(3) Remove 1864B and install MOV 1890C

(4) Install new 10 inch MOV for MOV 1684A

(5) Install new 12 inch MOV for MOV 1862X including two 12 inch
diameter tees and 1504 check valve for CVOX

(6) Install new actuator for MOV CS25 including new power hook-up

(7) Fabricate and install new piece from MOV 1B864A to line Q03

(8) Install tee in RCS header and tie in new fabricated spool piece
from MOV 1864B through existing unused penetration.

The total material and labor cost for modifying the LPIS to the
Option B configuration are detailed in Table 4. The total cost ist
US $354,665. Engineering, licensing, quality assurance and operating costs
are not included in this cost estimate.

4.1.4. Option C design description

Based upon the fault tree evaluation of the baseline and Option A, a
possible "fix" is suggested which involves providing signals to motor
operated valves to reduce the contribution to LPIS unavailability due to
some human errors. Option C, shown in Figure 5, was selected as an example
of a design alternative which may become evident as a result of the safety
agsessment process. The Option C design is a simple improvement of the
existing baseline design, consisting of only the addition of SICS signals
to MOVs to ensure their proper operation.

Major Component Operating Characteristics
The Option C design will operate in the same manner as th baseline

design. Upon initiation of the SICS, the pumps A0l and B0l will start and
supply water from the RWST to the RCS via all normally open valves. The
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major system difference is that the normally open valve will receive a
"stay open® signal and the normally closed valves will receive a “stay
closed" signal.

Operability

The Option C LPIS operates in the same manner as the baseline design
and meets the original design requirements. The successful operation of the
Option C LPIS design is dependent on satisfying the same two criteria as in
the baseline case.

Criterion (1) is satisfied if emergency coolant is delivered via
either of the two LPIS pump flow paths. As all system valves are normally
aligned for indjection, only the start and continued operation of the LPIS
pumps is reguired. .

Criterion (2) is satisfied if emergency coolant is delivered through
either of the two cold leg injection flow paths which are not effected by
the postulated LOCA. Mo deviations from the baseline design inside
containment were incorporated into the Option C design.

A complete Discussion of the LPIS failures which may render the sytem
incapable of performing its intended function is presented in the safety
level discussion.

Test, and Inspection Specifications
f

The Test and Inspection procedures and frequency of the Option C
design are the same as for the baseline design.

Safety Level

The safety level of OptionC was determined by utilizing the same
analysis method and data that was used in WASH-1400. The fault tree
analysis of the Option C design results in a total unavailability point
estimate of: '

Qtotal = 2,0 x 10-3

The fault tree analysis of the Option C LPIS design showed that nine
single fault events account for 1.0 x 1073 out of a total hardware point
estimate of 1.1 x 1073. Seven of the nine single faults are valve faults.

Specifically, the manually operated RWST outlet valve CS25, motor
operated valve 1862, check valve 1890C, and motor operated valve 1890C may
all fail mechanically in the closed position. Collectively, the failure of
these four valves in this mode accounts for 4.0 x 1074. Motor operated
valves 1890A or B may fail mechanically in the open position. These single
faults contribute 2.0 x 1074, A postulated operator error in which an
operator erroneously closes the manually operated RWST outlet valve
accounts for 3.0 x 1074, In addition, the common mode failure of both
SICS train signals accounts for 9.9 x 1072 and plugging of the RWST tank
vent contributes 4.4 x 1077.

Test and maintenance activities provide a total contribution of

9.5 x 10 to the Option C LPIS design unavailability. Pump maintenance in
each of the two redundant trains was calculated based on an estimated
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frequency of 0.22 per month and a log normal mean duration of 7.0 hours.
The unavailability of one pump path due to pump maintenance is given by: !

7.0)(0.22) = 2.14 x 1073
720

Each pump path also contains an MOV which is either MOV 1864A or B
that required maintenance. The valves which were assumed as the frequency
and duration for pump maintenance were also applied for the maintenance
calculations of MOV 1862A and B. The unavailability of one pump path due to
valve maintenance is thus also 2.14 x 1073. The total unavailability of
one pump path due to maintenance of pumps and valves is 4.3 x 1073, mhe
total system unavailability due to maintenance of the redundant pump paths
is obtained by multiplying the maintenance unavailability of one path by
the fault unavailability of the other path and mulitplying that product by
two to represent the two paths. The total unavailability of the system due
to maintenance of the redundant paths is given by:

(4.3 x 1073)(8.6 x 1073)(2) = 7.4 x 1075

In addition to the maintenance which must be performed on components
within the two redundant pump paths, it is expected that verification of
the positions of the four non-redundant valves, MOVs 1862, 1890a, 1890B,
and 1890C, will be required and that this act will assume frequencies and
durations of 0.22 and 0.72, respectively. System unavailability due to
maintenance of the four non-redundant valves is given by:

(4)(0.22)(0.72) = 8.8 x 1074
720

The sum of the redundant component maintenance unavailability and the
non—-redundant component maintenance unavailability is the total
unavailability of the system due to maintenance: {

(7.4 x 107°) + (8.8 x 1074) = 9.5 x 1074
It was determined that testing of the Option C design components does

not constitute a contributor to the system unavailability. The entire test
and maintenance contributor is thus due to system maintenance.

Estimated Costs

The estimated capital costs for Option C are based upon the addition
of SICS signals to MOV 1850C, MOV 1864A, B, MOV 183%0A, B, MOV 1862
including conduit,. fittings and cable. The material and labor costs for
modifying the baseline LPIS to the Option C configuration are, as detailed
in Table 4, US $71,580. Engineering, licensing, gquality assurance and
operating costs are not included in this cost sstimate.

4.2. BAssessment of alternmatives

After estimates of system unavailability and design modification
costs have been made for each of the alternative designs under
consideration, the next logical step in assessing the various alternatives
is to make a comparative examination of the alternatives. Table 2 lists the
major LPIS system components for the baseline design as well as for each of
the three design alternatives. Table 3 provides a listing of the various
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TABLE 2. MAJOR LPIS SYSTEM COMPONENTS

BASELINE © QPTION A8 OPTION g OPTION Cr
RWST RWST RWST RWST
LP{ purmp ADI LPI purnp AC} LP! purp AOI LPI pump A0}
LP1 purnp BOY LP! pump B0 LP1 purmp BOI LPY purap 804

Local ronual RWST
outlet valve C525

Remote monual MOV
1862

Cheek valva 001

Remole monual MOV
1090A

Remoie monuol MOV
1890B

Remate manual MOV
1890C

Remote monual MOY
IBs4 A

Remote monual MOY
18640

Local manual RWST
outlet valve C525

Remote monual MOV
1062

Cheek valve 00§

Remote manual MOV
]890A

Remoie monual MOV
18906

Automatically operated
fOV {864 A

Aviomaticaily operated
MOV 1864X

Automatically operaied
MOV 1864B

Avtornatically operated
MOV 1864y

Auvtermmoatically operated
RWST ouilel MOV 525

Remote rmanval MOV
1862

Rernote monval MOV 862X
Check valve 01

Check valve 0X
Autornatically operaied

MOV {870A

Auviomatically operated
MOV 1890B

Automatically operoted
MOV 1B6HA

Automatically operated
MOV |86bB

Lecal manual RWST
outlet valve C525

Auternaticolly operated
MOV 1662

Chack valve 001

. Automatically operated
. MOV {8904

Automnatically aperated
MOV 18908

Auiomatically oparoied
MOV 1890C

Autornatically ﬂpea‘é?ad
MOV 18644

Auvtomatically oparated
MOV 18848

)

TABLE 3. SUMMARY OF DESIGN OPTION IMPACT ON SYSTEM UNAVAILABILITY

Fauli Event

Valve {890C closed (human error)

Valve 1862 closed (humaon error)

Valve CS525 closed (human error)

Valve 1B0A open (hordware failure)

Valve 18%0A open {human error)

Vaive {B30B open (hardware faiture)

Valve 18908 open (humen error)

Valve 1890C closed thardware failure)

Valve CS525 closed thardware failure)

Valve 1862 closed (hardwore foiiure)

Check valve 001 closed (hardware foilure)

Failure of both trains of safety injection signal

*Maintenance contribution
2Double fallure contribution

RWST vent plugged

*Totql LP{ ynavailability paint estimate

Event-Unavailability

Baseline Option A
1.0E-03 Deleted
{.0E-03 1.0E-03
3.0E-D4 J.0E-04
|.0E-04 {.0E-04
{.0E-04 1.0E-04
1.0E-04 1.0E-04
I.0E-04 1.OE-04
1.0E-04 Deleted
i.0E-04 {.0E-04
1.0E-04 1.0E-04.
1.0E-04 LLOE-04 .
9.9E-05 9,9E-05
9,6E-04 1.7E-04
9.5-05 7.3E-05
4.4E-07 4.4E-07
4,2E-03 2.9€-03

Option B Option C
Deleted Deleted
Deleted Deleted
Deleted 3.0E-08
{.0E-04 {.0E-04
Deleted Deleted
1.0E-04 1.0E-04
Deleted Deleted
Deleted 1.0E-04
LOE-lWJ {.0E-04
Deleted 1.0E-04
Deleted 1.0E-04
9.9E-05 2.9E-05
7.3E-04 9,5E-04
T.7E-0S 7.7E-05
4.4E-07 4.4E-07
1.2E-0 2.0E-03

# This unavailobility is the result of computotions based on the system design

recomputed for each design configuration

and is
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fault events associated with the major components as well as the
correspodning fault probabilities. In addition, Table 4 summarizes the
design modifications for each option and provides the cost estimate for the
modifications. The paragraphs which follow provide some comparisons of cost
of cost and availability of the baseline design and the three options.

The fault tree analysis of the baseline LPIS design revealed that
single valve faults associated with MOV 18350C, MOV 1982, MOV 1862A, MOV
1890B, check valve CV001 or the RWST outlet value CS25 are the dominant
contributors to the unavailability of the baseline LPIS system. These
single faults account for 3.1 x 1073 out of a total estimated hardware
contribution of 3.2 x 1073, The test and maintenance contribution to the
unavailability contributors, the most effective improvements to system
availability might be made. Further, by proposing several alternative
designs by which these improvements might be made, it was possible to
compare the estimated costs of the various proposed design cﬁanges in the
context of the estimated availability improvements. This process can he
utilized as a preliminary screening of design alternatives.

TABLE 4. DESIGN OPTION COST SUMMARY

. TOTAL
NATURE OF ACQUISITION INSTALLATION OPTIOM
DESIGM MODIFICATION 1 COST COST COST
Option "A . | MOV [090C removed. § e § 4,800 $376,360
2. Parallel MOVs added to MOV 1864A 128,000 112,400
ond MOV 18640,
3 Sepor"a?e line from each pump 18,500 68,000
train-tied injo RCS header inside
contairmment.
b,  MOVs |BoUA & B ond their new 12,660 32,000
respective paralie! valves 1B64X & Y
ore normally closed and open on
receipi of SICS signal.
Option *B" . Rermove MOV 1890C § o $ 4,800 $350,665
2. Addition of o containment peneiration 18,500 68,600
so0 that each pump has a separate path
to the RCS header,
3. MOVs 1860A ond B normally closed. 40,000 28,000
4, Pravision of porallel pump suction lines. 32,500 56,436
5. Moter operator added to RWST outlet 15,189 18,600
valve CS§25.
§. SICS signals provided to motor operated 23,580 48,000
valves to ensure their proper position.
Optien *C* . SICS signais provided to motor operated $23,580 $48,000 §71,580
voives {o ensure proper position,
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fault events associated with the major components as well as the
correspodning fault probabilities, In addition, Table 4 summarizes the
design modifications for each option and provides the cost estimate for the
modifications. The paragraphs which follow provide some comparisons of cost
of cost and availability of the baseline design and the three options.

The Fault tree analysis of the baseline LPIS design revealed that
single valve faults associated with MOV 1890C, MOV 1982, MOV 1862A, MOV
18908, check valve CV00l or the RWST outlet value C825 are the dominant
contributors to the unavailability of the baseline LPIS system. These
single faults account for 3.1 x 1073 out of a total estimated hardware
contribution of 3.2 x 1073, The test and maintenance contribution to the
unavailability contributors, the most effective improvements to system
availability might be made. Further, by proposing several alternative
designs by which these improvements might be made, it was possible to
compare the estimated costs of the various proposed design changes in the
context of the estimated availability improvements. This process can be
utilized as a preliminary screening of design alternatives.

TABLE 4. DESIGN OPTION COST SUMMARY

. TOTAL
NATURE OF ACQUISITION INSTALLATION OPTION
DESIGN MODIFICATION COST COosT COosT
Option A" . MOV |BSOC removed. J— $ 4,800 $376,360
2. Parollel MOVs added 1o MOV 1864 A 128,000 112,400
and MOV {864D,
% Separaie line from evch pump 18,500 66,000
train-tied into RCS header Inside
contfalnment.
{
4, MOVs 1066A & B and their new 12,660 32,000
respeciive parallel volves 1B6UX &Y
ore normally closed and open on
receipi of SICS signal.
Option vBY l.  Remove MOV 1890C § 5 4,800 $354,665
2. Additien of g containment peneiration 16,500 68,600
50 that eoch pump hag a separate path
to the RCS header,
3. MOVs 1864A ond B normally closed. 40,000 28,000
4,  Pravision of paraliel pump suetion lines. 32,500 56,496
5.  Motor opefator added to RWST outlet {5,189 18,600
valve C§25.
6. SICS signals provided fo motor operated 23,580 48,000
valves {o ensure their proper pasifion.
Option "C* l.  SICS signals provided to motor operoted $23,580 $48,000 $7T1,580
volves to ensure proper posifion,
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This demonstration assessment is based entirely upon the techniques
(fault tree analysis, SAMPLE code) and data from WASH-1400. Subseguent to
the reactor safety study, there has been a great deal of interest in
evaluation techniques which account for coupled failures of hardware and
human errors. These techniques include the use of factors to wmodify the
appropriate component failure or human error rates in the evaluation
process. These LPIS demonstration assessments do not include these
technigues in order to allow comparison of the postulated hypothetical
changes to the baseline evaluation in WASH-1400 and to avoid raising issues
which might detract from the primary purpose of the demonstration.

The Option A LPS design sought to improve PLIS availability in the
following ways: ‘

(1) MOV 1890C was removed, thereby eliminating its unavailability
contribution assoclated with its potential failure in the
closed position. ’

{2) Parallel MOVs 1864X and 1864Y were added to existing MOVs
1864A and 1864B, respectively, to eliminate the single faults
associated with these valves.

(3) A separate line from each of the two pump trains has been
connected to the RCS header inside containment. This was
necessary as a result of the elimination of MOV 18¢0C.

(4) MOVs 1864A and 1864B and their new respective parallel valves
1864X and 1864Y are normally closed and open upon receipt of
) an SICS signal.

These design modifications are depicted in Figure 3 and are
summarized in Table 4. As a result of these design changes,; the total point
estimate of LPIS unavailability for the Option A design is calculated to be
2.9 x 1073 as compared with a point estimate unavailability of 4.2 x
1073 for the baseline design option. This unavalilability improvement may
be obtained for an estimated cost of US $376,360.

The Option B LPIS design attempted to improve on the baseline design
in the following ways:

(1) MOV 1890C was removed, thereby eliminating its unavailability
contribution associated with its potential failure in the
closed position.

{2y A separate line Erom each of the two pump trains has been
connected to the RCS header inside containment. This was

necessary as a result of the elimination of MOV '189%0C.

(3) MOVs 1894A and 1864B are normally closed and open receipt of an
SICS signal.

(4) Parallel pump suction lines including the complementary
redundant valves MOV 1862X and CVOX have been provided.

(5) The RWST outlet valve CS25 was made into a motor operated valve.

(6) SICS signals were provided to motor operated valves to ensure
their proper position.
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The above design changes are depicted in Figure 4 and are summarized
in Table 4. As a result of these design changes, the total point estimate
of LPIS unavailability for the Option B design is calculated to be
1.2 x 1073 as compared with the baseline unavailability point estimate of
4.2 x 1073, This unavailability improvement may be obtained for an
estimated total cost of US $354,665.

The Option C LPIS design is the simplest variation on the baseline
design. The only modification of the baseline PLIS design is the addition
of SICS signals to all system motor operated valves. The addition of these
signals helps to ensure that all MOVs will be in the proper position at the
time of a LOCA. Specially, normally open valves will receive a signal fault
associated with the mispositioning of receive a signal to close. All single
faults associated with the mispositioning of LPIS valves are thus
eliminated. This design modification is depicted in Figure 5 and is
summarized in Table 4.

The addition of signals to system MOVs results in a total calculated
point estimate unavailability of 2.0 x 1073 for the Option C design as
compared with a point estimate unavailability of 4.2 x 1073 for the
baseline design. This unavailability improvement could be obtained for an
estimated cost of US $71,580.

5. INTERPRETATION OF THE RESULTS

Given that a system modification to improve safety must be made,
inclusion of the quantitative measure of safety with the design information
greatly augments the ability to make a cost effective decision. In this
limited demonstration, the calculated cost and safety parameters were found

to be as follows:
{

Cost Unavailability
us s (Point Estimate)
Base line 4.3E~-03
Option A 380,000 2.9E-03
Option B 350,000 1.2E-03
Option C 71,000 2.0E~-03

Based on the point estimate of LPIS unavailability Option A, the
hypothetically required modification, results in a small improvement
(reduction) in system unavailability, the same dollars will "buy" a much
greater safety improvement with Option B while Option C provides a slightly
better improvement than the regquired change at about one~fifth of the costs
of Option A,

With this information, one of two decisions can be made depending
upon which factor (safety or cost) is of primary consideration. Although
there are additional items which may be considered, such as the
implications of the uncertainty in the unavailability and cost predictions,
the two basic decisions implied by this data are:

(1) If the dollars for Option A are going to be spent, Option B is

the design to chose because it provides the largest safety
improvement for the money; or
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(2) If the level of safety provided by Option A is desired, Option C
is the design to chose because it provides the desired safety at
one~-fifth of the costs. (Actually, the costs of Option C may he
a considerably smaller fraction of the other options because of
minimal engineering and other uncalculated costs associated with
Option C.)

The range of uncertainty associated with the predicted level of
safety was derived by utilizing the SAMPLE code as in WAEH-1400. The SAMPLE
code is a Monte Carlo simulation to determine the errox spread for the
system unavailability based upon the input data errors. The results
represent the 95 % and 5 % values calculated by the code. The ranges are:

Baseline 7.4E-03 to 3.1E-03
Option A 5.6E~03 to 1.3E~-03
Option B 3.0E~03 to 7.9E-04
Option C 4,5E=03 to 1.5E-03

Examination of these uncertainties associated with the safety
predictions does not change the basic decisions given that a change is
required. However, if the requirement for the necessity of the change is to
be questioned, consideration of the prediction uncertainties implies that
Option B wmust significantly improve LPIS safety.

Without specific numerical safety criteria and given the required
modification (Qption A) provides the necessary safety level, the argument
could be made that no change is reguired since there is considerable
overlap in the error bounds of the baseline and Option A (the reguired
change) . yote that when there is a great deal of overlap in the error
bounds associated with two alternative designs, that effectively means that
the analyst cannot convincingly demonstrate that there is a significant
difference between those systems in terms of their unavailabilities.

This demonstration has been purposely kept as limited and simple as
possible to provide an insight into the utility of the probabilistic
analysis in the design process. As powerful as these tools may be, these
analytical techniques cannot be utilized to make the decisions solely based
on the numerical results. ©Other factors such as compatibility with
existing systems or procurement lead time, to identify just now, may also
be considered in the decision process. Probabilisti¢ results can, however,
be used to make design decisions which are more closely related to the
desire to provide cost effective designs which provide the desired level of
safety.

Because of its limitations, the demonstration may leave general
impressions and implications about the design decision process which
require further explanation. The following issues are important:

- Cost optimization/design decision

— Resources required for implementation
~ Relationship to regulatory process

- Analysis data reguirements

~ Acceptable level of safety

-~ Design criteria changes

- Bafety importance of systems

- Bystem interface impact ...... “safety
~ Context of the safety evaluation
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Cost Optimization/Design Decision

In the absence of quantitative probabilistic safety criteria for
system design, optimization of system cost is very difficult. Unlike a
power plant availability situation where probability of system success can
be equated to owner/operator revenues, the cost benefit of safety
improvements is much more illusive. In the demonstration decision, no
attempt was made to equate quantitative safety improvement to cost of the
backfit. However, as noted above, a cost effective decision can still be
made without a mathematically defined relationship between cost and safety.

The two possible choices raised by the demonstration were to either
achive the maximum level of safety for the desired expenditure or to
achieve the desired level of safety at the lowest cost. If a guantitative
safety criterion existed for the demonstration system, then the second
decision could be made in relation to that criteron.

A number of cost factors were not included in the demonstration.
However, some of these costs could have an impact on the decisions. An
additional cost with potential significant impact is engineering costs.
This could be especially true in the situation where the hardware cost is
small but a good deal of confirmatory analysis is necessary to demonstrate
the functionability of the design. Even the cost of the probabilistic
analysis of the system designs could become a factor. But, substantial
savings on other design costs usually more than pays for the probabilistic
analysis activities.

Resources Required for Implementation

The demonstration was purposely limited to a WASH-1400 syste to
provide a good deal of visibility on the possibilities of utilizing
probabilistic analysis techniques in the design process. Therefore, gome of
the resources required for implementation on the system level were borrowed
from WASH-1400. Although significantly more than the demonstration study,
the required resources for adding probabilistic analyses to the design
process are not very large when examinations are limited to the type of
system level decision in the demonstration.

Once the baseline safety level is established, assessment of backfit
alternatives requires relatively few additional resources. Bach additional
assessment is primarily a modification of the initial baseline analysis.
For this demonstration, the development of the fault tree analyses for the
alternate designs required only two engineering weeks and evaluation of the
trees another two weeks of effort and a few minutes of computer time. The
cost estimating for each alternative required about three man-weeks of
effort while the design criteria review and alternate design generation was
accomplished with two weeks effort. The total effort reguired (engineering,
computation, key punch) was approximately nine man-weeks.

For a system level design decision, development and assessment of
three backfit alternatives can probably be accomplished for this same level
of effort (nine weeks) or less. Assessment of the baseline design for a
single simple system like LPIS would probably require an additional four to
six weeks of analysis and evaluation effort. Of course, the more complex
the design guestion (e.g., filtered vented containment) the larger the
assessment effort. However, the potential payoff is also much larger. In
some industries, safety analysis costs constitute 10 & to 15 & of
engineering costs.
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Relationship to Regulatory Process

The response of the industry to the regulatory process can be greatly
enhanced by the utilization of the probabilistic technigques. The
demonstration shows that quantitative information on the safety level can
be developed to compare the existing situation and the alternatives. This
information can be used in discussion with NRC justifying alternative
action or no action to a system backfit reguest. WRC has already accepted
such information in support of alternatives to WRC proposed changes to
improve safety.

NRC has stated that one of the most useful applications of
probabilistic technigques is the analysis of postulated accident sequences
to determine their relative importance., In one case an analysis was
performed to investigate the risk from seismically induced fires to
determine if fire protection systems should be designed to seismic Class I
requirements., The analysis performed indicated that the probability of a
seismically induced fire was small compared to the probability of a
randomly-induced fire occurring from causes not associlated with an
earth—quake. The study serverd as a basis for the NRC decision that fire
protection systems should be designed to seismic Class II instead of
Class 1.

Probabilistic techniques were used internally by the NRC to determine
the importance of a number of of safety issues raised by members of the
regulatory staff. These issues were suspected to being treated inadequately
in the licensing., The study showed that of those items related to plant
safety, the majority involved potential accident sequences which would not
have significant releases of radioactivity or which would have had lower
probabili&ies than other accident sequences having similar releases of
radicactivity. Thus, those items would not significantly affected the risks
and need not to be considered further.

The demonstration information will support two basic positions
depending upon the utility's desired response. The obvious response is that
the same level of safety proposed by NRC can be achieved with a much less
expensive backfit. An alternate response is that the requested NRC change
does not significantly increase the level of safety of the system and is,
therefore, not necessary.

The second position might be better rationalized on a higher level of
resolution., Consideration of the impact of the system change in the context
of accident response scenarious with other system failures will most likely
provide a stronger argument for rebutting the necessity of the change.

Analysis Data Requirements

Application of probabilistic analysis to the design decision process
for backfit situations requires data on system design, operation, component
failure and maintenance. The system design and operational data consists of
flow diagrams, elementary wiring diagrams, layout and evaluation drawings,
operating test and maintenance procedures, and technical specifications.
This information is normally available for the existing design. The same
level of detail of the system information for the alternatives can be
obtained by modification and assumption based on the baseline data.

The component data necessary.for evaluation for. the fault trees is

not always part of the system design information. This déta,,which consists
of failure rates, maintenance frequency and maintenance act duration time
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should be plant specific, if possible., Failing that, generic data should be
used.

Acceptable Level of Safety

If a quantitative system safety goal or requirement existed, the
decision process for system design would simply be a matter of achieving
that level of safety as demonstrated by analysis at the least cost.

This demonstration shows that decisions about safety levels of
systems can still be made without a stated quantitative requirement. In the
present situation the arguments might be made that the suggested design
change is not warranted from safety improvement standpoint. However, it is
guite possible that the suggested change could have a significant impact on
the safety of a system with the same function and a different design. Thus,
if the suggested design change came about of a changed design criterion, we
could not conclude that the new criterion was generally invalid.

Similarly, the analysis of a proposed design change might suggest a
new design criterion. However, it should not be assumed that this new
criterion will achieve the same icreased level of protection when applied
to other systems.

Safety Importance of Systems

The demonstration analysis was performed on the system level with the
assumption that improved LPIS availability would lead to an increase in
overall plant safety. However, the safety importance of system design
changes can only be confirmed if the analyses are performed at a plant
level.

System—Interface Impact on Safety

It sometimes happens that significant contributors to the
unavailability of a safety system are elements of other systems. An example
of this is the case in the demonstration where the Low Pressure injection
System is rendered unavailable by the failure of the Safety Injection
Control System (SICS). A careful search for all system interfaces and an
evaluation of their potential impact must be made in the course of
assessing the unavailability of reactor safety systems. In fact, this
examination may make a change to the interfacing system more cost effective
than the change originally contemplated. In some cases, a change to the
interfacing system may be necessary because it may represent a limit of
achievable safety for the systems it services.

Context of the Safety Evaluation

The demonstration analysis and decisions were limited in scope and
context. The importance of these limitations have been discussed to some
extent in the previous paragraphs (e.g. radiological impact on maintenance
performed, effect on overall plant availability, possibility of achieving
minimum requirements for safety functions) of this section. However, it is
important to note that many other factors enter into making a decision
about the level of safety of a design. Some of these
factors are appropriately addressed by the methods utilized in the
demonstration and some are not. Therefore, the context in which the design
decisions are made will determine the context of the safety evaluation.
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