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Abstract

The deregulation of Europe's power market does force many utilities, and especially nuclear power
plant operators, to introduce extensive cost-cutting measures in order to be able to compete within this
new environment. The optimization of plant outages provides considerable potential for raising plant
availability but can also lower operating costs by reducing e.g. expenditure on maintenance. Siemens
Nuclear Power GmbH, in cooperation with plant operators, is currently implementing new and
improved service concepts which can have a major effect on the way in which maintenance will be
performed in the future. Innovative service packages for maintenance in nuclear power plants are
available which can be used to perform a time- and cost-effective maintenance. The concepts
encompass optimization of the overall sequence from planning in advance to the individual measures
including reduction of the scope of maintenance activities, identification of cost cutting potential and
bundling of maintenance activities. The main features of these maintenance activities are illustrated
here using the examples of outage planning and integrated valve maintenance. In nuclear power plants
approx. 5000 valves are periodically preventively, condition-based or breakdown-based maintained. Because of
this large number of valves to be maintained a high potential of improvements and cost reductions can be
achieved by performing an optimized, cost-effective maintenance based on innovative methods and tools.
Siemens Nuclear Power GmbH has developed and qualified such tools which allow to reduce service costs while
maintaining high standards of safety and availability. By changing from preventive to predictive (condition-
based) maintenance - the number of valves to be maintained may be reduced considerably. The predictive
maintenance is based on the Siemens Nuclear Power GmbH diagnostic and evaluation method (ADAM). ADAM
is used to monitor the operability of valves by analytical verification of the functioning capability and the
readiness for function which is to be verified periodically during lifetime (trending).

1. INTRODUCTION

The deregulation of Europe's power market does force nuclear power plant operators to
introduce extensive cost-cutting measures in order to be able to compete within this new
environment.

The optimization of plant outages provides considerable potential for raising plant availability but can
also lower operating costs by reducing expenditure on maintenances. Economic advantages also
resulted from the substantially shorter duration of refueling outages achieved through advanced
equipment used for inspection and repair.

For example, only one traverse per area is required for examination of the outer surface of the
cylindrical section of boiling water reactor pressure vessel when phased-array probes are used. In this
way, the time for the reactor pressure vessel inspection could be reduced by 60%.

Siemens offers a comprehensive range of innovative services packages for all maintenance activities,
including component service for example for valves, pumps and piping, as well peripheral activities
such as e.g. radiology and radiation protection.

2. OPTIMIZATION OF MAINTENANCE

Siemens Nuclear Power GmbH, in cooperation with plant operators, is currently implementing new
and improved service concepts which can have a major effect on the way in which maintenance will
be performed in the future. Innovative service packages for maintenance in nuclear power plants are
available which can be used to perform a time- and cost-effective maintenance.
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The concepts include optimization of the overall sequence from planning in advance to the individual
measures including reduction of the scope of maintenance activities, identification of cost-cutting
potential and bundling of maintenance activities.

The goal of any maintenance optimization program is to reduce maintenance costs while maintaining
the same high level of availability.

The main features of these maintenance activities are illustrated here using the examples of
outage planning and integrated valve maintenance. The advantages of bundling of individual
packages are also briefly discussed.
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costs
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FIG. 1. Reduction of maintenance costs.
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FIG. 2. Examination of outer surface of cylindrical section ofBWR reactor pressure vessel by
a phased-array probe.
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Service package
Valve
maintenance
Radiology and
radiation
protection
Pump
maintenance
Steam generator
maintenance
Piping
maintenance
Maintenance
manuals
Condition-based
maintenance
Water chemistry
diagnostics
Teleservice

Outage
consultation

Primary objectives and measures
Work sequence optimization through bundling of activities; proof of fulfillment of
safety standards; extension of service intervals; condition-based maintenance
Consultation on dose rate reduction, in particular on highly contaminated plant
items and on work procedures

Optimization of overall work sequence through coordination of activities and
persons involved
Long-term retention or improvement of features through appropriate measures up
to full service
Performance of engineering tasks such as preparation of analyses, elaboration of
measures, generation of design review documents; piping replacement
Work documentation using advanced information technology, which simplifies
future use of information
Reduction of service effort by adapting measures to the current conditions of plant
items
Simplification of diagnostics through computer-aided analyses and evaluation;
localization of causes in the event of deviations from optimal condition
Generation of remote diagnoses of current plant and component conditions using
advanced communications technology
Reduction of time and cost of work through involvement in planning of measures

FIG. 3. Innovative service packages for maintenance activities in nuclear power plants.
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FIG. 4. Optimization of maintenance processes.
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2.1 Integrated valve maintenance

In nuclear power plants approx. 5000 valves are periodically preventively, condition-based
(predictive) or breakdown-based maintained. Because of this large number of valves to be maintained
a high potential of improvements and cost reductions can be achieved by performing optimized
maintenance methods and using innovative tools.

Siemens Nuclear Power GmbH has developed and qualified innovative methods and tools which allow
to reduced service costs while maintaining high standards of safety and availability. The functioning
capability and readiness for function of valves are proved and ensured by the integrated valve concept.
Basic elements are:

calculation

design evaluation

monitoring and maintenance of valves.

2.1.1. Verification of functioning capability

The verification of functioning capability is to be made once as a follow-up for existing valves or for
new designs in advance. The analytical concept includes load calculations for the actuator and for the
valve components as well as the evaluation of the function-related features of the design including the
mechanics. The analytical models used are validated by tests in power plants or in appropriate test
rigs. The model for function determines the required actuating thrust and torque considering the
relevant parameters and tolerances. The model for load analysis covers the load capacity of the valve.

Measures to Ensure Functioning Capability and Readiness for Function

•Preparation of guidelines
for calculations

•Testing support
(laboratories)

•Validation of evaluation
methods based on test
results

•Re-evaluation and
modification of design
review documents

•Integration of systems
engineering

Calculation

•Preparation of guidelines
for design

•Overall evaluation of
design

•Experimental verification of
design (e.g. blowdown test)

•Coordination of
modifications with plant
operator, manufacturers
and authorities

•Dimensional data sheets

Design Evaluation

•Active power measurement

•Condition-based
maintenance based on
ADAM® (Valve dia-gnosis
and evaluation method)

•Special measurements

•Expert support

•Optimization of valve
maintenance

Monitoring,
Maintenance

FIG. 5. Integrated valve maintenance concept.
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The design evaluation covers the limits and weak points of the parameters relevant function
and ensures the validity of the calculation assumptions.

2.1.2. Verification of readiness for function

The methodology of the integrated valve concept includes the guarantee for readiness for
function during lifetime. In nuclear power plants inspections of the function of the whole
system is performed periodically beginning with power supply and I&C including the shut-off
element in the valve. The results are compared with the base measurements. For evaluation of
the results of periodic examinations and inspection the model for function and the model for
load analysis as well as the design evaluation are used.

2.2 Diagnosis software ADAM (valve diagnosis and evaluation methodology)

By changing from preventive to condition-based maintenance - based on the Siemens Nuclear
Power GmbH diagnostic and evaluation method ADAM (Armaturen-Diagnose und Auswerte-
Methode) — the number of valves to be maintained may be reduced considerably. The
application of such sophisticated software tool will lead to cost reduction and can also extend
the service intervals.

ADAM can be used to monitor the operability of valves by analytical verification of the
functioning capability and the readiness for function which is to be verified periodically
during lifetime (trending).

The structure and the evaluation method of ADAM is shown in Figure 6.

The individual modules "calculation" (see verification of functioning capability), "baseline
measurement" and "diagnostic" implemented in ADAM are used to determine deviations
from permissible tolerances of certain parameters (e.g. zero loads, running power etc.) or
trends in the function of the valve and the actuator.

The monitoring of the readiness for function during lifetime is performed in the following
sequence with the methods described below:

Normally, the active power of the AC-motor measured from the switchgear room and the
baseline measurement allow the monitoring of all functional relevant parameters to verify
readiness for function. Degradation or deviations in the function of the valve and the actuator
with respect to upcoming failures can be detected in advance. If there are any indications of
deviations from certain tolerances further parameters are measured in-situ like torque, stem
thrust and the displacement of the worm gear.

Through the systematic monitoring of the motor-operated valves degradation can be detected
and corrected by means of maintenance measures so that function-related parameters remain
within design limitations.
The reliability of the function of valves and actuators defines the safety and availability of the
power plants.

The benefit from the application of ADAM is illustrated in Figure 7.
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FIG. 6. ADAM®: The way to condition-based maintenance of MOVs evaluation method of
ADAM.

Cost Reduction

Temporal Decoupling

Safety and Availabity

Aiara

Prolongation of mamtenance periods
Reduction of preventive inspections
Reduction of preventively replaced parts
Optimized stock of spare parts

- Diagnosis during power operation

- Verification of readiness for function
- Reduction of mistakes during maintenance activities
- Immediate evaluation of measurement

- Reduction of dose

FIG. 7. ADAM®: Benefit from ADAM.

Owing to the periodic monitoring of valves including actuators and the evaluation of the
measured data by ADAM the actual conditions of the valve can be determined to ensure the
readiness for function. Based on the information obtained from ADAM and operational
experience over a longer time period a condition-based maintenance can be performed in
order to extend the maintenance periods. That means, preventive measures as inspections and
replacement of parts can be reduced.
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An additional advantage is also to perform the diagnosis during power operation by temporal
decoupling of the valve system. The measurement of the active power from the switchgear
room, e.g. with the advanced tool SIPLUC resulting in a diminished radiation exposure of the
performing staff.

With these described measures costs will be reduced and high availability as well as safety of
nuclear power plants can be ensured.

2.3 Diagnosis tool SIPLUG

The handling and application of the advanced diagnosis tool SIPLUG are shown on the
photographs in Figure 8.

^f

FIG. 8. ADAA^: SIPLUG®-

SIPLUG is designed as a sophisticated data acquisition tool which is connected to the
electronics of the valve system located in the switchgear room. The significant features of
SIPLUG can be described as follows:

• automatic recording of the course of active power for up to 10 valve strokes

• because of an own power supply the recorded data are stored within SIPLUG which can
be evaluated afterwards by a separate computer

• the single plug (SIPLUG) is expandable to an on-line monitoring system.

2.4 Process analyses

A comprehensive maintenance strategy includes all measures needed to identify cost-cutting
potential. Analyses are performed in order to estimate all maintenance processes beginning
with the maintenance organization of the power plant operator, planning of activities, time
scheduling, preparation and coordination of work as well as work execution. In addition, the
coordination of work of all subcontractors and service providers should be also analyzed.

An exact estimation of the on-site maintenance activities based on costs and schedule is
possible by comparison of the planned costs and activities with the actual expenditure and
time needed to perform the maintenance.
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Such procedures mentioned above have been partly established in different nuclear power
plants. To achieve a large cost reduction great efforts have to be made to implement and use
the identified cost-cutting measures obtained from the process analyses performed in advance.
Through detailed time scheduling and planning of resources, optimization of maintenance
organization and technical conditions as well as focusing on few competent subcontractors the
expenditure can be cut down in order to ensure cost reductions.

Generally, the benefit for the customer is:

long-term reduction of the maintenance expenditure and

effective utilization of the comprehensive maintenance experience and know-how.

2.5 Performance of valve maintenance as main contractor

Economically, cost-effective performance of valve maintenance means performing and
bundling of all individual activities under the umbrella of an experienced service provider
which act as a main contractor. The great advantage of such a contract for the customer is to
order the complete maintenance service on a fixed price which is lower as the total cost
obtained from a large number of individual services. Competent and reliable subcontractors
which are familiar with special features of components are involved to ensure good quality of
work. Under such conditions the mutual cooperation can preserve the maintenance
competence and know-how to ensure the safety and availability as long as the nuclear power
plant Is in service. Effective improvements based on process analyses can also be
implemented.

Siemens can provide an integrated single-source concept for comprehensive valve
maintenance which ensures long-term security of supply for all the services offered.

Essential valve maintenance activities of Siemens Nuclear Power GmbH are shown in
Figure 11. The maintenance was successfully performed in cooperation with competent
subcontractors and plant operators based on experience and know-how of the service provider
Siemens Nuclear Power GmbH.

Analysis of
processes at the plant Identification

of cost-cutting
potential

Analysis of
work execution

Customer's benefit

Long-term
reduction of maintenance
cost

Utilization of
maintenance
know-how

FIG. 9. Process analyses identification of cost-cutting potential.
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Craftsmen pool

Man contractor
• Bundling of activities

• Establishing of condition-
based maintenance

• Implementation of improve-
ments based on process
analyses

• Focusing on competent
cooperation partners

• Preserving of maintenance
know-how

• Coordination of peripheral
activities (scaffolding,
insulation etc.)

FIG. 10. Management of valve maintenance performance of valve maintenance as main
contractor.
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FIG. 11. References valve maintenance activities performed.
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Optimization Programs
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FIG. 12. Outlook.

3. SUMMARY AND CONCLUSIONS

Today, Siemens Nuclear Power GmbH already has a number of innovative tools and service
packages available for future nuclear power plant maintenance. The potential for cost
reduction in the field of maintenance of nuclear power plants has been exploited thanks to the
use of optimized processes and these innovative technologies. The maintenance services
provided by Siemens Nuclear Power GmbH enabled to make an important contribution to this
success.

Siemens Nuclear Power GmbH is able to offer expert solutions to implement cost-effective,
extensive maintenance packages for the nuclear power plant maintenance. The aim is to
ensure the ongoing technological development of maintenance activities while achieving
considerable cost reductions, through a partnership between power plant operators and service
providers. Siemens Nuclear Power GmbH offers a range of innovative service packages for
the maintenance of the future, one key example of such innovative service package shown in
detail was the integrated valve maintenance.

Siemens' intensive efforts in this field are aimed at a helping drive for the technical and
economic optimization of future maintenance activities at nuclear power plants, while
ensuring that high safety levels are maintained.
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