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ABSTRACT

Many utilities are currently developing preventive maintenance and plant life
management systems for their own use. Consideration of plant specific design and integrity
problems support use of tailored programs and/or data bases for plant life management. The
final applications will be developed on plant type, utility, plant or system level. However,
common features can be included in the systems.

The project Plant life management XVO [1] conducted at VTT deals - as a whole - with
systematic component lifetime management, operational loads in normal steady state
operation and in transients, especially piping vibrations and integrity, NDE, materials ageing,
interactions of coolant and materials, environmentally assisted cracking and ageing of reactor
internals. One of the major challenges in the project is to define, how these multidisciplinary
results should be integrated such that quantitative assessments on remaining safe life and
failure risks are possible.

In this paper a brief overview on the project is given. The work performed on piping
vibration and integrity management is presented in more detail.

1 INTRODUCTION

The Finnish nuclear power plants have operated for more than 20 years. No significant
outages have occurred due to materials or structural integrity problems. All four units, two
BWR’s at TVO Olkiluoto plant and two VVER’s at Fortum Loviisa plant, have continuously
achieved excellent usage factors. Naturally, the utilities are very much interested to be able to
continue this record and efficient operation long in future.

The excellent usage factors are a good proof of high expertise, effective operation and
successful preventive maintenance. However, concerns on long term availability motivate
continuous investments to maintain the good plant availability and to be able to continue
operation long in future. Research on critical components’ ageing, structural integrity and
lifetime management belongs to that investment. The project Plant Life Management is
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supposed to carry out essential parts of this utility driven research. Part of the conceptual
solutions, materials science and other generic technology shall be transferable to other capital
intensive industry sectors where avoiding of unplanned outages is equally important.

Many utilities are currently developing preventive maintenance and plant life
management systems for their own use. Consideration of plant specific design and integrity
problems support use of tailored programs and/or data bases for plant life management. The
final applications will be developed on plant type, utility, plant or system level. However,
common features can be included in the systems.

The project XVO - as a whole - deals with systematic component lifetime management,
operational loads in normal steady state operation and in transients, especially piping
vibrations and integrity, NDE, materials ageing, interactions of coolant and materials,
environmentally assisted cracking and ageing of reactor internals. One of the major challenges
is to define, how these multidisciplinary results should be integrated such that quantitative
assessments on remaining safe life and failure risks are possible.

Figure 1.  Elements of systematic component lifetime management [1].
Quantitative safety assessments can only be achieved through probabilistic approaches.

For that purpose correct models on ageing mechanisms and the influencing factors are needed
but well-founded simplifications are also necessary. Although similar needs exist at many
production plants in energy and process industries, the plant life management systems - or at
least their applications - need to be tailored for the utility needs. One possibility is to utilize
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modularity. Another point is user friendliness. If the utility staff is supposed to input a huge
amount of data and knowledge in the system, it needs to be compatible with the existing
systems and data bases. The additional work required shall be minimised.

Systematic component lifetime management serves two parallel needs. The safety
requirements set a mandatory basis for all operations. Operability needs originate from
economical interests and market restrains. Fig. 1 shows a general scheme of component
lifetime management followed in the XVO project. The subproject organization is also based
on this model.

Table 1.  Topics to be considered for component lifetime management [1].

Ageing mechanisms
• Material degradation
- irradiation embrittlement
- thermomechanical ageing
- fatigue (LCF, HCF, thermal f.)
- creep
•  Surface reactions
- metal-oxide-coolant interaction
- general and local corrosion
- erosion, wear, fretting
- crack initiation
•  Crack growth
- fatigue crack growth;
· thermal- & corrosion fatigue
- stress corrosion cracking;
· TGSCC, IGSCC, IASCC

Materials performance
•  Composition, strength
•  Fracture toughness
•  Irradiation embrittlement
•  Thermal ageing
•  Fatigue
- low cycle, high cycle fatigue
- thermal fatigue
- corrosion fatigue
•  Stress corrosion
- IGSCC, TGSCC, IASCC
•  Corrosion, erosion, wear
•  Creep

Condition monitoring
• Non-destructive testing
- risk informed inspection
- crack detection
- crack sizing
•  Material condition monitoring
- surveillance testing
- ageing measurement by NDT
•  Monitoring of operation
- water chemistry monitoring
- oxides and contamination
- temperature transients

Operational loads
•  Steady state operation
- pressure and thermal loads
- vibration
•  Transients
- start-up, shut-down
- thermal stratification
- water hammer
- abnormal transients
•  Environmental loads
- irradiation doses
- coolant chemistry
- corrosion potential

The topics to be considered are outlined in Table 1. Here we use the word loads in a
generalized meaning: all mechanical, thermal, chemical and other "stressors" are included.
Knowledge is needed on
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� relevant ageing mechanisms and their impact on the selected components,
� materials performance in the process environment and subjected to the operational loads,
� operational loads in normal steady state operation and in transients, and
� condition of the materials and components.

2 MANAGEMENT OF PIPING VIBRATIONS AND INTEGRITY

2.1 General aspects

Of course, it is not possible to cover all above aspects completely within a single project
but the work has to be concentrated on a few carefully selected topics. One of the focus areas
of the project is the vibration and integrity management of process piping [2] where high
demands are addressed to the operational reliability. Fatigue due to vibration loads is there an
important failure type. In order to technically and economically optimize the operation of a
process plant it is essential that developing failures can be anticipated and that the repair
works can be carefully planned and carried out during the regular outages.

Traditional design and condition monitoring of piping is based on the application of
allowable vibration levels, in terms of velocity and displacement. Unfortunately, the vibration
levels give only indirect information on the loading (stress and strain state) and subsequently
fatigue at the critical location. As a consequence this generally leads to conservative
dimensioning and a remarkable margin when the actual stress state is compared to the load
bearing capacity of the structural components.

The dynamic behavior of a structure can be assessed using either analytical predictions
or experimental measurements. Both approaches are based on the assumption that vibration
characteristics of the system can be described by a mathematical model that possesses a
limited number of coordinates and modes and is valid within a given frequency range. The
analytical predictions are usually done using the finite element (FE) method and the
experimental evaluations by modal testing and analysis.

Due to their limitations and basic assumptions, both methods have their advantages and
shortcomings. It is extremely difficult - if not impossible - to define the stress state at the
critical locations of the piping using computational or experimental methods alone. Generally
it is believed that experimental results are more reliable and incorporate the contributions of
all features actually existing in the system. As such these results can very well be used to
validate and update the analytical model.

The goal is to generate practical tools for effective condition monitoring of process
piping. The final monitoring system shall consist of a very limited number of optimally
located measurement sensors and a computational model which has been updated using
vibration measurements to agree well with the actual structure. They are applied in an
integrated manner in order to produce data to define the remaining life time and to plan
possible structural modifications.
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Figure 2.  The approach to come to an adequate model to monitor the vibration
behavior of a piping system, starting from the piping design phase [3].

Figure 3.  The general project plan for developing a piping vibrations monitoring system
and the scope of the first phase during first the project year [3].
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Figure 4.  The target program system for piping integrity management at TVO [3].
As a part of the project, program systems for piping analysis and fatigue crack growth

and integrity of flawed piping are further extended and tailored to optimally fit the monitoring
needs. To facilitate the computations, the programs are organized to retrieve all their input
data from a data base containing all necessary information concerning to the piping. Also all
data transfer between the different computational programs is handled by the data base. Part
of these transfer capabilities are developed within the project.

2.2 Studies with the pilot piping

Making an adequate model to describe the dynamic behavior of a piping system is
complicated. The dynamic behavior of the supports and other details described in the design
documents often differ significantly from the actual piping and may even change over the
time. Special purpose programs and several tuning iterations may be necessary to accurately
tune the models to the actual piping. The approach applied in the project to come to such a
model is shown in Fig. 2. In Figure 3 the work realized during the first phase of the project is
summarized.

A first pilot study was started to develop and verify a combined analysis system
consisting of experimental vibration measurements, modeling and analyses. The following
tasks were included in this study:

� Selection of a piping system suitable for both in service and off service experiments and
for modeling without unnecessary complexity.

� Modal testing to characterize the dynamic behavior of the piping. Both operational and
natural mode shapes were obtained through measurements by acceleration transducers.
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� The excitation in the piping caused by the piston pump was assessed by the acoustic
analysis software PULSE which has been earlier used as a design tool for compressor
piping systems at the Neste Oil refinery.

� FE models of the piping were generated based solely on the data from the design
documentation. Therefore, the results simulate the vibration behavior that would be
predicted during a design project.

� The results obtained by the first FE models were compared to the experimental results and
the sensitivity of the results to different assumptions and simplifications was evaluated.

The aim is that new models with gradually increased amount of knowledge on the
actual piping condition will be generated in the next phase of the project. Furthermore, a
second case study, including elevated temperature and damping effects caused by thermal
insulation of the piping, is planned. An additional problem with elevated temperatures is that
the dynamic behavior of the cold and hot piping may differ significantly due to for instance
changes in boundary conditions, internal pressure, weight of the contents and piping material
properties. After this second pilot study the developed vibration monitoring approach will be
applied more generally but still within the project. The results will be very closely monitored
in order to learn more and tune the applied methods. Only after further testing and validation
this method can be used in actual problem applications. This pilot study will also provide
some new information and answers to the important questions: How reliable are the CAE-
models used for design? How should one combine and compare the results of field
measurements to those given by the CAE-model?

In the first FE analyses for the pilot piping different ways to describe stiffness of the
supports were compared. The first analyses using model A1 were performed with rigid piping
supports. In model B1 the rigid supports were replaced with roughly estimated spring
constants. These spring constants were calculated based on tables of solutions for simply
supported beams.

Models A1 and B1 also were the first models to be compared with the experimental
results. The FE analysis results gave several more eigenmodes than the experimental results.
In FE analyses, natural frequencies lower than the lowest experimentally measured one were
also found. Some of these could be neglected due to friction. They should disappear also in
further refined models based on the real properties of the piping and supports. Despite the
simplifications, clearly similar eigenmodes were found. This comparison also showed that
one of the critical aspects in FE models is, how accurately the piping supports are modeled.

An example of the FE analysis is given in Fig. 5. The first eigenmodes of the models A1
and B2 are shown. With the rigid piping supports (A1) the frequency is 5,77 Hz and with
roughly estimated spring constants (B2) the frequency is 8,65 Hz.
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Figure 5.  The first eigenmodes of the pilot piping as obtained by FE analysis. a) The
model A1 with the rigid piping supports at 5,77 Hz and b) the model B2 with roughly
estimated spring constants at 8,65 Hz.

3 SUMMARY

A brief overview was given on the project Plant life management XVO conducted at
VTT. It deals - as a whole - with systematic component lifetime management, operational
loads in normal steady state operation and in transients, especially piping vibrations and
integrity, NDE, materials ageing, interactions of coolant and materials, environmentally
assisted cracking and ageing of reactor internals.

The work performed in one sub-project on piping vibration and integrity management
was presented in some more detail. Operational and natural mode shapes of the pilot piping
were measured and the results were compared to the computational ones. In the first iteration
round of FE analyses for the pilot piping case using design data, the description of support
behavior proved crucial.

One of the major challenges in the whole project will be to define, how the multi-
disciplinary results obtained in the different sub-projects should be integrated such that
quantitative assessments on remaining safe life and failure risks are possible.
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