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Abstract

Cofrentes NPP (CNPP) has developed a Level 1 PSA with the following scope: analysis of
internal events, with the reactor initially operating at power; internal and external flooding
risk analysis; internal fire risk analysis; reliability analysis of the containment heat removal
and containment isolation systems.

Level 1 CNPP-PSA results reveal that total core damage frequency in CNPP is less than other
similar BWR/6 plants.

The CNPP-PSA related activities and applications being carried out currently are:
prioritization of motor operated valves related to GL-89/10; complementary analysis for
exemption to some 10CFR50 App. J requirements; Q-List grading; risk-informed 1ST
program; reliability-centered maintenance; maintenance rule support; on-line maintenance
support; off-line risk-monitor development; PSA applicability to the 10CFR50 App. R
requirements, analysis of the frequency of miss-oriented fuel bundle event, adjusting of
MAAP 3.0B, revision 10, on VAX and PC; acquisition of MAAP 4; development of
Levell/Level2-PSA interface; seismic site categorization for the IPEEE; etc.

INTRODUCTION

Cofrentes Nuclear Power Plant, a GE BWR/6-Mark III of 990 MWe owned by IBERDROLA,
is located in Valencia (in South-eastern Spain). It has three electrical divisions, with three
emergency diesel generators. Its commercial operation began on May 1985.

In 1989, IBERDROLA began the Cofrentes NPP Level 1 Probabilistic Safety Assessment
(PSA) activities, with a large participation of own personnel. The acquired knowledge was
useful for improving some punctual aspects of design and procedures concerning generation
and maintenance of the plant. Likewise, the availability of probabilistic tools allowed their use
on licence and operational support.

In this paper, a global view of IBERDROLA's activities related to Probabilistic Safety
Assessment, Individual Plant Examination and risk Applications is outlined with special
mention for the On-line Maintenance.
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COFRENTES NPP PROBABILISTIC SAFETY ASSESSMENT

The scope of the Cofrentes NPP Level 1 Probabilistic Safety Assessment developed so far
covers:

• Analysis of possible scenarios of core damage accidents, with the plant operating at
power, caused by internal initiating events.

• Fire risk analysis, with origin inside the plant, and which could lead to reactor trip and
mitigation systems degradation through loss of equipment, cables, etc.

• Flooding risk analysis: pipe ruptures that could lead to reactor trip and mitigation systems
degradation, as a consequence of water effects.

• External flooding risk analysis, as a consequence of heavy rain and dam rupture upstream
from the plant, that could cause degraded safety situations.

• Analysis of sequences that could constitute loss of cooling accidents (LOCAs) in systems
that traverse the containment.

• Reliability analysis of containment heat removal and containment isolation systems.

The overall core damage frequency obtained in the internal event analysis is 2.1 E-6/year
(Ref. 1). This is lower than the core damage frequency of similar BWR/6 plants like Grand
Gulf NS (1.7 E-5/year), River Bend (1.5 E-5/year) and Perry NPP (1.2 E-5/year).

ON-LINE MAINTENANCE APPLICATIONS AT COFRENTES NPP

Safety is the first priority in Nuclear Industry, so it is the requisite that all the optimizations of
operations and maintenance must accomplish.

At present, it is normal at Spanish NPPs for only corrective maintenance to be performed
during operation at power on systems whose unavailability is limited by the Technical
Specifications. Consequently, a large number of work orders is generated for tasks to be
performed during refueling outages.

This policy implies an extension of the out of service time for systems during refueling, and
may lead to undesirable risk configurations.

During outages thousands of tasks are performed, generally by contractors, with poor
planification and supervision of works. By performing tasks at power, with own people and
detailed planification, the maintenance is better performed, and it carries to a better reliability
of the equipments.

In addition, delays in the performance of certain maintenance tasks may decrease system
reliability, especially in those cases where there is a progressive deterioration that might lead
to failure.
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In many cases it is possible to demonstrate that maintenance of the system may be
accomplished at power, assuring that the reliability and the safety of the plant are
accomplished or even improved.

Cofrentes NPP is developing an analysis procedure making it possible to determine, in a
structured manner, which maintenance activities may be carried out on-line, with the plant at
power, optimizing the effectiveness of the maintenance and improving the plant safety.

Comparison between the plant situations existing during power operations and refueling
outages shows the following advantages in favour of on-line maintenance:

• Through adequate task preparation it is possible to perform the work in less time than
during the refueling outage.

• It is possible to schedule performance of maintenance when the status of the plant is more
favourable.

• It allows the attention of all the personnel involved to centre on the performing tasks.

• It allows the most suitable personnel to be selected for each task.

• It improves the application of ALARA criteria by a better scheduling of the tasks.

• It reduces the industrial accident risk by a better preparation of the tasks.

Scope of the Cofrentes NPP On-Line Maintenance Program

System selection begins with the identification of those systems which have the greatest
volume of performance tasks during refueling outages.

Initially, it only has been considered, for preventive maintenance at power, those systems with
an unavailability allowed by the Technical Specifications longer than 72 hours, before the
requirement of the plant outage.

The systems in the scope of the Cofrentes NPP On-Line Maintenance Program, by now, are:

• Low Pressure Core Spray System (LPCS),

• Residual Heat Removal (RHR),

• Essential Compressed Air System,

• Fire Protection System (PCI),

• MSIV's Leakage Control System

• Stand-by Gas Treatment System (SGTS),
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• Control Room HVAC and,

• Drywell/Containment Atmosphere Mixture System.

Feasibility analysis for performing the On-Line Maintenance

It is performed a system or train level analysis with the next phases:

• Qualitative justification that the safety functions are accomplished during the Limiting
Condition for Operation (LCO) and that exists sufficient capabilities for mitigating the
consequences of an accident or a transient.

• For the systems included in the Probabilistic Safety Assessment, an evaluation, by means
of the PSA models, of the increased risk arising as a result of a system/train being left out
of service for the maximum time established in the limiting conditions for operation
(LCOs).

First, a standard configuration with the plant in power operation is evaluated. If the risk is
not negligible, a more detailed analysis will be required, justifying that the risk could be
lowered by reducing the unavailability or setting a compensatory program.

The criteria for accepting the increase in the risk are the ones established by the EPRI-
"Probabilistic Safety Assessment Applications Guide" (Ref. 5).

• Verification that there is enough time available for the performance of the tasks during
power operations.

• Confirmation that inoperability of the system or train does not imply a significant increase
in the risk of a trip or of the non-desirable actuation of an emergency system.

• Confirmation that the working conditions in the plant areas where the components of the
system or train are located allow the work to be performed during power operation
(ALARA).

If any of the conditions analysed are not entirely satisfactory, contingency plans containing
specific actions will be studied, and the analyses will be repeated under the new conditions.

Control of simultaneous system unavailabilities. Risk Configuration Matrix

In order to control the risk associated to the on-line maintenance tasks, Cofrentes NPP has set,
in a matrix format, the configurations of simultaneous system unavailabilities. This matrix
will not let certain configurations to be performed.
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This matrix sets the system availability requirements to take into account before and during
the on-line maintenance works, in order to avoid:

• Configurations forbidden by the Technical Specifications which could require the
immediate plant outage or could be allowed during short periods of time (<72 hours,
based on criteria of defence in depth).

• Configurations allowed by the Technical Specifications that could lead to risk significant
scenarios (by means of Probabilistic Safety Assessment risk analysis using the EPRI TR-
105396 (Ref. 5) quantitative criteria).

Limitations to be taken into account when scheduling the On-Line Performance Works

Keeping the NRC (Nuclear Regulatory Commission) recommendations the following
limitations are proposed:

• Basically, no on-line maintenance tasks will be performed in more than one system/train
at the same time. In some cases, with the goal to reduce the total unavailability of front
systems, it could be convenient to combine works with their supports systems.

• The tasks must be completed preferably with a single entry into each limiting condition
for operation. All the tasks to be performed on the component, system or train should be
grouped.

• The annual accumulated unavailability of the train or system due to preventive (< 60%
AOT- Allowed Outage Time) and corrective maintenance should not exceed the Allowed
Outage Time by the Technical Specifications.

• The time involved in performing the work within a Limiting Condition for Operation
(LCO) should be minimized by an accurate task preparation and with a non-stop
performance of the works.

Verification of the requirements to consider before starting the On-line Maintenance
Works

The objective of this task is to ensure that an acceptable level of risk is maintained during
performance of the work, within a previously analysed plant configuration, and that
alternative/redundant systems capable of responding to the unforeseen conditions exist and
are identified.

In this respect, before getting into a Limiting Condition for Operation (LCO) it will be
verified that:

• All the systems (redundant and alternative) required by the configuration matrix are
available.
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• The plant configuration is the same that the one quantified by the risk analysis (with the
same electric and mechanical alignments, etc).

• No other simultaneous work/test will be scheduled which could increase the unavailability
or the risk of trip of systems in the configuration matrix.

• A modification of the plant mode will not be scheduled during the Limiting Condition for
Operation (LCO).

• If the risk analysis has a compensatory program, this will have to be prepared.

• The preparation of the tasks will be reviewed for assuring that the maintenance can be
completed in the scheduled time (tools availability, stocks, required and trained personnel,
etc.)

• No extreme meteorological conditions are expected (not modelled in the Probabilistic
Safety Assessment).

Prior to initiating the work, a verification should be performed to ensure that all the checks
have been performed and that the tasks have been prepared, and management approval will be
obtained.

On completion, the process will be evaluated to identify potential areas for improvement.

CONCLUSIONS

Cofrentes NPP is decided to apply the Probabilistic Safety Assessment to improve operational
activities like maintenance, QA, inspections, Technical Specifications, etc. using the risk-
informed approach. The expected benefits can be summarized as follows:

On-Line Maintenance

• It improves system availabilities. More human resources, better schedules, improvement
of the maintenance performance.

• It reduces works to perform in the refueling outage, therefore can reduce the outage time
and improve the safety during outages.

• It controls certain configurations, currently allowed by the Technical Specifications,
which may lead to plant damage.

• It reduces the risk of industrial accidents by a better task scheduling.
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