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ABSTRACT

Plant outage is an important part of nuclear power plant operation. During that time the
conditions are established for the performance of specific activities, such as refueling, tests,
inspections, preventive and corrective maintenance and modifications, that are intended to
confirm proper condition and availability of safety and other important components and
improve overall plant safety and reliability.

It is well known that in Nuclear Power Plant KrSko (Nuklearna elektrama Krsko - NEK.)
during Outage 2000 new Steam Generators (SGs) will be placed in service, while Outage '99
was used for preparatory works. But the importance of those two outages is even greater,
because they are implementing a broad number of improvements and establishing a basis for
long-term plant operation.

Outage '99 required very detailed planning to assure a good control over the outage
activities and operational plant systems necessary for safe shutdown. Numerous activities
took place in a relatively narrow space in the Reactor Building.

Some of these activities will have a big significance for the future.

The article treats the status update and summarizes the specifics and importance of the
mentioned activities to long-term plant safe and reliable operation.
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1. LONG-TERM PLANS

Safe and reliable plant operation on the long-term basis is the most important goal of
NE Krsko personnel. To achieve that goal some prerequisites have to be fulfilled.

Safety has to be maintained at the level of the highest world industry requirements.
Cost of the final product has to be competitive on the energy market in the completely

new circumstances that are going to be established by the deregulation in the near future.
The goals can be reached through the development and implementation of advanced

maintenance programs, well-trained operating crew, with good overview of plant
configuration, modifications that are continuously improving safety components, systems and
overall plant safety and reliability.

Operations. Operating crew is having the ultimate responsibility for the control of the
plant components and overall plant operation and safe status of the reactor core.

Clear rules and procedures, well-defined processes that ensure safe plant systems
configuration are the part of the tools that the operators are using. The other part must be
developed through training and continuous communication to build the safety culture and
conservative approach to decision making about the plant evolutions that are related to
reactivity control, core status and status of safety systems and components.

In 1999 a new training program for auxiliary operators was started to establish
prerequisites to change operating crew composition. The present operating crew composition
is the same as it was set at the start of the plant operation in 1981 and it was very much
influenced by Slovenian regulations on operation of power plants. This regulation was not
suited for a new technology, what nuclear technology certainly was at that time. Regulation
has not changed yet, but in its framework we are going to do necessary changes to have more
useful and skillful auxiliary operators at four instead of at six local positions. One local
position will be cancelled when a new pretreatment facility will be built. Another local
position will be upgraded to backpanel reactor operator position. All four auxiliary operators
will be trained to work on any of four local positions. Additional reactor operator will be used
as a back panel reactor operator responsible to manipulate controls on the back panels in the
main control room and electrical panels throughout the plant. So the reactor operators will be
rcsponsible for manipulation of controls on the Main Control Board only and there will be no
need to leave that area.

In order to improve the conduct of control room activities, necessary measurements and
analyses of the control room layout have been done by outset specialists. Better working
places will be designed for control room operators. A new design will be already applied at
the plant specific simulator, where final checks and adjustments will be made for final design
introduced later in the control room. This control room layout will enhance operator's watch-
standing practice of the control board and will improve the shift foremen's oversight
capability. There will be also working places for shift supervisors and shift engineers. The
new design will support good communication between members of the control room crew and
supervisory role of the shift supervisor.

And finally, the plant specific simulator placed within a new training building will
allow us that performance standards established by operations management will be effectively
presented, discussed and reinforced during initial and continuous training. It is going to be
installed on-site at the beginning of year 2000. Involvement in identifying training needs and
verifying that the initial and continuous training program meet these needs will be much
easier and direct, as well as the establishment of qualification standards and evaluation
methods to verify operations personnel are competent to perform the assigned functions.
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The maintenance process requires a clear and well-defined policy backed by sound
strategy, which in turn is supported by an organization and programs that ensure the execution
of the strategy.

The current maintenance strategy involves performing preventive maintenance for
critical items and corrective maintenance for others. This strategy is supported by many
discrete and complementary programs such as periodic maintenance, in-service inspection,
corrosion/erosion inspection, in-service testing, root cause evolution, equipment history
evaluation etc. Generally, this strategy has been successful so far. However, there is a
considerable opportunity for improving the effectiveness of maintenance programs through a
systematic evaluation and increased use of condition monitoring. Condition monitoring based
on ISI (In Service Inspection) and IST (In Service Tests) has been used for many years. Either
the Technical Specifications or industry codes or standards such as ASME (American Society
of Mechanical Engineers) section - XI, OM (Operation & Maintenance) codes, etc. mandate
the related population and frequencies of inspection.

In the last 10 years condition monitoring using key design and/or operating parameters
has been also used at NEK. Examples include vibration monitoring, infrared thermography,
and pipe wall thickness monitoring. However, the condition assessment as the systematic
analysis or engineering evaluation as a part of condition monitoring (trending, correlations,
tests against limits or ranges, statistical process analysis etc.) has not been performed yet.

The short/long term challenge. The initiatives to improve maintenance effectiveness
have been already initiated. They involve a process used to maximize the value received for
the resource applied. The effectiveness of a maintenance program will be measured by the
extent to which it meets the maintenance policy objectives:

a) Systems, Structures and Components (SSC) Availability
. Ensure that systems, structures and components required to perform or support safety

functions meet the required reliability and availability goals;
* Ensure that systems, structures, and components that effect continued operation of the

plant at rated power levels meet reliability and availability goals.

b) Personnel Safety
* Ensure that lost time from personnel injury is as low as practical;
* Ensure that worker radiation exposure is as low as practical and is comparable to

industry peers.

c) Economic
* Ensure that the cost of maintenance as a percentage of the overall plant O&M cost is

as low as practical and is comparable to industry peers;
• Long term contracts with the best partners and suppliers are giving a strong basis for

high quality and lower costs in performance and guarantees for mutual development;
* Ensure that the life cycle of SSCs are managed to obtain the longest practical service

life;
* Ensure that the indirect cost of equipment failure is as low as practical.

To meet the challenge the NEK. has already performed a simplified PMO (Plant
Maintenance Optimization) analysis. Results are partially included in the last revisions of the
maintenance programs. NEK is planning to implement the Maintenance Rule (MR) as
required by USA Code of Federal Regulations (10 CFR 50.65). The program is planned to be
approved till the end of this year and implemented through year 2000.
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In NE Krsko the training is recognized as a significant prerequisite for reaching the
established goals and high performance standards. Also it is important to recognize its
necessity in transfer of knowledge from the older and more experienced workers to the new
ones.

A general overview of plant systems arid processes, mostly for new employees is
provided through two types of courses, i.e. a shorter OTJE (Osnove tehnologije jedrskilh
elektrarn - Basics for Technology of NPPs) and a longer one TJE (Tehnologija jedrskih
elektrarn - Technology of NPPs), organized and presented at ICJT (Izobra2evalni center za
jedrsko tehnologijo) - Ljubljana, where also NEK personnel take specific roles in the teaching
process.

It was already mentioned how important it is to keep the operating crew in a good
condition for acting in abnormal situations. However, the importance, quantity and influence
of maintenance work to overall plant safety requires a broad understanding of processes and a
high level of knowledge about the plant systems and components of all personnel performing
field work or taking any other role in the processes.

For that purpose much more stress will be put on the maintenance personnel. At the
moment there is a group of experienced maintenance representatives dedicated to emphasize
the importance of maintenance training, to review a matrix of required knowledge and prepare
specific programs for different maintenance groups.

Another important issue is General Employee Training that is already in function for
new personnel and for the contractors performing outages or some other service works in
NEK. Our intent is to establish a repetitive program that will give an opportunity to plant
personnel to repeat some important details or changes in work processes, NEK specifics,
management goals and new procedures. That will be a precursor for excellence in
performance of work processes resulting in human error reduction, higher work quality, lower
production of radioactive waste, lower radiation exposure rates etc.

Modifications and improvements. From day to day the nuclear industry regulation is
requiring from the operators higher and higher standards, establishing the criteria for their
evaluation and comparing the practices and experience between different plants and countries
through international organizations and their reviews. To gain a high level of public and
regulatory acceptance the plant is investing in the improvements of equipment, replacing the
old components and implementing new solutions to increase plant safety, reliability and
operation optimization. At the same time the cost benefits must be considered and balanced so
that the plant remains competitive on the market.

After 18 years of operation it is obvious that some of the components are reaching the
end of their life. Continuous overview and status information from trending and monitoring
will be evaluated and coordinated to control and evenly distribute the expenses over the years.

Outages 1 999 and 2000 together with the 16L1' fuel cycle in between brought a number
of activities that will strongly affect the future years of operation.
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2. OUTAGE 1999

Outage 1999 was extremely important because of its complexity and value of the
implemented work, installed equipment and overall benefits for plant safety, control of the
processes and optimization of future activities.

Some specifics of the Outage '99 are listed below:

Last inspection and corrective actions on the old steam generators,
Inspection of the Reactor Coolant Pump (RCP) No. 1 housing and internals,
New approach to Snubber inspection and testing,
Integrated Leak Rate Test at design pressure,
Replacement of In-Core Guide Thimbles,
Installation of Reactor Vessel Level Indication instrumentation,
In Must Sipping instrumentation installation and inspection,
Implementation of new approach to Primavera planning tool usage.

Inadequate Core Cooling Monitoring System (ICCMS) brought the improvement of
Core Thermo Couples readings, Subcooling monitoring and Reactor Vessel Level Indication
System (RVLIS) for accident situations, required by nuclear regulation. This was the last item
that fulfilled the NUREG-0737 (NRC Nuclear Regulatory Guidelines), Post TMI (Three Mile
Island) event action plan requirements.

In the area of nuclear fuel the additional group of fuel elements of improved design with
debris filter on the bottom nozzle is inserted in the core. These are the elements with a new
fuel pellet design and tubes providing higher corrosion resistance and supporting the plant
uprate after the Steam Generator replacement.

Fire Protection systems upgrades were continued in accordance with the action plan.
New local controls where added to evacuation panels, together with electrical separation of
local controls from the Main Control Board.

Steam Generators tube inspections and corrective actions were normal activities of each
plant outage in NEK. For years 100 per cent of available tubes were inspected, while both
plugging and sleeving were usual activities on the outage critical path. In this outage the last
inspection and corrective actions on the old steam generators allowed continuation of the
plant full power operation. In the last cycle Steam Generators are operating with 17.93 per
cent of the tubes plugged.

The activity of inspecting RCP No. 1 housing and internals marked this outage because
of the complexity of work performed for the first time in NEK, direct expenses, ALARA
planning and detailed scheduling. RCP inspection was the activity requested by Slovenian
Nuclear Safetz Administration (Urad Republike Slovenije za jedrsko varnost - URSJV). Its
impact on the critical outage path required 52 days of shutdown "from breaker to breaker",
including transportation of the RCP internals to France and back. In the French hot shop the
decontamination, inspection and repair were performed. For the purpose of extending the time
to new inspection the shaft was replaced with the new one. The work was performed perfectly
and the pump is operating in a good shape again.

This year's snubber inspection and testing program is going to be an extensive and
continuous activity. In addition to visual inspection the performance of the snubbers will be
tested on a testing machine in accordance with ANSI standards and requirements of Standard
format of Technical Specifications.
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Integrated Leak Rate Test was performed at full pressure instead of at half pressure, as
it was the case in previous periods. Although the test at full pressure took some time on the
outage critical path it was included in this outage plan. It was one of the prerequisites to
decrease testing frequency from three times in ten years to once in ten years, based on the
performance tests of the Containment Isolation Valves and penetrations. This is in accordance
with IOCFR50 Appendix J regulation and has been already approved by Nuclear Regulatory
Commission NRC at several US plants. Integrated Leak Rate Test at full pressure is a more
representative picture of the overall condition of the Containment structure. Performed once
per ten years, it will allow us to have less complex and shorter outages in the future.
Complexity of outage depends on the number of activities in the outage plan, which is also in
direct correlation with the burden placed on operators to monitor and ensure shutdown safety.

In-Must Sipping instrumentation or Telescope Sipping as it is also called, will be a great
time saving activity (luring the future shorter outages when the fuel manipulations are going
to be a significant part of the outage critical path.

The replacement of In-Core Guide Thimbles was also performed in this outage to
improve the status of primary system boundary integrity. Obviously, the materials available
on the market are requiring seven to eight year replacements.

In outage 1999 there was an extremely high concentration of activities that took place
inside the Reactor Building, requiring extensive planning, scheduling and coordination of
resources and areas. The implementation of reviewed planning and scheduling process and
adjustments of Primavera (P3) and Work Order System (WOS) tools usage, helped teams to
get better pieces of information about time schedules and a better overview of activities for
the management. However, the experienced and knowledgeable NEK and contractors'
personnel who performed the field work did the primary role.

3. CYCLE 16

The 16th fuel cycle is a period with the intensive preparations for the replacement of
Steam Generators (SGR), but also in parallel a lot of activities are going on with the main
reason to reach the mentioned plant goals.

An extensive improvement was done in the Controlled Access Area entrance and exit.
The main purpose is to make the access of people, materials and tools easier to that area, to
improve the control over them, to increase the laundry capacity and the locker room comfort.

A lot of construction works were recently carried out inside the plant fence.
The simulator building is almost finished waiting for the "machine", giving quite a new

impression at the plant entrance. On the west side of the yard a new building raised up
recently. That is the Multi-Purpose Building prepared for the housing of both old Steam
Generators until the final deposition or decommission is performed. The rooms of that
building will be used as the decontamination area, too.

The replacement of the underground piping of the Fire Protection (FP) system is
finished on the east part of the plant. Together with the valve replacement this is going to
improve operability and reliability of the entire system.

In September an international plant review is taking place at NEK. That is the second
visit of WANO (World Association of Nuclear Operators) Peer Review Team at our site.
Experience and good practices exchange with the industry is a continuous process that is
helping us follow the industry progress and regulatory requirements.
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4. OUTAGE 2000

The Steam Generators' replacement is the major work not only in the next outage but
also in the whole plant life. It is a milestone placing completely new circumstances for
planning the plant cycles, increasing plant availability and capacity, allowing lower doses and
less SG activities in the outage, accordingly less expenses for SG maintenance program.

A lot of modifications will be implemented in that outage. They will support the
replacement activities or replace and improve the systems penetrating or supporting the SGs
operation. Because of intensive preparations and works in the Containment and other areas
and resources the intent of NEK is to reduce all the activities that can wait for some other time
or be postponed to the next outage. Still there are about 40 modifications going to be installed.

Low Pressure (LP) Turbine overhaul and inspection will give us an information about
the status of LP turbine components. Based on these data a period of a new overhaul will be
determined. To increase the plant availability and shorten outage duration in the future a
decision should be made to replace the LP turbine rotors and allow longer periods between
two overhauls.

In the following years some important modifications and improvements will be installed
or at least considered, like Low Pressure Turbines Rotors, Water Treatment System
replacement, Main 400 kV Transformers replacement, Spent Fuel Pool re-racking, etc. The
plant budget structure and distribution of expenses will dictate the timing of their
implementation.
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