6th International Conference on NDE in Relation to Structural Integrity for Nuclear and Pressurized Components
October 2007, Budapest, Hungary
For more papers of this publication click: www.ndt.net/search/docs.php3?MainSource=70

Structural Integrity and NDE Reliability I
Risk-Informed Methodology of New ISI Program for Unit 1 of Loviisa NPP
O. Hietanen, K. Jänkälä, N. Bergroth, R. Paussu, V. Nikula: Fortum Nuclear Services Ltd, Finland
ABSTRACT
In Finland the new YVL-guideline 3.8 requires that Utilities shall utilize risk-informed methodology
when planning new ISI- programs for safety class 1, 2, 3, 4 as well as for non nuclear safety class
classified piping systems.
At the VVER-440 Loviisa Unit 1, the existing ISI program for 10 years period 1998 -2007 is
based on rules and guidelines stipulated in ASME Code Section XI.
A plan for utilizing the risk informed methodology for Loviisa Unit 1 was prepared during the
summer and autumn 2005 and was submitted to the Finnish Nuclear Authority (STUK) for review and
approval. STUK accepted the supplemented plan in July, 2006.
A short overview of the new risk-informed ISI-program and comparison with the existing ISI
program is presented. The following principles of the risk-informed ISI program for Loviisa Unit 1
different from ASME XI Supplement R, Method B, are highlighted;
• The risk assessment is applied for the whole Unit, not only for piping systems of safety classes
1, 2 and 3.
• The consequence assessment is based on the results of the existing extensive PSA analysis
according to the values for Conditional Core Damage Probability (CCDP) and Conditional
Large Early Release Probability (CLERP). The failure assessment is performed on a qualitative
basis by a group of company's experts familiar with Loviisa NPP associated materials integrity
and in-service activities.
• An independent expert panel, with the responsibility for evaluating all risk informed selected
systems, has been established with members from the Finnish Research Centre (VTT) and the
Finnish nuclear licensees Teollisuuden Voima Oy (TVO) and Fortum. The panel's work is
monitored by observers nominated by STUK.
A practical example of the risk evaluation process for a safety class 1 system is presented.
INTRODUCTION
Loviisa 1 and 2 VVER 440 units owned by Fortum started their operation in 1977 and 1981,
respectively. The nominal gross electrical power per unit was originally 440 MW, but this has been
increased up to 510 MW. Power upgrading was performed in 1996-97.
The existing ISI- program for Safety Class 1 and 2 piping and components is originally based on
the rules and guidelines stipulated in ASME Code Section XI /1/.
The new Regulatory Guide in Finland, YVL 3.8 "Nuclear power plant pressure equipment. Inservice inspection with non-destructive testing methods" requires that "In the drawing up of inspection
programs for Safety Class 1, 2, 3 and 4 piping and Class EYT (non-nuclear) piping as well as in the
development of inspection programs for operating plants, risk-informed methods shall be utilized to
ascertain the inclusion in the inspection scope of those components posing the highest risk."
At Loviisa Unit 1, the existing ISI program for 10 years' period covering the Safety Class 1 and
2 piping and components will is valid until 2007.
A pilot project for risk informed methodology was launched during the spring 2005. In the pilot
project two systems, one primary and one secondary system were considered /2,3/. A plan for utilizing
the risk informed methodology for Loviisa Unit 1 piping was prepared during the summer and autumn
2005 and was submitted to the Finnish Nuclear Authority (STUK) for review and approval. STUK
accepted the supplemented plan in July, 2006.

THE NEW ISI PROGRAM, APPROACH
The risk-informed selection process as described in ASME XI Supplement R, Method B was chosen
as a basic approach for the new ISI program.
The plan for the new inspection program started from the following premises
The scope of the risk-informed inspection program evaluation will cover the whole plant, not
only Safety Class 1 and 2 piping as the existing ASME ISI program
System risk assessments will be based on the existing extensive PSA model and the failure
consequences to other systems are considered as they are taken into account in the PSA model.
As selection criteria for the consequence assessment and classification of the systems
(categorization/ segmentation) will be used Conditional Core Damage Probability (CCDP) and
Conditional Large Early Release Probability (CLERP).
Failure assessments will be performed on the qualitative basis by the panel of the company
experts familiar with Loviisa NPP associated materials integrity and in-service activities.
Risk informed inspection program will be focused on the piping only.
Methodology for determining the Risk Categories of the segments and segment portions is
presented schematically in Figure 1.
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Figure 1 - Risk Categorization applied for Unit 1 of Loviisa NPP.

Consequence categorization
A detailed consequence and failure assessment of all piping segments of the plant would need an
unreasonable large amount of work. It was considered to be possible to do the first screening and
selection of the piping segments on the basis of the existing PSA, which covers internal and external
events and full, low and non power states. The PSA was judged to be comprehensive and detailed
enough for this work, because the consequences of different kinds of leakages have been studied in the
flood and internal event PSA. The flood PSA covers leakages that submerge equipment in large areas
causing an initiating event and also failing safety components that would be needed in case of such an
initiating event. The internal event PSA covers small leakages and water and steam jets causing locally
wet single electric equipment. A systematic identification and mapping of flood sources and spreading
routes as well as equipment vulnerabilities to external effects has been done in the PSA /4,5/. The
secondary effects of risen temperature and humidity have been analysed in the PSA when necessary to
judge timing of failures of safety equipment.
The work is focused on such systems and piping segments the failures of which can cause a core
damage with a probability larger than 10-6 or a large early release with a probability larger than 10-7.
The other systems and piping have only minor effect on the core damage risk and are screened out.

The ratio between these probabilities was selected to be 10 because such a ratio has been used in other
safety related decision making at the plant.
Piping within a system is grouped into segments of common failure consequences for
consequence categorisation. Then CCDP, on the condition that the piping segment is leaking, is
estimated on the basis of the most important leakage size, which is not necessarily a complete rupture
of the pipe. Indirect effects of the leak are taken into account. If the leakage causes an initiating event
its CCDP is immediately apparent from the PSA results.
If the leakage does not cause an initiating event, but it degrades or fails a system essential to
plant safety, the CCDP is estimated from
CCDP = 1- exp(-CCDF⋅t),
where
CCDF = Conditional Core Damage Frequency, i.e. the frequency of challenge or the frequency
of initiating events that require the system operation,
t = the exposure time that the pipe failure or its consequences can exist. It is the time the system
would be unavailable before the plant is changed to a different mode in which the failed
system's function is no longer required, the failure is recovered, or other compensatory action is
taken.
If the pipe failure can cause both an initiating event and loss of safety important components
needed in another initiating event those effects are added together. CLERP is estimated in the same
way.
Pipe segments that exceed the screening level of CCDP = 10-6 or CLERP = 10-7 are divided into
three categories on the basis of their CCDP or CLERP values:

low:
1⋅10-6 ≤ CCDP < 1⋅10-5,
medium: 1⋅10-5 ≤ CCDP < 1⋅10-4 and
high:
CCDP ≥ 1⋅10-4.

The high limit value was selected to be the same as in the ASME XI Supplement R, as stipulated
by STUK in its review of the methodology. The CLERP limits are one order of magnitude lower than
the CCDP limits.
All those pipe segments that have not been screened out are further studied for failure potential
categorization.
Failure potential categorization
It was decided that failure potential categorization will be performed on the qualitative basis due to the
fact that there were not yet available reliable tools, like SRMs (Structural Reliable Model), for all the
potential failure mechanisms that currently affect nuclear power plants /6/. On the other hand, there
were long operation histories from both units, experiences with failures from own plant and other
VVER-plants and experience with similar work during many years related to PLIM (Plant Life
Management).
For determination of the potential failure mechanisms at Loviisa Unit 1 systems of the plant were
divided in three parts:
- structures and components in contact with primary coolant
- secondary circuit systems
- seawater cooled systems
The potential failure mechanisms for the systems in contact with primary and secondary water
are presented in Figures 2 and 3.
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Figure 2 - Potential failure mechanisms for the piping and components in contact with primary water.
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Figure 3 - Potential failure mechanisms for the piping and components in contact with secondary
water.
In the seawater systems failure mechanisms vary depending on piping materials and coatings
applied.
A usage factor is used as a classification parameter in case fatigue analysis has been performed.
Fatigue analysis is not, however, performed for the most of the systems. Cyclic temperature changes
due to thermal cycling and striping are used as a qualitative classification parameter for thermal
fatigue. Mechanical fatigue including vibrations is also considered. Other possible cyclic loadings are
evaluated case by case. If the validity of the LBB concept can be justified, it is allowed to lower the
determined failure classification. In this case the reliability of existing leak detection system should be
considered.
The most important secondary systems at Unit 1 have been modeled on the computer software
predicting wall thinning of the piping. Predicted wall thinning is used as a failure classification
criterion for the systems modeled. Parameters affecting erosion corrosion like pH, temperature,
geometry and material are used as classification criteria for those systems which are not modeled.
SCC is considered to be a potential failure mechanism only in case of leakage or wetting of the
outside surface of the piping.

Risk categorization and evaluation
After risk categorization of the segmented systems, an internal RI-ISI Review Team consisting of
PSA, materials integrity, ISI and process experts reviews results of risk categorization before
presenting them to the Independent Advisory Panel. Results of the risk categorization are saved on the
excel files containing the sheets of consequence and risk categorization including failure potential
categorization. An example of the risk categorization sheet of the TH system (Emergency Core
Cooling System) is presented in Figure 4.

Figure 4 - An example of documentation of the risk categorization, TH- System.
The Independent Advisory Panel having members from Finnish Research Centre (VTT), Finnish
Nuclear Licensees (TVO, Fortum) and observers from Nuclear Authorities (STUK) was nominated
The task of the Independent Advisory panel is to review the basis of the risk classification in order to
guarantee that the final RI-ISI program will be planned on the proper way. The Independent Advisory
Panel will also review the final ISI program.
PRACTICAL EXAMPLE OF THE RISK EVALUATION PROCESS
The consequence categorisation, failure potential categorisation and risk categorisation are illuminated
in the following sections by means of a practical example. The risk evaluation process for the primary
main piping system is presented as an example, because it is simple but yet illustrative. In addition, the
results clearly show the influence of a RI-ISI -program compared to the old ISI-program.

Consequence categorization
The main coolant piping of the primary circuit consists of the loops, and related instrumentation
piping, which is located both inside and outside the containment. With respect to consequences the
main coolant piping was divided into three segments.
Not surprisingly the postulated guillotine break of the primary circuit has the most severe
consequence, leading to large loss of coolant accident. The CCDP and CLERP of large loss of coolant
accident are approximately 3,4⋅10-3 and 1,5⋅10-3, respectively. The consequence category of the
primary circuit is, accordingly, high on the basis of the CLERP.
The instrumentation pipelines of the primary main piping are rather small, inner diameter either
13 or 20,5 mm. They are connected directly to the primary circuit having one isolation valve and flow
limiter inside the containment and one isolation valve and transmitter outside the containment. The
setup of the instrumentation piping is shown in Figure 5.
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Figure 5 - Setup of the instrumentation piping of the main coolant piping
Two different consequences were identified for the instrumentation piping, one inside the
containment and one outside the containment. The consequence of the postulated guillotine break in
an instrumentation pipe before the flow limiter is small loss of coolant accident. The CCDP and
CLERP of small loss of coolant accident are approximately 5,8⋅10-4 and 2,2⋅10-4, respectively. The
consequence category for the instrumentation piping before the flow limiter is, accordingly, also high
due to the CLERP. For the remaining instrumentation pipe portion inside the containment the flow
limiter reduces the leakage in all cases to such a degree that the only risk follows from the resulting
normal shutdown for which both CCDP and CLERP are very small.
It is assessed that a guillotine break of an instrumentation pipe outside the containment will
despite the flow limiter heat up an instrumentation room causing losses of safety related
instrumentation and possibly loss of primary circulation pumps seal cooling and eventually small loss
of coolant accident without proper instrumentation to mitigate the accident. The CCDP and CLERP of
small primary leakage in an instrumentation room are approximately 1,3⋅10-5 and 3,4⋅10-7,
respectively. In this case the resulting medium consequence category is determined based on the
CCDP.
Failure potential categorization
Fatigue is assumed to be the main failure mechanism for the main coolant piping. Fatigue analysis of
the main coolant piping was evaluated during the application process for lengthening the operating
license covering the 50 years' operation period. According to the up-dated fatigue evaluation the most
susceptible locations for the fatigue failure are the welds between the main coolant piping and RPV
nozzle safe -end as well as longitudinal welds of the SG bends. The failure potential of the certain
nozzles (TC- and YP-nozzles) due to thermal cycling and striping was evaluated to be moderate. On
the other hand the failure potential for the welds of the main coolant piping to the component (pumps,
main gate valve) and the circular butt welds of the main coolant piping was assumed to be low /7/.

Due to tight space conditions especially in the SG compartment in the containment mechanical
fatigue of the small diameter instrumentation piping has also been considered to be possible, but
failure potential was assumed to be low.
The failure potential for the crevice corrosion of temperature measurement nozzles was assumed
to be very low.
Stress corrosion cracking (SCC) was not considered to be a potential failure mechanism.
Risk categorisation and the new RI-ISI program for the main coolant piping
The main coolant piping with 6 loops is totally included in the old program with pipe size rules of
ASME XI (full scope instead of 25 % requirement). Piping blocks are made of stabilized austenitic
stainless steel. Valve and pump bodies and pump elbow are made of cast stainless steel.
The total amount of objects in the existing ISI program / selected scope of main coolant piping
(DN500) with different risk categories (RC) in the new RI-ISI program are as follows:
• 12 circular butt welds to RPV / 3 butt welds (RC2 - thermal transients, mechanical fatigue)
• 86 circular butt welds / 9 butt welds (RC4 - thermal transients, mechanical fatigue)
• 24 longitudinal welds of elbow / 6 L-welds (RC2 - thermal transients, mechanical fatigue)
• 34 nozzle welds / 10 nozzle welds (RC2 - thermal fatigue)
o including 3/3 nozzle mixing areas
• 55 small size pressure measurement piping/ 7 lines (RC4 - vibration, damages caused during
outage)
• 48 small size temperature measurement nozzles / 8 nozzles (RC4 - crevice corrosion).
The reduction of inspection scope can be seen especially in the amount of circular butt welds of
the coolant piping to be inspected. Small size temperature measurement nozzles and pressure
measurement piping are the new objects in the program.
COMPARISON OF THE NEW RISK INFORMED ISI PROGRAM FOR PIPING WITH THE
EXISTING PROGRAM
The new Risk Informed approach will bring several new features compared to the existing ISI
program. New aspects can be seen in the scope of new program:
- Many totally new systems and new portions of the systems of the existing program are included
Small diameter instrumentation piping of the primary systems to be inspected (new methods and
techniques to be developed)
- Consequence differences of parallel redundant safety system and system portions can be often
discovered (mostly due to fire and flood)
The new Risk Informed ISI program will include a wide range of different inspection objects
with different degradation mechanisms and inspection targets. This will be managed by separate
different programs (as earlier at the site with ASME, piping condition monitoring and site walk down
program):
- The systems with postulated cracking failures will be included into Risk Informed ISI program.
Inspection system (procedure, personnel, equipment) shall be qualified according to safety guide
YVL 3.8. Inspection Company and NDE examiners shall have the acceptance of Finnish
Regulator. Ultrasonic examiners and data analysts will be qualified using blind test pieces with
cracks in addition to level 2 qualification of EN 473.
- The systems with erosion corrosion, corrosion and outside surface failures will be included into
the piping condition monitoring program. Inspection Company shall have EN accreditation and
NDE examiners shall be qualified to level 2 of EN 473.
- The systems with possible impact of outside failures and leakages (typically small size piping)
will be included into the walk down program of the power plant with typical VT-2 and VT-3
visual examination.

Selection of inspection objects for the new Risk Informed ISI program will start after 2007
outages. The selection of inspection areas of the main coolant piping (DN500) has been carried out so
far.
New potential failure areas confirmed by on-line measurements will be considered and added
into program if necessary.
Risk informed approach is one of tools to reduce the risk through inspections.
INSPECTION PROGRAM OF PRESSURE VESSELS
Inspection objects of pressure vessels will be selected mainly based on the requirements of ASME
Code Section XI, 2007 Edition.
The possibilities to adapt risk informed selection process as a weighting tool between parallel
components and different inspection objects of pressure vessels will be considered.
The extensive scope of the inspections of the components having high consequence category but
low probability to failure (e.g. RPV) will not be reduced. The scope of the inspections of those
components will be evaluated on a case by case basis.
CONCLUSIONS
The scope of the risk-informed inspection program evaluation at Loviisa Unit 1 has covered the whole
plant, not only Safety Class 1 and 2 piping as that of the existing ASME ISI program. Risk informed
inspection program will be focused on the piping only. The precondition for this approach is the
extensive PSA model developed during the past 25 years for Unit 1 of Loviisa NPP.
The new approach will bring several new features compared to the existing ISI program. New
systems, system portions and small diameter instrumentation piping of the primary systems will be
included into the program.
With risk informed approach it will be discovered if the parallel, redundant safety systems or
system portions have different consequence category. This ascertains the inclusion of the piping
posing the highest risk in the inspection scope.
New potential failure areas confirmed by on-line measurements will be considered and added
into program if necessary.
Risk informed approach for all the piping systems of plant requires a huge amount of work. The
co-operation of different organizations and professional areas inside and outside of the company has
been fruitful for the future development of ISI program. The benefits of the work are not gained from
the reduction of inspection scope, but aiming to reduce the total risk.
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