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ABSTRACT

In 1997 Krško NPP initiated the on-line maintenance (OLM) practice. On-line
maintenance constitutes of corrective activities, preventive activities, surveillance activities,
tests and inspections, as well as calibrations and modifications, taking place during the normal
power operations. The on-line maintenance is a multidisciplinary process consisting of
activity specification, planning, and preparation and performing of the OLM activity of
interest. The primary role of the PSA group is to assess from the "risk perspective", using the
plant-specific NEK PSA model, system unavailability and the impact to the plant operational
risk. The intent is to support planning of the on-line maintenance activities from the risk
perspective. The risk evaluation of the OLM activities is based on the probability of core
damage evaluation for the defined discrete plant configuration states, determined by the OLM
activities. Within this application, the optimized, plant-specific PSA model is used on Risk
Spectrum platform. To perform the risk assessment of the on-line maintenance activities, first
the systems to be affected are defined based on the planned OLM activities. The next
important step is the assessment of the planned work schedule. To define the final schedule,
the co-ordination and optimizing the planned OLM activities needs activation of all
participating departments, supported also from PSA group. The P3 (i.e. Primavera) planning
tool system windows are defined for different systems and groups of systems, and the
activities are sorted in particular weeks according to these windows.

1 INTRODUCTION

The basic idea of the on-line maintenance is to reduce the amount of the maintenance
work to be performed during the scheduled plant outage, and to transfer some of these
activities from shutdown to the power on-line plant periods. The goal is simply to perform
intended activities on-the power, if possible, without exposing the plant to the unacceptable
risk, voluntarily entering in Technical Specifications Limited Condition of Operation (i.e.,
LCO), to some portion of allowed outage time (i.e., AOT).

The OLM approach as that needs also certain organizational changes in the form of the
establishment of the functional organizational unit, called NEK OLM Team, consisting of
multi-disciplinary NEK professionals from the operation department, maintenance
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department, engineering and analyses departments, assigned to conduct on-line maintenance
activities at the plant.

Activities performed at the power operations, taking equipment out of service, are
planned on the weekly bases, according to the pre-planned system windows planning units,
and train based. For the particular week, the one train is declared protected, in accordance
with the current plant procedure, and accordingly - plant practice. The planned OLM activities
may be performed on the other (i.e. "unprotected") train, only. The train "protection" schedule
is based on the weekly base, meaning that the "protected" trains are in rotation on the weekly
base. As of that, the either train is protected every second week at the two train systems, as
are the most of NEK systems.

From the PSA point of view, the "risk criteria" limits are defined for instantaneous delta
CDF, the maximal weekly delta CDP, and finally as the cumulative yearly delta CDP. The
activities performed coarse the OLM program, should not exceed the given limits.

The PSA group provides the reports, which are documenting the required risk
assessments for the intended OLM activities, and they are weekly based. There are also the
yearly-based OLM assessment reports that cover the plant cycle for the OLM activities. In
short, the overall process and the all related activities will be presented in this paper.

2 ON-LINE MAINTENANCE RISK EVALUATION PROCESS

Scheduling of on-line maintenance (OLM) activities at nuclear power plants requires
careful physical co-ordination combined with the monitoring of risk associated with out-
coming system configurations. The most suitable tool to support this task would have to fully
incorporate both aspects. The planning of activities would be the main task, directly supported
by risk evaluations. In reality, the tools used are as near to this most suitable virtual tool as
technically or financially achievable. Nowadays, the activities planning tasks are done by
scheduling tools, such as Primavera. In cycle-level macro scheduling the risk is controlled by
prescriptive rules which allow or do not allow specific systems to be out of service at certain
time interval. Some of the rules are deterministic the others are risk-informed. In fine tuning
of maintenance schedule the risk monitoring tools are usually used.

The process of on-line maintenance at Krško NPP is defined by an administrative
procedure [1], which requires that evaluations are performed of risk associated with proposed
activities and underlying system configurations. For activities scheduling, the Primavera P3
Project Planner [2] is used. The first step in processing of the work orders for desired
activities is to initiate them in "Work Orders System" (WOS) - the mainframe ORACLE-type
database. Next, the specifications of the activities (including the target time frame) are passed
through the interface to P3 scheduler. The procedure requires that proposed activity enter the
P3 scheduler well in advance of its planned start in order to allow for the detailed evaluation
of forthcoming schedules. In order to facilitate the risk-informed evaluations of OLM
schedule, the appropriate filters and layouts were defined within the P3 for the use by the PSA
team. They enable the risk analyst to focus his attention on those parts of forthcoming
schedule that bear the risk potential.
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Figure 1: NEK OLM Risk Evaluation Process
Upon the beginning of OLM practice at NEK, a simple in-house tool was developed for

the purpose of risk monitoring. It was built as Visual Basic V5 application and is referred to
simply as OLM Monitor. It is fed by configuration specifications (equipment out of service,
time frames, etc.) extracted from P3. To assess risk associated with these configurations, the
OLM Monitor makes use of configuration-specific values of conditional core damage
frequencies (CDF), referred to as "CDF Table". This table is built on the basis of
quantification performed on Baseline NEK PSA Model. The latter is an integrated PSA model
of NEK plant, which includes internal and external initiators [4]. Figure 1 illustrates the NEK
OLM risk evaluation process in general.

Figure 2: P3 screen layout
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During the OLM cycle, Planning Department places the activities initiated in WOS and
transferred to P3 in appropriate windows. By this, the schedule for the forthcoming weeks is
defined. This schedule is then saved and made accessible over the local area network. PSA
analysts access the P3 schedule and sort, filter and export data. Figure 2 presents a P3 screen
layout.

3 WORK SCHEDULING

Keywords with respect to the OLM work scheduling are: system windows, yearly
planning and weekly planning. System windows are time intervals of predefined duration,
during which specific systems can be out of service. To cover all systems to be maintained
on-line, various windows are defined. Within them, systems or activities with certain common
denominator are grouped. For example, windows for safety systems (e.g. SI) are weekly-
based, in accordance to a schedule which defines the status (i.e. standby or running) of
support system trains (e.g. CCW / ESW).

The system windows are used for cycle-level planning. They are distributed over
operating cycle. Certain window can appear one or more times through the cycle. Safety
systems windows usually appear four times per cycle, i.e. quarterly. A part of yearly schedule
is presented on Figure 3.

Figure 3: System windows

The cycle-level planning facilitated by the predefined system windows represents macro
scheduling. Finer tuning or micro scheduling is performed along the cycle. It is week-based
and train-based. Protected train (i.e. the one not allowed for maintenance work) is exchanged
weekly, which is also shown in Figure 3.
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4 OLM RISK MONITORING

For the purpose of risk monitoring, the activities retrieved from P3 schedule are initially
sorted by the work order type and by the tagging requirement. Based on work order type, the
activities are categorized into the following groups: surveillance, preventive maintenance,
corrective maintenance, modifications, and others. The activities with tagging required are
those, which imply systems or equipment to be out-of-service, i.e. unavailable for the matter
of performing their functions. They would bear a potential for risk impact.

Additionally, consideration is given to the manner by which systems and equipment
undergoing the activities are modeled in the baseline PSA model. The basic risk-
representative used is CDF value and the risk is measured by means of observing its changes,
associated with specific system configurations and their duration. The activities associated
with plant systems that are modeled in the baseline PSA are declared as having a potential for
explicit risk impact. For these activities conditional CDF would be calculated and fed to OLM
monitor via CDF Table. The activities performed on systems not modeled in baseline PSA
would be due to qualitative risk evaluation.

OLM monitor tool gives overview of the risk over one week of interest, as well as risk
cumulating from the beginning of current operating cycle. The recommendable risk limits are
pointed out and CDF values are not supposed to exceed neither of them.

The OLM monitoring is done on a weekly basis and is divided into two steps:
assessment and final quantification. The risk assessment is performed three weeks in advance
and is documented in weekly reports. The assessment is based on announced activities and
their estimated duration. When the week of concern is completed, the final re-quantification
of risk is done based on actually performed activities and their actual duration. Any deviation
from schedule on which pre-assessment was based is accounted for. These quantifications are
also reported weekly and they are used to calculate the cumulative risk impact. Thus, OLM
Monitor tool is used to:

� monitor the risk for the current and the upcoming weeks;
� track the risk impacts of weeks passed and calculate the cumulative risk; and
� support generating of weekly reports.

A layout of OLM Monitor screen is presented in Figure 4.
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Figure 4: OLM Monitor windows

From practical reasons, the best way of conducting the OLM would be to schedule as
much of daily activities to be performed during the first working shift. Unfortunately, this is
not implementable. For one reason, this may require that multiple activities that impair
various safety functions go on simultaneously, which would represent a risk concern.

To be as close as possible to this, however, a lot of planning activities had to be
performed and many risk calculations run. The latter are run by means of Risk Spectrum [5]
and baseline PSA model, [4]. The baseline model is long-term-averaged in its nature. It
represents average plant conditions, including average equipment unavailability due to
maintenance. For this reason the baseline model had to be adapted to serve for the OLM
evaluation purposes. Instead of by probability, the maintenance-related unavailability of
equipment is for the purpose of risk monitoring represented by actual states, i.e. zero or one.

Various configuration-sensitive conditional CDF cases are calculated by means of
adapted baseline PSA model on Risk Spectrum and fed to OLM Monitor by means of CDF
Table. In a case when new combination of equipment out of service is to take place for which
there is no respective conditional CDF value in the CDF Table, a new Risk Spectrum
quantification must be performed. When performing a new calculation, the first step is to
identify and locate the respective equipment representation in the PSA model. Once this is
done, the appropriate re-modeling in fault tree / event tree structure is performed to reflect the
configuration of concern. For example, logical switches are input into the structure to disable
the equipment tagged out for the maintenance purposes. When this is done, the calculation is
performed and result is exported into the CDF Table to be used by OLM Monitor. If all
required combinations are covered in the table, OLM Monitor is able to continue with
performing the task.
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Figure 5: Risk Spectrum Window

For the purpose of risk evaluation, the activities, which cover large scope of various
actions, are further grouped by the systems they relate to and by their expected risk impact.

In the following, some examples of grouping the activities with respect to the related
systems are given:

� Activities related to safety systems, which are normally in stand-by and do not normally
operate during the plant power operation. Examples of these systems are Auxiliary
Feedwater, Safety Injection, Residual Heat Removal, etc. These systems are generally
allowed to be maintained on-line, but certain restrictions apply [1]. Generally,
coincidental unavailability of two or more of these systems due to preventive maintenance
is to be avoided. The OLM scheduling is weekly-based and train-based with protected /
allowed train exchanging each week.

� Activities related to safety systems, which support normal operation as well, such as
Component Cooling Water (CCW), Essential Service (ESW) Water, Chemical and
Volume Control System etc. Certain restrictions apply here, as well. For, example, CCW /
ESW are two-train, three-pump systems, with one train operating, the other in standby.
Allowed are only preventive maintenance activities related to the third, spare pump.
Activities implying the unavailability of stand by train are not allowed.

� Others: Activities related to air supply systems, secondary systems, peripheral systems
such as gas distribution systems etc.

The activities can also be divided into groups with respect to their risk impact. There are
three broad groups.

The first group would consist of the activities related to the systems not credited in any
manner in plant response to accidents. These systems are not explicitly modeled in the NEK
PSA model and the risk associated with activities carried on them can be assumed to be low.
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To second group of activities would belong the ones, which although performed on
systems with risk potential, are of such nature that they cause no risk impact and would not
degrade plant ability to respond to accidents in any manner.

The third group contains those activities with direct risk impact, meaning that the risk
associated with activity can be quantified numerically by means of PSA model.

5 RISK CONTROL

When considering the overall risk impact, both negative and positive aspects of on-line
maintenance to long-term perspective should be weighed against each other. The dominating
negative aspect is risk coming out of unavailability of safety related equipment due to
preventive maintenance activities. Among the positive aspects there are points such as
expected lower equipment unavailability due to corrective maintenance, expected higher
reliability and better performance due to the higher maintenance quality, lower levels of
explicit and implicit risk associated with outage shutdown modes, etc.

The dominating negative effects can fairly easily be introduced in PSA models, e.g. by
monitoring the unavailability of equipment due to maintenance and quantifying associated
basic events in an appropriate manner. Unfortunately, the positive aspects could not be
modeled in a direct manner since they are of implicit nature and are observable only in a long-
term perspective. Thus, the impact of negative aspects needs to be restricted to low values, so
that the total effect would be positive on the long-term scale. The concept is sometimes
referred to as balancing the reliability versus the availability. At NEK the recommendable
limits were established to control all aspects of risk increase: instantaneous risk increase,
temporary risk increase and cumulative risk increase. They were set in accordance with the
plant administrative procedure “NEK PSA Application Guideline” [9].

The instantaneous risk increase is controlled by limiting configuration-sensitive
instantaneous CDF at any moment to a value less than 1E-03 yr-1. The difference between the
instantaneous CDF and a nominal CDF is referred to as "delta CDF". The temporary risk
increase is controlled by limiting an integral of "delta CDF" over one week (i.e. a value
referred to as "weekly delta CDP") to less than 6E-07. Finally, the cumulative risk increase is
controlled by limiting an integral of "delta CDF" over an OLM cycle (i.e. a value which
equals the sum of all "weekly delta CDPs" in a cycle and is referred to as "yearly delta CDP")
to less than 4E-06. This one was chosen as a value fairly below 2% of total long-term average
CDF (including external events) at the time of introducing the OLM practice. The limits on
risk increase due to negative OLM aspects were selected on the basis of widely accepted
guides [6, 7, 8], and they would ensure that, as a net effect, beneficial aspects of OLM prevail.

6 CONCLUSIONS

Scheduling of on-line maintenance work at nuclear power plants requires careful co-
ordination of activities, combined with the monitoring of risk associated with underlying
system configurations. The process of on-line maintenance at Krško NPP is defined by an
administrative procedure, which requires that evaluations be performed of risk associated with
proposed activities and configurations. Risk quantification are performed by means of
configuration-specific CDF values obtained from baseline PSA model and fed into OLM
Monitor for configurations extracted from OLM P3 scheduler. The recommendable limits
were established to control all aspects of risk increase: instantaneous, temporary and
cumulative which would ensure that OLM is performed in the most beneficial manner.
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