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ABSTRACT

This paper presents an analysis of risks associated with component out-
age configurations during power operation of a nuclear power plant and
discusses approaches and strategies for developing a risk-based config-
uration control systea. A configuration, as used here, is a set of
component states. The objective of risk-based configuration control is
to detect and control plant configurations using a risk-perspective.

The configuration contributions to core-melt frequency and core-melt
probability are studied for two plants. Large core-melt frequency can
be caused by configurations and the.ce are a -number of such configura-
tions that are not currently controlled by technical specifications.
However, the expected frequency of occurrence of the impacting config-
urations is small and the actual core-melt probability contributions are
also generally small. Effective strategies and criteria for controlling
configuration risks are presented. Such control strategies take into
consideration the risks associated with configurations, the nature and
characteristics of the configuration risks, and also the practical con-
siderations such as adequate repair times and/or options to transfer to
low risk configurations. Alternative types of criteria are discussed
that are not overly restrictive to result in unnecessary plant shutdown,
but rather motivates effective test and maintenance practices that con-
trol risk-significant configurations to allow continued operation with
an adequate margin to meet challenges to safety.

1. INTRODUCTION

The objective of a risk-based configuration control system is to detect and
control plant configurations from a risk perspective. The configurations of
particular interest involve components which are down during power operation.
Controlling plant configurations from a risk perspective not only can provide
more direct risk control but also can provide more operational flexibility by
allowing looser controls on risk-unimportant areas. Implementation of such a
system will result in a safer plant. Configuration control strategies can be
implemented in planning test and maintenance strategies to avoid risk-impacting
configurations from occurring. These strategies can also be implemented using
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on-line computer systems. If properly implemented, a configuration control
system could replace parts of technical specifications. This paper presents an
analysis of risks associated with configurations and discusses approaches and
strategies for developing a risk-based configuration control system.

To gain the appropriate risk benefits of a configuration control system,
strategies must be defined to identify and control configuration risks. This
requires an understanding of configuration risks at the plant. The analysis of
configuration risks presented in this paper includes:

1) definition of the risks which are associated with a configuration,

2) definition of the individual factors which comprise the configuration
risk,

3) assessment of potential configuration risks which are allowed by current
technical specifications, and

4) definition of different strategies and criteria for controlling config-
urations .

As compared to present technical specifications, effective strategies for
controlling configuration risks control the risk while lessening the burden on
plant operation. Such control strategies should take into consideration the
risks associated with the configurations, the nature and characteristics of the
configuration risk and also, the practical considerations such as adequate re-
pair times and/or options to transfer to low risk configurations. The criteria
for configuration risk should not be unnecessarily restrictive to result in
unnecessary plant shutdown, rather it should avoid and control risk-significant
configurations to allow continued operation with adequate margin to meet chal-
lenges to safsty. With these perspectives, alternative types of criteria are
discussed, and representative criteria are presented for consideration.

This paper is not intended to address all relevant aspects relating to con-
figuration control system. The aspects defined above are studied to draw in-
sights for defining approaches and strategies for a configuration control sys-
tem. Other aspects relating to configuration control include defining a process
for determining surveillance tests that are effective in detecting and mitigat-
ing configuration risks, modeling requirements and plant-specific data require-
ments for a risk-based configuration control system, and the auditing require-
ments for such a system.

2. OBJECTIVES OF RISK-BASED CONFIGURATION CONTROL

The objectives of risk-based configuration control are to manage configura-
tions to control risk in some sense. Thus, the criteria here involve control-
ling some measure of risk. Risk-based configuration control can take many
forms. Component configurations can be managed to control component unavaila-
bilities. System configurations can be managed to control system unavailabili-
ties. Safety function configurations can be managed to control safety function
unavailabilities. Finally, configurations can be managed to control accident-
sequence frequencies, core-damage frequencies, or public-health risks.



In addition to the options for focusing on component, system, function, or
plant states, there are other options for risk-based configuration management.
The objective can be to control risk or unavailability rather precisely using
plant-specific system models or plant models. In controlling these risk mea-
sures, a risk-based configuration control system must define risk-significant
configurations and forewarn about component statuses whose outage can result in
significant risk levels, e.g., core-melt frequency levels. As such, the system
must define strategies to identify and control these critical configurations.
Figure 1 illustrates the basic objectives of risk-based configuration manage-
ment.
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Figure 1. Basic objectives of risk-based configuration management



As another option, configurations can be managed to control the immediate
risk value, which involves controlling unavailabilities, accident frequencies,
core-damage frequency, or public health risks. Alternatively, allowed exis-
tence times define how long a configuration can exist before repair or maint-
enance is to be completed or else some other action has to be taken. As still
another alternative, the control of the accumulated risk from the configura-
tions can be a focus of the control, which takes into account the number of
times the configuration has occurred or will occur. Figure 2 illustrates dif-
ferent options which can be selected for specific risk-based configuration
management strategies.
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Figure 2. Alternatives for risk-based configuration management



3. DEFINITION OF CONFIGURATION RISKS AND CONTROL STRATEGIES

3.1 The Risk Associated with a Configuration

The risk associated with a particular configuration can be determined by
substituting the associated component unavailabilities (either 1, 0, or inter-
mediate values q) into an appropriate risk model and calculating the risk con-
tribution from the configuration. Configurations of downed components (whose
unavailabilities are one) are of particular interest because they can cause
large risk increases due to the components being unavailable.

The risk contribution which is calculated for a configuration can be any
risk measure of interest, such as expected health consequences, core-melt
probability, or safety function unavailability. Impact of configurations on
core-melt probability will be the focus in the remainder of the discussions.
However, the discussions remain valid for any other risk measure.

There are three factors which determine the core-melt probability impact of
a configuration. These three factors are: (1) the frequency with which the
configuration occurs, (2) the core-melt frequency increase associated with the
configuration, and (3) the downtime, or duration time, during which the config-
uration exists.

The frequency of the configuration is the expected number of occurrences of
the configuration per unit time. The frequency over a year is the expected
number of times the configuration will occur in a year. The higher the fre-
quency of occurrence of the configuration, the higher is the core-melt proba-
bility impact from the configuration over a given time period.

The core-melt frequency increase associated with the configuration is the
pointwise increase in the core-melt frequency when the configuration occurs.
The core-melt frequency increase can be large for a configuration of downed
components because of the loss of protection provided by the components. The
larger the core-melt frequency increase caused by a configuration, the larger
is the core-melt probability impact*.

The final factor which determines the risk contribution from a configuration
is the downtime for the configuration. The downtime for the configuration is
the time period during which the configuration exists. If the downtime is very
small, then the risk contribution from the configurations can be small or can
be negligible even if the risk level increase caused by the configuration is
large.

*Note that it is important to differentiate between core-melt frequency and
core-melt probability. Core-melt frequency is a pointwise characteristic and
core-melt probability is an integral characteristic, i.e., the core-melt proba-
bility is the core-melt frequency integrated over time.



3.2 Assessment of Configuration Risks

For the three factors involved in configuration risks, let

f - the frequency of occurrence of the configuration (1)

I - the core-melt frequency increase caused by the configuration (condi-
tional core-nelt frequency given that the configuration exists) (2)

d - the downtime during a given configuration. (3)

To assess the core-melt probability contribution which is associated with
a configuration, the above three factors need to be assessed. In fact, two
distinct core-melt probability contributions can be associated with each con-
figuration, and these are the:

Ri - accumulated core-melt probability increase from a given configuration
occurrence, and (4)

RT - accumulated core-melt probability increase over some time period
T. (5)

The subscript "1" in R^ denotes the increase in core-melt probability from
a single occurrence of the configuration, and the subscript "T" denotes the in-
crease in core-melt probability over a time period T. Different configuration
control strategies can arise by focussing on these different core-melt proba-
bility contributions. Configuration control strategies can also focus on the
core-melt frequency level increase, I, itself. For implicit risk control strat-
egies, the core-melt probability contribution from the configuration does not
need to be explicitly calculated. For explicit risk control strategies, the
core-melt probability contributions are calculated using probabilistic risk
analyses (PRAs), or other equivalent models.

Even if the core-melt probability contributions are not explicitly calcu-
lated, it is useful to understand the relationships between Rj, Rf, and the
three factors f, I, and d, since risk control strategies, both implicit and
explicit, are based on an understanding of these relationships. The single
core-melt probability contribution R^ is simply the product of the core-melt
frequency increase I and the downtime d,

Rx - I d. (6)

Equation (6) expressed in words is:

[The core-melt probability increase from a configuration occurrence] -

(The core-melt frequency increase)

times

(The downtime during the configuration) (7)



The time period core-melt probability increase R-j> from a configuration is
also simply expressed as a product of factors:

RT - fTId (8)

- expected increase in core-nelt probability over time T due to outages
of frequency f and duration d.

As compared to Rj_, R^ contains the extra factors fT, which gives the number
of times the configuration is expected to occur in a time period T. Thus, Rj
is the increase in core-melt probability from all occurrences of the configura-
tion in time period T. Since fT can be smaller or larger than one, RT can be
smaller or larger than R^.

Equation (8) expressed in terms of words is:

[The core-melt probability increase from configuration occurrences in time
period] —

(The expected number of occurrences of the configuration)

times

(The core-melt frequency increase)

times

(The downtime during the configuration) (9)

3.3 Configuration Control Strategies

There are three different, basic strategies for controlling the core-melt
probability contributions from configurations:

1) control the core-melt frequency level,
2) control the single core-melt probability contribution, or
3) control the time period core-melt probability contribution.

Each of these strategies has advantages and disadvantages.

The first strategy involves controlling the pointwise core-melt frequency.
In attempting to control the core-melt frequency the goal is to reduce the peaks
in the core-melt frequency which are caused by configuration occurrences, par-
ticularly downed configuration occurrences. Core-melt frequency peaks cannot
be controlled by limiting the allowed configuration downtime. The only way
core-melt frequency peaks can be controlled is by controlling critical configur-
ations which cause large core melt frequency peaks. Critical configurations can
be avoided by appropriate scheduling of tests and maintenances. If these con-
figurations occur during operation, then the configurations must be modified or
be mitigated by testing other appropriate components to reduce the core-melt



frequency peak. Otherwise, the plant must go to shutdown. Pointwise core-melt
frequency control strategies thus focus on controlling the configurations them-
selves .

The second and third strategies involve controlling the integral core-melt
probability contributions by controlling the allowed configuration downtime.
The second strategy focusses on controlling the ..ingle core-melt probability
contribution. This strategy can be interpreted as an extension of present
allowed outage times (AOTs) to cover configurations as well as individual com-
ponents. The single core-aelt probability contribution can be controlled by
calculating the quantity R^ and determining the allowed downtime d to satisfy
a given criteria. Instead of actually calculating Rj_, the single core-melt
probability contribution can be implicitly controlled by categorizing the con-
figuration according to the safety function components which are involved. An
allowed downtime can be defined based on the remaining components which are
available to satisfy the function.

The third strategy for controlling configuration core-melt probability
contributions focusses on controlling the time period core-melt probability
contribution. The objective is to control the core-melt probability contribu-
tion from all configurations which occur in a time period, such as a year. To
control the time period contribution, a tally must be kept of the individual
contributions which have occurred. This basically involves calculating or
categorizing the single core-melt probability contribution R^ for each config-
uration which has occurred and keeping a running sum of R^ to determine the time
period contribution RT which has been incurred to date.

4. EXAMPLE OUTAGE CONFIGURATION DURING OPERATION

Maintenance and test histories at a number of plant sites are studied to
identify occurrences of multiple component and/or train outage records. Figure
3 gives an example of multiple train outages at a plant site. In this example,
high pressure coolant injection (HPCI) system train was taken down for preven-
tive maintenance while one of the trains of the emergency power system (EPS) was
unavailable for corrective maintenance. At the same time, sequential testing
was performed on the remaining three EPS trains each of one half of one hour
duration. Thus, for a one and one-half hour period, one HPCI train and at least
one EPS train were unavailable.

Using a risk-based configuration control system, this risk-significant con-
figuration could have been avoided. The HPCI train preventive maintenance could
have been delayed for about 4 hours. Also, the surveillance testing of the EPS
trains could have been started following completion of corrective maintenance
of the EPS Train A. Alternative options could include successful testing of one
of the EPS trains and the testing of the remaining two trains following preven-
tive maintenance of the HPCI train.
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Figure 3. Multiple train outages at a plant
(Systems covered: EPS, HPCI, and RCIC)

5. ANALYSIS OF CONFIGURATION CONTRIBUTION CHARACTERISTICS

Using a plant-specific probabilistic risk assessment (PRA) , the characteris-
tics of configuration contributions to core-melt frequency and core-melt proba-
bility are analyzed. The aspects of configuration contributions analyzed are:

1) the identification of core-melt frequency significant configurations
that may occur during power operation.

2) the core-melt frequency levels associated with the configurations and
the expected frequency of their occurrences.

3) the nature of the combinations of components that give rise to these
configurations, and

4) the expected core-melt probability contributions associated with the
configurations, and those allowed under present technical specifica-
tions .



The systematic methodology used to identify the core-melt frequency signifi-
cant configurations (or CMF-significant contributions for short) and the de-
tailed results for the specific plant are presented in Ref. 1. A NUREG-1150
plant PRA (Ref. 2) was used to identify the CMF-significant contributions and
the system analysis and risk assessment (SARA), Ref. 3, computer code was used
for quantification.

The CMF-significant configurations identified in the plant are classified
as single, double, triple, and quadruple configurations depending upon the num-
ber of components involved. For each of these configurations, the CMF level
and the expected frequency of occurrence are determined. Figure 4 presents the
CMF levels and the expected frequency of occurrences for example configurations
of various component combinations. This demonstrates the relationship between
the two parameters.

Potential Maximum ^ore-melt Frequency Levels Associated with Configurations

An important insight from the analyses is that the core-melt frequency (CMF)
levels associated with possible configurations can be high. Figure 5 presents
the range of CMF levels resulting from the single, double, triple, and quadruple
configurations which were identified. For the plant studied, with a baseline
CMF level of 8.4 x 10"6, configuration CMF levels can be as high as 1.1 x 10"1.
Some of the configurations with high CMF levels are currently disallowed by tech
specs, but there are significant numbers of configurations that are not cur-
rently controlled by tech specs. Many such configurations can result in CMF
level of the order of 1 x 10'^. A significantly large number of configurations
can result in CMF levels larger than 1 x 10"3. The core-melt probability con-
tribution from these configurations can be small or large, depending on the
downtime for the configuration which is not explicitly controlled by tech specs
either.

Nature of Combinations of Components that give rise to Risk-Significant
Configurations

The identification of CMF-significant configurations and their associated
CMF levels allows us to study the nature of the combination of components that
give rise to these configurations. A large number of double combinations were
identified. There are components whose outage results in significant increases
in the CMF level (>1.0 x 10'3). Because of the high CMF levels, high core-melt
probabilities could be obtained relatively quickly with relatively small down-
times. Triple and quadruple combinations also result in significant CMF levels,
but their levels were found not to be much higher than double combinations.

Expected Frequency of Occurrence of CMF-Significant Configurations

The expected frequency of occurrence of CMF-significant configurations is
generally small. Figure 6 presents the range of the frequency of occurrence of
outage configurations in the plant. CMF-significant double component outages
were generally found to occur at a frequency of one every ten years or below.
Triple and quadruple combinations have much lower expected frequency of occur-
rences. Some of the single outage configurations are, however, expected to
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occur relatively frequently. The relatively larger frequencies of outage occur-
rences are associated with diesel generators, turbine-driven pumps, and bat-
teries. Generally, as the number of components in a configuration increases,
the expected frequency of occurrence significantly decreases.

The generally small expected frequency of occurrence of CHF-significant con-
figurations suggests that specific control strategies can be developed to avoid
these configurations. Since these configurations will occur rarely (less than
once a year) and given that such a configuration has occurred the CHF level is
high, an effective strategy to avoid these configurations is to plan tests and
maintenances to avoid high probabilities of these configurations occurring. A
real-time configuration control system to detect and provide appropriate strate-
gies for these configurations could also provide useful supplemental control.

Expected Yearly Core-Melt Probability Contribution Allowed Under Current
Technical Specifications Due to Configuration

The expected yearly core-melt probability contribution, incorporating the
CMF level and the frequency of occurrence, under current tech specs has been
estimated for identified risk-significant configurations. The insights from
these evaluations is that the expected core-melt probability contribution is
generally low, but there are configurations currently allowed by tech specs that
can cause an increase in the core-melt probability of the order of 1 x 10"6.
The contribution could be much higher with abnormally high frequencies of occur-
rence of the CMF-impacting configurations.



6. CONFIGURATION CONTROL CRITERIA. ALTERNATIVES

Various alternative types of criteria to control configurations are studied
to develop acceptable criteria for a risk-based configuration control system.
Two types of criteria are considered, explicit criteria requiring PRA calcula-
tions and inplicit criteria that do not require PRA calculations but can be
applied using general system logic considerations. The alternative type of
criteria considered include:

a) Core-meIt Criteria,
b) Single Failure Type Criteria, and
c) Criteria Based on Remaining Defenses.

A hierarchy of the criteria is presented in Figure 7 and a brief description
of each is provided below. Details of each of these types of criteria, their
basic principles and applications, are presented in Ref. 1.

Configuration Criteria

Explicit Numerical Criteria Implicit Numerical Criteria

Absolute Criteria Relative Criteria Criteria Based Extensions of
• on Remaining Single Failure

I 1 1 Defenses Criteria

Core Melt Core Melt
Frequency Probability

Criteria Criteria

Single Core Yearly Core
Melt Probability Melt Probability

Contribution Control Contribution Control

Figure 7. Hierarchical presentation of alternative configuration criteria

6.1 Objectives in Developing Criteria to Control Configuration Risks

The objective in developing criteria for a configuration control system is
primarily to control risks from outage configurations. However, the need to
control configuration risks must be balanced with the need for adequate repair
times and the need for avoiding unnecessary shutdowns. These competing objec-
tives are to be achieved in order to obtain implementable criteria. Table 1
lists the criteria objectives and the means to achieve these objectives.



The control in configuration risk can be achieved by limiting the plant
"ation in high core-melt frequency levels. This requires completion of re-
•s in required durations, where feasible. Alternatively, for core-melt fre-

quency levels where sufficient repair durations cannot be allowed, a risk-based
configuration control system should be used to define less risky configuration
through demonstration of availability of alternate success paths. In general,
high core-nteIt frequency levels should not occur if appropriate test and main-
tenance strategies are developed to avoid risk-significant configurations.

Table 1. Objectives for Configuration Risk Control Criteria

Criteria Objectives Means to Achieve Criteria Objectives

Control Configuration Risk • Strategies to avoid risk-significant config-
urations

• Transfer to less risky configurations
• Repairs in required duration

Provide Adequate Repair Times • Long duration for risk-unimportant configura-
tions

• Adequate time to properly repair majority of
component failure causes

Avoid Unnecessary Shutdowns • Avoiding risk-significant configurations
• Flexibility in repair times

The criteria should also be designed such that flexible repair times are
obtained for low risk-impacting component outages. In marginal risk-impacting
outage configurations, allowed durations should be sufficient to complete a
majority of the repairs. The criteria developed to control configuration risks
should not result in unnecessary shutdowns. Properly constructed criteria would
motivate test and maintenance strategies to avoid risk-significant configura-
tions and at the same tine would provide long durations for repair of components
in risk-unimportant configurations. The net result would be a significant re-
duction in shutdowns resulting from component outages.

6.2 Description of the Criteria for Application

The basic principles and approaches of each of the criteria is summarized
below. The descriptions are given in terms of relative criteria. Appropriate
absolute criteria could be substituted for the relative criteria. More pre-
scriptive guidelines could also be added if desired.



CORE-MELT FREQUENCY CONTROL

The core-melt frequency level during the time a configuration exists and the
plant is operational should not be substantially larger than the normal core-
melt frequency level. It* the core-melt frequency level is substantially larger
than the normal value, appropriate components need checking to assure they are
up to lower the core-melt frequency. Otherwise, the configuration needs to be
rectified. This is illustrated in Section 6.3.

CONFIGURATION CORE-MELT PROBABILITY CONTROL

When the plant is operational, the accumulated core-melt probability during
the time a configuration exists should not be substantially larger than the
normal yearly core-melt probability. The downtime for the configuration should
be selected to achieve this control of the core-melt probability. Appropriate
components can also be checked to lower the core-melt frequency and hence to
extend the allowed configuration downtime, giving the same core-melt probability
contribution. The representative criteria presented in Section 6.3 assure con-
trol of the configuration core-melt probability through appropriate choice of
allowed durations.

YEARLY CORE-MELT PROBABILITY CONTROL

The expected yearly accumulated core-melt probability from configuration
occurrences should not be substantially larger than the normal yearly core-melt
probability. The allowed downtimes for configurations should be selected to
achieve this yearly core-melt probability control. Based on the allowed dura-
tions defined in the representative criteria discussed in Section 6.3 and the
expected frequency of occurrence for each of CMF levels defined, the yearly
core-melt probability can be estimated and was calculated not to be substan-
tially larger than the normal value.

SINGLE FAILURE CONTROL

During plant operation, when a configuration exists there should not be
single active component which in itself can cause a safety function to be lost
if it fails. If there is such a single active component failure which can cause
a safety function to be lost then the configuration must be rectified.

CONTROL BASED ON REMAINING DEFENSES

During plant operation, the allowed downtime for a configuration should
reflect the remaining defenses which exist to respond to an accident. The re-
maining defenses can be assessed based on the lowest redundancy which exists
for a safety function.



6.3 Relative Criteria to Control the Configuration Core-Melt Probability
Contribution

In this section, example explicit numerical criteria are discussed and rep-
resentative criteria that can be implemented in a risk-based configuration con-
trol system are presented. The explicit numerical criteria exemplify both core-
melt frequency control and core-melt probability control. Implicit numerical
criteria based on remaining defenses and that control single failures are not
discussed here.

Table 2 presents example relative criteria to control the configuration
core-melt probability contribution. The relative criteria are in terms of the
increase in the core-melt frequency when the configuration exists to the plant's
normal baseline core-melt frequency. The basis for each criteria and the ob-
jective in promoting good practices are also given.

Table 2. Representative Criteria of Relative Core-Melt Frequency
Increase vs Allowed Downtimes

Increase in
Core-Melt Allowed
Frequency Downtimes
(per vr> (Hours)

lxlO'3 1

lxlOJ 12

72

720

Criteria Basis

Does not allow high core-
melt frequency levels to
exist for any significant
time so as to be dominant
contributors

Controls core-melt proba-
bility contributions so as
to not dominate the normal
baseline value.

Controls core-melt proba-.
bility contributions and
also allows such configura-
tions to occur without ac-
cumulating significant
core-melt probability over
the year

Continued operation at this
configuration impact does
not provide significant
contribution to the base-
line core-melt probability

Criteria Objective

To motivate test & mainte-
nance strategy to avoid such
configurations

To provide sufficient time
to transfer to less risky
configurations

To provide adequate time to
complete repair or plan to
reduce configuration risk

To provide flexibility in
operation



The relative criteria which are given control the core-melt probability
contribution from configuration occurrences so that they are not significant
compared to the plant's baseline core-melt probability. The criteria also con-
trols the single configuration core-melt probability contribution (R^). With
the criteria as many as 100 configurations with measurable core-melt frequency
impact could occur per year and still not dominate the baseline core-melt proba-
bility (at 100 occurrences, the contribution would be equal to the baseline
probability). For 10 occurrences, the contribution to the yearly baseline core-
melt probability would be about 10%.

Multiple considerations that involved control of configuration risks and
consideration of operational needs in a nuclear power plant are involved in
obtaining the criteria presented. The basis for such a criteria attempt to
account, for the need to control core-melt probability contributions, the need
to provide adequate time to complete repair, the need to avoid unnecessary shut-
downs, and the need to define flexibility when the impacts are insignificant.
This criteria controls the core-melt probability contribution by requiring
shorter allowed outage durations for increased core-melt frequency levels. The
allowed durations are chosen such that the contribution to core-melt probability
is not significant compared to the plant's baseline core-melt probability. For
an allowed duration of 1 hr corresponding to an increase in core-melt frequency
level of 10"3 per year will imply a single configuration core-melt probability
impact of 10"'• The allowed duration times chosen are also to be balanced with
the need to provide adequate time to complete repair. For the high core-melt
frequency levels, the allowed durations are short where the intent is to moti-
vate appropriate test and maintenance strategies to avoid configurations that
may result in such high core-melt frequency levels. For an increase in core-
melt frequency level of 10"* per year, an allowed duration of 12 hours will be
adequate to demonstrate availability of alternate success paths, thereby de-
fining a lower risk level where longer repair times will be allowed. For most
outages, an increase in core-melt frequency level will be small enough to allow
outage duration of 1 month to provide flexibility in plant operation.

The expected frequency of occurrence of configuration at each core-melt
frequency impacting level provides an estimate of the number of shutdowns that
may result if configuration cannot be avoided or repairs cannot be completed in
the allotted times. The expected frequency of occurrence of configurations with
relative core-melt frequency impact above 1x10"^ per year is less than 1 for the
plant studied. The expected number of occurrence of configurations with rela-
tive core-melt frequency impact higher than 1x10"* per year is also low. Thus,
the short outage duration allowed for these relatively high core-melt frequency
impacting configurations should not result in unnecessary shutdowns. The
majority of the configurations should have relative core-melt frequency below
1x10"* per year and the allowed duration can provide sufficient time to complete
repair.

The representative criteria can also provide the following benefits in en-
couraging good plant practices:

1. Encourage plant personnel to become knowledgeable of core-melt fre-
quency contributors.



2. Encourage plant operating personnel to avoid risk-significant critical
configurations,

3. Provide adequate time to transfer to less impacting configurations,
when appropriate,

4. Control core-melt probability contributions from marginal configura-
tions by requiring repair in required duration, and thus, also control
the possibility of transferring to a more impacting configuration.

5. Provide flexibility in operation by allowing longer durations for non-
impacting configurations.

7.0 SUMMARY OF RESULTS AND INSIGHTS ON CONFIGURATION CONTROL STRATEGIES

This paper presents an evaluation and analysis of configuration impact and
control strategies during power operation of nuclear power plants. The analysis
was directed at defining approaches for a risk-based configuration control sys-
tem and the results and insights obtained provide guidance for developing and
defining, such a system. These results and insights are summarized below.

7.1 Characteristics of Configuration Contributions and Their Implications
for Defining Approaches for a Configuration Control System

The analysis of configuration contributions to core-melt probability studied
for two plants provided insights which have bearing on defining approaches for
a configuration control system.

1. Large core-melt frequency increases (e.g., >I0~3) can be caused by con-
figurations, and there are a number of such configurations that are not
currently controlled by technical specifications.

2. Many such core-melt frequency significant configurations can result from
double component combinations, and in some instances, a single component
outage can result in significant core-melt frequency increases. This
indicates that a plant can very quickly move from a normal to high core-
melt frequency level and that the process is not always gradual, i.e.,
plants do not necessarily get into a core-melt frequency significant
configuration due to accumulation of out-of-service components.

3. The expected frequency of occurrence of the impacting configurations is
small, and the expected core-melt probability contributions from the
configurations are generally small.

4. There are also marginal combinations of components which can cause sig-
nificant core-melt probability contributions if the outage duration is
not controlled.



5. During operation, when plants operate near normal core-melt frequency
levels, flexibility can be provided for outage durations of non-impact-
ing components and configurations. Appropriate surveillance tests can
be defined to assure that a plant is truly operating at a low risk
level.

The implications for configuration control approaches are:

1. A configuration control system could be developed to assure that core-
melt frequency significant configurations are avoided during power oper-
ation. Since these configuration* can occur quickly and when they do
occur, can incur significant contributions in a short duration, a plan-
ning process can be defined for carrying tests and maintenances so that
to the extent possible, such configurations do not occur, and when they
do occur, options for transferring to less impacting configurations are
available.

2. Surveillance tests can be defined to assure that impacting configura-
tions are detected. For a configuration control system to be effective,
it must be able to detect impacting configurations that may exist.
Current surveillance requirements may not be applicable to detect these
configurations.

3. A configuration control system can also assure that marginal combina-
tions of components are identified whose simultaneous downtimes need to
be controlled. The allowed downtimes can be defined to control core-
melt probability contributions and at the same time provide flexibility
in operation.

7.2 Importance of Surveillance Testing Program to Detect and Mitigate Con-
figuration Risks

A surveillance testing program can be integrated with a configuration con-
trol system such that it can appropriately detect the impacting configurations
that may exist. Evaluation of the benefits of such testing should also take
into account the contributions that may result from surveillance testing itself.
An integrated surveillance program can assure that potential impacting configur-
ations are effectively detected and controlled. The surveillance can further-
more be used to mitigate the configuration impact, i.e., to assure the availa-
bility of key components during a configuration existence.

7.3 Configuration Control Strategies and Criteria for Controlling Configura-
tion Contributions

Alternative strategies for controlling core-melt probability contributions
from configurations are presented. These alternate strategies and criteria
focus on controlling the:

1. increased core-melt frequency level which is associated with the con-
figuration,



2. individual configuration core-melt probability contribution which is
associated with given duration of a configuration, or

3. yearly core-melt probability contribution from configuration occur-
rences .

Explicit criteria that require PRA type calculations and implicit criteria
that can be implemented without such calculations are provided.

Examples of how the criteria might be phrased for regulatory implementation
are given as part of the criteria studied. Example relative numerical criteria
are also given for defining allowed downtimes. These criteria can encourage
good, risk-effective plant practices. Implicit numerical criteria (based on the
concept of single failure control and control based on remaining defenses) can
also be very practical in controlling risks from configuration, but have not yet
been fully developed.

7.4 Modeling and Data Requirements for a Configuration Control System

The results presented here finally provide important insights for develop-
ment of a risk-based configuration control system. As discussed, the impacting
configurations that should be controlled can be pre-determined and stored for
quick processing, which can provide almost instantaneous information. Also,
specific strategies for transferring from configurations, when necessary, can
be incorporated.

The additional modeling and software necessary for an effective risk-based
configuration control system can be focusssd on appropriate strategies for test
and maintenance to avoid critical configuration^ and also to identify strategies
to minimize the time in an impacting configuration.
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